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Abstract

We analyze the strategic interaction of regional and federal governments using a model
that includes fiscal externalities in the form of inter-regional capital tax competition and
technical externalities in the form of inter-regional spillovers. The federal government aims
to correct for these inefficiencies using a transfer system. If the regional governments are
policy leaders (such that federal policy is set conditional on regional choices), they will
internalize both fiscal and technical externalities but free-ride on the transfer system.
Efficiency can be achieved by introducing a second transfer scheme that is independent of
regional public production. If the federal government sets its policy first and can commit
itself to it, the outcome is efficient only if matching grants are used that are financed

outside of the transfer system.
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1 Introduction

Fiscal decentralization is an important feature of modern public finance. In 2014, local gov-
ernments accounted on average for a third of consolidated government spending in OECD
countries, ranging from 7% in Greece to 69% in Canada. The most decentralized policy areas
are housing and community services, followed by the environment, education, leisure, culture
and religion (Blochliger and Kim, [2016). Decentralization has many advantagesﬂ but it can
also lead to technical and fiscal externalities. In this paper, we focus on their combined effect by
introducing spatial externalities (“spillovers”) into a tax competition model. We compute the
equilibrium outcome under different assumptions about the commitment ability of the central
government, and about the type of available policy instruments.

Some decentrally provided public goods are characterized by inter-regional spillovers, which
introduces a scope for horizontal strategic behavior by regional and local governments. Exam-
ples for such technical externalities include environmental regulation that also affects neigh-
boring regions, fire protection measures that mitigate the risk of a wildfire spread across juris-
dictions, infrastructure projects that can also be used by people who do not pay taxes in the
jurisdiction that financed them, or economic-geography effects such as clusters of research and
development that could affect growth in nearby regions.ﬂ If local governments do not consider
the benefit to residents from other jurisdictions, they will under-provide the public good rela-
tive to what would be socially optimal (Williams| [1966; Oates, 1972; |Wellisch| |1994} |Lockwood),
1999; Bloch and Zenginobuz, |2007)).

A related yet qualitatively different problem are fiscal externalities, which arise if local
governments tax a mobile tax base. For example, when taxing capital employed in a region,
local governments tend to ignore the benefit in other regions when they consider a marginal
increase in the tax rate that induces a capital outflow, which results in tax rates that are

inefficiently low (Zodrow and Mieszkowski, [1986; Wildasin) 1989).|T_"r] A fiscal externality can also

! Abstracting from interregional spillovers, decentralization can enhance or hinder efficiency depending on
the context. |[Arzaghi and Henderson| (2005) measure the determinants and the demand for decentralization in
different contexts. From a political economy point of view, the principal (voters) can control the performance
of the agent (government) better if the latter is local, which can lead to a better government performance and
increased happiness(Voigt and Blume, [2012).

2Spillovers can consist of public goods produced in one jurisdiction “spilling out” to other jurisdictions
(e.g., flood protection measures that also protect jurisdictions located downriver), or the population of other
jurisdictions “spilling into” a jurisdiction to consume a public good good (e.g., the visiting a subsidized opera
house or sports stadium).

3See [Wilson and Wildasin| (2004), Fuest et al.| (2005) and Keen and Konrad| (2013)) for comprehensive surveys



arise in the context of residence-based tax competition (typically, such taxes apply to property
or income), in which households do not consider their fiscal impact on others when moving to
a jurisdiction; for a review, see Briilhart et al.| (2015)).

Some previous models have combined technical and fiscal externalities into a single frame-
work. Bjorvatn and Schjelderup (2002) show that in the presence of (positive) spillovers, the
inefficiency from inter-regional capital tax competition is mitigated, and |[Kuhlmey and Hinter-
mann| (2019) find qualitatively similar results in the context of tax-induced Tiebout sorting.
The underlying intuition is that a share of the tax base that relocated to other regions “spills
back” into the home jurisdiction in the form of public consumption. Although technical and
fiscal externalities can exactly offset each other in special cases (see, e.g., [Pinto, [2007; [Eichner
and Runkel, 2012; Ogawa and Wildasin, [2009), the coexistence of both types of externalities
is generally associated with an inefficient outcome (Oates and Schwab, (1988} [Fell and Kaffine,
2014). In a model that uses labor as the mobile factor (rather than capital as in this pa-
per and most of the literature), |Bloch and Zenginobuz (2015) show that the inefficiency of
decentralization increases both with the degree of spillovers and the mobility of the population.

Most of the articles about tax competition use an international setting in which regions
compete against each other in the absence of a central government. In a federalist system,
the central government can address inefficiencies and redistributive concerns among regions by
means of corrective policies such as transfers and grants. However, federal transfers may cause
new distortions, especially if the central government is unable to commit to its policiesﬁ A lack
of federal commitment can be modeled using a Stackelberg game, in which local governments
act as leaders and the central government as a follower, which has given rise to the term
“decentralized leadership” (Silva and Caplan) |1997)). This is closely related to the literature
concerned with “soft” budget constraintsﬂ In contrast, if the federal government can commit

to its policy, this is referred to “centralized leadership”. Federal commitment is often implicitly

on capital taxation.

4There are economic and political arguments for an inability to commit on behalf of the central government.
If the central government is benevolent and interested in maximizing total welfare, it might change from its
pre-specified policy if inefficiencies from local policy decisions are too large (Wildasin, [1999). Political motives
include reputation effects and the incentives to win votes by giving transfers to poorer regions (see Oates|, [2005)).

5Some of the literature labels the lack of commitment inability as a “soft budget constraint” (see |Qian
and Roland} [1998; |Goodspeed], 2002; [Kornai et al., [2003). A soft budget constraint implies that the central
government is expected to increase subsidies in response to regional government taxes as it allocates these grants
in order to equalize marginal utilities of public good consumption across the federation. See Kornai et al.[(2003)
for a more in-depth discussion of soft budget constraints.



assumed when analyzing corrective policies (see, e.g., |Wildasin, 1989; DePeter and Myers|,
1994; Dahlby, 1996; Wilson and Wildasin, [2004; |Ogawaj, 2006). Empirical evidence for whether
the federal government can or cannot commit is inconclusive (see, e.g., [Hayashi and Boadway],
2001), and the reality often lies between these polar cases: Although we do observe that central
governments “bail out” regions or member states, marginal public consumption is arguably not
equalized within federations, as would be predicted under a model of decentralized leadership.
Besides assumptions regarding commitment, the efficiency implications of a federal transfer
scheme depend on its specific form. Boadway| (2004) differentiates federal transfers into two
broad categories: A “gross” scheme is characterized by transfers from the federal government

“net” scheme is self-financing in the sense

to the regions financed by a central tax, whereas a
that it only consists of inter-regional transfers that must add up to zero.

In this paper, we analyze the interplay of technical and fiscal spillovers under both cen-
tralized and decentralized leadership and different federal transfer systems. We investigate the
conditions under which the social optimum can be implemented, and the sensitivity of the
outcome with respect to the strength of inter-regional spillovers. Whereas some of the results
we derive have been previously reported, others are new to the literature, and we present them
in a series of propositions. Furthermore, by comparing the different outcomes within a single
framework, we facilitate a comparison and synthesis of the possible outcomes, and thus in-
crease our knowledge of the efficiency aspects of transfer schemes that aim to support public
production within a federation.

A number of previous papers have addressed the efficiency of decentralized public provision
in the context of strictly local public goods (Koethenbuerger], 2004; Breuille et al., [2010; [Silval,
2016)). |Caplan et al. (2000) investigate the special case of a public good that is associated with
perfect spillovers (which makes it a “global” public good) and prove that under decentralized
leadership and a net transfer scheme, the outcome can be efficient. As shown by [Akai and
Satol| (2008)), the efficiency property hinges on the assumption of perfect spillovers. Throughout
the paper, we allow for the entire range between zero and perfect spillovers, and our results
therefore include those of [Koethenbuerger| (2004) and Caplan et al.| (2000) as special cases.
We focus on public goods that convey a positive externality and thus abstract from situations

where public production negatively affects utility in neighboring jurisdictions[]

SBondarev et al.| (2017) examine the choice between different types of public goods, some of which may



Our paper shows that the efficiency of the outcome crucially depends on the federal com-
mitment ability and the available transfer system. Several results emerge from the paper. We
find that an inability to commit on behalf of the central government leads regions to free-ride
on the tax revenue of other regions via the federal transfer scheme, but that spillovers to other
regions are internalized by the regional governments when they optimize their public produc-
tion. Intuitively, regions anticipate that the federal government will redistribute to the point
where public consumption is equalized, conditional on inter-regional spillovers, such that re-
gions cannot make themselves better off by under-providing the public good. If spillovers are
perfect in a decentralized leadership setting, no transfers are required to reach an efficient out-
come. A net equalizing transfer system complemented with private income redistribution can
counteract the free-riding on federal transfers, as in Silva (2016). Since both private and public
consumption are equalized ex post by the federal government, the regional governments have
an incentive to optimally tax capital. In contrast, a gross transfer scheme that only equalizes
public consumption leads to an efficient outcome only as a special case.

If the federal government can commit and uses a net transfer system, the solution is charac-
terized by the (inefficient) Nash equilibrium first derived by |Bjorvatn and Schjelderup (2002).
In this situation, spillovers mitigate the inefficiency due to tax competition, but they lead
to free-riding on inter-regional public production. Efficiency can be restored by introducing a
matching grant, as shown by |Ogawal (2006]). However, this necessarily requires a separate source
of revenue for the federal government, as the matching grant itself cannot be revenue-neutral.

The paper is organized as follows: In section [2] we present our framework. The Pareto-
optimal provision of public goods and the Nash equilibrium is rewiewed in Section (3| Section
contains our main results, first for the case of decentralized leadership, and second with the

roles reversed. The last section concludes.

2 Model

We model a competitive equilibrium describing a two-layer federalist economy, in which regional

governments raise revenue and provide public goods. Our model is based on the capital tax

convey negative externalities to other regions; however, they abstract from tax competition and thus from fiscal
externalities.



competition models of [Zodrow and Mieszkowski| (1986), Wilson (1986|) and Hoyt (1991). We
allow the public goods to “spill” into other regions in the sense that the public good produced
in region ¢ can also be consumed, to a varying degree, in region j # ¢. There is no rivalry in
consumption [’ The effect of spillovers in the presence of capital tax competition has previously
been analyzed by Bjorvatn and Schjelderup| (2002). We extend their “international” model by
adding a federal government, and by allowing for sequential policy setting rather than restricting
it to be simultaneous.

There are n > 2 regions (i,7 = 1,...,n with ¢ # j). Each region contains a representative
household with identical preferences and an identical endowment of capital and labor. Each
region also contains one representative firm. These firms behave perfectly competitively and
use identical production technologies. The local governments choose their policies to maximize
the utility of the regional household. One federal government exists with the power to enforce
transfers between the regions and, in some settings, has the ability to raise revenue via a lump-
sum tax. Throughout the text, we use the terms “regional” and “local” interchangeably to
refer to the lower level of government and “central” or “federal” to refer to the upper level.

Capital is a productive factor that is mobile across regions, and regional governments tax it
to finance their expendituref] In addition, production relies on labor L;, which is immobile and
cannot be taxed by the regional governmentsﬂ Households and firms act as price takers and
meet on the factor and consumption good markets. We normalize consumer prices by choosing

private consumption as the numeraire.

2.1 Private production

The representative firm within each region produces one good, using capital and labor as
inputs. To simplify notation, we normalize production such that k; refers to capital per unit of
L;. The production function is continuously differentiable and strictly quasi-concave in k;, i.e.,

f'(-) > 0> f7(-). Capital is rented at the (federal) capital market price R and locally taxed

"For an analysis focusing on both spillovers and congestion, see Kuhlmey and Hintermann| (2019).

8Capital is interpreted as physical capital (i.e. factories) and not as financial investments, which would
require a different type of model (in which the level of regional production would not depend on the level of
capital). Generally speaking, capital is interpreted as anything generating real output that is mobile across
regions; see |[Keen and Konrad| (2013) for a discussion. We further refrain from modeling mobility costs of
capital.

9An alternative interpretation of L; would be land. The relevant assumption about this factor is immobility
across regions and that it does not serve as a regional tax base.



at t;, and labor is paid wage w;.

The profit-maximization problem of the representative firm in region ¢ is given by

max f(ki) — (R+t)k; —w; Vi € n.

k; >0

Optimal production is characterized by

ok; ' 1)

which implicitly defines the capital demand k;(R + t;) showing that the marginal products of
capital has to equal the price in terms of output.

Under perfect competition and constant returns to scale, revenue is fully exhausted for
factor payments such that profits in equilibrium are zero. This determines the equilibrium

compensation for L, (if this is labor, then w; is the wage):

2.2 Public production

Regional governments have authority over tax collection and public good provision, and they
care about the utility of their residents only. Regional governments demand the produced good,
which is transformed into a local public good g; for their residents, i.e., they use a domestic
production technology which permits to produce one unit of the public good from one unit of
the consumption good ¢; such that f(k;) = ¢;+ gim Public goods are financed by a source-based

tax on capital and the federal transfer s;:

The benevolent federal government implements a transfer system which can either be self-
financing (net transfer system) or financed by an additional federal tax (gross transfer system).

Regions count equally for overall welfare. With a net transfer system, transfers to one region

10This means that the marginal rate of transformation between the private and the public good is equal to
one.



are financed by the negative transfers of other regions:

Zsi:(). (4)

The federal government can additionally be equipped with an explicit net transfer system

for income (as in |Silva, [2016) defined by

ano, (5)

where 7; is a lump-sum tax or transfer that applies to region 7. Note that any symmetric
equilibrium under a net transfer system will be characterized by s;, =7, =0V 7.
With a gross transfer system, regional transfers are financed by a uniform federal lump-sum

tax on private consumption:

Zsi =nr. (6)

2.3 Market clearing

Public and private consumption are different uses of the same good and all after-tax income is
spent on private demand. The consumption good may be traded across regions. Market clearing

requires that the output produced equals the demand for public and private consumption:E

n

Z f (ki) = Z(gz + ). (7)

i=1

Firms in region i demand capital k; and households offer their capital endowment k; on the
federal market. Total aggregated capital supply Y1 k; = K is fixed at the federal level.E In

the free-trade equilibrium, capital endowed equals capital employed:

iki:[_(. (8)

HWith a perfectly competitive product market, condition (7)) is always satisfied with identity. To see this,
substitute and into the LHS of , and substitute , (4) and into the RHS, to get > w; +t;k; +
Rk; = >~y w; + t;k; Rk;. Since the sum of the employed capital (k;) has to equal the sum of available capital
(k;), the equilibrium condition @ is always satisfied and can be ignored. [Wilson| (1987) modifies the model
and analyzes trade in two goods; for a modification with trade costs, see Becker and Runkel| (2012)).

12With a fixed capital supply (zero elasticity of supply), impacts of taxes are entirely felt by the aggregated
suppliers of capital (= all households) as R will respond to changes in ¢. Papers relaxing the assumption of
fixed capital supply include [Ogawa and Wildasin| (2009) and |Eichner and Runkel| (2012).




We restrict our attention to the case where the price for capital is always positive and capital
is thus fully employedﬂ The capital tax of local governments increases firms’ rental price for
capital to R + t;. In equilibrium, the net return on capital determined by aggregated factor

market clearing has to hold in every region due to arbitrage:

2.4 Comparative static effects under symmetry

Adopting the perspective of a specific region ¢ and assuming the other regions to be identical,
a static analysis with respect to region 2’s tax rate describes the general equilibrium structure

of the economy. Differentiating with respect to t; yields:

1 | Ok

K k; ok; ok;
oK _ 9 . =0, such that = —( )8t~'

o o, T (n=1) o, ot

n—1

The reaction of the capital price in response to region i’s capital tax rate is derived by

differentiating @D:

OR Ok;

e B Ok

ot;

= (k)52 <0.

Combing and imposing symmetry (i.e. k; = k; = k) leads to the equilibrium conditions

previously identified by Koethenbuerger| (2004):

oy = ( - )f”(k) <0, T >0, and el <0. (10)

The set of equations shows that there are two consequences to a change region ’s
tax rate: The region’s own capital demand is reduced, whereas the capital employed in other
regions increases via the decrease in the federal interest rate. The latter decreases with the
number of regions in the model. Intuitively, if region ¢ increases its tax rate, capital moves out
of region 7 and flows into the other regions 7 # i until the marginal product of capital in all
regions is equal to the sum of the regional capital tax rate and the federal interest rate, R (eq.

9.

131t is never a dominant strategy for region i to raise its tax until R = 0, and we abstract from the possibility
that capital could be in excess supply, as in |Bucovetsky| (1991]).




2.5 Consumption by households

The representative household in each region ¢ obtains utility from private and public consump-

tion, which, in general, also depends on the public goods provided by other regions:

Gi=g+8Y 9 i, Bel01]. (11)
T
The case 5 = 1 represents the situation of perfect spillovers (“federal” public good), whereas
£ = 0 is the case of publicly provided private goods that has been the focus of most of the
previous literature. There is no congestion in public consumption.
Ui(ci, G;) is strictly increasing, concave and satisfies the Inada conditions. Households
receive income I; from capital endowment and fixed labor supply, which is entirely spent on

private consumption:

3 Benchmark cases

In this section, we derive the outcome for the social optimum and the Nash equilibrium for
symmetric regions, two benchmark cases that have been considered in the previous literature.
Although our model contains a federal government, the benchmark results are identical to those
derived by Bjorvatn and Schjelderup| (2002) in the absence of a federal governmentm and we

therefore keep the exposition brief.

3.1 Social optimum

To characterize the set of Pareto-optimal allocations, we use a model in which the federal

government acts as a benevolent social planner. It chooses ¢; and g; to maximize the welfare

141f regions are not symmetric, the presence of a federal government affects the equilibrium outcome due to
the (nonzero) transfer that will co-determine consumption and production. However, the functional forms of the
optimality conditions would remain the same. In the social optimum, this is due to the fact that our benevolent
federal government simply takes the place of the social planner in [Bjorvatn and Schjelderup| (2002). For the
Nash equilibrium, any federal transfer is considered as given by the regional governments and thus drops out
of the first-order conditions.

10



in the federation, based on a utilitarian social welfare function, by solving:

max Ul Ci, Gl s.t. Gl = g; + i 13
Jnax ; (ci, Gi) 9 5;9] (13)
J#1
D fk) =) (ci+g).
i=1 i=1
Imposing symmetry, defining the marginal rate of substitution between public and private
consumption as M RS; = ggl g—g and suppressing the subscript yields (for the intermediate

steps, refer to the Appendix):

1
PO __ .
MRS A=Y Vi (14)

This implicitly defines the optimal tax rate ¢t”°. Condition states that a marginal

1

TT-1)B in terms of private marginal

decrease in public consumption requires an increase of
consumption in order for utility to remain constant. Without spillovers (5 = 0), the optimal
tax is set such that the MRS equates the marginal rate of transformation (M RT = 1) between
the public good and the private good in production. With g = 1, this collapses to the standard
Samuelson rule given by Y " | MRS; = MRT.

To gain more intuition, we assume that the federal government uses a self-financing transfer

according to and specify the following utility function:

=1

=
If regions are symmetric, the self-financing transfer scheme is s; = 0V in equilibrium.
Taking the derivative of with respect to ¢; and G, substituting into and solving for

t; leads to the Pareto-optimal tax

tP0 = ¢/k. (16)

Note that depends on the model parameters via equilibrium consumption ¢, which is

a function of 3,n, K and the parameters of the production functionE

15Bjorvatn and Schjelderup (2002) and [Koethenbuerger (2004) use a quasi-linear utility function defined by
Ui(ci,Gi) = ¢; +n ([tzkl + s+ B [tk + s]]) Using this in and solving leads to the Pareto-optimal

11



3.2 Nash Equilibrium

The second benchmark is the Nash equilibrium, in which the regional and federal governments
make their policy choices simultaneously (and cannot adjust them later). We assume that
regional governments optimize over taxes and that expenditures adjust residuallyE The federal

government’s maximization problem can be written as follows:

n

max zn:U(ci,Gi) s.t. G :tiki—l—si—kﬁzn:gj; Zsi =0. (17)
i=1 ‘

Gi,8451=1...n
j=1 i=1
J#
The optimality conditions are given by:
U(Gi)+ ) UG =U(G)+ 8y U(Gn) Vi (18)
T i
If regions are identical, these conditions simplify to:
U'G)=U(G;) = G=G; Vij. (19)

This condition states that the federal transfer equalizes public consumption across regions.
From symmetry, equations and imply that sVE = ( "T_l)(tzk, —t;k;), which is zero if all
regions are identical "]

Substituting the definition for g; = t;k; + s;, the maximization problem faced by the regional

governments becomes:

gox UlenG) st Gi=(kits)+6) (tik +s) (20)
]:
JF

¢ = f(ki) = f'(ki)k; + kiR .

Solving this problem, imposing symmetry and using the capital market clearing conditions

tax t©9 = 1/k, which is independent of 3 and n. However, this is due to the fact that the marginal utility of

income is constant with quasi-linear preferences, which is obviously a special case.

16See [Wildasin| (1988) for a discussion on how the choice of strategic variable influences the Nash equilibrium.
Akai and Sato| (2008) provide a comparison of expenditure and tax optimization in a decentralized leadership
game.

1"In symmetry, taxes are equal and consequently capital such that sV

is zero.

12



leads to the optimality condition given by (derivation in Appendix)

1
MRSNF = — — 21
1—(1—p)e (21)
with € = —g’;”i—l = "T_l_ f,l,(k),i > (0 representing the elasticity of region ’s capital demand

with respect to the tax rate. Because regions take the federal transfer as given in the Nash
game, s; drops out of the first-order conditions, thus yielding the same result as in Bjorvatn
and Schjelderup| (2002), where independent regions compete for a tax base in the absence of a
federal government.
Using the utility function in , substituting into the left-hand side of and solving
for the resulting tax rate yields
(NE _ tPo; (22)
1+ DNE]

DNEEB(TL—I)—I—(l—ﬁ)(n_l);i>0. (23)

n = k) k2

The Nash equilibrium tax tV¥ is inefficiently low for n > 1. The expression for the distor-
tionary term D™V¥ illustrates that the inefficiency stems from a convex combination of free-riding
and capital tax competition. Without spillovers, Dévz% = (”T_Ll) f,, W F 2 isolates the inefficiency
due to the fiscal externality. The fiscal externality arises because regions consider the capital
outflow out of their region as a cost when setting their tax rates, but fail to consider benefits
accruing to other regions (see also |Zodrow and Mieszkowskil, [1986; Wilson|, (1985 [1986)).

If spillovers are present, a [-fraction of the capital outflow spills back to region 7 in the
form of higher public good provision in the other regions. This is taken into account by region
© when setting its tax rate. The response of the distortion to a marginal change in the level of

spillovers is given by:

ODYE 1 1 1
B>0
=n-1 (14— . 24
7 == (1457 2y
If L DT k)| kQ > 1, an increase of the spillover intensity decreases the distortion relative to the

Pareto-optimal tax. Intuitively, if |f”| is small, then a marginal change in the tax rate leads to
a relatively large outflow of capital in order to restore the equality t;+ f* = R, whereas if | f”] is

large, the corresponding capital outflow is small. If tax competition (the second term in (23)))

13



dominates the welfare loss, an increase in the level of spillovers improves efficiency because this
counteracts the fiscal externality. In contrast, if free-riding (the first term in (23))) is relatively
more important, then an increase in 3 reduces efficiency.

Note that the Nash result is qualitatively similar toBloch and Zenginobuz (2015), who model
labor as an imperfectly mobile tax base and allow for inter-regional spillovers of the public good.

They find that the equililbrium tax rate is non-monotonic in the spillover parameter[™]

4 Sequential policy setting

The Nash game gives valuable insights. However, in practice it is often the case that one level of
government can observe the decision of the other before making its own choice. We distinguish
between the polar cases of decentralized and centralized leadership, which we analyze in turn.
Within these cases, we derive the outcomes for different transfer systems available to the federal
government: (i) Gross vs. net systems; (ii) with and without additional redistribution of private
income; and (iii) lump-sum vs. matching grant. Figure 1 provides an overview of the cases
that we study. While some of the results in this section have been previously reported in the

literature (shaded boxes), other combinations are new (clear boxes).

4.1 Decentralized leadership

If regional governments are allowed (or required) to define their policies first and are able to
fully commit to them, then they are policy leaders in a formal sense. Alternatively, regional
governments can also be de facto policy leaders if the federal government defines policy first,
but is unable to commit and thus adjusts its policy after observing the outcome of regional
policy choices. This is often discussed in the context of the federal government “bailing out”
regions despite having promised not to do so (Wildasin| [1999; |Akai and Sato, [2008). If regions
anticipate that they have a “soft” budget constraint, they incorporate the federal government’s

response when setting the policy that maximizes their (regional) payoffs.

18We refer to [Bloch and Zenginobuz (2015)), proposition 3. The equilibrium tax rate in their model depends
nonlinearly on the spillover parameter, as is the case here. Furthermore, the equilibrium tax rate decreases if
mobility increases, which is conceptually similar to the tax in the Nash equilibrium defined by —. Here,
the tax decreases if capital is “more mobile”, meaning that |f”| is smaller (the more linear the production
function, the greater is the elasticity of regional capital demand with respect to the tax rate, €).

14



Figure 1: Overview of policy scenarios of capital tax competition with public good spillovers

|+ redistribution of income

Net / H i
transfer system , .
i w/o private consumption !

redistribution

Decentralized
leadership

Gross

transfer system

Federal
commitment
ability

Net

transfer system

Centralized
leadership

w/o matching grants

Gross

transfer system \

+ matching grants

To capture the idea that the federal government responds to regional governments’ choices,
we model the latter as Stackelberg leaders and the federal government as a Stackelberg follower.
In the first stage, regional governments select their taxes in order to finance public goods before
the central government decides on transfers in stage two. The game is solved by backward

induction and for different types of transfer systems.

4.1.1 Net single transfer system

In this transfer system, transfers are self-financing, and there is only one type of transfer. In the
second stage, the federal government chooses the level of transfers to maximize social welfare
after observing the regional governments’ policy choices. Regions anticipate that transfers are
a function of their own tax rates. To derive the federal response to a marginal change in region

1’s tax rate, we start by differentiating :

887; . (95]' . 8sj
ot ; o, ~ D (25)

The second equality is a consequence of imposing symmetry. Using , the change in
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public consumption in region ¢ as a reaction to a change in the local tax rate is given by:

0G;  d tik;
ot; ot

ot;

0 S;
ot;

+B(n—1) +(1-7) (26)

The first term describes region i's revenue effect when setting the tax ¢;; the second term
is the received “spill-back effect” of higher public good provision in other regions due to the
inflow of capital; and the third term captures the change in the federal transfer.

The change in public consumption in region j in response to a change in the tax rate in

region i # 7 is given by:

an 0 (tjk’j + Sj) 0 (tlk’, + Si) 0 (tmk’m + Sm)

R T e e ) B,
= (1+5(n=2) ot; + oty  n—10t° (27)

Differentiating with respect to t; and canceling 0*U/0G} = 0?U/0G5 due to symmetry
yields 0G;/0t; = 0G;/0t;. Equating and and simplifying leads to an implicit definition

of the best-response function s;(¢;,t;)

(1= B = (1= BT — (1 - == (28)
or, for f < 1,

which is identical to the function derived by Koethenbuerger| (2004)) in the absence of spillovers.
We now provide some intuition for why this is the case.

The transfer response function consists of two parts. The first term on the right-hand side
of is positive and reflects the revenue increase in every other region in response to region 7’s
tax increase. To keep public consumption equalized across regions, the transfer to region ¢ has
to be increased. However, due to the spillovers, region i only needs to receive a (1-3)-fraction
of this surplus, as 3 spills over even in the absence of federal redistribution. If 3 increases,
more of the capital leakage spills back to region i, and a smaller federal transfer is required.
With perfect spillovers, the entire increase in public good production spills back to ¢, rendering

a transfer increase unnecessary.
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The second term in (28] represents the local revenue increase in region i due to the tax
increase. To assure that G; = G, region 1 is only allowed to keep a fraction 1/n of this revenue
increase, whereas it has to surrender (n — 1)/n in the form of a decreased federal transfer.
Again, due to the spillovers, region i already gives up some of its revenue increase, such that
the reduction of the transfer only needs to be a (1-f)-fraction of it. With § = 1, there is no
need to reduce region i’s transfer as all other regions equally share the benefits of the revenue
increase.

Because not only public production, but also the transfer itself spills across regions (in the
form of public consumption), region ¢’s transfer has to be adjusted accordingly. For example,
with 8 = 0.5, the transfer change to region ¢ has to be twice as high in order to achieve the
desired outcome. This is the reason why the spillover parameter cancels out in . Last, note
that with perfect spillovers, both sides of are zero, indicating that any pattern of federal
transfers leads to the same outcome as all regions consume the (pure) public good equally
irrespective of where it is produced.

In stage 1, regional governments maximize the utility of their residents. When setting the
optimal tax rate, they consider its effect on the choices made by the representative firm and

household in the region, as well as on the federal transfer:

t;

w0 ([706) = 1060k + R, ik 4 (6 0)] 5 30l0ks + st ). (30
i

The first-order conditions and the resulting optimality conditions are derived in the Ap-

pendix. We combine our results in the following proposition:

Proposition 1 Decentralized leadership with net single transfer
The decentralized equilibrium under decentralized leadership, with symmetric regions and trans-

fer system 15 characterized by:

DE __ n . PO
MRS ——1_'_6(”_1) n-MRS™™ . (31)

Proof: See Appendiz[A.2.1]

The MRSPF exceeds the first-best MRSTC for n > 1, such that the tax is set too low.
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Under decentralized leadership, the federal transfer corrects for the distortions of capital outflow
triggered by capital tax competition and free-riding on the public goods of other regions, as can
be seen in (28). The distortion in the tax rate is introduced via the revenue-sharing transfer
system and the inability of the federal government to commit (i.e., it “bails out” regions by
ensuring equal public consumption everywhere). Expression corresponds to the solution in
Koethenbuerger (2004)), corrected for the presence of spillovers. If spillovers are perfect (5 = 1),
the equilibrium collapses to the case of a federal public good and pure free-riding on transfers
first derived by Warr| (1983)).

Using the utility function defined by , we can solve for the resulting tax rate in a

symmetric decentralized equilibrium:
c
PP = — = —. (32)

Intuitively, regional governments anticipate that the federal government will set transfers in
order to equalize public consumption. They know that they can only keep an n-fraction of the
additional revenue from a tax increase, which results in an under-provision of the public good.
Importantly, this under-provision is unrelated to fiscal and environmental spillovers (which
are internalized by the transfer), but is entirely due to the tax-transfer system by the federal

government.

4.1.2 Net transfer system with additional redistribution of income

In this subsection, we assume that the federal government has access not only to a transfer that
equalizes public consumption, but to an additional transfer targeting private consumption, as
defined by . Solving the federal government’s problem in stage 2 leads to (see Appendix
A.2.2):

U/(CZ‘) = U/(Cj) = C; = Cj A i, j (34)

The federal government chooses the two types of transfers such that the marginal utilites

of private and public consumption across regions are equalized. If regions are identical, this
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implies equal private and public good consumption across regions. Together with the budget
constraints, this defines the federal policy program and consequently the reaction functions
si(t;, t;) and 7(t;,t;).

The reaction function of s; is identical to the case without income distribution and is given
by , as public consumption is once again equalized according to . The reaction function
of the private consumption transfer is (derivation in Appendix :

oT; n—1 oT; 1

o, k<0 and 8tizﬁk>0' (35)

Without a transfer, the marginal reduction of private income due to an increase in the tax
in region ¢+ would be given by k. Due to the transfer, region i receives "T_lk; and all regions j
have to pay %/{: Thus, the cost of substituting private with public consumption in a particular
region is shared evenly across all regions.

The decentralized equilibrium with additional redistribution of income is characterized by

Proposition 2.

Proposition 2 Decentralized leadership with net income transfer
The symmetric equilibrium with spillovers under decentralized leadership, in which the federal
government uses a net transfer system for public as well as private consumption, is Pareto-

optimal:

1

MRSPFI = — —
1+ (n—-1)p

= MRS?? . (36)

Proof: See Appendiz[A.2.3.

This means that the result by Silva (2016) for strictly local public goods also applies in the
presence of spillovers. Regional governments anticipate that the federal government equalizes
both public and private consumption, inclusive of any spillover effects. If the federal government
can redistribute private income, in addition to public consumption, the negative incentives from

the revenue sharing system can be counteracted.
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4.1.3 Gross transfer system

In comparison to the net transfer system, the ex post transfers in a gross transfer scheme are

financed by an additional federal tax. To abstract from issues related to vertical tax competition

(see, e.g., Dahlby and Wilson) [1994; Keen and Kotsogiannis, 2002)), we assume this additional

tax to be a non-distortive head taxH The federal budget constraint is given by """ | s; = nr.
Solving the federal government’s problem leads to (see Appendix :

ou 1
oG, PO
L— L — V| .
o = MRS = 7y = MRS )

The federal government allocates transfers to equalize the marginal utilities of public goods
(again, with identical regions, this translates to the same level of public consumption every-
where) and ensures an optimal amount of public goods in each region.

To derive the best-response functions of the federal policy to a change in regional tax setting,
we differentiate the first-order conditions of the symmetric equilibrium with respect to ¢; and
solve the system of equations to obtain s;(;,%;), s;(t;, t;) for § < 1 (see Appendix :

O0s;i n—1 0tk, _ ot;k; or ds; 1 Otk; B Otk; or

+ — and

(39)

The first term of the reaction function s;(¢;,t;) of the federal public good transfer is equiv-

alent to the net transfer system without private income redistribution. The best-response

function for 7(¢;,t;) is given by (see Appendix [A.2.3))

or —Ucc-0—9Usc <%(% + (n — 1)%!?))

or _ , 40
ot; oUca — Ucc (40)

with ¢ = [1+ B(n—1)]> > 0 and 6 = —f”(k:z-)aat]:i ki + g—gl_@- < 0. The numerator is positive,
such that % < 0if |Uce| < |¢Ugq|, and vice versa.

The equilibrium with a gross transfer system is characterized by Proposition 3.

Proposition 3 Decentralized equilibrium with gross transfer

9Given that all federal inputs are fixed in this model, this could be substituted by a federal tax on capital
or labor without loss of generality.
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The symmetric equilibrium with spillovers under decentralized leadership with B € [0,1], and in

which the federal government uses a gross transfer system, is given by

UGGf[l + B(TL - 1)] UGG 1

MRSPEs = — : .
Ucc Uoc MRSFO

(41)

The equilibrium can be Pareto-optimal depending on Uge and Ugg. For the special case of
U = In(¢;) + In(G;), as in (15), the result is efficient since Ugg/Ucc = M RS?. However, for
any other preferences, the public good is either under- or over—provided@ This is qualitatively
consistent with [Breuille et al.| (2010)), who find that a net transfer system performs better than

a gross transfer system.

4.2 Centralized leadership

We now turn to the case in which the federal government is able to commit to its policy
choices, regardless of regions’ decisions, and the latter know this. The roles are thus reversed:
We model the federal government as the Stackelberg leader and the regional governments as
followers that set their policy in the second stage conditional on the federal policy. In the first
stage, the federal government anticipates the response by the regional governments.

Unlike in the Nash equilibrium and in the decentralized leadership model, the form of the
transfer matters when the central government is the policy leader. In particular, the federal
government can either pay a lump-sum grant or a matching grant that is proportional to regions’
public productionﬂ In many federations, the transfer system has some degree of conditionality
as a device for federal influence over regional programs (Boadway and Tremblay, |2012).

A matching grant necessarily requires a gross transfer system, since public production will
be strictly positive, and the sum of payments thus cannot be zero. Therefore, a net transfer
system has to be based on lump-sum transfers (in the sense that they do not depend on
g:). Whether the transfers aim at public or private consumption is immaterial: All lump-sum

transfers will drop out of regions’ first-order conditions and thus the equilibrium under a net

WFor U = aln(c;) + BIn(G;), we can reformulate (1)) to M RSPFs = gé = gm The RHS is equal

to MRSTO only for o = 8. For a > f3, the public good is over-provided, and vice versa.

21For simplicity, we have modeled the grant as a lump-sum transfer above. In the Nash equilibrium, regional
governments take the money amount of the transfer as given, regardless of how this amount is determined. In
the decentralized leadership setting, the grant is chosen such that public consumption is equalized across regions
(G; = G;). Again, the form of the grant is immaterial.
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transfer system and centralized leadership is the same as in the Nash setting discussed in section
3.2 The equilibrium is inefficient and characterized by , and under symmetry we have that
s; =1, =0V4i.

In the following, we analyze the equilibrium if the federal government has access to a
matching grant of the form

MG =q.q Yi |, (42)

1

with a > 0, which requires a separate source of revenue for the federal government. We specify
this source as a uniform head tax TE The entire revenue from this lump-sum tax is exhausted

by the transfer system:

n~T:a-Zgi. (43)
i=1

The timing of the centralized-leadership-game is as follows: In the first stage, the federal
government chooses a matching rate a. Because the federal government anticipates the reaction
of the regional governments, setting o defines 7 through . In the second stage, regional
governments choose capital taxes t; to maximize the utility of their resident households while
treating the matching rate as given.

We collect our results in the following proposition:

Proposition 4 Centralized leadership

(i) If the federal government uses a lump-sum transfer, which is necessarily the case in a net

transfer system, the centralized outcome is characterized by the Nash equilibrium.

(i1) If the federal government has access to a matching grant that is financed via a federal

lump-sum tax, Pareto-efficiency can be induced by choosing the following matching rate:

ce _ (n—1)8+(1—pB)e
Ny (44)

with € representing the (absolute) elasticity of regional capital demand w.r.t. the tax rate.

220gawal (2006) uses a region-specific tax 7;, but one that is not revenue-neutral and therefore does not
correspond to the income-redistributing net transfer considered above (note that he does not discuss the issue
of commitment). The result is the same under symmetry, as all regions pay the same tax, but the outcome
would differ with asymmetric regions. Since both the population and the total amount of capital is held fixed,
7 could also be specified as a tax on labor, or as a residence-based tax on capital k;.
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(i) If n > 1 and € < "T_l, an increase in spillovers increases the matching rate, and vice

versa.
Proof: See Appendiz[A.5

Expression is equivalent to the result derived by Ogawa (2006]) based on a matching
grant that is financed by region-specific lump-sum taxes (as opposed to the uniform federal
head tax considered here). The federal government sets the optimal matching rate v such that
the fiscal externality induced by capital tax competition and the technical externality due to
spillovers are both exactly internalized. The matching rate depends on the number of regions,
the elasticity of a region’s capital demand with respect to the tax rate, and the strength of the
spillover effect.

To gain some intuition, we start with the case of no spillovers. With § = 0, the matching

rate corrects for the fiscal externality from tax competition only (as there is nothing else to

Ok;

t Ok;j ¢
ot; k

= (n — 1) % The matching rate equals the marginal change

correct): « €=—

CE|ﬁ:0 _
in tax revenue in all other regions (proportional to the employed capital) due to a marginal
increase in the tax in region 7. This is the fiscal externality that local governments would not
consider in the absence of a federal matching rate, and which is the cause for the inefficiency
from capital tax competition (see, e.g. Wilson, 1999).

In the presence of spillovers, there is an additional reason to subsidize local public production
(the first part in the numerator of ), as regions do not consider the benefits of g; accruing
in regions j # ¢. This effect increases in the number of regions. However, a S-fraction of
the capital outflow spills back to region ¢ in the form of higher public good provision in the
other regions (the second part in the denominator of ), such that spillovers reduce the fiscal
distortion. In other words, two things happen when 3 increases: First, the technical externality
due to free-riding increases (which requires a higher a“%), and second, the fiscal externality is
mitigated (which reduces the optimal matching rate). The net effect depends on the relative
importance of the technical and fiscal externalities. Part (iii) of Proposition 4 states that if the

elasticity of capital demand is not too large (e < ”T’l), the second effect dominates, such that

the optimal matching rate decreases in 3, and vice versa for large e.
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4.3 Discussion

Figure [2| provides and overview of our results. We find that the social optimum can be achieved

with and without federal commitment, depending on the available policy instruments.

Figure 2: Model overview

Commitment ability
''''' Decentralized leadership Centralized leadership
"""" Federal non-commitment Federal commitment
Federal
transfer system
Net transfer system:
LG n
Z 5;=0 MRSPE = m =n MRS Nash setting
i=1
+ private income redistribution:
MRSPEe = —— = yRs?o .
Yt s;=0andY:,;1; =0 1+B8(n—-1) Nash setting

Gross transfer system:

" MRSPEg = (1+pm=1)Ue _Use _ 1

z e Uce Uee MRSFO
L

i=1

Nash setting
can be Pareto-optimal, depending on utility function

+ matching grant:

same result as Gross transfer system without MRSCE: = 1 — MRSPO
Y. s;=nt with s; = ag; matching grant (due to non-commitment) T14+p(n-1) "

If the federal government cannot commit, then the result is inefficient under a single net
transfer system. Efficiency can be obtained if there are two types of revenue-neutral transfers:
One for public consumption, and a separate transfer for the numeraire consumption good. If the
federal government uses a gross transfer system such that region-specific transfers are financed
by a federal tax, the outcome is efficient only in a special case. In general, public production
is either too high or too low. These results are qualitatively similar to previous results derived
for the special case of strictly local public goods by Koethenbuerger| (2004) and Silva (2016]).
Intuitively, the transfer depends on equilibrium public consumption in each region, and thus
fully incorporates not only the presence of capital outflow but also of spillovers. The presence
of spillovers changes the equilibrium tax rate, but the qualitative nature of the results are the
same as in the case of publicly provided private goods.

If the federal government is able to commit to its policy choices, the equilibrium coincides
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with the (inefficient) Nash equilibrium unless the government has access to matching grants.
These grants have to be financed via some other source of revenue and therefore cannot be
revenue neutral. The effect of the spillover parameter on the optimal matching rate depends on
the elasticity of capital demand with respect to the tax rate. If the demand for regional capital
is elastic, the detrimental effects of capital tax competition dominate the efficiency loss. Since
spillovers cause a part of the capital outflow to spill back into the region of origin, they mitigate
the inefficiency from decentralization and thus lead to a decrease in the optimal matching rate.
In contrast, if regional capital is not very responsive to regional tax rate differentials, then an
increase in spillovers increases regions’ incentives to free-ride. To counteract this, the federal

government has to increase the matching rate.

5 Concluding remarks

We develop a model of capital taxation within a federation, in which the regionally provided
public goods are allowed to spill across regions. We ask two questions: (i) To what extent does
the presence of spillovers affect the inefficiency associated with decentralized decision-making,
and (ii) how does this depend on the ability of the federal government to commit to a policy
as well as on the available policy instruments? Our paper synthesizes the literature on capital
tax competition in the presence of spatial externalities by reproducing the previous results
as special cases (i.e., in the absence of spillovers), and generates new results within the same
framework.

Because the federal government cares about the welfare of all households within the fed-
eration, it may not be able to commit to its policy but instead ends up bailing out regions.
Whether this leads to an inefficient outcome depends on the available policy instruments. Sim-
ilarly, the outcome can be efficient or inefficient if the federal government can commit. In this
sense, commitment is neither a necessary nor a sufficient condition for efficiency, or lack thereof,
in the context of decentralized public production. This contrasts with the implications of the
literature on soft budget constraints, which has argued that (i) federal commitment is required
for efficiency but (ii) is likely to be absent.

Throughout this paper, we assume that regions are symmetric, which is a routine assump-

tion in the literature. This allows us to generate closed-form results, but it naturally is a poor
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description of reality, where large and small regions compete with each other for a mobile tax
base. We furthermore abstract from asymmetric information, which is the principal motivation
for the decentralized provision of public goods in the first place. If the federal government is
benevolent and fully informed, decentralization can only lead to an efficiency loss by construc-
tion. Our paper shows how this efficiency loss changes if we allow for spillovers. If the benefits
of decentralization also depend on the presence of spillovers, they have to be considered along
with the costs when deciding about decentralizing government functions and transfer systems

in a federation. We believe this to be a fruitful avenue for future research.

References

Akai, N. and Sato, M. (2008). Too big or too small? a synthetic view of the commitment

problem of interregional transfers. Journal of Urban Economics, 64(3):551-559.

Arzaghi, M. and Henderson, J. V. (2005). Why countries are fiscally decentralizing. Journal of
Public Economics, 89(7):1157-1189.

Becker, J. and Runkel, M. (2012). Even small trade costs restore efficiency in tax competition.

Journal of Urban Economics, 72(23):191 — 195.

Bjorvatn, K. and Schjelderup, G. (2002). Tax competition and international public goods.

International Tax and Public Finance, 9(2):111-120.

Bloch, F. and Zenginobuz, U. (2007). The effect of spillovers on the provision of local public

goods. Review of Economic Design, 11(3):199-216.

Bloch, F. and Zenginobuz, U. (2015). Oates decentralization theorem with imperfect household

mobility. International Tax and Public Finance, 22(3):353-375.

Blochliger, H. and Kim, J. (2016). Fiscal Federalism 2016 Making Decentralisation Work:
Making Decentralisation Work. OECD Publishing.

Boadway, R. (2004). The theory and practice of equalization. CESifo Economic Studies,

50(1):211-254.

26



Boadway, R. and Tremblay, J.-F. (2012). Reassessment of the Tiebout model. Journal of Public

Economics, 96(1112):1063-1078.

Bondarev, A., Hintermann, B., Krysiak, F., and Winkler, R. (2017). The intricacy of adapting
to climate change: Flood protection as a local public goods game. Technical report, CESifo

Working Paper No. 6382.

Breuille, M.-L., Madies, T., and Taugourdeau, E. (2010). Gross versus net equalization scheme

in a federation with decentralized leadership. Journal of Urban Economics, 68(2):205-214.

Briilhart, M., Bucovetsky, S., and Schmidheiny, K. (2015). Taxes in cities. In Handbook of

Regional and Urban Economics, volume 5, pages 1123-1196. Elsevier.

Bucovetsky, S. (1991). Asymmetric tax competition. Journal of Urban Economics, 30(2):167—
181.

Caplan, A. J., Cornes, R. C.; and Silva, E. C. D. (2000). Pure public goods and income
redistribution in a federation with decentralized leadership and imperfect labor mobility.

Journal of Public Economics, 77(2):265-284.

Dahlby, B. (1996). Fiscal externalities and the design of intergovernmental grants. International

Tax and Public Finance, 3(3):397-412.

Dahlby, B. and Wilson, L. S. (1994). Fiscal capacity, tax effort, and optimal equalization grants.

Canadian Journal of Economics, pages 657-672.

DePeter, J. A. and Myers, G. M. (1994). Strategic capital tax competition: A pecuniary

externality and a corrective device. Journal of Urban Economics, 36(1):66-78.

Eichner, T. and Runkel, M. (2012). Interjurisdictional spillovers, decentralized policymaking,

and the elasticity of capital supply. The American Economic Review, 102(5):2349-2357.

Fell, H. and Kaffine, D. T. (2014). Can decentralized planning really achieve first-best in the
presence of environmental spillovers? Journal of Environmental Economics and Management,

68(1):46-53.

Fuest, C., Huber, B., Mintz, J., et al. (2005). Capital mobility and tax competition. Foundations

and Trends in Microeconomics, 1(1):1-62.

27



Goodspeed, T. J. (2002). Bailouts in a federation. International Tax and Public Finance,
9(4):409-421.

Hayashi, M. and Boadway, R. (2001). An empirical analysis of intergovernmental tax interac-
tion: The case of business income taxes in Canada. Canadian Journal of Economics/Revue

canadienne d’économique, 34(2):481-503.

Hoyt, W. H. (1991). Property taxation, Nash equilibrium, and market power. Journal of Urban
Economics, 30(1):123 — 131.

Keen, M. and Konrad, K. A. (2013). The theory of international tax competition and coordi-
nation. Handbook of Public Economics, 5:257.

Keen, M. J. and Kotsogiannis, C. (2002). Does federalism lead to excessively high taxes?

American Economic Review, pages 363-370.

Koethenbuerger, M. (2004). Tax competition in a fiscal union with decentralized leadership.

Journal of Urban Economics, 55(3):498-513.

Kornai, J., Maskin, E., and Roland, G. (2003). Understanding the soft budget constraint.
Journal of Economic Literature, 41(4):1095-1136.

Kuhlmey, F. and Hintermann, B. (2019). Public provision and local income tax competition.

WWZ Discussion Paper 2019/01, Faculty of Business and Economics, University of Basel.
Lockwood, B. (1999). Inter-regional insurance. Journal of Public Economics, 72(1):1-37.

Oates, W. E. (1972). Fiscal federalism. Books, 2(2):188-191.

Oates, W. E. (2005). Toward a second-generation theory of fiscal federalism. International Tax
and Public Finance, 12(4):349-373.

Oates, W. E. and Schwab, R. M. (1988). Economic competition among jurisdictions: efficiency

enhancing or distortion inducing? Journal of Public Economics, 35(3):333-354.

Ogawa, H. (2006). Tax competition, spillovers, and subsidies. The Annals of Regional Science,
40(4):849-858.

28



Ogawa, H. and Wildasin, D. E. (2009). Think locally, act locally: Spillovers, spillbacks, and

efficient decentralized policymaking. American Economic Review, 99(4):1206-17.

Pinto, S. M. (2007). Tax competition in the presence of interjurisdictional externalities: The

case of crime prevention. Journal of Regional Science, 47(5):897-913.

Qian, Y. and Roland, G. (1998). Federalism and the soft budget constraint. American Economic

Review, 88(5).

Silva, E. C. and Caplan, A. J. (1997). Transboundary pollution control in federal systems.

Journal of Environmental Economics and Management, 34(2):173-186.

Silva, E. C. D. (2016). Tax competition and federal equalization schemes with decentralized

leadership. International Tax and Public Finance, pages 1-15.

Voigt, S. and Blume, L. (2012). The economic effects of federalism and decentralizationa cross-

country assessment. Public Choice, 151(1-2):229-254.

Warr, P. G. (1983). The private provision of a public good is independent of the distribution

of income. Economics Letters, 13(2):207 — 211.

Wellisch, D. (1994). Interregional spillovers in the presence of perfect and imperfect household
mobility. Journal of Public Economics, 55(2):167-184.

Wildasin, D. (1989). Interjurisdictional capital mobility: fiscal externality and a corrective

subsidy. Journal of Urban Economics, 5:193212.

Wildasin, D. E. (1988). Nash equilibria in models of fiscal competition. Journal of Public

Economics, 35(2):229-240.

Wildasin, D. E. (1999). Externalities and Bailouts: Hard and Soft Budget Constraints in

Intergovernmental Fiscal Relations. The World Bank.

Williams, A. (1966). The optimal provision of public goods in a system of local government.

The Journal of Political Economy, pages 18-33.

Wilson, J. D. (1985). Optimal property taxation in the presence of interregional capital mobility.
Journal of Urban Economics, 18(1):73-89.

29



Wilson, J. D. (1986). A theory of interregional tax competition. Journal of Urban Economics,

19(3):296-315.

Wilson, J. D. (1987). Trade, capital mobility, and tax competition. Journal of Political Econ-

omy, 95(4):835-856.
Wilson, J. D. (1999). Theories of tax competition. National Tax Journal, pages 269-304.

Wilson, J. D. and Wildasin, D. E. (2004). Capital tax competition: bane or boon. Journal of

Public Economics, 88(6):1065-1091.

Zodrow, G. R. and Mieszkowski, P. (1986). Pigou, tiebout, property taxation, and the under-

provision of local public goods. Journal of Urban Economics, 19(3):356-370.

30



A Appendix

A.1 Benchmark cases

To derive the optimal tax, we substitute the definition for G; into ((13)) and form the Lagrangian:

L=U; cz,gz+ﬁzg] +ZU c],gﬂrﬁng —AZ )= ¢i—gi) .
m#]

J#l J#z

Taking the derivatives w.r.t. to ¢; and g; and rearranging them leads to the following

optimality condition:
Ui _ 0U; 0G; <~ 9U; 06,
dc; a 0G; (992 = 8Gj agz .
i

(A.1)

At the optimum, the change in the marginal utility of private consumption has to equal
the change in the marginal utility of public good consumption. Imposing symmetry, defining
the marginal rate of substitution between public and private consumption as M RS; = gg 802
and suppressing the subscript yields expression ((14). Finally, substituting 0U/dc = 1/c and
oU/0G = 1/G and equating with leads to the optimal tax given by (16).

The Nash equilibrium is derived by rearranging the first-order condition from to:

ou 0 ¢

__ 0G; ot;
MRS, = 28 — _ 0 (A2)

8_q Ot;

The marginal effect of taxes on consumption (income) is:

801-
ot;

0 k; OR -
A ——k; . A
ot; kit ot; ki (4.3)

— _f//(kzz)

The effect on income is separated into the effect on wage income (first term) and capital in-
come (second term), both of which are negative. Increasing taxes increases public consumption
at the cost of private consumption. The derivative of public good consumption with respect to

the tax rate is given by:

0 G; atk
e _ki+t +ﬁz . (A.4)

J#z

The first term is the mechanical increase in tax revenue if the tax rate is marginally raised,
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holding capital fixed. The second term is negative and captures the outflow of capital to

other regions in response to a marginal tax increase in region <. This negative cost is however

dampened by positive spillovers from other regions (third term). Substituting (A.3)) and (A.4))
into (A.2)) yields:

0 k; OR7.
£ (k) 2k, — 2

. A5)
; n  Okj (
RS R

MRSNF =
ki +

Imposing symmetry and using the capital market clearing conditions , we obtain the
MRS which defines the Nash equilibrium in (21)).

A.2 Decentralized leadership
A.2.1 Net single transfer system: Proof of Proposition 1

The optimality condition from solving is given by:

=— —. A6
The marginal change in private consumption is
de; . " 0 k; OR - -
o 1 (k:) at. ki + a—tikl =—k, (A.7)
where the last equality follows from substituting .
The marginal change in public consumption for region i is
oG, Otk 0s; 0tik; 0s;
i ifvg 7 1 ghvg Y25
ot; ot; + ot; +8n—1) < ot; * ot; )
0 tik; 0 tik; n—1_ (0tik; 0tk
=" 1) (1 — gty Y it
= —1)—
n 8ti + (n ) 8ti
1 -1
_ 1o Df, (A8)
n

where we used (second line), collected terms (third line) and substituted the capital market

clearing conditions (fourth line). The change in mobile capital in region 7 and j as a
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response to the change in t; cancels out in equilibrium due to the federal transfer setting:

0 t;k; D tk; n—1 1 n-1 1
il _1 iy _ . -k
R v Ly A L

What remains is the additional positive tax revenue-effect to region ¢ given by k. Expression

follows directly from substituting (A.8)) and (A.7)) into (A.6) B

A.2.2 Net transfer system including private income redistribution

In stage 2, the maximization problem of the federal government is given by:

G_Sr‘nz‘m; | Z Ui(ci, Gy) s.t. Gi=g,+p0 Z gj (A.9)
151,T1,94,Ci i—1 jzl
J#i

Solving the maximization problem by substituting the budget constraints, the federal gov-

ernment’s problem in the first stage becomes:

, max_ L= Z U; (f(kl) _ 5’](;5~C >kl + kiR — 1tk + s + ﬁthkj - sj) (A.10)
[t R i=1 (2 i1
7
+ A Z S; + /JZ Ti
i=1 i=1
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The first order conditions are given by:

oL  oU " oU
5. = 3G 6;8—@+>\—0 Vi
J#i
e o
OL -
a:ZSi 0
=1
OL -
@_Z’Ti 0

Using the first order condition of g—i for 2 and 7, combining and imposing symmetry yields

. is derived in the same manner using the first order condition of aL for 1 and j

combining and imposing symmetry.
The reaction function for private consumption transfers can be found using and the

respective budget constraint:

Differentiating the two conditions with respect to ¢; and combining yields:

17 31{:1— - a’]’i_ 17 ‘ i g 1

Using yields the reaction function (35)).

Proof of Proposition 2:

In the first stage, regional governments solve:

¢ = f(ki) = f'(ki)ki + kiR — 7

S,;(lfz', tj), Ti(tia tj) .

34



The change in private consumption is given by

8@
ot;

0 kl OR - aTi . 1

— _f//(kl)

where the last equality follows from substituting and . The change in public consump-
tion is given by (A.8]). Using (A.11]) and ( - in - leads to (| . ]
A.2.3 Gross transfer system

The federal government chooses both 7 and the region-specific transfers s; to maximize total

welfare. After substituting the budget constraints, the Lagrangian can be written as:

312}5 L= ZU( k;) agg{k>k+kR—T tk—i—sz—i-ﬂZtk: +5]>+/\(Zsi—m'>,

=1 J=1 i=1
JFi

where A is the Lagrangian multiplier of the federal budget constraint. The first order conditions

are given by:

ZSL BZ—+)\—0 Vi (A.12)
J?é’b

0L ou ou
J?él

g—izz.si—m-:O. (A.14)

Using the first order condition of g—i for ¢ and j, combining and imposing symmetry yields
[B7). combined with yield in symmetry. Taking the partial derivative of the
first-order conditions with respect to ¢; (which is a parameter from the point of view of the

central government) gives

9G; .
(14 B(n—1))Usc 5 =0 Vi (A.15)
801-
—Ucce P 0 (A.16)
ds; Ot 0s;
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0G; _ 0G;
T 0t

where Ugq = % and Upe = %27[2]. Equation (A.15)

(differentiating with respect to t; would be an alternative to derive the same expression):

otik; 83, Otjk;  0s;\  Otjk; = Os; otik; 052 0 t k 83m

ot BZ( ot; +8_tz~> = o, o +h ot | oh 52 o
]3&1 m;éj

atlkl aSi . 0 tjk?j 88' . 8t]‘k’j 8Sj atzkﬁl 887;

o, tar, TP 1)( ot at> (1+6(n 2>)< o, Tan ) TP\ Ta

Otk s, ok 05,
“‘5)(&5. +a§»)_( _/B)( o, ai)’

where symmetry is applied in the second line. Substituting (A.17)), we get:

(98]'

or
5= (=5 (ngr — (=)

(1-5) o

ot; at,- 875

Solving for 85’

and 3tJ , results in the reaction functions

0s; n—1[(0tk; Otk; or
1— i_ 1— gy ihvg vr

<1_6)8tjz( m(at (815@- - a]ti]»’

which simplifies to for § < 1.

To obtain the best-response function 7(t;,t;), we use the reaction functions in the

change in public consumption:

o, o, | n 8752- o ) Tan A o, " n\ ot o ) oh

ot;k; n—1 n—1 otik (n—1 n—1 or
= <1— - + 3 - >+ at. < - +pn—-1)—-p - )—F—(l—i—ﬁ(n—l))

ot
or Otiki (1+B(n—1))  0tjk; (n—1)(1+ B(n—1))
=g, L+ B =1)+ 5 n Ly n
— (14 B(n—1)) (g; 41 (a;f . 1)‘9;]?)) | (A18)

We combine (A.15)) and (A.16]), such that we get (1+ S(n — 1))Ugg%t = -U, Cacl Sub-
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— (k) Bk + 9EF; — 2% vields

stituting (A

or 1[0tk Otk )
(1+ B(n—1))"Usq (atTJr—( ;t +(n—1) ;t )) :_UCC(Q_a_Z)

8’7' 87’ 2 81&11@ 8tk
(14 800 0) T~ e = e 0= (1480 1) Vs (G + =052 )

with 0 = —f"(k )a kil + aRk Simplifying this expression and solving for - leads to (140)).

Substituting into gives us the equilibrium best-response functions:

ot; k; Otjk;
dsi n—1 (atjkj 8tiki> Ucc -0~ ¢Uca’t (%5 + (n - 1) %)

6151- N n ati 8151- ¢UGG — UCC

Ot k; ot k;
ds; 1[0tk Otk Uoc ¥ —dUccy ( G+ (n— 1) )
8ti N n 8@- 8ti ¢UGG — UCC ’

where we substituted ¢ = (14 8(n — 1))2.
Proof of Proposition 3:

In stage 1, the regional governments maximize regional consumption incorporating the re-

action of the federal policy to their tax increase:

ci = (k) — f'(k)ki + B;R— T

si =si(ti,t;); 85 =s(ti,t5); T=71(t,t;).

The optimality condition is given by

ou [ele}

__ 0G; ot;
MRS, = 9% — _ 0

a_ci ot;
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The derivative of private consumtion with respect to the tax rate is

3 C;
ot;

Ok, , Ry Voo oUach (% + (- %)
ot; i+a_tz‘ L oUce — Uoo

_ _f”(kh)a kik, N %E . Ucc -0+ ¢UGG% (% -+ (n — 1)8:;]—:]>
Yot ot oUqc — Ucc
Ucc -k + oUsc™
®Ugc — Ucc
_ (1 n Ucc — ¢UGG%>
oUcc — Ucc
¢Ucc — Ucc + Ucc — dUc~
oUgc — Ucc
oUcq ™=
dUscq — Ucc’

= —f"(ks)

:—k}—

= —k

=k (A.19)

where we have used the capital market reaction functions .

Public consumption is given by:

or, — 1+ (6ti+n( or, T ))

—Ucc - 0 — 9Uqc (% (aé—tk (n — 1)%))

) Lok o
— [+ 8(n— 1) e F (G- 0%
_ ~Ucc - (k) — oUsc® &

L +5>

_ B Ucc -k — dUsct | k

=[1+B(n—1)] oo — Uoo + n)

B Ucc — oUcqy; | 1
=[1+p(n—-1)]k ( oUoe — Ve + ﬁ)

B Ucc — dUcc= + 29U — +Ucc
= 1+ 50—l sou L ute )
Ucc(n:)
= [1+8(n— 1)k (m) : (A.20)

Substituting (A.19)) and (A.20]) into the M RS leads to

(n—1)

e
M RSPEs k To—Toc _ PUcc _+Bn-1DUec g
o Ucc™=2 14 B(n—D|Ucc U
1+ n — Dlkgee g 1= Dltec e
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1 Cj
et such that & =

U
If we use our example (15]), S = & and Ugc = —c% and Ugg =
. = MRS,;. Hence, the equilibrium is

62 . . . .
G_Zg[l + B(n — 1)]. Simplifying results in —1+6(1n—1) —

Pareto-Optimal.

A.3 Centralized leadership

Starting in stage 2, the regional governments’ problem is given by

max W; =U Ci>gi+ﬁzgj

GisCiyts =

ji
tik;

¢ = f(k;) — aggfi)ki +kR—T

When regional governments maximize regional utility, the marginal effect of taxes on con-

sumption (income) is equivalent to the effect in the Nash game

gz - _f”<ki)aaziki + g_iki' (A.21)
The marginal effect of taxes on public consumption is given by
aagi 1i (k b= ﬁzmk). (A.22)
Using and in the MRS gives
£ (k) 2 — 22, s

MRSCE =
v 8kz n ok
1ia[ki + B, ti]+ 5 Zij Bt L
JF

In symmetry and incorporating the reaction of the capital market given by . -

becomes the optimality condition for the regions’ problem
(A.24)

l1—«
1

MRSCE = — .
L+ (1= rwe

In stage 1, substituting all budget constraints (households, regional and federal govern-
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ments) and the definition for G;, the federal government chooses o to maximize

— A : R— — A2
HlocziJX W ;U f(kz) 8/{2 kz + sz n ;gu BZ 1 —a ) ( 5)
J#%
which is
8_04_802-2,_21( 1—a E(l—a)) 0G; <( )2+ﬁj%i(1—a)2)
~ 0U] u 1 tjk‘j « tjkj ~ 0U] tjkj _ tmkm
— - — - — — —— =0.
+;acj;( nl—a n(l—a)? +j:18Gj(1—a)2+6n;(1—a)2
i i m#j
Multiplying by )2, simplifying, imposing symmetry and collecting terms gives us in sym-
metry:
1
MRS = — — ___ — MRS??. A.26
1+(n=-1)p ( )

which is equivalent to the social optimum in .

Proof of Proposition 4:

(i) When treating s; as a lump-sum transfer rather than a matching grant, the transfer
drops out of regions’ first-order conditions, and the resulting equilibrium is characterized by
expression and thus identical to the Nash equilibrium.

(ii) In order to induce Pareto-efficiency, the federal government sets the matching rate o such

that (A.24) and (A.26|) are equalized:

11—« 1

Solving for « results in

cE n—1 nﬁ—{—(l—ﬁ)_f,l,(k)%

“ no 1+(n—-1)p
_ (n=1)B+(1—P)e
S S Mo R (A.27)
with € = %—f’}(lﬂ)%
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(iii) The derivative of the matching rate w.r.t. the spillover parameter is given by:

9aCP  (n—1)(1+ Fh)
08 = (A+m-1B2 (4.28)

Provided that n > 1, it follows that for <1, 0a°® /93 > 0, and vice versa. B

_1 ¢t
|7 (k)] k
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