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Abstract

We develop a multijurisdiction model where individuals are heterogenous with respect to
their productivity. The key feature of the framework is that before moving to a particular
jurisdiction where the amount of local public good is determined by the median voter, individ-
uals choose their level of effort which determines their income. Our findings suggest that the
equilibrium is productivity-stratified, i.e. jurisdictions are inhabited by individuals with similar
productivity. Further, the equilibrium level of effort is jurisdiction-dependent. It turns out that
two individuals who are close in the productivity ladder earn dramatically different incomes if
they do not reside in the same jurisdiction. Third, we study the planner’s problem and char-
acterize optimal allocations. Fourth, we study the design of the tax structure that implements
optimal allocations in spite of asymmetric information with respect to productivity and effort.
In particular, the optimal tax structure is such that externalities generated by free mobility of
individuals are internalized. Finally, we analyze a computational model and focus on the effect

of fiscal decentralization on income stratification, income inequality and welfare.
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1 Introduction

Over the last decades, there has been a trend toward greater fiscal decentralization in most de-
veloped countries (see Arzaghi and Henderson, 2002, OECD, 2008, and the survey of Epple and
Nechyba, 2004). It is well recognized that decentralized government activity in a context of in-
creasing mobility of factor and population impacts the extent of segregation by income across local
jurisdictions as well as income inequality. The theoretical analysis of fiscal decentralization dates
back from the Tiebout model (1956) which examines horizontal government competition. The main
result is that when perfectly mobile individuals have to choose among several communities, each
one offering a particular taxation/public good package, the opportunity of migrating freely and
without cost makes them choose the community they prefer. If individuals are heterogeneous only
with income, then the “free mobility” equilibrium is income stratified. As income distribution is
assumed exogenous, the Tiebout Model is silent about the effect of fiscal decentralization on in-
come inequality. The literature on human capital accumulation with local externalities, pioneered
by Bénabou (1996a,b) and Durlauf (1996), has analysed the consequences of decentralization of
educational services on income dynamics. It is shown that the “free mobility” equilibrium leads
to a polarized income distribution. From an empirical point of view, recent works that attempt
to structurally estimate equilibrium models of local public goods find strong evidence for income
stratification between local jurisdictions (see, for instance, Epple, Romer and Sieg, 2001, Bayer and
Mc Millan, 2011). The picture is blurred regarding the impact of fiscal decentralization on income
inequality. The reason lies on the role to be played by subnational governments in redistributive
policies. For instance, using a panel of 34 developing countries on five five-year periods between
1976-2000, Sepulveda and Martinez-Vasquez (2011) find that fiscal federalism has a statistically
significant effect on income inequalities but the sign and magnitude depend on the size of gov-
ernment sector in the economy. Sacchi and Salotti (2011), using a different sample of 23 OECD
countries over the period 1971-2000, obtain a clear-cut result as they find that a higher degree of
tax decentralization is associated with an increase of inequality within a country.

In this paper, we revisit the analysis of the consequences of fiscal decentralization on income
inequality and income segregation. We develop a multijurisdiction model where individual income
is not given a priori but depends on both a personal attribute and effort. Hence, our model stresses
a key interplay between income inequality and income segregation. On the one hand, individual
effort is assumed to be a determinant of individual income and thus influences the capacity to choose
a particular bundle of local taxation and public good and to segregate. On the other hand, the
return to individual effort turns out to depend on jurisdiction membership. This relationship sheds

new light on the impact of decentralized provision of public goods on stratification and inequality.



Our approach on the key role played by individual effort is inspired by empirical results in
the labor economics literature that emphasize the importance of local price variation in estimating
either labor supply or educational effort. For instance, using 1990 U.S. census data on labor supply
in the nation’s largest 50 cities, Black, Kolesnikova and Taylor (2008) find that the correlation
between labor supply and non-labor income differs across cities suggesting that labor decisions
are location-dependent. Regarding returns to education, Black, Kolesnikova and Taylor (2009) for
U.S. data that returns to college are overestimated for high-amenity locations when local prices
are ignored. This result supports the evidence that returns to education differ across locations and
that education decisions are location-dependent.

More specifically, we develop a model & la Tiebout where individuals are heterogenous with
respect to their productivity. The key feature is that they choose an effort level -which can be
interpreted as an educational effort or labor supply- that determines their income which in turn is
crucial for their subsequent jurisdiction’s choice. We assume that both productivity and effort are
private information. Once in a jurisdiction, individuals vote on the level of local tax rate financing
the local public good. Given this sequence of events, individuals while choosing their effort take
into account their prospect of jurisdiction membership as their effort decision determines their
income which is a key determinant of their local public good demand. This framework allows us to
study the interaction between income distribution and social segregation. On the one hand, effort
decisions determine the income distribution which shapes the social segregation. On the other hand,
effort decisions depending on the prospect of jurisdiction membership, the social stratification in
turn drives incentives to exert effort and may engender a particular pattern of income inequality.!

We first provide a characterization of the equilibrium. We show that the equilibrium is productivity-
stratified, i.e. each jurisdiction is inhabited by individuals with productivity in a single interval.
Jurisdictions are vertically differentiated and the degree of substitutability between private and
local public goods is key to know how jurisdictions are ordered with respect to their local tax
rate-local public good bundle. When private and local public goods are complements (substitutes),
the “more productivite” a jurisdiction is, the higher (lower) is the local tax rate-local public good
bundle. The equilibrium level of effort is also jurisdiction-dependent as it depends on the local tax
rate determined by the jurisdiction median voter. Hence, the equilibrium level of effort depends
on the equilibrium distribution of individuals among the jurisdictions. Further, individual income
being monotonic with respect to productivity, the equilibrium is also income-stratified, i.e. indi-

viduals in the same jurisdiction have similar income. A direct consequence of the fact that effort is

'We ignore any peer-group effects that could be generated by the neighborhood. We also assume away housing

markets. The main implications would remain in a more general setup.



jurisdiction-dependent is that two individuals who are close in the productivity ladder but do not
belong to the same jurisdictions earn dramatically different incomes.

Second, we provide a normative analysis, mainly focused on the efficiency issue. We study the
program of a social planner who is utilitarian and who decides levels of private consumption, public
good consumption, income and jurisdiction’s membership. We assume that the social planner
is constrained by the the capacity of individuals to move freely across jurisdictions and must
determine an allocation such that individuals have no incentives to move. At the optimum, we show
that the provision of the local public good must satisfy the traditional Bowen-Lindhal-Samuelson
condition. Efficient sorting is such that the migration of a boundary individual between two adjacent
jurisdictions does not generate a net variation of resources in these jurisdictions that could make
better off individuals residing in these jurisdictions. Hence, externalities generated by individual
jurisdiction choice are internalized at the optimum.

Third, we show that, in spite of asymmetric information on both productivity and effort, there
exists a tax structure designed at the central level that allows to decentralize the optimum, 7.e. in
the spirit of the first welfare theorem, one allocation of the contract curve being achieved. This
tax structure combines a linear grant and a lump-sum tax that differs according to the jurisdiction
membership. The grant exactly amounts the local tax paid in order to offset distorsions generated
by the public good provision on the individuals’ effort. As this grant is linear, within jurisdictions,
nobody has incentives to mimic agents characterized by different productivity levels. This grant
component is clearly anti-redistributive as the richest individuals receive a higher reimbursement
than the poorest within each jurisdictions. Moreover, similarly to an optimal taxation scheme with
tagging (see Cremer et al., 2011), the social planner takes advantage of the fact that jurisdiction
membership is observable and that each jurisdiction covers an interval of the productivity distrib-
ution to use a jurisdiction-dependent lump-sum tax. Indeed, it is precisely the membership which
provides information on productivity levels and the linear grant that allows the central planner
to achieve a first-best allocation despite asymmetric information. Further, the lump-sum tax is
designed so that the local public good is efficiently provided. It is also shown that the lump-sum
tax works as an instrument that allows the central planner to implement a redistribution from the
richer to the poorer jurisdictions. The magnitude of the lump-sum tax is such that the migration
of a boundary individual between two adjacent jurisdictions cannot make any individual better off.
Precisely, the variation in the lump-sum tax paid by the migrating individual exactly equals the
variation in the marginal costs of public good production in both adjacent jurisdictions. Hence,
total resources do not vary implying that no individual can be made better off by this migration.

Finally, we proceed to numerical simulations of our model in order to study the impact of



an increase of fiscal decentralization -assimilated to an increase in the number of jurisdictions-
on total production, inequality and welfare. Results are threefold. First, it turns out that total
production (defined by the sum of effort over all individuals) increases with decentralization. This
result relies on the fact that an increase in the number of jurisdictions may lead to exert higher
effort as it provides opportunities for individuals to secede from less productive agents and cluster
with closer peers. Second, depicting different Lorenz curves for different values of the number of
jurisdictions reveals that income inequality increases with the degree of fiscal decentralization. This
result is consistent with the empirical evidence provided in Sacchi and Salotti (2012). We interpret
this result saying that, due to the fact that income is jurisdiction-dependent, an increase in the
number of jurisdictions may potentially exacerbate income heterogeneity. Third, the level of welfare
decreases with the degree of fiscal decentralization. Although the degree of fiscal decentralization
increases total production, individuals may not be better off as the potential gains from sorting
into more homogenous jurisdictions may be outweighed by larger costs of effort. This result is in
sharp contrast with the intuition that Tiebout competition provides efficiency gains compared to
centralization.

Our paper belongs to the extensive literature on local public goods that examines conditions
under which stratification arises (see, among others, Westhoff, 1977, Epple, Filimon and Romer,
1993, Fernandez and Rogerson, 1996, Hansen and Kessler, 2001, Gravel and Thoron, 2007). We
differ from these works as we introduce in the standard Tiebout model effort decisions and thus
endogenize income distribution. As we address the issue of the design of fiscal instruments imple-
mented at the central level to decentralize efficient allocations, we are closely related to Biswas,
Gravel and Oddou (2011). These authors examine the impact on income stratification arising at
equilibrium when the central government uses equalization transfers in order to maximize some
welfare function. We depart from their work as the design of fiscal instruments must also take
into account their impact on incentives to exert effort. We are also closely related to Calabrese,
Epple and Romano (2012) who study the welfare effects of fiscal decentralization. We draw the
same conclusion that Tiebout competition may generate welfare losses compared to the central
provision of public goods but our approach highlights different inefficiencies affecting incentives to
exert effort.

Our model is also related to the strand of literature that emphasizes the role of local human cap-
ital externalities on inequality dynamics and productivity growth (see Bénabou, 1996a,b, Durlauf,
1996, Cooper, 1998, Kempf and Moizeau, 2009). These works focus on the interplay between
income inequality and income segregation in dynamic frameworks where the current income in-

equality shapes the income segregation pattern which in turn drives the dynamics of inequality



and the subsequent income distribution. We depart from these works as the interplay between
inequality and segregation is static and relies on the choice of individual effort. Hence, our model
allows us to discuss the impact of segregation on incentives to exert effort. We can mention that
Bénabou (1996b) also studies effort choices as individuals allocate their time between work and
education of their offspring. However, the equilibrium level of effort is not jurisdiction-dependent
in his model.

Finally, our approach is also related to the literature on local labor markets (see the survey
of Moretti, 2011) which integrates the spatial dimension in labor markets. We provide a unified
analysis of labor supply decisions, migration choices among jurisdictions and voting decisions over
local taxation. This general equilibrium approach could be viewed as a first step to better under-
stand the effects of the decentralized provision of public goods on incentives to supply labor and
on labor markets performance.

The plan of the paper is as follows. In the following section, we present the theoretical setup.
In section 3, we study the equilibrium properties of the model. Section 4 provides the normative

analysis of the model. Section 5 concludes.

2 The Set Up

Our model builds on Westhoff (1977)’s multijurisdiction model. The city is composed of J juris-
dictions indexed by j = 1,...,J. Each jurisdiction j provides a local public good ¢; financed by a
proportional tax rate 7; on income. We consider individuals who are characterized by a productiv-
ity 0. This parameter is distributed according to the continuous cumulative density function H(.)
and corresponding density function h(.) over the interval ©=[,0] € R, ;. We normalize the mass
of individuals to one. Exerting the effort [, an individual 6 earns the gross income, y(6) = 6l. [
could be viewed either as human capital investment or as labor supply, 0l being the income earned
on the labor market. We assume that neither 6 nor [ is separately observable while income y is
observable.

Let I denotes the total income in the economy. An individual  who lives in jurisdiction j has

the following utility function:

Uj(6) = u(e) + Bula) — v (¥).

with 3 a positive parameter and ¢ the private good consumption. u(.) is increasing and concave. We

also assume that limo u'(x) = +00. The disutility of effort v(.) is increasing and convex. Moreover,
r—

we set v(0) = 0. Let us stress that the separability assumption will prove to be crucial for effort

choice.



We denote by n; the size of jurisdiction j, ¢ (n;) the congestion cost in jurisdiction j with

¢’ (.) > 0 and by pu; the average income in jurisdiction j, we have

¢j(y(0)) = (1 = 75)y, (1)
TG My
and ¢; = Cin) (2)

Our framework is built on the following assumptions on preferences and congestion cost.

Assumption 1: If (¢,q,y) >> 0 then u(c) + Bu(q) — v(y/0) > u(c) + Su(0) — v(y/0) over all
(y) > 0.

This assumption will be necessary to obtain jurisdictions characterized by population of a size

higher than a lower bound at equilibrium.

Assumption 2a: —u’c/u’ > 1, Ve.

Assumption 2b: —u’c/u’ < 1, Ve.

These alternative assumptions imply that the slope of the indifference curves of two individuals

with different incomes cross at most once. Hence, denoting the slope by S(q, 7,y), which at point
(gj,T5) equals:

Bu'(q;)

yu'(c))

S(Qja Tj, y) =
we have,

o P NI (. N
95(4;.75,9) = _Bulg)lw(ey) + ¢u(ey) > (<)0 under Assumption 2a (2b).

0y [yu ()]

As already stressed by Hansen and Kessler (2001), the slope of an indifference curve through
any point of policy space (g, 7) increases (decreases) when the private and the public goods are
complements (substitutes), i.e. when —u"c/u’ > 1 (—u"¢/u’ < 1) (see also the Gross Substitutabil-
ity /Complementarity condition in Gravel and Thoron, 2007). These assumptions will thus allow us
to rank individual preferences over bundles (g, 7) according to individual income. We will see that
these assumptions imply that given jurisdiction membership, the agents’ effort is a monotonous

function of the local tax rate.

For instance, the following specific form

l1-—0 qlfo' y n
L{j(ﬁ)zl_a—l—ﬂl_g—(n) , witho >0andn>1



would satisfy all the above assumptions?.

Assumption 3: J(n;/((n;)) /On; > 0.

Assumption 3 amounts to say that there are economies of scale. This cost function belongs to

the class of cost functions considered by Westhoff (1977) that facilitates the equilibrium existence.

3 Equilibrium Analysis

We consider the following sequence of events:

Stage 1: Individuals choose their effort;

Stage 2: Individuals choose the jurisdiction where they decide to live;

Stage 3: Once jurisdictions are formed, individuals vote on local taxation.

Individuals have rational expectations and thus anticipate all continuation equilibrium values.

This sequence of events captures the key feature of our model. By considering that effort is
decided first, it is assimilated as an investment which return is the jurisdiction membership allowed
by the level of earned income. It turns out that the prospect to locate in a particular jurisdiction
is driving the incentives an individual faces while choosing his effort. We thus depart from the
literature on jurisdiction formation (see for instance Westhoff, 1977, Fernandez and Rogerson, 1996
and Hansen and Kessler, 2001) as we endogenize the distribution of income before individuals decide
where to live.

Further, the crucial assumption we make while considering this sequential formulation is that
individuals vote taking both residential choices and labor supplies as given. In this respect, we are
thus following most models of the multijurisdiction literature by assuming “myopic voting” 3. We
thus do not consider tax competition between jurisdictions.

We solve this model backward and look at a Subgame Perfect Nash Equilibrium (SPNE here-

after) of the extensive form game defined as follows.

Definition 1 An equilibrium with J jurisdictions and endogenous income distribution is such that:

(i) each jurisdiction has a strictly positive mass of individuals, (ii) in each jurisdiction, the local

2 Assuming the following utility function

Uy (0) = u() + B (a5) = v (¥)

would require to consider four combinations of relative risk aversions, —cu’’/u’ < 1 and —qf”/f' < 1. This would

not change the key mechanisms of our framework.
3Epple and Romer (1991) is a notable exception that develops a model where individuals are fully aware of the

migration effects on local public policies.



budget constraint is balanced and the local tax rate is chosen by the jurisdiction’s median voter,
(#i) no individual has an incentive to move to another jurisdiction and (iv) each individual chooses

optimally her effort.

We call a free mobility equilibrium the SPNE of the subgame defined by stages 2 and 3. We will
focus on non-symmetric equilibria, ¢.e. equilibria such that jurisdictions differ with respect to their
bundles (75, ¢;). We do not pay attention to any symmetric equilibrium which always exists in this

set-up (see, for instance, Fernandez and Rogerson, 1996, Calabrese, Epple and Romano, 2012).

Stage 3. We first begin by the voting decision on the local tax rate. The most preferred local
tax rate for an individual with income y living in jurisdiction j satisfies the following first-order
condition*:

"5k

yu' (1 —715)y) = c (nj)ﬁl/(qj')- (3)

We now turn to some comparative statics which will be useful to the analysis of the equilibrium.
Lemma 1 Under Assumption 2a (2b) (i) O7;/0y > (<)0, (ii) 01;/0p; < (>)0, (i) Og;/0p; > 0.
Proof. See Appendix. m

This Lemma is standard in the literature (see for instance Fernandez and Rogerson, 1996,
and Hansen and Kessler, 2001). The two first items are direct consequences of Assumptions 2a
and 2b. First, according to item (i) under Assumption 2a (2b), other things being equal, richer
individuals who consume a higher level of private good consumption are, due to complementarity
(substituability) in favor of high (low) levels of public good and are more (less) willing to pay for
the public good. Second, item (ii) of Lemma 1 also relies on Assumption 2a (2b) which implies
that a marginal increase in the average income in jurisdiction j, other things being equal, increases
the level of local public good and due to complementarity (substitutability) make individuals more
(less) willing to consume the private good. Hence, the preferred level of local taxation is lowered
(increased). Finally, a marginal increase in the average income of jurisdiction j generates two effects
on the production of the public good. On the one hand, given the per capita tax rate 7; and the size
of the population, the richer the jurisdiction, the higher the proceeds of taxation and the higher is
the level of public good. On the other hand, under the case of complementarity (substitutability)
the richer the jurisdiction, the lower (higher) is the per capita tax rate individuals are willing to

pay, i.e. 01j/0pu; < (>)0. Item (iii) points out that, whatever the private and public goods are

*Concavity of u(.) ensures that (3) is necessary and sufficient to reach a maximum.



complements or substitutes, the overall effect of an increase in the average income of a jurisdiction
is to raise the provision of public good.

Concavity of individual utility function allows us to apply the median voter theorem. Hence,
there always exists a local tax rate chosen by a majority of voters which is the one most preferred
by the median voter of jurisdiction j, denoted by y;". The equilibrium tax rate for a jurisdiction j
satisfies (3) with y = y7". It is denoted 7*(y}"), while ¢} (y}") denotes the quality of the local public
good.

Stage 2. We turn to the choice of individuals between communities that we shall refer to
stage 2. The analysis borrows a lot from communities’ formation frameworks (like Westhoff, 1977,
Epple, Filimon and Romer, 1993, and Fernandez and Rogerson, 1996). Any individual y faces the

following program:

mjaxu (1- T*(y}”))y) + Bu(g; (yj"))-

Given Assumption 2a (2b), we can rank the slopes of the indifference curves with respect to
income and define a threshold income y; such that for two communities j and j + 1 with 7,11 > 7;

and gj41 > ¢; we have

u((1 = 7541)y;) + Bulgj+1) = u (1 — 75)y;) + Bu(g;) (4)
u (1 —7541)y) + Bulgj+1) = (Su (1 — 75)y) + Bulg;) for all y > y; (5)
u((1 = 7j41)y) + Lulgir1) < (>)u (1 —75)y) + Bu(gy) for all y < y; (6)

Under Assumption 2a (2b), all individuals richer (poorer), respectively poorer (richer), than y;
strictly prefer to live in the jurisdiction which levies the higher, respectively lower, level of tax rate
and provides the higher, respectively lower, level of public good. In the following proposition, we

characterize the SPNE of the subgame defined by stages 3 and 2.°

Proposition 1 Under either Assumption 2a (2b), a free mobility equilibrium is characterized as

follows:

(i) There exists a vector (y;)j=1,.,7—1 such that u((1 — 7j41)y;) + Pulgjr1) = v ((1 —75)y;) +
Bu(g;) forj=1,...,J — 1.

(ii) Jurisdictions are vertically differentiated: under Assumption 2a (2b) (75, q%) >> (<<)(75_1,¢5_,) >>
(<<)eee >> (<), qF).

®To keep notations simple, 77, respectively g5, denotes 7" (yj"), respectively ¢ (y7").
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(tit) Under Assumption 2a (2b), yj41 > yj for all j = 1,..J — 1 and all individuals with yj.1 >

y > y; live in community j + 1.

(iv) The equilibrium set of jurisdictions represent a partition of the income support into J — 1

intervals.

This proposition is well known in the literature (see, among many others, Epple and Romer,
1991, Fernandez and Rogerson, 1996, Hansen and Kessler, 2001, Gravel and Thoron, 2007, Cal-
abrese et al., 2012)°. The free mobility equilibrium is such that jurisdictions providing a higher
level of public good are also taxing more heavily their inhabitants. Item (ii) is a necessary condition
to have individuals y; indifferent between two adjacent jurisdictions (item (i)). Finally, the free
mobility equilibrium is income-stratified”. In other words, people with similar income levels choose
to live in the same jurisdiction. When the private and public goods are complements (substitutes),
richer individuals reside in jurisdictions with the highest (lowest) tax and public good package (see
Hansen and Kessler, 2001).

At this stage, we do not provide any conditions guaranteeing uniqueness of the free mo-
bility equilibrium. In particular, we have to find conditions such that the identity of an in-
dividual satisfying (4) for two communities 7 and j 4+ 1 is uniquely defined. We denote by
Ui (y) =u ((1 — Tf)y) + Bu(gj) the best location for an individual 6 earning income y and living
in jurisdiction j.

Stage 1. Let us now turn to the choice of effort. This stage amounts to endogenize the income
distribution. The program any individual 8 faces is the following;:

myax[mjax Uj(y) —v (%)] (7)

This program thus exhibits the fact that while deciding to exert an effort level an individual
must take into account the consequences of his choice on the jurisdiction he will live in. Let
y*(0) = argmax[max U7 (y) — v (4)].

In order tzci) obt]ain the equilibrium, we define for each 6 and any j = 1,..., J, the income level

y;(0) that solves
(1 =7 (1= 77)y) = %v' (%) . (8)

Let us now provide some information about 7;(#). Some comparative statics lead to

SExcept Hansen and Kessler (2001), most of the literature develops multijurisdiction models under Assumption

2a only.
"See Hansen and Kessler (2001) who discuss existence and non-existence of free mobility equilibria. Notice that

they consider the case where the public good production is not characterized by any economies of scale.
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Lemma 2 Under Assumption 2a (2b), (i) 0y;(0)/00 > 0, (ii) 0y;(0)/07; > (<)O0.
Proof. See Appendix. m

Lemma 2 gives useful insights about individual effort given the jurisdiction’s choice. The more
productive is the individual, other things being equal, the higher is his effort and consequently his
income. Under Assumption 2a (2b), the higher is the tax rate levied in jurisdiction j, other things
being equal, the higher (lower) is income of individual § exhibiting the fact that the income effect
exceeds (is outweighed by) the substitution effect. Item (ii) thus stresses the fact that jurisdiction

membership impacts the choice of effort.

Corollary 1 Under Assumption 2a (2b) we have 77, > (<)77, then y;j1+1(0) > y;(0) for any

0ecl0,0] and any j=1,...,J — 1.
Corollary 1 highlights the fact that for any individual € her income jumps according to jurisdic-
tion membership. This corollary will be key for characterizing the equilibrium income distribution.

We define V;(#) the indirect utility level of individual 6 living in jurisdiction j with income ¥;

V) = u (- 0) + sutap) o (U7

In order to solve (7), we need to rank preferences over tax rates and local public goods according

to 0 rather than y as in Proposition 1.

Lemma 3 For any 7;,7j,q;j,q; such that 7; < 7 and q; < gqjr, under Assumption 2a (2b) if for
an individual 8 we have V;(0') < Vi (6'), respectively V;(0') > Vi (0'), then for any 0 > ()¢,
respectively 0 < (>)§', we have V;(8) < V;(0), respectively V;(0) > Vi ().

Proof. See Appendix. m

Lemma 3 amounts to say that preferences are intermediate (see Grandmont, 1978, or Demange,
1994). Hence, there is a “monotonicity” property in the ranking of jurisdictions according to type
0. When an individual has a particular ranking of two jurisdictions then either all less productive
or more productive individuals agree upon this ranking. This Lemma is key to demonstrate the

following proposition.

Proposition 2 If there exists an equilibrium with J jurisdictions and endogenous income distri-
bution then it is productivity-stratified, i.e. each jurisdiction is formed from a single productivity

interval and the equilibrium set of jurisdictions is a partition of [0, 0] into J intervals.

12



Proof. See Appendix. m

Proposition 2 states that individuals with similar productivity parameter gather in the same
jurisdictions. According to Proposition 2, at equilibrium any jurisdiction j is comprised by all

individuals € in the interval [gj_l,gj] where éj_l and gj are the boundaries of jurisdiction j and

J ~ ~
are such that 1 = % [ dH(#) with 6y = 6 and 6; = . We denote by
=,

V) = u (- 0) + ulap) o (47 ) = maxvio)

the indirect utility level obtained by an agent # who lives in jurisdiction j at equilibrium. We have

Proposition 3 If an equilibrium with J jurisdictions and endogenous income distribution exists,

then it is characterized as follows:

(i) There exists a vector (g?j)jzlr_,,‘]_l such that VJ*(gj) — j*H(g?]) =0, forj=1,...,J —1;

(it) Jurisdictions are vertically differentiated: under Assumption 2a (2b) (77,q%) >> (<<)(T7_1,q¢5_1) >>
(<)o >> (<) (7, qF);

(iii) For any 6 € [§j,§j+1], and any j = 1,...,J — 1, 0o =0 and 0; = 0, the equilibrium level of
effort is y*(6) = G511(6) and i1 > 47 (6) > G-

Proof. See Appendix. m

Items (i) and (ii) are similar to the first two items of Proposition 1 considering now the pro-
ductivity distribution. Given the continuity of V*(.) with respect to 0, item (i) states that there
exist boundary individuals gj who are indifferent between two adjacent jurisdictions j and j + 1.
According to Lemma 2, we know that more productive individuals earn higher incomes. Hence,
item (ii) amounts to say that depending on whether private and public goods are complements,
respectively substitutes, the more productive individuals live in jurisdictions with higher, respec-
tively lower, bundles (¢, 7). Finally, item (iii) characterizes the level of income and jurisdiction
chosen at equilibrium by any individual 6. Precisely, for any individual 6 € [gj,gjﬂ], his best
effort leads to y*(6) = 7j+1(0) given by (8). Further, for any 6 € [gj, 5j+1], Yj+1(0) belongs to the
interval |y;, y;j+1] and thus their best jurisdiction choice at stage 2 is jurisdiction j + 1. Hence, at
equilibrium, a community j can be characterized by the interval [5], 67j+1]. In the Appendix, we
show that under Assumption 2a, our model satisfies all the assumptions made by Westhoff (1977)

to prove existence of an equilibrium.
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To capture the intuition behind item (iii), let us consider a sketch of the proof as depicted in
Figure 1. The bold curve is the upper envelope of utilities U, (y) and U;(y). It is shown in the
Appendix 7.7 that this curve is characterized by a kink at y;. Its existence relies on Assumption
2a or 2b which implies the sorting condition. Graphically, 7;(#) is the largest distance between
U;(y) and v(.) and y*(0) maximizes the distance between the upper envelope and the disutility
v(.). It is important to notice that due to the kink characterizing the upper envelope at y;, any
individual # must consider several income levels y;(6), each one satisfying (8) for a particular j.
In the graph, we consider an individual 6 € [5], 5j+1] whose highest level of utility is, according
to Lemma 3, V" ;(0). Assume by contradiction that y*(0) = y;+1(f) < y; for an individual 0,
0 €10;,0;41]. Asy*(0) < yj, the individual 6 prefers to live in jurisdiction j rather than jurisdiction
J+ 1 i Vi (0) < Uy (9)) — v (y*(0)/0) with UX(y*(8) = u((1 — 77)y*(60)) + Bu(q]). By
definition of ¥;(#), the individual # in jurisdiction j would prefer earning the income %;(#) (which
is assumed to be higher than y;_;) rather than y*(#). This can be clearly seen in the graph as
UZ (y*(0)) — v (y*(0)/0) < V;(0). Hence, we have V;(0) > V" (0), leading to a contradiction.

U7 (.) = max; lu((l - T;)}-’) +ﬁu(q;‘-)l
v(.)

Ul ()

Uy )

‘(0

/
/

/ |
/ |
;AN

L) .
| A
e

- / ¥j

¥:(8)  y'(6) :yj+1(9)

Figure 1: Item (iii) of Theorem 2.

The crucial feature of our framework is that income distribution that gives rise to the jurisdiction

formation is endogenous. According to Proposition 3, the income distribution can be described by
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a set of income intervals, each one being a set of individuals residing in the same jurisdiction.
Further, the income distribution exhibits discontinuities, each one corresponding to a change in
jurisdiction membership. Such discontinuities highlight that effort and thus income is jurisdiction-
dependent. It turns out that individuals with 6 in the neighborhood of a jurisdiction boundary
67]- may dramatically differ with respect to their effort, and consequently by their level of income,
according to the jurisdiction they live in (see Lemma 2 and Corollary 2). Precisely, consider
two individuals # and 6’ who are close in the productivity distribution but 6 > 67] and 0/ < §J
Individual @ resides in jurisidiction j + 1 while 6" is in j. It turns out that their optimal level
of effort, respectively given yielding y*() = y;j+1(0) and y*(¢') = y;(0), can differ substantially
depending on values taken by 77 ; and 7}.

Figure 2 illustrates the stratified equilibrium in the (6 — y)-space whatever Assumption 2a
or 2b holds. The bold curve depicts the equilibrium income distribution. We see that for any
6 such that §j_1 <0< gj, we have y*(0) = y;(0) and y;—1 < y;(0) < y; implying that her
best jurisdiction choice is j (see item (iii) of Proposition 3). For higher values of 0, i.e. 6 > gj,
individuals exert an effort level that allows them to earn the income g1 (6). We have 71 (0) > y;
and thus all individuals with 6 > 5] strictly prefer jurisdiction j + 1 to jurisdiction j. As it is

depicted in Figure 2, some levels of income will never arise. For instance, we see that no income in

[@\j,l <9~j,1) ,Uj (@;,1” and {ﬂj (gj) Uj+1 (53)} will be observed at equilibrium. Moreover, item
(it of Proposition 3 implies that 71 (7;-1) < -1 < G (%5-1) and § () < G2 < Gy (65)-
This result departs from most multijurisdiction models as boundary incomes satisfying (4) do not
exist at equilibrium®. Jurisdictions are now characterized by boundary levels of productivity (53)
Consequently, at Stage 2 of our game, a boundary individual gj is no more indifferent between
the two adjacent jurisdictions j and j + 1. Our model of jurisdictions formation with endogenous
income distribution may provide an explanation why, once effort choices are made, individuals may

oppose changes in the jurisdictions’ frontiers as they would imply large welfare effects”.

8 Empirical income distributions are not characterized by such discontinuities. In Section 5, we develop a stochastic
version of this model and obtain a continuous equilibrium income distribution. Still, this stochastic version obtains

that individual income is jurisdiction-dependent.
9See Epple and Romer (1989) for empirical findings on the scarcity of jurisdictional boundaries changes and De

Bartolome and Ross (2007) for a theoretical explanation of boundary fixedness.
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}A’f+1(9)

7;(8)

DI—

Figure 2: Equilibrium Income Distribution.

4 Optimal Taxation at the Central Level

This section addresses the issue of the optimal resource allocations in this economy. In a first step,
we characterize the stratified-constrained optimum. We consider that the central government is
constrained by the free mobility of individuals which will oblige him to build jurisdictions that are
formed by a single interval of individuals. In a second step, our aim is to characterize the central

tax structure that implements such efficient allocations.

4.1 Stratified-Constrained Optimum

We denote by w(f) the weight given to individual 6 in the social welfare function which can be

written as follows:

0;
w(O)U;(0)h(6)do.

J
=1
Gj_l

J
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The government has all latitude to choose private consumption levels, local public goods, effort
levels and boundaries of jurisdictions. The government is constrained by resources scarcity and
the freedom of individuals to move across jurisdictions. Hence, the government’s program can be

written as follows:

{{{Cjw),yj(e)}aj_lq@j,jixl and {aj}j_lwl} j%“ w(0) [U(Cjw)) + Pulgy) —v (yjéﬁ)” h(6)d6

.....

with respect to the following resource constraint

5] 0;

/

J J J
5 (OhO)d0 > Y / ¢;(0)h(0)d0 + 3 "C(n)q; with B = 0 and 8, =, )
. =8

j=1

—
0;_ /

i—1
and with respect to the “free mobility” constraints

ales (@) + Butas) v (5 > ufeu(o) + puta) — o (247 (10)

for any j,k=1,...,J, k# j and any 0 € [67]'_1,5]-].

According to (10), at the optimum, no individual in jurisdiction j must have any incentives to
move into another jurisdiction. As our aim is to know whether an optimum can be supported as
an equilibrium, we impose the planner’s program to satisfy these free mobility conditions. All the
computations of this optimization problem are relegated in the Appendix. The characterization of

this stratified-constrained optimum allocation is provided in the following proposition.

Proposition 4 The stratified constrained optimum allocation is characterized by the following

equations:

(i) Optimal consumption and effort:

V0 € [671,67), j=1,...J with§" =0 and §7" =0

with A the Lagrange multiplier associated with the resource constraint.
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(i1) Optimal provision of local public good:

3d
J
0 h(0 o . 11 No no: 70
B’ (g3 / Md@ =((ng"), Vj=1,....,J with 6" =0 and 07" = 0. (12)
_ j
s
Jj—1

(i1i) Optimal size:

G G Rr

= y;il(gjp) - 0531(9;.’1’) - q;ilC/(ngﬁl) Vi =1,..,J with ggp =6 and 53” =40. (13)

(iv) Boundary indifference:

_ (9O
) = u(cj+1(057))+Bulgj+1)—v (W) forj=1,.,J-1.

op
ej

u(e; (07))+Bu(g;)—v (
(14)

Equation (11) characterizes the optimal level of effort which is such that the marginal rate of
substitution between consumption and cost of effort equals individual productivity. According to
equation (12), each jurisdiction provides an efficient level of public good that satisfies the Bowen-
Lindhal-Samuelson condition such that the sum of the marginal rates of substitution between private
good consumption and public good consumtion equals the marginal cost of public good production,
i.e. ((nj"). Equation (13) characterizes the optimal size. At the optimum, individual 5;-’) is such
that his migration from j to j+ 1 generates a variation of the resources in jurisdiction j that exactly
equals the variation of resources in jurisdiction j + 1. Hence, individual 5}”’ ’s migration does not
generate any extra resources that could make any individual be better off. Equation (13) combined
with free mobility constraints lead the externalities generated by free mobility of individuals to
be fully internalized at the optimum. Finally, any optimal jurisdiction j can be characterized
by the interval [5}"” , gﬁ_l] where any boundary individual (5;?1’ is indifferent between both adjacent
communities j and j + 1.

4.2 Properties of the Optimal Fiscal Scheme

We now tackle the issue whether it is possible to design a tax structure such that equilibrium
allocations of resources coincide with optimal ones or if a second-best approach must be envisaged.
We denote by T'(y, 7, 115,14, 1) taxes used by the central government. The government can design
taxes with respect to income y, any variables referring to jurisdiction membership, i.e. 7;, p; and

n;, and total income I. However, 6 and [ being not observable, taxes cannot depend on individual

18



productivity and effort. We denote by T;(.) the partial derivative of T'(.) with respect to its ith

argument. Individual consumption thus can be rewritten as follows

c(y) = (1 = 1)y = T(y, 75, pj,nj, I). (15)

The local public good is still produced according to (2). The equilibrium with taxes denoted
by {{ “(0),y57(0), 45", 7; }96[5;*1,5;*],]'_1....,J’{ej }j_l....,J—l} is characterized by (15) and the

following four equations

(i) For any j =1, ..., J, any 6 such that g;ffl <0< gj* with 55* =6 and gf,* = 0, we have

(1= = T .77 1) ey ) = ! (257 (16)
(ii) Tax rate chosen by the median voter of jurisdiction j,
*% [ M *ok Bk ok ok PRk m **'U’**
i

with y7*(6™) the median income of jurisdiction j 10

(iii) For any j =1, ..., J — 1, we have 5;* such that

w(ey (F) + Bulgy) — v (yt(“> - [u@;*(@;*» + Bulg) — v (Wﬂ _0. (1)

* %k *%k
0 0

(iv) Budget constraint,

> / T (0), 75" " ) = . (19)

Further, we know that there exist some weights such that the fiscal scheme T'(y, 7, 115,75, I) inde-
pendent of any 0 and [ is a solution of the central government’s program (see also Calabrese, Epple
and Romano, 2012). The following proposition provides a characterization of the tax structure that

allows to support an optimum.

Proposition 5 In a free mobility and efficient equilibrium, for any j, taxes are characterized as

follows:

10We can apply the median voter theorem if preferences are single-peaked with respect to 7, so that:

2

L —
<
=
2

[~y — Ta(y(0), 75, 1, mj, D> 0" (¢ (0)) — To2(y(0), 75, 115, mj, D' (¢ (0)) + u” (g5) 917 <0.
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(1) T(y, 7, 1j,ng, 1) is specified as follows: T(y, ), pvj, nj, I) = =15y + @(75, g, g, I);

(i) Bowen-Lindhal-Samuelson condition:

90 ( m),“’j*) ;*7]**) :,U’j;* 5** )
7 -1
= "(e*(0)))  h(0)do
[ (@) o)
o
J

(iii) Optimal Size:

SO( j nu] ) ] 71**)_90( ]—i—lﬂug—i—l? ]+1,I**)
_QJC( ) ]—&-lg(j—‘rl)vj_]- J ]-a

(iv) National Budget Constraint:

0**
J J
Z/ —77* Y (0) + (77, 5 nE, ) h(0)dO = 0,

6**

(v) Local Public Good Provision:

g+
J

T]’-” / yj**(ﬂ)h(H)dH = q;‘*((n;‘*) forany j=1,...,J,

ok
o,

(vi) Optimal Effort:

a0 = ot ) = g ()

Sketch of the Proof. The proof proceeds in designing 7'(.) so that equations (11)-(13) and (9)
characterizing the optimum coincide with the system of equations (16)-(19) of the equilibrium with
taxes. Let us mention that in the Appendix we derive a necessary and sufficient condition which
may be more restrictive than Assumptions 2a and 2b for the sorting condition to hold when this
tax structure is implemented, i.e. S7(gj,7;,y) being the slope of individual preferences in the

policy space when 7'(.) is implemented %@’Tj’w 20& %ﬁ s —Cju 1,‘(0(:)] ), Besides, the intermediate

preferences property is always satisfied. m

In spite of the asymmetry of information on agents’ productivity level, we find a central tax

scheme that allows the central planner to implement a first best allocation, i.e. an allocation that
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belongs to the contract curve. The optimal central tax structure, T'(y, 7, p15,n4, ), is designed as
the sum of two components: a grant depending on individual income, i.e. 7;y, and a lump-sum
transfer depending on both jurisdiction’s characteristics (size, average income and local taxation)
and total income, i.e. (7}, ptj,nj,I). This lump-sum transfer applied on jurisdiction membership
works in a similar way than optimal taxation schemes with tagging (see Cremer et al., 2011). It taxes
or subsidizes jurisdiction membership which is observable and due to the productivity-stratification
properties of the equilibrium it taxes or subsidies somehow the individual productivity. The key
feature of our tagging is that jurisdiction membership of an individual 6 does provide information
on a productivity interval to which her 8 belongs to. Moreover, within jurisdictions, the grant is
proportional to the individuals’ income such that incentives constraints are automatically satisfied.

With regard to item (i), the optimal national tax structure is designed so that it must ex-
actly offset the distortion that the local taxation may generate on the effort choice (see item
(vi)). The whole tax structure, i.e. national plus local taxes, amounts to lump-sum transfer
given jurisdiction j’s membership as c(y) = y — ¢(75, ptj,nj,1). However, the equilibrium being
productivity-stratified, the tax structure is non-linear as ¢(.) may move upward or downward
with respect to jurisdiction’s membership. Precisely, when the slope of an indifference curve
through any point of policy space (g,7) increases (decreases), we have for ¢;* < (>)¢;}; and
o(Tih s 15, g, I7) > ()7, ™, ns*, ™) for any j = 1,...,J — 1. Hence, people who live in
jurisdictions providing the higher level of local public goods pay higher lump sums.

According to item (ii), the tax structure is such that distortions generated by the median voter
rule are corrected. The function ¢(.) is designed so that (17) and (12) coincide. It thus turns
out that t1r~1e median voter’s marginal rate of substitution of public good for private good, i.e.

9;-‘*
Bu' (q5*) / Y (O)h(O)dO | [ o1 (T, ¥, mi*, I)u! (e5(0™)) | , equals the the total willingness to
st
6
pay for the public good over the whole jurisdiction’s population, i.e. Su’ (q;-)p ) / %d@.
7,

According to item (iii), lump-sum transfers are designed so that the jurisdictions ’sizes are
optimal. Considering two adjacent jurisdictions j and j + 1, lump-sum transfers must be such that
the resources constraint is not modified by the migration of the marginal individual from jurisdiction
Jj to j+ 1. The variation of transfers applied on the migrating individual, ¢(7}%q, uj% 1, nj3, I™) —
30(7']7-", O I*), is then equal to the variation of marginal cost of public good production.

Finally, the optimal tax structure must be such that the resource constraint as well as the local

budget constraint are binding (see items (iv) and (v)).
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We can notice that the following specific form of national tax structure

T(y,7j, g, mj, 1) = =759 + bjq; + dj + 2

with

cm) (e om))

)

0371
dj — djyr = ;" (' () = bj) — q5%1 (¢'(n]1) — bjn)

zeR

can satisfy the entire set of items of Proposition 5. In particular, for ¢/(.) > 0, it can easily be

checked that b; = ’(n;*), d; = 0 and z = 0 would satisfy Proposition 5. Let us stress that the

following equation would be obtained

C(ny) = =2 - (20)

with [E; [(u' (c}‘*(ﬁ))) ] denoting the average of jurisdiction j inverse marginal utility of private
consumption. Equation (20) could be paralleled to the optimal-club-size-with-congestion-condition
emphasized in the standard model of club formation with homogenous individuals stating that the
marginal congestion cost equals the average congestion cost, i.e. {’ (n;*) = ¢(nj") / n;*, leading the
average cost of congestion to be at its minimum (see, for instance, Rubinfeld, 1987). Equation (20)

takes into account individual consumption heterogeneity. Further, when ¢’/ (n}“*) equals 1, it turns

k%

out that cp(T]m,u;f*,nj , I™*) = g; for any g.1

5 Stochastic Model and Numerical Exercise

5.1 Model Specification

Our aim is to analyze the effect of decentralization on income distribution, aggregate income and

welfare. We consider a stochastic version of the model. The gross income is now defined as follows

y(0) = 0le

"'This result is similar to Calabrese et al. (2012) where they assume publicly provided private good, or equivalently

marginal congestion effects equal to 1 (see their Proposition 3).
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with [ denoting the labor supply and € an income shock that agents observe once individual effort,

the jurisdiction and the vote on local taxation are made. We assume that
logf ~ N ((/9\, 93) (21)
and
loge ~ N (1, 02) with E[e] = 1. (22)

We normalize the mass of individuals to one. Denoting by El[.] the expectation operator, we
consider the following utility specification
1— _
@) ] e

- +5170 _g(zj(e))", with ®,0 > 0 and n > 1,

Uj(0) =

and the public good of the jurisdiction j is equal to

_ TNy

q; =
T C(ny)
In the Appendix, we develop in detail this model. In order to better understand the effects of

with ( (n;) =nj, v > 0. (23)

decentralization, we are able to compare the level of inequality that arises at equilibrium between
the centralized case, i.e. J = 1 and the decentralized case, i.e. J > 1. Denoting by y* (0,¢) the
equilibrium level of income for individual # under the shock € and var [Iny* (6,¢)]; the variance
of the lognormal income distribution at equilibrium when the number of jurisdictions is J, we are

able to show the following
Proposition 6 Whatever o > 0, income inequality is higher under decentralization, that is
var [Iny* (0,¢)] ;o —var [Iny* (0,¢)] ;_, >0, for any J > 1.

The possibility given to individuals to segregate into local jurisdictions leads to a more unequal
income distribution. The reason lies on the fact that effort is jurisdiction-dependent. Hence,
decentralization which leads to different taxation/public good packages increases the range of effort
levels yielding greater income heterogeneity.

However, we are not able to obtain analytical results on the effects of decentralization on welfare
and effort. We thus proceed to numerical simulations of the model in order to further study the
impact of an increase in decentralization, assimilated to an increase of J, on income inequality,
labor supply and welfare.

To this aim, we set 0 = 2.5 as we know from Westhoff (1977) that when o > 1 an income-
stratified equilibrium exists for any income distribution of income. Given that the elasticity of

effort with respect to local taxation equals (1 —o)/(n+ o0 —1) (see Appendix), we will suppose
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that n = 1.15 so that the elasticity is lower than 1. We assume no congestion effect, i.e. v = 0.
Further, we calibrate the income distribution so that when there is only one jurisdiction it is the

one considered by Calabrese, Epple and Romano (2012):

“The distribution of MA income is calibrated using data from the 1999 American Hous-
ing Survey (AHS). Median income reported by the AHS is $36,942. Using data for
the 14 income classes reported by the AHS, we estimate mean household income to be
$54,710. These values and our assumption that the income distribution is lognormal

imply Iny ~ N (10.52,0.785),” (Calabrese, Epple and Romano, 2012).

To this aim, we set the mean income, denoted by p?, and the median income, denoted by p™,

of the income distribution with only one community such that
u® =5.4710; ™ = 3.6942.

Given the properties of the lognormal distribution, mean income and the variance of logarithm of

income for any individual 8 thus equal

Ellny(0,¢)] = Inp® = 1.6995,
a
var (Iny) = 2+ In l’;‘—m = 0.7854.

In order to set o2, we consider that € can be interpreted as transitory income and use the ratio of
transitory income to total earnings in U.S. calculated by Moffitt and Gottschalk (2001). It turns out
that p. = 0.6267. Further, if 0 follows a lognormal distribution then the initial support considered
must be such that § = 0 and § = +o0o0. In our model § > 0 and § < oco. As consequence, the
f—distribution cannot follow a lognormal distribution. In order to use the lognormal distribution
as an approximation of the real distribution of § we will suppose that 6 is very close to zero and 6
is very high. In particular, we suppose that # and @ are such that the 99.9% of 6 of a lognormal

distribution are inside the interval (Q, @)

where H~! () is the inverse of the cumulative function of the lognormal distribution. Finally, we
suppose that the local tax with only one community denoted by 7°“" is equal to 0.3. Parameters
® and [ are calibrated to obtain an average effort equal to 1, when there is only one community.

The Appendix details how parameters are computed.
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To sum up, we have

Parameters n o v @ I3
1.15 2.5 0 0.5493 0.3371

¢ distribution P Qe

—0.1963 0.6267
0 distribution 0 09

1.8372 1.444
y distribution Ellny (0,¢)] var (Iny (0,¢))

1.6995 0.7854

5.2 Results

As our aim is to study the impact of fiscal decentralization on income inequality, labor supply and
welfare, we compute the equilibrium that may arise for different values of the number of jurisdictions
J from 1 to 5. When J = 1, the equilibrium is called centralized and we assimilate an increase of
J as a rise of the degree of decentralization.

In the Appendix, we provide, for each J, jurisdictions’ characteristics (size, boundary indi-
viduals, average income, local tax rate, local public good), the level of some aggregate variables
(population average income, total welfare, total welfare in equivalent consumption units) and fi-
nally some inequality indicators (standard deviation of the lognormal distribution of income over
the whole population, share of total inequality generated by the difference in the average income
between communities (used in Calabrese, Epple and Romano, 2012). and standard deviation of the
lognormal distribution of utility levels).

First, our simulations results presented in Tables A1-A3 and Figures A1-A2 describe the equi-
libria arising for each value of J. Given a number J of jurisdictions, we see from Tables A1-A3
that an equilibrium is productivity-stratified and that jurisdictions are ranked acccording to the
bundle local taxation and local public good. As we assume that o > 1, we satisty Assumption 2a
and thus richer jurisdictions provide higher local public goods. Figure Al depicts for each value
of J the equilibrium level of individual labor supply with respect to the productivity parameter.
Within each community, the labor supply decreases with productivity. Figure Al also exhibits
the jurisdiction-dependency of individual labor supply. The labor supply curve is characterized by
discontinuities each one corresponding to a change in the jurisdiction membership. Further, when
J varies, we can also see the impact of fiscal decentralization on stratification arising at equilibrium.

Let us focus for instance on the equilibria when J = 1 and J = 2. When there are two communi-
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ties, individuals whose 6 € [20.0833,726.9035] belong to jurisdiction 2 (see Table A1l). They vote
for a higher level of taxation than the one chosen in the centralized equilibrium (see Table A2).
However, from Table A3, fiscal decentralization leads them to consume less public good than in
the centralized case, g5 = 1.5651 when J = 2 while ¢4 = 1.6390 when J = 1. The main reason
why public good consumption drops for these individuals with respect to centralization is that the
size of this jurisdiction, and thus the fiscal basis, is low (ng = 0.2101 in Table A1). However, let
us mention some individuals may increase their local public good consumption when the degree of
fiscal decentralisation rises. For instance, if we take individuals with 6 € [10.6136,20.0833] who live
in jurisidiction j = 1, respectively j = 2, when J = 2, respectively J = 3 (see Table Al) we see
that they increase their consumption from ¢; = 1.1483 when J =1 to g2 = 1.1532 when J = 2 (see
Tables Al and A3). We deduce from Figure A1, that more fiscal decentralization incites individuals
to increase their labor supply. Indeed, we see that any individual increases his labor supply when
J increases. We conjecture that this can be explained by the fact that more jurisdictions provide
greater opportunity for individuals to cluster with similar peers. Individuals thus exert higher effort
in order to escape from the company of others who are lower in the productivity ladder.

Second, let us focus on the impact of an increase in J on aggregate variables provided in Table
A4. We stress that fiscal decentralization may generate efficiency costs wia its impact on labor
supply. We can see that a more decentralized economy is characterized by a higher average income.
This is a direct consequence of the result we explained above that more fiscal decentralization lead
to greated labor supply. However, fiscal decentralization is costly for individuals. We see in Table
A4 that both welfare variables V¢, V¢ decrease with J suggesting that the potential benefits from
living in a more homogenous jurisdiction generated by more fiscal decentralization are outweighed
by increased costs of effort.

Third, an increase in degree of fiscal decentralization may lead to higher disparities in income.
In Table A5, we see that standard deviations of income increase with J. Figure A3 also corroborate
this result as whatever J > 1 the income distribution obtained with some J is always Lorenz-
dominated by the income distribution under the J — 1 case. This is due to the fact that labor
supply is more disparate when fiscal decentralization increases. On the contrary, we can see that

the distribution of utility V' is less unequal the more decentralized is the economy.!?

2We also run simulations with o < 1 (Assumption 2b). Under Assumption 2b, we still obtain that fiscal decen-
tralization makes individuals supply mor labor while it is harmful from a welfare point of view. We also consider the
case of a low ratio of transitory income to total earnings that is 2 /var (Iny (6,¢)) = 0.05. These simulations results

are available upon request.
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6 Conclusion

In this paper, we develop a multijurisdiction model where individuals differ with respect to their
productivity and choose their effort before moving into their place of residence. In this set up, we
show that an equilibrium with J jurisdictions and endogenous income distribution is productivity-
stratified and jurisdictions are vertically differentiated. The degree of substitutability between
public and private goods is key to know whether the rich jurisdictions are producing higher levels
or lower levels of local public goods. Noticeably, the equilibrium income distribution is characterized
by discontinuities each one corresponding to a change in jurisdiction membership. These income
distribution discontinuities come from the fact that individual effort depends on the local taxation
applied in the jurisdiction.

Further, we characterize the optimum. In particular, efficient sorting is such that the migration
of any boundary individual between two adjacent jurisdictions does not generate any variation in
total resources that could make some individuals better-off.

Despite asymmetric information on productivity, we show that there exists a tax structure that
allows us to implement efficient allocations. This tax structure is such that the tax implemented
by the government is characterized by a grant and a lump sum. The grant exactly compensates the
distortion generated by local taxation on effort. The lump sum depends on jurisdiction membership.
Its magnitude is such that sorting is efficient. It is also such that it fully corrects distortions
generated by the voting procedure.

Finally, we develop a stochastic version of the model. We show that income distribution is
more unequal under decentralization than under centralization. The reason comes from the fact
that decentralization increases the variability of effort and thus income levels. Thanks to numerical
simulations, we can see that an increase in fiscal decentralization leads to higher aggregate effort
but a lower total welfare. This contradicts the intuition that competition between jurisdictions
provides efficiency gains compared to centralization.

Our model opens up the avenue to investigate the issue whether individual effort decisions
exacerbate or attenuate segregation forces. A possible strategy would be to compare how, after some
exogenous macroeconomic shock, boundary individuals change in the standard Tiebout model with
exogenous income distribution and in our model. We would then be able to study how segregation
depends on ability inequality, on the one hand, and on different effort choices, on the other hand.

This is left for further research.
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7 Appendix

7.1 Proof of Lemma 1

Proof. Let us consider (3).

(i) Using the implicit function theorem yields:

oty u(cj) +cju’(c))

o o2uU
ay ot;2

Given Assumption 2a (2b), we deduce that 07;/dy > (<)0.

(ii) Using the implicit function theorem yields:

or, Bl (g) + au(ay)]
Opj gjj%

Given Assumption 2a (2b), we deduce that O7;/du; < (>)0.

(iii) Using the implicit function theorem and the envelope theorem yields:

nj

0q; Yo
Th = T () + ().
aﬂ] 0T; 2

Given the concavity of u(.) we deduce that d¢;/0p; > 0. =

7.2 Proof of Lemma 2

Proof. (i) Using the implicit function theorem, we have

0,(0) _ (M) — (M)

o2U
% (99;(0))*

(i) Given that ¢;(#) = (1 — 77)y;(0) and using the implicit function theorem leads to

> 0.

og,0)  —W @GO) ~ ((1-750) v (&(6))
ors U .
j (9y;(0))*

Given Assumption 2a (2b), i.e. —u"c/u’ > (<)1, we deduce that 0y;(0) /077 > (<)0. =

7.3 Proof of Lemma 3

Proof. Let us express Vj/(0) — V;(0)

<

%&@—Vﬂw=u«1—wJ}WD+BM%0—v(




Differentiating with respect to # and applying the envelope theorem yields

2 (10— vy@) = O B0 5050,

Given Corollary 1, with 7;; > 7;, under Assumption 2a (2b) y;(0) > (<)y;(#) and v"(.) > 0, we
deduce that Vj/(0) — V;(0) increases (decreases) with 6. m

7.4 Proof of Proposition 2

Proof. Let us assume by contradiction that at equilibrium one jurisdiction j is formed of two
productivity intervals, namely [Ql,gl] U [Qz,ag] . Thus we have for any 6 € [Ql,gl] U [Qz,gg] ,
V;j(0) > V; (), whatever j,5' = 1,...,.J and j' # j. Let us consider the individual ¢', with 6; < ¢’ <
05, who belongs to jurisdiction j' # j, we thus have at equilibrium that Vj/(¢') > V;(#'). Let us
assume without loss of generality that (7;,q;) << (7j,¢;). Given Lemma 3, if for the individual
¢', we have Vj/(0") > V;(#'), under Assumption 2a (2b) it turns out that for any 6” > (<)¢’ and in
particular for any 6” € [0,,02] ([0;,601]), we have V}/(6”) > V;(8"). Hence, a contradiction.
Further, since any individual lives in one and only one community, the equilibrium set of juris-

dictions is a partition of [Q,ﬂ .

7.5 Proof of Proposition 3

Proof. Item (i).
Let us consider two adjacent jurisdictions j and j + 1 defined by [gj_l,gj] and [aj,gj+1], re-

spectively. Assume by contradiction that at equilibrium we have V*(6;) < V]*_H(gj) As V7 (0) is a

continuous function, for § = 53 —e with ¢ an infinitesimal positive number, we have V*(0) 1(0).
As O e [gj,l, GNJ], he lives in jurisdiction j. He should thus move. Hence, a contradiction. m
Proof. Item (ii).

Let us consider only the Assumption 2a case. Let us consider two adjacent jurisdictions j and
j + 1 defined by [gj,l, gj] and [53, §j+1], respectively. Assume by contradiction that at equilibrium
we have (7j11,¢j11) << (75,¢;) and Vj(0) < (>)Vjy1(0) for any 6 € [6;,0,.1] ([@-,1@]). By
Lemma 3, if for an individual ¢’ we have V;(6") > V;;1(6") then for any §” > 6" and in particular
any 0" € [gj,gj+1] we also have V;(0") > V;11(0"). Hence all individuals 6 € [gj,gj+1] have an
incentive to move, leading to a contradiction.

Proof under Assumption 2b would be similar so we do not provide it. m

Proof. Item (iii). Under either Assumption 2a or 2b, for any 6 € [5], gj_,_l], andany j =1,...,J—1,

50 =0 and ] 7 = 0, we know from Lemma 3 that
Vit1(0) > Vjs for any j' # j + 1
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Hence, y*(8) = y;(6). m

Proof. Item (iv). We aim to show that for any 6 € [#;_1,6;] her best labor-supply-response is
y;(0) then her best location is j.

Definition 2 5” and 6A?j+1,j are respectively such that @(5”) =y; and g/jjﬂ(@\jHJ) = ;.

Given item (i) of Lemma 2 and that y;41 > y; it turns out that é\jHJ < é\j+1’j+1. We aim to
show that item (iii) is satisfied only if [5j,§j+1] - [§j+1’j,é\j+1,j+1] forany j =1,...,J — 1, 0 = 0
and gj =4.

We then show that:

Lemma 4 y*(e) = Z//\]+1(‘9) € [§J7gj+1] fO?” any 0 € [gjagj+1]7 any .7 = 17"'7J - 17 50 = Q and

6;=0.

Take an individual 6 such that € [5], §j+1]. Given item (iii), y*(0) = y;+1(0). By Definition 2
and Lemma 2, we have y*(6) € [g’/\jH(QNj), Z//\j+1(§j+1)] for any 6 € [6~’J, §j+1].

We consider the two following cases.

(i) Assume by contradiction that §J < §j+1,j. Hence, from item (i) of Proposition 3 and Lemma

3 for any agent 6 € [gj, é\jH,j], we have

74(0) ~ Vi(0) > 0. (24)

~

From Lemma 2 we know that 7;1(6) increases with 6. Hence, we have 3;11(0) < yj+1(6;+1,5) = U;

for all 6 < aj+1,j- Given (6) we thus have

w((1=7)541(0)) + Bu(q}) = w((1 = 7541)G541(0)) + Bulgjy1), for all 6 € [6,6;415).  (25)

It is equivalent to

u((1 = 7)7+1(0)) + Bu(q)) — v <§]+91(9)>

~ « Yj+1(0 ~
> u((1 = 7j41)P5+1(0)) + Bu(gjsr) — v <y]+91()> , for all 6 € [07,0;41,5].
As, for any j, 7;(0) = argmax, u((1 — 75)y) — v (%) we have

)
(1= )50 + dutag) - v (252

- N Yi+1(0 ~
> u((1 = 75)yj+1) + Bulg)) —v <yj+01()> , for all 6 € [0;,0;415].
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So we deduce that

(L= )50 + () — o (7))
> (1= )51 (0) + Bu(gi )~ (P50 ) for all 0 € 5,51,

leading to V*

51(0) = V;(0) <0, for all 0 € [gj,é\jﬂd}. Hence a contradiction.

(ii) By contradiction, assume that 5j+1 > @H,jﬂ. Hence, from item (i) of Proposition 3 and

~ ~

Lemma 3 for any agent 6 € [6;41,j11,0;+1], we have

Visa(6) = Vi (6) < 0.

(26)

From Lemma 2, we have y7(0) = y;+1(0) > j/y\j(éA’jHJH) = Y41 for all > é\j+1,j+1- Given (5),

we thus have

u((1 = 7742)Ui41(0) + Bulgjye) 2

w((L = 75,1)3741(0) + Bu(g}), for all 0 € (81141, By

It is equivalent to

u((1 = 7745)7741(6)) + Bu(g] ) — v <§j+5(9)>

> u((1 = 7551)¥j+1(0)) + Bulgjy) —v <y]+01( )> , for all 0 € [0j11,541,0541].

As, for any j, 7;(0) = argmaxy, u((1 — 7;)y) — v (4) we have

u((1 = 7j42)Yj+2(0)) + Bulgjz) —v (gﬁgw))

. . yitr1(0
> u((1 = 7542)0541(0)) + Bulglys) — v (“”) for all 0 € Bs1541, By41).

So we deduce that

u((1 = 7j42)¥j+2(0)) + Bulgjiz) —v <§j+;(9))

> ul(1 = 77) 510 + Bulgi) = v (P55 ) foratl 0 € B Bl

o~ ~

leading to Vj12(0) — V' 1(6) > 0, for all 6 € [041+1,0;+41]. Hence a contradiction.

We thus have [6,0;41] C [641,5,6;41,541] leading to have [G;41(6;), Gj+1(0541)] € [, Tj+1].

Hence the result. m
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7.6 Existence of Equilibrium

Proposition 7 Under Assumption 2a, there exists an equilibrium with J jurisdictions and endoge-

nous income distribution.

The proof relies on Westhoff (1977). The only departure from Westhoff (1977)’s model is that
individuals choose their labor supply. We thus must check whether the income distribution that
arises at equilibrium satisfies Westhoff’s Assumption 3.

Proof. Our existence result entirely builds on Westhoff’s proof. So this proof is valid only under
Assumption 2a. Let us present the main lines of reasoning. We denote by 7 = (n1,...,nj,...ny) the
partition of [0, 6] into J jurisdictions. In order to apply Brouwer’s fixed point Theorem, we need to
define a compact and convex set to which the vector @ belongs. First, we consider the two following
sets J and J’, J the set of all points on the interior of the J—dimensional unit simplex, and J’
the set of all points on the J—dimensional unit simplex such that n; > m > 0 for any j =1, ..., J.
J is an open set. J' is compact and convex. Westhoff shows that under assumptions analog
to our Assumptions 1, 2a and 3 all jurisdictions must have a population size greater than m at
the free mobility equilibrium. Moreover, Westhoff considers an income distribution such that each
individual has a strictly positive income. In our set-up where the income distribution is endogenous,
let us mention that y*(0) > 0 for any 0 as given that 0 < 77 <1 and Cli_r}n0 u'(0) = 400, y;(0) is an
interior solution of (8). Second, following Westhoff, denoting by A;(7) the number of individuals
in jurisdiction j who want to move into another jurisdiction, 0 < \j(7) < n; for j =1, ..., J, we can
use g o f with

nj + X\j(n)

J

1+ Z: )\l(ﬁ)

=1

f:J — J where f(n;) = overall j=1,...,J

and
g:J — J where
(99 (1) = £) + (5 = £ ) (s 0 ) S00D)Y)
TG it f(ng) < m,

with by (f(n), ..., f(ny)) = ¢ /DI
0if f(n;) >m

overall j=1,...,J

which is a continuous mapping from J into itself. We can thus apply Brouwer’s fixed point
theorem. There thus exists 7* such that m* = (go f) (7*). Theorem 4 in Westhoff (1977) shows
that if m* = (g o f) (m*) then 7* = f(n*). The final step of Westhoff’s proof is to show that for the
vector 7* no indiviudal has an incentive to move, i.e. \j(7) = 0 over all j =1, ..., J. This ends the

proof. m
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7.7 Construction Figure 1

The existence of a kink at point y; characterizing the upper envelope is proved in the following

Lemma.

Lemma 5 Given Assumption 2a (2b), when Tj41 > (<)1; we have for any y (1 — 7j41)u'((1 —
Ti+1)y) > (L= m)u'((1 = 75)y).
Proof. Assumption 2a (2b) can be written as follows

—(1 =)y ((1 = 75)y) — /(1 = 75)y) > (<)0, V7j,v.

It is equivalent to

(987']' [(1 — Tj)u/((l — Tj)y)] > (<)0.

With 741 > (<)7;, we easily deduce that

(1- Tj+1)ul((1 - 7’j+1)y) > (1- Tj)ul((l - Tj)y)-

7.8 Proof of Proposition 4

Proof. In order to solve the planner’s program, we write Khun-Tucker conditions as follows

ules (O + Butas) v (25) = ufeu(0) + Buta) — o (247 ) + 550 07

for any j,k=1,....,J, k # 7 and any 0 € [03-_1,53-]

with Sk (9) € R.

The Lagrangian of the optimization program can be written:

0;
£=3 [ ot [utes)+ suta) o (U] nio)a0
=%
J 0; 7 6; J
A [w@new - [ o@nedmn->cm
j:15j71 j:1§j,1 =1
Sl (0)
22 ) [u(cjw))wu(qn—v(yﬂe >
j=1k=1kA)




with A the Lagrange multiplier associated to the resource constraint, x;x(6) the Lagrange multiplier

associated to (10). Let us now study the first order conditions!?.

First, we have

o£ -~ -
8Sjk (9) =0& Xjk(a)sjk (9) =0, Vo e [9]'_1, 9]]

As at the optimum, we must have

O [utes0) + Butar) v (42 = (utento) + sutar) — o (242 4 55007 | =0,

Vo € [Qj,l,é’j],Vj,k,k #£3

For a given 6, we thus have

ey ) + utey) v (7 ) > (@) + fulan) - o (257
then sj;, (0) # (=)0 implying thatx;x(6) = (>)0. (29)

It is important to emphasize that x;x(6) could be equal to zero when

u(c;(0)) + Bu(g;) —v <yjé’0)> = ulew(0)) + ula) — v (yjke@> .
)

Second, the FOC with respect to c;(6) gives
0L J I
s=0e (w0 Y x0) | wiei(0) = A V0 € 01,00, (30)
c;(0) Ny

0L ! 1, (y;(0)\ S
o =0 (w<e> + k%]xjk(e)) g (U7) = e Bl ey
Equations (30) and (31) imply
e 0) = 5o (U)o € Bl (32)

Fourth, let us study the FOC with respect to ¢(6) and yg(0) for any 6 € [0;_1,0;],Vj, k, k # j.
From (29), if

y;(6)
0

ey @)+ 8u(ay) — 0 (42 ) > u(eu(0) + futa) — o (257 then xsu(0) =0, (33)

it turns out that

oL . ‘ ’ o 0f o 1 / yk(g) _
m = _X]k(a)u (Ck(e)) =0 and 8yk(9) - XJk(e)ev ( > = 0.

13For notational purpose, we omit to mention that with 6o = 6 and 6, =0.
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From (29), if

ules 00)+ Prulas) — v (70 ) = utea0) + puta) — o (257 ) then xu9) 20

It turns out that an infinitesimal increase in ¢ () generates a migration of h(#) agents of produc-

tivity 6 from community j to community k. Hence,

82@) == [U(Cj<9)> + Bulg;) —v (yjée)ﬂ w(B)h(8)

+ [uteo) + puta) - o (257) | wiomio)

_ )\h(e) [yj(e) - Cj(@) _ Cl(nj)qj — Yk 9) + Ck(e) + C,(nk)Qk]
— Xk (04 (ck(0))h(0) = 0 =

—05(6) + 5(6) + 31(0) — x(6) + e — i) = Dl 0)). (349

Further, an infinitesimal decrease in yx(0) generates a migration of h(f) agents of productivity 6

from community j to community k. Hence,

oL
Oy (0)

=~ [uteso) + sutay — o (47| w000
 [uta®) + puta) - o (22 | iorno)

— M(0) [y3(0) — ¢;(0) — ¢'(n)q5 — yn(0) + cx(0) + ¢’ ()]

@) (%7 oy =0~
(0 + 5 (6) 4 1(0) = en(6) + ¢y ~ e = O L () o

Fifth, let us study the FOC with respect to ¢;. We have

0L

9 5
P 0 < Bu(g)) / (w(@) + Z Xjk(@)) h(8)do | = X(n;), VO € [gj—175j]7vj7 (36)
4 k=1,k#j

-1
Equations (30) and (36) imply
;
50 @) | [ oy @0 | =), 90 € B0.8). %5 @7
-1
Finally, let us consider the optimal allocations of individuals in the different jurisdictions. On the

one hand, the government can’t increase social welfare by moving any agent 6 from community j
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to k. Formally, we have

() [U(Ck(e)) + Bulgr) — v (ykée))] —w(0) [“(Cj@) + fulg;) —v (yjée))]

+ Myr(0) — 5 (0) + ¢;(0) — cr(0)] = A [¢'(ni)ax — ¢’ (ng)g;] <0
VO € [0;_1,0;],Y5, k # j

which is equivalent to

w(6) [u(cj(e)) + Bu(g;) — v (ng;))] — w(0) {u(ck(e)) + Bulqr) — v <y’“§9))]
> X [yk(0) — 55 (0) + ¢ (0) — cu(8) — ¢ (i) aw + C'(ny)a5] , VO € [0;-1,05), 95,k # j. (38)

On the other hand, the government can’t increase the social utility by moving any agent 6’ from

community k to §. Therefore
(0 [u(es@) + Bulay) — 0 (2470 ) | =0 [u(en(@) + Butan) - o (257

+ A [y (0') = y(0') — ¢;(0") +cr(0)] = X [¢'(ny)g; — ' (nj41)gj4+1] <O,

which is equivalent to
(8 [ules @) + Buta) — v (257 ) | = @) [utent@) + Buta) o (%57)]
<A y(0) = y;(0) + ¢ (") — e (") = ¢ () + ¢'(ny)q5] - (39)

From (29), if

wles 0)) + Prulas) — v (70 ) = utea0) + puta) — o (570 then xu9) 20

Given (34) and (38), this implies

0> X [yk(0) — y;(0) + c;(0) — cr(0) — ¢' () ar + ¢’ (ny) 5] = xjk(0)w (ci(0)), VO € [0;-1,0;], V5, k # j
(40)
As v/ (ci(0)) > 0, equation (40) implies that

xjk(0) =0, VO € [0;1,0;],Y5, k # j and yp(0) —y;(0)+¢;(0) —c(0) —¢'(ni)gr+¢' (n5)g; = 0. (41)

From (38) and (39), we have

w(0;) [u<cj<5j>> + Bu(gj) — v ( '5(’”)] —w(0)) [u<cj+1<5j>> + Bu(gj+1) — v ('7”5(9))]

&

> A yi(85) = 35085) + ¢(05) = e511(05) = ¢ (ng1)as1 + ' (ny)a;

> w(0)) [a(eﬂ@)) + Bulgy) — v (yf(f)f'))] —w(6)) [u@jH@» + Bulgjs1) — v (yf'+1<9f>>]

0;
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implying that
Mo @) = 50) + 60) - ¢10) — ¢ (ngan)aian + ¢ ()
Zw@DPWﬂ@D+BM%)—U<%gD>]—M@)P@Hﬂ@w+ﬁm%ﬂ)—v<%%fw>l
(12)
From (41) we deduce that

“%@”*“”@ﬁ—“<%§”>=u@Ha@»+5u%H>—v<%ﬂ@ﬂ>.

J

7.9 Proof of Proposition 5

Proof. The aim of the proof is to characterize taxes so that equations (11)-(13) and (9) coincide
with (16)-(19).

First, we can see that equations (11) and (16) are equivalent when for any j:
(1—1— Tl(yj*(O),T}”,u;*,n;f*,l**)) =1 Tl(y;-‘*(O),T}”,uj*,n;f*,I**) = —Tj.
We thus deduce that T'(y, 75, 15, nj, I) can be expressed as follows:
T(y’TjHu]’nJ?I):_ij—{_gp(’rjv#]’n]?]) (43)

Second, in order for the median voter most preferred level of local public good to satisfy the

Bowen-Lindhal-Samuelson condition (see equations 17 and 12), taxes must be such that for any j

o
/ v (0)h(6)do
3%,
[ 07) + Doy (0), 77 33" )] W (6 (07) = | =
i
-1
/ (u,(c}«,*(g))) h(6)d6
Gl
Given (43), we have
.'93.‘*
/ -1
890(7';“7#;*7”;*7[**) B a;il
oT; B 6
-1
/ (w(ey(6))  n(o)as



which is equivalent to

Dolrh iyt st 1) (e 6m))
873 _Mj 5;.‘*
-1
1 1 %%
+ / (u (c; (9))) h(6)do
G

Third, given the “free-mobility” constraints, we know that optimal allocations satisfy the equilib-
rium equation (18). Moreover, given (43) and (15), equation (13) is satisfied when taxes are such

that

Kk kk kok kk kk kok kok kok
90(7]‘ y Mg Ty v )“P(Tj+1aﬂj+1anj+1al )

= ¢ ((n}") — ) Vi= 1,0 — 1.

Fourth, equations (9) and (19) are equivalent. Indeed let us consider (9):

Lo g 0 J
> / Y (O)h(O)d =S / ¢ (O)h(0)d0 + Y ((n3")g;"
=l 7 -

i-1 o

ge* G
J J J J
2 / yj (O)n(0)do = Z/ (1= 7")y;"(0) = T(y;™(0), 7", 15", m™, ™)) 1(0) b
J=k j=1
031 05",
;o
2" | T Ohe)as
=l G
Jj—1
It is equivalent to
J 0;* J 9;*
> / R QUOLESY / (y2*(0) — T(y* (0), 7™, Wi, n3*, ™)) h(0)dO
=1 j=1
031 i
and leads to -
;
> / T(y;*(0), 7j", 5%, nf*, I*)h(0)d = 0.
=L
0,
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Sorting Condition At Stage 2, the slope of the individual’s indifference curve in space (g, 7)

become:
B’ (g5)
yu' (1 —15)y — T(y, 75, uj, g, I,0))

ST<Qj7Tj7y) =

Hence,
8ST(qj7Tj7y) _ _5u/(QJ) [ul(c]) +y (1 — T~ Tl(yv?%,u’j?nja I: 0)) UH(CJ‘)]

dy B [y (1 — 7))y — T(y, 7, g, 15, 1,0)))

Given that T1(y, 7, ptj,nj, I) = —7;, we have

0S51(4j,7,y) _ Pu'lay) [w'(ej) + yu"(e)]

% [yu'(c))?
Hence,
P10 5 0 ueg) + 0 (e)) S 0
leading to
8ST(tg7Tj7y) >0e %< _Cﬂf"(cj)'
y y u'(c;)
Let us stress that Assumption 2a (2b) does not guarantee that %{;Tﬁy) > (<)0 as ¢j may be

higher (lower) than y.

Intermediate Preferences Let us express Vj(0) — V;(6)

V() ~ Vi(0) = ul(1 ~ 73 (0) ~ TG (0). 7 1ymyr. ) + ulay) — o2
@ = )50 10,75 1y 1)+ ulag) oD

Differentiating with respect to # and applying the envelope theorem

O o) - vy0)) = Dy 20 00, B10)

).

Considering (16) and applying the implicit function theorem leads to have 7,/ (0) > (<)y;(6) when
i > (<)p;. Given the convexity of v(.) > 0, we deduce that Vj/(0) — V;(0) increases (decreases)
with 6. This ends the proof. =

7.10 Stochastic Model, Numerical Values and Simulation Results
7.10.1 Stochastic Model and Proof of Proposition 6

Stochastic Model. We consider individuals who are characterized by a productivity parameter
f such that
log 6 ~~ N (5, gg) (44)
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We normalize the mass of individuals to one. They earn a gross income now defined as follows
y(0) = Ole

with [ denoting the labor supply and € an income shock that agents observe once individual effort,

the jurisdiction are chosen and the vote on local taxation is made. We assume that

loge ~ N (¢, Qg) (45)
with E[¢] = 1. (46)

Denoting by E[.] the expectation operator, an individual # who lives in jurisdiction j has the

following utility function:

(i ()7 a7 | @ :
B Jl_o— +51_J _g(lj(e))naWlthq’,0>oandn>1.

U;(0) =
The consumption of an agent 6 who live in jurisdiction j is equal to

¢j(y(0)) = (1 —75)y;(0) = (1 —75)01; (0) e, (47)
The public good of the jurisdiction j is equal to

TNk

U=y

Let us mention that the properties of a lognormal distribution imply that

with ¢ (nj) =nj, v > 0. (48)

2
£

Ele] = et (49)

Using equations (46) and (49) we obtain 1) = —2/2.
The properties of the lognormal distribution also imply
E [EI_U] - K [e(l—a) loge]

_ )2

_ o'(lfcr)gg

—e 2 . (50)

Equations characterizing the equilibrium are the following:
(i) For any j, any individual 6 who lives in jurisdiction j, the choice of effort must satisfy the

following first order condition:

(1 =7)0)""7 (1 (0) B[] = @ (1 (6))"
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given (50), we have
_a(lfo)gg

(L=m)0) (G 0) e = =2 O)""

which leads to the following effort decision

9 1—0o
02\ GGHn-D

(1 —7;)fe 2

I* (9) = nE
@ 1—0o

J

The income earned by an agent 6 is now such that

n
o 0 o4n—1 70'(170')93
0 0) =015 (0)c = (1= )55 ()7 T,

and its expected income can be expressed as follows

_1-0 0 T _ o(1-0)e?
E[y; (0)] — 91; (9) E[e] = (1 _ Tj)<r+n—1 <1> e 2(c+n—1) .
P
The expected median income of community j is

1o [ @ \oFiTT _ol-o)e?
Bl (6m)] = 075 0m) = (1 - 751 (3 )7 HES,
dn

The community j average income becomes

(1 ) l1—0o a ) 2 ~

* _Tj o+n—-1 _ o —0'795 9]’71

i = < e 21
(I)lfo'

Using the independence of 6 and € and the law of large numbers, we can deduce that

J

7, .
/ (fs (0)7 T ef (e)de)h(e)de / (0)771 h(0) do
Bj-1 8

n; B n; </s€f ) ds)
(5 (52),

where
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hence, (55) can be written as follows:

l1—0o
_oa? \ oHn-1
! T n;
(ii) For any j = 1, ..., J, the tax rate is chosen by the median voter as follows:
1— £\
_ A G GA Dl g ()~ 75) Lo gmyn
Tj—arng?x oo T~ o .
Applying the law of large numbers yields
L 1—p . l1—0o
_ (= oy ) B[] | (00) 7 7in)
T; = arg max + 8
Tj l—0 l—0
From (50) the following maximization program can be written as follows
1— a(l—a)gg . 1—v Lk l-o
(L= m)om; (™)' ™72 (nj)" " Tju;
max
Tj l—0 l1—0
The first-order condition gives
—0 -0 —M 1— * l=o —0
(L=7)) 7 @4 (0™ e =8 () ™ w5) ()7,
which is equivalent to
o—1
s (omem \ T amoe2
B P ((nj>1”u;) €’
T = a—1 )
1 gml](gm) 4 (1—0)of
1+5 ((nj)l”u}> e
which can be written as follows
1
T] = o—1 (57)

1 () T\ 7 (e=De?
L+5 (emue) ¢

Using the fact that from equations (56) and (54) we have

0;
o \7HiT h () do
| (@) he)
pO) 6
RHUD n;
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leads to

. 1
T] = _ o—1 (58)
9; . g
o \ 70T
(W) h(6)do
_ebj (0—-1)o2
L4877 | ()~ ¢
(i4i) Boundary individuals gj are defined by
E [Vj*(éj)] _E { j’;l(éj)] =0, forj=1,..,J -1 (59)

with

B [v;*@)] =E <(1 - Tf)gjl;f (@) 6)LU

1—0

Replacing (50), (56) and (51) in this equation we find for any individual 6 in community j

—o o(1—0)no2
B [V;*(H)] = (?;__?7‘7;771) ((1 - T;) 9) Z(J:n—f e~ 2((10+n):]1g)
0; l-o
[ o= new
g ()Y ) T2 _o(-0e* | §;_
+ o |7 (nj) (1 —Tj)0+n—1 ¢ sy |t -

Let us first consider that effort is exogenous and I; (§) = = 1. We then have

y: (6) =y (0) = be.

The whole income distribution is independent of the equilibrium partition. The log of the income

of an agent is equal to

Iny“?(0) =Iny; (¢) =In6 + Ine.

Then, the variance is given by

var [lny*™ (0)] = 0§ + ¢2. (60)

It turns out that in such a case, the income variance does not depend on the equilibrium set of

jurisdictions. Although jurisdictions can be ranked according to their mean income due to the
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income sorting result, there will be overlapping between the income distributions of two subsequent
jurisiditions. This is due to a transitory income shock that occurs after the formation of jurisdictions
(see Figure Ab).

Let us now endogenize effort. Applying the In operator to both sides of the equation (52), we

obtain:

1—0)0? 1-— 1
o(l—o0)o: o ln(l—Tj)+L1n9—7ln¢+lng‘ (61)
2(04+n—-1) o+n-1

Iny; (0,¢) = —
nyj (0.¢) o+n—1 o+n—1

Now the income of an agent is jurisdiction-dependent as it depends on In (1 — 7;). It then turns
out that the whole income distribution is a function of the equilibrium pattern of jurisdictions.

The variance of the whole income distribution then equals

var Iny* (6,¢)] = (1_">2W In (1 —7,)] + ("1>2 o+ o

n+o—-1 n+o
(1—0)n
+ 2 Z cov(In(1—17;),In0) (62)
(O-+7771 j=1,0€j

We can thus see whether the possibility for individuals to exert effort may increase inequality

in this setup. From (60) and (62), we have:

1_ 2
var [Iny* (0,¢)] — var [Iny®*° (0)] = (774‘0'(i1> varln (1 —7;)
+ (77>2 —1] o+ 2M g: cov(In(1 —7;),1In0)
nto—1 ’ (U+77_1)2j:1,96j .

2
which has an ambiguous. If for instance ¢ < 1 then <(77+ZI) — 1> < 0 but it is possible

e

n+o—1

2
that the local taxation component ( ) varIn (1 —7;) and the covariance component may
counterbalance this effect.
Proof of Proposition 6. We can also compare inequality characterizing the centralized equi-

librium with inequality in the decentralized case. Given (62), we have

* * l-0o 2
var [Iny* (0,¢€)] ;o —var [Iny* (0,¢)] ;_, = (77+0—1> varln (1 — 7;)
(1—0)n
po N E cov(ln (1 —7;),In6
(U+77 _ 1)2 ( ]) )

j=1,0€j

Given Proposition 3, we have

21= cov(In(l—-75),In0) <0
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implying that
(A=a)n_

N
5 Z cov(In(1 —75),In0) >0

—1,0¢;
and leading to
var [Iny* (0,€)] ;o1 —var [Iny* (6,¢)] ;_; > 0.

7.10.2 Numerical Values

The average income of the society is equal to 4 and the median income is p'™. If the income follows

a lognormal distribution, we have

Iua — eE[ln y(0,e)]+ % (var(lny(0,e)))

equivalently,

Inu® = B [Iny (6, )] + % (var (Iny (6,¢))). (63)

While median income equals:
pm = BIYO = 1y ™ = B(Iny (0,¢)]. (64)

Using (63) and (64) we can deduce the following equation

var (Iny (0,¢)) = 21n //j—m (65)

In order to set g2, we consider that & can be interpreted as transitory income and use the ratio
of transitory to total earnings in U.S. calculated by Moffitt and Gottschalk (2001). Denoting by
¥ the ratio of the variance of Ine to the variance of Iny (6, <), Moffitt and Gottschalk (2001) find
that

¥ =0.5.

Hence it is expressed as follows

02
N —
varlny (0,¢) (66)

we deduce that

VI

0- = (Yvar (Iny))2 = 0.6267,

and using the properties of lognormal distribution and given that E[¢] = 1 we deduce that

92
¥=—7 = 01963

and

-1
& = 0—1—;}7 (1 =) * var (lny))% = 0.6643,
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where ¢, is the standard deviation of the log of income.

Parameters ® and 3 are calibrated to obtain an average effort equal to 1, when there is only

one community.

From equation (51), we obtain the average labor supply, denoted by Ja (9)

(1 ) _gﬁ (0-1&-77i1) 0 .

o~ — 2 —0

1% () = (I)Tlle /(0) (etn=1) h (9) df
9

It is normalized to one. Hence,

which is equivalent to

(1-0o)
agg o+n—1

(I1—7)e 2
ST

2
(-0) (g, (A=0) 25
1 — 60'4»7]71 (9+cr+n71 7)

Isolating ® in this equation leads to

R 2
_ a(l—a)gg (1—0’) (9—&-@ 99>

dP=(1-7)""7e¢ 2 e sz ) (67)
Applying the In function yields
In®=(1-0)ln(l—-7)
o(1—0)o?
2
5, (1-0) 0
1-— 0+ ———-—"]. 68
In order to give a value to ®, we need to compute o2, QZ, 0.
The equation (56) implies that if we are in a centralized economy, then
, o2\ 71 [ 8
— 2
R L [ n@an . (69)
1o
(]

Replacing (67) in this equation leads to

0
/(9)041 h(6)do
a 0

M =
gy (1=0) g\ _1-
( +o‘+n—1 7) o'+77i1

[

®
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which is equivalent to

ea+n71 o+n—1 2
hence,
2
7. 2_(1_)2 29
n” _ P00 s
and,
&, (nt+l-0)ey
Ua — €9+ 2(o+n-1)

When there is only one community, equation (61) can be written as follows

l1—0

n 1
——— In(f) - ——In(P
U+n_1n() 0+n—1n()
2
_olzo)e
2(0+n-1)
Replacing (68) in this equation, we obtain
Iny (0,¢) = — T ()
c+n—-1
B (1-o0) P (1—0)@75
o+n—1 o+n—12
+1Ine.

From this equation, we deduce the expected value of the logarithm of income:

77 ~
El 0 =—0
B (1—-o0) 0 (1—0)973
o+n—1 oc+n—12
_e
2
which is equivalent to
5 (-0 \'g ¢
Ellny (0,8)]=60 — | ———— | 2% — =.
.00 =7 (42 7) 2 -4 (70)
The standard deviation equals
. 2
varlny (0,¢) = ((7—1—77—1) 05 + 0. (71)
Replacing (65) in (66) leads to
02 =291n (//jm> . (72)
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From equations (65) and (71), the standard deviation can be written as follows

2
varlny (0,¢) = <J+Z_1> 03 + 9 (varlny (6,¢))

implying that
(1 —=9) (varlny(0,¢))

2
n
(U+n—l)

g=21=9 1n(“a>.

( " )2 /‘Lfm
o+n—1

G By 0,0+ %4 (=7 g
N yiv.e 2 o+n—1

05 =

given (66) we have

From (70), we have

and from (64), (72) and (73) we obtain

(9\:1num+<z9+(1—19)<1;”>2> 1n(5;>

Integrating in (68) expressions in (72), (73) and (74) imply

In®
(1-o0)

—In(l—7) +ln ™

_aﬁ<1n£>

+ (19+(1—19) (1;")2> 1n5;
)

1—0o 2(0—1—77—1 7
-0 (50) e

a

leading to

md=(1-0)ln(l—7)pu™
1-9 @
+ <19—|— ()> (1 —U)zlnu—.
n p
Using (75) to give a value to the ® parameter, we obtain ® = 0.5493.

When there is only one community, (58) becomes

0
1+877 (em)_”+z‘l/(9)ff+77—lh<9>d9 ©
[’

(74)



Applying the properties of the lognormal distribution, we have

1

T = o—1
2

7 m 7 n o (o—
gt <€—U+n_lln9 —&-U_H]_l(E[ln@]—‘r2(U+n_1)var(ln6)>>  e=pe

which can be simplified as follows
1

<a—1>( 0\ 2 2)
1 p- sT—1) Q5t0o0
1+p v’ (i) dioet

T =

leading to the following expression of 3

o (o—1) 2
=(+7) < (=) o)

Given (77), we obtain

2
. < poen >°'€<";”((g+2_1) dhtoc?)

7.10.3 Simulation Results

(77)

We focus on the following endogenous variables: nj, 6;, 1, 75, g5, 1;(8), y; (0) , the level of individual

utility V;(60;) and the level of individual utility measured in equivalent consumption units, denoted

by Vjeq(ﬁj). We also consider aggregate variables such as population average income, denoted

by p?, total welfare, denoted by V¢, total utility in equivalent consumption units, denoted by

Ved. We finally examine some inequality measures such as var [lny* (0,¢)], the Lorenz curve of

Iny* (0,¢), the share of total inequality generated by the difference in the average income between

communities used by Calabrese, Epple and Romano (2012), denoted by SHARE-INEQ, var [In V9]

and the Lorenz curve V4. Variables u®, V¢ V¢ and SHARE-INEQ are defined as follows:

0 oo
W=AA@MWW@M@%%
7

ve= [Tvien o),

7 v
Ve = /0 Vi4(0;)h (9) do with Vi(6;) such that V;(0;) = ( -

ij nj (pj — p)’

SHARE —INEQ == o = 0.2))

1—0

The following Tables describe the simulations results for the centralized case, the 2, 3, 4 or 5

jurisdictions cases:
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Size Boundary Individual
J | m N9 n3 n ns 51 52 53 54 55
1)1 726.9035
2 10.7899 | 0.2101 20.0833 | 726.9035
3 ] 0.6420 | 0.2437 | 0.1143 10.6136 | 35.6171 | 726.9035
4 10.5474 | 0.2358 | 0.1429 | 0.0739 7.4563 19.4301 | 50.5655 | 726.9035
5 | 0.4816 | 0.2225 | 0.1466 | 0.0966 | 0.0526 | 5.8750 13.6082 | 28.1145 | 64.7511 | 726.9035
Table Al: Jurisdictions’ size and boundary individuals.
Jurisdiction’ Average Income Local tax
J | m 142 13 14 15 T T2 T3 4 Ts
1 0.3004
2 | 4.1330 | 13.9563 0.3517 | 0.5338
3 | 3.6374 | 9.0010 | 19.0111 0.3853 | 0.5258 | 0.6250
4 1 3.3716 | 7.4700 | 12.2676 | 23.6566 0.4102 | 0.5325 | 0.6051 | 0.6855
5 | 3.2002 | 6.6702 | 10.0816 | 15.2717 | 28.0105 | 0.4300 | 0.5418 | 0.6027 | 0.6600 | 0.7285

Table A2: Jurisdictions’ average income and local tax rates.

Local Public Good

J| @ 72 g3 q4 5
1 | 1.6390

2 | 1.1483 | 1.5651

3 10.8999 | 1.1532 | 1.3583

4 10.7571 | 0.9381 | 1.0607 | 1.1977

5 1 0.6628 | 0.804 | 108911 | 0.9740 | 1.0737

Table A3: Local public goods.

J pe 1% Ved

1 | 5.4567 | -0.9931 | 1.1193
2 16.1965 | -1.1086 | 1.0034
3 |6.7016 | -1.2138 | 0.9164
4 | 7.1074 | -1.3088 | 0.8510
5 | 7.4532 | -1.3968 | 0.7992

53




Table A4: Average income p®, total welfare V' and total welfare in equivalent consumption units,

Ve,
J | Var(logy) | Varp/Vary | Var(log Ve?)
1 0.7818 0.2876
2 0.8541 0.2927 0.2596
3 0.8911 0.3598 0.2362
4 0.9167 0.3925 0.2178
5 0.9351 0.4136 0.2028

Table A5: Inequality measures.

Labor supply Labor supply
T T

Labor supply

Figure Al: Equilibrium individual labor supply with respect to productivity 6, for J =1,2,3

(left) and J = 3,4,5 (right).

Log. Expected Uiliy (in Log Consumpion Equivalent) Log. Expected Uity (in Log Consumption Equivalent)
T T T T T T

o5

Log. Expected Uity
Log. Expected Uity
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Figure A2: Level of individual utility in equivalent consumption units, for J = 1,2, 3 (left) and

J =3,4,5 (right).
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Figure A3: Lorenz curves of income distribution for J = 1,23 (left) and J = 3,4,5 (right).
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Figure A4: Lorenz curves of V¢ for J =1,2,3 (left) and J = 3,4,5 (right).
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Figure A5: Overlapping of income distributions.
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