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Abstract

We investigate the effects of European integration on corporate tax competition. Both
economic and monetary integration result in lower transaction costs in financial markets -
by reducing capital controls, red tape and exchange rate uncertainty - and thereby in higher
capital mobility. Nevertheless, monetary integration leads to a common pool problem vis-
a-vis the shared revenues from issues of the common currency and to higher tax revenue
needs due to lower inflation and the deficit constraints embedded in the stability pact.
Economic integration may lead to access to better technologies, for the less developed
members. It will also lead to more tax-responsive capital and higher user-cost of capital
due to the abolition of tariffs. We show that monetary integration leads to lower taxes,
while economic integration leads to higher taxes. Furthermore, we find robust evidence of

a race-to-bottom effect. Throughout, we investigate the impact of EU enlargement.
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1 Introduction

European Union (EU) is a major economic player in the world and a market that was based on
what is known as the four basic freedoms, i.e. freedom of movement for goods (and hence no
tariffs), services (and hence improvement in average quality of financial institutions and lower
transaction costs), labor (leading to knowledge spillovers and improvements in average quality
of technologies) and capital (leading to higher capital mobility). Moreover, the introduction,
in most member countries, of the euro as a common currency creates a homogeneous monetary
platform since it reduces exchange rate uncertainty, leading to a further decrease in transaction
costs. It also leads to seignorage sharing.! It may also lead to lower inflation and public debt,
if the move is associated with improvements in credibility of monetary-policy setting, and
controls on national fiscal policies to reduce free-riding and pressures to the central monetary
authorities to monetize national debts. All these can potentially have an impact on capital
taxation in the Eurozone.

Aggregated at the EU level, total taxes collected represent today just fewer than 40% of
GDP (compared to just fewer than 30% for the US and for Japan). The total tax burden has
gradually increased between 1970 and the end of the last century. This increase is, in general,
in conflict with the standard mechanism of tax competition, which has been the focus of an
extensive literature. In fact, as the received literature has emphasized, the outcome of capital
tax competition is indeed rather complex and depends on various characteristics.? Indeed, the
outcome of non-cooperative capital-tax setting will depend, among others, on the (a)symmetry
in the size and endowments of countries. The geographical location and the concentration of
production, such as the existence of a core-periphery model, will also affect optimal levels of
taxation across regions (Baldwin and Krugman, 2004; Devereux et. al., 2007a). In addition,
trade between members of a union may lead to specialization and hence different equilibrium

levels of taxation (Wilson, 1987). Echoing the theoretical literature, empirical studies also

'The income of the European Central Bank is distributed between the national central banks, with the
national banks being ultimately under the (financial) control of national governments. For the rules and
provisions of the allocation of income between the national central banks see the .Protocol on the Statute
of the European System of Central Banks and of the European Central Bank., especially Articles 28-33,

(http://www.ecb.int/ecb/legal/pdf/en_statute 2.pdf).

?For some surveys of the capital tax competition literature, see Wilson (1999) and Brueckner (2003).



have shown that the availability of multiple tax instruments besides capital taxation (Rodrik,
1999 a,b), and the existence of international spillovers in public goods (Slemrod, 2004) and the
degree of mobility of the factor(s) of production (Devereux and Griffith, 1998; Garretsen and
Peeters, 2007) influence the effects of tax competition.

In this paper, we provide some theoretical results and investigate empirically the effects
of economic and monetary integration on capital taxes. We take a general look at both the
theoretical and empirical modelling of interactions in corporate tax setting, and ask some
fundamental questions not yet addressed by the previous literature. On the theory level, we
investigate the effects of tariffs, seignorage and technological changes on capital-tax setting.
Special emphasis is placed on the dynamics of capital taxation in the presence of money, and
possible links are drawn with the recent experience of European integration.? Turning to our
empirical investigation we, first, ask to what extent the joint estimation of both spatial and
economic interactions affects the coefficients on the traditional regressor matrix in empirical
corporate tax studies? Second, how robust are estimated spatial and economic relationships in
tax patterns across alternative model specifications and different country groups? Given the
existing literature, an obvious issue to examine in this regard is differences across samples of
European Union (before and after the expansion of EU). Furthermore, because of the nature
of spatial and economic effects, it is necessary to examine the simultaneous estimation of
differences across geographic and economic sub-samples. Finally, we ask, to what extent can
we measure the impact of the overall effects of economic and monetary integration on capital
taxes?

The remainder of the paper proceeds as follows. In the next section we present and
discuss our theoretical model. In Section 3 we discuss our empirical model. Section 4, presents
the data, while Section 5 illustrates the definition of weights. Econometric issues are discussed

in Section 6, and estimation results are presented in Section 7. Finally, Section 8 concludes.

3In Makris (2006) the focus is on capital tax externalities in a monetary union, in a static framework.
Furthermore, in Makris (2008) the focus is on capital tax externalities in a model without money, in a two-
period model. Here, however, the set-up is fully dynamic and both the cases of monetary autonomy and union

are discussed and compared.



2 A Monetary Model of Capital Tax Competition

Here, we present a model with money and capital taxation under (imperfect) capital mobil-
ity. Its objective is to describe a particular mechanism of policy interdependencies between
horizontally-related national governments. The precise nature of these interdependencies will

be tested in Section 3-7.

2.1 The Economy

Our framework is the standard capital taxation model of Zodrow and Mieszkowski (1986) and
Wilson (1986), appropriately modified to incorporate dynamics, money holdings, imperfect
capital mobility and use of tariffs and public debt. There are J > 1 countries. Each country
Jj =1,...,J is populated by N; citizens indexed by ¢ = 1,..., N;. Time periods are indexed by
t=1,2,3,....

There is a single, composite and traded good. Assume for simplicity that there are no
transportation costs. The single good of each period is produced in each and every country
by means of combining capital and a fixed in supply factor of production, like land.* Capital
in period t is an intermediate good which is produced at the end of period ¢ — 1 by means
of using the composite good as an input. Assume without loss of generality that one unit of
the composite good can be transformed into one unit of capital. The supply of capital in the
first-period, ¢t = 1, is pre-determined (by the associated use of the single good in the past).

Consider now the market for (financial) capital. It is assumed, for expositional simplicity,
that only agents from these J countries can trade, possibly at some transaction costs, in this

market.® Perfect competition is the mode of trade in this market. Capital, K jt, is ordered by

*The case of immobile between regions factors of production that are nevertheless non-fixed in supply would
add additional complications without adding much in terms of insight. Arguably, in reality there are often
production factors other than capital that are also mobile between regions. An example is labour. Nevertheless,
it is also true that (financial) capital is in general more mobile than labour. For an important work along these
lines see Kessler et. at. (2002). Note however that in that work the dynamics inherent in the accumulation of
capital over time, the presence of money and the use of tariffs, which we emphasise, among others, here, are
given short drift as there the model is static and with no money and tariffs. A very interesting line of future

theoretical work would be to combine the set-ups of our paper and Kessler et. al. (2002).

>This assumption is without loss of generality qualitatively insofar we postulate that the J countries face a

net supply of capital which is increasing with the world interest rate. In effect, allowing for capital trade between



the country-j firm at the end, and bought at prices, of period t—1. Also, to simplify exposition,
let us assume that (financial) capital is supplied directly by households. Let p, denote the net
(or after-taz) real interest rate in this common market for capital.’

We assume that governments choose their policies to maximize welfare in their jurisdic-
tions. We assume, for simplicity of exposition, that countries are small. In other words, the
number of countries J is very large so that governments perceive the net real interest rates
over time as being out of their control, despite the fact that eventually net real interest rates

are endogenously determined by capital-market-clearing. The latter is discussed shortly.

2.1.1 The Governments

National governments produce local public goods by means of a technology that uses the private
good as an input. Assume without loss of generality that the marginal product of the private
good is equal to one. Expressed in real terms, denote with Gj; the level of public good. Fiscal

revenue requirements are financed by means of a per-unit tax on real capital used domestically,”

the J countries and the rest of the world would only result in a less responsive interest rate to national fiscal
policies. The assumption that the J countries do not trade in capital with the rest of the world could also be
justified with reference to EMU and evidence that location decisions of US based multinationals have not been
significantly affected by differences in effective tax rates across the Atlantic, while tax differences within Europe

have had a significant effect (see Devereux and Griffith, 1998).

The single market for capital is a short-cut representation of national financial capital markets that foreigners
have access to, with no arbitrage opportunities. Let i;; be the nominal interest rate in country j and period ¢. Let
the before-tax price of the single good in country j in period ¢ be P;;. We then have that under that alternative
representation, p;, is the real interest rate paid in period ¢ by region-j firms to investors who have channeled

Pji—1
P

their period-t — 1 savings to country j. That is, 1+ p;, = (1 + ;) Also, 7 is a tax paid by consumers

on the nominal interest rate, and pu;, is a per-unit transaction cost. So the income per-unit of investment in

Pji_

Pv,l‘ No arbitrage implies that the net real interest rates
it

" . o - L.

country j's period-t capital is 1 + p;, — p; — Tjetje

- I ) . . . o .

Pt — Mjr — Tjtljt%, for any j, are equalized across regions. Thus, investors are indifferent over the allocation
J

of their savings to domestic or non-domestic capital. Also, Kj; equals the total real capital channelled to region

. . . . - . Py
j. Letting then p, denote the common net-of-tax real interest rate across regions, and 7 = Tj14;¢ ﬁtl makes
J

the two representations equivalent.

"To understand this let Pj¢ be the before-tax price of consumption. Let 7;; be a tax imposed on the domestic

firm’s period-t — 1 spending on capital used for production in period t. Then, 7;; = 7j¢ P-g’;l
J

One can also

. . . . . . Pj_
combine this with the environment of the previous footnote. In this case, firms pay 7;: g_tl
J

for each unit of

) A Pi_1 | ~ . P
capital, and we have 7j = 7t ~5— + Tjeije—p
J J




Tjt, a tax on expenditures on imports (a tariff), 5, and issues of new money and public debt.8

jto

To discuss issuing of new money and public debt in more detail, let D;; be the real level of
country-j period—t outstanding public debt, in terms of period—t—1 consumption in country j.
Assuming no arbitrage between private and public bonds, the country-j government’s period—t
total debt liabilities, in terms of period—t consumption in country j, are (1 + p;)Dj;. On
the other hand, the country-j government’s period—t¢ debt revenues, in terms of period—t
consumption in country j, are Djsi1.

Concerning money creation, we follow the accounting convention that national govern-
ments are responsible for circulating the currency used domestically regardless of the degree
of monetary integration. Specifically, the circulated money will be the national currency when
the country is not a member of a monetary union. It will, however, be replaced by the com-
mon currency following monetary integration. However, while in the former case the domestic
governments are the ones who decide on the level of issued money, in the latter case, the cur-
rency is issued on behalf of the over-arching central bank. Let 7;; denote inflation in country
j in period t. Under monetary independence inflation rates may differ across countries. Un-
der monetary integration, however, countries face the same inflation rate.” Let m; denote the
union-wide inflation rate in period ¢. In what follows, we will be using m;; generically as the
inflation rate of region j. It will be implied that, under a monetary union, 7;; = m; for any j.
For expositional simplicity, we use, with some abuse of notation, the same letter for real money
supply under both institutional cases. In more detail, let Mj; be the real value of the currency
under circulation in period ¢ — 1 in country j, in terms of period—t — 1 consumption in country
j. Given this level of real money, the country-j government issues at the start of period ¢ new
money such that M;;,1 is the real value of the currency under circulation in period ¢ in country
7, in terms of period—¢ consumption in country j. Therefore, the real revenues generated by
issues of new money in period t in country j, what we will refer to as national seignorage,
are equal to M1 — (1 — mj)Mj; in period t. Note, thus, that the period—t inflation rate is
effectively a tax on period—t — 1 real money stock.

Under monetary independence, governments enjoy exclusively their national seignorage.

8The model could easily be extended to the case of governments using also a tax on consumption expenditures
and a tax on income from the fixed factor (i.e. arents tax). We choose not to do so here for expositional simplicity.
9This follows directly from the absence, in equilibrium, of arbitrage with respect to union-currency issued

and circulated in different regions.



Under monetary integration, however, regions share the union-wide seignorage created by the
new issues of the common currency across countries. Let a;; be the share of national seignor-
age retained by the national government. Assume also that each j—country’s claims on the
seignorage contributions of countries v and v’ are the same for any v and v'. It follows that the

seignorage the government in country j enjoys is equal to

M
1
ajt(Mje41 — (1 — mje) Mje) + 71 D (1= @) (M1 — (1 = 7o) M)
=1
v
with,'? for any j =1, ..., J,
aj; = 1,under monetary autonomy, and

ajt € (0,1), under monetary integration.

Let, in what follows,
| M

Rjt = ﬁ Z(l - avt)(Mvt+1 - (1 - th)Mv )
v=1

v#]
Denote by Cj; and Yj; the country-j period-t real consumption and private good produc-
tion, respectively. It follows that the period—t budget constraint of government in country j

18
Gjr = 7iuKj+aj(Mje1 — (1 —7j0)Mjt) + Djer — (1 + py) Dy
+8,:(Cjt = Yjt) + Kje.
2.1.2 The Firms

Let us turn to the description of the private sector. In each country j, a firm produces
period-t output using technology Aj;F;[Kj], with F' > 0, F” < 0, where Aj; is a technology

parameter.!! Implicit in F;[.] is the fixed factor, which is suppressed for expositional conve-

10To understand the second part of the above formula, let first 97 be the share of v—country’s seignorage
contribution appropriated by country j, with Z‘#U ¥ =1 for any v = 1,.., J. So, the appropriated seignorage
from abroad by country j is 5, 95(1 — aut)(Mysr1 — (1 — mot)Myt). After letting 97 = 19;/ = 9, for any
jv,v = 1,...,J,v # j,v # j and using > jze V5 = 1 for any v = 1,...J we have (J — 1), 9; = J. Thus,
(J=1)(1+9;) = J for any j = 1,...,J. Hence ¥; = 55 for any j =1,..., J.

"We will be using square brackets to denote functions, and brackets to denote collected terms in multiplica-

tions.



nience. Real profits are
e = (14 B0) (At F5[Kje] + (1 — 650) Kje) — (L + py + puje + 750) Kt

In the above, u;, is a per-unit transaction cost on purchases of real capital. It captures, in a
compact way, transaction costs in financing period-t¢ real capital in country j. Also, d;; is the

depreciation rate of real capital. Note that
Yie = A Fj[KGe] 4 (1 = 64) K.
Profit-maximisation for given prices and policies implies that

F;[Kjt] = Tjta (1)

where
o Pt Ot e+ T — B (1= 05¢)
=
’ Aji(1+ Bj¢)

is the capital’s user-cost. So, capital is a decreasing function of its user-cost rj; : Kj; = Kj[rj

(2)

with K = 1/F} < 0. It follows directly from (2) that capital demand is decreasing with the
net interest rate p;, the depreciation rate 4, the transaction costs p1;, and the capital tax 7z,

and is increasing with the tariff §;, and technology Aj:. Also, we have
e = (14 B;,) Ajell[rjl,

where

10 [rje] = Fj[K[rje] — Fj[K;[rd]] K]

is the before-tax/subsidies return to the fixed factor as a proportion of the technological para-

meter Aj.

2.1.3 The Consumers

For resident ¢ in country j, preferences in period ¢ are defined over consumption, Cj’:t, national
public good, G; and real money balances held at the end of period t, M ;t +1- Real money
balances here are defined as the units of the composite good that can be purchased in the
period in question with the nominal money holdings acquired in that period.To understand

the preferences over real money balances, note that here we focus on the role of money as a

medium of exchange that reduces transaction costs associated with purchases of goods. That



is, individuals are viewed as benefiting from the flow of services yielded by money holdings.
These services can be thought of as a description of the advantages of intermediate exchange.
These advantages arise from the fact that converting illiquid assets to purchasing power and
arranging barter transactions are costly, in terms of time and resources, activities. So, what
matters, in terms of welfare, is the command of money holdings over goods or some measure
of the transaction services that money holdings provide. In money-in-utility models, like the
one here, the utility derived from the flow of services yielded by money holdings is related to
the value, in terms of the composite good, of money holdings. In fact, models with money in
utility can be viewed as shortcuts of models where money helps to reduce the time needed to
purchase consumption goods.'? In the context of our model, the presumption is that citizens
gain utility from the real money balances they have at the end of a period, by economizing
on the transaction costs that are involved in purchasing consumption goods at the end of that

period.'? So, let temporal utility be

U;[ ;t? ;t+1]H; [Gjt]-

Assume that U;C > 0, U;CC <0, H}’ > 0, H;:” < 0, and U;M > 0. Preferences over public good
are assumed to be separable for expositional simplicity.

Each citizen 7 in country j, decides in each period ¢ upon her consumption, real money
demand and purchases of real bonds (private and public) B;-t 41 carried forward into the next
period. In each period, her income consists of (a) her share of the net-of-tax/subsidies remu-

neration of the domestic fixed factor, (b) the returns from bonds brought forward from the

previous period, and (c) the real money holdings brought forward from the previous period.

12Qur results would be qualitatively similar if we have had, instead, a cash-in advance model. See Blanchard
and Fischer (1989) Ch 4, Obstfeld and Rogoff (1996) Chs 8.1-8.3 and Walsh (2003) Chs 2 and 3 for some excellent

discussions of the issues involved in modeling money in an analytically tractable way.

13 An alternative environment would postulate that consumers gain utility from the real money balances they
have at the start of a period, by economizing on the transaction costs that are involved in purchasing consumption
goods at the end of that period. This assumption makes the timing of acquiring and using money more consistent
with cash-in-advance models. See also Lucas (1982) and Carlstrom and Fuest (2001). Note that our results are

qualitatively robust to allowing for this alternative timing.



The period-t budget constraint of consumer ¢ in country j is given, in real terms, by:

Bipo1 + Mjpy + (14 85)CG =

(1+ pt)B;'t + (1 - th)M}t + Uj‘t(l + B0) AjeIl[rje],

/L'.

where o j

; 1s the consumer ¢’s share of the domestic fixed factor in period—¢. Note here that
the current user-cost of capital affects negatively the current net returns to the fixed factor
and hence consumers’ income. Also, the current net real interest rate affects positively the
real returns to the past holdings of bonds. Moreover, current inflation affects negatively the
real returns to past money holdings. Furthermore, the current tariff increases the after-tax
price of consumption, while it increases the current net returns to the fixed factor and hence
consumers’ income.

After defining with 0; the discount factor of consumer ¢ in country j, utility maximisation
for given prices and policies gives period-t demands for real money balances M ;t 41 [0, Tjts Tt 53‘1&7 Ajt]
and bonds B}Hl[pt, Tty Tt sé-t, Aji], and a consumption function C’;-t (08> Tjts Tt 3§'t7 Aji], where
zj = {Bj, T} and sé-t = {B}t,M]’:t}. Note that, for expositional simplicity, we have sup-
pressed here, and in what follows, the dependence of the various functions on d;; and aét.
Thus,"* equilibrium demands depend on (a) current prices, policies and technological para-
meters, p;, ¢, Tjt, Ajt, (b) past savings, with the latter being in the form of both bonds and
money holdings, sét, and (c) anticipated future prices, policies and technological parameters.
The latter is captured in a compact way by the time-dependence of the above demand func-
tions. Note that the above optimal demands depend on rj; and Aj; due to their impact
on current income from the fixed factor. Denote the resulting temporal indirect utility by
Vjit [0, Tjts Tt sé-t, Ajt]H; [Gjt].

Let us assume normality of consumption. Also, as it seems to be a natural assumption

: . . UiolCl o ME
given the postulated value of using money in our context, let us assume that ;! C[[C]i““ o]
M

7
jt+v7th+u+1]

is strictly decreasing with Cji-t 4y for any v = 0,...,00. That is, higher consumption raises the
relative desirability of holding money. This, in turn, implies (see Appendix A), in conjuction
with normality of consumption, that money is also a normal good. Thus, an increase in the

user-cost of capital, which reduces capital and thereby income from the fixed factor, leads to a

reduction, all other things equal, in consumption and money demand. Given that an increase

4 The derivation of these functions is standard. We discuss it briefly in the Appendix A, for completeness.

10



in period-t inflation also reduces current income, we also have that consumption and money

demand are strictly decreasing with current inflation.

2.1.4 Private Equilibrium

Equilibrium in the market for capital i period ¢ is given by!®
> Kjlrul =Y () B}, — Dj) = K. (3)
J i
The left-hand side is the total demand for capital. The right-hand side is the total supply of
capital. Notice that in period t, the supply of capital, K;, is pre-determined by the actions of
consumers and governments in period ¢ — 1. Recall the definition of capital’s user-cost, (2).
Thus, market-clearing implies an equilibrium net real interest rate p, = p[7s, By, fiy, Az, Ki),
where 7 = {71, ..., 75}, 3= {81, B}y i = {y, s iy}, and A= {A4,...,A;}. Clearly, higher
supply of capital, higher transaction costs and capital taxes, and lower technology and tariffs
lead to a lower net real interest rate.
Equilibrium in the region-j market for money in period ¢, under both national and

common currencies, is given by
) % _
E thJrl[ptaTjt,xjhSjtaAjt] = Mjt4y1.
i

The left-hand side is the total demand for, and the right-hand side is the supply of, real money.

2.1.5 Policy-Setting

At this stage we can discuss what constitutes monetary policy in our set-up. Given the equilib-
rium net real interest rate, and the regional user-costs of capital and import taxes, the above
equilibrium condition determines implicitly a relationship between inflation 7 ;; and real money
supply Mj;41. Given that demand for real money in period ¢ is strictly decreasing with current
inflation 7, we have that this relationship is strictly negative. Hence, one can think of national
governments setting (independently or on behalf of the union central bank) domestic inflation
and adjusting their money supplies accordingly, so that money-market equilibrium is satisfied

given private decisions. This will be the convention we will follow hereafter.

15Given equilibrium in the market for money, and that capital is an intermediate good supplied by consumers,

capital-market-clearing is equivalent to equilibrium in the market for the composite traded good.

11



We focus on credible policy-setting by national governments. In more detail, govern-
ments choose their policies, in each period, after savings (i.e. money and asset holdings) are
determined but before firms decide on their capital demands. Note that in such an environment
the supply of capital in each period is pre-determined. Nevertheless, capital taxes do affect
the allocation of capital between regions. Therefore, capital tax competition is still possible.
So, we investigate an environment where governments compete for a given stock of capital on
a period-per-period basis. We also assume, as it is standard in analysis of credible tax-setting,
that Zj N; is very large so that consumers perceive themselves very small to affect current
and, crucially, future policies.

It is well known that in dynamic non-cooperative games multiplicity of equilibria may
arise. We focus on sub-game perfect equilibria in differentiable (pure) Markov tax-strategies.
For a discussion of the advantages of Markov strategies in dynamic games see Fudenberg and
Tirole (1992) Ch. 13. Differentiability is required for analytical simplicity.

Markov strategies imply that actions in a given period depend on past history only
through the ‘state’. The ‘state’ is a (possibly multi-dimensional) variable which summarizes
the influence of past interactions on the current strategic environment. In other words, the
state is the minimal information in the history of a game which is relevant for the strategic
interaction between players. In our context, the state in any period ¢, ), is the money and
bond holdings, and the public debt issued, in the previous period in each region, i.e. Q; =
{Qu}y = (M}, .. M}’ B, ... Biy , Dt}

In a Markov Perfect Equilibrium (MPE), national policies, 7z, Dji+1 and zj¢, j =1, ..., J,
in each period t are a Nash equilibrium given the state Q); and the rationally anticipated
response of all regional governments with respect to their future policies to period-t-policy-
induced changes in future states (inflation is taken as given under monetary integration). Gov-

ernments take also into account the effects of their policies on the optimal behaviour of firms

and consumers.

2.1.6 Non-Cooperative Capital Taxes

For our purposes it is sufficient to focus on the setting of the current capital taxes 7, in
some region j, for given period-¢t (MPE) inflation rate, 7, public debt policy, dj; = Dji11,
and taxes on imports, (3;;, and foreign transfers, xj;. So, let Tj[Q;:] be the corresponding

Markov tax-strategy of j—government, with Tj[.] being differentiable. Note that we have

12



suppressed the dependence of Tj:[.] on Kjt, Tjt, djt, Ajt, pjy, aje and {py, pyyq, .-} for expositional
simplicity. Let also Wj[Qy, p;] denote the period—t value function of the j—government for
given net real interest rate and state, after having suppressed its dependence on a;t, Ajt, p1;, and
{Pts1s Pry2s - Hfor expositional simplicity. Furthermore, let Qji41[Qjt, 7jt, Tj¢, dji, py] TePresent
in a compact way the state-evolution in a MPE, after suppressing for expositional simplicity its
dependence on Aj;. That is, we have that in a MPE Qj¢11 = Qje+1(Qjt, 7jt, Tjt, djt, py] describes

in a compact way the following:

Djiv1 = dj,
i _ ) ) e .
gt+1 = th+1[ptvrjt7xjt7Sjt7A]t]7
i _ i ) Qb .
jt+1 — Bjt+l 2 Tjts Ljts St Ayt]-

We then have that Markov tax-strategies, for any given xji, djt, Ajt, pjy, Kjt, ajr and

{pts Pri1s -}, are given by:'0

mfx{z Viloe,ries T, b Ajt HEG el + 05Wjei1 [Qer, ]}
;
subject to th+1 = th+1[th,Tjt7mjta djtapt]a
Gjt = TK;[rj] +dje — (1 + p) Dje
+aje (Y Mjy o it e sie Aje] — (1= mj6) Mje) + e
:
+5jt Z C]Zt [pta Tjts Tjt, S;’h A]t]
:

=B (At Fj[K[rje]] + (1 = 650) Kj[rj]), and

o Pt Ot + 7 — By (1 — 054
it = .
! Aje(L+ Bjt)

Note that, for any given net real interest rate, foreign policies have no direct impact on domestic
decisions insofar foreign transfers remain unaffected.

After using the envelope theorem, the first order condition (f.o.c.) is:

Ejt =0,

Y6 For more details see Appendix B.
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where

Ejr = (1= nplrje, mje, Aje, Bl + Rje) Aje (4)
1
1+ B
+® 4.
In the above condition,
o Kl
Tt gt
Tty Tg 7A' Pt = — 5 : 5
njt[ Jtr T gty A5t Bjt] Ajt(]- +Bjt) Kj[rjt] ( )

is the tax-elasticity of capital. Furthermore, ®;; is a measure of the marginal effect of the capital
tax, through the capital’s user-cost, on future welfare, relative to current national capital. In
general, the sign of this is ambiguous; it depends, among others, on the income elasticity of
savings.!” In addition, Rj; is the marginal effect of the capital tax, through the capital’s user-
cost, on seignorage and the government revenues from tariff, relative to current national capital.
Note that the sign of it is ambiguous. On the one hand, a capital-tax-induced increase in the
capital’s user-cost reduces, by normality, money demand and consumption, and hence revenues
from seignorage and taxes on imports. On the other hand, a capital-tax-induced increase in
the capital’s user-cost reduces demand for capital and hence output, which, in turn, implies an
increase in revenues from tariffs. Moreover, A;; > 0 is the total marginal utility of the public
good relative to the total marginal utility of private consumption weighted by the share of the
fixed factor. ®j;, Rj; and \j; are stated formally in Appendix C.

The f.o.c. above represents, as a proportion of current capital and the total weighted
marginal utility from consumption, the balance in equilibrium between the marginal cost,
%ﬁjt’ and the marginal benefit, (1—n;:[rjt, 7jt, Aji, Bj¢] + Rjt) \jt + ®jt, of a higher capital tax.
The former arises from the decrease in the current income from the fixed factor, and hence in
current consumption, due to higher capital-user-cost. The latter consists of a number of effects.
In more detail, (1 — n;¢[rjt, Tje, Aji, Bj:])\je represents the marginal welfare benefit from the
net increase in current government revenues, and hence public good provision, from capital
taxation. Furthermore, R;;\j; represents the marginal welfare effect from the net change in

current government revenues from issuing money and taxing imports. Finally, ®;; represents

""For a theoretical investigation of ®;; in a related model see Makris (2008). There the emphasis is on the

intertemporal externalities that emerge when capital is taxed in a two-period environment.
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the marginal welfare effect from the net change in future consumption, private and public, due

to tax-induced changes in the future state and thereby in future policies.

2.1.7 The Capital Tax Reaction Function

With a view to our forthcoming empirical investigation let us discuss here the dependence
of MPE capital taxes on various policies and the output-augmenting technologies. We have
that (4) determines implicitly the equilibrium tax in period ¢ and region j as a function of
output-augmenting

the national capital user-cost, 7;¢, public-good valuation, A, tariffs, B,

technology, Aj¢, and the marginal effects Rj; and ®ji: 751 = Tje[rje, Aje, Bjes Ajt, e, Rl
Note from (4) and (5) that Ej; is strictly decreasing with the capital tax for any given
Tjts Bjts Ajts Pjt, Rjr and Ajr. We, therefore, have that the sign of the partial derivative of Fj;
with respect to any of these determinants of the capital tax gives us also the direction of the
this determinant’s effect on the capital tax. Note then, by totally differentiating E;; for given

capital tax, and using (4) once again, that

det o )\jthjt + d(I)jt

1 Mt
o+ AL 1dB;
{(1 + Bji)? T+ 5jt)} Pit
Nt
+)\jtfjtdAjt (6)
. K" Tr /K T
A Tjt ( j[rt]/ ][rjt])d’rjt
Aji(1+ Bjt) Irjt
1
1+5;,  Jt
{ J;\‘ }d)\jt-
gt

The fifth term above represents the standard wuser-cost effect. This effect arises as a
higher user-cost, all other things equal, leads to a change in the tax-elasticity of capital that

O(K" [r;¢] /K [r;
has the opposite sign of st [’"Jatlj : jlriel)

. So, if the latter is positive - as it is often assumed in the
standard capital tax competition literature (and is the case with a Cobb-Douglas production
function F[k] = k%) - we have that, when capital taxes are positive, a higher user-cost leads to

. . . . (K [rjt]/K'[r;
higher capital taxes. Assume hereafter to fix ideas that, indeed, W

> (. Thus the
user-cost, effect is positive. A straightforward implication, given that the capital user-cost and
transaction costs are positively related from (2), is the typical prediction that lower transaction
costs lead, all other things equal, to lower capital taxes.

The third term above represents the tariff effect, and is positive. That is, a higher tariff

will lead to a higher capital tax, all other things equal. The reason is that higher tariffs lead

15



to (a) higher consumer prices and thereby a lower capital-tax-induced decrease in income from
the fixed factor and hence in consumption, (b) lower capital-tax-induced decrease in domestic
capital-tax base.

The fourth term above represents the technology effect, and is also positive. That is, a
higher output-augmenting technology will lead to a higher capital tax, all other things equal.
The reason is that better production technology leads to a lower capital-tax-induced decrease
in domestic capital-tax base.

The sixth term above represents the public-good-valuation effect. If public good provision
is increasing with the capital tax in equilibrium, i.e. %ﬂ]t > &4, then this effect is positive.
That is, a higher total marginal utility of the public good relative to the total weighted marginal
utility of private consumption will lead to a higher capital tax, all other things equal. The reason
is straightforward: if the capital tax “is to the left of the Laffer curve”, then higher relative
value for public good will lead to a higher capital tax. Assume hereafter, to fix ideas, that,
indeed, in equilibrium, a higher capital tax will lead to more public good, and hence that the
effect in question is positive.

Finally, we have the first and second terms that represent the revenue and dynamic
effects, respectively, and both are of positive sign. Starting from the revenue effect, we thus
have that if the net capital-tax-induced gain in current revenues from seignorage and import
taxes, Rj;, increases, then, as intuition would suggest, the capital tax increases as well. Turning
to the dynamic effect, if the net capital-tax-induced future welfare gain from affecting future
economic actions, ®;;, increases, then the current capital tax will be higher, ceteris paribus.

Notice that \j;, j; and ®;; depend also, among other important determinants, on import
taxation, output-augmenting technology, the user-cost of capital, the net real interest rate,
inflation and past private savings. After some tedious calculations, one can see that the effects
of these determinants on Aj;, Rj; and ®;; cannot be signed unambiguously unless further
restrictions are imposed on the fundamentals of the model. Given the empirical investigation
in the second part of the paper, we therefore abstain from discussing these effects here. For
completeness, however, we do so in Appendix D.

Importantly, for the purposes of our study, A;; depends also on the net increase in public
debt and money supply, on interest payments on past public debt and on seignorage sharing
under monetary integration - through their effect on the level of public consumption. Specifi-

cally, if a change in these determinants results in higher public consumption, then the relative
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valuation of public good decreases. As we have seen above, this will lead to higher capital
taxes.

Recall from (2) that the user-cost of capital depends positively on the net real interest
rate. The latter, however, is determined endogenously from the capital-market-clearing (recall
(3)). It follows then directly that the domestic user-cost of capital depends also on foreign
capital taxes, tariffs, technologies and transaction costs. In fact, any change in these variables
that increases foreign user-costs of capital, will lead to lower demand for capital and hence a
lower net real interest rate. This, in turn, will imply a lower domestic user-cost of capital. One
can also easily see that the net effects of domestic tariffs, technology and transaction cost on
the domestic user-cost of capital have the signs of the corresponding direct effects discussed
earlier (recall (2)).18

The above discussion indicates that domestic policies, and hence, capital tax depend on
foreign capital taxes,'? foreign and domestic transaction costs and output-augmenting tech-
nologies, the extend of seignorage sharing under monetary integration, exogenous restrictions
on tariffs, issues of new public debt and money, and inflation. In fact,?’ with the empirical
investigation in mind, one can think of the following capital tax reaction function for country
7 in period t:

Tjt = Tj[ta thadjtvy;ft?l’E'yl’M]v (7)

where, recall, d;; denotes issues of new public debt in period ¢ in country j, and 7j; denotes
the inflation rate.

The dependence of the above tax-function on time index t captures the dependence
of the tax on the state of the economy (that summarizes the influence of past decisions on
current strategic environment) and on expectations about future economic conditions. This

will be captured by time effects, the effect of lagged values of the domestic capital tax and by

18 These are formally discussed in Appendix D.

19Foreign tariffs and, under monetary autonomy, foreign inflation rates are endogenously determined alongside
capital taxes across countries. One can then eliminate foreign tariffs and inflation rates from the conditions that
give capital taxes across countries, by using the equilibrium conditions for the determination of foreign tariffs

and inflation rates.

2'Domestic tariffs are also endogenously determined alongside capital taxes. One can then eliminate do-
mestic tariffs from the condition that gives domestic capital taxes, by using the equilibrium condition for the

determination of domestic tariffs.
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incorporating various control variables like population and unemployment.

Furthermore, y}‘t is a vector-variable that captures the influence of foreign capital taxes,
and foreign variables like transaction costs and technology, on domestic tax-setting. Foreign
capital taxes will be one of the explanatory variables. The effects of the foreign economic
conditions will be captured by the explicit consideration of economic neighboring effects in our
econometric investigation.

Finally, tp and tp; are indicator functions that capture the dependence of capital-tax
setting on the presence of economic integration - a la EU - and monetary integration - a la
EMU, respectively. Notice here that the monetary integration indicator function, ¢ps, captures
the impact of monetary integration on capital taxes over and above the impact that may result
from the possible effects of monetary integration on inflation and public debt.

The overall effects of economic and monetary integration on capital taxes is the main
focus of our paper. Therefore, it is worth emphasising the anticipated implications for capital

taxes of European integration, given the predictions of our theoretical model above.

2.1.8 Some implications of Economic Integration

FEconomic Integration of the type that took place in Europe may have the following effects.
First, it will improve capital mobility, represented here by a decrease in p ;. The direct effect
is to reduce the capital’s user-cost and hence, by the user-cost effect, to push towards lower
taxes. This effect of higher capital mobility is the main ingredient of any existing model of
capital tax competition.?!

Second, it will enforce zero tariffs. The direct effect of this is (recall the tariff effect) a
decrease in capital taxes. An indirect effect of a decrease in tariffs, however, is an increase in
the user-cost. This, in turn implies, by the user-cost effect, that capital taxes will increase, all
other things equal.

Third, through the mobility of knowledge and the improvements in the institutional and

legislative framework, it might lead to improvements in technology, represented here by an

increase in Aj;. This will have two main effects for countries that were less developed prior

2L An increase in capital mobility has also indirect effects through the relative marginal valuation of public
good, the capital-tax-induced change in tariff revenues and seignorage, and the capital-tax-induced change in
future welfare. However, the corresponding net effects cannot be signed unless further restrictions are imposed

on the fundamentals of the model.
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to integration. The direct effect is (recall the technology effect) an increase in capital taxes.
Improvements in technology, however, will also lead to a reduction in the user-cost of capital.
Thus, by the user-cost effect, capital taxes will decrease, all other things equal.??

Therefore, economic integration will have an ambiguous effect on capital taxes.

2.1.9 Some implications of Monetary Integration

Monetary Integration of the type that took place in Europe may have the following effects.
First, it will (further) improve capital mobility. Hence, after recalling the corresponding dis-
cussion under economic integration, it may push towards (even) lower taxes.

Second, recall that entering a monetary union implies seignorage sharing. This is repre-
sented here by a decrease in the seignorage share a;; and a reduction in the foreign seignorage
shares (and hence an increase in the transfer xj;, for any given levels of seignorage across
countries). By their impact on domestic public revenues, and thereby by the public-good-
valuation effect, this will have two opposite effects. In more detail, the first is pushing for a
higher, while the latter for a lower capital tax. Moreover, a lower domestic seignorage share
increases R;;. Therefore, by the revenue effect it leads, all other things equal, to a higher capital
tax. So, seignorage sharing will have an ambiguous effect on the capital tax. The exact effect
will depend, among others, on the extend at which a country is a net contributor of seignorage.
That is, if entering a monetary union implies a net decrease in appropriated revenues from
issues of new money, then the capital tax will tend to increase.?

Therefore, monetary integration per se will also have an ambiguous effect on capital
taxes. This effect may also be asymmetric due to the possibly different reliance of countries on
seignorage prior to entering a monetary union.

We leave this section by noting that, through a possible reduction on average inflation and
debt-financing, monetary integration may also reduce public good provision, all other things

equal. In this case, the relative marginal valuation of the public good will increase and, by the

*2Improvements in technology and a reduction in tariffs have also indirect effects, through their impact on the
relative marginal valuation of public good, on the capital-tax-induced change in tariff revenues and seignorage,
and on the capital-tax-induced change in future welfare. However, the corresponding net effects cannot be signed

unless further restrictions are imposed on the fundamentals of the model.

23The discussion here draws on unpublished work, within a very stylized two-period model, that had been

circulated by the second author in the past.
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public-good-valuation effect, taxes will tend to increase. Lower inflation will also, by normality,
increase consumption and money demand, and thereby revenues from tariffs and issues of new
money. This, in turn, will lead, by the public-good-valuation effect, to lower taxes. Lower levels
of public debt will also lead to higher supply of capital and hence a lower net real interest rate
and lower national user-costs of capital. This will tend to push to lower capital taxes, due to
the user-cost effect. Thus, the net effect of lower levels of public debt and inflation will also be
24

ambiguous.

We turn to the empirical investigation of capital taxes.

3 Empirical Specification

Our theoretical framework suggests that we want to estimate the reaction functions as charac-
terized above. Specifically, in our set-up, t;; (the marginal tax rate) is the dependent variable.
Turning to the explanatory variables of the model, Devereux et. al. (2007) examine whether
discretionary government grants influence where domestic and multinational firms locate new
plants, and how the presence of agglomeration externalities interact with these policy instru-
ments. Following their model we try to estimate the presence of neighboring effects (clusters)
in marginal corporate taxes and we find that both EU entrance and adoption of Euro have
an impact on the creation of agglomeration spillovers. Moreover, we include at the model a
country fixed effect (;, a vector of country specific controls X, and a vector of dummy variables
D;q; related to the participation at the European Union (EU) and the adoption of Euro. The

general form of the discussed specification is

J J
Tit = G + ait ZwijTjt + Vit Z sijTjt + Zit—1Tit—1 + § Xt + 15 Dit + €t (8)
pa =1
Ji JFi

where ¢ = 1...J denotes a country, and t = 1...k a time-period. Spatial weights are denoted
by w and economic weights by s. A detailed discussion about those weights follows at a

subsequent section. The expanded autoregressive model (8) is estimated as the standard spatial

24Reduction in inflation and public debt levels have also indirect effects, through the relative marginal valuation
for public good, the capital-tax-induced change in tariff revenues and seignorage, and the capital-tax-induced
change in future welfare. However, all corresponding net effects cannot be signed unless further restrictions are

imposed on the fundamentals of the model.
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autoregressive model,? provided that the above formulations of weights are sufficiently different
and do not contain entirely overlapping information. Moreover, we account for temporal effects
(z) by including the lagged value of marginal tax rates. These temporal effects stem, as theory
suggests, from the impact on consumers’ behavior and fiscal revenue requirements of domestic
and foreign past bonds, debt and money.

The specification of equation (8) raises a number of issues for the empirical estimation.

Those issues are explicitly discussed at a following subsection.

4 Data

We present results using as a dependent variable corporate tax rates, and specifically the top
national corporate tax rates. The sources of data are the World Development Indicators (2006),
European Commission (2006) and KPMG’s Corporate Tax Rate Survey (2006). Those sources
provide information for a broad sample of countries, for the period 1975-2005. Figure 1 provides

an insight about GDP-weighted average taxes for the above period.

Add here Figure 1: Taxes as a % of GDP in EU

For several years (1970 — 1986), we observe an increase of the total tax burden, and a
small decline in the last three years. This hides of course a large diversity in levels and trends
across Furopean Countries as well as the influence of the economic cycle.

International comparability of the data is made possible through use of various controls
for differences in coverage and definitions. We check for the robustness of empirical results for
capital tax rates when controls for differences in coverage are included.

Explanatory variables?® also include the added value of Agricultural sector (Baunsgaard
and Keen, 2005) and trade as a fraction of GDP to measure openness. To control for the effect
of prices, we include inflation. This variable captures cost-of-living differences not captured by
exchange rate conversions. As suggested by Devereux et al., (2007a) and Rodrik (1999a), we

also include the level of GDP to account for economic variation. We also augment our model

2 The choice of the lag formulation is based on spatial diagnostic tests (LM-Error and LM-Lag).

26Gee Table Al for summary statistics and information.
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specification with additional variables such as debt-to-GDP ratio, the level of market capital-
ization (in particular, market capitalization of listed companies (% of GDP)), unemployment as
a percentage of total labor force), wages (measured by workers’ remittances and compensation
of employees) and population. All these variables are highlighted in the literature?” as a means
of controlling for country and economic characteristics. Furthermore, to allow for the effect of
Furopean integration, we decompose it into two variables. One of these represents the entrance
of the country in the European Union and the second denotes the key year of adoption of the

common currency.

5 Weight Specification

An important decision in model estimation is the choice of the connectivity weights. Explana-
tory data analysis typically provides a possible way of getting information about the structure
of the data. However, a method that is often used in practice and suggested by the existed
literature is to apply some weight matrices in regression analysis and test for the presence (if
any) of dependence with each of the matrices.?® We employ in the regression analysis weighted
averages of tax rates in competing countries, following the standard spatial regression literature
as summarized by Anselin (1988). The spatial weight matrix for country ¢ takes the form, W;.
Its elements w;; specify a “neighborhood set” for each observation i. In more detail, w;; is
positive if j is a “neighbor” of i, and zero otherwise. Indeed, this structure is given by what
is known as the “connectivity matrix”, which specifies the degree of connectivity (weights)
between any two observations.?? Essentially, we use the inverse distance-based matrix, where
weights3" are specified as a decaying function in space — that is, as wi; = (dij)_2, with d;;
denoting distance between countries 7 and j.

In our model, we consider many forms of the weighting matrix, based on economic criteria;

provided that the matrices are sufficiently different and that do not contain entirely overlapping

?"See Devereux et al (2007a) and Rizzo (2007).
*8For alternative specifications of weight matrices see Anselin (1988).

29The assumption that these weights are known a priori is strong, although it is crucial for the method to
work. Of course, it is no stronger than the typical implicit assumption that all weights are zero, that is, all

observations are spatially independent.

30 As a robustness exercise, we tested alternative spatial criteria and results do not present significant variations.

22



31 First, countries are assigned to be “neighbors” if they have a similar level of

information
GDP. Actually, we discriminate among high and low GDP type countries by dividing the
sample into two groups. In a non-geographic context, the notion of “distance” is determined
by the relative magnitude of GDP and a country is connected to all other countries of the
same GDP-type (high-low). The GDP connectivity matrix differs from any distance matrix in
two notable ways. First, the GDP matrix consists of weights where the importance of another
state j to state ¢ is given by the relative magnitude of the GDP. Second, the GDP connectivity
matrix weights high type partners much more heavily than low type partners, whereas in the

distance matrix, any neighbor of ¢ must always have j as a non-trivial neighbor. Therefore,

the elements of GDP connectivity matrix are defined as:

(9)

and by construction, this index ranges from 0 to 1. In particular, if the proportion of GDP is
the same between the two countries, then s;; = 1. The elements of GDP connectivity matrix
take the value of 0 if the the difference in GDP wvalues is really significant. Notice that this
definition of similarity is symmetric in that sj; = s;;. Finally, it is created using the temporal
average values of each country.

A second form of the weighting matrix is based on market capitalization weights i.e.
countries with similar market capitalization (% of GDP). Thirdly, we define weighted schemes
based on the wages and, finally, according to the aggregate export activities. The algebraic
definitions of those weights are similar to the one with the GDP specification. These weighting
matrices were used to create weighted averages of corporate tax rates in “neighbor” countries.

One interesting feature of the export matrix is that more-open countries have the bulk of
their export activities with large, wealthy, countries, which more often depict a higher demand
for capital. As a result, these countries will tend to have a higher “connectivity lag” (neighbors
with many over countries) than the distance based connectivity lag. In other words, the

magnitude of the discussed weight is greater than the corresponding distance based weight.

31For further details see Brueckner, 2003.
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6 Econometric Issues

Before proceeding to the estimation of equation (8), we must deal with three econometric issues.
We use an instrumental variable approach to address endogeneity issues of control variables.
One obvious candidate as an instrument is the lagged value. However, given our theoretical
model, the lagged values themselves are endogenous, which would render them unsuitable as
instruments. A common approach in the literature is to generate instruments as the weighted
average of the explanatory variables in other countries.>®> That is, for each element of X, it is
possible to construct a weighted average for other countries. These weighted averages can be
used directly as instruments for our model, and generate better instruments in the sense that
they are more highly correlated with the endogenous variables (Brueckner 2003; Revelli 2005).
As a result the standard errors tend to be smaller.

A second issue is that in practice, our tax rates are serially correlated, perhaps because
unexpected changes in the tax system are likely to be costly to governments, either because
such changes impose costs of adjustment on the private sector, or because such changes may be
blocked at the political level by interest groups who stand to lose from the change. There may
also be spatial correlation in the error terms. However, the lag formulation of equation (8) is
justified both in terms of the theoretical analysis and on the basis of the strategic competition
among the countries; and dominates any bias resulting from error components, (Devereux et
al., 2007a). Subsequently, we present t-statistics based on clustered standard errors (Devereux
et al., 2007) which are robust to both spatial correlation and serial correlation (Bertrand et al.,
2004).

Working with countries within the European Union and controlling for an array of macro-
economic variables does not ensure that most exogenous shocks that might result in spurious
evidence of tax reaction functions are accounted for. This is a third issue in our analysis. Thus,
we include country-specific fixed effects to capture shocks which are not common to all coun-

tries. The model is thus estimated both with and without year country effects. As a robustness

32In fact, although the presented theory of tax competition treats taxes as the outcome of a game in which
governments choose their taxes simultaneously, in practice fiscal policy takes time to design and implement and
it is likely that governments choose their tax variables based on the observed past choices of rival governments
rather than the anticipated ones. For these reasons, it is not the contemporaneous, but the lagged values of the

explanatory variables in the rival countries that are often included in estimated models (Goodspeed 2000, 2002).
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check we have used these effects in different model specifications.

7 Estimation Results

The suggested specification is tested over two alternative groups of countries in Europe (Euro-
pean Union of 17 members®® and European Union of 27 members®* that covers the latest major
expansion of EU). The suggested differentiation allows for estimating the impact of expansion

of the union and adoption of euro at the existed and new members.

7.1 Adoption of Euro and EU entry

Equation (8) implies that if & and y are zero there will be no type of neighboring effect. Without
the terms a;t Zle wijTje and 7y, Zle $i§Tjt, equation (8) can be easily estimated provided
that the error plf(féess shows no tem;éé;al correlations, so that the lagged 7;;—1 is independent
of the error process.

The results for such a model are presented in Table 1 and refer to the EU of 17 mem-
bers. Model (1) presents OLS results of equation (8) without the variables that capture the
potential impact of EU entry and adoption of Euro. This is the benchmark model, without the
neighboring effects, which is augmented further in Models 2-7. Specifically, models (2) and (3)
show both the effects of EU entry and Euro adoption separately. Models (4) and (5) present
Fixed Effect (FE) and Random Effect (RE) results for the basic specification of the model with
both effects of EU entry and Euro adoption included. Finally, Models (6) and (7) present fixed
effect and random effect results for the augmented specification of the model which controls
for various country and region characteristics.

Consistently with the results from the literature, we find that the marginal tax of cor-
porate rates is a function of a number of economic (i.e., GDP) and social (i.e., population)
characteristics. Table 1 highlights that both the adoption of the Euro and the entrance in the
Furopean Union impact on the magnitude and the direction of the corporate tax rates. How-

ever, there are both theoretical and empirical reasons that this is not the appropriate model

331t refers to the case before the expansion of EU in 2004 and includes Switzerland and Norway.

31The largest expansion to date of the European Union took place when the Union was extended by 10
member-states: Poland, Lithuania, Latvia, Estonia, the Czech Republic, Slovakia, Slovenia, Hungary, Malta

and Cyprus. We excluded from our estimation Malta and Cyprus due to data limitations
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specification. First, our theoretical model suggests that other member countries’ taxes should
play a role. Second, the initial equation fails the test of over-identifying restrictions, and there
is evidence of severe serial correlation. Moulton (1986) argued that estimation of an equation
like (8) by ordinary least squares is likely to lead to downward bias in the standard errors of
the coefficients of the explanatory variables.

We address each of these problems in turn. First, because taxes change only infrequently,
we add a neighboring (spatially and economically defined) lagged dependent variable (refer to
Table 2 and Table 3). As it is well known, temporally lagged dependent variable is correlated
with the fixed effects, and thus treating it as exogenous may lead to biased estimates. So, we
treat the temporally lagged dependent variable as endogenous and include the second lag in the
instrument set. The lagged dependent variable is strongly significant, as might be expected,
given only periodic changes in the nominal rate. Second, we correct (refer to Table 4) for
potential serial correlation, at a following subsection, by using the Prais-Winsten estimation

method.

Add here Table 1: Basic and Augmented specifications

A number of interesting observations can be made from results in Table 2. A first
observation is that EU and Euro have different effects on corporate taxes. As shown by the
corresponding estimates in models (2) to (9) the adoption of Euro has a negative and significant
coefficient while the entrance in EU has a positive and significant impact in both defined groups
of EU (17 and 27 countries). Moreover, even though it is difficult to discuss the exact direction
and magnitude of the net effect from the entrance in the EU and the adoption of Euro currency,
it seems that the latter generates higher elasticity responses than the former.

Recall from our theoretical discussion that the adoption of a common currency decreases
the level of exchange rate uncertainty, and thereby leads to lower transaction costs and user-
costs of capital. Consequently, it leads to more intense competition for capital. In addition,
if entering a monetary union leads to a decrease in the levels of public debt, then adoption of
a common currency will lead to lower net real interest rate and user-costs of capital. Thus,

monetary integration can lead (via the user-cost-effect) to lower capital taxes. The above

26



empirical results regarding the impact of the adoption of Euro on corporate taxes suggest,
indeed, that these two effects of monetary integration seem to dominate the effects of lower
inflation and seignorage sharing discussed in our theoretical analysis.

Recall also from our theoretical discussion that entering the European Union may lead
to more attractive investment conditions. These conditions may have to do with improved
institutional quality and legislative framework, improved technological know-how e.t.c. In
terms of our model, these could be captured by an increase in output-augmenting technologies.
Consequently, entering the European Union can lead (via- the technology effect) to higher
capital taxes. In addition, entering an economic union entails the abolition of tariffs. This, in
turn, leads to higher user-costs of capital and (via the user-cost-effect) to higher capital taxes.
The above empirical results regarding the impact of entering the EU suggest, then, that these
two effects of economic integration seem to dominate the determination of corporate taxes
when entering EU.

Notice that the effects of EU entry and Euro adoption exist parallel to the presence
of strategic interaction in corporate tax setting among EU members. Comparing Model 1
with Models 2-6, we can see the implications of economic neighboring effects for the impact
of European integration for EU17. Clearly, ignoring the economic neighboring effects leads to
an underestimation of the aforementioned impact; a result that emphasizes the contribution
of our work by taking explicit account of economic neighboring effects. Interestingly, also, the
impact of European integration will be differentiated among the European countries. Countries
with dissimilar socio-economic characteristics have different tax responses (see models 2 and
3). Therefore, the impact of countries with similar features (spatial and economic neighboring
effects®®) corrects for any type of bias of the estimated results shown in Table 1.

Finally, it is worth drawing attention to the impact on the relevant estimates of the
expansion of the Union (Models 7-9). Clearly, the impact of EU expansion corrects for any
type of bias of the estimated results shown in Models 1-3 of Table 2. In fact, the significant
coeflicients of Euro and EU dummies for any categorization of GDP values highlight the fact
that potential adoption of a common currency (or, a membership in the Union) do have a

significant impact on the levels of corporate taxes.

35We included in the estimated model all the corresponding temporally lagged spatial and economic formula-

tions of the dependent variable but they are insignificant and do not alter the presented results.
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The direct effect of the European Union has not been clearly identified in the literature.
Most of the papers (Altshuler and Goodspeed, 2006; and Deveraux et al, 2007a) capture also
the benefit of the membership in the European Union by presenting country dummies. The
advantage of our work over the existing literature is that we account directly for the integrated
geo-economic environment. The latter treatment is more informative given that we study a
broader group of countries and we consider the impact of the expansion perspective of the

union.

7.2 EU corporate taxation: spatial and economic dimensions

The geographical location and the concentration of economic activities, such as the existence
of a core-periphery model, may lead to different optimal levels of taxation between regions
(Kind et al., 2000; Baldwin and Krugman, 2004). In addition, differences in capital intensity of
production may lead to specialized trade between the members of a union (Wilson, 1987) and
thereby to different equilibrium levels of taxation. These are only some important determinants
of non-cooperative capital taxes. Zodrow (2003) sought to assess which of the features of tax
competition models fit best to the European Union and underlined that the basic difficulty is
to assess the combined effects of these features.

The strategic interaction between countries has been the subject of recent literature.
However, in this literature, the impact of economic and monetary integration and/or economic
neighboring effects have not been accounted for. Here, by controlling for European integration,
we find that both spatial and economic neighboring taxes affect the level of corporate taxation
in European countries (see the corresponding coefficients of models 1 to 9 in Table 2). Spatial
neighboring effects range for EU 17 from 0.19 to 0.76 (Models 1 to 6) and economic neighboring
effects range from 0.51 to 0.87 (Models 1 to 6). These estimates suggest the presence of a race-
to-bottom effect.

Gérard (2005) shows that the location decision of multinationals, as well as the choice
between a foreign subsidiary and a foreign permanent establishment will severely impact on the
total tax burden. However, his analysis, which is not based on a spatial econometric framework,
faces the risk of underestimating the bias originated from spatial heterogeneity. The reason is,
as it is well known from the economic literature, that taxes affect business location decisions.
Spatial interactions have been the focus of a number of recent papers. Besley et al. (2001)

use tax reaction functions for five different taxes in the OECD between 1965 and 1997, finding
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interdependence in tax setting; a result in line with this paper. Karkalakos and Kotsogiannis
(2007), explored provincial tax reaction functions for Canada and found positive neighboring
spatial tax impacts at the level of provincial corporate setting; a result similar to the one
presented in this analysis. Finally, Devereux, Lockwood and Redoano (2007a) and Redoano
(2004) find similar to our evidence of strategic interaction in corporate tax setting for the
OECD between 1992 and 2002 and for the EU-25 from 1980 to 1995 respectively.?¢ However,
our results are in contrast to the findings of Stewart and Webb (2006) who look at the evolution
of corporate tax burdens - measured as corporate tax collected on GDP and on total taxes —
in the OECD countries between 1950 and 1999. They find no evidence of a race-to the-bottom
effect. A potential explanation for the presented differences in magnitude and/or sign with
the above works is the absence from their analysis of the impact of neighboring economic
effects. In fact, the inclusion of economic weights contributes from a different perspective to
the explanation of the existed spatial autocorrelation of capital taxes (compare Model 1 with
Models 2-6 in Table 2).

The expansion of EU (Models 7, 8 and 9) results in higher spatial neighboring impact
(0.74) and lower economic neighboring impact (0.16) for countries with high GDP values com-
paring to the initial group of EU (17 countries). A higher spatial impact in Model 8 denotes
that neighboring countries with high GDP values play a more important role after the expan-
sion than before it. The latter result is a significant contribution of this paper. Moreover,
economic closeness (neighboring effect) implies a lower impact at the setting of corporate taxes
for the EU of 27 than the EU of 17 countries. Interestingly, spatial estimates for neighboring
countries with low GDP values do not affect the level of corporate taxes (Model 10 Table 2).
The significant estimates of openness and neighboring economic weights indicate that as the
union expands more corporations are located in EU given the attractiveness of a large unified

market.

Add here Table 2. Spatial and Economic Criteria (Neighboring taxes)

36Redoano (2004), using panel data from 1980 to 1995, found interdependency among EU members regarding

both tax rates and government expenditures.
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7.3 EU corporate taxation: other determinants

Inflation and population effects have a positive impact on corporate taxes (Table 2). A possible
reason for these, after recalling our discussion of the theoretical model, is that an increase in
these variables leads to higher relative demand for public good.

Debt has also a positive impact on capital taxes. Possible reason for this is the associated
negative effect of public debt on capital supply. Note also that unemployment and wage have
no impact at the capital tax rate competition in European Union.3”

Furthermore, openness has an insignificant impact on capital taxes for EU17. This is
not in line with the findings of Slemrod (2004) of a negative association between measures of
openness and statutory rates. However, Altshuler and Goodspeed T. (2006) find that European
countries have become over time less intensely competitive among themselves; a concluding
argument that supports our findings. Our result in question is also consistent with the models
of tax setting along the lines developed by Besley and Rosen (1998) and Devereux, Lockwood
and Redoano (2007 a,b). Notice, however, that enlargement of the euro-zone implies a positive
and significant link between openness and capital taxes.

Finally, market capitalization refers to the number of listed companies (as a % of GDP) in
the economy. Note that the corresponding elasticity ranges from -0.03 (for high GDP countries)
to -0.17 (for similar degree of market capitalization countries) for EU 17 (Models 1 to 6),
where the expansion of EU resulted at a smaller spread from -0.04 to -0.12 (Models 7 to 9).
Therefore, the higher the number of the listed companies, the lower the corporate tax rates are.
One could argue that market capitalization can be thought of as a measure of capital-intensity
of production. If one takes this view, then the above result can be thought of echoing the

theoretical result in Wilson (1987).

7.4 Robustness

Beside the inverse distance-based criterion we used a number of alternative spatial weight
specifications to examine the robustness of results. Actually, we employed k-neighbors criteria
(with k = 6 or k = 8), and specific distance zone criteria (with d = 300 km or d = 1000 km)
as suggested by Bottazzi and Peri (2003). The results do not vary significantly. Moreover, the

F test in the first stage of the estimation tests the null hypothesis of whether the instruments

3"Due to space limitation the relevant estimations are omitted from Table 2.
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are not correlated with the endogenous variables. Given the outcome of Table 2, we reject the
null hypothesis of no correlation.

Furthermore, Table 3 presents alternative models to examine the robustness of the re-
sults. The degree of differentiation refers to the inclusion of interaction terms to the models
described in Table 2. We use a number of interaction components (i.e., inflation*euro and
openness*euro) to control for fiscal or market effects. It has been well established (Revelli,
2005) that the intuition behind conditional hypotheses is captured quite well by multiplicative
interaction models. Interestingly, the coefficients of inflation*euro and Openness*euro are sig-
nificant only for high GDP values (1st and 8th model, Table 3). This is a significant finding of
this analysis, due to the fact that previous studies do not take into account economic neigh-
boring effects. Moreover, note that the EU dummy remains significant, after using most of
the economic criteria. Countries with high GDP values decrease (by 0.05%) the corporate tax
rates should inflation is increased and additionally we control for the adoption of Euro. Ad-
ditionally, countries with high GDP values increase (by 1.59%) the corporate tax rates should
the degree of openness is increased and additionally we control for the adoption of Euro. Those
are the countries that are mostly benefited since they represent the major trading countries
in the union. The pattern of the remaining coefficients remains similar to the one at Table 2.
Finally, the expanded version of the Union (EU 27) follows a similar pattern of results with the
initial specification presented at Table 2. It is clear that economic weights drive the existence

of neighboring impact and they are originated from the initial group of EU members.

Add here Table 3: Robustness check

7.5 Temporal and spatial dependence

In this section of the paper, the errors are also assumed to display serial correlation, and
therefore the Prais-Winsten estimation is used with PCSE (PW-PCSE). And since T is larger
than N, although not substantially larger, the FGLS estimates are also reported in Table 4.
Economic weights are defined based on the GDP criterion and market capitalization, where
spatial weights are based on the inverse distance criterion. For this study, with 17 countries
and 30 time periods, the bias is anticipated to be considerably smaller than for the typical
panel data with a large number of cross sections and usually less than 10 time periods. So, the

FGLS and PW-PCSE estimates may still perform reasonably well here in the presence of the
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lagged dependant variable.

It is well known that generally, strategic interaction can be generated by either tax
competition or yardstick competition (Besley and Smart, 2003). The consistent performance
of neighboring spatial and economic weights suggests that tax competition is at work. Allowing
for serial correlations at the errors we examine the significance of yardstick competition in our
model. Table 4 verifies the robustness of our results towards that direction, since most of the
presented estimates have great similarities with the one at Table 2. Models 1 and 2 do not take
into account temporally lagged corporate taxes but Models 3 and 4 include them. Models 1 to
4 use economic weights based on GDP similarity index, where Models 5 and 6 define economic

weights based on market capitalization similarity index.

Add here Table 4. Temporal dependence

8 Concluding Remarks

There are a number of theoretical reasons why corporate taxes may depend on the corporate
taxes in proximate countries on both geographic and economic grounds. Such spatial and
economic interdependences have been largely ignored by the empirical literature with only a
couple recent papers accounting for such issues in their estimation. This paper conducts a
more general examination of spatial and economic interactions in empirical tax models using
data from the European Union.

We find that estimated relationships of traditional determinants of corporate tax setting
are robust to inclusion of terms that capture spatial and economic interdependences for the
EU17. Moreover, we find that the estimated spatial and economic interdependences are quite
sensitive to the sample of countries one examines. In particular, the geographic scope of the
sample is quite important in trying to separate evidence supporting different motivations for
equilibrium tax levels. The expansion of EU (EU27) results at a lower impact of spatial
determinants, while emphasizing the impact of economic one.

Omitted variable bias from not modeling spatial and economic interdependence is ap-
parently quite significant in these cross-country corporate-tax estimations across the variety of

EU definitions we explore. This point is particularly applicable to the few previous studies of
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spatial effects in empirical corporate tax patterns, as ours is the first to include both spatial
and economic effects, and control explicitly for the effects of both economic and monetary
integration in Europe.

Furthermore, our results highlight that economic and monetary integration have a sig-
nificant impact on corporate taxes in Europe. The estimates of monetary (Euro dummy) and
political (EU dummy) determinants of corporate taxes are in fact very robust to changing the
sample of EU countries. Specifically, we find that economic integration has lead to higher
taxes, while monetary integration has lead to lower taxes. Our theoretical model suggests that
these affects could mainly be due to the associated (a) increase in the average technological
quality and decrease in public indebtedness and (b) the effects on the user-costs of capital of
lower transaction costs and tariffs. Importantly, our theoretical and empirical results indicate
that the recent movements in capital taxes in EU could be attributed to the introduction of
the Euro. As capital movements have further been enhanced and a unified monetary base has
been introduced, through euro currency, more countries have been engaged in tax competition.
This intensified competition seems to be a major determinant of the reduction in average tax

rates over the period and the country samples considered.
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10 Appendix A

By iterating forward the consumer’s budget constraint and using the transversality condition

(Bjt+1+vtMjit140)
mY_, (14p )

limy, 00 = 0 we derive the consumer’s intertemporal budget constraint

Z (1+ B]t+v) ]t+v + (th-l—v + pt—&—v)M]Z:t-l—v _

Z jt+v L+ Bjig) Ajtollj[rj40]

1+p L+ B’
(+ o) IZ_, (1 + 2

9

where IIY_; (1 +p;,.) = (14 p41)-..(1+ pyy,,) is the compounded real rate of return to savings,
with the convention that II9_; (1 + p,,.) = 1.

Period—t consumption and real money balances are then part of the solution of the
system of the consumer’s intertemporal budget constraint and, for any v = 0, ..., co, of the first

order conditions (f.o.c.’s) with respect to B!

por and My . After some straightforward

manipulations, the latter can be written as:

(1 + Bjyo) (X + Privi1)0)

U;C[C§t+vaM;t+v+1] = 113, ]UJZ'C[ ]i'tJerrl?M;tJerrQ]?
jtt+u+1
U [CJter M}t+v+1] (T Bjro) (L A+ Gjtgo)
U [Cjt+m M;t+v+1] a 7;jt+v+1 ’
1Pt vt

where iji1p41 = — 1 is the nominal interest rate in country j

1=t ot

So, from the f.o.c. with respect to M? it+v+1, money holdings are such that the marginal

rate of substitution between real money and consumption equals the relative price between
M ]
Jjt+v+41

Mjysial

z' i
consumption and real money.?® Assuming that JC[ as

is strictly increasing with
M[ Jjt+v?
M ;"t o1, We have that the latter is decreasing with the nominal interest rate. Assuming also
th t C[ ]t+'u’ }t+v+1]

M}t+v+1]

is strictly decreasing with Cjt 4ys We have that real money balances

M[ jt+v?

. . 7
increase with consumption. Let M Ot L

ttv (1+57t+u)(1+1jt+u+1)] be the resulting demand for

money in period ¢t + v, as an increasing function of consumption and a decreasing function of
the relative price of money.

Using the money demand function M ;H in the f.o.c. with respect to Bt itv+1 We have

ijt+v+1 ]]

L+ Bjpro) (L + Gjero+1)
ijt-f—v-‘r? H

L+ Bjrgorr) (1 + djt4ot2)

;C[ ]i'tJrval[ ;t+v?(

(14 Bjtre) (L + pryoi1)0 , L
1+ Bjt+v+1 : U;C [CJZ'tJerrlv M_]Z[ gZ‘t+v+17 (

3¥Note from the intertemporal budget constraint, that ﬁ’*lvjﬁpt*““ = 1”.*’"“ can be thought of as the
Pttov+1 Fitpol

price of real money holdings, M;y,+1, relative to consumption Ciy,.
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Backward iteration of this implies that, for any v = 1,..., 00, C’jt 4, is given by a function

Cz[ jty L+ B4, L+ Bty 12;;:&1, lj:;;il , 0511 _; (14 pyy,)], which is implicitly determined by

. . ~ . . i't+v+1
UJZ‘C [C;'t—i-vy M?[C}t—&-v? (1+6]t+1)(1+7;jt+v+1) H

[C;t, Z[Cjta (1+6Jt52-{i7ﬂt+1)]]

( 1+Bjt+v )( 1+Bjt+1 ):
(1 + Bjigo—1) (1 + pr10)0; (1+B50) (1 + pry1)0;
1 +/3jt+v

(L4 80" Ty (1 + pyyz)

olU; c/

]M] < Uz B[U C/ ]\/I]

Assuming that UJ’f we have that C’ [Ct

o o] is strictly increasing
with C’j’:t. Thus, if C’;t is a normal good, so is C* T for any v = 1, ...,00. Therefore, we also
have that C~'; [o] is strictly increasing with 5T1%_, (1 + pyy ;).

C’; o], M;[o] and the intertemporal budget constraint give, after recalling the defin-
ition of the nominal interest rate, demands for consumption and real money balances in
any period t,t 4+ 1,..,00, as a function of all prices, policies and technological parameters
from period ¢ and onwards, and as a function of period-t — 1 bonds and money holdings,
B;-t and Mj’t As part of this solution, we clearly have demand functions for period ¢ :
C}t[pt,rjt,xjt, sé-t,Ajt] and M;Hl[pt,rjt,a:jt,sét,Ajt], as described in Section 2. In fact, note

that, given the above assumptions, an increase in period-¢ intertemporal income, (1+ p,)(M ;-'t +

) + Z Jt+v 1+/8]t+v)AJt+vH [Tt +v]
v=0 Y (1+pe )

and MJHU for any v =1, ..., 00.

, will increase, all other things equal, C’t and thereby

C

Jt+v
Demand for real bonds in period ¢, B§t+1[pt, Tjts Tjt, 3§'t7 Aji], in turn, is given by utilizing

the period-t private budget constraint:

B;’t+1 [t Tjts Tt Sé-t, Ajt, th] =
(1+ pt)B;‘t + (1 - th)M;t
+0b (L + Bjg) AjelLj[rje]
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11 Appendix B

Let, after suppressing the obvious dependence on Ajty1, fj41, ajt+1 and {Pis2s Prazs -t
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Note, after recalling also the definition of sé-t 41, that from the system of the above opti-
misation problem for every country one derives the MPE strategies of every country j, for
(a) capital taxes, denoted by Tth[QtH, piy1)s (b) import taxes and inflation rate, denoted
and summarized by Z;i41[Qi+1, P, 1], and (c) received share of foreign seignorage, denoted by

Kjt4+1[Qe+1, pro1], (d) public good, denoted by Gji+1[Q¢+1,p:11], and (e) user-cost of capital,

o 1 N, _
Wit 1[Qut15 Prg1s Sjrgas s Sjiins Kjt41] =

maXZ 1P Tt @, S 1, Ajept [ HS (G ] + 05Wieo[Qesa, priol}

subject to Qjir2 = Qjt42[Qjt+1,Tjt+1, T, d, pyi 1], for any j
Gjtr1 = TH[rjeea] +d — (1 + ppy1) Djea
+aji41(Mjtr2 — (1 = 7) Mjt41) + Kjega
+5Z 1101 Tt @, Shi 1, Ajrga]
—B(Aje1 Fj[Kj[rjea]] + (1 = 0je41) Kj[rjeq1]),

T = my4+1 under monetary union, and

Mo = E t+2 pt+17 Tjt4+1, T, 3]t+17 Ajt+1]7

, _ P + Ojt+1 + pjyr + 7 — B(1 = jt41)
1 = .
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denoted by 7j441[Qi+1, pr41]]-

~ 1 N
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12 Appendix C
In the f.o.c.,
q)jt = 1 X
Kj[rj] Aje(1+ Bjq) Zz lathZ [C]t7th+1]H [Gt]
N.
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This is a measure of the marginal effect of the capital tax on future welfare relative to current

=1 C;t+1€{M 41 jt+1}

national capital.

In addition,
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Consider first the total differential Rj; for given capital tax. We have

KjiAji(1+ B1)dRj =
N
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The first term above captures the fact that the capital-tax-induced net increase in rev-
enues from import taxes and seignorage, R;;, depends on the user-cost of capital, 7, in two
ways. The first is due to the fact that R;; is expressed as a proportion of the current capital.
Since the latter is decreasing with the capital’s user-cost, we have that an increase in the latter
leads to an increase in Rj;, all other things equal. Second, the user-cost of capital affects the

capital-tax-induced change in seignorage and tariff revenues. This effect is ambiguous.
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For given capital’s user-cost, Rj; is affected by a change in the tariff, 8, in four ways.
This is captured in the second term above. First, an increase in the tariff raises the capital-tax-
induced decrease in tariff revenues that follows from the negative effect of the capital tax on
consumption. This pushes to alower R;, all other things equal. Second, an increase in the tariff
affects the price of consumption and hence the capital-tax-induced decrease in money holdings
and consumption. The former, in turn, affects seignorage, while the latter affects revenues from
import taxes. This effect is ambiguous and it depends on the specifics of consumers’ utility.
Third, an increase in the tariff increases the capital-tax-induced increase in tariff revenues that
follows from the negative effect of the capital tax on production. Fourth, an increase in the
tariff reduces the positive impact of the capital tax on the user-cost of capital, and thereby the
capital-tax-induced net increase in the revenues from seignorage and import taxes. This effect
has the opposite sign of Rj;, which, recall, is ambiguous.

For given capital’s user-cost, I%j; is affected by a change in the output-augmenting tech-
nology, Aj¢, in three ways. This is captured in the third term above. First, an increase in
the technology raises the capital-tax-induced increase in tariff revenues that follows from the
negative effect of the capital tax on production. This pushes to a higher Rj;, all other things
equal. Second, an increase in technology affects positively the income from the fixed factor
and hence the capital-tax-induced change in money holdings and consumption. As in the case
of the tariff, these affect the revenues from seignorage and import taxes. This effect is also
ambiguous and it depends on the particulars of consumers’ utility. Third, an improvement
in technology reduces the positive impact of the capital tax on the user-cost of capital, and
thereby the capital-tax-induced net increase in the revenues from seignorage and import taxes.
This effect has the opposite sign of R, which is ambiguous.

For given capital’s user-cost, Rj; depends also on the net real interest rate, p;;. Specifi-
cally, an increase in the net real interest rate affects positively the returns to past bond holdings,
and hence the capital-tax-induced change in money holdings and consumption. This has an
ambiguous effect on Rj;. Similarly, for inflation, 7;;, and pre-determined money, M ;t, and bond
holdings, B;-t. These are captured by the fourth and fifth terms above.

Finally, we have that R;; depends on the seignorage share aj;. This is captured by the
sixth term above. Under normality, this effect is negative. The reason is that a higher share
leads to a higher capital-tax-induced decrease in demand for money and hence seignorage.

We turn to the public-good valuation Aj;. Totally differentiating for given capital tax
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leads to
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valuation for public good. Similarly, due to > 0, an increase in consumption leads to a

higher valuation for public good. However, note that the sign of 3 Mjf cannot be ensured unless

further restrictions are imposed on preferences.
Of course, public good provision, consumption and money holdings are themselves func-
tions of the user-cost of capital, the tax on imports, technology, transaction costs and other im-

portant determinants. To gain further understanding note, after totally differentiating the gov-

ernment’s budget constraint for given capital tax, and using ), C! = =Cjand ), M Jt = My,
that
dGji = ajt Zd 1+ B Zd
+{T Gt — Be(Ajerje + (1 — 0¢)) Ky pdrje
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Thus, all other things equal, an increase in demand for money and/or consumption increases
the public good. These are captured by the first two terms, respectively. An increase in past
holdings of money, outstanding debt and the net real interest rate reduce current public good
provision. These are captured by the eleventh and twelfth terms above, respectively. On the
other hand, an increase in inflation and in issued public debt raise public good provision - see
the ninth and tenth terms above, respectively.

Furthermore, we have that an increase in the capital’s user-cost, 7, has three effects on
public good provision. This is captured by the third term above. The first effect is negative,
and arises from the fact that a higher user-cost of capital leads to lower capital and thereby
revenues from capital, for given taxes. The second effect is positive, and arises from the negative
effect of lower capital on output, and the positive thereby effect on imports and hence tariff

revenues.
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An increase in the tariff, §;;, leads unambiguously to higher (resp. lower) public revenues
for an importing (resp. exporting) country. This is captured by the fourth term above.

An improvement in output-augmenting technology, A;;, has a negative effect on public
revenues, captured by the fifth term above. It arises from the positive effect of better technology
on output, and the negative thereby effect on imports and hence tariff revenues.

The sixth and seventh terms above capture, respectively, the effects on public revenues of
a change in the seignorage share, a;;, and the transfer of foreign seignorage, ~;;. These effects
are important for a country that enters a monetary union. Clearly, the net revenue effect is
ambiguous. A decrease in the seignorage share aj;; lowers revenues from national seignorage,
while an increase in the appropriated foreign seignorage raises revenues, and hence public good
provision.

We now turn to consumption and demand for real money balances, which influence public
revenues and the public good valuation Aj;, and hence the public-good-valuation effect. After

using the optimal consumption functions, we have that
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and, similarly, from the optimal money demand functions,
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We have that a decrease in current inflation, or an increase past holdings of bonds and money
or in the current net interest rate raises current income from past savings. Moreover, an
improvement in technology or a reduction in the user-cost of capital increase rents. All these
changes lead to higher income and hence, by normality, to higher consumption and demand

for real money. These are captured, respectively, by the fifth, seventh, sixth, fourth, third

. . oct OM?
and second terms in the above equations, where 6;;_[:} > 0 and 5;(7“:1[.} > 0 for xj; €
J J
. ) . aC? OM? °
{Ajt, Miy, By, p,}, while aif] < 0 and #ﬁl“ < 0 for xj; € {rjum;}. Furthermore,

we have that the effects of an increase in the tariff on consumption and money demand are
ambiguous. The reason is that a higher tariff increases the price of consumption, while it

increases the income from the fixed factor.
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Let us now turn to the dependence of the capital’s user-cost on transaction costs, the

tariff, technology, and net real interest rate. We have, for given capital tax, from (2) that

1

drijj = ————
T AL+ Byy)

{dpje — (rjeAje + 1= 051)dBj — (1 + B )dAj + dpy } (15)

Thus, a higher net real interest rate and/or transaction cots will increase the user-cost of
capital, while a higher tariff and/or an improvement in technology will lead to a lower user-
cost of capital.

Notice now that for many of the above determinants of capital taxes, changes in the net
real interest rate are important. Given that the net real interest rate is itself endogenously
determined in equilibrium, we turn to its total differential, for given domestic (i.e. country-j)
capital tax. By making use of the capital-market-clearing condition (3) and the definition of

the capital’s user-cost (2), we have

K/, K/,
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Thus, higher supply of capital, Ky, lead to a lower net real interest rate. Also, lower transaction
costs, higher tariffs and improvements in technology across regions increase regional demands
for capital, and hence lead to a higher net real interest rate. Furthermore, higher foreign capital
taxes lead to lower demand for capital abroad and thereby a decrease in the net real interest
rate. It should be emphasized here that foreign capital taxes, tariffs, capital transaction costs,
output-augmenting technologies and supplies of capital affect the user-costs of capital across
regions through their impact on the common net real interest rate. In fact, combining (15) and

(16) we have
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effects, which are preset in our set-up through the common net real interest rate. Clearly, due

where kj; = € (0,1). The last term in the above equation represents the spillover
to kj; < 1, the net effect on the domestic capital’s user-cost of a change in the domestic tariff,
or capital transaction cost or technology follows the corresponding direct effect. In other words,
the effect on the user-cost of capital through the net real interest rate is not the dominant one.

Collecting terms from (6), (10)—(14), (16) and (17) gives us the dependence of capital
taxes on transaction costs, output-augmenting technology, tariffs, seignorage shares, foreign
transfers of seignorage, public debt policy, inflation, and pre-determined holdings of money

and private and public bonds.??40

39(I)jt (recall its definition in Appendix C) depends on the future net real interest rates. It also depends on
future inflation, user-costs of capital, money holdings, future public good provision and future taxes, transaction
costs and output-augmenting technologies. How do these depend on the period-t tariffs, output-augmenting
technologies and other important determinants is ambiguous without further restrictions on preferences and
various parameters. Investigating these effects is out of the scope of the current work, and therefore are not

discussed further.

00f course, rj: Rjt, ®;; and \j; depend also on the capital tax. Note, however, after assuming that the
second order conditions are satisfied, that Ej; is strictly decreasing with 7;;. Hence, the effect of a policy or a
parameter on the equilibrium capital tax has the sign of the net effect of the policy or parameter in question on
Ej¢. Therefore, collecting terms as stated in the text above is valid for the understanding of the determination

of the equilibrium capital tax.
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Table A1l

Summary Statistics for European Union* (17 members; 1975-2005).

Variable Description Mean Min Max  Source
Tie Highest marginal tax 0.431 0.09 0.689  KPMG, Corporate
rate, corporate rate Tax Rate Survey,
Switzerland.
Agriculture,  Agriculture, value added  0.039 0.011  0.431 World Development
value added (% of GDP) Indicators (Edition:
September 2006).
GDP GDP values** 424171 11042 8.175 World Development
Indicators (Edition:
September 2006).
Debt Total debt, as a 119.00 85.08 137.43 European
proportion of GDP Commission, 2006.
Inflation The yearly percentage 0.087 -0.061 0.2721  OECD Economic
change in the consumer Outlook.
price index
openness The sum of exports and
imports divided by 0.032 -0.276  0.495 OECD Economic
1.000.000*GDP and Outlook.
lagged one year
Market Market capitalization 0.384 0.091 0.688 World Development
capitalization  of listed companies (% Indicators (Edition:
of GDP) September 20006).
Population Population, total**. 20,271 7,003 82,095 European
Commission, 2006.
Unemployment Unemployment, total 0.077 0.029  0.155 OECD Economic
(% of total labor force) Outlook.
Wages Workers' remittances and 34,567 10,250 85,0609 World Development
compensation of Indicators (Edition:
employees***, September 2006).
Euro Dummy = 1 if the European
country has adopted Commission, 2006.
euro currency and 0
otherwise.
Eu Dummy = 1 if the European

country is a member of
the European Union and
0 otherwise.

Commission, 2006.

*Buropean Union of 17 members refers to the case before the expansion of EU in 2004 and

includes Switzerland and Norway.

*# The variable is multiplied by 10* when it is used in the regression analysis.
##% The variable is multiplied by 10° when it is used in the regression analysis.
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Figure 1: Taxes as a % of GDP in EU
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Note: Eurostat changed its classification in 1995. The source of the graph is
European Commission (2006).



Table 1: Basic and Augmented specifications

Dependent Variable:
Marginal tax rate, corporate rate (%)
Model (1) (2) 3) “4) () (0) (7
Specification FE RE FE RE
constant 108.12* 126.85*% 123.61* 141.42* -5.68 189.57* 15.11
(2.39) (2.49) (2.22) (2.41) (-1.03)  (2.06) (1.32)
Lagged taxes 0.22 0.14 0.16 0.087 1.12% 0.47 0.49
(0.61) (0.35) (0.41) (0.20) (2.80) 2.37*  (1.68)
Agriculture, value 1.61*  12.71*  12.32*%  13.38*  -0.57 8.22% 2.42
added (2.26) (2.33) (2.11) (2.18) (-0.92) (2.78) (1.54)
Gdp -13.08*  -14.62* -14.26* -15.74* (.52%* -6.88**  -2.50%
(-245) (257  (-2.29) (-240) (1.01) (-349) (-1.83)
Debt 0.74* 0.71* 0.68%* 0.65* 0.56* 0.66* 0.54%*
(2.12) (1.95) (2.03) (2.28) (2.01) (1.89) (1.92)
Inflation 0.018 0.014 0.025 0.02 0.056*  -0.019  0.06
(0.60) 0.41) (0.76) (0.59) (2.39) (-0.62) (249
openness 0.008 0.014 0.009 0.014 52.3 0.02 0.02
0.47) (0.70) (0.55) (0.73) (1.14) (1.45) (1.48)
Euro 0.59 0.52 -0.059 1.05* -2.71
(0.99) (0.84) (-0.09) (2.21) (-2.0)
Eu 1.42% 1.49%* 0.11 1.42% 0.92
(1.79) (1.76) (0.23) (2.62) (1.68)
Market capitalization -0.02**  -0.02
(-3.89)  (-0.82)
Population -15.05 1.12%
(-1.61) (2.0
unemployment -0.02 -0.07
(-0.21)  (-1.60)
Wages -0.19*  -0.16%*
(-2.23)  (-1.87)
Country Dummies No No No Yes Yes Yes Yes
Rsquared 0.58 0.52 0.56 0.49 0.68 0.75 0.70

Diagnostic tests

Notes: T-statistics are given in parentheses. Standard errors are robust to heteroscedasticity, and are
clustered by year to allow for spatial correlation in the errors. Also, *, ** and *** respectively,
indicate statistical significance at the 0.10, 0.05, and 0.01 levels.



2. Spatial and Economic Criteria (Neighboring taxes)

Spatial Criteria European Union: 17 members” European Union: 27 members”"
Model ey @ O “4) &) (6) (7 (®) ©)
Economic Criteria None Gdp=high Gdp=Ilow Market Cap/tion Wages Exports None Gdp=high Gdp=Ilow
Constant 8.11% 12.12% -16.15 -11.42 15.17%* 10.38%* S5.11%* 9.17%* 19.01
(1.92) (1.97) (-1.08) (-1.21) (2.23) (1.75) (2.89) (2.85) (1.78)
Spatial Neighboring 0.76%* 0.26%* 0.19%* 0.46%* 0.54%* 0.52% 0.93%* 0.74%* 0.05
taxes (1.95) (2.83) (1.93) (2.88) (2.27) (2.01) (2.14) (2.03) (0.78)
Economic Neighboring 0.87* 0.51% 0.16 0.25 0.37 0.16* 0.65*
taxes (2.02) (1.82) (1.27) (1.21) (1.45) (1.87) (1.94)
Lagged taxes 0.42% 0.67* 0.33* 0.54* 0.75% 0.62%* 0.17* 0.08* 0.42%
(1.71) (1.78) (1.83) (1.95) (1.99) (1.93)  (1.92) (1.96) (1.85)
Agriculture, value added 1.92* 2.86%* 3.68%* 1.89* 0.87 1.92% 1.79* 1.56%* 2.61%*
(1.79) (1.94) (2.91) (1.78) (0.74) 2.14)  (2.55) (2.04) (2.94)
Gdp -2.56* S2.11% -1.54% -1.75% -1.38%* -1.59% -2.86% -2.27% -1.87*
(-1.99) (-1.88) (-2.03) (-1.93) (209 (-2.17)  (-1.91) (-1.96) (-2.11)
Debt 0.47* 0.34%* 0.41%* 0.38% 0.24%* 0.28%* 0.68* 0.32%* 0.38%
(1.56) (1.88) (3.16) (1.95) (1.74) (1.94) (2.37) (2.07) (2.01)
Inflation 0.03* 0.11%* 0.04 0.01%* 0.01 0.09 0.09%* 0.05%* 0.07
(1.83) (1.79) (0.93) (1.75) (1.68) (1.04) (1.89) (1.85) (1.95)
Openness 0.01 0.04 0.08 0.09 0.12 0.07 0.28%* 0.21%* 0.14%*
(0.07) (1.02) (1.21) (1.22) (0.55) (0.36) (1.89) .77 (1.81)
Euro -0.92%* -1.75% -2.31% -1.55% -1.83%* -2.06* -1.74% -1.35%* -2.45%
(-1.88) (-2.32) (-1.85) (-1.72) -194)  (2.03)  (-1.79) (-2.47) (-1.97)
Eu 0.44%* 0.53* 0.71* 0.58* 0.64* 0.71% 0.96* 0.84* 0.79%
(1.91) (1.88) (2.03) (1.95) (2.07) (241)  (1.88) (1.82) (2.09)
Market capitalization -0.06* -0.03* -0.11%* -0.17%* -0.56 -0.89 -0.12% -0.09%* -0.04%*
(-2.27) (-2.15) (-2.41) (-1.95) (-095)  (-0.88)  (-2.19) -2.11) (-2.02)
Population 1.01%* 1.04* 0.31 0.45% 0.37* 0.18 0.58%* 0.67* 0.11
(2.55) (2.22) (0.96) (1.84) (1.93) 0.81)  (1.91) (1.84) 0.27)
Rsquared 0.61 0.68 0.65 0.67 0.68 0.70 0.68 0.77 0.67
F-test 323.74 547.89 678.54 756.91 611.55 589.88 359.15 225.74 198.43
Year Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Notes:

1. T-statistics are given in parentheses. Standard errors are robust to heteroscedasticity, and are clustered by year to allow for spatial correlation in the errors. Also, *, **,
and ***, respectively, indicate statistical significance at the 0.10, 0.05, and 0.01 levels.

2. Neighboring explanatory variables are used as instruments for both spatial and economic weights.

3. European Union of 17 (#) members refers to the case before the expansion of EU in 2004 and includes Switzerland and Norway. European Union of

27 (##) members refers to the case after the expansion of EU in 2004 and covers the period 1993-2005.



Table 3: Robustness check

Spatial Criteria European Union: European Union:
17 members” 27 members™
Model (D 2) 3) C)) &) (6) (7)
Market
Economic Criteria Gdp=high Gdp=low capitalization Wages Exports Gdp=high Gdp=low
Constant 53.88* 45.17* 59.85* 24.12*% 18.65* 22.15 11.87
(2.68) (1.75) (2.23) (1.88) (1.71) (1.21) (0.84)
Spatial 0.28* 0.35% 0.54* 0.61% 0.58* 0.86%* 0.17
Neighboring taxes (2.11) (1.82) (2.41) 2.04) (1.92) (2.19) (0.67)
Economic 0.71%* 0.87* 0.37* 0.23 0.58%* 0.37* 0.55%*
Neighboring taxes (2.23) (2.45) (1.74) 0.55)  (1.75) (1.93) (2.38)
Lagged taxes 0.61 * 0.83* 0.71* 0.49 0.42 0.89 * 0.59%
(1.71) (1.94) (2.21) (1.05)  (1.69) (1.86) (1.98)
Agriculture, value 1.75% 1.97%* 2.58* 2.11 1.58% 1.23% 2.35%*
added (2.48) (2.01) (1.76) (1.45)  (1.93) (2.01) (2.77)
Gdp -1.46%* -1.21%* -1.79% -1.44*%  -1.17* -1.09%* -1.21%*
(-2.41) (-1.72) (-2.02) (-2.41) (1.78) (-1.83) (-1.79)
Debt 0.52% 0.79% 0.67* 0.62*  0.77* 0.81% 0.88*
(1.83) (2.34) (1.84) (1.93)  (2.06) (2.17) (2.41)
Inflation*Euro -0.05* -0.29 -0.35 -0.71 -0.58 -0.11%* -0.21
(-1.83) (-0.56) (-0.43) (-0.12)  (1.01) (-1.98) (-1.31)
Openness*euro 1.59* 4.73 3.31 3.89 2.57 1.87%* 0.77
(2.16) (0.72) (1.21) (0.87)  (0.96) (2.89) 0.51)
Market 0.11* 0.14% 0.09* 0.75 0.71 0.19% 0.09*
capitalization (1.78) (2.16) (1.91) (1.27)  (0.41) (2.12) (2.01)
Eu 1.85% 1.12* 1.37* 0.98 0.71 1.25% 1.78*
(2.63) (1.71) (1.72) (1.12)  (1.03)  (2.81) (1.85)
Population 0.91 0.86 0.72 1.31 0.67 0.51 0.42
(1.08) (1.09) (0.84) (1.22)  (0.52) (0.74) (1.08)
Unemployment -0.09 -0.08 -0.12 -0.17 -0.14 -0.03 -0.05
(-0.39) (-0.02) (-0.31) (-0.95) (-0.23) (-0.21) (-0.02)
Wages -0.31 -0.42 -0.18 -0.28 -0.51 -0.72 -0.49
(-0.11) (-0.17) (-0.05) (-0.09) (-0.12)  (-0.18) -0.11)
Rsquared 0.58 0.61 0.56 0.55 0.52 0.67 0.56
F-test 481.11 841.61 619.81 533.81 801.71 359.17 229.44
Year Effects Yes Yes Yes Yes Yes Yes Yes
Notes:

1. T-statistics are given in parentheses. Standard errors are robust to heteroscedasticity, and are
clustered by year to allow for spatial correlation in the errors. Also, *, ** and *** respectively,
indicate statistical significance at the 0.10, 0.05, and 0.01 levels.

2. Neighboring explanatory variables are used as instruments for both spatial and economic weights.

3. European Union of 17 (#) members refers to the case before the expansion of EU in 2004 and
includes Switzerland and Norway. European Union of 27 (##) members refers to the case after the
expansion of EU in 2004 and covers the period 1993-2005.



4. Temporal dependence

Dependent Variable:
Marginal tax rate, corporate rate (%)
(1 (2) (3) 4) Q) (6)
Estimation FGLS PW- FGLS PW- FGLS PW-
Method” PCSE PCSE PCSE
Constant 9.23% 7.43% 2.42 8.47* 6.15% 4.31%*
(1.78) (1.98) (1.05) (2.88) (1.95) (1.88)
Spatial 0.19* 0.37* 0.42* 0.44* 0.38* 0.35*
Neighboring (1.87) (1.88) (2.02) (1.78) (1.76) (1.75)
taxes
Economic 0.54**%  (0.78* 0.58* 0.79* 0.94* 0.84*
Neighboring (2.59) (1.89) (2.01) (1.78) (1.75) (1.72)
taxes
Lagged taxes 0.77%* 0.89* 0.95* 0.82%*
(2.64) (1.73) (2.02) (2.89)
Agriculture, 0.58 2.11% 0.54* 2.31** 1.06 0.86
value added (1.02) (2.07) (1.89) 2.71) (0.56) (0.15)
Gdp -2.47* -0.78%* -2.59% -0.68* -1.14* -1.28*
(-1.96) (-2.77) (-2.08) (-2.36) (-1.86) (-1.89)
Debt 0.37* 0.31%* 0.42%* 0.35* 0.45* 0.51%*
(1.81) (1.94) (1.89) .77 (2.01) .11
Inflation 0.45 0.02* 0.37 0.01 0.05* 0.07*
(0.58) (1.92) (1.05) (1.68) (1.81) (1.89)
openness 0.09 0.15 0.06* 0.07* 0.09* 0.09*
(1.35) (1.02) (1.97) (1.86) (1.73) (1.73)
Euro -1.03* -2.05* -1.14 -1.96* -1.34%:* -1.11%*
(-1.98) (-1.71) (-1.68) (-2.07) (-2.67) (-2.01)
Eu 0.19* 0.28* 0.23* 0.33* 0.42* 0.43*
(1.99) (1.85) (1.76) (2.19) (1.88) (1.93)
Market -0.11 -0.05 -0.09 -0.07 -0.19 -0.25
capitalization (-0.01) (-0.74) (-1.23) (-1.24) (-1.01) (-0.95)
Population 0.64* 0.29 0.53* 0.41%* 0.51%* 0.45*
(1.78) (1.07) (1.89) (1.77) (1.81) (1.88)
Unemployment -0.15 -0.27 -0.18 -0.24 -0.12 -0.28
(-0.79) (-0.52) (-0.39) (-0.23) (-0.36) (-0.23)
Wages -0.12 -0.14 -0.09%* -0.08* -0.05* -0.06*
(-1.54) (-1.03) (-1.94) (-2.01) (-1.83) (-1.89)
rho 0.279 0.279 -0.117 -0.117 0.089 0.089
Rsquared 0.78 0.79 0.79
Year Effects No No Yes Yes Yes Yes

Notes: T-statistics are given in parentheses. Also, *, ** and *** respectively, indicate statistical
significance at the 0.10, 0.05, and 0.01 levels.

*FGLS= feasible GLS estimation; PW-PCSE= Prais-Winsten estimation with panel-corrected
standard errors.
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