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Abstract

In this article we analyze the role that infrastructure coordination plays to in
achieving partial tax harmonization in a coalition of asymmetric jurisdictions. We
find that infrastructure coordination with different investment levels can facilitate
partial tax harmonization between asymmetric jurisdictions when asymmetries are
not too large. Furthermore, agreeing on a common investment level can be even
more effective in facilitating partial tax harmonization between asymmetric juris-
dictions. Our results explain the harmonization of corporate tax rates observed in
the EU between 1995 and 2006 where there was simultaneous convergence of public
infrastructure investments facilitated via EU structural funds.

Keywords: Partial Tax Harmonization; Infrastructure Coordination

JEL Classification Numbers: F15, F38, H20, H87

1 Introduction

Since the 1980s processes of economic integration have increased the international mo-
bility of capital to an extent never observed before. This has led governments to engage
in fiscal competition in order to attract more capital and to maintain investment levels.
As a result, we have observed an ongoing reduction of tax rates on corporate income to
inefficiently low levels (Zodrow and Mieszkowski, 1986; Wilson, 1986; Bucovetsky and
Wilson, 1991). A major concern that this process has raised in developed countries is
that tax competition has caused a transfer of the tax burden from capital towards labor.
For example, the European Commission stated in 1996 that the implicit average tax on
capital had decreased from 44% to 35% at the expense of an increase in the implicit tax on
labor from 34% to 40.5% in European Union (EU) member countries from 1980 to 1994
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(European Commission, 1996). As a response to inefficiently low capital tax competition
several authors have advocated the coordination of tax rates (Bucovetsky, 1991; Kanbur
and Keen, 1993; Fuest and Huber, 2001; Devereux and Fuest, 2010; Keen and Konrad,
2012). Although it is generally recognized that the global harmonization of capital taxes
is almost impossible to achieve, recent research has nevertheless paid increasing atten-
tion to the conditions that would allow for partial tax harmonization between a coalition
of countries (Burbidge et al, 1997; Konrad and Schjelderup, 1999; Beaudry et al, 2000;
Brgchner et al, 2007; Conconi et al, 2008; Bucovetsky, 2009; Bettendorf et al, 2010; Vri-
jburg and de Mooij, 2010; Eichner and Pething, 2013).! This is especially the case in the
EU where different proposals for the coordination of capital taxation have been made.?
Indeed, in Figure 1 we observe that corporate taxation in the EU, while following the
global tendency of declining tax rates, experienced a convergence of tax rates during the
period 1995 to 2006 between high and middle income countries to around 30%. After the
2003 enlargement of the EU, we have yet to observe a further convergence of corporate
taxation between low income countries on the one hand and high and middle income coun-
tries on the other hand. The results in the literature hardly explain this harmonization
of capital taxation during the 1995-2006 period because the different productivity levels
between EU countries render (partial) tax harmonization more difficult (Keen and Kon-
rad, 2012). Interestingly, if we take a look at the per capita investment in infrastructure
in EU member countries in the same period, as displayed in Figure 2, we observe that the
period of convergence of tax rates between high and middle income countries is accom-
panied by a more intensive increase in the middle income countries which surpassed per
capita infrastructure investment in high income countries in 2001. It should be noticed
that this convergence of infrastructure investments is not accidental but is directed by
the EU as a major part of public infrastructure investments financed via EU structural
funds that amounted to a total of 100.5 billion euro during the period 2000-2006. Thus,
in Figure 3 we observe that in middle and low income countries a substantial number of
total infrastructure investments were financed by the EU. For example, in Greece more
than 70% of infrastructure investments were financed by the EU.

In this article we analyze the role that infrastructure coordination has played in achiev-
ing fiscal harmonization between a coalition of asymmetric countries. For this purpose, we
use the tax competition model developed by Zodrow and Mieszkowski (1986) and Wilson
(1986) in which, as in Konrad and Schjelderup (1999), we allow a subset of jurisdictions
to form a tax coalition. We modify the framework of Konrad and Schjelderup (1999)
by allowing for asymmetries in productivity levels between jurisdictions and by assum-
ing that governments make infrastructure investments that enhance the productivity of
private firms. In our three jurisdiction model, jurisdictions differ in their productivity
levels. Jurisdictions 1 and 2 decide whether to form a coalition in which commitments

'Keuschnigg et al. (2014) define tax coordination and harmonization in the EU as follows: “taz co-
ordination refers to a cooperative tax setting, where countries or a group of them build on domestic tax
systems to render them compatible with the aims of the Union as formulated the Treaty on the European
Union. Consequently, countries deliberately give up parts of their autonomy in tax matters”. More-
over, “harmonization is viewed as tighter coordination, leading to almost identical or at least similar tax
systems, tax bases and tax rates within a Union”.

2See Danké (2012) for further information about the proposals for corporate tax harmonization.



are credible. We analyze a three stage game. In stage 1, jurisdictions 1 and 2 decide
whether to coordinate tax rates and infrastructure investments. Once a decision is taken,
the levels of infrastructure investments are decided in stage 2. Finally, in stage 3, for a
given level of infrastructure the tax rates are chosen. All decisions at each stage are taken
simultaneously by all jurisdictions (and the tax coalition). Once the stage 2 subgames are
solved, our analysis leads to the comparison of the following cases: 1) No coordination,
2) partial tax harmonization without infrastructure coordination; 3) partial tax harmo-
nization with infrastructure coordination where we distinguish between: a) infrastructure
coordination with different investment levels, and b) infrastructure coordination with a
common investment level. The main findings of our analysis are that, first, partial tax har-
monization is welfare enhancing if jurisdictions are not too different in their productivity
levels. Second, infrastructure coordination with different investment levels can facilitate
partial tax harmonization between asymmetric jurisdictions. Third, while infrastructure
coordination with a common investment level uses fewer instruments than in the former
case, it can be even more effective in facilitating partial tax harmonization between asym-
metric jurisdictions. We believe that especially this last result can give an explanation
for the convergence of corporate tax rates observed in the EU in the decade before the
economic crisis in 2008.

Our analysis is related to several studies. The general model of tax competition was
developed by Zodrow and Mieszkowski (1986) and Wilson (1986) and has shown that the
Nash equilibrium capital tax rates chosen by each jurisdiction are not socially optimal.?
Asymmetries between jurisdictions that allowed them to differ in population size were
first introduced by Bucovetsky (1991). He finds that these kinds of asymmetries exacer-
bate inefficiencies in capital taxation. As simultaneous tax coordination by all countries
is unlikely to be established, the literature has focused on tax coordination of a subset of
countries that might be able to create mechanisms or institutions that allow a credible
commitment to maintaining jointly agreed tax rates. Konrad and Schjelderup (1999) have
shown that such partial tax coordination can increase the welfare of the participating juris-
dictions. This depends on the response of jurisdictions from outside the tax coalition and
the relative size of the tax union. Thus, a necessary condition for a welfare enhancing ef-
fect is that tax rates are strategic complements and that jurisdictions are not too different.
Brgchner et al. (2007) study partial tax coordination in the EU, using a general equilib-
rium model. Their conclusions suggest that corporate tax coordination would generate
moderate welfare growth and that all schemes for coordination leave some EU member
states as winners and others as losers, thus meaning that the elaboration of compensation
mechanisms is required in order to maintain the coordination agreement. Conconi et al.
(2008) analyze the three alternative scenarios of tax coordination (non-coordination, par-
tial coordination, and harmonization) in a specific context of two distortions on capital
taxation: tax competition (downward pressures) and time-consistent confiscatory taxa-
tion (upward pressures when governments have incentives to levy corporate taxes that
are too high once capital is installed). They find that partial tax coordination benefits all
jurisdictions if capital is sufficiently mobile, so it is more desirable and sustainable in such
a situation when compared to harmonization or non-cooperative equilibrium. Vrijburg

3See Keen and Konrad (2012) for an overview on the literature regarding this matter.



and de Mooij (2010) generalize the analysis of Konrad and Schjelderup (1999), comparing
welfare levels and equilibrium tax rates in the three alternative scenarios of tax coordi-
nation and asymmetric jurisdictions. They analyze the case in which the coalition acts
as a leader so it foresees the strategic tax reaction by the last jurisdiction when deciding
its own tax policy. Their analysis determines that the improvement of welfare in the
coalition formation depends on the strategic complementarity of tax rates which is not
fully guaranteed. Under partial tax coordination, if the union acts as leader, the coali-
tion tends to increase tax rates more if tax rates are strategic complements. Coalitions
between large countries are more likely than coalitions between small countries due to a
larger common gain from internalized tax spillovers. Additionally, small jurisdictions are
better off under no-coordination than under harmonization, so they would never agree to
coordinate their taxes (although they prefer the partial tax coordination agreement over
harmonization). A model in which governments do not choose only capital tax rates but
also infrastructure investment levels has been developed by Keen and Marchand (1997).
They show that simultaneous capital and infrastructure competition not only yields in-
efficiently low tax rates but also inefficiently high infrastructure investments. Becker and
Fuest (2010) analyze the effects of infrastructure coordination using a model in which
countries compete for the location of profitable firms. They find that the coordination of
infrastructure investments between two countries can mitigate tax competition between
these countries. While our model is based on the capital tax competition literature as
opposed to the literature on interjurisdictional competition for profitable firms, the main
differences between their and our model is that we focus on tax harmonization and al-
low for asymmetries between countries and, most importantly, policy responses of third
countries. This last aspect is especially relevant if the results are to be used to analyze
tax harmonization policies in the EU which, due to market globalization and increased
international capital mobility, depend more and more on tax policies of countries outside
the EU. Finally, Han (2013) analyzes how infrastructure investments affect partial tax
harmonization between symmetric jurisdictions and finds it can harm both tax coalition
members and nonmembers, which is in contrast to the classical result that partial tax
harmonization is Pareto improving in such a case. The main difference from our paper
is that infrastructure investments in his analysis are not subject to coordination between
jurisdictions as he focuses exclusively on the coordination of tax rates.

The rest of the paper is organized as follows. Section 2 sets up the model. Section
3 focuses on the benchmarks without infrastructure coordination. Section 4 and Section
5 include the main results in which infrastructure coordination with different investment
levels and with a common investment level is analyzed, respectively. Finally, Section 6
contains the conclusion. The proofs are in the Appendix.

2 The model

Consider the tax competition model developed by Zodrow and Mieszkowski (1986) and
Wilson (1986) in which, as in Konrad and Schjelderup (1999), we allow a subset of juris-
dictions to form a tax coalition. In this article their framework is modified by allowing
for asymmetries in productivity between jurisdictions and by assuming that governments



provide local public goods that enhance the productivity of private firms. To be precise,
consider N = 3 jurisdictions, indexed by 7 = 1, 2, 3, each inhabited by an identical num-
ber of immobile residents with mass one who each supply one unit of labor. The total
amount of capital is fixed and normalized to 1. The initial capital stock per worker in
each jurisdiction is assumed to be symmetric, i.e., k; = % Output is produced using
capital and labor and the production function is written in intensive form, f;(k;), with
the standard assumptions of f/ > 0, f/’ < 0, where k; denotes the capital per worker
employed in jurisdiction i. Following the literature (Hindriks et al., 2008; Hauptmeier,
2012; Han, 2013; Eichner and Pething, 2013; among others), we assume a linear quadratic

production function
filki) = (a+ e +g) ki — k7, i=1,2,3, (1)

where g; is the level of infrastructure investment provided by the government in jurisdic-
tion 7 at cost ¢;(¢g;) = g?/2 and @ > 0. Eq. (1) implies that jurisdictions even with equal
infrastructure investments differ in the level of their productivity levels. Without loss of
generality we assume €; = 0. Furthermore, to guarantee nonnegative equilibrium values
we restrict the analysis to (e3,€3) € R = {62 >0, %62 — % < e < 1979 — %62}.

Countries compete in choosing a unit per capital tax rate t; to attract mobile capital
from the rest of the world. Capital is mobile between jurisdictions such that the net
return to capital, p, is determined by the following arbitrage condition:

p=f(k)—t for 1 =1,2,3.

The arbitrage condition together with the market clearing condition (> k; = 1 ) implies
that the amount of capital invested in jurisdiction ¢ is given by:
o=ty (26i —€; —en) + (29 — g; — gn) — (2ti — 1; — th)» @)
3 6
where 4,5,h =1,2,3; j #1; h #1,5.
The tax rates in jurisdiction ¢ are chosen by governments to maximize the welfare W;
of its residents:’

Wi = fi (ki) — f1 (ki) ki + tiki — g7 /2 = kZ + tiki — g7 /2, (3)

where f; (k;) — f! (k;) k; is labor income, and t;k; are tax revenues used to finance public
goods.

We assume that jurisdictions 1 and 2 will be able to credibly commit to a common tax
rate and, therefore, are able to form a tax coalition. If it is beneficial for both jurisdictions
to form a tax union, our assumptions imply that jurisdiction 2 is the more productive
jurisdiction in the tax coalition, while the jurisdiction outside the tax coalition, jurisdiction
3, can be either more productive than both members of the tax coalition (€3 > €5), less
productive than both jurisdictions (e3 < 0), or more productive than jurisdiction 1 but less

4When not stated otherwise, we assume these conditions for all of our further expressions.
>For example, this corresponds to the assumption that tax rates are determined by the median voter
and that the median voter has no capital endowment (see Borck, 2003).



productive than jurisdiction 2 (0 < €3 < €3). The timing of the game is as follows. First,
in stage 1, jurisdictions 1 and 2 decide whether to coordinate tax rates and infrastructure
investments. Once a decision is taken, infrastructure investments are decided in stage 2.
Finally, in stage 3, for a given level of infrastructure, tax rates are chosen. All decisions
at each stage are taken simultaneously by all jurisdictions (and the tax coalition).

3 No infrastructure coordination

3.1 No tax harmonization

First, consider the noncooperative game in which each jurisdiction chooses its infrastruc-
ture investment and capital tax rate separately. In stage 3, the rate ¢; that maximizes
welfare in Eq. (3) is:

1 <2€i—6j—Gh)+(2gi_gj_gh)+tj+th
i 8 '

(4)

From Eq. (4) we see that tax rates are strategic complements. Furthermore, the optimal
tax rate is increasing in the jurisdiction’s infrastructure investment and decreasing in the
infrastructure investments of other jurisdictions. The stage 3 Nash-equilibrium tax rates
are given by:

1 2¢—¢ —en+29—9; — n

t; = = 5
3t 5 (5)

where the condition 0t;/0t; < 1 in Eq. (4) guarantees the stability of the equilibrium.
In stage 2, jurisdiction ¢ chooses the optimal level of infrastructure g; that maximizes
welfare, which after substitution of the expressions in Eqgs. (5) and (2) into (3) writes as:

1 2—en—e+20—g—a\> ¢°
W;=2(= J j _ 9 6
(3+ 9 2 (6)

The best-response function of jurisdiction 4 is:”

8

Z@(3+2€i—€j—€h—gj—gh) (7)

gi

which means that infrastructure investments are strategic substitutes. The stage 2 Nash-
equilibrium infrastructure investments are given by:

8 8
9f=§+§(2€i—€j—€h)- (8)

Substituting Eq. (8) into Eq. (5) yields the equilibrium tax rates:

1 3
N =4 = (26, —€; —€p). 9
®Notice that from substitution of Eq.(2) in Eq.(3) we have that W; is concave in t;.
"Concavity of W; is given as a;;/;/i =-2 <o



Using this expression we obtain for infrastructure investments g¥ = 2tV such that the

9%
welfare in jurisdiction i is:
~ 130

W = <5 ()" (10)

Regarding the tax rates and infrastructure investments in the different jurisdictions
we obtain from Eqgs. (8) and (9) that infrastructure investments and tax rates are higher
in the more productive jurisdiction (i.e., g\ > g, t;¥ > t}’ iff ¢ > ¢;). From the
literature we know that the Nash equilibrium outcome yields inefficiently low tax rates
and an underprovision of public goods. Furthermore, when jurisdictions can choose their

infrastructure investments freely, in the Nash equilibrium, infrastructure investments are
too high (Keen and Marchand, 1997). We state this as a first result:

Lemma 1 Under no coordination, in all jurisdictions, the Nash equilibrium tax rates
and the provision of public goods are inefficiently low and infrastructure investments are
wnefficiently high.

3.2 Partial tax harmonization

Now, following Konrad and Schjelderup (1999), consider that jurisdictions 1 and 2 form
a coalition subgroup which jointly maximizes the welfare of this group (i.e., Wi + W)
to choose a common tax rate, f., on which both jurisdictions agree publicly and can
credibly commit. Jurisdiction 3, simultaneously, determines its tax rate t3. The level of
infrastructure in stage 2 is decided separately by all jurisdictions. The stage 3 equilibrium
tax rates are:

+ € —2e3+g1+92—2

f, = 1 €1 T €2 €3 17T g2 93’ (11)
1 + € —2e3+91+ 92— 29

ta €1+ €2 °€31 1 2 3 (12)

In stage 2, as in the previous case, the three jurisdictions choose their infrastructure
noncooperatively. The equilibrium infrastructure investments are given by:

23 43 4 23
T .o . .
4 — - —€ — —€; — —— , 2, —_= 17 27 5 ]_
Ji 5105 T Y 10 7 (13)
14 8 8 16
T
- - — — 14
% = 151057 1057 T 105 (14)
Substituting Eqgs. (13) and (14) into Egs. (11) and (12) yields the equilibrium tax rates:
16 8
th = — 4 — —2 15
7 4
tf = ———= — 2¢3). 16
3 5 35 (€1 + €2 — 2¢3) (16)
Using these expressions and noting that ¢; = 0, equilibrium values of infrastructure can

be written as g] = 2247 — 3¢y, g7 = 24T + 3¢y, and g = 2tL. Social welfare levels are:

. . , 2
5 —-1)2 1 —-1)'2 1 /(23 —-1)'3
Wit = (z’f + %) (ZJCT + %) "3 (@’f * %) i=1,217)

16 (t5)?. (18)

wl =
3 9



Jurisdictions 1 and 2 will choose a common tax rate when both jurisdictions obtain a
higher welfare, i.e., when W > W¥ for i = 1,2. The following result shows when this is
the case.

Lemma 2 For given €3, 3(€a,€3) € R partial tax harmonization takes place when the
jurisdictions in the tax coalition are not too different, i.e., when €5 is small. The welfare
gains from partial tax harmonization for jurisdiction 2 are larger than for jurisdiction 1.

The result obtained in Lemma 2 allows R to be separated into two areas which are
displayed in Figure 4A. Partial tax harmonization is beneficial for jurisdictions 1 and 2
if they are not too different in their efficiency levels (i.e., in Area T'). If jurisdiction 2
is much more efficient than jurisdiction 1, partial tax harmonization is not beneficial for
jurisdiction 1. This is even more the case when the jurisdiction outside the tax coalition
is more productive (see Area N). Regarding the effect of partial tax harmonization, as
expected, we find that the jurisdictions that form part of the tax coalition increase their
tax rates (tI' > tV for 4 = 1,2), while jurisdiction 3 increases (decreases) its tax rate
when its productivity is low (high).® Accordingly, in Area T, while jurisdictions 1 and
2 gain from tax harmonization, the jurisdiction outside the tax coalition obtains higher
(lower) welfare when its productivity is low (high).’ Finally, while jurisdictions 1 and 2
increase their infrastructure investments after tax harmonization, jurisdiction 3 increases
(decreases) its infrastructure investments when its productivity is low (high).!® In light
of the result in Lemma 1, this implies that while partial tax harmonization allows the
inefficiencies in tax rates to be reduced it increases the inefficiencies in infrastructure
investments which are now even higher than under no coordination.

4 Infrastructure coordination

4.1 No tax harmonization

As shown in Lemma 1, all jurisdictions would benefit from a joint reduction of infrastruc-
ture investments. To see if this will also be the case when a subgroup of them coordinate
their infrastructure investments, consider that jurisdictions 1 and 2 coordinate their in-
frastructure investments in stage two by choosing g; and g, to maximize joint welfare.
Jurisdiction 3, simultaneously, determines its own level of infrastructure. In stage 3, first,
we consider that all jurisdictions choose their capital tax rate separately. Thus, the stage
3 Nash equilibrium tax rates are given by Eqgs. (5). In stage 2, joint welfare maximization
of jurisdictions 1 and 2 yields the following Nash equilibrium values:

76 4
6 = 555+ 505 (336 — 28¢; —Be) i j = 1,20 # . (19)
184 8

I = —— — — 2¢3). 2
93 519 61(€1+€2 €3) (20)

8To be precise, we have that ¢3 >t} for e3 < Je2 + 222, and tI <t for €3 > eo + 2.

9However, notice that the region in ® where W < W& is very small (e3 > %62 + 2.0980). For
example, W:;T < WSN when €; = e, =0, and e3 = 2.1.

10We have g1 > gi’ for €3 < 2e2 +0.1155, and g1 < gf’ for €3 > 1es +0.1155.

8



Substituting Eqgs. (19) and (20) into Egs. (5) yields the equilibrium tax rates:

19 1 .. . .

th = o + 305 (114¢; — 69¢; — 4bes) , 1,5 = 1,251 # j, (21)
23 9

I _

ty = a1 Bl (€1 + €2 — 2¢3) . (22)

Again, using these expressions and noting that el =0, equilibrium values of infrastructure

can be written as g] = §t1 — ttes, g5 = 515+ steo, and gf = StL. Social welfare levels are:

w! = 2(1#)2—1 o cypde 2 i=1,2 (23)
i Vo 2\9t 15°) ’

130
Wy o= o (t)*. (24)

Jurisdictions 1 and 2 will coordinate their infrastructure investments when both jurisdic-
tions obtain a higher welfare, i.e., when W/ > W for i = 1,2.

Lemma 3 For given €3, 3(ea,€3) € R where partial infrastructure coordination takes
place. This is the case when the jurisdictions in the tax coalition are not too different,
i.e., when €y is small. The welfare gains from partial infrastructure coordination for
Jurisdiction 2 are larger than for jurisdiction 1.

From Lemma 3 we see that partial infrastructure coordination will take place when
jurisdictions 1 and 2 are sufficiently symmetric (Area I in Figure 4B), while in case of large
asymmetries there will be no infrastructure coordination (Area N). The consequences
of a partial coordination of infrastructure investments are a reduction in infrastructure
investments in jurisdictions 1 and 2 while investments in jurisdiction 3 increase.!* Capital
tax rates in jurisdictions 1 and 2 decrease after infrastructure coordination in order to
compensate the loss of attractiveness of their jurisdictions because of lower infrastructure
investments. Jurisdiction 3 increases its capital tax rate.'?

4.2 Partial tax harmonization

Now, consider that jurisdictions 1 and 2 form a coalition subgroup which chooses both,
a common capital tax rate ¢, and the level of infrastructure investments g; and g, that
maximize the joint welfare of this group. Jurisdiction 3, determines its own level of
infrastructure and capital tax rate. The stage 3 equilibrium tax rates are the same as in
the partial tax coordination case and, thus, are given by Eqgs. (11) and (12). In stage
2, joint welfare maximization of jurisdictions 1 and 2 yields the following equilibrium
infrastructure investments:'3

UNotice that gl —gl = —0.1579 4 0.1521¢; — 0.2269¢; + 0.0748¢3 < 0 for AW{ ™V (eg,€3) > 0,0 = 1,2,
and g — 9§/ = ;72 (962 18¢3 + 38) > 0.

12VVe have: t] — tN = 45€3 +252¢; —297¢; —95) < 0, i = 1,2, and: tf — ) =
T (9ea — 18€5 + 38) > 0.

17385 (

2 2 2
I3Notice that sufficiency is guaranteed as % = -1 < 0 and 9 (Vg;—gw2)6 (VE;—QWZ) -
1 1 2
2
0% (W14 Wa) _ > 0.
8g1892 - 144



35 32¢; — 27¢; — be
TI i § 3 .. L
9; Tl = i, = 1,20 # j, (25)
62 4 (61 + €9 — 263)
TI
- = _ . 2
93 177 59 (26)

Substituting Eqgs. (25) and (26) into Egs. (11) and (12) yields the equilibrium tax rates:

56 12

thh = %5 + — 25 (€1 + €2 — 2¢3) , (27)
31 6

i = ¥ " 9 (€1 + €2 — 2¢3) . (28)

Under the assumption that ¢; = 0 equilibrium values of infrastructure can be written as
git = 2t — ey, 931 = 21T + €5, and g3 = 2t17 such that social welfare levels in the

different Jurlsdlctlons are:

i . . 2
5 (—1)° 1 (—1)° 1(5 (-1)" .
TI TI TI TI
wr = t A t A — t A =1,2(2
; <4C+ 5 e><4c—|— 5 €9 3 24C—|— 5 € )1 ,2(29)

16
9

The results in Lemmas 2 and 3 have shown that jurisdictions 1 and 2 gain from both tax
harmonization and infrastructure coordination when asymmetries are not too large. This
leads us to expect that partial tax harmonization is easier to achieve when jurisdictions in
the tax coalition coordinate their infrastructure investments. The following result states
this formally.

Wit (11?2, (30)

Proposition 1 Infrastructure coordination between asymmetric jurisdictions that form a
tax coalition can facilitate (hinder) partial tax harmonization when the productivity level
of the jurisdiction outside the coalition is low (large).

From Lemma 3 we know that both jurisdictions gain from infrastructure coordination
when their productivity levels are not too different. Comparing cases A and C in Figure 4,
we observe that these additional gains enlarge the area in which partial tax harmonization
is welfare enhancing for both jurisdictions (area T'I compared to area T'). Therefore, we
have that infrastructure coordination allows partial tax harmonization agreements to be
reached between asymmetric jurisdictions when this would not be possible without the
coordination of infrastructure investments. A comparison of tax rates and infrastructure
investments under no coordination and partial tax harmonization with infrastructure
coordination shows that the jurisdictions that form the tax coalition increase tax rates
and decrease infrastructure investments when jurisdiction 3’s productivity is not too high.
This means that both kinds of inefficiency (too low tax rates and too high infrastructure
investments) are reduced inside the tax coalition in this case. When jurisdiction 3’s
productivity is large, the only difference is that jurisdiction 2 increases its infrastructure
investments instead of decreasing them.!* Regarding the jurisdiction outside the tax

HFrom Eqs (9) and (27): 7 — ¢ = L= (2071 + 1215¢; — 837e3) > 0 for all (e2, €3) 6 R and
tTI—tN 3303 (2071 — 378e; — 837e3) > 0 for all (€2, €3) € R From Egs (8) and (25) we have: g71—glV =

o (2983 + 96032 — 1683€3) < 0 for all (e2,€3) € R and g7 — g3’ = s (2983 — 7920, — 168363)

10



coalition we find that its behavior crucially depends on its productivity level. When
jurisdiction 3’s productivity is low (high), it increases (decreases) capital tax rates and
infrastructure investments.'®

5 Infrastructure coordination through common in-
vestment levels

5.1 No tax harmonization

The former analysis has shown that asymmetries between jurisdictions are an obstacle
to achieving capital tax harmonization or the coordination of infrastructure investments.
Therefore, as an alternative to the type of coordination analyzed before, consider that
jurisdictions 1 and 2 decide to reduce asymmetries between jurisdictions by agreeing
on a common level of investments, g.. This will allow the difference in investments to
be reduced and, consequently, should facilitate tax coordination. Formally, in stage 2,
jurisdictions 1 and 2 choose the common level of investments g. to maximize joint welfare.
Simultaneously, jurisdiction 3 determines its own level of infrastructure. In stage 3, all
jurisdictions choose their capital tax rate separately. Thus, the stage 3 Nash equilibrium
tax rates are given by Eq. (5) and welfare levels by Eq. (6). In stage 2, joint welfare
maximization of jurisdictions 1 and 2, and welfare maximization of jurisdiction 3 yields
the following Nash equilibrium values:

2 2 4 76
Ic
— ey — — — 31
ge 617 617 T 1% 59’ (31
16 8 8 184
Ic
= ey — —€y — — —. 32
9s 61° 617 617 " 549 (32)
Substituting Egs. (31) and (32) into Eq. (5) yields the equilibrium tax rates:
19 1
c :
o= — 4+ ——(44¢; — 17€; — 2 =1.2
t; a1t 13 (44e; — 17¢; — 27e3) , i =1, (33)
23 9
téc = 6_1 - 6_1 (61 + € — 263) . (34)

Noting that €; = 0, equilibrium values of infrastructure can be written as g/ = 5t{° +

Zey = 5t57 — 26y, and g = 3tL°. Social welfare levels are:
1[4 DEIRY
WiIC = 2 (téc)2 - § (§téc - %62> y1=1,2 (35)
130 2

Lemma 4 For given €3, (€3, €3) € R where partial infrastructure coordination with com-
mon investment levels takes place. This is the case when the jurisdictions in the tax

This can be observed immediately from Egs. (9) and (28) as t37 — t1 = - (189¢; — 378¢3 + 646)
and from Egs. (8) and (26) as g3 — g’ = 555+ (10985 — 2196€3 + 817).
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coalition are not too different, i.e., when €5 1s small. The welfare gains from partial in-
frastructure coordination with common investment levels for jurisdiction 1 are larger than
for jurisdiction 2.

Comparing Lemmas 3 and 4, we observe that both kinds of infrastructure coordination
(i.e., with different investment levels and with a common investment level) are welfare
enhancing when the jurisdictions inside the coalition have similar productivity levels (i.e.,
in areas [ and IC in cases B and D, respectively, in Figure 4). However, whereas under in-
frastructure coordination with different investment levels larger welfare gains are obtained
by the more productive jurisdiction (in this case jurisdiction 2), under infrastructure coor-
dination with a common investment level it is the less productive jurisdiction (jurisdiction
1) that obtains larger welfare gains. This stems from the fact that agreeing upon a com-
mon investment level eliminates the difference between the infrastructure investments of
jurisdictions 1 and 2 and, therefore, makes jurisdiction 1 more and jurisdiction 2 less
attractive for capital investments. Infrastructure coordination allows jurisdictions 1 and
2 to reduce infrastructure investments and, thus, to reduce inefficiencies in these invest-
ments; however, at the same time tax rates decrease, which increases inefficiencies.' In
contrast, the jurisdiction outside the tax coalition increases infrastructure investments
and tax rates.!

5.2 Partial tax harmonization

Finally, consider that jurisdictions 1 and 2 form a coalition subgroup which chooses both
a common capital tax rate ¢, and a common level of infrastructure investments g. that
maximize the joint welfare of this group. Again, jurisdiction 3 determines its infrastructure
investment and capital tax rate independently. The stage 3 equilibrium tax rates are the
same as under partial tax coordination and, thus, are given by Egs. (11) and (12). The
equilibrium infrastructure investments are given by:

35 5 (61 + €9 — 263)
Tic . 99
Je . T 177 118 ’ (37)
62 4 (61 + € — 263)
ric . b4
9 T 177 59 ' (38)

Substituting Eqgs. (37) and (38) into Egs. (11) and (12) yields the equilibrium tax rates:

56 12

the = 59 + 5 (€1 + €2 — 2¢3), (39)
31 6

t?;lc = @ - @ (61 + € — 263) . (40)

YFrom Egs. (9) (8), (33) and (31) we have: t]¢ — t) = 32- (=38 + 113e2 + 18¢3) < 0, t49 — ¢} =
%57(—38— 131z +18e3) < 0 gl% — gI¥ = 57555 (—2470 + 2709¢; + 1170e3) < 0, and gl¢ — g =

V(ea,€3) € IC in Figure 4D.

""From Eqgs (9), (8), (32) and (34) we have: t1¢ — ¢} = == (9e5 — 18e3 + 38) > 0, and g4¢ — g’ =
Tia= (9ea — 18€3 + 38) > 0, V(e2, €3) € IC in Figure 4D.
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Under the assumption that ¢; = 0 equilibrium values of infrastructure can be written
as gI1¢ = ZtT'C and ¢3¢ = 24179 such that social welfare levels in the different

jurisdictions are:

1) 1 —1) 1 ?
WiTIC _ (%tCTIC + %62) (thlc + %62) -3 (%tCTIC) ,i=1,2, (41)

wie = % (51e)*. (42)
Proposition 2 Infrastructure coordination through the choice of a common investment
level allows partial tax harmonization between asymmetric jurisdictions that cannot be
achieved by infrastructure coordination with different investment levels. This is the case
when jurisdiction 2’s productivity is large and the productivity of the jurisdiction outside
the tax coalition is low.

A comparison of cases C and E in Figure 4 shows that partial infrastructure coordi-
nation in which jurisdictions agree upon a common investment level allows an agreement
to be reached on partial tax harmonization that cannot be achieved under infrastructure
coordination with different investment levels. This is the case when jurisdictions 1 and 2
are fairly asymmetric and jurisdiction 3’s productivity is high (i.e., in area T/C'). This re-
sult is obtained because under partial tax harmonization with infrastructure coordination
through a common investment level, even when jurisdictions are asymmetric, jurisdiction
1 gains from infrastructure coordination (see Lemma 4) while jurisdiction 2 gains from
tax coordination (see Lemma 2). Under partial tax harmonization with infrastructure
coordination through different investment levels only the more productive jurisdiction
(i.e., jurisdiction 2) gains from the formation of a tax coalition when asymmetries in the
tax coalition are high. Comparing both kinds of infrastructure coordination we also ob-
serve from Eqs. (27) and (39) that tax rates are the same in both cases (t7¢ = ¢I7)
while jurisdiction 1 (jurisdiction 2) inverts more (less) in infrastructures in the case of in-
frastructure coordination through a common investment level.!® The jurisdiction outside
the tax coalition chooses the same capital tax rate and infrastructure investment in both

cases.!?

6 Conclusions

Tax harmonization has become an important concern in most developed economies be-
cause tax competition has constantly decreased capital tax rates over recent decades and
has led to a shift of the tax burden from capital towards labor. As the global harmo-
nization of capital taxation is unlikely to be achieved, the literature has focused on the
conditions that allow tax harmonization in a coalition of countries. In this article we an-
alyze how such a partial tax harmonization is influenced by a simultaneous coordination
of infrastructure investments. Two kinds of infrastructure coordination are considered:

BAs t719 = ¢T7, from Eqs. (25) and (39) it follows that g7 = 277 — 1y < 24T7¢ = ¢gT7C and
TI _ 5471 1 5 4TIC _ (TIC
g3 — 24%c +262>24c =9c .

19See Eqs. (28), (26), (40) and (38).
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infrastructure coordination with different investment levels, and infrastructure coordina-
tion with a common investment level. We obtain that infrastructure coordination can
facilitate partial tax harmonization. This is the case when the coalition partners are not
too different in their productivity levels. Furthermore, we find that infrastructure coor-
dination with a common investment level enables partial tax harmonization even when
asymmetries between coalition members are substantial. This result explains the harmo-
nization of corporate tax rates observed in the EU between 1995 and 2006 where there
was a simultaneous convergence of public infrastructure investments facilitated via EU
structural funds.

Our result has an important policy implication. As asymmetries between jurisdictions
are an important handicap to accomplishing tax harmonization, a primary objective of
policy makers should be to reduce these asymmetries. The coordination of infrastructure
investments can be an instrument to achieve this objective. Our analysis has shown that
even a reduction of public infrastructure investments in some jurisdictions can be welfare
enhancing for all coalition members when this finally leads to a harmonization of tax rates
in the tax coalition.

Our analysis also opens up interesting lines for further research. As our analysis has
been limited to three jurisdictions it would be interesting to study how our results gen-
eralize with more jurisdictions. Furthermore, our analysis could be complemented by
considering other forms of public tax decision making. For example, as in Borck (2003)
the choice of the tax structure could be considered in a majority voting model in which
jurisdictions compete in tax rates. Finally, our analysis is based on a horizontal coordi-
nation of tax rates and infrastructure levels. As tax decisions are taken both at the state
level and at regional and local levels, it would be interesting to analyze how the interplay
of horizontal and vertical coordination of tax rates and infrastructure levels would change
our results.
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Appendix

Proof of Lemma 1. Suppose all jurisdictions increase tax rates by an amount A\, A > 0.
Then welfare becomes:
N N N N N N 130/ 2 N
Wity + Mt + Mt + X0, 9; ,gh):8—1(ti )T+ MY >0

which proves that a joint tax increase by all jurisdictions increases welfare compared to
the no cooperation case (N). As the provision of public goods equals tax revenues t;k;
and k; does not change when all jurisdictions increase tax rates by the same amount, it
follows immediately that public goods provision is too low. Finally, consider a reduction
of infrastructure investments of the amount p in all jurisdictions (0 < p < g, Vi). Then
welfare becomes:

2
Wity ¥ ) g — g —pagn —p) = () + <gfv——u>u>0

which proves the last statement. [ ]

16



Proof of Lemma 2. From Egs. (10) and (17) we have:

gy = 1099 61527 , 13207

2 = 36450 8844502 T 53865
93837 3457 , 6427

72653352 T 2653350 269325
> 0 for V(e e€3) € R.

szTiN (EQ, 63)

Jurisdiction 2 is always better off under partial tax harmonization. Regarding jurisdiction
1, from Egs. (10) and (17) we have:

1699 25166 59 608
AWT-N = wl-wh) = - > -
1 (€2, €3) 1 1 36450 1326675 © 269 325 “

.38 576 . 3457 , 6427
————— €963+ ———-———€3 — ——————¢€
442225 2% T 2653350 269325 °

with AW (0,0) = 0.0466 > 0, AW V(25 0) = —0.0395 < 0 and OAW] 7~ /0ey =

25927
0.0872¢3—0.0379¢2—0.2213 < 0 for (€2, €3)eR. Thus, there is a unique function fr_y(€) =

854791 115728 . /13566967708 2 143033254000 418981 654 000 T-N o
03339 3457 €2 \/ 11950849 €2 535672023 €2 T “srizieson defined by AWVY (€2, €3) =

0 which separates R in two areas with
AW (e, €3) > 0 for e < fr_n(ez) and AW (e3,€3) < 0 for e > fr_n(e3). Finally,
notice that

33559 33559 5983
A T—-N — A T—-N .
Wo (e &) = AW (@ ) 3790502 189525 | 12825)
> 0 for V(EQ,Gg) € R.
Thus, the welfare gains from partial tax harmonization are larger for jurisdiction 2. m
Proof of Lemma 3. From Eqgs. (10) and (23) we obtain
10168

> (0 for V(€2,€3) € R.

Thus, jurisdiction 2 always gains from infrastructure coordination when jurisdiction 1
gains. Therefore, it is sufficient to analyze when this is the case. We have that:

AW{_N (62,63) = Wll (62,63) — WlN (62,63)

16616 61360 1777664
= — €5 — €
2712609 12089529 2 28633095
16616 33232 1777664

€2€3

19080520 ~ 5726610 T 60447 645
with AW{7(0,0) = 0.0061 > 0, AW N(25 0) = —0.0180 < 0 and AW /dey =

25927
0.0294¢3—0.0102¢5—0.0621 < 0 for (€2, €3)eR. Thus, there is a unique function f;_y(€3) =
B — (HL\/31V/34 + 3384 ¢, defined by AW[ ™" (e, €3) = 0 which separates R in two
areas with AW{ ™ (e5,e3) > 0 for €5 < fr_n(ez) and AW (eg,€3) < 0 for €5 >

fi-n(ea). n
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Proof of Proposition 1. First, consider jurisdiction 2. We have:

5951 819 467779 467779
AwTI—T = WTI W 2
G 2 2 = 1535121002 76756052 T 3280545
L 261002 , 522184 261002
€q — €
38378025 % 16447725 " 7049025
> 0 for V(e e3) € R.

Jurisdiction 2 is always better off under partial tax harmonization with infrastructure
coordination (7'7) than under partial tax harmonization (7") (and under no coordination
(N), as shown in the proof of Lemma 2).

Second, for jurisdiction 1 we have:

AW (e, e) = W (e260) = W] (2. €0)

2350303 , 1816711 1816711
1535121002 " 38378025 2%~ 16447725
261092 , 522184 261 092

1383780255 16447725 1 7049025
with AWT=7(0,0) = 0.0370 > 0, AW T=T(25 0) = —0.0068 < 0 and OAW! N /0e; =

2527

0.0473e3—0.0307¢2—0.1105 < 0 for (€3, €3)eR. Thus, there is a unique function fr;_7(e2) =
1 —hggg /1365 — 32080, defined by AW~ (e, 63) = 0 which separates R in two areas
wit

AW (e3,e5) > 0 for €5 < frr_p(ez) and AWT™T (e5,e3) < 0 for €3 > fri_7(e).

Furthermore, we have:

AWlTliN (€2,€3) = W1TI (€2, €3) — WlN (€2, €3)

1553449 , 1521043 1777417
= — € _—
452390762 " 11309769 >~ 53572592
183355 , 297925 424555

526195383~ 5357259 5075208
with AWTY(0,0) = 0.0837 > 0, AWV (2 0) = —0.0463 < 0 and AW /9ey =

2527

0.1346€3—0.0687¢,—0.3318 < 0 for (€3, €3)eR. Thus, there is a unique function fr;_n(e2) =
L8115 _ 1991943 ¢ L2 /9./35218557¢3 — 7712640¢5 + 696800 defined by AW~ (e, €3) =

330039 183355 €27 1100130
0 which separates R in two areas with AW!T™" (e3,e5) > 0 for €5 < fr;_n(€z) and
AWF]_N (62, 63) < 0 for €y > fT]_N(EQ).

Finally, notice that functions fr_y(€2), frr—n(€2) and fr;_r(€2) have a single intersec-
tion point in R at (€2, €3) = (0.1711,1.0892) which separates R in three areas (displayed

in Figure 4C):

1. Area T1: (62 < fT[ T(Eg) and €o < fT[_N(Eg)) where WZTI (62,63) > W (62,63)

and W17 (ey,€3) > W (e3,€3), i = 1,2, such that the equilibrium outcome is T'T
which is preferred by all jurisdictions.

2. AreaT: (fri_7(€2) < €3 < fr_ N(EQ)) where W (eg, €3) > Wt (€3, ¢€3), Wl (€3, €3) >
W (e2,e3) and W (e, €3) > W (€g,€3), i = 1,2. The equilibrium outcome is T'
as jurisdiction 1 does not agree to coordinate infrastructure investments which is
the preferred outcome for jurisdiction 2.
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3. Area N: (63 > fr_n(e2) and e > frr n(es)) where W (ea,e3) > W7 (€3, €3),
WX (e3,€e3) > W (€3, €3). The equilibrium outcome is N as jurisdiction 1 loses from
both partial tax harmonization and partial tax harmonization with infrastructure
coordination.

Proof of Lemma 4. From Egs. (10) and (35) we obtain

24 452 6 - 7268
€y — —E€ —€9€E
93879 > 61 2 ' 198189 *°*
260, 130 ,
— € €
1539 2 ' 3249 3
> 0 for V(e e3) €R,

(W€ =) = (W57 =n3') =

which proves the second statement. Jurisdiction 2’s welfare gains are:

AWQIC_N (627 63) WQIC (62, 63) — WZN (62, 63)
16616 543626 , 245440

2712609 120895292 57266192
16616 , 33232 945 440

120805293 ~ 5726610 T 120805292

with AW, ~N(0,0) = 0.0061 > 0, AW, N(220) = —0.0164 < 0 and IAWF N /0e, =
0.0203e3—0.0899¢5—0.0429 < 0 for (€5, €3)e R. Thus, there is a unique function f;c_n(€3) =
%—%m\/@eg— 12503‘7470 €5 defined by AWQI O=N (€2, €3) = 0 which separates R in two areas

with AWLC™ (e3,€3) > 0 for e < fro_n(ez) and AWIO™N (€5, €5) < 0 for e > fro-n(e2).

Proof of Proposition 2. First, consider jurisdiction 1. From Egs (10), (17), (29),
and (41) we have that jurisdiction 1 is always better off under tax harmonization with in-
frastructure coordination with common investment levels (7/C') than under no coordina-
tion (IV), tax harmonization (7"), and tax harmonization with infrastructure coordination
with different investment levels (7'1):

424 555 7555633 800537

AwTIC—N = WTIC . WN — o o
! (€2, €5) 1 1 T 5075208 1809563042 10714518
551903 183355 , 207925

1226195382 T 22619538 5357250
> 0 for v<€2,€3) S R,

261 092 1 4822
AwlTICfT (62,63) = WlTIC—WlTZ 6109 3990897 2 8 753

7049025 614048400 T 32895450
4822753 261092 , 522184

T76756050 2% T 38378025 T 16447725
> 0 for V(e e3) € R,

91 13 7
AWlTICiTI (62, 63) = Wif[c — WlTI = (ﬁ — Eﬁg - @62) €9 > 0 for V(GQ, 63) € R.
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Second, consider jurisdiction 2. From Egs. (10) and (41) we have that jurisdiction 2 is
always better off under tax harmonization with infrastructure coordination with common
investment levels (7/C') than under no coordination (N):

424555 1673569 1396 387
AwTIC—N = WTIC o WN — . 2

2 (€2, €3) 2 2 = 5075208 1809563042 T 10714518
918613 183355 , 297925

T22619538 2 T 22619538 5357250
> 0 for V(EQ, 63) € R.

Thus, as both jurisdictions are better off under T/C' than under N, No harmonization
(N) is not an equilibrium. Furthermore, from Eqs. (17) and (41) we have:

261092 48395449 , 755677

AwTICfT = WTIC . WT _ . o
2 (€2, €3) 2 2 T 7049025 6140484002 6579090
755677 261092 , 522184

153512102 " 38378025 16447725
with AW 7971(0,0) = 0.0371 > 0, AW, CT (25 0) = —0.0175 < 0 and AW 1971 /9ey =

252°
0.0492¢3 — 0.15763¢5 — 0.11486 < 0 for (e, e3)eR. Thus, there is a unique function
fric-r(e2) = & — 2289 _\/13/1348521e; — Z055¢, defined by AW, '“"7 (e2,€3) = 0
which separates R in two areas with AW 9T (e5,¢3) > 0 for e < frro_r(e2) and
AW;IC_T (62, 63) < 0 for €o > fT[C_T(GQ).

From Egs. (29) and (41) we have:

AW (e, e5) = WO =Wy = — o
< 0 for V(e e€3) € R.

€2 (3335 — 3125 + 728)

This result implies that of the two forms of tax harmonization with infrastructure coordi-
nation, jurisdiction 2 prefers infrastructure coordination with different investment levels
while jurisdiction 1 prefers infrastructure coordination with a common investment level.

Finally, notice that the intersection point of functions fr_n(€2), frr-n(€2) and frr_r(es)
lies on the right of function fr;c_r(e2). Thus, again we have three areas in R (displayed
in Figure 4E):

1. AreaTI, TIC: (e2 < fri_7(€2) and €3 < frr_n(€2)) where W7 (e9,€3) > W (€g, €3),
and WTT (e, e3) > W1 (e2,¢€3),1 = 1,2, W (e9,€3) > W (€2, €3) and WL (eg,€3) >
WIIC (€3, €3) such that the equilibrium outcome is either T'T or TIC which are pre-
ferred by all jurisdictions to 7" and N.

2. Area T: (fri_r(€) < €2 < fr_n(€2) and fric_r(€2) < €3) where WIC (eg,€3) >
W (€9,€3) > W (9, €3), WIT (€3, €3) > Wi (e2,€3) > WEIC (3, €3) and W] (g, €3) >
WX (€, €3), i = 1,2. The equilibrium outcome is 1" as jurisdiction 1 does not agree
to coordinate infrastructure investments with different investment levels which is the
preferred outcome for jurisdiction 2, and jurisdiction 2 does not agree to coordinate
infrastructure investments with a common investment level which is the preferred
outcome for jurisdiction 1.
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3. Area TIC: (e > fr_n(e2) and ey > frr_n(e)) where WITC (e, €3) > W (€9, €3),
i = 1,2, WY (€9,€3) > W (3,€3). The equilibrium outcome is TIC as both ju-
risdictions prefer partial tax harmonization and infrastructure coordination with a
common investment level to no coordination, and jurisdiction 1 prefers partial tax
harmonization without infrastructure coordination to no coordination.
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Figure 1: Combined corporate income tax rate of EU countries (period 1995-2011). Coun-
tries are classified into high, middle and low income countries. High income countries com-
prise Austria, Belgium, Denmark, Finland, France, Germany, Netherlands, Sweden, and
United Kingdom. Middle income countries include Greece, Italy, Spain, and Portugal.
Low income countries encompass Czech Republic, Estonia, Hungary, Slovak Republic,
Slovenia, and Poland. Source: Own calculation based on OECD (2015).
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Figure 2: Transport infrastructure investment per capita of EU countries (period 1995-
2011). For country classification see Figure 1. Source: Own calculation based on OECD
(2015).
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Figure 3: Share of EU financed infrastructure investment in total infrastructure invest-
ment (period 2000-2006, period 2003-2006 for low income countries). For country classi-
fication see Figure 1. Source: Own calculation based on OECD (2015) and Sweco (2008).

23



No tax harmonization Partial tax harmonization

No
infrastructure
coordination

Case A

Infrastructure
coordination

Caze B Caze C

Infrastructure
coordination
through
common
investment
levels

Czse O Case E

Figure 4: Equilibria are: No tax harmonization (N), Infrastructure coordination (I), In-
frastructure coordination with Common investment levels (1C), partial Taz harmonization
(T), partial Tax harmonization with Infrastructure coordination (TI), partial Tax harmo-
nization with Infrastructure coordination through Common investment levels (TIC).
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