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1 Introduction

There is a growing literature dealing with the effects of decentralized leadership on the efficiency
of public good provision in federations (representative papers are those by Caplan et al. (2000),
Koéthenbiirger (2004, 2007), Silva (2014, 2015) and Silva et al. (2016)). Decentralized leadership
refers to a situation where self-interested state governments act as first movers and anticipate
how federal government will react to their fiscal policies. The underlying assumption is that the
state governments are able to pre-commit vis-a-vis the federal government.! Examples of de-
centralized leadership arrangements include the relationships between European member states
and the European Union (Nitsch (2000)), the Russian Oblasts and the federal government of
Russia and the Canadian provinces of British Columbia and Alberta vis-a-vis the Canadian
federal government (see Kothenbiirger (2007) for more details). More generally federations that
have built for historical reasons on a bottom-up process involve decentralized leadership to some
extent.

All theoretical papers about decentralized leadership focus on inter-jurisdictional spill-overs and
fiscal externalities arising from factor mobility but abstract from the effects of trade integra-
tion on the efficiency of (ex-post) federal policies. Yet, progress has been made towards more
economic integration as shown by the border effect literature even if “borders still matter”
not only across countries which are members of a highly integrated area such as the European
Union (Millimet and Osang (2007)) but also within countries in both developed countries (Mil-
limet and Osang (2007) for the US states) and emerging countries (Poncet (2005) for Chinese
provinces).

We argue that globalization, and its two main driving forces - namely trade liberalization and
capital mobility - are likely to affect the relationships between subnational governments (states)
and the federal one. More precisely, both the literature on new fiscal federalism and the lit-
erature on political secessions support the idea that the deepening of economic integration is
likely to strengthen the role of states vis-a-vis the federal government, which makes even more
credible our decentralized leadership assumption. There are at least three arguments which
support this idea. First, capital (or firms’) mobility creates pressure to diminish the role of
the federal governments while enhancing the role of states in attracting new investments and
promoting economic development. In other words, as argued by Weingast (2008) and Weingast
(2009) among others, factor mobility reinforces fiscal autonomy of subnational governments and
make them more accountable. Second, factor mobility makes states more strategic with respect
to the upper layer of government given that they seek to draw benefits as much as possible
while transferring the costs on the rest of the federation (Garrett and Rodden, 2000).

Finally, the theory of secessions shows that trade liberalization affects the desire of some (small)
regions to separate from the rest of their country because the domestic market is less and less
important and they can get access to the international goods market (Alesina and Spolaore,
1997). This in turn leads the federal (or central) governments to provide subnational govern-
ments with more autonomy and, then, strengthens the role of secessionist regions vis-a-vis the
federal government.

However, the decentralization process cannot be achieved without difficulties since central gov-
ernments struggle to retain part of their power and even try to re-centralize part of tax revenues
(Porto et al., 2014). The case of China since mid-2000 is emblematic of such a situation. One
way for federal governments to retain control over subnational governments is to increase the
importance of vertical transfers in states’ revenues, and more specifically vertical fiscal equal-
ization transfers. Indeed, governments can both reduce regional inequalities in terms of public
good provision and at the same time keep control on subnational resources.

'The decentralized leadership assumption leads of course to a radical change of perspective with respect to
the top-down literature (Dahlby (1996); Boadway and Keen (1996) and Boadway et al. (1998)) which implicitly
assumes that the federal government can commit itself towards sub-national governments and that well-designed
federal transfers are able to internalize inter-jurisdictional externalities, which is generally welfare-improving



Our paper aims at analyzing the effects of the deepening of trade integration on the sustainabil-
ity of vertical fiscal transfers when subnational governments (states) enjoy a strategic advantage
vis-a-vis the federal government. Indeed, one may expect interstate competition not only to
intensify tax competition but also to strengthen the strategic behavior of states in order to
secure additional vertical transfers in a context of scarcity of tax revenue induced by a fiercer
tax competition. It is all the more likely that vertical equalization schemes are subject to a
“common pool” problem which is particularly salient when sub-national governments are in a
position of strength. This common pool problem only arises in the case where states have a
strategic advantage on the central government (Kothenbiirger, 2004). Then, one can expect
that trade liberalization and firms’ mobility affect differently states’ tax policy depending on
whether the latter play in Nash with the federal government or behave as Stackelberg leaders.
Our model analyses tax competition among a set of regions (states) being part of an imperfectly
integrated two-tier federation. Regional governments provide a public good in anticipating the
ex-post fiscal equalization transfers that the federal government will grant to promote equal
access to public services across the federation (Boadway (2004))2. As shown by Kothenbiirger
(2004), ex post transfers in a decentralized leadership setting lead to two effects which go in
opposite direction: On the one hand, ex-post vertical transfers allow to internalize tax exter-
nalities arising from tax-induced capital mobility (Pigouvian effect), which is welfare improving
compared to a situation of tax competition; on the other hand, ex-post transfers create a tax
revenue sharing effect, which may be welfare deteriorating because the latter reduces the incen-
tives for governments to tax capital. In Kéthenbiirger’s model, the net effect on global welfare
mostly depends on the size (market power) of the decentralized states.

Our paper departs from the standard decentralized literature in two main aspects: Most of the
literature including Kothenbiirger (2004, 2007) uses a standard model of tax competition a la
Zodrow and Mieszkowski (1986) and Wildasin (1988) assuming that capital is perfectly mobile
across regions and abstracting from both interregional trade and agglomeration effects. Instead,
we set up a model of generalized oligopoly a la Haufler and Wooton (2010) where a set of NV
identical countries (and not only two) compete between each other over a corporate income tax
to attract internationally mobile firms owned by residents living outside the federation. The
model allows for rents that can be taxed away by governments to finance a regional public
good which enters the utility function of the representative individual in each region. This is
a main difference with Haufler and Wooton (2010), who assume that corporate tax incomes
are evenly redistributed in a lump-sum way to the consumers in each region. We also depart
from their paper since we account for a federal framework and assume that there are two layers
of governments, with the federal government aiming at equalizing the provision of public good
across the federation through ex-post vertical transfers.

Our model shows that the degree of trade integration (reflected by trade costs) has effects on
both the equilibrium tax rates across regions (states) and the ex-post vertical equalization trans-
fers. High trade costs insulate the domestic markets from competition of foreign firms while low
trade cost intensifies price competition. In our framework, the intensity of price competition
impacts the sensitivity of firms with respect to tax rates and, eventually, tax revenues accruing
to state governments. This turns out to have effects on both the Pigouvian tax effect and the
tax revenue sharing effect. More precisely, the strengths of either effect turns out to depend on
the level of trade costs and the extent to which public goods are valued by the citizens of the
federation. Our main result is the following: Ex post vertical transfers are welfare deteriorating
for low levels of trade integration while they are welfare improving when trade integration is
high enough. However, when public goods are highly valued by the citizens of the federation,
ex post transfers are always welfare enhancing with respect to tax competition.

Our paper develops as follows: Section 2 presents the set-up of the model. Section 3 deals

2Gilva (2017) shows that if the federal government can implement both fiscal equalization and revenue equal-
ization, the subgame perfect decentralized leadership equilibrium is socially optimal.



with the central planner’s solution. Section 4 presents Nash equilibrium tax rates when regions
simultaneously compete over corporate tax rates. Section 5 is devoted to the decentralized
leadership arrangement. Section 6 provides a comparison of welfare and Section 7 concludes.

2 The Model

We consider a federation composed of N identical states and an overarching (federal) govern-
ment. States compete over corporate taxes to attract mobile firms. State governments offer
a residential public good to the representative household located within their country. The
federal government uses vertical transfers in order to equalize the marginal benefit of the public
good across states. We first present the central planner solution. Then, we use the case where
both layers of governments move simultaneously and play as Nash competitors as a benchmark.
Finally, we assume that the two layers act sequentially with states being leaders and the federal
government being a follower. In the latter case the federal government reacts ex post to states’
decisions.

2.1 Consumers

The households consume two private goods and a public good. The first private good labeled
x is produced and sold by the firms in an oligopolistic industry at price p. The numeraire
commodity labeled z is produced and sold in a perfectly competitive market. Finally, g stands
for a publicly-provided good which is financed out of corporate taxes paid by mobile firms
operating in the oligopolistic industry. The public good is assumed to enter the utility function
of the households in a log linear way with v being a parameter that captures the (relative)
preference of the consumers for the public good?. Consumers in each country have the same
preference which is given by:

ui:axi—gsc?—kzi—i-’ylngi Vi=1,..,N and g¢; >0. (1)
This utility function is similar to Haufler and Wooton (2010), except that it also includes the
consumption of the public good. The budget constraint for the representative consumer in each
country writes:

w=z+px; Vi=1.. N (2)

where p; is the price of good z; and w is the wage income determined in the numeraire industry
and assumed to be the same across states. The profit incomes are assumed to accrue to capital
owners outside the federation and do not enter the budget constraint. The households maximise
their utility function (1) with respect to z; taking into account their budget constraint (2), which

leads to:
a — Pj

B

Vi. (3)

Ty =

2.2 Firms

There are k firms which operate in the oligopolistic industry with k& > N. They are located
inside the federation and can invest in either of the IV states of the federation. Firms bear fixed
costs that are assumed to be high enough to ensure that each firm can set up only one production
plant in the Federation. Firms can serve both their domestic market and the N — 1 foreign
markets. Exporting firms bear trade costs labeled 7 on each unit of exported output. Firms

3Note that the logarithmic form of the public good implies that corporate taxes are always positive, which is
not the case in the Haufler and Wooton’s (2010) paper.



compete between each other in both their domestic and foreign markets. Labour is assumed
to be the only variable input so that the cost of exporting the x good is equal to w + 7. Note
that w = Aw with A being the number of workers in the industry. Wage costs do not enter the
location decision of firms because they are equalized across countries.

The total profit of a given firm in country ¢ amounts to:

mi = (pi — w)Ti + »_(pj —w — 7)xji (4)
JFi

where x;; stands for sales in country j by a firm located in country 7.
The aggregated demand in country ¢ is given by

T = ijxij (5)

where k; is the number of firms located in j. Firms maximise their profit (4) taking into account
(5) and that ) k; = k. This yields to the outpout levels per firm:

a—w+T) kj
x»»—jzﬂjandx'-—a_w_T(l—i_kj) (6)
" B(k+1) 7 B(k+1)
and the level of consumer price in each country i:
a+kw+ 1Y k;
J#
;= . 7
b kot 1 (7)

For symmetric states, ensuring that z;; > 0 and z;; > 0 implies:

N
N +Ek

a—w—7(1+k>>0<:>7<(a—w) =7. (8)

N

From now, let us assume that 7 < 7. The special case of 7 > 7 (that implies no trade) will be
developed in the last section. Plugging Equations (6) and (7) into (4) leads to:

2
a—w +7'ij>
( i (@ —w—(1+k)7)°
B (k+1)° " ; B (k+1)? ®)

P =

Firms being mobile, the location equilibrium writes m; — ¢; = m; —t; Vi, j and 7 # j, which
determines the number of firms k; in each country (see Appendix 1):

_MZ(ti—tl) :% k—ﬁ(I;gl)Z(ti—tl)
1 1#i

and

ok; B 1 Ok;  B(k+1)
ot 27_2(k:+1)<1 N)<0and 9t — 272N >0

Combining both we obtain:

= (N1

ot; ot



An increase in t; leads to an outflow of mobile firms which relocate to other states j # i.
Moreover, it is straightforward to check that:

o [ Ok 9 (oK
8N<_8ti>>0’ 8N<8ti><0

o [ ok 0 [0k
87’(_8ti><0’ (‘37(8t¢)<0

The comparative statics show that the larger N, the larger the number of firms which
relocate to foreign states if t; rises. In addition, a rise in the trade cost makes price competition
less fierce on the domestic market and mitigates the magnitude of relocations of firms. Put
differently, firms are less responsive to a shift in tax rate when trade costs are high. Indeed, the
latter insulates the domestic market from competition of foreign firms.

and

2.3 Governments

As already mentioned, the federation is composed of two layers of benevolent governments. Each
state government sets a source-based corporate tax t; on each firm in a lump sum fashion in
order to finance its local public good g;. Moreover, the federal government aims at maximizing

N
the agents’ utility of the federation » wu; () and implements an horizontal equalization scheme
i=1
which comes down to grant a positive or negative lump sum transfer to each country with
N
Zsi = 0.
i=1
Each state i’s budget constraint is given by ¢g; = t;k; +s; Vi = 1, ..., N and policy makers in
each country maximise the welfare of their representative households. By integrating the budget
constraint (2) of the consumer into the utility function (1) and using the country aggregate

demand (5), the output of the firms (6) and the expression for the price (7), we derive the
country ¢ representative agent’s utility

u=S;+w+~vyIng; (11)

with country 7’s total consumer surplus in market x given by:

2
i )  (kla—w—T)+ Tk;)?
208(k +1)2 B 28(k+1)2
We immediately deduce that

<k(a —w)—T1y kj
S; =

%:_N—lk(a—w—ﬂ%—Tki <0

ot; N 27(k + 1)
Any increase (resp. decrease) in the tax rate set by state i leads to an outflow (resp. inflow) of
firms which in turn makes price competition on the domestic market less fierce (resp. fiercer).
Note that governments are constrained in their ability to tax since the after tax profits have to

be non negative (m; —t; > 0), such that t™* = min{m,...,7n}.

3 The central planner

The central planner chooses s; and ¢; in order to maximise the aggregated welfare

T%nguz = ZSl + Nw + Z’y lngi

taking into account



Zgz‘ = Ztiki+zsi (13)

> % =Nw— Z(a — Bx;)x;
Z and (5 ) Vi.

Computing the first order conditions with respect to s; and ¢; leads to

tiki +s; =tjk; +s; Vi, j (15)
and
0>

] a5, S, o Ok,
= k; tz — = 16
ot; ot Lk ( + >+Zatl z;tlk:l Lo, (16)
For identical states, t; = t; and k; = k; = &, such that s; = s; = 0. Moreover, at = Z%‘Zl and

BZul

Zakl Equation (16) reduces to Blti = % and the optimal tax 7 should be set at its

maximum level4 . t9P = ¢™a*  The latter result is explained by the fact that on the one hand,
a higher t; leads to a lower consumer surplus because less firms are located in ¢ and then price
competition is less intense. On the other hand, a higher tax rate leads to higher tax revenues
and more public good provision. However, for identical states, the effect of the tax rate on
both the domestic consumer surplus and the number of firms is perfectly compensated by the
opposite effect on both foreign consumer surpluses and firms. It results that the only effect that
remains is the direct tax revenue effect which is positive.

4 Nash equilibrium

Both layers of government choose their fiscal instruments simultaneously and non cooperatively
taking into account the effect on mobile firms’ location. State governments maximise w; s.t.
gi = t;k; + s;. The first order condition writes:

8SZ Y 8k: _
ot; * tiki + s <k T ot > =" 1

An interior solution exists if the elasticity of capital is not too high in absolute value. From
ﬂ%‘ <1

k; Ot; )

At the symmetric equilibrium there are no transfers (s; = s; = 0) and for positive net profits
we have:

now, we assume that e; =

~ N 273 (k + 1)k
N-1p2(a—w-7)r+ 22 4 48 (k+1)°N

(18)

4The level of t™* is determined by the level of ¢ that leaves the net of tax profit null.



with

n k2(o —w)T + 298 (k+1)*N
g — L’yZ(k + 1)k7’ ( )
or N-1

;>0 (19)
(k:Q(oz —w—T)T+ %72 +6 (k+ 1)2N)

of N ) (kQN(a —w—27)T + 2k 2 + 4B (k + 1)2 N3)
(N —1) (Nk2(a—w—7')7'—|—k‘27'2—|—75(k:+1)2]\/'2>
and
8;5\_ N2 3 3 (Nla—w—7)T+7)
a—ﬁy—N_12(k+1)kT >0 (21)

2
(k?N(a —w=T)T K22 498 (k4 1)° N2)

At the symmetric Nash equilibrium, the implemented tax rate is tV = min{%\, tmerl. Note
that £ is always positive despite the two opposite effects identified by Haufler and Wooton (2010):
A location rent effect which goes towards high tax rates in the presence of trade costs and a
consumer price effect which goes towards a low tax rate. In contrast with Haufler and Wooton
(2010), the first effect always outweighs the second one in our model because the public good
enters directly into the utility function while, in their setting, corporate income tax revenues
are redistributed in a lump sum way to the representative consumer in each state.

In our model, for a given number of firms k, a rise in the number of competitive regions
makes the competition fiercer and drives down the Nash equilibrium tax rate. All things being
equal an increase in the preference for the public good v unsurprisingly leads to a higher Nash
equilibrium tax rate.

5 Decentralized Leadership

In the decentralized leadership setting, state governments behave as Stackelberg leaders vis a
vis the federal government. In the first stage, state governments choose their local tax rates
taking into account the reaction function of the federal government. They still play as Nash
competitors towards each other. In the second stage, the federal government chooses the grants
provided to state governments taking the local tax rates as given. We solve the program by
backward induction in order to obtain the subgame perfect equilibrium.

The federal government maximises the aggregated welfare, which leads to expression (15).
Summing this expression for all j # i and compiling with (12) leads to

1
S; = N%; (tjk'j — tik'i)
VE

The program of each state government ¢ becomes

st. g = tiki+s;
1
S; = NZ (tjkj—tiki)
J#

The first order condition for country ¢ writes

05S; ¥ Ok; 0s; -
otttk s (k T E)t) =0




with

Pigouvian tax effect tax revenue sharing effect
6si 1 8kj (N — 1) 6/4:1
= N A (ke 22
ot; N;Jmi N ﬁlati (22)

The reaction of the federal transfer with respect to a change in ¢; depends on two effects. On the
one hand, a Pigouvian tax effect which reflects the internalization by the federal government of
the horizontal tax externalities arising from tax competition. On the other hand, a tax revenue
sharing effect whereby any change in the tax revenues of state ¢ will be pooled and redistributed
among the other states j # ¢ through the equalization scheme. The first effect is always positive

while the second one is negative since we assumed that ¢; = %g’z < 1.
8kk akj ak‘l
(kk +tkW) + Ltigy — Ntig
Ds; B k 7k k k
oty N
At the symmetric equilibrium we obtain
P v27(k + 1)
(N-Dk(a-w-1+F)
with _
ot 2(k+1) a—w
— = 5 >0
or  (N-1) E(la—w—1)+7%)
ot 2k+1)7 (a—w-T)N?+7T
ON (N-1?2 k((« —w —7)N + 7k)*
and

875_ 2(k+1)NT >0
O k(N -1)((a —w—T1)N +7)°

At the decentralized leadership equilibrium, the implemented tax rate is tP?L = min{¢, tm}

6 Comparisons of the equilibrium tax rates and levels of welfare

Note that the consumer surplus (S;) does not depend on the tax rates at the symmetric equi-
librium. As a result, the comparison of the welfare defined by Equation (11) reduces to the
comparison of the tax rates. The comparison between the Nash setting (tax competition) and
the decentralized leadership comes down to a trade-off between a pure tax competition effect
which drives the tax rate down at Nash equilibrium and a tax revenue sharing effect that di-
lutes the ability of the state governments to increase their tax rates at decentralized leadership
equilibrium.

oy A (N—l)(a—w)2k;2 _ .
Proposition 1 Let ¥ = (NFR)ZBOFT) and T < T, for a finite number of firms k,

i) if v >4, then gi; NS >0 and tPL >tV vr

6 iy <5 then gfi xS >0 and tPL>tN for T€[0,7]
i) if vy <4 ,

" then gfz NS <0 and tPL<tN  for TEm, 7,
with%—g>0and%<0.



Proof. see Appendix 2. =

il

tDL < tN

N I

Figure 1: Comparison of the equilibrium tax rates with trade

Proposition 1 states that a high level of preference for the public good () implies that
the tax rate at the decentralized leadership equilibrium is always higher than the tax rate set
at the Nash equilibrium (see Figure 1). In other words, ex post vertical transfers are always
welfare improving with respect to tax competition. This is true regardless the degree of eco-
nomic integration (i.e whatever the level of trade cost 7). The reason is that the Pigouvian tax
effect always dominates the tax revenue sharing effect when the public good is highly valued by
individuals. A high level of  drives both the Nash and the decentralized leadership equilibrium
tax rates upward. At the symmetric equilibrium, it results in strengthening the Pigouvian tax
effect and mitigating the tax revenue sharing effect as shown by Equation (22). The former
effect arises directly because the equilibrium tax rate in any region j # ¢ is higher and so are
tax revenues which accrue to those states. The latter effect is explained by the fact that, for a
high equilibrium tax rate, the sensitivity of firms location to tax rate (g;) is higher. As a result,
both effects go towards higher vertical transfers granted by the central government (g—‘z > 0).
For a lower level of preference for the public good (v < %), whether the tax revenue sharing ef-
fect dominates the Pigouvian tax effect ultimately depends of the level of trade costs 7. The tax
at the decentralized leadership equilibrium is higher than the tax set at the Nash equilibrium
if trade costs are not too high. High trade costs make firms less sensitive to tax rates resulting
in less intense tax competition. As a result, tax rates are higher at Nash equilibrium. At the
decentralized equilibrium, high trade costs imply, on the one hand, a low Pigouvian tax effect
because tax externalities are less severe. On the other hand, high trade costs imply a larger tax
revenue sharing effect since a low mobility of firms leads to a higher share of tax revenue that is
captured by the federal government to be redistributed to the other states. As a result, the tax
revenue sharing effect dominates the Pigouvian tax effect and the Nash equilibrium tax rate is
higher than the decentralized leadership one.

Proposition 1 derives de comparison between the tax rates when trade occurs because trade
cost are not too high (lower than 7). If we now consider the case of prohibitive costs (7 > 7),
the comparison between the tax rates is entirely determined by the preferences of the citizens
for the public good. Indeed, without trade, trade costs do not play any role in the calculation of
equilibrium tax rates (see Appendix 3). Therefore, the welfare at the decentralized leadership

SWhen 7 > 4, the threshold trade cost is higher than the maximum level of trade cost 7 and the decentralized
leadership tax rate is still higher than the Nash tax rate

10



equilibrium is higher than the welfare under tax competition (Nash equilibrium) for a suffi-
ciently high level of public good preferences (the same argument as in Proposition 1 applies).
In addition, we show in Appendix 3 that the threshold ygc beyond which vertical transfers
are welfare improving is higher in the absence of trade than when trade liberalization is taking
place (i.e trade costs are lower). It means that vertical transfers are less likely to be welfare
improving when trade costs are a strong impediment to trade®.

We calibrate the model to display our results. Figure 2 stands for 10 states while Figure
3 illustrates the case of 25 states. For the calibration, we use k = 100, @« — w = 10 and
B = 1/4. Figures 2 (a) and 3 (a) present the case ii) of Proposition 1: When 7 < 71, we
observe that tPL > ¥ while tPF < tV for 7 € [ry,7]. Figures 2(b) and 3(b) illustrate case i)
i.e. tPL >N V¥r because of a high preference for public goods (y > 4).

t t
10 , 101

0.6

045 -

0.0 0.2 0.4 0.6 0.8

(a)y <4 (y =20 and 7, = 0.599016) (b)y >4 (y = 40)

Figure 2: For N = 10, 7 = 0.909, 4 = 29.45

10p.~

06

04r

0.0 05 10 15 20 0.0 0.5 10 15 20

(a)y <4 (y =20 and 7, = 0.5615) (b)y >4 (v ="70)

Figure 3: For N =25, 7 = 2, 4 = 60.83

5The particular case of an infinite number of firms k induces no trade but a different comparison of the tax
rates since profits being null, positive tax rates are no longer possible (see Appendix 3).
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7 Conclusion

Decentralized leadership in federations has been extensively studied within the framework of
the standard tax competition model characterized by perfect competition on markets of goods.
Alternatively, we have argued that product markets are segmented and economic integration
may have effects on the propensity of states (or subnational governments) to extract vertical
transfers from the federal government when the institutional context gives them an advantage
of first mover. Furthermore, vertical transfers have mixed effects on welfare depending on the
level of economic integration. From a public policy perspective, our results show that vertical
transfers are always welfare improving compared to a situation of “laissez-faire” (tax competition
without vertical transfers) when the citizens of the federation exhibit high preferences for public
goods. In other words, the common pool effect arising from vertical fiscal equalization, which is
strengthened by decentralized leadership, does not prevent vertical transfers from being welfare
enhancing. When trade integration is getting deeper and the preferences for the public goods
are not high enough, we show that equalization transfers can be welfare improving but only
beyond a certain level of trade integration.
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8 Appendix

8.1 Appendix 1: Determination of k;

The level of k; solves m; —t; =m; —t; =m —t; = ...
Replacing the profit by its expression (9) for ¢ and j and manipulating the resulting expression
we obtain:
272
— (ki — k) = (t; — t 23
6 (k ¥ 1) ( l 1) ( 7 l) ( )

The sum of this expression for any [ # i gives

272
;ﬁ(kJrl) (ki — ki) = ;(ti_tl)

202 (ki —ki) = B(k+1)> (ti—t)
i i

2r% (k— Nk) = B(k+1) [ (N-1Dt;—> #
14

and we obtain

_k B(E+1)

8.2 Appendix 2: Comparison of tV° and tPr

The FOC in the case of decentralized leadership writes

6S,~ Y (9/1‘1‘ 6si .
ot Tk + s (’“ iyt 81&) =0

while for the Nash equilibrium,

0S; Y Oki\ _
at; | tiki + 51 <kl * tzati> =0

Evaluated at the Nash equilibrium, the FOC of the decentralized leadership maximizing program

writes
05; 0s;
T TS e 2 s (cf. lemma 3 Kothenburger)
tik; + s; Ot; n ot; n
and T < fe= 2t 50
ot; T

which rewrites

Jsi| (N —-1) ko ~B(k+1) N—-1\B(k+1)
ot N <_N+t ey VD) N )iy 70
<
~ k272
>

NB(k+1)
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Replacing # by its expression (18) gives after manipulations:

N2
Ngay(kZl) > rlo-w)w -1 -2 A

Let us define F' (1) = 72% —7T(a—w)(N =1) + NﬁV(%)Q

A= (N =12 ((0—w)? — 48y ()2 > 0 e y < Lop =

For A > 0 we have two roots

S5

L

=
2|

(0 —w) — (o —w)? — gy (1)

n=nN 2N — 1) ’
e yfla-wp - am(th
7= 2(N — 1)
(0 —w) = /la—w)? -4y
mn = N 3N = 1) <T
2
— 7<(N—1)(a—w) k2:~”y

(N +E)?B(k+1)

We can check that

4-=7<0<= (k+N)?—4(1+k)(N—-1)>0

Which is always true for N € [2,k[. Then when v >4, 71 > 7 and F(7) >0 V7. Furthermore,

(o —w) +\/a w)? — 48y (EEL)? N(a — w) N

) > 5 >T:(a_w)]\7+k:

Ty =

because k > N. We obviously have

o on o
g an a 41
9N>O’ 97 >0 an ok <0

Finally, N = min{z, t™*} and tPF = min{, #™**} complement the proof.

8.3 Appendix 3: prohibitive trade costs

No trade implies z;; = 0 and x; = k;x;. The profit of a given firm ¢ reduces to m; = (p; —
with p; = a — Bk;x;. Profit-maximising output of firm i on its domestic market writes:

o — W

i —
" I5] (kl + 1)
while the price on the domestic market reduces to:

o+ kiw

pi =

14

w)xii

(24)



Finally, the profit of the firm becomes

_ 25
i B(k‘z + 1)2 ( )
(@ —w)?
so that the maximum tax rate is given by {H&" = —— 7
By +1)
The surplus of the consumer writes
1 ki \? (o —w)?
S == 26
2 <l<:z + 1> B (26)

The equalization of the after tax profit across countries allows us to derive the level of capital
in each country:

k+ N
_ 2
L+ s (1 ~ (ot — ) (L + ki) >
and we derive the effect of the taxes on the firm’s i location as:
(=3/2)
B )
Oki 1Bk + 1)2 Zk;ﬁz‘ (1 ~ (a—w)? (ti — tk))
ot 2 (a—w)? Blki+1)(ti—tx) (=3/2)
(k_Hz +Zk;ﬁzT)2k (1 (e ) 5 (ti —tk)>
3/2)
Oki _ 18(ki +1)? (1 Gt w)
ot N 5 (Oé - W)z k+N Bki+1)(ti—tg) Jé] (=3/2)
) Ay 3 Bt (B (1 — 1))
At the symmetric equilibrium, these expressions reduce to:
ki 1 k+ N)3(N -1
0 _ 1 B (k+N)¥ ) (28)
ot; 2 (a—w)? N4
ok; 1 k+ N)3
1 B _ (k+N) (29)
Ot T2 (0 —w) N4
The Nash tax rate solves Equation (17) and we obtain:
~ 2vyN?
tpc = 30
N =1 (k4 L2EENS w0
(v — w)?kN
and at the symmetric Nash equilibrium, the implemented tax rate is &V = mln{tEc,tm”’
Similarly to Appendix 2, we can state that
~ - Os
F<fes 20 S0 (31)
ot; n
which rewrites
0si B (N—l)tA B 1(k+N)* (N-1) L B (k+ N3N -1)
oily,,. N P -w)z2 Nt N \N 2F%a—w)? N4
<~
(a —w)? EN?
t > 2
Be B (k+N)3

Ttma® is null for an infinite number of firms (k — 00).
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Replacing tpc by its expression (30) gives after manipulations:

(N=1) (0 —w)*k2N |

v > (N + k)33 = YEC

then tPL > tN <= v > 4p¢ for 7 > 7.
ax

tNo = min{tpc, tmax} and tHL = min{tpc, tper} complement the proof.
Finally, Comparing 9pc and 4 gives

(N=1D(@-w?kN  (N-1)(a—w)?’k

Ype =4 = (N + k)33 (N + k)28(k + 1) (32)
(V-1 (a—w)K? Nk —k
= (N 1528 ((k+N)(k:+1)) >0 (33)
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