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Abstract

Our paper analyzes the issue of tax base assignment of two mobile
and interdependent tax bases that generate tax externalities, in a two-tier
setting with multiple states and local jurisdictions. We compare three �s-
cal architectures: i) centralization, ii) partial decentralization with shared
tax bases and iii) partial decentralization with exclusive tax bases. The
interdependence between the two tax bases generates cross-base tax exter-
nalities and reinforces the standard same-base tax externalities. It results
in partial decentralization with exclusive tax bases di¤ering from other
�scal architectures in that tax externalities can lead to an ine¢ ciently
high tax rate at either tier. While there is always a level of expenditure
decentralization such that partial decentralization with shared tax bases
is better than full centralization, this is no longer the case with exclusive
tax bases, which even leads to the lowest welfare for a su¢ ciently high
degree of substitutability between the tax bases.

Keywords : tax externalities, multiple tax bases, �scal decentralization,
�scal architecture, �scal federalism
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1 Introduction

With the widespread decentralization of expenditures that has occurred in most
OECD countries over the last thirty years, the issue of tax base assignment
among di¤erent tiers of government has become even more acute, with the
transfer of competencies to subnational tiers often being coupled with a transfer
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of tax power. Which tier should tax which tax base? How does the interde-
pendence between tax bases a¤ect equilibrium tax rates? What is the role of
the degree of decentralization of public goods provision in the presence of tax
externalities? Which �scal architecture is welfare-enhancing?
In this paper, we provide an answer to these questions using a two-tier

setting with multiple states and multiple local governments, and comparing the
following three �scal architectures: i) centralization, where the state authorities
alone provide the whole range of public goods and �nance them by taxation of
the two tax bases, ii) partial decentralization with shared tax bases, where the
provision of public goods is split between the two tiers and the two tax bases are
co-occupied by both tiers, iii) partial decentralization with exclusive tax bases,
where the provision of public goods is split between the two tiers and each one
of the two tax bases is assigned to a di¤erent tier, with no co-occupancy of tax
bases being allowed. We model the interdependence between the two tax bases
by considering two mobile production factors, with the marginal productivity
of one factor depending on the quantity of the other. Labor and citizens are
immobile but we can consider physical capital and �nancial assets as examples
of interdependent mobile factors.
Pioneering papers in the literature on tax base assignment have provided

the following two general guidelines. First, tax bases with the highest mobility
should be assigned to the highest tier (Musgrave (1983), Musgrave and Mus-
grave (1989), Oates (1994)). Second, the co-occupancy of tax bases must be
ruled out or very limited (Flowers (1988), Dahlby (2001)) since, in a system of
hierarchical governments, taxation of the same tax base by several tiers may
induce vertical tax externalities (bottom-up and/or top-down) and then result
in ine¢ cient levels of tax rates when each tier neglects these externalities in
setting its tax rate.1 The formal studies, e.g. Keen (1998), supporting the rec-
ommendation of exclusive (rather than shared) tax bases rule out the fact that
vertical externalities might still occur with exclusive tax bases when tax bases
are interdependent.2 Due to interdependence, tax rates have an impact across
tax bases and "cross-base" horizontal and vertical tax externalities can arise,
i.e. the size of one tax base in a jurisdiction may be altered by a change in tax
rate on another base.3 While tax externalities have already been analyzed in the
presence of two mobile tax bases assigned to same-tier jurisdictions (Burbidge
and Myers (1994); Braid (2000); Duran-Vigneron (2012)), no special focus has
been given to how the nature and degree of interdependence between tax bases
might a¤ect tax externalities. Except for our paper, the only noticeable contri-
bution which challenges the recommandation of exclusive tax bases is the one
from Hoyt (2017). He examined the issue of the assignment of a continuum
of uniform taxable commodities between a state and several local governments,

1See Conseil Des Prélèvements Obligatoires (2010) for a discussion on the practical issues
associated with specialization.

2Note the exception of Dahlby (2001), who brie�y mentioned the issue but did not provide
any formal model.

3As opposed to "cross-base" externalities, "same-base" externalities arise when a tax base
is elastic with respect to its tax rate.
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and whether co-occupancy is desirable, with commodities being either gross
substitutes or complements. The main conclusion of Hoyt (2017) was that co-
occupancy might be optimal. Although the general question raised in our paper
appears to be similar to Hoyt (2017), our model departs from his in four main
respects. First, Hoyt (2017) assumed that each jurisdiction (state and local gov-
ernments) raises a uniform tax on all commodities included in its tax base. This
assumption is very strong as it considerably limits the emergence of cross-base
externalities. In our model, considering two mobile production factors that can
be subject to di¤erent tax rates gives rise to cross-base externalities whatever
the �scal architecture. Second, in line with most papers about tax externalities4 ,
Hoyt (2017) only considered one state, which, even with cross-border shopping,
rules out horizontal externalities at the top tier and excludes the possibility of
positive bottom-up vertical externalities. Third, Hoyt (2017) assumed two types
of policy instruments, tax rates and tax bases, while in our model, only the tax
rates can be chosen by states and local governments. However, as mentioned by
the author, like in the US, the choice of tax base is usually not at the discretion
of local governments, but rather of central or state governments. In our model,
we thus assume the tax base assignment to be exogenous. The same applies to
the level of expenditure decentralization, but unlike Hoyt (2017), we will analyze
several levels of decentralization. Here lies the fourth main di¤erence between
our paper and Hoyt (2017)�s. While the latter assumed that each tier provides
one type of public goods, we consider, like Wilson and Janeba (2005), that a
continuum of types can be split among the two tiers. It follows that depending
on how many types of public goods a jurisdiction must provide, the number of
its tax bases will matter for the choice of tax rates and the interplay between
the di¤erent tax externalities will be modi�ed. We then extend the issue of tax
base assignment to the more general issue of �scal architecture.
Our analysis provides the following results. Interdependence between the

two mobile tax bases not only generates cross-base tax externalities, but also
increases same-base tax externalities, whatever the nature and degree of this in-
terdependence. Complementarity of the tax bases always worsens the downward
distortion of tax rates, as the cross-base tax externalities go in the same direc-
tion as the same-base tax externalities. By contrast, substitutability reduces
the downward distortion of tax rates, as the cross-base tax externalities point
in the opposite direction to the same-base tax externalities. For partial decen-
tralization with exclusive tax bases and under some degrees of decentralization,
it can even lead to ine¢ ciently high �either state or local�tax rates.
While full centralization always performs better than partial decentralization

when considering only one state, this is not necessarily the case in a world with
several states. We show that, in some cases, partial decentralization can induce
higher welfare than full centralization. This result therefore goes against most
recommendations of assigning mobile tax bases to the highest tier. While there
is always a level of expenditure decentralization such that the use of shared tax
bases is better than full centralization, this is no longer the case with exclusive

4See for instance Keen (1998), Keen and Kotsogiannis (2002).
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tax bases for a su¢ ciently high degree of substitutability between the tax bases.
This paper is organized as follows. In Section 2, we present the model and

the di¤erent �scal architectures that were considered for the analysis. Section
3 describes the tax externalities in the model and derives equilibrium tax rates.
Section 4 analyzes the e¤ect of interdependence between the tax bases on tax
choices and section 5 compares tax rates, public goods provision and welfare
derived from three di¤erent �scal architectures. Section 6 concludes.

2 The model

Our world economy comprises n � 1 identical states, indexed by i = 1; :::; n, and
within each state, m > 1 identical local jurisdictions, indexed by j = 1; :::;m.
Citizens are identical and immobile within each local jurisdiction so that we
focus on the behavior of a representative citizen.

2.1 The representative citizen

The representative citizen of each local jurisdiction is endowed with two pro-
duction factors x and y, respectively in quantity x and y. As usual in the capital
tax externality literature, the representative citizen owns the single �rm located
in her local jurisdiction of residence but can supply the two factors to �rms
located in any local jurisdiction. The �rm in local jurisdiction ij is immobile
and produces a composite good from the two factors supplied in quantities xij
and yij . The composite good can be used for private consumption cij by the
citizen or purchased by the public sector to be transformed into public goods.
The representative citizen derives utility from consumption of the private

good cij �which is �nanced by the pro�t �ij(xij ; yij) of her �rm and the net
returns of their endowments in factors x and y�, and from the consumption of
a bundle of public goods that di¤er according to their type � with � 2 [0; 1].
The public goods are publicly provided private goods5 and the marginal rate of
transformation between these goods and the private good is unity. As in Wilson
and Janeba (2005), we assume the preferences of the representative citizen to
be given by the following additively separable log-linear utility function:

uij = cij +

Z 1

0

ln gij (�) d�

where gij (�) denotes consumption of the public good of type �. Let us note
that all types of public goods � enter the utility function in a symmetric way
but are imperfect substitutes.

5There are no scale-economy arguments in favour of centralization, so that we can focus
exclusively on the issue of �scal architecture from a tax externality perspective.
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2.2 Fiscal architecture

Tax revenues can be raised through taxes on the two mobile production factors
x and y. Let tkij be the proportional tax rate levied by local authority ij on
production factor kij invested in the local jurisdiction and T ki be the propor-
tional tax rate chosen by state authority i on production factor ki invested in
the state, with k = x; y. By construction, the state tax base ki is the sum of

the local tax bases located in its territory, i.e. ki =
mX
j=1

kij , with k = x; y.

Tax revenues are the only source of �nancing of public goods provision; no
de�cit is allowed.6 The cut-o¤ between public goods provided by the local
authorities and those provided by the state authorities is denoted by D with
D 2 [0; 1]. Therefore D captures the level of decentralization in terms of expen-
ditures. A public good of type � is provided by the local authorities if � � D,
while it is provided by the state authorities if � > D.7 Due to the symmetry of
the utility function with respect to the public goods and its concavity in gij (�),
each government splits its tax revenues equally between all the public goods �
it provides. Let DGlij =

RD
0
gij (�) d� denote the aggregate provision of public

goods by local government ij and m (1�D)Gsi =
R 1
D

0@ mX
j=1

gij (�)

1A d� denote
the aggregate provision of public goods by state government i.8

We distinguish three �scal architectures which di¤er according to both i) the
tax base assignment, i.e. which tier taxes which factor(s), and ii) the share of
public goods provision between local jurisdictions and states:
i) Centralization (hereafter C), where state authorities provide all public

goods � over the interval [0; 1] and �nance them through the taxation of both
production factors. This �scal architecture corresponds to the case whereD = 0.
The state budget constraint is given by:

mGsi = T
x
i

mX
j=1

xij + T
y
i

mX
j=1

yij

Local authorities play no role in C: they neither provide public goods nor
raise tax revenues, i.e. Glij = t

x
ij = t

y
ij = 0:

ii) Partial decentralization with Shared tax bases (hereafter PS), where both
local and state authorities provide public goods, i.e. D 2 ]0; 1[, and levy taxes
on the same two tax bases. Each one of the two tax bases x and y is thus

6We rule out vertical transfers between the two tiers of government and horizontal transfers
between jurisdictions of the same tier.

7We rule out provision of a given public good of type � by both tiers simultaneously.
8 (1�D)Gsi thus denotes the aggregate provision of public goods in each local jurisdiction

belonging to state i.
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C PS PE
Taxation Expenditures Taxation Expenditures Taxation Expenditures

Local tier tx ty DGl tx DGl

State tier Tx T y mGs Tx T y m(1�D)Gs T y m(1�D)Gs

co-occupied by both tiers. The budget constraints are given by:

DGlij = txijxij + t
y
ijyij

m (1�D)Gsi = T xi

mX
j=1

xij + T
y
i

mX
j=1

yij

iii) Partial decentralization with Exclusive tax bases (hereafter PE), where
both local and state authorities provide public goods, i.e. D 2 ]0; 1[, and levy
taxes on a separate tax base. There is thus no co-occupancy: tax base x is taxed
to �nance only the local public goods Glij and tax base y is taxed to �nance
only the state public goods Gsi . The budget constraints are given by:

DGlij = txijxij

m (1�D)Gsi = T yi

mX
j=1

yij

The three �scal architectures can be summarized by the following table:

Let us note that for C and PS, there is symmetry between the two tax bases
in terms of tax base assignment, i.e. if, at a given tier, a tax is levied on factor
x, a tax is also levied on factor y. In contrast, in PE, no tier raises tax revenues
from taxation on both x and y.

2.3 The factor markets

The market for each factor k = x; y is modeled as in the literature on capital
tax externality in a two-tier setting (Wrede (1997); Breuillé and Zanaj (2013)).
However, we depart from the previous papers by considering two factor markets
rather than one. The quantities xij and yij of the two factors invested in local
jurisdiction ij are used jointly by the �rm located in that same jurisdiction. All
�rms across the world use the same technology of production that is described
by the function F (xij ; yij). F (:; :) is twice-di¤erentiable and concave. We thus
have F ijxx < 0, F

ij
yy < 0 and F

ij
xxF

ij
yy�F ijxyF ijyx > 0.9 The pro�t of the �rm located

9We denote F ijk and F ijkk respectively the �rst and second derivatives of the production

function in region ij w.r.t. input kij , with kij = xij ; yij . Similarly, we denote F
ij
xy and F

ij
yx

the cross derivatives of the production function w.r.t. the two inputs.
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in local jurisdiction ij amounts to �ij = F (xij ; yij)� rxijxij � r
y
ijyij , where r

x
ij

is the gross return for factor xij and r
y
ij is the gross return for factor yij . Firm

pro�t maximizing behavior implies that both factors are remunerated at their
marginal productivity, that is F ijx = rxij and F

ij
y = ryij for all i,j. The implicit

demand functions are thus xij(rxij ; r
y
ij) and yij(r

x
ij ; r

y
ij) with

@xij
@rxij

=
F ijyy

F ijxxF
ij
yy � F ijxyF ijyx

< 0 and
@xij
@ryij

=
�F ijxy

F ijxxF
ij
yy � F ijxyF ijyx

@yij
@ryij

=
F ijxx

F ijxxF
ij
yy � F ijxyF ijyx

< 0 and
@yij
@rxij

=
�F ijyx

F ijxxF
ij
yy � F ijxyF ijyx

When F ijk;�k 6= 0, the mobility of the two factors is interdependent. The com-
plementarity between the inputs, i.e. F ijk;�k > 0 for k = x; y (super-modular
function), then results in complementarity between the tax bases and substi-
tutability between the factors, i.e. F ijk;�k < 0 for k = x; y (sub-modular func-
tion), results in the substitutability of factors. The complementarity between
tax bases implies that a higher cost of factor �k in jurisdiction ij reduces both
demand for factor �k and demand for factor k, i.e. @kij

@r�kij
< 0. In contrast,

the substitutability between tax bases implies that a higher cost of factor �k
in jurisdiction ij reduces demand for factor �k while it increases demand for
factor k, i.e.

@kij

@r�kij
> 0. For F ijxy = F ijyx = 0, the two factor markets work

independently.10

The after-tax return of factor k is �kij = r
k
ij � tkij � T ki for k = x; y. As each

factor is perfectly mobile in the world, it moves across all local jurisdictions,
and thus across states, to locate in the local jurisdiction where the net return
is the highest. Perfect mobility implies that at equilibrium, the net returns for
each factor are the same everywhere, i.e.,11

�x = �xij 8i; j
�y = �yij 8i; j () rxij = �

x + txij + T
x
i 8i; j

ryij = �
y + tyij + T

y
i 8i; j

Supply of each factor in the world is exogenous. Aggregate supply thus amounts
to nmx for factor x and nmy for factor y and the system of market-clearing
conditions is: 8>>>><>>>>:

nX
i=1

mX
j=1

xij(r
x
ij ; r

y
ij) = nmx

nX
i=1

mX
j=1

yij(r
x
ij ; r

y
ij) = nmy

10 In that case:
@xij

@rxij
= 1

F
ij
xx
< 0 and

@xij
@r

y
ij
= 0;

@yij
@r

y
ij
= 1

F
ij
yy
< 0 and

@yij
@rxij

= 0. The implicit

demand functions are xij(rxij) and yij(r
y
ij).

11Our production function is thus such that we exclude the case where, at equilibrium, there
is a local jurisdiction with no factor x and/or factor y.
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We di¤erentiate this system to obtain the response of �k, and thus also the
response of rkij to local and state taxation (see Appendix 1). At symmetric
equilibrium, we obtain:

@�

@t
=
@�k

@tkij
=
@rkij
@tkij

� 1 =
@rkij
@tk�(ij)

= � 1

nm
< 0

@�

@T
=
@�k

@T ki
=
@rkij
@T ki

� 1 =
@rkij
@T k�i

= � 1
n
< 0

@�k

@t�kij
=
@rkij

@t�kij
=

@rkij

@t�k�(ij)
=

@�k

@T�ki
=

@rkij

@T�ki
=

@rkij

@T�k�i
= 0

The equilibrium values of the net returns are:

�x (Tx; tx1; :::; t
x
i ; :::; t

x
n) and �y (Ty;ty1 ; :::; t

y
i ; :::; t

y
n)

with Tk = (T k1 ; :::T
k
n ) and t

k
i = (t

k
i1; :::; t

k
ij ; :::; t

k
im) 8i and for k = x; y. A tax rate

levied on factor x (resp. y) has no impact on the net return of factor y (resp.
x) at symmetric equilibrium.12 In addition, as shown in the tax externality
literature, local taxation is more distortive than state taxation, i.e. @�@t >

@�
@T =

m@�
@t , since horizontal tax externalities involve fewer jurisdictions at the state

tier (n) than at the local tier (nm).13

Before deriving equilibrium tax rates chosen by local and state authorities for
each �scal architecture successively, we introduce two additional assumptions.
First we assume the same supply in both factors, i.e. x = y = e. Second, we
assume that the production function is perfectly "symmetric" regarding the two
factors, such that F ijxx = F

ij
yy and F

ij
xy = F

ij
yx when xij = yij . Let us then use the

following notations at symmetric equilibrium: Fxx = Fyy = �b (e) � �b < 0
and Fyx = Fxy = p (e) � p. It follows, assuming that b > p :

@xij
@rxij

=
@yij
@ryij

= � b
(b2�p2) < 0 and

@xij
@ryij

=
@yij
@rxij

= � p
(b2�p2) :

These assumptions allow us to focus exclusively on the role of tax externalities
in the tax decisions in the context of two mobile tax bases.

12When F ijk;�k = 0, i.e. the mobility of the two factors is not interdependent, the out�ow
of one factor from a jurisdiction does not a¤ect the allocation of the other factor, and thus
@kij

@r�kij
= 0 which leads to @�k

@t�kij
= @�k

@T�ki

=
@rkij

@t�kij
=

@rkij

@T�ki

= 0.

When F ijk;�k 6= 0, a change in t
�k modi�es the allocation of factor �k and thus the allocation

of factor k (through marginal productivity). Finally, the reallocation of each factor a¤ects
the gross return of k in opposite directions. The two e¤ects cancel each other out, such that
@�k

@t�kij
= @�k

@T�ki

=
@rkij

@t�kij
=

@rkij

@T�ki

= 0.

13 In the extreme case of a single state, horizontal tax externalities disappear at state level.

For n = 1, @�k

@Tki
= �1 and thus @rkij

@Tki
= 0. Since aggregate supply of factor is inelastic, a

change in the tax rate of the single state does not a¤ect the tax base.

8



3 Equilibrium

3.1 Description of the game

Local and state governments are both benevolent. They play a Nash game to-
gether. Local authorities simultaneously select their tax policy to maximize the
welfare of their representative citizen, taking tax policies chosen by the other lo-
cal jurisdictions and the states as given. State authorities simultaneously select
their tax policy to maximize the sum of the welfare of the representative citizens
from the local jurisdictions belonging to their territory, taking tax policies cho-
sen by the other states and the local jurisdictions as given. When they choose
their tax strategy, local and state authorities take into account the mobility of
both factors x and y. Public goods are determined as residuals, after taxes are
collected. Given these tax policies, migration of factors and then production
take place. Finally, pro�ts are distributed, and citizens enjoy the consumption
of both private and public goods. These last two stages are implicitly introduced
in our analysis.

3.2 The optimization problem

3.2.1 Centralization

We �rst analyze the case where the only tier is the state one. The state govern-
ments provide all the public goods � 2 [0; 1] and can tax both factors x and y.
The optimization problem of the state government i is:

max
Txi ;T

y
i

mX
j=1

0@�ij(xij ; yij) + �xx+ �yy + ln
0@T xi
m

mX
j=1

xij +
T yi
m

mX
j=1

yij

1A1A
We obtain the following �rst-order conditions:
FOC /T xi :

mX
j=1

�
�
�
@�x

@T xi
+ 1

�
xij +

@�x

@T xi
x

�
(1)

+
1

Gsi

0@ mX
j=1

xij + T
x
i

mX
j=1

@xij
@rxij

@rxij
@T xi

+ T yi

mX
j=1

@yij
@rxij

@rxij
@T xi

1A = 0

FOC /T yi :

mX
j=1

�
�
�
@�y

@T yi
+ 1

�
yij +

@�y

@T yi
y

�
(2)

+
1

Gsi

0@ mX
j=1

yij + T
x
i

mX
j=1

@xij
@ryij

@ryij
@T yi

+ T yi

mX
j=1

@yij
@ryij

@ryij
@T yi

1A = 0
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3.2.2 Partial decentralization with shared tax bases

Local and state tiers coexist and both tiers share the two tax bases x and y.
Local governments can levy tax rates tx and ty on each tax base, in order to
�nance the provision of public goods � � D. State governments simultaneously
select their additional tax rates T x and T y on each tax base, in order to �nance
the provision of public goods � > D.

Program of local government ij

max
txij ;t

y
ij

�ij(xij ; yij) + �
xx+ �yy +D ln

 
txijxij + t

y
ijyij

D

!

+(1�D) ln
 

T xi
m (1�D)

mX
h=1

xih +
T yi

m (1�D)

mX
h=1

yih

!

We obtain the following �rst-order conditions:
FOC /txij :

�
 
@�x

@txij
+ 1

!
xij +

@�x

@txij
x+

1

Glij

 
xij + t

x
ij

@xij
@rxij

@rxij
@txij

+ tyij
@yij
@rxij

@rxij
@txij

!
(3)

+
1

Gsi

 
T xi

 
1

m

mX
h=1

@xih
@rxih

@rxih
@txij

!
+ T yi

 
1

m

mX
h=1

@yih
@rxih

@rxih
@txij

!!
= 0

FOC /tyij :

�
 
@�y

@tyij
+ 1

!
yij +

@�y

@tyij
y +

1

Glij

 
yij + t

x
ij

@xij
@ryij

@ryij
@tyij

+ tyij
@yij
@ryij

@ryij
@tyij

!
(4)

+
1

Gsi

 
T xi

 
1

m

mX
h=1

@xih
@ryih

@ryih
@tyij

!
+ T yi

 
1

m

mX
h=1

@yih
@ryih

@ryih
@tyij

!!
= 0

Program of state government i

max
Txi ;T

y
i

mX
j=1

0BBB@
�ij(xij ; yij) + �

xx+ �yy +D ln
�
txijxij+t

y
ijyij

D

�
+
�
1�D

�
ln

0@ Txi
m(1�D)

mX
j=1

xij +
Tyi

m(1�D)

mX
j=1

yij

1A
1CCCA

We obtain the following �rst-order conditions:
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FOC /T xi :

mX
j=1

"
�
�
@�x

@T xi
+ 1

�
xij +

@�x

@T xi
x+

1

Glij

 
txij
@xij
@rxij

@rxij
@T xi

+ tyij
@yij
@rxij

@rxij
@T xi

!#
(5)

+
1

Gsi

0@ mX
j=1

xij + T
x
i

mX
j=1

@xij
@rxij

@rxij
@T xi

+ T yi

mX
j=1

@yij
@rxij

@rxij
@T xi

1A = 0

FOC /T yi :

mX
j=1

"
�
�
@�y

@T yi
+ 1

�
yij +

@�y

@T yi
y +

1

Glij

 
txih
@xij
@ryij

@ryij
@T yi

+ tyij
@yij
@ryij

@ryij
@T yi

!#
(6)

+
1

Gsi

0@ mX
j=1

yij + T
x
i

mX
j=1

@xij
@ryij

@ryij
@T yi

+ T yi

mX
j=1

@yij
@ryij

@ryij
@T yi

1A = 0

3.2.3 Partial decentralization with exclusive tax bases

Two tiers coexist and each tier of jurisdiction taxes a di¤erent tax base. Local
governments levy a tax rate tx on tax base x to �nance the provision of public
goods � � D, while state governments levy a tax rate T y on the tax base y to
�nance the provision of public goods � > D.

Program of local government ij

max
txij

�ij(xij ; yij)+�
xx+�yy+D ln

�
txijxij

D

�
+(1�D) ln

 
T yi

m (1�D)

mX
h=1

yih

!

We obtain the following �rst-order condition:
FOC /txij :

�
 
@�x

@txij
+ 1

!
xij +

@�x

@txij
x+

1

Glij

 
xij + t

x
ij

@xij
@rxij

@rxij
@txij

!
(7)

+
T yi
Gsi

 
1

m

mX
h=1

@yih
@rxih

@rxih
@txij

!
= 0

Program of state government i

max
Tyi

mX
j=1

0@�ij(xij ; yij) + �xx+ �yy +D ln� txijxij
D

�
+ (1�D) ln

0@ T yi
m (1�D)

mX
j=1

yij

1A1A
We obtain the following �rst-order condition:
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FOC /T yi :

mX
j=1

"
�
�
@�y

@T yi
+ 1

�
yij +

@�y

@T yi
y +

1

Glij

 
txij
@xij
@ryij

@ryij
@T yi

!#
(8)

+
1

Gsi

0@ mX
j=1

yij + T
y
i

mX
j=1

@yij
@ryij

@ryij
@T yi

1A = 0

3.3 Tax externalities

In our model, tax externalities can be de�ned along two dimensions: i) horizontal
versus vertical externalities, i.e. externalities among authorities at the same
tier versus externalities among authorities at two di¤erent tiers, ii) same-base
versus cross-base externalities, i.e. externalities due to the migration of a tax
base k arising from a modi�cation of a tax rate on this base (tk or T k), versus
externalities due to the migration of a tax base k arising from a modi�cation of
the tax rate on the other tax base (t�k or T�k). Cross-base externalities only
occur when F ijxy = F

ij
yx 6= 0, i.e. when the demand for a factor is a¤ected by the

taxation of the other factor.

3.3.1 The four types of externalities

Four di¤erent types of externalities are thus at work in our model:
Same-base horizontal tax externalities (SH). Same-base horizontal

tax externalities arise in every �scal architecture: i) at the state level on x and
y under centralization, ii) at the local level on x and at the state level on y
under PE, iii) at both levels on both x and y under PS. An increase in the tax
rate levied on a factor by a jurisdiction induces an out�ow of this factor from
the jurisdiction and thus an in�ow to all other same-tier jurisdictions. We see
from the FOCs that jurisdictions do not take into account the horizontal tax
externalities, but only the distortive e¤ect of taxation on their own tax base,
i.e. respectively "k;SHl for local jurisdictions and "k;SHs for states:14

"k;SHl =
@kij
@rkij

@rkij
@tkij

< 0, "k;SHs =
mX
j=1

@kij
@rkij

@rkij
@T ki

< 0 with k = x; y

Same-base vertical tax externalities (SV ). Same-base vertical tax ex-
ternalities arise when a tax base is shared by the two tiers, which is only the
case in PS. An increase in the tax rate levied on a factor by a jurisdiction
induces an out�ow of this factor from the jurisdiction(s) sharing the same tax
base at the other tier and thus an in�ow to all other jurisdictions of this other

14Let us note that due to the �xed supply of factors within the world, same-base horizontal
tax externalities on all the other local jurisdictions (resp. states) arising from a change of tkij
(resp. Tki ) are positive, equal to �"

k;SH
l (resp. �"k;SHs ).
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tier. Externalities induced by local taxation are bottom-up tax externalities and
externalities induced by state taxation are top-down tax externalities.
We see from the FOCs that within a state, local jurisdictions internalize only

a proportion 1
m of the same-base vertical bottom-up externalities imposed on the

tax base of their state, which is denoted by "k;SVl , since they only care about the
welfare of their representative citizen. On the contrary, state authorities fully
internalize same-base vertical top-down externalities imposed on the tax base
of their local jurisdictions, which are denoted by "k;SVs , since they care about
the welfare of all the citizens of their local jurisdictions.15

"k;SVl =
1

m

mX
h=1

@kih
@rkih

@rkih
@tkij

< 0, "k;SVs =
mX
j=1

@kij
@rkij

@rkij
@T ki

< 0 with k = x; y

Cross-base horizontal tax externalities (CH). Cross-base horizontal
tax externalities occur when, at a given tier, jurisdictions levy taxes on two
factors that are interdependently mobile (F ijxy = F ijyx 6= 0), which is the case
in C and in PS. An increase in the tax rate raised by a jurisdiction on a
factor a¤ects the amount of the other factor available to all other same-tier
jurisdictions.
As for the same-base horizontal externalities, we see from the FOCs that

a jurisdiction only cares about the cross-base externality on its tax base, re-
spectively "k;CHl for local jurisdictions and "k;CHs for states, and neglects the
externalities imposed on the tax base of the other same-tier jurisdictions, re-
spectively �"k;CHl and �"k;CHs :

"k;CHl =
@ (�k)ij
@rkij

@rkij
@tkij

, "k;CHs =
mX
j=1

@ (�k)ij
@rkij

@rkij
@T ki

with k = x; y

The sign of the cross-base horizontal tax externalities depends on the nature
of the interdependence between the two tax bases. The externality on the
jurisdiction�s own tax base is negative, pointing in the same direction as the
same-base horizontal one when tax bases are complementary, i.e. "k;CHl < 0 and
"k;CHs < 0, while it is positive, pointing in opposite direction to the same-base
horizontal one when tax bases are substitutable, i.e. "k;CHl > 0 and "k;CHs > 0.
Cross-base vertical tax externalities (CV ). Cross-base vertical tax

externalities occur when, in a two-tier setting, a tier levies taxes on one or both
factors that are interdependently mobile (F ijxy = F ijyx 6= 0), thus in PS and
PE. In this case, an increase in the tax raised by a jurisdiction on a factor
a¤ects the amount of the other factor available to the other-tier jurisdictions.
When F ijxy = F ijyx > 0 , the externalities correspond to an out�ow of factor
from the jurisdiction(s) sharing the same tax base to all other jurisdictions.

15As the supply of factors is �xed within the country, the externalities imposed by a local
jurisdiction on other tax revenues of the state are of the opposite sign, equal to �m"k;SVl .
Similarly, the externalities imposed by a state on the tax revenues of other states�local juris-
dictions are of the opposite sign, equal to �"k;SVs .
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Same-base Cross-base

Horizontal externalities C, PS, PE C, PS

Vertical externalities PS PS,PE

When F ijxy = F ijyx < 0, the externalities correspond to an in�ow of factor to
the jurisdiction(s) sharing the same tax base. These externalities are called
cross-base vertical bottom-up externalities when arising from local taxation and
cross-base vertical top-down externalities when arising from state taxation.
We see from the FOCs that, as for the same-base vertical externalities, local

jurisdictions internalize a proportion
1

m
of the cross-base vertical bottom-up

externalities imposed on their state, denoted by "k;CVl , and states internalize all
cross-base vertical top-down externalities, denoted by "k;CVs , imposed on their
local jurisdictions.

"k;CVl =
1

m

mX
h=1

@ (�k)ih
@rkih

@rkih
@tkij

; "k;CVs =
mX
j=1

@ (�k)ij
@rkij

@rkij
@T ki

with k = x; y

The sign of the cross-base vertical tax externalities depends on the nature
of the interdependence between the two tax bases. The cross-base vertical tax
externalities internalized by a jurisdiction are negative, pointing in the same
direction as the same-base vertical ones when tax bases are complementary, i.e.
"k;CVl < 0 and "k;CVs < 0, while they are positive, pointing in opposite direction
to the same-base vertical ones when tax bases are substitutable, i.e. "k;CVl > 0
and "k;CVs > 0.

To sum up, the nature of externalities depends on the interdependence be-
tween the tax bases and on the �scal architecture which we summarize with the
following table:

3.3.2 Externalities at symmetric equilibrium

At symmetric equilibrium, the expressions of the externalities simplify into:
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8>>><>>>:
"k;SHl = �@rkij

@tkij

b
(b2�p2) = �

nm�1
nm

b
(b2�p2) � "

SH
l < 0

"k;SHs = �

0@ mX
j=1

@rkij
@Tki

1A b
(b2�p2) = �

m(n�1)
n

b
(b2�p2) � "

SH
s < 0

8>>>><>>>>:
"k;SVl = � 1

m

�
@rkij
@tkij

+ (m� 1) @�
k

@tkij

�
b

(b2�p2) = �
n�1
nm

b
(b2�p2) � "

SV
l < 0

"k;SVs = �

0@ mX
j=1

@rkij
@Tki

1A b
(b2�p2) = �

m(n�1)
n

b
(b2�p2) � "

SV
s < 0

8>>><>>>:
"k;CHl = �@rkij

@tkij

p
(b2�p2) = �

nm�1
nm

p
(b2�p2) � "

CH
l

"k;CHs = �

0@ mX
j=1

@rkij
@Tki

1A p
(b2�p2) = �

m(n�1)
n

p
(b2�p2) � "

CH
s

8>>>><>>>>:
"k;CVl = � 1

m

�
@rkij
@tkij

+ (m� 1) @�
k

@tkij

�
p

(b2�p2) = �
n�1
nm

p
(b2�p2) � "

CV
l

"k;CVs = �

0@ mX
j=1

@rkij
@Tki

1A p
(b2�p2) = �

m(n�1)
n

p
(b2�p2) � "

CV
s

with k = x; y.
As the state tax base is the sum of the tax bases of the m symmetric lo-

cal jurisdictions that belong to that same state, the horizontal and vertical
externalities internalized by a state authority are the same, i.e., "SHs = "SVs
and "CHs = "CVs . This is not the case for local taxation, as we have "SVl =

1
m

0@"SHl +
X
h6=j

@kih
@rkih

@rkih
@tkij

1A and "CVl = 1
m

0@"CHl +
X
h6=j

@(�k)ih
@rkih

@rkih
@tkij

1A. A local ju-

risdiction ij not only internalizes the negative externalities "SHl and "CHl on its
own tax bases but also the externalities on the tax bases of each other local
jurisdiction of the state, i.e.

X
h6=j

@kih
@rkih

@rkih
@tkij

and
X
h6=j

@(�k)ih
@rkih

@rkih
@tkij

.

In the particular case of a single top-tier jurisdiction in a two-tier setting,
i.e. n = 1, both horizontal externalities at the state tier ("SHs = "DHs = 0) and
vertical bottom-up and top-down externalities ("SVl = "SVs = "CVl = "CVs = 0)
disappear due to the �xed supply of factors, which is similar to the mechanism
described by Keen and Kotsogiannis (2002). With more than one top-tier juris-
diction, although the supply of factors is �xed for the world, it is �exible from
the state�s perspective, and vertical tax externalities as well as horizontal tax
externalities occur at each tier.
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3.4 Equilibrium tax rates

At symmetric equilibrium, we get the following tax rates16 :

� for centralization (C):

TC = T xC = T yC =
1

2e� "SHs +"CHs
me

=
1

2e+ n�1
n(b�p)e

(9)

� for partial decentralization with shared tax bases (PS):

tPS = txPS = tyPS = D

2e�
D("SHl +"CHl )

e �
(1�D)("SVl +"CVl )

e

(10)

= D

2e+
D(nm�1)
nm(b�p)e+

(1�D)(n�1)
nm(b�p)e

TPS = T xPS = T yPS = (1�D)

2e�
(1�D)("SHs +"CHs )

me �
D("SVs +"CVs )

me

(11)

= (1�D)
2e+

n�1
n(b�p)e

� for partial decentralization with exclusive tax bases (PE):

tPE = txPE = D

e�
D"SHl
e �

(1�D)"CVl
e

(12)

= D

e+
D(mn�1)
mn(b2�p2)e b+

(1�D)(n�1)
mn(b2�p2)e p

TPE = T yPE = (1�D)

e�
(1�D)"SHs

me �
D"CVs
me

(13)

= (1�D)
e+

n�1
n(b2�p2)e ((1�D)b+Dp)

The levels of equilibrium tax rates (9-13) are potentially in�uenced by:

� the share of public good provided by the tier where the tax is levied, which
is captured by the numerator.

� the aggregate tax base per capita available at the tier where the tax is
levied, i.e. 2e in C and PS and e in PE.

� the weighted horizontal tax externalities internalized (e.g. D("SHl +"CHl )
e

for tPS). The wider the range of public goods provided by the tier, the
stronger the horizontal tax externality e¤ect.

16When there is symmetry between the two tax bases in terms of tax base assignment, the
tax rates set on both tax bases by a given tier for a given �scal architecture are identical, i.e.
TxC = T yC = TC , txPS = tyPS = tPS and TxPS = T yPS = TPS . This comes from the
fact that the two factors enter the production function symmetrically and the endowment in
factors is the same, i.e. x = y = e.
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� the weighted vertical tax externalities internalized (e.g. (1�D)("SVl +"CVl )
e

for tPS). The smaller the range of public goods provided by the other tier,
the smaller the vertical tax externality e¤ect.

Under our assumption that F ijxxF
ij
yy � F ijxyF ijyx = b2 � p2 > 0, same-base tax

externalities are always larger in absolute terms than their cross-base counter-
parts, i.e. "SHz + "CHz < 0, "SVz + "CVz < 0 with z = l; s, which implies that all
equilibrium tax rates in C and PS are positive.
In PE, horizontal tax externalities only arise from same-base externalities

(due to the absence of simultaneous taxation by a given tier of both tax bases)
and vertical tax externalities only arise from cross-base vertical externalities
(due to the absence of tax base co-occupation). The positivity of the two tax
rates tPE and TPE depends on the relative magnitude of the horizontal and
vertical tax externality e¤ects and is always satis�ed for values of the level

of decentralization D within the interval

#
�e2 + "CVl

�
�
"SHl � "CVl

� ; me2 � "SHs
� ("DHs � "CVs )

"
.17

Hereafter, this condition is assumed to be satis�ed to ensure the existence of a
Nash equilibrium.18

4 How does tax base interdependence a¤ect tax
decisions?

In the absence of same-base and cross-base externalities, that is with immobile

tax bases, jurisdictions would choose the following optimal tax rates: T �C =
1

2e
,

t�PS = D
2e , T

�PS = (1�D)
2e , t�PE = D

e and T
�PE = (1�D)

e .
With mobile but independent tax bases, same-base horizontal externalities

(in C, PS and PE) and same-base vertical externalities (in PS) both lead to a
downward distortion of optimal tax rates. Since jurisdictions neglect the positive
same-base horizontal externalities on all the other same-tier jurisdictions arising
from an increase in their tax rate, the standard outcome of the competitive
horizontal game is a race to the bottom, with ine¢ ciently low equilibrium tax
rates (Wilson (1986), Zodrow and Mieszkowski (1986)). This e¤ect is reinforced
in PS as jurisdictions also neglect the positive vertical externalities outside the
state.
The interdependence between the two mobile tax bases, i.e. for Fyx = Fxy =

p 6= 0, a¤ects the tax externalities in two ways. First, it generates cross-base
17Equilibrium tax rates in PE are positive whatever the level of decentralization DPE 2

]0; 1[ in three circumstances: i) no cross-base vertical tax externalities occur, i.e. the tax
bases are independent or there is only one top-tier jurisdiction (n = 1), ii) cross-base vertical
tax externalities point in the same direction as same-base horizontal tax externalities, i.e.
the tax bases are complementary, iii) cross-base vertical tax externalities point in opposite
direction to same-base horizontal tax externalities but are su¢ ciently small, i.e. the degree of
substitutability between the tax bases is su¢ ciently small.
18Given the form of the utility function of the representative citizen, the existence of a Nash

equilibrium requires the provision of all public goods to be strictly positive.
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(horizontal and/or vertical) tax externalities. Second, it ampli�es the same-
base (horizontal and/or vertical) tax externalities. Indeed, when a jurisdiction
increases its tax rate on a factor k, the modi�cation of the allocation of the other
factor reinforces the out�ow of factor k via its e¤ect on marginal productivity,
whatever the sign of p. The higher the degree of interdependence jpj between
the two tax bases (whether complementary or substitutable), the higher the

magnitude of both same-base and cross-base externalities, i.e.
@
��"SHz ��
@ jpj > 0,

@
��"SVz ��
@ jpj > 0,

@
��"CHz ��
@ jpj > 0 and

@
��"CVz ��
@ jpj > 0 with z = l; s.

Lemma 1 Interdependence between the two mobile tax bases not only generates
cross-base tax externalities but also increases the magnitude of the same-base tax
externalities, whatever the nature and the degree of this interdependence.

When tax bases are complementary (p > 0), same-base and cross-base ex-
ternalities reinforce each other, thereby worsening the race to the bottom of tax
rates. This downward distortion increases with the degree of complementarity,
i.e. @t

@p < 0 and
@T
@p < 0, in all �scal architectures.

In contrast, when tax bases are substitutable (p < 0), same-base and cross-
base externalities push tax rates in opposite directions. In C and PS, the
same-base tax externalities always exceed the cross-base tax externalities in ab-
solute terms, thus leading to ine¢ ciently low tax rates. Moreover, the higher
the degree of substitutability, the less downward distorted the equilibrium tax

rates, due to
@
��"SHz ��
@ jpj <

@
��"CHz ��
@ jpj and

@
��"SVz ��
@ jpj <

@
��"CVz ��
@ jpj with z = l; s. In PE,

the e¤ect of the interdependence depends on whether the (same-base) horizon-
tal tax externality e¤ect exceeds the (cross-base) vertical tax externality e¤ect,
which in turn depends on the level of decentralization D as well as on the de-
gree of substitutability. PE di¤ers from other �scal architectures in that it

may lead to ine¢ ciently high tax rates at either tier. For D <
�"CVl

"SHl �"CVl
(resp.

D >
"SHs

"SHs �"CVs
), the vertical tax externality e¤ect dominates at the local (resp.

state) tier only.19 The local (resp. state) tax rate is thus upward distorted while
the state (resp. local) tax rate is downward distorted. The overall impact of the
degree of substitutability on tax rates then depends on the level of decentraliza-
tion D as depicted in �gures 1 and 2 for given values of parameters n, m, b and

e. Figure 1 corresponds to the case of D 2
�

n� 1
(nm� 1) + (n� 1) ;

1
2

�
, i.e. tax

rates are always downward distorted (tPE < t�PE and TPE < T �PE , 8p), while
�gure 2 corresponds to the case of D >

1

2
, i.e. an upward distortion occurs at

the state tier for a su¢ ciently high degree of substitutability.20

19 �"CVl
"SH
l

�"CV
l

<
"SHs

"SHs �"CVs
is always satis�ed.

20With D <
n� 1

(nm� 1) + (n� 1)
, we would obtain a symmetric result with an upward
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The above results can be summarized in the following proposition:

Proposition 1 � Case of complementarity (Fyx = Fxy = p > 0). In all
�scal architectures (C, PS and PE), tax externalities lead to ine¢ ciently
low tax rates. The higher the degree of complementarity between the two
tax bases, the worse the downward distortion of tax rates.

� Case of substitutability (Fyx = Fxy = p < 0). In C and PS, tax exter-
nalities lead to ine¢ ciently low tax rates. The higher the degree of substi-
tutability between the two tax bases, the smaller the downward distortion
of tax rates.

In PE, the existence of cross-base tax externalities leads to ine¢ ciently

high: i) state tax rates when D >
"SHs

"SHs �"CVs
, ii) local tax rates when

D <
�"CVl

"SHl �"CVl
. However, the upward distortion in PE can never oc-

cur at both tiers simultaneously. For high values of p, a higher degree of
substitutability reduces the downward distortions of both tax rates. For
su¢ ciently low values of p, a higher degree of substitutability reinforces
the (downward/upward) distortions arising at both tiers.

Proof. See Appendix 2

Figure 1: Tax rates in PE for D = 0:2, n = 8, m = 20, b = 4 and e = 10

distortion at the local tier for a su¢ ciently high degree of substitutability.
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Figure 2: Tax rates in PE for D = 0:7, n = 8, m = 20, b = 4 and e = 10

A high (resp. low) level of decentralization will put more weight on tax
externalities a¤ecting the local (resp. state) tax base. For instance, in PE,
when setting its tax rate, the state government will take the cross-base vertical
externalities into account all the more when the level of decentralization is high.
In the case of substitutability, as the cross-base vertical externalities are positive,
it can result in an ine¢ ciently high state tax rate.

5 How to decentralize?

In this section, we investigate the issue of tax assignment when partially decen-
tralizing the provision of public goods. We then compare the tax rates selected
by jurisdictions and the welfare derived by citizens at symmetric equilibrium.
Tables with all comparisons of tax rates are provided in Appendix 3 and the
levels of public good consumption in each �scal architecture are given in Ap-
pendix 4. The welfare of the representative citizen is given by the level of its
utility function:

� in C
uC = F (e; e)�Gs;C + lnGs;C (14)

� in PS

uPS = F (e; e) +D
�
�Gl;PS + lnGl;PS

�
+
�
1�D

� �
�Gs;PS + lnGs;PS

�
(15)

� in PE

uPE = F (e; e) +D
�
�Gl;PE + lnGl;PE

�
+
�
1�D

� �
�Gs;PE + lnGs;PE

�
(16)
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5.1 With only one top-tier jurisdiction (n = 1)

In order to interpret our results in the light of the existing literature, we �rst
focus on the particular case of a single top-tier jurisdiction (n = 1). In this case,
there are no horizontal tax externalities at the state tier and due to the �xed
supply of factors, no vertical externalities occur. State tax rates and thus public
goods are always set at an e¢ cient level, while local tax rates are ine¢ ciently
low leading to an underprovision of public goods. Any �scal architecture char-
acterized by taxation at the local level leads to a sub-optimal level of welfare. As
shown by Keen and Kotsogiannis (2002), it is always better not to decentralize
with only one top-tier jurisdiction: C always provides the highest welfare, equal
to the socially optimal level F (e; e) � 1. But when decentralizing, is it better
to share tax bases or to have exclusive tax bases? Partially decentralizing the
provision of public goods generates, at the bottom tier, same-base horizontal
externalities in PS and PE and cross-base horizontal externalities in PS only.
However, as seen previously, when raising a tax, the magnitude of the cross-base
externalities is always lower than the magnitude of same-base externalities, and
the aggregate tax base is twice as high in PS than in PE which weakens the
impact of tax externalities in PS.21 For a same level of decentralization, it
follows that:

Proposition 2 For DPS = DPE and 8p, uC > uPS > uPE.

Proof. See Appendix 5
With only one top-tier jurisdiction, our results do not support the view of

the advocates of exclusive tax bases.

5.2 With several top-tier jurisdictions (n > 1)

Under centralization (C), the size of the aggregate tax base is 2e and the whole
range of public goods � has to be provided by a single tier. In addition, no
vertical tax externalities occur due to the absence of another tier, and same-
base horizontal externalities always exceed cross-base horizontal ones.
With a single mobile tax base, Hoyt (1991) showed that the tax rates, and

thus the public good provision and the welfare of residents, increase as the num-
ber of jurisdictions at a given tier decreases. The reduction in the number of
jurisdictions involved in the tax game reduces the distortive e¤ect of tax exter-
nalities and thus lessens the race to the bottom. In our paper, we generalize
Hoyt (1991)�s result in a broader framework with two mobile tax bases rather
than one. We show that his result holds whether the tax bases are interde-
pendently mobile or not and whatever the nature of the interdependence, i.e.
whether the two tax bases are complementary or substitutable. The smaller
the number of jurisdictions involved in the tax game in C, the smaller the tax
externality e¤ect.

21Recall that in PS, each tier can raise taxes on two tax bases (2e) while only one tax base
(e) is available for each tier in PE.
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Lemma 2 8p, @uC@n < 0

Proof. We know that "SHs < 0,
��"SHs �� > ��"CHs �� and Gs;C =

1

1� "SHs +"CHs
2me2

.

With
@j"SHs j
@n >

@j"CHs j
@n > 0, the result follows.

We then compare C with partial decentralization with shared tax bases
(PS). Our results can be summarized as follows:

Proposition 3 When n 6= 1 and whatever the nature and degree of interdepen-
dence between the tax bases (i.e. 8p), there is always a level of decentralization
D < 1� 1

n , such that partial decentralization with shared tax bases (PS) prevails
over centralization (C), i.e. TC < tPS + TPS, Gs;C < DGl;PS + (1�D)Gs;PS
and uC < uPS 8p. For D > 1� 1

n , C prevails over PS and for D = 1� 1
n , they

are equivalent.

Proof. See Appendix 6
Proposition 3 not only generalizes the result of Wilson and Janeba (2005)

to the case of more than two states, but also extends it by assuming more than
one mobile tax base and potential interdependence in the mobility of the two
tax bases.
In PS, same-base and cross-base vertical tax externality e¤ects add to same-

base and cross-base horizontal ones already at play at the state tier in C. How-
ever, the range of public goods provided by the state tier in C is by de�nition
wider than the range of public goods provided by the state tier in PS. This
a¤ects the tax rates in two ways. First, fewer resources are required to produce
the optimal level of public goods at the state tier in PS compared to C, which
pushes down the tax rates. Second, a weaker horizontal tax externality e¤ect,
i.e. horizontal tax externalities weighted by D < 1, occurs at the state tier in
PS compared to the horizontal tax externality e¤ect in C, which pushes up tax
rates.
At the state tier, horizontal externalities being equal to vertical external-

ities ("SHs = "SVs and "CHs = "CVs ), the decrease in the horizontal tax ex-
ternality e¤ect due to partial decentralization is perfectly compensated for by
the emergence of the vertical tax externality e¤ect, such that the overall tax
externality e¤ect is the same in PS as in C. Therefore, the di¤erence in
state tax rates between PS and C is solely determined by the di¤erence in
the range of public goods provided at the state tier. Although it results that
TPS = (1�D)TC < TC , a public good � is provided in the same quantity at
the state tier in PS as in C, i.e. Gs;PS = Gs;C 8p;8D.
As vertical externalities arising from local taxation in PS are smaller than

the state horizontal externalities in C (
��"SVl �� < ��"SHs �� and ��"CVl �� < ��"CHs ��),

there is a critical level of decentralization D = 1 � 1
n such that the overall tax

externality e¤ect is the same at the local tier in PS and in C. The smaller D,
the smaller the horizontal tax externality e¤ect, but the stronger the vertical
tax externality e¤ect. Therefore a low enough level of decentralization, i.e.
D < 1 � 1

n , leads to an overall smaller tax externality e¤ect at the local tier
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in PS than in C. It then translates into a public good provided in a larger
quantity at the local tier in PS than in C, i.e. Gl;PS > Gs;C , 8D < 1 � 1

n . It
follows that 8D < 1� 1

n , DG
s;PS + (1�D)Gl;PS > Gs;C and thus uPS > uC .

However, the level of welfare in PS is always socially sub-optimal, characterized
by an underprovision of public goods at both tiers.
We proved that partial decentralization is preferable to centralization for

D < 1� 1
n but would decentralization with exclusive tax bases (PE) lead to a

higher level of welfare? The comparison between PE and C=PS comes down to
weighing di¤erences in two e¤ects: i) the di¤erences in the overall tax externality
e¤ect and ii) the di¤erences in the aggregate tax base.

5.2.1 No tax base interdependence (p = 0)

As stated in proposition 3, the comparison between C and PS holds whatever
the nature and the degree of interdependence between the tax bases, and thus
in particular for p = 0. Let us then focus on the comparison between C and
PE. With p = 0, all externalities are same-base horizontal externalities and at
a given tier, the tax externality e¤ect depends positively on the range of public
good provided, that is on DPE , and on the number of same-tier jurisdictions (n
at the top tier and nm at the bottom tier). Moreover, as each tier in PE is able
to tax only one factor, the aggregate tax base available at each tier is twice as
small in PE as in C. It follows that Gs;C > Gs;PE and Gs;C < Gl;PE for a low
level of decentralization DPE , and vice-versa for a high level of decentralization
DPE . We then obtain Gs;C > DPEGl;PE +

�
1�DPE

�
Gs;PE , 8DPE .

Proposition 4 When n > 1 and p = 0, uC > uPE 8DPE.

Proof. See Appendix 7

Corollary 5 When n > 1 and p = 0, uPS � uC > uPE 8DPS � 1� 1
n and

8DPE

Proposition 6 uC > uPS > uPE for (n�1)(2mn�1)
n(mn�1+m(n�1)) � DPS > 1 � 1

n and

8DPE. For particular values of DPS > (n�1)(2mn�1)
n(mn�1+m(n�1)) and D

PE, it is possible

that uPE > uPS .

Proof. See Appendix 8
While there is always a level of decentralization such that decentralizing with

shared tax bases leads to higher welfare than with centralization, it is never
the case when using exclusive tax bases. Moreover, when decentralizing, using
exclusive tax bases is better than using shared tax bases only for a su¢ ciently
high level of decentralization, i.e. when the smaller aggregate tax base in PE is
o¤set by the smaller tax externality e¤ect. Again, with more than one top-tier
jurisdiction, our results do not support the view of the advocates of exclusive
tax bases.
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5.2.2 Tax base interdependence (p 6= 0)

We now analyze the case of tax base interdependence. Since the main drawback
of the use of shared tax bases rather than exclusive tax bases comes from vertical
tax externalities, we �rst look at the di¤erence in terms of tax externality e¤ect
between PE and PS. When the tax bases are independent, no vertical tax
externalities occur in PE (since there are no cross-base tax externalities) and
the overall tax externality e¤ect is always smaller in PE. This result holds
when tax bases are complementary, since more tax externalities are at work in
PS than in PE, all pointing in the same direction. When the tax bases are
substitutable, the overall tax externality e¤ect can be either stronger or smaller
at a given tier in PS than in PE, depending on the level of decentralization.
Furthermore, as previously mentioned, the aggregate tax base is twice smaller in
PE than in any other �scal architecture and even in the case where the overall
tax externality e¤ect is weaker in PE, jurisdictions might not be able to provide
a higher level of public goods in PE than in PS.
The comparison with PS thus comes down to weighing di¤erences in two ef-

fects: i) the di¤erences in the overall tax externality e¤ect and ii) the di¤erences
in the aggregate tax base. Although comparisons in tax rates between PE and
PS provided in Appendix 3 were made for an identical level of decentralization
D, we must allow for di¤erent D for the welfare comparisons between PE and
PS in order to be able to draw some conclusions about the optimal �scal archi-
tecture. Since the direct comparison of welfare functions does not give general
results for any level of decentralization and degree of interdependence between
the tax bases, we turned to simulations. As production F (e; e) is the same in
every �scal architecture at symmetric equilibrium, comparing welfare amounts
to comparing V Z = uZ�F (e; e), for Z = C;PS; PE, the social optimal level of
which is �1. We then determine the levels of decentralization, denoted DPE�

and DPS� for PE and PS respectively, that maximize welfare for a given degree
of interdependence p between the tax bases in PE and PS. We then obtain
DZ�(p) = argmax

DZ

V Z , for Z = PS; PE,. For a given set of parameters n,m,b

and e, we can now compare the three �scal architectures for any value of p. All
our simulations provide the same qualitative results as the ones in �gure 3.22

22The results are provided for the same values of parameters as in �gures 1 and 2.
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Figure 3: Welfare comparisons

In �gure 3, for the optimal levels of decentralization DPE� and DPS�, we
see that PS is better than any other �scal architecture, whatever the nature
and the degree of interdependence between the two tax bases.
Moreover, �gure 3 illustrates the proposition 1. As a decrease in p reduces

the downward distortion arising from tax externalities in C and PS, it results
in an increase of welfare. Should the local authorities have the choice between
di¤erent mobile tax bases, it is always better to levy taxes on tax bases that are
substitutable.
The same analysis prevails in PE as long as the degree of substitutability is

not too high. Otherwise, too high a degree of substitutability between the tax
bases induces large distortions of tax rates in PE and thus lower welfare.
When the level of decentralization is exogenous, the question then remains

whether PE can ever be better than PS in terms of welfare. We then used a
3D plot of the di¤erence uPS � uPE to compare welfare in PS and in PE for
every combination of p and D (with D being the same in PS and PE), with
given values of parameters n,m,b and e. It turned out that we could not �nd
any set of parameters such that uPE � uPS > 0. Therefore, even when the
level of decentralization is given, we can make the conjecture that PS always
provides a higher level of welfare than PE, whatever the nature and degree of
interdependence between the tax bases.

Proposition 7 � Whatever the level of decentralization D, partial decen-
tralization with exclusive tax bases is always outperformed by all other
�scal architectures for a su¢ ciently high degree of substitutability between
the tax bases.
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� There are sets of parameters n,m, b and e for which the use of shared
tax bases is better than partial decentralization with exclusive tax bases
for all levels of decentralization D and whatever the nature and degree of
interdependence between the tax bases.

Proof. See Appendix 9
With more than one top-tier jurisdiction, depending on the degree of inter-

dependence and the combination between the level of decentralization and the
tax base assignment, we show that partial decentralization can induce higher
welfare than full centralization. However, while there is always a level of expen-
diture decentralization such that a �scal architecture characterized by shared
tax bases is better than C (8p), this is no longer the case with exclusive tax
bases for a su¢ ciently high degree of substitutability between the tax bases (see
�gure 3), due to the very large distortions of tax rates.

6 Conclusion

The issue of tax base assignment in a multi-tier setting, i.e. which tier should
tax which tax base(s), cannot be dealt with in isolation from the issue of expen-
diture decentralization. Our paper demonstrates that interdependence between
two mobile tax bases and the level of decentralization (measured by the share
of public goods provision assigned to lower-tier jurisdictions) are crucial pa-
rameters that a¤ect the impact of tax externalities on tax choices and thus
the welfare of citizens. On the one hand, interdependence between tax bases
complicates the tax interactions arising in a two-tier setting by: i) introducing
cross-base horizontal and vertical tax externalities and ii) reinforcing the stan-
dard same-base horizontal and vertical tax externalities. On the other hand,
the level of decentralization a¤ects the weights of these tax externalities and
thus their e¤ect on tax policy.
We show that, depending on the interdependence between the tax bases

and the share of public goods provision assigned to lower-tier jurisdictions, par-
tial decentralization with exclusive tax bases may lead to ine¢ ciently high tax
rates (although not simultaneously at both tiers), while tax rates are always
ine¢ ciently low in all other �scal architectures, i.e. centralization and partial
decentralization with shared tax bases. A higher degree of complementarity
between the two tax bases pushes tax rates down and thus deteriorates wel-
fare in all �scal architectures. Conversely, a higher degree of substitutability
reduces the downward distortion of tax rates and thus improves the welfare for
all �scal architectures, but only for a low degree of interdependence in partial
decentralization with exclusive tax bases. In the latter case, with a high de-
gree of interdependence between the tax bases, substitutability reinforces the
(downward and/or upward) distortions of tax rates and thus reduces welfare.
It follows that authorities should always favor taxation on tax bases which are
substitutable, although not with a high degree of interdependence in case of
partial decentralization with exclusive tax bases.
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More speci�cally, with the interdependence between the tax bases, partial
decentralization with exclusive tax bases does not prevent vertical tax exter-
nalities and the tax externality e¤ect can even be stronger than in other �scal
architectures, leading to lower welfare. Moreover, a weaker tax externality e¤ect
does not guarantee higher welfare as the exclusive use of tax bases reduces the
sources of tax revenues at each tier, thereby pushing up the tax rates.
With a single top-tier jurisdiction and a �xed supply of factors, no verti-

cal tax externality occurs while horizontal tax externalities only takes place at
the bottom tier. It is then optimal to follow the recommendations of assign-
ing mobile tax bases to the highest tier and thus opt for full centralization.
Considering more than one top-tier jurisdiction competing for mobile tax bases
modi�es this conclusion. Partial decentralization may induce a higher welfare
than full centralization. However, this result crucially depends on the degree of
interdependence and the combination between the level of decentralization and
the tax base assignment. Compared to full centralization, partial decentraliza-
tion with exclusive tax bases always deteriorates the welfare for a su¢ ciently
high degree of tax base substitutability, while there is always a level of decen-
tralization such that the use of shared tax bases is welfare enhancing, whatever
the nature and degree of interdependence between the tax bases.
The results suggest that partial decentralization combined with appropriate

tax base assignment is always preferable to centralization when the share of
public good provision between the two tiers can be adjusted freely.
In practice, there might be some constraints on the level of decentraliza-

tion. For instance, heterogeneous preferences for public goods as well as scale
economies can in�uence the level of decentralization. While some public goods
should be provided at a local level to better match preferences following Tiebout
(1956)�s argument, scale economies may be achieved by a provision of public
goods at a higher level. These elements are absent from our framework as we
focused exclusively on the issue of tax externalities, but could be introduced in
the model at the expense of some complexity.
Finally, it ought to be remarked that assuming a world economy with per-

fectly identical states amounts to assuming homogeneity in �scal architecture
across states. However, the issue of the coexistence of di¤erent �scal archi-
tectures may arise when introducing some form of asymmetry between states.
Moreover, although recommendations can be made about the optimal �scal ar-
chitecture(s), our analysis assumes the �scal architecture to be exogenous and is
thus silent about which one would actually be adopted if the �scal architecture
could be used as a strategic device by states. With two mobile tax bases, states
would then have to decide on both the tax bases and the share of public good
provision assigned to each tier.23

23Although Wilson and Janeba (2005) assumed the level of decentralization to be endoge-
neous, they only considered two top-tier jurisdictions and one mobile tax base, which excludes
the case of partial decentralization with exclusive tax bases.
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7 Appendix

7.1 Response of net returns to taxation

The system of market-clearing conditions is:8>>>><>>>>:

nX
i=1

mX
j=1

xij(r
x
ij ; r

y
ij) = nmx

nX
i=1

mX
j=1

yij(r
x
ij ; r

y
ij) = nmy

With rxij = �
x + txij + T

x
i and r

y
ij = �

y + tyij + T
y
i , 8i; j

From the di¤erentiation of market-clearing we derive the response of �x to
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local and state taxation:
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7.2 Proof of proposition 1

7.2.1 In C and PS:

All tax rates depend on the sum of same-base and cross-base externalities "SHz +
"CHz and "SVz + "CVz with z = l; s. Therefore, as same-base externalities always
exceed cross-base ones in absolute terms, we obtain "SHz + "CHz < 0 and "SVz +
"CVz < 0 8p with z = l; s. All tax rates are thus ine¢ ciently low, i.e. T �C > TC ,
t�PS > tPS and T �PS > TPS 8p.
Di¤erentiating the expressions of equilibrium tax rates (9-11) with respect

to p, provides the results directly, i.e. @t
@p < 0 and

@T
@p < 0.

7.2.2 In PE:

Whether the local (resp. state) tax rate is ine¢ ciently low, i.e. t�PE > tPE

(resp. T �PE > TPE), or ine¢ ciently high, i.e. t�PE < tPE (resp. T �PE <

TPE), depends on the sign of D"
SH
l

e +
(1�D)"CVl

e (resp. (1�D)"SHs
me +

D"CVs
me ) . It

follows that when tax bases are independent or complementary, both tax rates
are always ine¢ ciently low due to "SHz < 0 and "CVz � 0 8p � 0 with z = l; s.
When tax bases are substitutable, same-base and cross-base externalities are
of opposite signs and we observe an upward distortion of: i) the state tax rate

TPE for D >
"SHs

"SHs �"CVs
, ii) the local tax rate tPE for D <

�"CVl
"SHl �"CVl

.
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Moreover, since �"CVl
"SHl �"CVl

<
"SHs

"SHs �"CVs
, an upward distortion of tax rates can

never occur simultaneously at both tiers.

Complementarity of tax bases, i.e. p > 0:
As the magnitude of both same-base and cross-base externalities increases

with p, a higher degree of complementarity increases the downward distortion,
i.e. @t

PE

@p < 0 and @TPE

@p < 0, 8p > 0.
Substitutability of tax bases, i.e. p < 0:
The relative e¤ect of cross-base vertical tax externalities to same-base hori-

zontal tax externalities depends on the level of decentralization D as well as on
the degree of substitutability p. By assumption jpj < b, an upward distortion at
either the state or the local tier can never occur for a level of decentralization
D 2 [ (n�1)

(mn�1)+(n�1) ;
1
2 ].

For tPE , we �nd that :

1. 8D > (n�1)
(mn�1)+(n�1) , 8p < 0, tPE is strictly concave in p and with a

maximum for value lower than the optimal tax rate.

2. 8D < (n�1)
(mn�1)+(n�1) , 8p < 0, @t

PE

@p < 0, with lim
p!0

tPE = D

e+
D(mn�1)
mnbe

<

t�PE = D
e . and limp!bp tPE = +1, where bp is the lowest value of p such that

tPE > 0.

3. forD = (n�1)
(mn�1)+(n�1) , 8p < 0,

@tPE

@p < 0, and tPE = 1
(mn�1)+(n�1)

(n�1) e+
(mn�1)
mn(b�p)e

<

t�PE = 1
(mn�1)+(n�1)

(n�1) e

For TPE , we �nd that :

1. 8D < 1
2 , 8p < 0, tPE is strictly concave in p with a maximum for value

lower than the optimal tax rate.

2. 8D > 1
2 , 8p < 0, @T

PE

@p < 0, with lim
p!0

TPE = (1�D)

e+
(n�1)(1�D)

nbe

< T �PE =

(1�D)
e and lim

p!epTPE = +1, where ep is the lowest value of p such that
TPE > 0.

3. for D = 1
2 , 8p < 0,

@TPE

@p < 0, and TPE = 1

2e+
(n�1)
n(b�p)e

< T �PE = 1
2e

The last part of the propositions follows directly from this analysis.
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7.3 Comparisons of tax rates

7.3.1 Symmetry between tax bases in terms of tax base assignment

Comparisons with PS give:

tPS TPS tPS + TPS

TC TC > tPS TC > TPS

8><>: TC � tPS + TPS if D � 1� 1
n

TC < tPS + TPS if D < 1� 1
n

Where eD =
� "SHl +"CHl

e +
"SHs +"CHs

me�
2e�

"SH
l

+"CH
l

e

� = (m�1)
(2mn(b�p)e2+mn�1)

7.3.2 PE versus all other �scal architectures

Comparisons between PE and PS are made for an identical level of decentral-
ization D.

� At the local tier:

�For n = 1:

p < p� p� = p p� < p

=tPS

8><>: tPS � tPE if D � D��

tPS < tPE if D < D��
tPS < tPE tPS < tPE

�For n > 1:
p < p�� p = p�� p�� < p < p� p = p� p� < p

=tPS

8><>: tPS � tPE if D � D��

tPS < tPE if D < D��
tPS < tPE

8><>: tPS � tPE if D � D��

tPS < tPE if D < D��
tPS < tPE tPS < tPE

Where p� < 0 satis�es e� "CHl
e = 0; p�� < 0 satis�es e� "CVl

me = 0

And D� =
e� "CVl

e�
2e� "CHl

e � "CVl
e

� , D�� =
e� "SVl

e

�
�
"SVl
e � "CHl

e

�
� At the state tier:

�For n = 1:
�
TC � TPE if D � 1

2
TC < TPE if D < 1

2

, 8p and TPS < TPE , 8p;D

�For n > 1:

p < p��� p = p��� p��� < p

=TC

8><>: TC � TPE if D � 1
2

TC > TPE if D < 1
2

TC = TPE

8><>: TC � TPE if D � 1
2

TC < TPE if D < 1
2

=TPS

8><>: TPS � TPE if D � D���

TPS > TPE if D < D���
TPS < TPE TPS < TPE
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Where p��� < 0 satis�es e� "CHs
me = 0

And D��� = � e� "CHs
me�

� "SVs
me +

"CHs
me

�

7.4 Levels of public good consumption in each �scal ar-
chitecture

In C : Gs;C = 2TCe =
1

1� "SHs +"CHs
2me2

=
1

1 + n�1
2n(b�p)e2

In PS :

8>><>>:
Gl;PS = 2tPSe

D = 1

1�D
"SH
l

+"CH
l

2e2
�(1�D)

"SV
l

+"CV
l

2me2

= 1

1+
D(nm�1)+(1�D)(n�1)

2nm(b�p)e2

Gs;PS = 2TPSe
(1�D) =

1

1�(1�D) "
SH
s +"CHs
2me2

�D "SVs +"CVs
2me2

= 1

1+
(n�1)

2n(b�p)e2

In PE :

8><>:
Gl;PE = tPEe

D = 1

1�D
"SH
l
e2

�(1�D)
"CV
l
me2

= 1

1+
D(mn�1)b+(1�D)(n�1)p

mn(b2�p2)e2

Gs;PE = TPEe
(1�D) =

1

1�(1�D) "
SH
s
me2

�D "CVs
me2

= 1

1+
n�1

n(b2�p2)e2 ((1�D)b+Dp)

7.5 Proof of proposition 2

For n = 1, we have Gs;C = Gs;PS = Gs;PE = 1 > Gl;PS = 1

1+
D(m�1)
2m(b�p)e2

>

Gl;PE = 1

1+
D(m�1)

m(b2�p2)e2 b

The result follows.

7.6 Proof of proposition 3

For n > 1, we have Gs;C = Gs;PS and Gs;C � Gl;PS if D � 1� 1
n

The result follows.

7.7 Proof of proposition 4

Let us denote h(x) = �x + lnx, a strictly concave function with a maximum
for x = 1.
We can easily show that 8DPE and p = 0, 1 > GC > DPEGl;PE +�

1�DPE
�
Gs;PE . We thus have h(GC) > h

�
DPEGl;PE +

�
1�DPE

�
Gs;PE

�
>

DPEh(Gl;PE) +
�
1�DPE

�
h(Gs;PE).

It follows that 8DPE , uC > uPE .
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7.8 Proof of proposition 6

uPE = F (e; e) +DPE
�
�Gl;PE + lnGl;PE

�
+
�
1�DPE

� �
�Gs;PE + lnGs;PE

�
@uPE

@D =
�
�Gl;PE + lnGl;PE

�
�
�
�Gs;PE + lnGs;PE

�
�

0@ 1
1

DPE
(mn�1)
mnbe2

+1

1A2

+

0@ 1
1

(1�DPE)
(n�1)
nbe2

+1

1A2

� (>)0 for DPE � (<) m(n�1)
(mn�1+m(n�1))

We thus have maximum welfare in PE for DPE = DPE� = m(n�1)
(mn�1+m(n�1))

For DPE = DPE�, GPE = Gl;PE = Gs;PE = 1

1+
m(n�1)(mn�1)

(mn�1+m(n�1))mnbe2

Since Gs;PS = Gs;C , then GPE < Gs;PS 8DPS

We can easily show that GPE � Gl;PS for DPS � (n�1)(2mn�1)
n(mn�1+m(n�1))

It follows that uPE < uPS for DPS � (n�1)(2mn�1)
n(mn�1+m(n�1)) :

Given that (n�1)(2mn�1)
n(mn�1+m(n�1)) > 1 �

1
n , we obtain that .u

PE < uPS < uC for

1� 1
n < D

PS � (n�1)(2mn�1)
n(mn�1+m(n�1)) and 8D

PE

uPS = F (e; e)+DPS
�
�Gl;PS + lnGl;PS

�
+
�
1�DPS

� �
�Gs;PS + lnGs;PS

�
@uPS

@D =
�
�Gl;PS + lnGl;PS

�
�
�
�Gs;PS + lnGs;PS

�
�DPSn(m�1)(DPS(nm�1)+(1�DPS)(n�1))

(2nmbe2+DPS(nm�1)+(1�DPS)(n�1))2

SinceGs;PS > Gl;PS whenDPS > 1� 1
n and

DPSn(m�1)(DPS(nm�1)+(1�DPS)(n�1))
(2nmbe2+DPS(nm�1)+(1�DPS)(n�1))2 >

0 8DPS , @u@D < 0 for DPS � (n�1)(2mn�1)
n(mn�1+m(n�1))

lim
DPS!1

uPS = F (e; e) +
�
�Gl;PS + lnGl;PS

��
lim

DPS!1
uPS

�
� uPE� =

�
�Gl;PS + lnGl;PS

�
�
�
�GPE + lnGPE

�
< 0

This gives the last result.

7.9 Proof of proposition 7

When p approaches �b, tax rates in PE are highly distorted (proposition 1),
such that the limits of Gl;PE and Gs;PE are in�nity or zero for any level of
decentralization DPE (except for DPE = 1

2 for which G
s;PE has a �nite limit

and DPE =
n� 1

(nm� 1) + (n� 1) for which G
l;PE has a �nite limit). It follows

that the limit of welfare is minus in�nity when p approaches �b.
In all other �scal architectures, the limits of Gl and Gs belong to the �nite

interval

"
1

1 + nm�1
4nmbe2

; 1

1+
(n�1)
4nmbe2

#
when p approaches �b. It follows from the
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form of the utility function that the welfare also belong to a �nite interval such
that it is always higher than in PE.
For the set of parameters n = 8, m = 50, b = 4 and e = 0 (same parameters

as in the other �gures), we plot the di¤erence uPS �uPE to compare welfare in
PS and in PE for every combination of p and D = DPS = DPE . As shown in
the �gure below, PS always provides a higher level of welfare than PE, whatever
the nature and degree of interdependence between the tax bases and the level
of decentralization D.

We did �nd many other sets of parameters such that uPS�uPE > 0, 8p;8D.
However, we could not �nd any set of parameters such that PE provides a higher
welfare than PS for some combinations of p and D.

35


