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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 num-
ber of “voivodies” was reduced from 49 to 16 in 1999, and Denmark,
where the territorial reform implemented in 2007 replaced the 13
“dmter” 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 jurisdic-
tions compete to attract mobile capital. Hoyt (1991) demonstrated
that tax rates on mobile capital, and thus public goods provision,
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
jurisdictions reduces the capital movement; thus, increasing the
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jurisdiction's tax rate is less harmful for that jurisdiction. Considering
the possibility of asymmetric mergers, Bucovetsky (2009) also con-
cluded 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 taxa-
tion in a two-tier territorial organization with several bottom-tier ju-
risdictions and a unique top-tier jurisdiction, 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 horizon-
tal 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 hori-
zontal 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 be-
cause 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 equi-
librium tax rates.

Finally, the effect on capital taxation of a “complete merger” of
bottom-tier jurisdictions with their top-tier jurisdiction (which is
equivalent to removing bottom-tier jurisdictions) in a two-tier terri-
torial 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
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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 unitary nations”, where only n top-tier jurisdic-
tions compete. He demonstrated that if public goods are substitutes,
tax competition among federations leads to less severe under-
provision of public goods (or equally higher taxes) than tax competi-
tion 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 re-
spect to the federal tier, and the other country is unitary. In this asym-
metric 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 federal 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 competi-
tion literature, according to which two unitary countries competing
for attracting mobile capital set inefficiently low tax rates at the equi-
librium, 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 territorial organization with several bottom-tier jurisdic-
tions and several top-tier jurisdictions is, however, unknown. Should
one expect an increase in the equilibrium tax rates set by top-tier ju-
risdictions 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 affect bottom-tier taxation? What is the con-
solidated impact for the taxpayer? Our paper addresses these issues.

We consider a two-tier territorial organization with several iden-
tical bottom-tier jurisdictions, 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
territory. Benevolent local and regional governments use their tax
revenues in order to finance pure public goods that benefit exclu-
sively 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) hori-
zontal 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
superimposing an upper tier composed of several top-tier jurisdic-
tions, in contrast to Keen and Kotsogiannis (2002, 2004) who consid-
er a unique top-tier jurisdiction. Wrede (1997) built a similar two-tier
tax competition model, with the important difference that his
bottom-tier jurisdictions do not take into account 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 com-
plicates the capital tax competition model, we must make specific as-
sumptions 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 con-
sumptions, which implies constant marginal rates of substitution be-
tween these three types of goods. The decentralized setting allows

1 Our problem 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).

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 ex-
tent 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, be-
cause 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 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 internal-
ized 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 simulta-
neous 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 cit-
ies, 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.

2 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 et al. (2008), Bucovetsky
(2009).
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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 govern-
ments choose tax rates disregarding the impact on the other tier
government, ii) by analyzing how the merger of regions affects dis-
tortions linked to tax competition, where we disentangle the three ef-
fects 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 anal-
ysis of the impact of the merger of regions on the Nash game played
by regional and local players. In Section 4, we investigate the conse-
quences of the Stackelberg leadership position. Finally, in Section 5,
we provide concluding comments.

2. The model
2.1. 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
symmetric regions are broken up to constitute new symmetric re-
gions, which are fewer in number, that is, i < n. The merger is exog-
enously 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 o,
However, the total number nm of cities, and their frontiers do not
change. Therefore, after the merger, there are i identical regions
and, within each region, %" identical cities, with nm cities altogether.
Leti =1, ..., i 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 g which is financed by
the taxation at a rate t; of the amount of capital Kj; invested in its
city. The local budget constraint is thus given by g; = ;K.

Each regional government i 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 to the

nm/ft
sum of local tax bases inside the region, that is, K;= ZK ii- The regional
nm/f i1

budget constraint is thus given by G; = T,-ZK,-]-. Regional and local

j=1
governments are utilitarian and benevolent. In a strategic game
that will be described below, they choose their tax rates to maximize
the utility of the representative citizen.

2.2. The representative citizen

Citizens are assumed to be identical® and immobile. The represen-
tative citizen of the city ij derives a utility v[g;] from the provision of

? With a view to realism, we assume that n, fi, m and ™" are natural numbers. In ad-
dition, we consider i > 2.

4 Although one of the main reasons 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 provi-
sion does not depend on the size of regions.

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

the local public good g, a utility V[G;] from the provision of the re-
gional public good G; and a utility ¢; from the consumption of a pri-
vate good in quantity c¢; The utility function of the representative
citizen located in ij is thus given by U [cy, g5, Gi] = ¢ + Vv [g5] + V[G].
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 pj;, which
is equal to the return after local and regional taxes. As we will see after-
wards, p; = p Vi, Vj at the symmetric equilibrium. The private con-
sumption c¢; thus amounts to the sum of the profit of the firm,
denoted by [];, and the net remuneration of the capital endowment,
such that ¢; = []; + pk at the equilibrium.

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 as-
sume the linearity of the arguments for both private and public goods
consumptions, such that %27%’ = %%’ = g%’ =0 where %’Ev”[.] and
g%’EV”[.}. 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 parame-
ters 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 provi-
sion 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 CO, 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,
ie, g for v/ > V' and G; for v/ < 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 dominates private valuation. In the case
of non-distortionary taxation, the linear combination between pri-
vate consumption ¢; and public goods provision, g;; or G;, would en-
tail the overall taxation of private revenues and, therefore, no private
consumption if the public valuation were higher than the private one
(i.e., v/ > 1atthe local tier or ¥V’ > 1 at the regional tier). It should
be noted that due to the linearity of V[.] w.r.t. G;, the marginal utility
derived by citizens from a given amount of regional public good pro-
vision is not affected by the merger.

2.3. 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 Kj; on the domes-
tic market® to produce a composite good in quantity F[K;] with
F[.] >0 and F’[.] <0. We make the restrictive assumption’ that

6 The capital market works in autarchy, as both lenders and borrowers reside in the
country.

7 The quadratic assumption is used by several papers on tax competition, including
Grazzini and van Ypersele (2003), Devereux et al. (2008), Bucovetsky (2009).
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F”[.] = 0 to ensure that the demand for capital is linear, thus en-
abling us to derive closed form solutions. The profit []; = F[Ky]—r;K;
is, in its entirety, transferred to the usual owner of the firm in this
type of model, that is, the representative citizen. Firm profit maximiz-
ing behavior implies the familiar condition of remuneration at the
marginal productivity of capital, F[Kj] = r; Vi, Vj. The resulting de-
mand for capital Kjj[r;] and profit [];[r;] are decreasing functions of
the interest rate ry;, that is, Kj[ry] = #<0 and Ij[ry] = —K;<0 Vi, Vj.

For each unit of capital invested by a capital owner in the firm lo-
cated 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 as-
sumption 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 et al., 2010, who empirically
tested vertical reaction functions for capital taxes in this country).

Capital is assumed to be mobile without cost in a perfectly com-
petitive market. It moves across cities and, thus, across regions until
it earns the same net return p everywhere, that is, p = r; —
(t + 7)) Vi, Vj.

The national supply of capital is the sum of the initial endowment
k of the nm representative citizens of the country, i.e., nmk. Given
that r; = p + 7; + t; Vi, Vj, the capital market-clearing condition

i nm/i

> > Kilp + 7 + ty] = nmk implicitly defines the equilibrium value
i=1 j=1
of tJhe net return on capital, p(T, tq, ..., t;, ..., tz) with T = (74, ...
Ti) and t; = (tn, cous B ey tinn,m)Vi. Differentiating the market-clearing

condition yields, at the symmetric equilibrium:

nm/f

=Y K
Ty g Oy 0 1
or; ammm — f’ 9r;  Or; A or_; or_; @’
> K
izt j=1
op _ —Ky -1 9y . 3p nm—1
TR i TR TR
>3k,
i=1 j=1
oy oy  9p  dp —1
0ty Ot_; oty ot_; nm

ij

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
Ti + tj Vi, Vj 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 individually has an incentive to reduce its tax
rate on capital to attract a larger tax base, ie, —Kj a;’f >0,
which generates a negative externality towards the other
cities by shrinking their tax base, i.e., Klkap <0 VI#i,Vk and
—Ki ap <0 Vk#j. Thus, the other cities must Teduce 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.

horizontal externalities at the regional level. Each region similar-
ly undercuts the other regions via the choice of its tax rate.
The strategic choice of reducing its tax rate T; expands the

=

nm/f

region i's tax base, i.e., ZK& g:” > 0 but hurts the other re-

nm/i
gions, i.e., ZK lj ap <0 Vl;tz However, regional tax competi-
tion 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,, g[ > g
vertical externalities between local and reglonal tiers. Cities and
regions independently tax the same mobile tax base, which
generates both bottom-up externalities (as the tax choice of a
city affects the fi 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 i as well as cities in other regions,
to locate in city ij, thus creating an overall positive impact

iii

=

nm n
on region i's tax base,’ i ZK,’k gf —K;; gfl >0, and a nega-
k#£j nm/n

tive impact on other regions I # i, i.e., ZK gp <0, at the

symmetric equilibrium (Kj = Kj<0 for all i, k j) Suppose now
that the region i reduces its tax rate 7;. Ceteris paribus, capital
will leave cities that belong to other regions (I # i) to locate

in the " cities that belong to region i. The capital inflow for
nm ﬂ

ZK i ‘fo > 0. Therefore, this creates positive ver-

region i is —

trcal top- down externalrtres for each city ij inside region i,
—Kj; a:f > 0 Vi,j, but also negative vertical top -down exter-

nalrtres for each city lj of other regions, i.e., —K| i ap <0 VI#i, V.

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 in-
ternalization of tax externalities. As shown later, each city will inter-
nalize part of 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 ver-

tical tax externalities, whether bottom-up or top-down, will be partial.
nm/f

P

. Jj=1
Finally, let &, = —

= /e <0 denote the elasticity of capital

S

invested in region i with respect to region i's tax rate and &, =

8 In Keen and Kotsogiannis (2002, 2004), there are only bottom-up vertical tax ex-
ternalities, 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 util-
ity 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/it

9 At the symmetric equilibrium, Kj = K;<0 for all i, k, j, so —ZK,k it —k}

U9t
— P 1)KE —Ki = K (g +1) > 0,
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aK” t” -<0 denote the elasticity of capital invested in city ij with respect

to c1ty ij's tax rate. A change in the tax rate t; (resp. 7;) produces two

opposite effects on tax revenues: (i) a direct positive effect Kydt;
nm/i

(resp. ZKUdT, ) and (ii) an indirect negative effect through the net

nm/f
return on capltal &, Kydty (resp. &,y K;dr;). Consistent with empir-
j=1
we postulate that elasticities belong to the interval]—1,
nm/it

i ZK” nm/i
0[, which implies 41/ — (1+)Y K;>0 and ko) _
i = y
(1 + stu)K,vj > 0. Therefore, tax revenues of a jurisdiction always in-
crease when the jurisdiction's tax rate increases. Because our govern-
ments are benevolent, these additional tax revenues are entirely used
to produce more public goods.

ical findings, °

2.4. The impact of the merger on the capital market

We first note that the impact of local taxation on the net return,
g" Vi,Vj, remains the same whatever the number of regions, i, as
the total number of cities, nm, does not change. The merger of regions,
therefore, has no impact or1 the fierceness of horizontal tax competi-

tion at the local level, i.e., = <gf) = Ban g;’) = 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 in-
crease in the regional tax rate on both the net return on capital and
the interest rate, i.e., gf =2 %) = %. Horizontal tax competi-
tion 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 reglons increases with the merger. It should be
noted that gﬂ = —1and r” = 0 when capital is completely inelastic
or without reglonal tax competmon for capital.

The merger of regions also increases each regional tax base since
the fixed national supply of capital nmk is equally divided among

nm/ft
fewer regions at the symmetric equilibrium, i.e., ) "Kj > ZKU
Jj=1 j=1

2.5. The timing of the game

Regional and local governments play a Nash game. Regional gov-
ernments simultaneously select their tax rate to maximize the wel-
fare of the representative citizen residing within their region, taking
as given tax rates chosen by the other regions and cities. Simulta-
neously, local governments select their tax rate to maximize 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 policies and production
takes place. Finally, profits are distributed, and citizens enjoy the con-
sumption of both private and public goods. These last two stages are
implicitly introduced 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 benev-
olent, 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

10 See Chirinko et al. (1999) for instance.

' 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 lo-
cation of capital.

simultaneous play of regions and cities, we will consider two alterna-
tive 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 pos-
sess 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 Nash game

All jurisdictions, cities and regions, simultaneously choose their
tax rates, given the strategies 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 num-
ber of regions using comparative statics.

3.1. The regional government's problem

Each regional government i for i = 1,..., fi 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:

Max 3 ”mm(c +v[gij] + V[G,-])
nm/f

st. ¢ =11; [r,-j] +pk, g = t;K; [r,-j} and G; = T,-Z:K,-j [r,-j]
=

Imposing a condition that ensures the concavity of the problem
faced by the regional government (see Appendix A), the first-order
condition'?

nm/ft

)ZKU . 1)

nm/f a

, or,
; Mg+ gpk—i-v’tul(ua‘]—i-V(
Jj=

determines the regional government's reaction function {7;(ty,..., t;,

. ta; T_;)}, which depends on the vector t; = (t,»l, lnm) of local
tax rates in each region i =1, ..., fi and on the vector T =
(T1s+eesTi_1,Tis1.-..,T7) Of other regional tax rates. According to
Eq. (1), each region i determines its tax rate to equalize the marginal
costs of a reduction in private consumption and local public good

provision, that is, gi" + v’ag" <0, and the marginal benefit of a rise in
nm/it

regional public good provision, that is, V' 3 ac V’(l + e‘_l) ZKU' >0,
following an increase in 7;. j=1

3.2. The local government's problem

Simultaneously, each local government ij for i = 1, ..., i and
j=1,...,% chooses the tax rate t;; 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:

Max ¢+ v]gy| +VIG]
nm/it

st ¢ =11 {rij] +pk. gy = tiK; {rij] and G;=T7;) K; [rij]
=

12 At the symmetric equilibrium, distortive effects — through the net return on capital -
on private consumption compensate each other, ie., Hugg + gﬁk =0 since ITj = —Kj;
and Kj; = k Vi, Vj, implying thatg L= I'[,J<0
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Imposing a condition that ensures the concavity of the problem
faced by the local government (see Appendix A), the first-order
condition, '

aru ap or
H'far Btk+v<+8t‘) +VT<ZK,kat +K'far> 0 (2

determines the local government's reaction function {t,-j(r; t, ...,

t_j,....&)};; which depends on the vector t; = (tkh tk%> of local
tax rates in each regionk = 1,...,i—1,i+1,..., 7, on the vector t; _; =
(tﬂ U TR S TR P ti,.ﬁﬂ> of tax rates of cities other than ij in region i
and on the vector T = (74, ..., T}, ..., Ti) of regional tax rates. The tax
rate chosen by the local government ij is such that it equalizes the
marginal costs of a reduction_in private consumption and regional
public good provision, that is, gi” + V’ x<0 and the marginal benefit
of a rise in local public good prov151oi1 that is, v’gg‘f = (1 +8tij)

i > 0, following an increase in t;;.

Solvmg first-order conditions (1) and (2) for all cities and regions
simultaneously determines 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. Condition (5)
derived from the regional SOC, i.e., 25 V'> 3 ar,, , and condition (6) de-

rived from the local SOC, i.e., 2v'> g;l ensure the concavity of regional

and local objective functions and the uniqueness of the solution.
Marginal utilities from public goods must be high enough to avoid a
corner solution. Condition (8), ie., (Z2V’'—1)(n=l/m=1)> (y'—1),
guarantees that regional tax rates chosen at the symmetric equilibri-
um are positive and condition (9), i.e., (v/—l)z(%V’—l)%. guaran-
tees 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. Condition (9) states that the rela-
tive preference for the local public good o = ¢ must be sufficiently
high to ensure that local public goods are produced. Similarly, condi-
tion (8) states that the relative preference for the local public good o
must not exceed a threshold value beyond which regional public
goods would no longer be produced. Indeed, for high values of v’ rel-
ative 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 re-
gional 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 2V’ > 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. Differ-
entiating the first-order conditions (1) and (2) with respect to T;, t;;
and 7 and using Cramer's rule, we have:

% = % ((E1 + E2) + HORIREG—E3  VERTI) 3)

13 At the symmetric equilibrium, distortive effects - through the net return on capital -
on private consumption compensate each other, implying that 3 C" = I1;;<0. Furthermore,

marginal demands for capital are identical, ie.,
7 9y
S —ry(m=1)K; 2 + Kjgit) =i (1+mP)K,

K,R—KUVL]i k, implying that

and

ot;;

an 1 v (—(E1 + E2)  VERTI + E3 « HORILOC) (4)
where the expressions AN, E1, E2, E3, HORIREG, HORILOC and VERTI are
defined in Appendix B. Since AN > 0 (see Lemma 3 in Appendix B),

T
i

the impact of the merger of regions on regional tax rates, ie., 3,

and the impact of the merger of regions on local tax rates, i.e., %t—g,
depend on the interplay of three effects, E1, E2 and E3, which are
transmitted either horizontally (at a weight HORIREG or HORILOC)
or vertically (at a weight VERTI).

The first effect, E1=— (v/t;; + V' ;) K & a”/ %%) - 0, results from the
alleviation of horizontal tax competmon at the regwnal 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 (and therefore
less capital inflow to other regions) since the marginal impact % of the
regional tax rate on the equilibrium value of the net return on capital p
becomes lower, i.e., — (a”/ 97i) <. 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 i's tax increase generates less capital outflow from cities ij Vj
located in its territory and less capital inflow to cities located in other re-
gions. The reduction in horizontal tax externalities increases the marginal

utility derived from the regional public good < V' BT K ; %’/3—”) > 0)

and the reduction in vertical top-down tax externalities in-
creases the marginal utility derived from the local public good

( e a(ar,,/ar,)

consumption, thus lowering the incentive for regional governments to
set inefficiently low tax rates.

The second effect, E2=—V' M (1+é&-,)Ky > 0, is a scale effect in
the provision 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 be-
comes 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 pub-
licly provided private good at the regional level, E2 would disappear

> 0> without changing the cost in terms of private

without altering the whole impact 3 a"' of the merger on the regional

Tn

tax rate, as shown in the bullet point “Sign of 51" in Appendix C.
. ,0p 0 B(H"A" aaﬁ’)
=_\y'+. 0 V) — _yr+
The third effect, E3=—v'7; 2 (k; Kix at”ﬂ(,j arij> = —V'TiKfj "L > 0,

captures the larger internalization of vertical bottom-up tax externalities.
Each city ij neglects the impact its tax choice t; has on the provision of
local public goods in other cities (whether they belong to the same re-
gion 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
t; on the regional public good provided inside its region, i.e, it inter-
nalizes vertical bottom-up externalities for its region (but not for
other regions). As described before, if city ij increases its tax rate t,
this generates a capital outflow from city ij as well as a capital outflow
from region i, because the capital outflow from city ij partially relo-
cates in cities outside of region i. City ij accounts for this capital move-
ment out of region i when choosing its tax rate, which drives down
local tax rates. Due to symmetry in our model, the capital outflow
from city ij is equally distributed among all the other cities of the



M.-L. Breuillé, S. Zanaj / Journal of Public Economics 105 (2013) 11-22 17

country, which implies that the amount of capital outflow from region
i is in inverse proportion to the number of cities inside region i. The
larger region i is, the lower the capital outflow from region i (as
more cities are located inside of region i), and as a result, the lower
the incentive for each city ij 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 K 1} = 0V}, capital becomes inelastic to a change in the
gross return on capital, and all of these effects vanish.

The first two effects, E1 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 hor-
izontally transmitted, i.e., at the regional (resp. local) tier if they are
regional (resp. local) at a weight HORIREG (resp. HORILOC), and verti-
cally transmitted, i.e., at the regional (resp. local) tier if they are local
(resp. regional) at a weight VERTL.'®

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 provi-
sion of regional public goods (E2) both drive regional tax rates up-
wards, whereas the larger internalization of vertical bottom-up tax
externalities (E3) yields higher local tax rates following a decrease in
fi. However, due to the overlapping structure, each effect is also verti-
cally transmitted, either top-down (for E1 and E2) or bottom-up (E3),
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 pro-
vision of regional public goods (E2) both tend to reduce local tax rates,
whereas the larger internalization of vertical bottom-up tax externali-
ties (E3) encourages regions to lower their tax rate following the
merger of regions.

The overall impact of the merger on tax rates, %—; and % is a
weighted sum of these three effects, which are transmitted both hor-
izontally and vertically. By summing % and % we find the impact
of the merger of regions on the consolidated tax rate T; = 7; + tj;
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 increas-
ing impact on the consolidated tax rate.

Proof. See Appendix C

The merger of regions has an unambiguous impact on both region-
al 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 VERTI 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 VERTI at the regional level and HORILOC at the local level).

If the linear utility assumption were relaxed, the three effects E1,
E2, E3 would still exist. Assuming strictly concave functions v(.)
and V(.), two new effects E4=—V';2MM K, (1 +¢.)Y Ky and

j

would appear and the

E5=—V/7; QA 7 <’§ Ki g—{j +Kj; %)
k]

14 The derivative of the regional FOC (1) w.r.t. i amounts to E1 + E2. The derivative
of the local FOC (2) w.r.t. fi amounts to E3.

15 HORIREG amounts to the local SOC, HORILOC amounts to the regional SOC and
VERTI amounts to the cross-partial derivative.

three weights HORIREG, HORILOC and VERTI would be larger. However,
new conditions of concavity and the inability to derive equilibrium
tax rates would prevent us from signing% and % without introducing
a new set of strong ad-hoc assumptions. Similar statements can be
made concerning the quadratic production function 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 re-
gion would remain stable. The three effects E1, E2, E3 would thus be
absent. In particular, the impact of regional taxation on the net return
would not change after the coalition of regions, i.e., % =1

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 deci-
sions. First, we assume that regional governments act as Stackelberg
leaders vis-a-vis local governments. The larger size of higher-tier ju-
risdictions 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 govern-
ments. 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 antici-
pate the impact of their own tax decision on the choice of taxation
by local governments. Best response functions £;(7;) of local followers
are calculated by differentiating first-order conditions (Eq. (2)) by t;
and 7;foralli =1, ..., fiand j = 1,..., %% At the symmetric equilibri-
um, we obtain'”:

or;; B Or;; or,
A 7 OTij ’ nmOop ) _ i i
oty _<V o TV (1 + 5 [,) 3, o,

-

)e]—1;0[ Vi, Vj.

As expected,'® local reaction functions are negative. Local and re-
gional tax rates are therefore strategic substitutes, which implies that
all local governments j located in region i will respond to a rise in 7; by
reducing their tax rates t; to restore some competitiveness. It should
be noted that%w, 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 pre-
dicted response of local followers, i.e.,

nm /i
I\/ITL,.IX D (C,-j + v[g,»]} + V[G,-])
=
st ¢y =1I; [rij] +pk, g =t;K; {rij], G = Ti%&j [r,]} and &;(r;) Vi
=

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

17 We l(nowthat%‘fE]—lg 0[since (i1 /mm=1)<1, 2y’ > M=l fromEq. (6) and V' < v/ =
oV’ from Lemma 1 (see Appendix A).

18 See for instance Fox et al. (2010).
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Let us use the exponent SR (resp. SL) to characterize the equilibri-
um when regional (resp. local) governments are leaders and the ex-
ponent N to characterize the Nash equilibrium. The comparison
between 7% and 7} and the comparison between ¢3X and t} both cru-
cially depend on the relative extent of marginal utilities. For
mImy’ > v’, regional tax rates chosen at the Stackelberg equilibrium
are higher than those chosen at the Nash equilibrium, i.e., 7% > 7V
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., t§% < t} Vi, Vj. For 8V '<v’, results are op-
posite (see Appendix D for proof): when the regional public good val-
uation 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 pub-
lic good in order to maximize the welfare of the representative citi-
zen, 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 behavior of the regional leader will depend on whether
an increase in the regional public good or an increase in the local pub-
lic good generates more additional utility to citizens.

We then calculate the impact of the merger of regions on both re-
gional and local tax rates by differentiating the system of first-order
conditions w.r.t. 7;, t; and i, taking into account t;(7;). 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 E1, E2 and E3,
we are able to show that the merger of regions leads to higher region-
al 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 region-
al leadership.

4.2. Local governments are Stackelberg leaders

In the same way, we solve the game by backward induction to de-
rive the subgame perfect Nash equilibrium. We first calculate the best
response function of each regional follower by differentiating the
first-order conditions (Eq. (1)) by t; and 7; for all i =1, ..., fi and

j=1,...mm At the symmetric equilibrium,'® we obtain?°
or

07 ViV =g o

W-l-: _7( _a,f> E]-1;0[ Vi,Vj.

19 Before simplification, the differentiated equation is —Kj <% dri + g:” dt;; ) g
i ri

or; &L, o , 0ry A Oy
/l<,ja’fdt,,+V’<ZK,,a UdT,+ZI<,ka “6 = de; +Zl<,,a ”dl, =0.
20 We know that 2% <0 because myr>1> B'” andv' =aV’>1> a’” from Lemma 2

ar(
(Appendix A), and that "Tf <1, which we proved in Appendix C.

dt;; + Kjj

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 t; that maximizes
the utility of its representative citizen, anticipating the predicted re-
sponse of the region i, i.e.,

]V[[(iilx Gj + v{g,»j] + V(G

st ¢ =1IT; {ru] +pk, g = t;K; [ﬂ'j],
nm/it

Gi:TiZKij[rij] and f',»(tij) vij.
=

As shown in Appendix E, the Stackelberg strategy is equivalent to
the Nash strategy, i.e., 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 re-
gional objective function is equivalent to the local objective function
multiplied by the number nm/fi 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 "
This is the case only because the regional tax rate 7; has the same im-
pact 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 fol-
lower. Cities are not better off in this case than they are in the simul-
taneous move case. As summarized by the following proposition,
results are the same as in the Nash game:

Proposition 3. Local leadership does not affect the outcome of the Nash
game; that is, tax rates are identical (ti* =7V, ;" = t)) and the
. . . atL ory orst
impact on taxation of the merger is the same (k= 44> 0,55 =
orN orst  ard

L — L
o <051 = % <0>'

Proof. See Appendix E

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 jurisdic-
tions, which generates: i) horizontal tax externalities at both top and
bottom tiers and ii) top-down and bottom-up vertical tax externali-
ties, our paper analyzes the impact of a merger of top-tier jurisdic-
tions on tax policies. Two top-tier (or regional) effects and one
bottom-tier (or local) effect, both of which are horizontally and verti-
cally 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

2! With regional 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. tj;.
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overall positive impact on the consolidated tax rate. In case of a se-
quential 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 simulta-
neous moves due to the overlapping structure of taxation in our sym-
metric framework.

Several extensions can be considered to improve our under-
standing of the consequences of a merger of regions on tax compe-
tition in this two-tier framework, and thus to fuel the debate on
territorial reorganization that has taken place in most OECD coun-
tries. 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 ju-
risdictions that belong to two different tiers, for example, the merg-
er of a region and some cities.

Appendix A. Conditions of concavity and positivity

 Conditions of concavity
The concavity of the regional government's problem is ensured

when the SOC (2 mmyr ar")l(l; g:’ <0 is satisfied. The concavity of

the local government's problem is ensured when the SOC

(2v’ ar")l(,} g:f <0 is satisfied. Since Kj; <0,a£” >0, and ar,, >0, the

SOCs are satisfied under the two following assumptlons.

a
2—V/z aT , (5)
. 0y
vz 20 (6)

ij

Conditions of positivity

At the symmetric equilibrium, the amount of capital Kj; invested in
each city ij is equal to the exogenous amount of capital k each rep-
resentative citizen is initially endowed with. Using K = k Vi, Vj, we

know that a” = gij =ITj = —k and Kj = = {_ Vi, Vj. The FOCs (1)
and (2) thus reduce to:
ar, - or;
k+vt,jl<ua”+v ( k+ 71@]8 > =0,

_ or
kv <k+tul<yat ) VT, <1+"~mgtp>1< —0

Solving this system of FOCs for all regions and cities simultaneously,
we derive the tax rates chosen by regions and cities at the symmet-
ric Nash equilibrium, denoted by 7V and t,’)’, Vi, Vj:

N RV (B ) (v 1)

T, =1 P k and (7)
-V K~ =

N (v—=1)mm— (nmv/ 1)5

tij = /I(U nn}l il -

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

(=) (/)= .
(v’—l)z(%V’—l)%. 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.

« Implications of the conditions of positivity

Lemmal. o> 1

Proof. Replacing v/ by its value aV’, condition (9) reduces to
(a—1)40V’'>1n—1, Because %" —1 > 0, we know that « can never
be lower than 1. [J

Lemma 2. 2V’ > 1and v’ > 1

Proof. Combining the conditions of positivity (8) and (9), we know
that (V'=1) (! /52 (0V'=1)

nm’

which boils down to the
condition (%V’—l)(%)zo. Because nm > fi, we deduce that

iy’ > 1. Therefore, from condition (9), we can infer that v’ > 1. [
Appendix B. Comparative statics

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

[ K or;; Or; K or;;
nm_r;\ 0 Vo, or, o
Ve or; Kigr. 87 op or; oy
+v/<z Kj~ B, +Kj 5 > af;
or;; Ory; or;;
_x Y% e OTii ot
Ki 5 at”KUai o\, o, Ty
v/ — K/ fi
vk 8r1-, at i at
iz ot at 'Jar,,.

8r,~ nm/i
() (0erE)
—V't;K; -V’ =
on

I
K; K =2
T; <"§f ‘3t Bt ' atf}')
! 8n i

Using Cramer's rule gives:

o BV
=+ =-- and == =-—+,
on AN on AN

22 The need for conditions of positivity is explained by the linearity of the utility de-
rived from local and regional public goods.
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where??

(o2 o)
AV =k} Lt ,

y 2
ar,-jar,-j ar,} nm dp
_<_3—T13_tu+ 37,+V 1+Ta—tu

—Ti(vt +V’ —T)(Zv’—%)ﬁ'_’:

a(n ) v’ or; or;;\ Or,
N _ 2 i ,_ O\ Oy
BY=Kjf| +—51 () (K + 7K )(ZV ar__) i

nm dop
1
6( +n8t)v/ or;; ar 3,J vil1s nm dp
AT i\ ey eV \ R e

or;;
6( u> n _Oryory O nm dp
ar, (vt Ly ,)( a—TiaTij+va—7_i+v (R

=i o™, :
"+ <”)V <K + 1K or, >< Or; Or Y ar"+v<1+?a—p>>

on Kj V9, BT ot;; or; ot
nm op
01+ —=5—
- ( i i at >V’ zvrnm ar‘) ar']
on or; | or;

The expressions BN and CV can be rewritten as follows:

B" = (E1 + E2) « HORIREG—E3 = VERTI,

¢V = —(E1 + E2) « VERTI + E3  HORILOC,
with?*
8<8r~/a7'-)
, ,nm i/ ot
E1= —(v ti+V Trl-)K,"j—aﬁ >0,
o(nm/ or;
2= -V (aﬁ/ )<1< + Tkt > >0,
a1, mmop
, n ot
E3 = —V'TiKj——se 0> 0

ot; ) Vot

-~ ,nm ar,] ar
HORILOC<2V o )K’JB <0,

B or;; Or; 6r , nm dp
VERTI-( FB_JF . +V<1+ at K;;<0.

We show that the sign of AN is always positive:

ory\ , Ory
HORIREG = | 2v'— L |K!: <0,

Lemma 3. AV > 0

2 Invoking symmetry, ie. K =k and Kj; = 1/F" m Vi, Vj, we simplify the following

nm/n

nm/ii

( 1+ ZK,J> / O = (@p/0m) (Ky + ki) + Y 7ikG(95/00)
= ‘

and <Z'<"kgf +1<i;;%> =(1+w ).

24 We know that HORILOC < 0 from Eq. (5), HORIREG < 0 from Eq. (6) and VERTI =

expressions:

Or; Or; or; p o or; i—1\1!
(G +v g+ v (1) Ky = (= gL+ v+ V') (F))K;<0 from Lemma 2.

Proof. We proceed by contradiction. Assume that AN < 0. Substitut-
ing the values for % g?,ng and using v/ = aV’, we obtain that
AN < 0iif?°. Y

r_ nm—1
ﬁ>1+2(nm—1)(2av—m2”. (11)
(a+1)?V/—2mm
Condition (8) requires®®
- V/(nm—1) + (aV’—l)y (12)
(@V'—5)

to make sure that the regional tax rate is strictly positive. We can
show that conditions (11) and (12) are mutually incompatible. In-

deed, 1 +2(nm—1)((aff?;;/iirxzr;$ <Vr(nma‘}2 (7\)// D§f ((Ba + 1)V —

2)nm + (o + 1))(a — 1)(nm — 1)V’ <0, which is impossible from
Lemmas 1 and 2 (stated in Appendix A). [

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.

Appendix C. Proof of Proposition 1

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

« Proof that % o ;0 s (HMP
Let BV —K! ( (am/au) (v't; + V' Ty (2‘//_%> %+ a,: a
ij ij
, 2
*V’T,( af_’ar” +v gy ( ”’”gf))) such that BY—B"' =K/
& dm/) v

e (Ku + 7K gr,,) (Zv’ ar‘f) g:", which is always <0 from

Eq. (6) and given &, €]—1,0[. Demonstrating that B is negative en-
sures that BY is negative too. After replacing g:f ,g;‘f and ap by their
values and substituting v/ by aV’, the expression of BN’ boils

’23( )V( (Oltu-‘ran,)(ZOLV/ nm— l)nm 1+T1( nrgr;]_i_

nm nm
(a+1)V )”n—l) Because Kl’]2 Uy 0, and (2aV’/—nm-ly >
(==l (o +1)V’) from Lemma 1, a sufficient condition to ensure
that B"" is negative is that — (aty + ;) M1 4 7, =120 or, equally,
atym=l 4 ;=1 . 0, which is always true. Therefore BN’ and conse-
quently B" are negative. Because A" > 0 from Lemma 3, %5 Gi = B<0.
O

orN
Proof that 52 > 0

down to Kj;

After replacing gf’ g?' and ap by their values and substltutmg V' by aV',

the expression of CN 51mp11ﬁes as follows: C" = K;; 2y izl = % ( i (1+
2nm(aV’—1)) + <at,-j +%’g’) Ky + T,-K,-})) (—mm=l (a4 1)V') +75)

which implies that CV > 0 iif ﬁ<<atij +fl—’?1 (K + Til(i})>(— el

(a+1)V 1)). We know from Lemma 2
that the right-hand side is negative. Given ¢&;,€]—1,0[ and
(=214 (+1)V’) > 0 from Lemma 2, the condition is always
true because fi > 0. Therefore C" is positive. Because AN > 0 from

Lemma 3, ag fA—N>O O

N+ Ti)>—Ti(1+2nm (aV'—

% (a+1)’V/—2M=1 > 0 because it is the sum of two positive terms, ie.,
(02 + 1)V’ =11 which is positive from Eq. (6) and Lemma 1, and 2V’ — M1, which
is positive from Eq. (6).

26 (on’fﬁ) > 0 from Eq. (6) and provided that nm > 3, which is always true.
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N
 Proof that aaT."f <0

Summmg an and 8n’ and simplifying, we get:

v’ or,;
(v t,]+V T +nm—-j; K (KU+TKU8 ))
6T{~Vv 1 » or -1 or;\ or;
-t = K il v oyi— i) i
on —av |\ Ta, TV Y ) R T\ 2 ey ) a
i1 ary ,nm_ 0y
+VT,-T<< i, vV =2V .
The first expression into the bracket, (v't; + V' 22 7; + nm-L, (Ku+
U

TK,;%T”))(( ar“+v +V)

i) <v tj+ Vi 4 nm( %) (K,] +7K'; i ar)) is always positive and

<2v’ Br”) g:f> is negative because

i _Ory ’ r\i—1__ y__ Ory) Ory i i
ii) ( atv + V)= —(2v/— ) is negative since o > 1 from

Lemma 1 and 2=1 > A=1
The second expressmn into the bracket, V'7; = <(f % +Vv'+ V’) -
ij
<2V’”m Br,])), is also negative. Indeed, we can show that the term
(— air’{ +v' + V’) - (ZV’ m— 8”) is negative iifv'—1 < — % +2v/i
Br,

—V’—1 (substracting — 1 on each side). From Eq. (8), we know that
—1<(umy— )(g? / ar”) A sufficient condition for ( r” IRV
V’)—(ZV’%—%) to be <0 is that — &2V mn . G — Vio1s
(tmy’—1) <gg /gi‘f> or equally 0>3 % (V/("’11 1)i=2 4 (% —g—:’f)
* (1 + gr”)) after factorization and 51mpllﬁcat10n which is always true

a9
since M > 1,7i>2 and 3% > ar” Because AN > 0 from Lemma 3, Zu
i

the sum of negative expressions. Therefore, 72<0. [J

Appendix D. Regional leadership

* 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:

(O Orydhy s Bp A (0o Bpdiy - dpat)
U\OT; 0ty 0; Oty OT; 07 0t; 07y iz Oty 0T
nm/fi
atu Br,-j 0r;; 0t Bp otf, =0.
nm /i nm/i or; ar ot; dp oth,
(ZKU +7 ZK,}< at o +,§,6t,k ar,

(13)

At the symmetric equilibrium, using K;; = =kVi, V;, FOCs (13) and (2)
reduce to:

Oty m 0t \\: |, o (0 nm dp \ Of;
( etV = <1+a >>k+vt,»jl<,-j<aﬂ+ 14— Bt BT
, ory nm dp B
+V'T z~K (6T1+<1+ at>67> 0

nm op
f oot

, Oy
W=Dk +v't;Ki =L+ V'

K55, +1>K,»;-0.

ij

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?®’

<%V'—1><’"::;‘/ﬁ?)—w—w(l—((“t;/'% )%,

For "V’ > v/, we show that % > 7N and £® <t} In contrast, for
my'<y’, we show that 7R <7 and 6} > ¢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.

Comparative statics

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

[(, nm ot (3 nm dp\ 0t;; L Oy (O nm dp\ 0t;;
(2" TV (F*(” ar) 7 Kiat, ﬁ*(” ar,k) o
(O nm dp '\ ¢ Lo [0 ar,j or; nm op at
*1<,-j(a—‘_i+<l+ a[>a7_> +vl<,,<aT W+ t Y (1= 7 at aT
el nm dp
Or;; 0r , 0 v K"<1 +Tﬂ
—Kigi gt Vi
Jat or; U o,
nm op LBr,j , Ory
+V 1<U(1+ u ar) (2\/ . 1<,Jat
or*
on
X
o’
on
N 50 a(ﬂ @) 2
o o, \7o)ar, (1 amop)\ %
(V=) + VB o wmwt \ray)
V?% K K or;; 14 nmap ot
B A A A A S - k2
or. nm 0p ot
e 3<T—> . i anm
,nm_ | 0T n ot | ot nmdp o PR 0p
+V T‘iKU o *7371 a—Ti+ 14— Bt o —V'7 ,Ku 5 6r

Using Cramer's rule gives:

BTfR B BSR and atf]R CSR

o AR o T A%

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

, L0t -1 0t;\ \ fi—1 ot L Oy Ory
<2V +2v o, 7 <1+?i 7 1+67,- 2v7E a,

A* = K? —” LY
3ty

() (B 3) )
ror( B0 S o)
f”(waff) (o Thatv ()%f( -2))

where D= ("m v <k+7-1(

Dtk (v vi—5).

)+v’ (ke 1)+ (—2) v —

%7 For §2 = 0, we find the same results as in the Nash game.
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ork ok

* Signs of - and 5%
Using the condition that ensures the positivity of the regional tax rate,
we show that AF > 0. The sign of % (resp. a ) is thus given by the
sign of BR (resp. C°K). Provided that i > 2, the term D is always
positive because we postulated that both &, and & belong to

the interval]—1, 0[. Since B < 0 and CV > 0 from Appendix C, (1+
$)>0.D>0, ;g[vT( —vizy? 'f<0and —0wvir2v—

= )g;’f "n1(1+ a2) > 0, we prove that é;% a% >0. OJ

Appendix E. Local leadership

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

(O 0% Oy (0p 05 Op )\
Or;o7; Ory
el )
nm Tl nm 71 aru aT

r, af B
Zlqk a, + TG at ZKU +T; ZKU ooty | 0.

k+#j
(14)

Invoking symmetry and factorizing, the local FOC (14) can be
rewritten as:  (v/—1)k + tv ’K,}a:”-i-VT,K," 14 lL((V'ﬂ—l)k-lr
V’t,jKUg:_"+VT"mK1; gf’) 0. Since (V um 1)k+v K GV TG %rT‘f =
0 from the regional FOC (1 ), the local FOC (14) boils down to
(v'—1)k + t;v'Kj a;”-i—VTK,] 11 =0, ie, the local FOC in the Nash

n
game. As a consequence, we get that 7" =71V, £ =1t}, and
ot oy arst  orV orst ot

U —_ L J— ')
o = > 055 =55 <0, 5 = 5 <0.
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