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Abstract

We analyze how the merger of regions affects capital tax competition in a two-tier
territorial organization where both regions and cities share the same mobile tax base.
We identify three effects generated by the merger of regions that impact, either directly
or indirectly, both regional and local tax choices: i) an alleviation of tax competition
at the regional level, ii) a scale effect in the provision of regional public goods, and
iii) a larger internalization of vertical tax externalities generated by cities. We show
that the merger of regions always increases regional tax rates while decreasing local
tax rates. These results are robust to a change in the timing of the game.
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1 Introduction

As part of an ongoing process of regionalization in Europe, several European countries
have reduced the number of their regions (Dexia Crédit Local, 2008, 2011) with the aim
of improving the management of public services. Recent examples include Poland, where
the number of "voivodies" was reduced from 49 to 16 in 1999, and Denmark, where the
territorial reform implemented in 2007 replaced the 13 "amter" with 5 regions. Other
countries — including France, Hungary, Italy, Romania and Sweden — are also considering
merging regions.

The effect of a merger of same-tier jurisdictions on capital taxation is well-known in
a one-tier territorial organization where jurisdictions compete to attract mobile capital.
Hoyt (1991) demonstrated that tax rates on mobile capital, and thus public goods provi-
sion, increase as the number of jurisdictions decreases. This results from the reduction in
the horizontal tax externality: when a jurisdiction increases its tax rate, the capital inflow
to other jurisdictions (that become more attractive) is lower. Decreasing the number of
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jurisdictions reduces the capital movement; thus, increasing the jurisdiction’s tax rate is
less harmful for that jurisdiction. Considering the possibility of asymmetric mergers, Bu-
covetsky (2009) also concluded that any merger of two same-tier jurisdictions leads to a
higher average tax rate for the federation as a whole due to higher tax rates in jurisdictions
that do not belong to the merger.

The effect of a merger of bottom-tier jurisdictions on capital taxation in a two-tier
territorial organization with several bottom-tier jurisdictions and a unique top-tier juris-
diction, which share a common mobile tax base, has also been studied. The tax base
co-occupation leads to bottom-up vertical tax externalities —in addition to horizontal tax
externalities among bottom-tier jurisdictions— since bottom-tier jurisdictions ignore the
overall depressive effect that an increase in their tax rate has on the tax base of the unique
top-tier jurisdiction (Keen, 1998; Hoyt, 2001; Keen and Kotsogiannis, 2002). With hor-
izontal externalities causing inefficiently low tax rates and vertical externalities causing
inefficiently high tax rates, the equilibrium tax rates at the bottom-tier can be either
inefficiently low or high. Keen and Kotsogiannis (2004) showed that an increase in the
number of bottom-tier jurisdictions unambiguously deteriorates welfare because fiercer
tax competition worsens tax externalities. However, the authors were unable to determine
whether an increase in the number of bottom-tier jurisdictions would increase or decrease
equilibrium tax rates.

Finally, the effect on capital taxation of a "complete merger" of bottom-tier jurisdic-
tions with their top-tier jurisdiction (which is equivalent to removing bottom-tier jurisdic-
tions) in a two-tier territorial organization with several bottom-tier jurisdictions and more
than one top-tier jurisdiction, has also been analyzed. Wrede (1997) compared tax choices
that result from i) a "competition among federations", where n top-tier jurisdictions with
several bottom-tier jurisdictions inside each top-tier jurisdiction compete in a Nash game
to attract mobile capital, with tax choices that result from ii) a "competition among uni-
tary nations", where only n top-tier jurisdictions compete. He demonstrated that if public
goods are substitutes, tax competition among federations leads to less severe underprovi-
sion of public goods (or equally higher taxes) than tax competition among unitary nations.
Grazzini and Petretto (2007) pursued the analysis in a two-country framework, where one
country is federal, consisting of two regions playing as Stackelberg followers with respect
to the federal tier, and the other country is unitary. In this asymmetric setting, the co-
occupation of the mobile tax base generates horizontal tax externalities between the two
countries, in addition to both horizontal externalities at the regional tier and vertical tax
externalities in the federal country. By comparing i) the tax game played between a fed-
eral structure and a unitary structure with ii) the tax game played between two unitary
structures, they showed that the standard "race to the bottom" in the horizontal tax
competition literature, according to which two unitary countries competing for attracting
mobile capital set inefficiently low tax rates at the equilibrium, can be altered by a change
in the institutional setting.

The effect on capital taxation of a merger of top-tier jurisdictions in a two-tier terri-
torial organization with several bottom-tier jurisdictions and several top-tier jurisdictions
is, however, unknown. Should one expect an increase in the equilibrium tax rates set by
top-tier jurisdictions following the merger, as it would be the case in a one-tier setting
(i.e., without bottom-tier jurisdictions)? How does the merger of top-tier jurisdictions af-
fect bottom-tier taxation? What is the consolidated impact for the taxpayer? Our paper



addresses these issues.

We consider a two-tier territorial organization with several identical bottom-tier juris-
dictions, such as cities, and several identical top-tier jurisdictions, such as regions. Cities
and regions tax the same mobile base, that is the amount of capital invested in their terri-
tory. Benevolent local and regional governments use their tax revenues in order to finance
pure public goods that benefit exclusively to their immobile inhabitants. The mobility of
the tax base and its co-occupation by both cities and regions generate a two-tier common-
pool problem with three types of tax externalities : i) horizontal tax externalities among
cities that compete to attract mobile capital, ii) horizontal tax externalities among regions
that compete to attract mobile capital and iii) bilateral vertical tax externalities, that is
top-down and bottom-up externalities, that arise because tax decisions taken at any tier
affect the shared tax base. We thus extend the standard model of capital tax competition
among same-tier jurisdictions developed by Zodrow and Mieszkowski (1986) by superim-
posing an upper tier composed of several top-tier jurisdictions, in contrast to Keen and
Kotsogiannis (2002, 2004) who consider a unique top-tier jurisdiction. Wrede (1997) built
a similar two-tier tax competition model, with the important difference that his bottom-
tier jurisdictions disregard the impact of their tax policy on the budget constraint of their
top-tier jurisdiction and vice-versa, which rules out major vertical tax externalities!.

In view of this elaborate fiscal federalism structure that complicates the capital tax
competition model, we must make specific assumptions about citizens’ preferences and
the production technology to derive a closed form solution. We assume the linearity of
the utility function with respect to private, local and regional public goods consumptions,
which implies constant marginal rates of substitution between these three types of goods.
The decentralized setting allows the coexistence of both local and regional public goods,
and the distortionary effect of capital taxation limits the ability to raise tax revenues and
therefore ensures the coexistence of both private and public goods. We also assume that
the production function is quadratic, so that the demand for capital is a linear function of
the interest rate. Relaxing either one or the other of these two assumptions? would lead
to the emergence of additional effects linked to the merger —in addition to the three effects
described below— and complicate the combination of all effects to such an extent that we
would no longer be able to sign the impact of the merger.

The impact of an exogenous merger of regions on tax rates is first derived when all
jurisdictions, cities and regions, play simultaneously. We identify three effects generated
by the merger of regions. The first effect results from the alleviation of tax competition
at the regional level, which reduces horizontal tax externalities among regions, as shown
in the literature (Hoyt, 1991), as well as top-down vertical tax externalities. The merger
decreases the number of competing regions, making tax competition at the regional level
less fierce, because of a lower capital movement among regions. Regional taxation is less
distorsive for regions and —due to tax base-sharing— for their cities, which reduces the

'Our problematic also clearly differs from Wrede (1997), in particular regarding i) the tier concerned
by the merger and ii) the nature of the merger. Indeed, we analyze the effect on tax competition of a
merger of top-tier jurisdictions instead of a merger of bottom-tier jurisdictions, and our merger does not
amount to removing the tier concerned, i.e., there are still some top-tier jurisdictions in our model after
the merger whereas the bottom tier disappears in Wrede (1997).

’In the tax competition literature, linear preferences are notably assumed by Bucovetsky (2009) and
the quadratic function assumption is used by several papers, including Grazzini and van Ypersele (2003),
Devereux, Lockwood and Redoano (2008), Bucovetsky (2009).



incentive to set inefficiently low regional tax rates. The second effect is a scale effect in
the provision of regional public goods. After the merger, regions (fewer in number) have
a larger tax base at the symmetric equilibrium. Therefore, they can provide more pure
public good for the same tax rate, which increases the marginal utility from the regional
public good provision. Each of these two effects exerts both an upward pressure on regional
tax rates and a downward pressure on local tax rates.

The third effect is the larger internalization of vertical bottom-up tax externalities.
Since cities and regions share the same mobile tax base, a tax increase by a city generates
ceteris paribus a capital outflow from the region the city belongs to, because the capital
loss in the given city is higher than the sum of capital gain in other cities that belong to the
same region. Each city accounts for the impact of a change in its tax rate on the regional
tax base, which drives down local tax rates. After the merger, these vertical bottom-up
externalities are internalized for a larger regional tax base. Although the capital loss in
the city which increases its tax rate is still higher than the sum of capital gain in other
cities that belong to the same region, the merger reduces the capital outflow for the region
because additional cities with a capital gain join the region. This last effect exerts an
upward pressure on local tax rates and a downward pressure on regional tax rates.

The weighted sum of these three effects determines regional and local tax changes
following a reduction in the number of regions. We show that the merger of regions always
increases regional tax rates while decreasing local tax rates, and that the consolidated tax
rate levied on capital (i.e., the sum of regional and local tax rates) is pushed upwards.

The robustness of these results derived in a Nash game is then challenged by altering
the timing of the game. Instead of a simultaneous play of regions and cities, we consider
two alternative setups: one with regional leadership and the other with local leadership.
When regions are Stackelberg leaders, that is, when they anticipate the impact of their own
tax decision on the choice of taxation by cities, the merger of regions still exerts an upward
pressure on regional tax rates and a downward pressure on local tax rates. However, the
consolidated effect is not clear-cut. On the contrary, when cities are Stackelberg leaders,
that is, when they anticipate the impact of their own tax decision on the choice of taxation
by regions, the outcome of the game is the same as for the simultaneous move Nash game:
the strategic advantage of cities is neutralized by the expectation of the action chosen by
their region.

Our paper contributes to the significant theoretical literature on tax competition, i)
by building a tax competition model in a two-tier framework with more than one top-tier
jurisdiction where we remove the critical assumption by Wrede (1997) that governments
choose tax rates disregarding the impact on the other tier government, ii) by analyzing how
the merger of regions affects distortions linked to tax competition, where we disentangle the
three effects at work and iii) by comparing the Nash equilibrium, where cities and regions
move simultaneously, and the Stackelberg equilibrium, where either cities or regions move
first.

The paper is organized as follows. In Section 2, we present the two-tier tax competition
model. In Section 3, we proceed to the analysis of the impact of the merger of regions
on the Nash game played by regional and local players. In Section 4, we investigate the
consequences of the Stackelberg leadership position. Finally, in Section 5, we provide
concluding comments.



2 The model

The two-tier territorial organization Consider a country with two tiers of sub-
national jurisdictions, for example, regions and cities. For the sake of simplicity, we assume
that the central/federal jurisdiction plays no role. Before the merger, there are n identical
regions and, within each region, m identical cities, with nm cities altogether in the country.

The merger of regions is a territorial reorganization where former regions are broken
up to constitute new regions, which are fewer in number, that is, n < n. The merger is
exogenously decided; that is, we do not make explicit the forces that lead to a reduction
in the number of regions. The number of cities inside each region changes accordingly;
that is, it increases from® m to . However, the total number nm of cities, and their
frontiers do not change. Therefore, after the merger, there are n identical regions and,
within each region, “* identical cities, with nm cities altogether. Let i = 1,...,n be the
index for regions and j = 1,..., %=* be the index for cities inside each given region.

Pure public goods are provided at both local and regional tiers, with no spillovers and
no scale economies*. Each local government ij provides a local public good in quantity
gij» which is financed by the taxation at a rate t;; of the amount of capital K;; invested
in its city. The local budget constraint is thus given by g;; = #;; K;;.

Each regional government ¢ provides a regional public good in quantity G;, which is
financed by the taxation at a rate 7; of the amount of capital K; employed in region i. As
each region is composed of “* cities after the merger, the regional tax base K; amounts

nm/n
to the sum of local tax bases inside the region, that is, K; = )  Kj;;. The regional
j=1

nm/n
budget constraint is thus given by G; = 7; > Kj;j. Regional and local governments are
j=1
utilitarian and benevolent. They take their budgetary decisions to maximize the utility of
their representative citizen.

The representative citizen Citizens are assumed to be identical® and immobile.
The representative citizen of the city ij derives a utility v [g;;] from the provision of the
local public good g;;, a utility V' [G;] from the provision of the regional public good G; and
a utility ¢;; from the consumption of a private good in quantity c¢;;. The utility function of
the representative citizen located in ¢j is thus given by U [cij, gij, Gi] = cij +v [945] +V [Gil.
Like most papers on capital tax competition, our representative citizen is both the owner
of a unique firm located in its city and the owner of an exogenous amount k of capital.
This amount k can be invested in a firm in any city ij to earn a net return on capital,
denoted by p;;, which is equal to the return after local and regional taxes. As we will see
afterwards, p;; = p Vi,Vj at the symmetric equilibrium. The private consumption c¢;; thus

3With a view to realism, we assume that n, 7, m and
n>2.

4 Although one of the main reason why a merger of regions may occur is to exploit scale economies, we
abstract from this argument to highlight the pure effect of the merger on tax competition, assuming that
the cost of the regional public good provision does not depend on the size of regions.

® Admittedly, symmetry is a stark assumption; however, it allows us to simplify our analysis and to rule
out any redistributive effects.

M are natural numbers. In addition, we consider

n



amounts to the sum of the profit of the firm, denoted by Il;;, and the net remuneration
of the capital endowment, such that ¢;; = IL;; + pE.

Specific assumptions on the functional form of the utility function will be needed to
derive explicit solutions for equilibrium tax rates and to sign the impact of the merger.
As in Bucovetsky (2009), we assume the linearity of the arguments for both private and

’U _ 2*U _ 2*U _ U — »
o, = og% = oG = 0 where o =V [.] and

gQG% = V7 []. As the first derivative v'[.] (resp. V'[.]) is constant, that is the marginal
value of an additional dollar of local (resp. regional) tax revenue used to provide the local
(resp. regional) public good is a constant, we will subsequently use v' and V' as exogenous
parameters to capture marginal utilities.

The marginal utility derived from the local public good provision g;; is proportional to
the one derived from the regional public good provision G;, that is, v" = aV’, where « is a
strictly positive parameter that captures the relative preference for the local public good.
In other words, local and regional public goods are perfect substitutes since the marginal
rate of substitution is constant. Alternative public policies to reduce emissions of C'O»
or to ensure the security of citizens may be examples of public goods that are perfect
substitutes. This strong assumption of a linear combination between g;; and G; makes
the coexistence of both local and regional public goods only possible in a decentralized
setting, as a central planner would exclusively produce the public good with the highest
valuation in a centralized setting, i.e., g;; for v' > V' and G; for ' < V'. In addition, the
distortionary effect of capital taxation limits the ability to raise tax revenues and therefore
ensures the coexistence of both private and public goods, even if public valuation domi-
nates private valuation. In the case of non-distortionary taxation, the linear combination
between private consumption ¢;; and public goods provision, g;; or G;, would entail the
overall taxation of private revenues and, therefore, no private consumption if the public
valuation were higher than the private one (i.e., v’ > 1 at the local tier or %V’ > 1 at the
regional tier). It should be noted that due to the linearity of V' [.]| w.r.t. Gj;, the marginal
utility derived by citizens from a given amount of regional public good provision is not
affected by the merger.

public goods consumptions, such that

The capital market The capital market is similar to Wrede (1997). That is, it is
a basic one-tier capital market, as modeled by Zodrow and Mieszkowski (1986), on which
an additional tier is superimposed. In contrast to Keen and Kotsogiannis (2002, 2004), we
have i) a top tier composed of several jurisdictions rather than one and ii) an exogenous
supply of capital, as in most models of capital tax competition (Wilson, 1986; Zodrow and
Mieszkowski, 1986; Wildasin, 1988).

In each city ij, there is a unique firm that is immobile and identical across cities.
The firm borrows an amount of capital K;; on the domestic market® to produce a com-
posite good in quantity F [K;;] with F'[] > 0 and F"[] < 0. We make the restrictive
assumption” that F"”[.] = 0 to ensure that the demand for capital is linear, thus enabling
us to derive closed form solutions. The profit II;; = F [K;;] — r;; K;; is, in its entirety,

®The capital market works in autarchy, as both lenders and borrowers reside in the country.
"The quadratic assumption is used by several papers on tax competition, including Grazzini and van
Ypersele (2003), Devereux, Lockwood and Redoano (2008), Bucovetsky (2009).



transferred to the usual owner of the firm in this type of model, that is, the representative
citizen. Firm profit maximizing behavior implies the familiar condition of remuneration
at the marginal productivity of capital, F' [K;;] = ri; Vi,Vj. The resulting demand for
capital Kj;; [r;] and profit II;; [r;] are decreasing functions of the interest rate r;;, that is,
Kz(j [’I”ij] = % < 0 and H;j [Tij] = —Kij <0 VZ,V]

For each unit of capital invested by a capital owner in the firm located in city ij, two
source-based tax rates are levied: a tax rate t;; levied by the city ij and a tax rate 7;
levied by the region i. The assumption of tax-base sharing, i.e., the fact that both local
and regional jurisdictions independently tax the same mobile tax base, is classic in the
literature on vertical capital tax competition (Keen, 1998; Keen and Kotsogiannis, 2002).
It is also consistent with empirical evidence; for example, both American states and local
jurisdictions levy taxes on mobile business capital (see Fox, Hill and Murray, 2010, who
empirically tested vertical reaction functions for capital taxes in this country).

Capital is assumed to be mobile without cost in a perfectly competitive market. It
moves across cities and, thus, across regions until it earns the same net return p everywhere,
that is, p = 75 — (tij + 73) Vi, V5.

The national supply of capital is the sum of the initial endowment %k of the nm rep-
resentative citizens of the country, i.e., nmk. Given that rij = p+ T; +ti; Vi,Vj, the

n nm/n o
capital market-clearing condition > > Kjj[p+ 7; + t;;] = nmk implicitly defines the
i=1 j=1
equilibrium value of the net return on capital, p (7,tq, ..., ti, ..., t5) with 7 = (71, ...75)
and t; = (i, ..., tij, ..., t;nm ) Vi. Differentiating the market-clearing condition yields, at
the symmetric equilibrium:

nm/n

op j=1 — =l O _ 4 4+ 9 _ Al orij _ 9p _ -1
or; n nm/n — n> or; or; — n or_; — 0r—; — n?
Y K]
ij
i=1 j=1
o _ Ky 1 Oy Op _nmm-1 Orij _ Orij _ 9p _ Idp _ -1
6tl‘j - 7 nm/n  nm? atij - 3tij - nm 8t_ij - 3t7;’_j - 8t_7-,j - 8151"_]' T nm’

i=1 j=1

The mobility of the tax base and its co-occupation by both cities and regions generate
a two-tier common-pool problem. Regional and local tax choices both affect the location
choice of capital since the net return on capital decreases when the cumulative tax rate
T; + ti; V1,V7 increases. Therefore, three types of tax externalities emerge in our two-tier
setting:

i) horizontal externalities at the local level. Since capital is perfectly mobile, each city
individuallg; has an incentive to reduce its tax rate on capital to attract a larger tax base,

e, —Kj; at:j > 0, which generates a negative externality towards the other cities by

shrinking their tax base, i.e., —K{k% < 0Vl #1,Yk and —ng% < 0 Vk # j. Thus, the
other cities must reduce their tax rate to retain their tax base. This strategic behavior
leads to a downward spiral in tax rates, usually called the "race to the bottom", as each
city tries to undercut the others by setting an attractive tax rate. Equilibrium tax rates
are, therefore, lower than those that would be chosen under coordination.




ii) horizontal externalities at the regional level. Each region similarly undercuts the
other regions via the choice of its tax rate. The strategic choice of reducing its tax rate 7;
nm/n

expands the region i’s tax base, i.e., Z Kz’j %:” > 0 but hurts the other regions, i.e.,

nm/n
Zl K l,] g Tp < 0 VI # i. However, regional tax competition is less fierce than local tax
=
competition because the number of competitors is lower, thus, implying that regional tax

externalities are weaker. This is captured by the fact that the impact on the net return on

capital of the regional tax rate is lower than the one of the local tax rate, i.e., aat—'jj > gfi.

iii) vertical externalities between local and regional tiers. Cities and regions indepen-
dently tax the same mobile tax base, which generates both bottom-up externalities (as
the tax choice of a city affects the 7 regions) and top-down tax externalities® (as the tax
choice of a region affects the nm cities). Suppose first that the city ij reduces its tax
rate t;;. Ceteris paribus, capital will leave other cities in region ¢ as well as cities in other

regions, to locate in city 5, thus creating an overall positive impact on region ¢’s tax
nm/n

base’, i.e., — > K’k ot — K9 0, and a negative impact on other regions ! # 1, i.e.,
k#j

ij Oty

anL

Z l] at < 0, at the symmetric equilibrium (K7, = Kj; <0 for all 4,k, ). Suppose

now that the region ¢ reduces its tax rate 7;. Ceteris paribus, capital will leave cities that

belong to other regions (I # i) to locate in the “I* cities that belong to region i. The
nm/n

capital inflow for region i is — KZ’j 88:_” > 0. Therefore, this creates positive vertical
7=1

top-down externalities for each city ¢j inside region i, i.e., Kz’j %TT” > 0 V4,7, but also

negative vertical top-down externalities for each city Ij of other regions, i.e., —K l/g 88 f <0

Vil #i,Vj.

To summarize, the choice of a jurisdiction’s tax rate affects its own tax base, the tax
base of other same-tier jurisdictions and the tax base of other-tier jurisdictions, because
of the combination of tax-base sharing and mobility.

Wrede (1997) assumes that "each government takes only its own budget restriction
into consideration", although each tier maximizes the utility of its representative citizen,
which depends on both bottom-tier and top-tier public goods provisions (as in our model).
Therefore, the bottom-tier does not take into account the impact of its tax choice on
the provision of top-tier public goods, and vice-versa. A major difference with Wrede
is that we depart from this simplification, which has important consequences in terms
of internalization of tax externalities. As shown later, each city will internalize part of

8In Keen and Kotsogiannis (2002, 2004), there are only bottom-up vertical tax externalities, due to
the fact that the public good is a publicly provided private good. The absence of top-down vertical tax
externalities is explained by the fact that the utility function of the unique top-tier government is the sum
of the utility of all bottom-tier jurisdictions and therefore the top-tier jurisdiction perfectly internalizes

top-down externalities. This is no longer the case with several top-tier jurisdictions.
nm TL

At the symmetric equilibrium, Kj, = Kj; < 0 for all 4,k,j, so — > K kat - K; g;” = (22 —
k#j *
or; 2]
DKoot = Kijgrt = —Ki (%2 52 +1) > 0.



the bottom-up tax externalities, i.e., it will take into account the impact of a change in
its local tax rate on the public goods provided by its region, but not by other regions.
Additionally, each region will internalize part of the top-down tax externalities, i.e., it
will take into account the impact of a change in its regional tax rate on the public goods
provided by cities located in its region, but not by cities located in other regions. Thus,
the internalization of vertical tax externalities, whether bottom-up or top-down, will be
partial.

nm/n
a( Y Kij)
Finally, let ¢;, = —2 Bln nm;f < 0 denote the elasticity of capital invested in
2 Ky
Jj=1
region ¢ with respect to region i’s tax rate and e, = %It{” tzj < 0 denote the elasticity

of capital invested in city 75 with respect to city ij’s tax rate A change in the tax rate

tij (resp. 7;) produces two opposite effects on tax revenues: (i) a direct positive effect
nm/n
Kijdt;; (resp. > K;jdr;) and (ii) an indirect negative effect through the net return
j=1
nm/n

on capital e, K;jdt;; (resp. e, ), Kijdr;). Consistent with empirical findings'?, we
j=1

nm/n

6(7‘1 Z K”)
postulate that elasticities belong to the interval | — 1,0[, which implies # =
nm/n

(1+e-) > Kij > 0 and M = (l—l—atij)Kij > 0. Therefore, tax revenues of
j=1

a jurisdiction always increase When the jurisdiction’s tax rate increases. Because our
governments are benevolent, these additional tax revenues are entirely used to produce
more public goods.

The impact of the merger on the capital market We first note that the impact
of local taxation on the net return, 8t Vi, V7, remains the same whatever the number of
regions, 1, as the total number of 01t1es, nm, does not change. The merger of regions,
therefore, has no impact on the fierceness of horizontal tax competition at the local level,
ie., Ban ( a‘zfj) 8%(‘3:; ) = 0. Due to symmetry and a fixed supply of capital, we will show
that the allocation of capital among cities does not change.

In contrast, the merger of regions reduces the impact of an increase in the regional tax
rate on both the net return on capital and the interest rate, i.e., an(gz) a%(%’:j) = ﬁ%
Horizontal tax competition for capital at the regional level becomes less fierce. In other
words, the market share of each region, which is equal to the inverse of the number of
regions, increases with the merger. It should be noted that = —1 and T” = 0 when
capital is completely inelastic or without regional tax competltlon for capltal

The merger of regions also increases each regional tax base since the fixed national

supply of capital nmk is equally divided among fewer regions at the symmetric equilibrium,

nm/n
> Kig> EKU
J=1 J=

'%See Chirinko, Fazzari, and Meyer (1999) for instance.



The timing of the game Regional and local governments play a Nash game. Re-
gional governments simultaneously select their tax rate to maximize the welfare of the
representative citizen residing within their region, taking as given tax rates chosen by the
other regions and cities. Simultaneously, local governments select their tax rate to max-
imize the welfare of the representative citizen residing within their city, taking as given
tax rates chosen by the other cities and regions.

Regional and local public goods are determined as residuals after taxes are collected.
Firms then choose the amount of capital that maximizes their profits given these tax poli-
cies and production takes place. Finally, profits are distributed, and citizens enjoy the
consumption of both private and public goods. These last two stages are implicitly intro-
duced in our analysis: regional and local governments take into account the reaction of the
capital demand when choosing their tax strategy!!, and as regional and local governments
are benevolent, citizens’ preferences guide the choices of governments.

The robustness of the results derived in the Nash game will then be challenged by
altering the timing of the game. Instead of a simultaneous play of regions and cities, we
will consider two alternative setups:

i) a Stackelberg game where regional governments move first. Regional leaders move
first and then local followers move sequentially. In being the first to choose their tax rate,
regional governments possess a commitment power.

ii) a Stackelberg game where local governments move first. Local leaders move first,
choosing their best tax strategy. Regional followers then observe local choices and select
their tax rate.

3 Mergers in a simultaneous move Nash game

All jurisdictions, cities and regions, simultaneously choose their tax rates, given the strate-
gies of the other players. After solving the regional government’s problem and the local
government’s problem, we will determine the impact on tax rates of a reduction in the
number of regions using comparative statics.

3.1 The regional government’s problem

Each regional government i for ¢ = 1,...,n chooses the tax rate 7;, which maximizes the
utility of the representative citizen located in its region, taking as given the tax choices of
other regions and cities. It thus solves the problem:

nm/n
Maz 21 (cij +vgi] + V[Gi))
1 J:
_ nm/n
st cij = Wij [rig] + ok, gij = tij K [rij]  and Gy =7 .21 Kij [ri5]
J:

"' The strategic variable is the tax rate because our aim is to analyze the impact of mergers on tax
competition. However, in line with Wildasin (1988), we could show that Nash (resp. Stackelberg) equilibria
in which tax rates are the strategic variables do not coincide with Nash (resp. Stackelberg) equilibria in
which the amount of public good is the strategic variable, because the public good provision does not affect
the location of capital.
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The first-order condition!?:

Zl 1T}, 87;7 + 8—fk + 't K a:? +V' (1 +er,) Zl K| =0, (1)
j= ) ) ) j=

determines the regional government’s reaction function {7;(t1, ..., t;, ..., tx; 7—;) }s, which
depends on the vector t; = (¢;1, ..., t;nm ) of local tax rates in each region i = 1,...,m and
on the vector 7_; = (11, ..., Ti—1, Ti+1,T.L.., 77) of other regional tax rates. According to (1),
each region 7 determines its tax rate to equalize the marginal costs of a reduction in private

consumption and local public good provision, that is, acTif + v %ij < 0, and the marginal

nm/n

benefit of a rise in regional public good provision, that is, V' %—% =V'(1+e¢;) ' K >

7j=1
0, following an increase in ;.
3.2 The local government’s problem

Simultaneously, each local government ij for ¢ = 1,...,n and j = 1, ..., %" chooses the tax
rate ¢;;, which maximizes the utility of the representative citizen located in its city, taking
as given the tax choices of other cities and regions. It thus solves the problem:

Maz  cij +v [9i5] + V [Gi]
ij

. nm/n
st. ey =1L [rij] + pk,  gij =t Kij[rij] and Gi=1; > Kij[rij].
j=1
From the first-order condition'3,
ori; ~ 0p — Op or;j
I, — + 4+ (1 NKi +V'ry K, +K.—2]=0 2
90ty | Oty U (L) Ky + Vi g] * Gty Oty @

we determine the local government’s reaction function {¢;;(7;ty,....ti _j, ..., t5) }i;j, which
depends on the vector tx = (tx1, ..., txnm ) of local tax rates in each region k = 1,...,1 —
1,i+1,...,m, on the vector t; _; = (ti1, ..., tij—1, tij+1, ..., t;nm ) of tax rates of cities other
than ¢j in region 7 and on the vector 7 = (71,...,74,...,75) of regional tax rates. The
tax rate chosen by the local government ¢j is such that it equalizes the marginal costs
of a reduction in private consumption and regional public good provision, that is, (%; +

174 gg]’ < 0, and the marginal benefit of a rise in local public good provision, that is,

109ij

) =9 (l + Etij) K;; > 0, following an increase in t;;.

8tij
12At the symmetric equilibrium, distortive effects — through the net return on capital — on private
consumption compensate each other, i.e., IIj; aan. + %k = 0 since II}; = —K;; and Ky = k Vi,Vj,
dcij

implying that £ =II}; < 0.
13At the symmetric equilibrium, distortive effects — through the net return on capital — on private

consumption compensate each other, implying that a:” = ng < 0. Furthermore, marginal demands
ij
for capital are identical, i.e., K[, = K}; Vi, j,k, implying that 2% = 7;((m — 1) K}; 22 + K] (%”) =

ot Tt i Dty; i Dt
i dp /
(14 U VK.
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Solving first-order conditions (1) and (2) for all cities and regions simultaneously de-
termines the Nash equilibrium levels of tax rates. In the remainder of the paper, results
will be derived provided that a set of conditions specified in Appendix A are satisfied.
The condition (5) derived from the regional SOC, i.e., 252V > %L;f, and the condi-

tion (6) derived from the local SOC, i.e., 20" > gZ?, ensure the concavity of regional
and local objective functions and the uniqueness of tjhe solution. Marginal utilities from
public goods must be high enough to avoid a corner solution. The condition (8), i.e.,
(rmy’ — q)(nmel %) > (v — 1), guarantees that regional tax rates chosen at the sym-
metric equilibrium are positive and the condition (9), ie., (v' —1) > (%2V' — 1),
guarantees that local tax rates chosen at the symmetric equilibrium are positive. These
two conditions of positivity determine a non-empty range of parameters «, which ensures
that both local and regional tax rates are positive. Beyond this interval, either local or

regional public goods will not be produced. The condition (9) states that the relative

,U/

preference for the local public good a = 77 must be sufficiently high to ensure that local
public goods are produced. Similarly, the condition (8) states that the relative preference
for the local public good o must not exceed a threshold value beyond which regional pub-
lic goods would no longer be produced. Indeed, for high values of v’ relative to V', the
marginal cost of a reduction in the local public good provision may exceed the marginal
benefit from a higher provision of the regional public good, following a rise in 7;; therefore,
the regional tax rate 7; will be set to 0. In addition, as shown in Lemma 2 in Appendix
A, the conditions of positivity require that the marginal utility derived from the provision
of the public good (whether local or regional) exceeds the marginal utility derived from
the provision of the private good (normalized to unity), i.e., v’ > 1 and %V’ > 1. If this
were not the case, governments would not levy tax revenues to finance public goods.

3.3 Implications of the merger of regions

We now use the comparative statics to examine in more detail the impact of the merger of
regions on regional and local tax rates. Differentiating the first-order conditions (1) and
(2) with respect to 7y, t;; and n and using Cramer’s rule, we have:

9 = L ((El+ E2)+« HORIREG — E3+VERTI) (3)
and %4 = L (—(El+ E2)*VERTI+ E3x HORILOC), (4)

where the expressions AN, E1, F2, E3, HORIREG, HORILOC and VERTI are defined
in Appendix B. Since AY > 0 (see Lemma 3 in Appendix B), the impact of the merger
of regions on regional tax rates, i.e., %, and the impact of the merger of regions on local

tax rates, i.e., %, depend on the interplay of three effects, F1, E2 and E3, which are
transmitted either horizontally (at a weight HORIREG or HORILOC) or vertically (at a
weight VERTT).

The first effect, E1 = —(v't;; + V’%Ti)nga(agi/ﬁam > 0, results from the alleviation
of horizontal tax competition at the regional level. By reducing the number of competing
regions, the merger makes tax competition at the regional level less fierce due to lower

capital movement. A region i’s tax increase generates less capital outflow from region i
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(and therefore less capital inflow to other regions) since the marginal impact a— of the
regional tax rate on the equilibrium value of the net return on capital p becomes lower,
ie., M < 0. The merger thus reduces horizontal tax externalities at the regional
level, as shown by Hoyt (1991). Because of tax-base sharing, it also reduces vertical
top-down tax externalities: a region ¢’s tax increase generates less capital outflow from
cities 17 Vj located in its territory and less capital inflow to cities located in other regions.
The reduction in horizontal tax externalities increases the marginal utility derived from
the regional public good (—V'%" Kl’j% > 0) and the reduction in vertical top-

down tax externalities increases the marginal utility derived from the local public good

(—v'ti; K % > 0) without changing the cost in terms of private consumption, thus
lowering the incentive for reglonal overnments to set inefficiently low tax rates.

The second effect, E2 = —V"'2 ”m/" (1+¢e7,) Kij > 0, is a scale effect in the provi-
ston of regional public goods. After the merger, regions (fewer in number) have larger
tax bases at the symmetric equilibrium. More tax revenues can be collected and thus a
greater amount of regional public good can be provided after the merger, for the same tax
rate. The marginal utility derived from a regional tax increase becomes higher —without
changing the cost in terms of private consumption— thus pushing up the regional tax rate.
This effect is strongly linked to our assumption that the regional good is a pure public
good, the cost of provision of the regional public good being the same whatever the size of
regions (or, equally, whatever the number of public good "consumers" in each region). In
case of a publicly provided private good at the regional level, E2 would disappear without

ll

point "Sign of 2 67 in Appendix C.

a(1+";" == )
The third effect, B3 = —V'7; 2 (Zszat + K g:”) = ~V'miK——p ) > 0,

captures the larger internalization of vertzcal bottom-up tax externalities. Each city
neglects the impact its tax choice ¢;; has on the provision of local public goods in other
cities (whether they belong to the same region or not), i.e. it does not internalize horizontal
externalities at the local tier. However each city ij accounts for the impact of its tax
choice 2;; on the regional public good provided inside its region, i.e., it internalizes vertical
bottom-up externalities for its region (but not for other regions). As described before, if
city ¢j increases its tax rate t;;, this generates a capital outflow from city ij as well as a
capital outflow from region ¢, because the capital outflow from city 75 partially relocates
in cities outside of region ¢. City ¢j accounts for this capital movement out of region ¢
when choosing its tax rate, which drives down local tax rates. Due to symmetry in our
model, the capital outflow from city ¢j is equally distributed among all the other cities of
the country, which implies that the amount of capital outflow from region ¢ is in inverse
proportion to the number of cities inside region i. The larger region 4, the lower the capital
outflow from region ¢ (as more cities are located inside of region 7), and as a result, the
lower the incentive for each city 75 to reduce its tax rate. By increasing the size of regions,
the merger thus leads each city to internalize vertical bottom-up externalities for a larger
regional tax base. In the extreme case where all regions merge to form a unique top-tier
jurisdiction, vertical bottom-up tax externalities would be entirely internalized. Note that
for ng = 0 Vj, capital becomes inelastic to a change in the gross return on capital, and
all of these effects vanish.
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The first two effects, E'1 and E2, are considered as regional because they originate from
the regional tier, whereas the third one, E3, is considered as local because it originates
from the local tier'*. Due to the two-tier territorial organization, these three effects are
both horizontally transmitted, i.e., at the regional (resp. local) tier if they are regional
(resp. local) at a weight HORIREG (resp. HORILOC), and vertically transmitted, i.e.,
at the regional (resp. local) tier if they are local (resp. regional) at a weight VERTI'®.

Each effect taken individually favors an increase in tax pressure when it is horizontally
transmitted: the alleviation of horizontal tax competition at the regional level (E1) and
the scale effect in the provision of regional public goods (E2) both drive regional tax rates
upwards, whereas the larger internalization of vertical bottom-up tax externalities (E3)
yields to higher local tax rates following a decrease in n. However, due to the overlapping
structure, each effect is also vertically transmitted, either top-down (for E1 and E2) or
bottom-up (F3), where it favors a decrease in tax pressure: the alleviation of horizontal
tax competition at the regional level (E1) and the scale effect in the provision of regional
public goods (E2) both tend to reduce local tax rates, whereas the larger internalization
of wertical bottom-up tax externalities (E3) encourages regions to lower their tax rate
following the merger of regions.

The overall impact of the merger on tax rates, %TJ an

three effects, which are transmitted both horizontally and vertlcally. By summing aﬁ and
881:7? , we find the impact of the merger of regions on the consolidated tax rate Tj; = 7; +1;;.
It follows that:

Proposition 1: In a Nash game, the merger of regions always increases regional tax
rates and decreases local tax rates, with an overall increasing impact on the consolidated
tax rate.

Proof: See Appendix C

The merger of regions has an unambiguous impact on both regional and local tax rates.
Following the territorial reorganization, regions, fewer in number, increase their tax rates,
whereas cities reduce their tax rates. We learn from Proposition 1 that the weighted sum
of the alleviation of horizontal tax competition at the regional level and the scale effect in
the provision of regional public goods, i.e., E1 and E2 (which are transmitted at a weight
HORIREG at the regional level and V ERTI at the local level), is higher than the larger
internalization of vertical bottom-up tax externalities, i.e., E3 (which is transmitted at a
weight VERT at the regional level and HORILOC' at the local level).

If the linear utility assumption were relaxed, the three effects F1, E2, E3 would
still exist. Assuming strictly concave functions v(.) and V(.), two new effects £4 =

IO ULy e )z Kijand E5 = —V7 7, 20/ ez ZK/k S+ K] 5 ) would

appear and the three Welghts HORIREG, HORILOC and VERTI would be stronger.
However, new conditions of concav1ty and the mablhty to derlve equilibrium tax rates
would prevent us from signing 8~ an
sumptions. Similar statements can be made concerning the quadratic production functlon

"The derivative of the regional FOC (1) w.r.t. 7 amounts to F1+ E2. The derivative of the local FOC
(2) w.r.t. n amounts to E3.

SHORIREG amounts to the local SOC, HORILOC amounts to the regional SOC and VERTI
amounts to the cross-partial derivative.
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assumption.

In the case of coalitions of regions!'% that coordinate to jointly choose their tax rate, the
territorial organization would not change; that is, the number of regions and the number
of cities inside each region would remain stable. The three effects F1, £2, E3 would thus
be absent. In particular, the impact of raegional taxation on the net return would not

p _ 1

change after the coalition of regions, i.e., 5= = .
K3

4 Mergers in a Stackelberg game

We now test whether our results are robust to a change in the timing of the game by
considering two alternative sequences of decisions. First, we assume that regional govern-
ments act as Stackelberg leaders vis-a-vis local governments. The larger size of higher-tier
jurisdictions may be a reason to justify regional leadership (see Keen and Kotsogiannis,
2003, for instance). Second, we assume that local governments act as Stackelberg leaders
vis-a-vis regional governments. A recent literature on the soft budget constraint issue
applied to fiscal federalism uses local leadership to capture the weakness of the higher-tier
in terms of intergovernmental transfers (Vigneault, 2007; Breuillé and Vigneault, 2010).

The leader moves first and chooses the tax rate that maximizes the welfare over its
territory, anticipating the predicted response of the follower. The follower then observes
the decision of the leader and in equilibrium selects its tax rate as a response.

4.1 Regional governments are Stackelberg leaders

When regional governments are Stackelberg leaders, they anticipate the impact of their
own tax decision on the choice of taxation by local governments. Best response functions
tij (1;) of local followers are calculated by differentiating first-order conditions (2) by t;;

and 7; for all i =1,...,n and j = 1,..., %=*. At the symmetric equilibrium, we obtain!”:

or;; Or;; Or;
. 1 9Tig / nm Op y_ 9T TTij
oti; _(” a7y +VI (1455 Dtij) ot (?‘ri) 1.0 Vi Vi
s LR €] —1;0[ i, V7.
(2v 70tij)8tij

As expected'®, local reaction functions are negative. Local and regional tax rates are
therefore strategic substitutes, which implies that all local governments j located in region
¢ will respond to a rise in 7; by reducing their tax rates ¢;; to restore some competitiveness.
It should be noted that % < 0, that is, the higher the number of regions, the more
responsive the local tax rate to a change in the regional tax rate.

Regional leaders select the tax rate that maximizes the utility of the representative
citizen located in their region, anticipating the predicted response of local followers, i.e.,

16 Contrary to Konrad and Schjelderup (1999), all regions would be partitioned into coalitions, i.e., n

exogenous coalitions of Z regions.
"We know that (Zf—;f ] — 1;0[ since (Z21/2m=1) < 1, 20" > 22=L from (6) and V' < v’ = V' from

Lemma 1 (see Appendix A).
'8See for instance Fox, Hill and Murray (2010).
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nm/n

JMT(_L:E z:l (cij +vlgij] + V [Gi])
i J=

nm/n

s.t. Cij = Hij [Tij] + pE, gij = tinij [Tij] 5 Gz =T Zl Kij [T‘ij] and %\ij (Tz) Vj
]:

Let us use the exponent SR (resp. SL) to characterize the equilibrium when regional
(resp. local) governments are leaders and the exponent N to characterize the Nash equi-
librium. The comparison between 797 and 7V and the comparison between tf;-R and ti}f
both crucially depend on the relative extent of marginal utilities. For “*V' > ¢/, regional
tax rates chosen at the Stackelberg equilibrium are higher than those chosen at the Nash
equilibrium, i.e., TfR > TZN Vi. Because of the substitutability between local and regional
tax rates, equilibrium tax rates chosen by local governments when they are followers are
lower, i.e., tij < t,f}] Vi,Vj. For MRV’ < o, results are opposite (see Appendix D for
proof): when the regional public good valuation is low with respect to the local public
good valuation, the regional leader sets a tax rate which is lower than the tax rate that
would be chosen in a Nash game and thus produces less regional public good in order to
maximize the welfare of the representative citizen, being aware that it will increase the
local tax rate, and as a consequence the local public good provision. Regional governments
thus do not always use their strategic advantage to set higher regional tax rates: the be-
havior of the regional leader will depend on whether an increase in the regional public
good or an increase in the local public good generates more additional utility to citizens.

We then calculate the impact of the merger of regions on both regional and local tax
rates by differentiating the system of first-order conditions w.r.t. 7;, ¢;; and n, taking into
account fij (7i). The results are summarized by the following proposition:

Proposition 2: In a Stackelberg game where regions are leaders, the merger of regions
always increases regional tax rates and decreases local tax rates.

Proof: See Appendix D

Although some new effects capturing the impact of the merger on the reaction function
emerge in the Stackelberg game when regions are leaders, in addition to the three existing
effects £'1, E2 and E3, we are able to show that the merger of regions leads to higher
regional tax rates and lower local tax rates at the symmetric equilibrium. Results derived
in a Nash game for both local and regional tax rates are therefore robust to this change in
sequence of decisions. However, we are unable to sign the consolidated impact of a merger
of regions without assuming more restrictive conditions. Let us now reverse the sequence
of decisions and assume local leadership rather than regional leadership.

4.2 Local governments are Stackelberg leaders

In the same way, we solve the game by backward induction to derive the subgame perfect
Nash equilibrium. We first calculate the best response function of each regional follower
by differentiating the first-order conditions (1) by ¢;; and 7; for all 4 = 1,...,n and j =
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1,..., =", At the symmetric equilibrium!?, we obtain?’:
or;
~ W'V =5 )
7. 3t C
L=———— S ¢€]-1;0] Vi, V7.
. ar;
Oty (Qvl%_ai”?) ) 3

Regional reaction functions are also negative, which confirms that local and regional tax
rates are strategic substitutes.

Each local government ij selects the tax rate ?;; that maximizes the utility of its
representative citizen, anticipating the predicted response of the region 1, i.e.,

Maz ¢ +v[gy] + V [Gi]
ij

nm/n

s.t. Cij = Hij [Tij} + pE, gij = tinij [Tij] 5 Gl =T Zl Kij [Tij] and ?Z (tij) v_]
J:

As shown in Appendix E, the Stackelberg strategy is equivalent to the Nash strategy,

, local FOCs when cities are Stackelberg leaders boil down to local FOCs when cities
play simultaneously with regions. Their first move does not give cities an advantage,
and therefore, tax rates chosen at the equilibrium in the sequential game are identical
to those chosen in the simultaneous game. This strong result is explained by a mix of
two ingredients: the symmetry and the overlapping structure. Because of symmetry and
provided that both local and regional governments are benevolent and utilitarian, the
regional objective function is equivalent to the local objective function multiplied by the
number nm/n of cities inside the region. Therefore, the derivative of the regional objective
function w.r.t. 7; is identical to the derivative of the local objective function w.r.t. 7;
weighted by 2. This is the case only because the regional tax rate 7; has the same
impact for all cities inside the region since it is a top-tier policy?!. The anticipation of the
predicted response thus leads local leaders to not alter their best response, since it mimics
the action of the regional follower. Cities are not better off in this case than they are in
the simultaneous move case. As summarized by the following proposition, results are the
same as in the Nash game:

Proposition 3: Local leadershz'p does not affect the outcome of the Nash game; that
is, tax rates are identical (TfL tSL = tN) and the impact on taxation of the merger

: oSL ol aTSL ory
zsthesame(a—%za—%]>0,az BT <0, = 55 <0).

Proof: See Appendix E

L . . . L ory; ory; ar; ar;
19Before simplification, the differentiated equation is —Ki( a:;? dri + #dti )57 T4y 'Ki; 87;] dti; +

nm/n - - nm/n -
V'( E Ki5iddrs + Y Kiy2dts; + Ky it dti; + z Ki; % dr;) =0
k#j

20VVe know that d;? < 0 because 22V’ > 1 > a;? and v=aV' >1> g:” from Lemma 2 (Appendix
i i i
A),

21

87’1

< 1, which we proved in Appendix C.

With reglonal leadership, this equivalence no longer holds because the region takes into account the
impact of a given city’s tax choice on the city itself and also on the other cities located in its territory.
Therefore, the regional leader internalizes part of the local externalities when picking its tax rate first,
whereas the city does not. Mathematically speaking, the derivative of the regional objective function
w.r.t. t;; is not identical to the derivative of the local objective function w.r.t. t;;.
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Results derived in a Nash game are therefore robust to this change in sequence of
decisions.

5 Conclusion

In a two-tier tax competition model with several top-tier jurisdictions, which generates: i)
horizontal tax externalities at both top and bottom tiers and ii) top-down and bottom-up
vertical tax externalities, our paper analyzes the impact of a merger of top-tier jurisdictions
on tax policies. Two top-tier (or regional) effects and one bottom-tier (or local) effect,
both of which are horizontally and vertically transmitted, result from the merger. The
two regional effects are found to overcome the local effect. Therefore, the merger of
regions increases regional tax rates while decreasing local tax rates, with an overall positive
impact on the consolidated tax rate. In case of a sequential move, with either local or
regional leadership, the merger still exacerbates the race to the bottom at the local tier
while reducing it at the regional tier. The equilibrium with local leadership has the
special feature of being equivalent to the equilibrium with simultaneous moves due to the
overlapping structure of taxation in our symmetric framework.

Several extensions can be considered to improve our understanding of the consequences
of a merger of regions on tax competition in this two-tier framework, and thus to fuel
the debate on territorial reorganization that has taken place in most OECD countries.
It would be desirable to allow for more general functional forms of the utility function
and the production function, without being obliged to introduce a new set of strong ad-
hoc assumptions in compensation. The symmetry assumption could also be relaxed by
considering that regions differ in terms of population or that only some regions merge.
The determinants of the merger may also be endogenous, which would raise new issues
concerning the stability of mergers of jurisdictions. Finally, future research could consider
other types of territorial reforms such as the merger of jurisdictions that belong to two
different tiers, for example, the merger of a region and some cities.

6 Appendices

6.1 Appendix A: Conditions of concavity and positivity

e Conditions of concavity

The concavity of the regional government’s problem is ensured when the SOC (2% V' —

%27 )K! Irii < () is satisfied. The concavity of the local government’s problem is ensured

ij OT;
when the SOC (2v' — i) Kj; 5 < 0 is satisfied. Since KJ; < 0, 5% > 0 and g2 > 0,
the SOCs are satisfied under the two following assumptions:
nmys/ > aTij
2TV 2 e (5)
20 > i (6)

8tij .

e Conditions of positivity
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At the symmetric equilibrium, the amount of capital K;; invested in each city ij is
equal to the exogenous amount of capital k each representative citizen is initially endowed
with. Using K;; = k Vi, Vj, we know that C’Z = 8';” =11}, = —k and Ki; = Vi, V.
The FOCs (1) and (2) thus reduce to:

—k AVt KLY v (g gyl Sy =

F H

1j OT; 1j OT;
—F 4+ 0/ (k4 K 57) + V(1 + 2 2K = 0

Solving this system of FOCs for all regions and cities simultaneously, we derive the
tax rates chosen by regions and cities at the symmetric Nash equilibrium, denoted by Tf;V
and tY, Vi, Vj:

Z]’

an/ 1)( = 1 /n—-1 o' —1)— o —1)nm_ @val_l _
N Ll et O NP R Gl Vel - At (7)
V’K’ nn; n 1) _,U/KZ{J_ nm—n

n

As tax rates must be positive by assumption to ensure that public goods are provided,
the following conditions of positivity are required?? Vi, Vj:

Tk SEENUE) ®)

>
(V' =1) > (222V'—1)- 9)
It should be noted that we checked that the set of parameters that satisfies conditions of
concavity and conditions of positivity is not empty.

e Implications of the conditions of positivity

Lemma 1: o > 1

Proof: Replacing v" by its value aV’, the condition (9) reduces to (o —1) %2V’ >
— 1. Because =* — 1 > 0, we know that o can never be lower than 1. Q.E.D.
Lemma 2: 2V’ > 1and v’ > 1

Proof: Combining the conditions of positivity (8) and (9), we know that (%=*V’ —

nm
n

1)(mm=l jily > (mmy7 1) which boils down to the condition ("Y' —1)(%2=1) > (.
Because nm > 7, we deduce that %V’ > 1. Therefore, from the condition (9), we can

infer that v' > 1. Q.E.D.

6.2 Appendix B: Comparative statics

Differentiating the first-order conditions (1) and (2) with respect to 7;, t;; and n yields
the following system of equations in matrix form:

or; 8r or;
*K, iJ ’L] + IK/ ij
(2v/nm _ Or;j VK! Orij 1 Otis g g: nmR
n orT; ij OT; —|-V/( ZK + K! ”) orN Oryj (1+€r ) Z K;j)
k:at ij Ot T , 8(87—-) ,
iy 0 o ok —v'ti K=z =V o7
_ g 9Tig Tz] / 1 OTij ti‘ or;;
sz oT; 815Z K’Lj gr 9y 87"7] K ari; 871] 8(2Km aatp + ’Z] ot; ])
+V( Z K{k ot + K ) (20" =5, ) ij Otij —V'r; o
ij

22The need for conditions of positivity is explained by the linearity of the utility derived from local and
regional public goods.
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Using Cramer’s rule gives:

orN N N
5 =4y and =Gy,
where??
N 2 Orij\ O Orij\ Orij Orij Ory; o 9p \\2
A — K;]((QV/@ _ 8T’zj> 8’/‘1] (2,0/ _ a';lj)azz _ (_ 87;'11] a:zj + '1)’ 8:—15 + V’(l -+ %&52 )) )7
( (W'tsg + V') (20" — G) Gt
L or; Orij\ Orij
BN = KZ/? ( z ) ( v’ )(K’LJ + TZKl,] a:_])(ZU/ — a;j)aqt;j ,
a(wm i) Con,
F o VTG G UG A VI B )
or,
8( ”) " V/nm Orij Ori; 10734 V(1 4 nm dp
on ('U l]+ Z)(_aTi atij +,U7+ ( +76t“))
o Orip\, Ory Ory | om )
oV = ko | +202 )K, (Kiy + oK 98 (<0 0 O 4 yr(1 4 mm )
nm Op
_8<1+ n oot )V’ J(2v/mm %)%
n

on oty / 014

The expressions BY and CV can be rewritten as follows:

BN = (El1+ E2)« HORIREG — E3*VERTI,

cN = —(E1+E2)«xVERTI + E3x HORILOC,
with?4
El = —(Wty+ V') 20mlom) o g
B2 = V2 (K oK) > 0,
E3 = —V'r ~Kf-W>O,
HORIREG = (20— G)K}; g <0,
HORILOC = (2v'™ — Ji)K] T <,
VERTI = (—g2%5% +o/G2 +V/(1+ 22 22))K]; <0,

We show that the sign of AV is always positive:

¥ Invoking symmetry, i.e. K;; =k and Ki; =1/F” [ﬂ Vi,Vj, we simplify the following expressions:
nm/n nm/n

O(L-+er) 3, Kiy) (0T = (022 /0m) (K + malKy 52 ) + 3 makj 052 /om)
p2

7 Orij nm
and (kngkat +K7] atl;):(l—i_T%)
j
2We know that HORILOC < 0 from (5), HORIREG < 0 from (6) and VERTI =
(— g:z; ZZ: + v'%r—jj +V’ (1 + nm Op )) K = (— g:;] +v + V’) (%) K}; <0 from Lemma 2.

n Oty
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Lemma 3: AY >0
Proof: We proceed by contradiction. Assume that AV < 0. Substituting the values
for i Orii  0p ang using v’ = aV’, we obtain that AN < 0 iif*:

a7 Oty Ot
ﬁ>1+2(nm—1)%. (11)

The condition (8) requires®S:
7 < Vm—)+av'—1) (12)

L O

to make sure that the regional tax rate is strictly positive. We can show that the conditions
/_mnm—=1

(11) and (12) are mutually incompatible. Indeed, 1 + 2 (nm — 1) (2av )

nm

((a+1)*v7—22322)

V'(”Z;—V{{“jv)"—” if (Ba+1)V' —=2)nm+ (a+1))(a—1)(nm—1)V’ < 0, which is

impossible from Lemma 1 and Lemma 2 (stated in Appendix A). Q.E.D.
It should be noted that the solution is a steady state of our linear system of differential
equations, as every real eigenvalue of AN > 0 is negative.

<

6.3 Appendix C: Proof of Proposition 1

Proofs refer to conditions and Lemmas stated in Appendices A and B.

N
e Sign of 65%

o 142 dp
N1 __ grr2¢  0(9ri;/0Ti) (1 n ; Orij\Ory; ( no ot ) / Orij Orij
Let BY = K..(_iaﬁ (V'ti+V " 7) (20— o ) Dir "’7% Viri(— T

or; 0 ! or;
VG + V(14 22 22 ))) such that BY — BN = K72 (nm /%) (_Yqj) (Kij+ 7K 5 (20 —
g::j)g;"j which is always < 0 from (6) and given ¢,, €] —1,0]. Demonstrating that BN is
Ory; Orgj;

negative ensures that BY is negative too. After replacing - or1 0 Oty and by their values

and substituting v’ by oV, the expression of BV boils down to K} ( )V' (—(atsj +
w2V’ — nmelynmel g (nmel 4 (g 4 1) V') B21) Because Kg ( )V’ > 0,

and (2aV’ — ";”nj{rs > (nmm:ml + (« —:Til) V’) from Lemma 1 a sufficient condltlon to en-
sure th~at BN’ is negative is that — —(aty; + =2 TZ)”?ml + 721 ~ L < 0 or, equally, atij ”;”ml +
7" =" > 0, which is always true. Therefore BM" and consequently BN are negative.
Because AV i = ﬁ—z <0. Q.E.D.
N
After replacing T’j , g;:ﬂ and z- L by their values and substituting v’ by aV’, the

expression of CV simplifies as follows. cN = K ’2V’ 1L (i (14 2nm (aV’ = 1)) +

n

2 (o 1)2 V' — 2% > 0 because it is the sum of two positive terms, i.e., (a2 + 1) V' — %, which
is p0s1tlve frorn (6) and Lemma 1, and 2aV’ — 221 which is positive from (6).

*(aV’' = =L} > 0 from (6) and provided that nm > 3, which is always true.
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(atij + = (K + 7)) (= "2 4 (4 1) V') + 7;),which implies that CN > 0 iif

nm

n((ati; + fT"zj(Kl] + 1K) (-2 4 (o + 1) V') + 1) > =7 (1 +2nm (aV’ — 1)). We

nm

know from Lemma 2 that the right-hand side is negative. Given e,, €] — 1,0[ and

(—% + (a+1) V’) > 0 from Lemma 2, the condition is always true because n > 0.
N

Therefore CV is positive. Because AV > 0 from Lemma 3, 86—1] = CN > 0. Q.E.D.

. oTy T ot
o Sign of T = G + 57
N N
Summmg s and , and simplifying, we get
oY 1 em (o V2 27+ nm s (Km0 (= 4+ o+ V) B —

on — ANp2z i —l—V,TZ'nTl(( 87‘”_’_1} +V) - (V’w—%))

n

The first expression into the bracket, (v’tij+V’%Ti+nm(j/T) (K1 K %TT“ N((— g;z;

n— 0 i 0 37 . . .
v+ V)L — (20 — %Zj)a;j ), is negative because i) (v't;; + V' 2% 7; + Mgy Kéj) (Kij +

y Or; . e .. 67’1 ! 1 / orij\Orij - .
TiKj;5;2)) is always positive and ii) (=52 + o' +V )E=L (20 - ati;)atij is negative

since a > 1 from Lemma 1 and %ﬂ;l > %
The second expression into the bracket, V' TZ%(( 8”’ +o' + V') — (2V'ER — %L;‘Z))’
is also negative. Indeed, we can show that the term (— 8r” +o' + V') — (VTR — %L;Z) is

negative iif v/ —1 < — ar“ +2V'ER 4 8r” -V'-1 (substractlng —1 on each side). From (8),
we know that v/ —1 < (@V’ - 1)(8T” /5 ri 2). A sufficient condition for (— 6r” +u'+ V) —
(QU7mm 9 4o b < O i that 9% 1 2y G =V —1> <%v' - 1)(37"”/%”5)

or equally 0 > 5_1 (V= — )(n 2) + (aT” - %TT’Z)( + 3 ar” 1)) after factorization and
37’1

an j

simplification, which is always true since »* > 1, n > 2 and > 8“] . Because AN >0

ory
from Lemma 3, =~

6.4 Appendix D: Regional leadership

e Derivation of the equilibrium tax rates

Solving the regional government’s program when she/he acts as a Stackelberg leader,
we obtain the following regional FOC:

H{L (Br” + 8’)"” (()t” + Z 8p 8t2k) (87—pl + 8p 8t” + Z ap 6tzk)

dt;; OT; Ot OT; oti; OT; Ot OT;
nm/% ati; 8n ari; Oty ) 6tl
Z +U,(aff ij +tlJK, (7t + 3t¢j ot Z atfk arf)) =0. (13)
Jj=1 nm/n nm/n
or; Aryj Oty ot
+V,( Zl Kl] + Tq '21 ( TJ + T] aTZ + Z 86tbpk a;]:))
J= J=

At the symmetric equilibrium, using K;; = k Vi, V4, the FOCs (13) and (2) reduce to:
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( /8tzg +V/nm _ <1+ gtTiZ'))E_i_v/t,,K( (3m +(1+ ana(?tp )8tzg) —l—V’ an/ <6m + <1+
(v = )k + vty Ky G+ VTS 2 + 1)K = 0

Solving this system of FOCs for all regions and cities, we derive the tax rates chosen by
regions and cities at the symmetric equilibrium when regional governments are Stackelberg
leaders?”

nm nm—1 /n— nm—1 /n— Ity
SR _ (V' - DR/ ) - (0 =) - (R Tl)—l)aif)g
‘ N nm-—n Aty
SV (L 4 )
81 6’\1 nm
g _ WoDERAS tj)_aij)—(ﬁvl_l)E

/K/ nm 7’L(1_|_6 )

For Z2V" > o', we show that 98 > N and tij < tf}f In contrast, for =V’ < ', we
show that 797 < 7V and tlSjR > tﬁ}f . It should be noted that we checked that conditions of
positivity and conditions of concavity stated in the Nash game are compatible with those
in the Stackelberg game.

e Comparative statics

Differentiating the FOCs (13) and (2) w.r.t. 7, t;; and n in this Stackelberg game
yields the following system of equations in matrix form:

R R / Orij (O 9p i
(V' 4o/ G — (T 4 (14 12 D2y Ty Ko, (Grl + U+ ) 5
n T n_ Oty / 0T +o ,K, (E)t” BTU + (87‘” +( nm 0Op
*K/ (87'1] 4 (1 nm ap )Btw) 0T 875 n 8t”
ij n Ot/ 0t; +V’Kz{j( n;ln ;‘tp )
ori; Ory; or;;
_K'Z] 8tz] 87'1] ,KZ/] 87] (2U _ 87"2]) / 67'1]
+V’K’ ( 4 nm 6p ) ot; tj Oty
L 1] n
i BtA arij a(nln 9p ) 62\# 1
(v — 1) 27 k+thK’( LN Ay . 52)—55-)
= or; ap \ Ot
|- —I—V’W(Kij + Tl (57 4+ (1 n%n atp )a:))

orij a(w i ) oF 2%
rmm 1! o7, n Otij nm Op a7,
VIR K (it + = T (L ) —5-)
o 9
—V'r K, L
) L ) ij o Oty i
Using Cramer’s rule gives:
SR SR SR SR
0 = B~ and ati — L
on ASE on ASR’

where after simplification due to symmetry, and using BY and C defined in Appendix
B, we get:

2TFor % = 0, we find the same results as in the Nash game.
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ati;
oT;

nm Op
n Ot

)

Ot s
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(Vi 490/ P _ ;( b)) B (1 4 D) (20 — D)o

ASR _ K{Z n oT; Ot;; Aatij
) or; 81 — ot; 81 Ot;; e
B VY (G  ) (t + BL(1 4 ) 4 V7R
ot; 0™ 9p or;j n—1 0t;
BSR — B 1 'L] K/2 D n (N A I V4 [
Ut g ) H R Dt g Vi g, V5 )%,
Oti; dti; 0™ 9p n—1 0t;n—1 Oti;
c® = N1 K?(-D=Y n Viri(20 — —— v (1 Y
( +87'Z)+ 0= oT; on 0Oty 7i(2v n )87'1- n ( +87'i))
where D = (%2 o (K7 P2 )0 —er (Rt K P ) (7 — 2) "V —1) ) 2 (' +
ary
V' — a;;).

SR

SR 0
e Signs of 2 5= and —-

Using the condition that ensures the positivity of the regional tax rate, we show that

SR ool . .
ASE > 0. The sign of agﬁ (resp. :;% ) is thus given by the sign of B (resp. C°F).
Provided that n > 2, the term D is always positive because we postulated that both e,
and e.r belong to the interval | — 1,0[. Since BY < 0 and CV > 0 from Appendix C,

(1—1— or 2y > 0, D > 0, afaatpV' (’g:f = l)gt;] < 0 and — afaatpV'n(Qv —

n—2 )gi” ﬁ; (1+ at”) > 0, we prove that 88% <0and 2 aﬁ > 0. Q.E.D.

6.5 Appendix E: Local leadership

Solving the local government’s program when she/he acts as a Stackelberg leader, we
obtain the following FOC:

1 O oT; or;; dp OT; 1 Orij oT; or;;
Hz‘j( an 3,;- + Btij) + (ani at:j + )k +wv (KZ] + t”K (875 6;]- + 8ti; )

Vl K/ Kl 87'7,] 87-2 nm/nK nm/nK/ 67'1] ot \ _ 0 14
+ (Tllg ik Ot - 875 +7i j Oty Z ij +Ti '21 1 015 Oty ) ( )
J J=

Invoking symmetry and factorizing, the local FOC (14) can be rewritten: (v/ — 1)k +
tijv' K, 82” + VIR GE(VI B = Dk + 'ty K Ois 1 y/gm ! 9%y — . Since

yon 1j o1 1j OT;

(V' — 1)k + o't K 55+ V’ MRS = 0 from the regional FOC (1), the local

FOC (14) boils down (v — 1) I{:—l—tijv’Kz’J g:;” + V,TZ'K{Aﬁ:l =0, i.e., the local FOC in the
otSL oty

Nash game. As a consequence, we get that TfL = N, tSL = tfj, and ” = 5” > 0,

orsL  orN orsLt  orN

o = <0 i =75 <0
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