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EQUILIBRIUM IN MOBILITY
AND REDISTRIBUTION MODELS

M. Socorro Puy

ABSTRACT

We develop a simple model in which individuals migrate freely among
regions. In each region there is a majority voting procedure that determines a
proportional taxation on earnings which finances a uniform transfer for each of
the agents. FEquilibrium requires that no one wishes to migrate and that the
taxation policy be the result of majority voting in each region.

In this setting Caplin and Nalebuff (1997) show that there is no equilibrium,
since all the agents want to live in a region where their income is below the mean
income.

Furthermore, we assume that in each region there is a competitive labor market
that endogenously determines the wages. Then, if the agents when migrating take
into account the taxation and the wages of each region, we find that equilibrium
exists. This result is obtained for two different kinds of agents’ rationality: myopic
and sophisticated agents.

Keywords: Tiebout Model; Redistribution; Policy-Based Equilibrium;
Membership-Based Equilibrium.



1. INTRODUCTION

The paper we present is based on the well-known model of Tiebout (1956).
Tiebout points out that the profit from a public good is limited to people who live
in a small geographic area. One can suppose that people move among different
regions without any restriction, looking for the schemes of taxes and public goods
that best suits their preferences and their level of earnings (or income). Addi-
tional literature in this area is due to Westhoff (1977), Epple, Filimon and Romer
(1984), Rose-Ackerman (1979) among others. In the same spirit as Tiebout, we
shall consider in this paper redistributive taxation. In the literature, we find
several papers analyzing the question of whether mobility and redistribution are
compatible (see Cremer et al. (1997) for a survey of this literature).

Labor mobility is generally considered to restrict the government’s ability to
implement redistributive policies. If we consider the case of a region with skilled
agents and non-skilled agents, redistribution in which skilled agents pay taxes
and less skilled agents receive a transfer is not possible as the skilled agents would
have a strong incentive to migrate to regions where the tax rate is lower. Stigler
(1957), Musgrave (1969) and Oates (1972), have shown that the free mobility of
factors decreases the government’s ability to implement a redistributive policy.
The reason for this is that such a policy would attract individuals who wish to
receive benefits from the policy whereas individuals with high levels of income
would want to leave.

Epple and Romer (1991) present a model in which the price of housing is
subject to a tax and the proceeds are distributed uniformly among the residents
of the city. They show that in this case, mobility would not prevent the existence
of different redistributive taxations in each of the regions. However, different
prices of housing prevent from a result where all agents are willing to migrate to
the same region to avoid taxation.

On the other hand, Hansen and Kessler (1996) describe a model in which
there is a tax on labor’s income that finances a uniform transfer to the agents
in that region. They get the result that, in equilibria, all the regions have the
same taxation policy and all the regions are equal in the sense that they have
the same tax rate and the same transfer as well. They also deduce that under
some assumptions on the agents’ rationality, it is not possible, in equilibrium, to
find regions with a positive tax rate. They therefore show what we have already
mentioned mobility and redistribution are not compatible.

In this paper, we develop a simple model with a continuum of individuals that
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differ in their skill and that are free to migrate among regions. In each region
there is a political process that determines a proportional taxation on earnings
which finances a uniform transfer for each of the agents. Equilibrium requires
that no one wishes to migrate (external equilibrium) and that the taxation rate in
cach region be the result of majority voting in that region (internal equilibrium).

In this setting, Caplin and Nalebuff (1997), Hansen and Kessler (1996) show
that there is no equilibrium in which different regions have different redistributive
policies, since all the agents would want to live in a region where their incomes
are below the mean income.

We assume additionally, that in each region there is a competitive labor market
that determines the wages. We consider that labor is supplied inelastically and
that labor demand is determined by the technology of each region. A similar
assumption is also introduced by Wildasin (1991). Ie points out the fact that
labor-market conditions are very important determinants of location. He considers
a common labor market for all the jurisdictions (regions in our model). However,
in our model, we consider separated labor markets that determine each region’
wage!. Since each region’ wage adjusts in response to changes in labor supply, the
wages adjustments serve to equilibrate migration flows. A basic difference between
our model and that of Wildasin is that he considers that redistribution is justified
by altruism from the rich to the poor. Whereas in our model, redistributive
taxation is a political decision.

Following Caplin and Nalebuff (1997), we are going to study our model for two
different kinds of agents’ rationality: myopic agents and sophisticated agents. By
sophisticated agents we mean those who anticipate the migration flows induced
by the tax rates (this case is considered by Epple and Romer (1991)). Hence, the
sophisticated agents consider that each region’s population depends on the tax
rate of her own region as well as those of the other regions. When agents take the
population of each region as given, we consider that agents are myopic.

In this paper we show that: a) when each region’ technology displays constant
returns to scale, an equilibrium where the regions have different taxation policies
is not sustainable. (the same result as Caplin and Nalebuff (1997), Hansen and
Kessler (1996)), b) when the technology displays strictly decreasing returns to
scale, the price of labor depends on each region’ labor supply (that is, the total
population who decides to live in that region) we find that, in equilibrium, it is
sustainable to have regions with different taxation policies. Furthermore, we prove
that this result holds to whether we consider myopic or sophisticated agents. We

IThis assumption is justified on the basis that labor demand is not mobile.
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show, that in those equilibria where the regions have different taxation policies,
there is a cutting skill agent such that all the agents with lower skill live in a
region that is more redistributive and the agents with higher skill live in other
region that is less redistributive and where they obtain a greater net income.

We next give the main intuition of our result based on a two-region model.

Let us suppose that the migration flows stop at a point where agents with skill
below the cutting point have gone to region 1, and the rest have moved to region 2.
Then, if in region 1 the price of labor is greater (that is, the labor supply is lower)
and the taxation policy is more redistributive, we find that equilibrium exists.
The explanation is as follows: on the one hand, the net losers of the redistributive
taxation in region 1 have no incentive to migrate since the price of labor in region
2 is too low. On the other hand, the agents living in region 2, although they
observe a higher price of labor in region 1, do not migrate because of the higher
taxation policy. Moreover, we shall show that the described taxation schemes, are
obtained as a result of the political process of each region, for the two versions of
agents’ rationality: myopic, or sophisticated agents.

The paper is organized as follows: In section 2, we introduce the model. In
section 3, we provide the properties that characterize the external equilibria. In
section 4 we show that when the price of labor is fixed and equal across regions,
there is no equilibrium where at least two regions are different. In section 5, we
provide the conditions that guarantee that equilibrium exists for the two versions
of agents’ rationality. There, some examples illustrate the existence of equilibrium.
Finally in section 6 we summarize the results and we compare them with the
closely related literature.

2. THE MODEL

We consider an economy that consists of a continuum of agents in the set N =
[0,1], denoted by i € [0,1], that are free to migrate among K regions. Each
region is indexed by a number k in {1,2,..., K} and NV}, is the set of agents living
in region k.

The regions:

In each region there is a majority voting procedure that determines a propor-
tional income tax ¢ € [0,1]. This taxation finances a uniform transfer among the
agents in Ng.

We assume that each region has a competitive labor market that determines



the equilibrium price of labor wy,, and we consider that each agent’ labor supply
is inelastic, and so, in each region the total labor supply L; is inelastic.

The production technology of each region may be equal or different among
regions, and is described by a function T} : Ry — R, that uses homogenous labor
L as an input. We assume that T} is increasing, concave, and twice continuously
differentiable. The labor demand in each region is determined by the marginal
productivity of labor. Consequently, the equilibrium price of labor wy, is given by

We consider that the benefits of the production process are shared among a
small group of agents which may or may not live in that region. We assume that
this group of agents is sufficiently small so that they can not influence the region’s
policy decision with their action. We assume that the benefits are not taxed.
The agents:

We consider that agents of this economy differ in their skills A\. Fach agent i,
is endowed with A; units of efficient homogenous labor that is entirely devoted to
work. Skill A; may also be interpreted as the qualification achieved by each agent
i. We consider that A is distributed by means of a continuous and strictly positive
density function f on A with range [1,0].

Hence, for a given tax vector t = (¢, ...,tx) and labor price wy, welfare level
of agent i if he chooses to live in region k, is given by the net income:

Yi (Miyt) = wpX; (1 — tg) + Ly,

where 1wy, is the mean labor earnings in region k. Thus, wy = \r wy where )\ is
the mean skill in region k and ;wy is the uniform transfer for each agent living
in region k.

Finally, we assume that migration is costless. An agent 7 migrates from region
k to region ¢ when he strictly increases his net income, i.e. when Yj (A, t) <
Y; (i, t) . Furthermore, we assume that when an agent decides to migrate he
takes the other regions’ price of labor as fixed.

The description of an economy that satisfies all the assumptions listed above

is denoted by E where = {K, T, f},T is a list of technologies T = (71, ..., Tx) .

The Equilibrium Notion

Following Westhoff (1977), Epple et al. (1984), Epple and Romer (1991) our
definition of equilibrium takes the migration flows among regions and the political
process within each region into account.



Definition 2.1. An equilibrium for the economy F = {K,T, f} is a pair {t, P}
wheret = (14, ...,1x) is a vector of tax policies and P = { Ny, ..., Nk } is a partition
of the population satisfying:

i) (Internal Equilibrium) Fach ty, where k € {1, ..., K} is the result of region k’s
majority voting procedure.

ii) (External Equilibrium) No agent wants to migrate to another region, i.e. for

every k, ¢ € {1,..., K} and every i € Ny, Y (N, 1) > Vi (i, 1) .

Part 1) and part ii) of the equilibrium f{it what Epple et al. (1984) and Epple
and Romer (1991) call internal and external equilibrium respectively.

Authors like Westhoff (1977), Epple et al (1984), Epple and Romer (1991),
Rose-Ackerman (1979), Hansen and Kessler (1996), use majority rule within each
region to determine the internal equilibrium. In order to apply majority voting
rule, we require a positive mass of population in every region. Consequently, in
equilibrium, all the regions must be inhabited.

Regarding internal equilibrium we shall study two different kinds of agents’
rationality: sophisticated agents and myopic agents. When the agents decide
on their most preferred tax rate we consider them to be sophisticated if they
anticipate the migration flows induced by the tax rates. Hence, the sophisticated
agents understand that each region’s population depends on the tax rate of that
region as well as that of the other regions. When the agents do not anticipate the
migration flows we consider them to be myopic agents. Thus, when they decide
on their most preferred tax rate, they consider the population of each region as
fixed.2.

In the terminology of Caplin and Nalebufl (1997), we shall refer to membership-
based equilibrium (the population is assumed to be fixed) when we consider
the agents to be myopic and to policy-based equilibrium when we consider the
agents to be sophisticated.

3. THE EXTERNAL EQUILIBRIUM

In this section we provide a characterization of the pairs {¢, P} that qualify as
external equilibria. It is important to point out that the characterization of the

2A discussion on agent’s rationality and time structure is provided by Epple and Romer
(1991, p. 837), Caplin and Nalebufl (1997, p. 316). The former authors defend the assumption
of sophisticated agents on the basis that this is more widely applicable. On the other hand, the
latter authors do not share the same point of view and argue that assuming that the agents are
myopic is more widely applicable.



external equilibria is independent of the agents’ rationality that we consider.

In the same spirit than Westhoff (1977) and Epple and Romer (1991), in our
model the agent’s net income can be ordered according to the skill of the agents.
As we next show, it generates considerable structure on the equilibrium’s partition
of the population. In order to determine the equilibrium structure, we consider
the following properties on {t, P} .

Stratification (S): each region’s population belongs to a single interval of skill
so that if A\; < Ay and both agents 7,4 live in the same region, every agent i with
skill Ay € (As, Ayr) also lives in that region.

Boundary Indifference (BI): regions can be ordered from the lowest to the
highest skill levels and when they are ordered in this way, between each two
adjacent regions, there is a boundary agent with skill A who is indifferent between
them.

Increasing Net Labor Prices (INLP): let A, A, be the mean skill of region k
and £ respectively and Ay < Ay then, wy, (1 — £1) < we(1 — t).

In the sequel, we shall assume that the boundary skilled agent lives in the
region where the mean skill is lower.
In our analysis we focus attention on equilibria where some regions differ.

Definition 3.1. We say that two regions differ when in equilibrium either the
net price of labor wy, (1 — ty) or the transfer t,wy differ across these two regions.

Let us next show that the mentioned properties are in some cases necessary
and sufficient conditions for an external equilibrium.

Proposition 3.2. Let F = {K,T, f}, then,

I) S, BI and INLP are necessary conditions for {t, P} to be an external equilib-
rium where all the regions are different

II) S, BI and INLP are sufficient conditions for {t, P} to be an external equilib-

rium.
Proof. (Is in the appendix).

The above proposition characterizes all the external equilibria where all the
regions are different. When two regions are identical we find that the agents
are indifferent between living in them. Then, stratification within these identical
regions is not any more a necessary condition for an external equilibrium.



By Proposition 3.2, the external equilibria with different regions are charac-
terized by certain relations among the exogenous distribution of skills and the
degree of redistribution obtained in each region. The following corollary yields a
relation among the equilibrium values of 5 and wy.

Corollary 3.3. Let £ = {K, T, f} and let {t, P} be an external equilibrium of
I where all the regions are different. Then, if in equilibrium we order the regions
by skill levels, so that A\; < My < ... < Mg, then,

a) wy > wy > ... > W

b)t1>t2>>t[(

C) Wity > Woly > ... > Wilk

d)U_)1<U_)2<...<U_)K

Proof. (See appendix)

From this Corollary we deduce some interesting characteristics of the equilibria
with different regions.

From a), in equilibrium the price of labor is higher in the low skill region, which
favors the agents with lower skill. Note as well, that a) implies that equilibrium
can not be efficient since some of the regions have a higher productivity of labor
than others?.

By b) and ¢), the redistributive policy is positively related to low skilled regions
and so higher skill agents tend to skip high taxation rates, which is coherent with
the conventional wisdom on redistributive taxation.

Irom d), we observe that it is always the case that the mean labor earnings
increase as we move from regions with low skill to regions with higher skill.

4. NON EXISTENCE OF EQUILIBRIUM

In this section we analyze an example inspired by Caplin and Nalebuff (1997)* and
that illustrates the fact that when the productivity of labor is constant and equal
across regions there is no equilibrium where at least two regions are different.
Let us assume that in each region there is an equal technology with constant
returns to scale. It implies that the equilibrium price of labor is the same across

3For a study on efficiency of equilibrium see Ferndndez and Rogerson (1996).
4The example is adapted from Epple and Romer (1991). A similar example is also analyzed
in Hansen and Kessler (1996).



regions. In this case, normalizing the price of labor, the net income obtained by
an agent with skill \; is given by Y; (A, t) = A (1 — £z) + txAx. We denote by
B = {K,T,f} an economy where T = (Tl, ,TK> and each T} is a constant
returns to scale technology, such that 77 =T, = ... = Tk.

We find that the economy described in the example of Caplin and Nalebuff
(1997) fits properly in this setting. They consider a two town model (regions
in our case) where agents differ in their income and where each region sets a
proportional tax rate and also a level of transfer. Note that for economies as E’
the distribution of skill levels can be also interpreted as a distribution of income
levels.

In the following proposition we generalize Caplin and Nalebuff’s two regions
result to a K region model. We show that there is no equilibrium where at least
two regions are different. Note that in this reduced model two regions are different
when in equilibrium either the tax rate 5 or the transfer ¢ i, differ across them.

Proposition 4.1. Let £/ = {K,T,f}. Then, there is no equilibrium for the
economy ' with at least two different regions.

Proof. Suppose to the contrary that {t, P} is an equilibrium with at least two
different regions k and ¢. Then, by Proposition 3.2, it satisfies S, BI and INLP.
By S we can order the regions by skill levels. Suppose that & is a lower skill region
than ¢. By BI there is an indifferent agent with skill \ such that (1—ty) + M\t =
A (1 — t4) + Aety. Simplifying and rearranging terms

t(de — A) = ts(Ag — A). (4.1)

Since region k and ¢ are different it can not be the case that ¢, =, = 0. Hence,

given that (A, — 5\) < 0and (A, — 5\) > 0, (4.1) is a contradiction. Q.E.D.

Proposition 4.1 shows that for the economy E’ there is no pair {t, P} satisfying
BIL. The intuition behind is as follows: when the lowest skill region has a positive
taxation ratet, > 0, the agents living in region k with skill levels such that A; > A,
are net loser of the redistributive taxation and they always take advantages from
migrating to a higher skill region, that is region £. And when ¢, = 0, since region
k and ¢ are different, ¢, > 0, and then, the agents living in region ¢ with skill
A; > ), are net contributors to the redistributive taxation and they benefit from
migrating to region k. A similar intuition for our result is also provided by Caplin

and Nalebuff (1997, p. 318), Hansen and Kessler (1996).
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As a consequence of the above Proposition we deduce that for the economies
described by E’, the only possible equilibria are the trivial ones where all the
regions are identical, i.e. wy (1 — t) and tywy, are the same for every region (this
implication is shown in Hansen and Kessler (1996)).

If each region has a technology with constant returns to scale which is different
for each of the region, we can provide some examples where an equilibrium fails
to exist:

Example 4.2. : Consider an economy consisting of two regions. Suppose that
the skill distribution is such that t = (1,0) is the unique internal equilibrium®.
Since the technology displays constant returns to scale, the price of labor in each
region is fixed. Normalizing this price, let w; = 1 and wy = 7y. Then, BI requires

that A\, = ’yj\ and clearly for v > 1 an equilibrium does not exist.

5. EQUILIBRIUM EXISTENCE

In this section, we are going to restrict attention to a two region model.

We firstly show that under certain assumptions on the technology, an external
equilibrium exists.

In subsection 5.1, we are going to consider the case where the agents are my-
opic. There, we characterize the equilibria with different regions, and we provide
a numerical example that shows existence.

In subsection 5.2, we assume that the agents are sophisticated. There, we
show existence of equilibrium and we discuss a numerical example.

In the sequel we are going to consider that the technologies display decreasing
returns to scale. In this case, we show that under the following assumption it is
always possible to find some pairs {¢, P} satisfying S and BIL.

Assumption 1: Fach region technology 1" is strictly concave and %in(l) T' (L) = oo.

Note that the following lemma is independent of whether we consider myopic
or sophisticated agents.

Lemma 5.1. Let &/ = {2,7T, f} where Assumption 1 holds. Then, for every
t € [0,1] x [0,1], there exists a partition of the population P such that {t, P}
satisfies S, BI and where the skill of the indifferent agent X\ € (0,1).

®We shall show in next section that when the agents are myopic, there are several density
functions such that ¢ = (1,0) is the unique tax vector that qualifies as an internal equilibrium.
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Proof. Let us consider the following partition of the population PP = {N; Ny}
with Ny = {2 A < 5\} , Ny = {2 S > 5\} where A € (0,1). Then, by continuity
of f, the labor supply and the mean skill in each region can be obtained as a

continuous function of A. And since wy (L) = T}, (Lx) where T is continuously
differentiable, the price of labor can be also obtained as a continuous function of

5\, Wy (Lk(j\)) . Hence, the net income obtained by each agent can be expressed

as a continuous function of 5\, Y ()\Z-, t, 5\) = wy, (5\) (1 —ty) N\ + Wy (5\) tr.
Let the function ¢ such that

é (x,t) = [wla) (1—t) —wy(A) (1 — tQ)} Fa (Nt — @V, (5.1)

BI requires that the agent with skill A be indifferent between migrating to the
other region or not migrating so that ¢ (5\, t) = 0. Moreover by Assumption 1, for

every t € [0,1] x [0, 1], we have that lim ¢ (S\,t) > 0 and lim ¢ (S\,t) < 0. Then,

A—0 A—1

since ¢ (S\,t) is continuous in 5\, by the intermediate value theorem there exists

A € (0,1) such that (5.1) is satisfied and the stratified partition P = {Ny Ny}
with V; = {2 A < 5\} , Ny = {2 CA > 5\} always exists. Q.E.D.

The intuition behind Lemma 5.1 is related to a necessary assumption used by
Caplin and Nalebuff (1997) to show existence of equilibrium in a similar context.
They call this assumption viability of small institutions and it requires that when
the population of a region tends to zero, there must be some agents with incentive
to move into that region. Their assumption ensures a strictly positive mass of
population in every region. In our model, when the population of a region tends
to zero, there are always some agents with incentive to migrate to that region
since by Assumption 1 the price of labor is extremely high. Consequently, there
exists an indifferent agent such that both regions are inhabited. When we consider
constant returns to scale technologies, we have that the price of labor is fixed and
then, as we showed in Proposition 4.1, all agents prefer one of the regions to the
other, and consequently, BI is not satisfied.

Remark 1. Note that if additionally to Lemma 5.1, we want to guarantee that
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S . ., . . a5 (A, . . . o
A Is unique, it is sufficient to show that %%2 # 0. Solving this partial derivative

ap( At o~ f dwi (A dws (A dwi (A dwa (A
. :I+)\<%—Z(1—t1)—%—2(1—t2)>+ ;£)t1— :0),,

dA

where I = wy (1 — t1) —ws (1 — ty). In the next section we shall refer to this point
when discussing equilibrium existence.

5.1. The Membership-Based Equilibrium

Here we assume that the agents are myopic and so, when each agent decides his
most preferred tax rate, he takes the population of each region as given and the
net income function that he faces is Yy, (A, tx) = wi; + wily (Xk - )\Z-> where
wy, and Ay are considered to be fixed. Remember that the policy of a region is
determined by majority voting. Hence, depending on whether each agent skill is
below or above the mean skill, his most preferred tax rate is either ¢, = 1 ort; =0
respectively. Note that with myopic agents, the location of the median skill agent
with respect to the mean skill agent in each region is crucial in order to define a
majority voting equilibrium. And so, when the median skill agent do not coincide
with the mean agent, the equilibrium tax policy is ¢ = 0 or ¢ = 1. But when
the median and the mean skill agent coincide, all ¢ € [0,1], can be obtained as
an internal equilibrium. It causes some problems when trying to characterize the
equilibria. Think for instance that ¢; < t3, then, by Corollary 3.3, we have that
there is no external equilibrium. In order to skip it, we introduce the following
assumption, where we denote by AT, Ay the skill of the agent in the median of
region 1 and 2 respectively..

Assumption 2: When A" = )y, we select t; = 1 to be the tax policy of region
1, and when Ay" = Ay, we select t5 = 0 to be the tax policy of region 2.

In the following proposition we show two properties that characterize the
membership-based equilibria.

Proposition 5.2. Let F = {2,T, f}, then, under Assumption 2, a membership-
based equilibrium {t, P} with different regions exists if' and only if
i) there is an indifferent agent X\ € (0,1)

ii) in the interval [0, 5\} , we have that \" < A, and in the interval (5\, 1} we have
that \J* > X,

13



Proof. Let us prove necessity. Since {¢, P} is an external equilibrium, by Propo-
sition 3.2 it satisfies BI and so, in equilibrium property 1) holds.

Suppose to the contrary that there is an equilibrium {¢, P} with different
regions where ii) does not hold. By part b) of Corollary 3.3 we have that in
equilibrium ¢y > ty then, by Assumption 2 and given that we consider myopic
agents, t = (1,0) is the unique vector of tax policies compatible with an external
equilibrium with different regions. Since ii) does not hold, it follows that either
in the interval [0, ;) we have that A7" > X; or in the interval [);, 1] we have that
Ay < Ao, Tt implies that in the internal equilibrium #; = 0 and ¢3 = 1 which
contradicts that in equilibrium ¢ = (1,0).

Let us prove sufficiency. By 1), there is an indifferent agent with skill A€ (0,1).
Consider the following partition of the population P = {Ny, Ny} where N; =

{i t A < 5\} , Ny = {2 P> 5\} Clearly, P satisfies S. By ii) and Assumption 2,
in region 1 more than half of the population prefers ¢ = 1 to any other tax rate
and in region 2 more than half of the population prefers ¢ = 0 to any other tax
rate, it implies that ¢ = (1,0) is an internal equilibrium of F.

And then, since

wy (1 —t1) =0 < wy (1 —ty) = ws, (5.2)

INLP holds. Then, by Proposition 3.2, since {t, P} satisfies S, BI and INLP, we
have that {¢, P} is an external equilibrium. Finally since by 1) A e (0,1), we
have that wQ(S\) > 0 and consequently inequality (5.2) is strict, and so, in this
equilibrium the regions are different. Q.E.D.

Let us next discuss how restrictive are properties 1) and ii).

Property i): by Lemma 5.1 we know that under Assumption 1 there exists
A€ (0,1) such that ) is the skill of the indifferent agent. Clearly, for every
technology T' (L) = L where o € (0,1), Assumption 1 is satisfied.

Property ii): we find that in general there are many common density functions
that do not satisfy this property, think for instance of the normal distribution.
However, we find some example that may be a good approximation to some re-
gions’ skills or qualification distribution and that satisfy this property, think for
instance of a uniform distribution, some bimodals distribution, some U-shaped
distributions among others.

Let us next provide a numerical example of a membership-based equilibrium.

14



Example 5.3. Let the economy E = {2,T, f} where T} = Ty = L* with o €
(0,1) and where f is a uniform density function with range [0, 1].

The skill of the agent in the mean of the distribution is given by A\ = %, Ay =
X <2 <2
@2. By S we have that L; = ’\7 and Ly = % Consequently, the price of labor

in terms of the endogenous variable A\ is given by

~2\ o—1 ~o\ a—1
A 1—A
w =« 7 , W9 = & T

We are going to consider the case of o = .6.

Since f is a uniform density function, property ii) of Proposition 5.2 holds and
by Assumption 2, we select t = (1,0) to be the internal equilibrium. Then, by BI
we have that in equilibrium:

wy = 2w2. (53>

From (5.3) we obtain that there is a unique A= 38758, and then, we can calculate
the value of all the endogenous variables that we summarize in the following table:

=

tl t2 wn Wo W Wo A Ll L2

1 10 |1.69| .84497 | .32751 | . 58623 | .38758 [ .07511 | .42489

(5.4)

Finally, note that INLP also holds, and so, the above table describes an external
equilibrium with different regions.

The intuition behind this equilibrium is the following: On the one hand, the net
losers of the redistributive taxation in region 1 do not have incentive to migrate
since the price of labor in region 2 is too low. And, on the other hand, the agents
living in region 2, although they observe a higher price of labor in region 1, do
not migrate since the tax rate is higher in region 1.

Clearly the above table describes a membership-based equilibrium with different
regions for the described economy.

5.2. The Policy-Based Equilibrium

In this section we are going to consider the case where the agents are sophisticated.
We firstly analyze the result of majority voting in each region. We then show,
that under similar conditions to the ones that characterize the membership-based
equilibria, a policy-based equilibrium where the regions are different exists.
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Since agents are sophisticated, when they choose their most preferred t; they
take as given the taxation policy of the other regions {_;, and they consider that
the price of labor and the mean labor earnings vary as the tax vector changes. In
particular, the agents know that when the tax rate of each region is modified, the
population migrates and the agent who is indifferent varies. Consequently, the
labor supply of each region varies and it modifies the price of labor.

Hence, the net income function that they face is

Vi (Nt Tg) = wy (X (t)) A (1 — ty) + (X (t)) ty.

Let us next show how to obtain the price of labor as a function of the tax rates.
By Lemma 5.1, we know that Assumption 1 guarantees that there is A € (0,1)

o 99X, S
such that BI holds. Moreover, by Remark 1, if %;2 # 0, we have that A is
unique. We shall show that in equilibrium and also around equilibrium, it is

as( A, e 2
always the case that %j\—tl # 0 and so, around equilibrium we have that A can

be obtained as a function of ¢. Let us denote this function by @ (1) = . For
simplicity, suppose at this point that for every ¢ the function ® can be defined
(this technical problem is solved in the existence prove). And by the Implicit
Function Theorem, ® is continuous®, differentiable and

sor)  99(Mt) 98(A1)

Ot B Aty / ax (55>
Since agents anticipate the migration flows produced by the tax rate, for an agent
living in region k, his most preferred tax rate is given by

ty € argmax  wy (D (£)) M (1 — tx) + Wy (P (1)) ty (5.6)

tr€ [071]

The above objective function is continuous” in the interval t; € [0,1] so that a
maximum always exists.

We next want to know whether the solutions to problem (5.6) is interior or is
in the boundary of the interval [0, 1]. First order condition for an interior solution
is given by

ifel) — 50 (@ (1 gy) 3, 4 22@ 0, )~ hy 413, (D (1) = 0. (5.7)

81n order to show existence of equilibrium it will be sufficient to show that for a fixed 2, as
{1 varies, it is possible to select a path where X\ varies in a continuous way.
"By continuity of ®,of f and given that 7} and T} are continuously differentiable.
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Let us analyze the sign of the derivatives in (5.7). Since T} and Tj are strictly
concave, we have that %%ED < 0 and %ﬁl > (. Solving the derivative

d’tf)kd!i;‘!tn
dwy (P (1) _ dwi (2(1)5 | dM (2 (1))
@ a T g (5:8)

And since in region 1, we have that w > 0, the sign of w is not
determined. The intuition is the following: in region 1, as the skill of the indifferent
agent decreases, the labor supply decreases and the price of labor in region 1 rises.
However, as the skill of the indifferent agent decreases, the mean skill in region
1 decreases. Consequently, the mean labor earnings may increase or decrease
depending on what effect is dominant.

For region 2, since w > 0, from (5.8) we have that w > 0. The
intuition is the following: as the skill of the indifferent agent increases, the labor
supply in region 2 decreases and the skill of the agent in the mean increases,
consequently, the price of labor and the mean labor earnings increase.

In the following lemma, we identify the properties that guarantee that the
equilibrium tax policy is not obtained as an interior solution to the problem (5.6).

Let us denote by £, 5 = dwdl—g‘)f(;) the elasticity of the price of lalaoir in region
1 with respect to the skill of the indifferent agent. And by &5 5 = Mgti\&%(i) the
1

elasticity of the mean skill in region 1 with respect to the skill of the indifferent
agent.

Lemma 5.4. Let ' = {2,7T, f} an economy and {t, P} a policy-based equilib-
rium, if 1) and ii) are satisfied, where

i) 25,5 < 20,3l

ii) in the interval [0, 5\} , we have that \]* < A and in (5\, 1} we have that \y' > M.
thent = (1,0).

Proof. (It is in the appendix).

Note that ii) is the same property used in Proposition 5.2.

By 1), we have that a marginal (percentage) change in the skill of the indiffer-
ent agent has a smaller marginal (percentage) effect on the skill of the agent in the
mean of region 1, than on the price of labor of region 1. In other terms, property
1") requires that the slope of the production function be steeper in relative terms
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than the slope of the distribution function®. Consequently, it implies that as the
skill of the indifferent agent decreases, the mean labor earnings increase.

The intuition of Lemma 5.4 is the following. By property 1’), we find that
those agents with skill below Ay, always benefit from reducing the labor supply of
his region. Consequently, by means of increasing the tax rate to t; = 1, they avoid
up to the maximum that the agents from region 2 migrate to region 1. In region
2, as A increases, the price of labor and the mean labor earnings increase, then, in
equilibrium the agent with skill above Ay, always benefit from reducing the labor
supply of his region. Hence, the tax policy t, = 0 avoids up to the maximum that
the agents from region 1 migrate to region 2.

We shall show that when e5 5 > ‘5w1 5| , the equilibrium tax policy differs from
t1 = 1. Then, a majority voting equilibrium in region 1 requires that the net
income Y7 (A, t) be single peaked in ¢;. Taking it into account, in the following
proposition, we show that property ii) guarantees that a policy-based equilibrium
exists.

Proposition 5.5. Let E = {2,T, f} where Assumption 1 holds then, if either i’)
and ii) or 1”) and ii) are satisfied, where

2 %Y1 (A1)
1)5Z\12\§ ‘5w1§ wl;‘ and 31%1 <0,
ii) in the interval [0, 5\} , we have that \]* < \; and in (5\, 1} we have that A" > A,

a policy-based equilibrium with different regions exists.

s
,117) e 5 > E

Proof. (It is in the appendix)

The intuition of this result is provided in the following example:

Example 5.6. Let the same economy than in Example 5.3: F = {2, T, f} where

T, =Ty = L% and f is a uniform density function.
.2

- . —4
Since A\; = % and wy = 0,6 (%) , calculating the elasticities we have that
£5,5 = L and g, 5 = —0,8. Then, it follows that ‘5w15\‘ < &5, and so, 1 Is

obtained as an interior solution to problem 5.6, and we have that 19 = 0.

8The elasticity €4, 4 18 given by the concavity of T7. Hence, when the technology has constant
returns to scale we have that € d = 0. The elasticity €3,40 refers to the density function f,
in particular it measures the relative curvature of the slope of the distributibution function
generated by f.
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Let us next calculate the equilibrium. Since A} = 2 and Ay = i;‘, by BI, we have

that
t

and since the mean and the median skill agent coincide, solving the maximization
problem (5.6) of the median agent, we have that

ty = —22 (5.10)

Solving (5.10) we obtain that t; = .8 is the equilibrium tax rate for region 1. That
t1 = .8 is a majority voting equilibrium follows from verifying second order condi-

%ﬁf’t) < 0 for all \; € [0, 5\} , which are satisfied here. And substituting in

(5.9) we obtain that A = .46696 is the unique value for the skill of the indifferent

agent. We summarize the value of all the endogenous variables in the following
table

tions

=

tl t2 un Wy W1 Wy A L1 L2

810 | 1.4559 | .87356 | .33993 | . 64074 | .46696 | .10903 | .39097

Clearly, since INLP also holds, the above table describes a policy-based equilib-
rium with different regions.

Since in the example we consider a uniform skill distribution, the obtained equi-
librium also qualifies as a membership-based equilibrium, in particular it belongs
to the set of membership-based equilibrium excluded by Assumption 2.

We refer to the policy-based equilibrium with the subindex P, and to the
membership-based equilibrium with the subindex M. Note that for those skill
distributions satisfying property ii) and such that the mean and the median skill
agent do not coincide, we have that ¢ < ¢, The explanation is as follows, when
the agents are sophisticated, they take into account how the migration flows affect
their income, and so, if as A increases, the mean labor earnings increase, the agents
with lower skill prefer reducing ¢; below 1 in order to attract higher skill agents.

Finally, it is important to point out that even when property ii) does not hold,
we can always find a partition of the population satisfying S and BI, but then, it is
not always possible to show that INLP is satisfied, since it depends on each region
population and on the majority voting taxation policy. However, note that when
the agents are sophisticated, property ii) is not any more a necessary condition
for equilibrium.
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6. FINAL COMMENTS

Our results are related with those obtained by Epple and Romer (1991) (E-R in
the sequel). E-R establish the properties of equilibria with different regions, but
they do not study existence of those equilibria. Indeed, authors like Caplin and
Nalebuff (1997), show by means of an example, in a version simpler than F-R,
that an equilibrium fails to exist?. In this paper, we have investigated what are
the precise properties that lead us to this negative existence result.

We have firstly shown the necessary and sufficient conditions for existence of
an external equilibrium with different regions. These conditions are basically the
same as in [-R’ paper. In a context simpler than F-R, we then show, that these
conditions are not compatible (Proposition 4.1). It is important to point out, that
the example provided by Caplin and Nalebuff and the model presented by Hansen
and Kessler (1996), fit properly in our context.

Secondly, we have assumed that in each region there is a labor market with
congestions!’ that endogenously determines the price of labor. Under this as-
sumption, we show that the conditions that characterize the external equilibria
are now compatible (Lemma 5.1). We have shown, basically, that the migration
flows vary the price of labor until reaching the point where no agent wants to
migrate.

Finally, we have established some conditions that guarantee existence of equi-
librium (internal and external) with different regions. For the case where the
agents are myopic, we have provided the necessary and sufficient conditions for
an equilibrium. These conditions require that the skill distribution be uniform or
similar to a U-shaped distribution, i.e. we require that a big mass of population
be low-skilled and another big mass be high-skilled (Proposition 5.2). For the
case where the agents are sophisticated, we have shown (Proposition 5.5) that the
same kind of skill distribution guarantees equilibrium existence, but then, if the
slope of the distribution function is steeper in relative terms than the slope of the
production function, equilibrium existence requires that the agents’ net income
be a concave function of the tax rate.

9See De Donder and Hindriks (1998) for a wider discussion.
10 That the technology displays decreasing returns to scale plays a similar role to considering
that there are congestions in each of the regions.
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7. APPENDIX

Proof of Proposition 3.2:

Let us first prove statement I):

Stratification: Suppose to the contrary that there is an external equilibrium
{t, P} where all the regions are different and where S does not hold. Hence in
equilibrium there must be at least two agents ¢ and 7' with skill A; < A; that lives
in region k and an agent " with skill A;» € (A, Air) that lives in region ¢. Then,
the following inequalities hold

i [we(1 —tp) —wy, (1 — )] + [tewe — trwg] < 0 (7.1
A [we(1 —tg) —wy, (1 — t5)] + [tewe — trwg] > 0 (7.2

Since (7.1), (7.2) and (7.3) are only compatible when they hold with equality,
it implies that in equilibrium w,(1 — ¢,) = wy (1 — t;) and t,w, = ty@x. But then,
region k and ¢ are identical which is a contradiction.

Boundary Indifference: Suppose to the contrary that there is an external equi-
librium {¢, P} where BI is not satisfied. Then, by S the regions can be ordered
by skill levels and so, for some A, X', X’ € (0,1), the agents with skill in the
interval (X, X] live in region k and the agents with skill in the interval (X, \]
live in region k + 1. Since there is no indifferent agent, the agent with skill X
strictly prefers region k to region k + 1, i.e. Yy (X, ¢) > Y1 (N, t) and the agent
with skill N + ¢ (where ¢ > 0 and close enough to zero) strictly prefers region
k41 toregion k, i.e. Y (N +¢,t) <Yiy1 (N +¢,t). But then, since [ is strictly
positive and continuous, there is an agent ¢ with skill A€ [N, XN + g] such that
Yi (5\, t) =Yi1 (5\, t). Consequently, the agents with skill ) are indifferent be-

tween region k and k + 1, which is a contradiction.

Increasing Net Labor prices: Suppose to the contrary that there is an external
equilibrium {t, P} not satisfying INLP. Then, in equilibrium there are at least
two regions k and ¢, which mean skill levels satisfy that A\, < ),, and where
wy (1 —t;) > w, (1 —¢;) . Consequently

And since the agents with skill A, live in region £, Y, (5\@, t) >Y: (5\@, t) and so
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Hence, from (7.4) and (7.5) we deduce that

Le. Y (Xk,t> <Y, (Xk, t) which is a contradiction.
Let us second prove statement IT):

Suppose that {t, P} satisfies S, BI and INLP. By S the regions can be ordered by
skill levels,and so, for A, X', A" € (0,1) , the agents with skill in the interval ()\, 5\}

live in region k and the agents with skill in the interval (5\, X} live in region k41
and so on. By BI,

wk(l - tk)j\ + tku_)k = Wgyt1 (1 - tk+1) 5\ + tk+1u_)k+1. (76>

Rearranging terms

~

A [wk(l - tk) — W41 (1 - tk+1)] + tku_)k - tk+1u_)k+1 = 0. (77>

By INLP the term in brackets is negative or equal to zero. Consequently, since
the skill of every agent i € Ni, A; is smaller or equal to A,

)\i [wk(l — tk) — Wk (1 - tk+1)] + tku_)k - tk+1u_)k+1 Z 0 (78>

And since the skill of every agent 7 € Ny, A, is greater or equal to 5\,

)\; [wk(l - tk) — Wk (1 - tk+1)] + tku_)k - tk+1u_)k+1 S 0. (79>
Clearly by (7.8) and (7.9) no agent in region k wants to migrate to region k + 1
and vice versa.

Tet A be the indifferent agent among region k41 and k+ 2, from BI we deduce
that

~F
A [wrg1 (1 = trg1) — Weya (1 = teyo)] + try1Wry1 — teyoWryo = 0.

By INLP the term in brackets is negative or equal to zero. Consequently, every

agent with skill strictly smaller than 5\/, prefers living in region k41 than in region
k + 2, in particular, for the agent with skill A,

w1 (1 — tk+1)5\ + b1 W1 > Wigo (1 — tryo) A+ Lk oWk 2. (7.10)
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And so, from (7.6) and (7.10), we have that

~

AMwp (1 —tg) — wrga (1 — teye)] + tely — tryoWrya > 0.

And since by INLP the term in brackets is negative, this inequality is also satisfied
for every agent i € Ny, with skill A; smaller or equal to A. And so, no agent in
region k wants to migrate to region k + 2. Following a similar argument it can be
shown that the agents in region k + 2 do not want to migrate to region k. Since it
is satisfied for every two regions, we have that {¢, P} is an external equilibrium.

Q.E.D.

Proof of Corollary 3.3:

a) Since we are in equilibrium, Y (A, ) > Yii1 (A, t) for all i € Ny. In par-
ticular, this is true for the mean agent of Ny, Y; (Xk, t) > Yii1 (Xk, t) . Therefore,
WrAp > W1 A (1 — tey1) + tepaWrii g1 Since g < Agyq,

wr Ay > WAk (1 — 1) + tep1Wr 1 A = W1 Mg

Consequently, wy > wg1.

b) Since by a) wy > wgyq, we have that INLP implies that (1 —t;) <
(1 — tk+1) , and so t; > tiy1-

C) By BI, 5\ [wk (1 — tk) — Wg+t1 (1 — tk+1)] = U_)k+1tk+1 — U_)ktk Then, by INLP
and since the regions are different, wy (1 — ) — w1 (1 —tr41) < 0 and so
Wy1lr 1 < Wilg.

d) By BI, Y% (S\,t) = Yii1 (S\,t). Since f is strictly positive, we have that
X < A, then, by INLP Yy (3, 1) < Y; (X,t) where Yy (A, t) = wyhy. And given

that Ay > 5\, from a similar argument, Yy (S\,t) < Yit <5\k+1,t>. So that
Vi (A, t) < Y (5\,75) = Yin1 (5\,75) < Y1 (Mry1, 1)

which implies that wp e < W1 Api1- Q.E.D.

Proof of Lemma 5.4
From problem (5.6), we have that

Y (Mgt ob(t dwp (®(t dwg(P(t _
ka(tkk ) — 81&1) ( ktgq)( )) (1 _ tk) )\k ‘|‘ kg§<1>( ))tk) _ wk)\k ‘|‘ Wy, (q) (t)),
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let us analyze the sign of this derivative.
For region 1, the derivative (5.8) can be expressed in terms of elasticities:

— ~

dioy (A U_)l
;5\ = 7(611)15\ + 55\15\) (711>

. . dan (A
and then, &5 5 < ‘5w15\‘ implies that %—Z < 0. By (5.5)

HP < $ a¢§x,t2
8t(1t) = —wi(\ — A)/ E5

' - : o ag(A)
and since wy ()\1 — )\) < 0 and calculating the derivative ¢8;t

PR
- +

20) _ gy g (M ) (1) - 220 gy, ) )y eel) (7 )
= +

where I = wy (1 —1t1) — wy (1 —t3) and by INLP we have that I < 0. Hence,

we obtain that M < 0. Consequently, by (7.12), 8;;(11&) < 0. Finally, since

M;S\ﬁ M < 0, %ﬁ < 0 and by hypothesis (—unqA; + @) < 0 for all
A € [0, A } , We have that by (5.7), the solution to the maximization problem is
not interior, in particular %QL’Q > 0 for all \; € [0, 5\1] . Since A" € [0, 5\1}, we
have that t; = 1 is a majority voting equilibrium.

In region 2, by (5.8) we have already shown that M;S\ﬁ > 0. And by (5.5) we
have that

2 a¢§i,t)
ek = wy(Xy = A)/

Bt A\

Since (A — A) > 0 and M < 0, we obtain that a@(t) < 0. Furthermore,
(—woA; +Wy) < 0 forall \; € [)\2, 1] and so, from (5.7) we have that 8Y2(>\ 8 0

for all A\; € [5\2, 1] . Since A\y" € [5\2, 1}, we have that {5 =0 is a maJorlty voting
equilibrium. Q.E.D.

Proof of Proposition 5.5
First, suppose that F satisfies 1’) and ii). Then, by Lemma 5.4, in equilibrium
= (1,0). By Lemma 5.1, we know that under Assumption 1, for all ¢, there exists
a partition of the population P satisfying S and BIL. In particular, it exists for
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t =(1,0) . Furthermore, by Remark 1, if %ayl # 0, there is a unique indifferent
agent. Evaluating this partial derivative in ¢ = (1,0) we have that

a¢§i,t) — 5 311)2(5\) _I_awl(i)

3 A

3 EN
+

. ow (A . .
, it follows that %ﬁ < 0. Consequently, there is a unique

indifferent agent A Finally, since

and since S < ‘5w15\

un (1 - tl) =0 S Wo (1 - tQ) = W9, (713>

INLP holds and by Proposition 2.2, {(1,0), P} is an external equilibrium. And,
given that by Lemma 5.1 we know that A € (0,1), it follows that wQ(S\) > 0
which implies that inequality (7.13) is strict and so, in equilibrium the regions are
different.

Second, suppose that F satisfies 1”) and ii). Then, in equilibrium ¢, = 0, and

. ow
by 1”), we have that %ﬁ > 0, so that ¢; may not be equal to 1. Let t = (¢,0)
then, by Lemma 5.1, there exists a partition of the population P that satisfies S
and BI. In particular, there is an indifferent agent with skill A where

I

X € (0,1) satisfyies that ¢ (X,t) =Y (X,t) _Y, (X,t) —0 (7.14)

However, A may not be unique. Let us next show that it can be defined a function
which selects for each tax vector the skill of the indifferent agent in a continuous
way. Substituting the tax vector ¢ = (¢1,0) in (7.14) we have that

- 11)1(5\)75\11)1 (5\)

where t; is obtained as a continuous and differentiable function'! of A And
given that Tj is twice continuously differentiable and f is continuous, (7.15) is
continuously differentiable. However, it can not be guaranteed that for every t;
there is a unique M. Let us next show that for all #; € [0,1], there is always

Ae (0,1) satisfying (7.15). Note that when t; = 1, by (7.15) we have that

'Note that @y (\) — Moy () = (5\ — 5\) w1 () and since f is strictly positive, we have that for

every A # 0, the term A — \ # 0. Consequently, the derivative of (7.15) is always well defined.
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And when t; = 0, by (7.15) we have that

wi(A) — we(A) = 0. (7.17)

And since wy, = Ty, (Ly,), by Assumption 1, we have that lim w1<5\) = oo. Conse-
A—0

quently, as A tends to 0, we have that u_)l(j\) — 5\w2(5\) > 0 and w1<5\) — wQ(S\) > 0,
and as A tends to 1, u_)l(j\) — S\wQ(S\) < 0 and w1<5\) — wQ(S\) < 0. Consequently,
there is some \ € (0,1) such that equation (7.16) satisfies, and also some Ae (0,1)
such that (7.17) satisfies. Thus, by continuity of function (7.15), we deduce that
for each t; € [0, 1], there is A€ (0,1) satisfying (7.15).

In particular, for each t; € [0,1] we are going to select a unique value of A
in a continuous and differentiable path that we denote by ®. Hence, we have
that @ (¢;) = A and since (7.15) is continuously differentiable, we have that @
is also continuously differentiable. Let us next show in Step 1 that an internal
equilibrium exists and in Steps 2 to 5, let us show that the obtained internal
equilibrium is also an external equilibrium with different regions.

Step 1: Since the agents are sophisticated, for an agent living in region 1, his
most preferred!? tax rate is given by

ty € argmax  wy (P (1)) A (1 — 1) + w1 (D (1)) La- (7.18)

t1€[0,1]

The solution to the above problem is either extreme (t; = 1) or interior. In the
case that the solution is interior, since we have assumed that 82);12—%@ < 0, second
order condition hold. And since ® is continuously differentiable and 17 is twice
continuously differentiable and f is continuous, then, as A; varies, the solution to
problem (7.18) also varies in a continuous way. Hence, we can define a continuous
function that we denote by M, that indicates for each \; € [0,1] the tax rate t;
obtained as a solution to (7.18).

Now, for each Ae [0,1] we are going to consider that the skill of the median
agent in region 1 is given by m(jx) = A]". And by continuity of f, we have that
m is a continuous function of A. Thus, consider now the function M : 0,1] —
[0,1] where M (m (5\)) = {y. Then, by majority voting, an internal equilibrium
requires that

o (M (m(j\))) = (7.19)

12We assume that at this point the agents do not consider restrictions of the kind: \; < @ ().
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By continuity of m, M and ®, we have that ® is a continuous function in the
interval [0,1]. And since @ : [0, 1] — [0, 1], by Brower’s fixed point theorem there
is e [0,1] such that (7.19) is satisfied. Now, we only have to show that this ) is
unique (which is shown at the end of the proof).

By (7.19) the equilibrium policy in region 1 is given by t; = M (m(jx)) , and
so t = (1,0) is an internal equilibrium. X

Step 2: Let us show that S and BI hold. By (7.14), A is the skill of the
indifferent agent, and consequently it can be defined a partition P = {Ny, Ny}

where N; = {2 A< 5\} , Ny = {2 A > 5\} that satisfies S and BI.
Step 3: Let us show that t; # 0. The partial derivative of Y] (A", t) respect
to 11 is given by

Y1 (ATt oP dwi (P m A1 (P m _
lfgtll L= 8t(1t) ( 1c§<1>(t)) <1 - tl) A+ % t1> — WAy + Wy ((I) (t))
- - +

where by i), (—wi A"+ @1 (P (¢))) > 0. In the case that t; = 0, we have that
E)Léi‘:]l’—t) > 0, and so t; = 0 can not maximize Y7 (A]",1).

Step 4: Let us next show that INLP holds. By BI and substituting that
1o = 0, we have that

un (1 — tl) 5\ + U_)ltl = U)QS\ (720>

Since by Step 3 we know that ¢; # 0 and by (7.14) we have that )€ (0,1), in
equilibrium @yt # 0, consequently, by (7.20) we find that wy (1 — ;) < ws.

Step 5: Let us show that the regions are different. Since t, = 0, we have that
wWaly = 0, and so, that wit; # 0 guarantees that the regions are different.

Finally, by steps 1 to 5 we have shown that for each A satisfying (7.19), it
exists a policy-based equilibrium with different regions and then, by remark 1,
we know that the derivative % is different from zero, and so, s unique, which
implies that the equilibrium is unique. Q.E.D.

27



28



8. REFERENCES

- A. Caplin and B. Nalebuff (1997), “Competition among Institutions” Journal of
Economic Theory, 72, 306-342

- H. Cremer, V. Fourgeaud, M. Leite-Monteiro, M. Marchand, P. Pestieau (1997),

“Mobility and Redistribution: a Survey”, mimeo.

- D. Epple, R. Filimon and T. Romer (1984), “Equilibrium among Local Jurisdic-
tions: Toward an Integrated Treatment of Voting and Residential Choice” Journal
of Public Economics, 24, 281-308.

- D. Epple and T. Romer (1991), “Mobility and Redistribution” Journal of Polit-
1cal Feonomy 99, 828-8588.

- P. De Donder and J. Hindriks (1998) “Un modeéle simple de concurrence fis-
cale ou la mobilité des pauvres favorise la redistribution”, Actualité Economique,
forthcoming.

- R. Fernandez and R. Rogerson (1996) “Income Distribution, Communities and
the Quality of Public Education” Quaterly Journal of Economics 111, 135-164.

- R. Ferndndez and R. Rogerson (1997) “Keeping People Out: Income Distri-
bution, Zoning, and the Quality of Public Education” International Economic

Review 38, 23-42.

- N. Hansen and A. S. Kessler (1996) “Income Redistribution in Federal Systems”,

mimeo.

- R. A. Musgrave (1959) The Theory of Public Finance. new York: MacGrawn
Hill

- S. Rose-Ackerman (1979), “Market Models of Local Governments: Fxit, Voting
and the Land Market”, Journal of Urban Economics, 6, 319-37.

- W. E. Oates (1972) Fiscal Federalism. New York: Harcourt Brace Jovanovich.

29



- S. Rosen (1982), “Authority, Control and the Distribution of Earnings”, Bell
Journal of Economics, 13, 311-323.

- G. Stigler (1957) “The Tenable Range of Functions and Local Governments”
Federal Erpenditure Policy for FEconomic Growth and Stability. reprinted in E.
S.. Phelps (1965). ed.. Private Wants and Public Needs. rev. ed. New York:

Norton.

- C. M. Tiebout (1956) “A Pure Theory of Local Expenditures”, Journal of Po-
litical FEeconomy, 64, 416-424.

- M. Waldman (1984), “Worker Allocation, Hierarchies and the Wage Distribution
7. Review of Economic Studies, 95-109.

- F. Westhofl (1977) “Existence of Equilibria in Economies with a Tocal Public
Good”, Journal of Economic Theory, 14, 84-112.

- D. Wildasin (1991) “Income Redistribution in a Common Labor Market”, Amer-
ican Economic Review 81, TH7-T74.

30



