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1 Introduction

Harmful capital tax competition is a recurrent theme of policy debates in developed countries.’

This is vividly reflected in the debate over coordination of capital taxes both within the Eu-
ropean Union and elsewhere. See for instance OECD (1998) for a call for countries to refrain
from harmful tax competition, and the Ruding Report (1992), European Commission (1998)
and the Primarolo Report (1999) for similar calls within the European Union.

The literature on capital tax competition has been instrumental in shaping this debate.
The reference work in this strand of research is by Zodrow and Mieszkowski (1986) and Wilson
(1986) (ZMW hereafter). They emphasise that competition between tax jurisdictions for mobile
capital leads to a ‘race to the bottom’ with respect to source-based capital taxes and thereby to
low provision of regional/local public goods (which can also include pure redistributive transfers
to residents). Specifically, integration of capital markets opens up the possibility of capital flows
between regions. As a result, to increase inward flows, governments undercut each other in
terms of capital taxes. In fact, to put it another way, under capital mobility across regions,
equilibrium capital taxes will tend to be inefficiently too low. The reason is straightforward. An
increase in the domestic tax leads to a decrease in the domestic net interest rate and, thereby,
a capital outflow. This capital outflow translates into an increase in the capital employed in
the other regions. Thus, for any given non-domestic taxes, an increase in the domestic capital
tax leads to an increase in capital tax-bases and, thereby, local public good provisions in the
other tax jurisdictions. Therefore, capital taxes, under integrated capital markets, give rise to

a positive externality.! In general, the extent of the ‘race to the bottom’ in the basic model is

9This paper draws heavily upon and is a significantly revised version of work I have presented in a number
of workshops and seminars. I would like to thank Daniel Becker, Marie-Laure Breuillé, Gianni De Fraja, Saqib
Jafarey, Christos Kotsogiannis, Ben Lockwood, Sebastien Mitraille, Apostolis Philippopoulos, Ludovic Renou,
and participants at seminars in Warwick, Leicester, Exeter, City, Birmingham, AUEB, Crete, Cyprus, Verona
and at the IEB Workshop on Fiscal Federalism in Barcelona, 6-7 June 2005, “Decentralization, Governance and
Economic Growth” and the WZB-2007 Workshop on ” New Perspectives on Fiscal Federalism: Intergovernmental
Relations, Competition and Accountability” in Berlin, October 2007, for very useful comments and discussions

on previous versions of this work. The usual disclaimer applies.
!The two alternative ways of describing the ‘race to the bottom’ result of ZMW are closely related. The
reason is that the equilibrium of the closed-economy variant of the ZMW model coincides with the efficient

outcome in ZMW when capital is mobile across regions.



positively related to the elasticity of the demand for capital with respect to its user-cost.

The analysis in ZMW has since been enriched in various directions to provide instances in
which ‘race to the bottom’ of source-based capital taxes may not materialise. These instances
include:? trade in capital- and labour-intensive goods (Wilson, 1987), large capital-importing
countries (De Pater and Myers, 1994), government failure (Edwards and Keen, 1996), large
foreign ownership of immobile factors (Huizinga and Nielsen, 1997), commonality of the capital
tax base between state and federal governments (Keen and Kotsogiannis, 2002), mobility of
labour (Kessler et. al., 2002), agglomeration (Baldwin and Krugman, 2004), sharing of a
common currency (Makris, 2006), political economy considerations (Lockwood and Makris,
2006), competition for amenities (Noiset, 1995, Wooders et. al., 2007, Bénassy-Quéré et. al.,
2007). In all these papers, the above basic positive externality under integrated capital markets
is always present, but, crucially, there are additional considerations why eventually taxes may
not be too low.?

This influential literature have helped to identify in a neat and concrete way some very
important issues involved in the taxation of mobile capital. All these issues involve the contem-
poraneous external effects of capital taxes. This literature, however, neglects the intertemporal
externalities associated with source-based capital taxes. Recognising the existence of these ex-
ternal effects is crucial because they might lead, as we emphasise here, to opposite predictions
to the ones given by the received literature. The reason is that the intertemporal externali-
ties may be of an opposite direction to the one of, and even outweigh, the contemporaneous
externalities.

Briefly, the basic mechanism at work, we emphasise in this study, is the following: an
increase in the domestic tax on the capital deployed by domestic firms leads eventually, through
the induced decrease in the current use of capital by domestic firms, to lower productivity and
remuneration of production factors that, relative to capital, are less mobile between regions.

This, in turn, leads to lower current private income from such factors.* Under consumption

20n a related topic, Bucovetsky and Wilson (1991) show that if tax authorities could tax investors’ income
from abroad, as well as capital, then the resulting policy mix is efficient, and hence there is no scope for tax
coordination. Thus, exchange between tax authorities of information which is necessary for the taxation of
foreign-source income can be seen as an alternative to tax coordination.

3See, for instance, the excellent reviews by Wilson (1999) and Wilson and Wildasin (2004).

4An obvious example of such factors is land. In this case, it is the disposable income of land owners that



smoothing, future consumption bears some of this drop in income. Hence, savings decrease
as a response to lower current income. This will, in turn, lead to lower net supply of capital
in the future, for any given future income and, importantly, any given current and future net
interest rates. Market equilibrium implies that this drop in the net supply of capital will lead
to higher future net interest rates, and thereby a shrinkage of capital tax-bases and local public
good provisions across jurisdictions in the future. So, capital taxes, under integrated capital
markets, give also rise to a negative intertemporal externality. The extent of this externality
is positively related to the elasticity of savings with respect to current income. Therefore, if
this elasticity is sufficiently high relative to the user-cost-elasticity of capital, then the negative
intertemporal externalities will dominate the positive contemporaneous externality, emphasised
in ZMW. This, in turn, would imply inefficiently too high non-cooperative capital taxes. In
fact, as we discuss in Section 3 this could be a plausible possibility.

We describe, in Section 2, and analyse, in Section 3, a very simple and stylised model
of capital tax competition. This model abstracts from many features of empirical reality.
Nevertheless, these simplifications serve two purposes. First, to formalise the main channels at
work in a transparent and easy to understand way. Second, to facilitate a direct comparison
with the canonical model of capital tax competition. In fact, our starting model is the two-
period version of ZMW, used also, for instance, in influential papers like Huizinga and Nielsen
(1997) and Keen and Kotsogiannis (2002). Here, however, in contrast to the literature cited
above, we do investigate the intertemporal implications of the non-cooperative setting of the
first-period capital taxes.

In Sections 4 and 5 we discuss the robustness of the mechanism we emphasise in this
paper, by analysing some more general and complicated models of capital tax competition
and local public good provision. There, we clarify, as intuition would suggest, that the above
intertemporal mechanism is still present. In more general models, however, it interacts with
other mechanisms. These additional mechanisms sometimes dampen and sometimes reinforce,
depending on the environment, the intertemporal externality we identify in our basic model
of Sections 2 and 3. In Section 6 we discuss some more related literature. We postpone this

discussion after we investigate our model in order to facilitate a better understanding of the

decreases. Another, less obvious, example which, however, is highly relevant for EU, due to cultural and linguistic
reasons, is labour. In this case, it is the disposable income of immobile, across regions, workers that suffers from

higher capital outflows.



contribution of our work.? Finally, in Section 7 we point to directions of future research that
will further improve our understanding of capital taxation under integrated capital markets,

and conclude.

2 The Model

The basic framework is the two-period version of the standard capital tax competition model
of ZMW. There are m > 1 identical countries/regions/jurisdictions, each populated by H
identical households, where H is very large. Taxes and public spending in each jurisdiction are
set by the regional government. Let subscripts ¢t = 0,1 and 5 = 1,2, ..., m denote period ¢ and
country j respectively.

There is a single, composite and traded good in each period. So, prices of the single good
across regions are the same. Let the first-period good be the numeraire good. The single good
of each period is produced in each and every jurisdiction by means of combining capital and
a fixed in supply factor of production. Second-period capital is an intermediate good which is
produced at the end of first period by means of using the numeraire good as an input. Assume
without loss of generality that one unit of the numeraire good can be transformed into one
unit of capital. While supply of second-period capital is endogenous, the supply of capital in
the first-period is pre-determined (by the associated use of the single good in the past).

Fach and every government possesses a per-unit tax on capital employed domestically.
In addition, public spending takes the form of local public good provision. Assume that gov-
ernments run a balanced budget. The use of public debt is discussed in Section 4. Expressed
in real terms, denote with g;; > 0 the level of public good. Moreover, denote with 7;; > 0
and k;; > 0 the tax on and the level of capital, respectively. It is also assumed that govern-
ments do not possess an unrestricted lump-sum tax. Specifically, here, tax authorities do not

tax the fixed factor of production. The case of governments taxing - in a constrained way -

50ur work is also related to another strand of research, with a more quantitative orientation. In particular,
Roeger et.al. (2002), Klein et.al. (2005) and Mendoza and Tesar (2005) calibrate two-economy dynamic models
where mobile capital is taxed. Yet, in all these papers public spending is exogenously given and thereby the tax
externality emphasised in ZMW, and re-visited here, is not present. In fact, in these papers, the externalities
that emerge from the use of capital taxes work exclusively through the endogenous adjustment of the rest of
the distortionary taxes, with the latter taking place in order to maintain fiscal solvency. Also, in these papers,

externalities are not explicitly analysed.



the income from the fixed factor is discussed in Section 4. One reason for governments facing
restrictions on their ability to use lump-sum taxes is that administratively feasible forms of
such taxes might not be politically feasible. A typical example here is the poll tax in Great
Britain imposed by Margaret Thatcher, which is largely viewed as one of the reasons for her
having been driven out of office.® It is also assumed that a tax on savings is not available. This
assumption is motivated from the fact that in practice it is difficult to tax capital income on
a residence basis, due to administrative and tax compliance problems associated with taxing

foreign-source income.” The government’s budget constraint is

gtv] = Ttv] ktm}’ (1)

Governments are assumed to be benevolent: each government j chooses regional policies
{9t,, Tt j}+>0 that satisfy the fiscal constraint (1) to maximise the intertemporal welfare of
its residents.

We turn to the description of the private sector. It is assumed that there is perfect capital
mobility between regions. So, in effect, there is a common market for capital in each period.
Perfect competition is the mode of trade in this market. Trade in this market takes place at
the start of each period. Capital is demanded by firms from each and every country. Also, to
simplify exposition, let us assume that capital is supplied directly by households. Let p, denote
the net real interest rate in this market. That is, one unit of capital in period ¢ costs firms that
produce in j—region 1+ p, 4+ 74 ; units of the period’s single good. From that, 14 p; is paid to

the suppliers of capital and 7;; is paid to the region-j government.®

6See for instance Wilson (1999).

"For a model where the degree of information sharing between tax authorities for tax purposes is endogenously
determined to be zero, which in turn implies that residents do not, in effect, face a tax on their capital income

upon repatriation and hence on their savings, see Makris (2003).

8The single market for capital is a short-cut representation of national financial capital markets that foreigners
have access to. Under that alternative representation, 7 ; is the interest rate paid by region-j firms to investors
who have channeled their savings to country j. Also, ry; — 7¢,; is the rate of return from investing in country j
net of the tax imposed by region—j government on each unit of income generated domestically. Perfect capital
mobility implies no arbitrage and hence the net interest rates r; ; — 7¢,;, for any j, are equalised across regions.
Thus, investors are indifferent over the allocation of their savings to domestic or non-domestic capital. Also,
k:,; equals the total capital channelled to region j. Letting then p, denote the common net interest rate across

regions makes the two representations equivalent.



Private production in period t in region j takes place by means of a production function
flke ], with f[0] =0, f' >0, f” <0, where we have suppressed its dependence on the fixed in
supply factor.? This fixed factor is assumed to be immobile between regions. A typical example
here is land.'® Assume without loss of generality that capital does not depreciate after its use,
and that each region is endowed with 1 unit of the fixed factor. Payments to the fixed factor, i.e.
rents, are given by f[k: ;] — (p,+7¢,j)ke ;. Assume also, to ensure interior solutions for simplicity
of exposition, the Inada conditions limy_,o f'[k] = 0 and limg_,o f'[k] = co. The demand for
capital, for any given net interest rate and tax, follows from the standard profit-maximisation

condition
[k j] = py 4 T (2)

So, capital is a decreasing function of the gross rate of interest p, + 7¢; : ki = k[p; + 74 5]
with ¥ = 1/f”[k]. Denote the equilibrium rents by wy ;. That is, wy; = flklp; + T¢5]] —
[kl +7e51)klpe +7¢,5] = wlp,+ 7] > 0. Note that w’ = —k : an increase in the gross interest
rate, or capital’s user-cost, leads to a decrease in the returns to the fixed factor.

Assume that each typical household owns % of the domestic fixed factor. In the first
period, the typical agent allocates her income from the fixed factor and the returns from past
savings between current consumption cp; and savings s1 ;. In the second period, the typical
agent consumes all her disposable income, ¢y ;. The first- and second-period budget constraints

of the representative household in country j are, respectively,

wo 7j

coj = — +(1+po)so—s1, (3)
o
ey = (L py)sig, (4)

9To distinguish between collected terms in multiplications and arguments of functions, we use, hereafter,

parentheses for the former and square brackets for the latter.

10The 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. The analysis of such a case is in an
Appendix which is available upon request. 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, which we emphasise here,
are given short drift as there the supply of capital is exogenously given. A very interesting line of future work
would be to combine the set-ups of our paper and Kessler et. al. (2002). That is, to investigate an environment

where labour is imperfectly immobile and savings are endogenous.



where sgp > 0 are the inherited savings brought forward from the past. We postulate the

following preferences

Vco,j] + BV[e1 4] + Tlgo,j. 91,5 (5)

where g—; > 0, gigg <0,t=0,1. We also assume that V' > 0 and V" < 0. Moreover, assume
t

that lirr(l] V’[¢] = oo to ensure positive equilibrium consumption. Assume also lim H %‘32911 =
CcC—

gt—0
oo for any g > 0,t,t' = 0,1, # t’. This assumption ensures that in any symmetric equilibrium
(defined precisely shortly after) public good in each period is positive. Welfare maximisation,

for given prices and policies, subject to (3) and (4) gives rise to the first-order condition:!!

V'[eo ] = B(1 4 p1)V[ca 4. (6)

Equilibrium in the market for capital in period t is given by

Z k[pt + TtJ‘] = HZ St,j- (7)

To understand this note first that the left hand side corresponds to total demand for capital
by firms. Total supply of capital, on the other hand, consists of private savings. In effect, this
condition is equivalent to the equilibrium condition that total demand for the single traded
good in period ¢ equals total supply.!? In contrast to a closed economy, where savings equal
the capital stock with the domestic interest rate adjusting appropriately, here a region j in
period ¢ could in principle be a net debtor k; ; > s; ; or a net creditor k;; < s;j, with the net
interest rate adjusting to equate total supply of capital with total demand for capital across

regions. Note, however, that in a symmetric equilibrium we would have 74 ; = 74 and s;; = s;

" Our results would remain unaffected if preferences were given instead by J[Ulco,;, c1,5],T'[g0,5, 91,7]], as long
as consumption in each and every period was a normal good. Relaxing our separability assumption between
private and public consumptions, and hence allowing for savings to depend on public goods, would make the
analysis and exposition much more complicated without altering the qualitative thrust of our results. Similar
assumptions to the same effect have been deployed in the two-period models in the received literature, like Keen

and Kotsogiannis (2002).

12To see this add period—t private and public budget constraints for some country j to get Heij + gij =
(1+ p,)Hst,j — Hsey1,5 +we,j + T jke,j, where s2; = 0 and so,; = so. After using the definition for wy,;, and
summing over j, one has 3 (Hee,j + gej + Hsev1,5) = 32, (kej + flkes] + (14 p)(Hse,; — ke 5)). Since capital
is an intermediate good, supplied by individuals to firms, total demand for the single traded good in period
tis >0 (Heey + gej +Hseqr,;). Total supply is > (ke; + flke;]). So, demand equals supply if and only if

Zj(HSt»j_ kt,j) = 0.



for any j = 1,...,m, and hence

klpy +7¢) = Hst. (8)

That is, though off a symmetric equilibrium some countries may be net debtors and some
net creditors, in a symmetric equilibrium there is no net trade in capital. Given that tax
jurisdictions are identical, symmetric equilibria will be of special importance here.

To capture non-cooperative tax-setting, we focus on situations where, given history, fiscal
authorities hold Nash conjectures against each other when policy is chosen. We also assume
policy pre-commitment. Specifically, we assume that tax authorities have a commitment mech-
anism that enables them to announce all taxes at the start of the first period, and abide by such
an announcement when the time comes to administer the announced taxes. This assumption
is made to identify the main mechanism in place, regarding the external effects of first-period
capital taxes, in a neat way. However, arguably, lack of pre-commitment is a plausible alter-
native. The investigation, thus, of capital tax competition in the absence of pre-commitment
is postponed for Section 5.

As a means of summary let us describe here the timing of events. First, it will help
understanding to split each period in stages. In the first stage of each period ¢, supply of capital
is pre-determined by the savings of the previous period, and firms choose their demands for
capital. The capital market clears at some net interest rate p,. In the second stage, production
takes place, firms in each region j pay % to each resident and 1+ p, to each supplier of
capital, and taxes are collected and private and public consumption takes place. At the end
of this stage, private savings are also determined. At the third and last stage of each period,
any supplied savings are transformed into next period’s capital. Savings of the second and last
period are of course zero. Finally, each and every regional government chooses (and announces)
all of its taxes for given stocks of first-period capital, and prior to firms placing their orders for

first-period capital.'® In doing so, it takes into account the effects of the announced policies

3The assumption that capital-tax-setting takes place for given first-period capital stock is standard in prob-
lems of optimal capital taxation (see for instance Kessler et.al., 2002, Kehoe, 1989, ZMW, and Chamley, 1986).
Our results would, however, be qualitatively the same if we assumed that regional governments choose (and
announce) the whole path of their current and future taxes at some initial ‘policy announcement’ stage prior
to the determination of the first-period capital supply. The analysis of such case is in an Appendix which is
available upon request. The assumption that (period—t) taxes are set prior to the firms placing their orders for

their (period—t) capital is necessary for the presence of competition for capital between governments.



on the behaviour of households and firms, and on the market-clearing net interest rates.
The non-cooperative equilibrium of our economy is defined as the prices p; and {wz‘ it

and the vectors of taxes 77 = {7;;}72; and allocations kj = {kj ;}7",, g/ = {9/;}]L1, & =

{c;;}jLy, for any t = 0,1, and 87 = {s] ;}]2; that satisfy: (a) ¢ ;, ] ; and s] ; are consistent
with utility maximisation subject to own budget constraints for given prices and policies, (b)
price- and tax-taking profit-maximisation: k;; = k[p; + 77 ;], (c) remuneration of immobile
factors: wy; = wlp; + 77,], (d) pj is the market-clearing net interest rate in period ¢, (e)
government-solvency: g;; = 77 ;kf; > 0, and (f) {75 ;, 77 ;} is a best response to {r{ /7] .1}
for any j,7' = 1,...,m, j # j, given a balanced fiscal budget and the anticipated competitive
equilibrium (as this is described by optimal capital demands, consumption levels and savings
for given any taxes and prices, and by rents and market-clearing net interest rates for any given
taxes.)

A symmetric equilibrium is then the non-cooperative equilibrium with ’7';]' = 71} for any
t and any j. Hence, s7; = 7, ¢;; = ¢, ki; = ki, Hsj = ki, where s5 = so, and g;; = gf
for any t and any j. Due to ex ante identical regions we will focus on symmetric equilibria.
Before we proceed in the investigation of the efficiency properties of the symmetric equilibrium
regional capital taxes, it is crucial that we derive the equilibrium net interest rates in each

period. We do so next. Notice that hereafter we drop the asterisk, that denotes equilibrium

values, whenever there is no risk of confusion.

2.1 Private Equilibrium

We will refer hereafter to the net interest rates as simply the interest rates. Let p[74, 8] be
the market-clearing interest rate in period ¢, as this is determined implicitly by (7). Similarly,
after recalling (8), let p[7¢, s¢] be the period—t market-clearing interest rate as a function of
the symmetric equilibrium capital tax 74 and capital supply s;.

9po

Recall that the first-period capital stock is the pre-determined. Note thus that oo = -1,

‘{TO,jZTO};ﬂ:l: %g{% for any j = 1,...,m. That is, the effect on the equilibrium

and that 78%”’?0]
T()’]
interest rate of a marginal increase in any of the m regional taxes, evaluated at a symmetric

equilibrium, is equal to 1/m® of the effect on the equilibrium interest rate of a marginal increase

MNote that in many papers in the literature, like ZMW, regions are assumed to be very small so that
governments perceive the endogenous net interest rate as out of their control. In our set-up, this would be

equivalent to m being very large.

10



in all symmetric equilibrium regional taxes. As we will see later on, it is the divergence in size
(due to m > 1) between gp ¢ and %‘;’SO] |{TOJ_TO}m that gives rise to the contemporaneous
tax externality at period ¢t = 0. Also, due to < 0, this externality will be positive, as we
will see in the next Section.

Turning to period ¢t = 1, the equilibrium interest rate will depend on the equilibrium first-
period savings s1 ; in any region j. After some tedious, but standard, calculations that use the
consumer budget constraints and first order condition, we have that the equilibrium first-period
savings in region j are described by a function s[p;, %, eo;|, where eg ; = % + (14 pg)so is
the first period disposable income. Specifically, we have that %SpL:l is ambiguous, reflecting the
standard conflict between the substitution and income effects on savings of the interest rate.
Also, gz['} > 0 and % < 0, capturing the optimality of consumption smoothing when
consumption in each period is a normal good (which is the case in our model). That is, an
increase in current (resp. future) income results in an increase (resp. a decrease) in savings as
a means of shifting income/consumption across periods.'®

Rents wy; = w(p, + 7], for any ¢t = 0,1, equilibrium savings s1; = s[p;, “7, €0,5]
for any country j, and market-clearing in period t = 1, p; = p[T1, 81], determine implicitly
the equilibrium interest rate in period ¢ = 1 as a function p;[e] of the first-period inter-
est rate and of capital taxes across time and across regions. That is, p; = p;[T1, 70, Po)s
where we have suppressed the dependence on sy for expositional clarity. Similarly, we have
that the second-period market-clearing interest rate at a symmetric equilibrium p; is given by
p1 = p1[T1, 70, o], where the latter is the implicit solution with respect to p; of the equilibrium
condition Hs[ps, %,e[po + 79]] = E[p1 + T1], where e[py + To] = % + (1 + po)so-
The comparative statics on pi[e] will be of particular interest. To this end, first let s, =

Dslpr, T efpotrol]  Dslpr, Y efpotroll gy s : :
o — Bl 7r- This is the overall effect on savings of a marginal

change in the symmetric equilibrium interest rate of period t = 1. Recall that second-period
market-clearing at symmetric equilibrium implies that s; = % After some trivial calculations,
the latter implies that in a symmetric equilibrium s, > 0. So, in a symmetric equilibrium, sav-

ings are increasing with their returns. Furthermore, due to first-period market-clearing at sym-

. oy . . 0. 7M7 +
metric equilibrium, i.e. sg = %Q, we have that % = 0 and hence slps Hapo elpotroll _ 0.

Y5Formally, after eliminating co; and c;1,; from the consumer’s first order condition, by using the bud-

ds _ V”[CO,]’] 9sq _ 8s1 BA+p)V” [e1,4] 951 __
get constraints, we have that —?'— = Vo T80T )TV ei ]’ B H) = —?'—360] %V”[c] and 2L ooy =

_ _0sq B(V/[Cl ]] (1+p1)V//[cl J]51 ])
deq,j Vo, ;]

11



So, in a symmetric equilibrium, first-period income and thereby savings are independent of the
first-period interest rate.

It follows then directly that

om

o "

op ko Osl P elpo rol] o)
010 Hs, — k) Oeg ’

o _ Mk Ds[pr, U e[po + o] “0

ot Hs,—ky  Hs,— k| O(wy/H) '

Therefore, at a symmetric equilibrium, the contemporaneous marginal effect of the second-
period capital tax on the second-period interest rate is negative. The reason is that higher
second-period capital taxes imply lower demand for capital and hence lower income from the
fixed factor in the second period, which in turn implies, due to consumption smoothing, higher
first-period savings. Both lower demand for and higher supply of second-period capital imply a
lower capital-market-clearing interest rate in the second period. Moreover, the overall effect on
the second-period interest rate of a marginal increase in the first-period capital tax is positive:
g—ﬁg—fg + g—f(l) = g—fé > 0. Thus, an increase in the symmetric equilibrium first-period capital
tax results in an increase in the symmetric equilibrium second-period interest rate. The reason
is the following: recalling w; = —k, an increase in the first-period capital tax leads to lower
capital demand and hence lower returns to the immobile factor and lower income and savings
in the first period, for any given path of interest rates and any given future income. Therefore,
in increase in the first-period capital tax lowers the supply of second-period capital, which in
turn has a positive effect on second-period’s equilibrium interest rate.

Before leaving this Section, it will also prove helpful to bring up the relation between
p1[T1, 70, po] and py[T1,To, py]- To start with, recall that, due to first-period capital-market-

. . I Be p)
clearing at symmetric equilibrium, we have 8—‘” = 0 and hence ’“[T% FEap— s
Jj=

9 dp1 _ 9py[T1,T0,p0)]
= 8p = 0. Also, note that maT = ori, ‘{n]—n}] N . As we shall see, it is the
g op1 0p1[71,70,pq] : : _
divergence in size between or1 and ore, |{T =TT 1 that gives rise to the contempo

raneous tax externality in period ¢t = 1. Due to 81’1 < 0, this externality will be positive. Note

also that ;L Brg = @W— \{TH_H}J i1 Crucially, for our results, it is the divergence in
size (due to m > 1) between Qp— and @w— |{reg=reym, ., that, as we will shortly see,
To,j Jj=

gives rise to the intertemporal externality of the first-period tax. Due to g—ﬁ; > 0, this exter-

nality will be negative, counteracting thus the contemporaneous externality of the first-period

12



tax.

We, now, turn to the investigation of non-cooperative capital taxes.

3 Are Capital Taxes Too Low?

Tax authorities in region j maximise the welfare of their representative household subject to
the private equilibrium and the region—j fiscal constraint, taking as given the tax-policy of the

other jurisdictions. The objective function of the region-j tax authorities is:

1
> " BU +Troklpo + 7ol Tagkler + 714l]

i=0

with U' = Ulpy, 7153 5, st4+1,4) =
W|py + Tej
VI(1+ py)stj + [ptth] — St11,4)5
wlpy + 71, wlpo +70,]
S1,5 — S[pla %a (1 + P())SO + %],
Po = p[?oago]a 1= pl[FlaFOap[FOago]]

and so; = 50,52, =0.

Non-cooperative taxes equate the regional marginal benefit from an extra unit of public
good to the regional marginal cost of public funds, for given taxes in the other regions. In more
detail, using the envelope theorem vis-a-vis consumers’ problem, and recalling our assumption
that ensures positive public good provision, the typical capital tax 74, t = 0,1, at a symmetric

equilibtium is positive and such that:

T [go, 91] 1 Opo T (g0, 91] 1 Op:
! _ / /
V'[colko = H—ag0 {ko + Tok‘o(——aTO + 1)} + H—8g1 rlkl—m 97y’ (10)
I'(g0, 91] 1 Op
! _ il AR | P - YPL
BV'[alki = H a1 {k1 +7’1]€1(m871 + 1)} (11)

As existence is not the main issue of this paper, assume hereafter that a symmetric
equilibrium exists.'® Conditional on existence, then, we turn to analyse the efficiency of the
typical regional capital taxes. To start with, note that at a symmetric equilibrium the welfare
of the typical household is Z%:o BLU[pe, Te; 8¢, se41) + T[Tok[po + o], T1k[p1 + 71]], with s3 = 0,

w[PoJrTo]]
H )

where s1 = s1[p1, %, (14 po)so + po = p[T0, 50] and p1 = p1[T1, 70, po]. We ask:

161f there is no (symmetric) Nash equilibrium, then this on itself is a criticism of the ZMW model, and many
other models in the literature, where an equilibrium is assumed to exist for the fixed capital stock, in static

models, or for fixed 79 and hence e, po and go, in two-period models.
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starting from any symmetric equilibrium, would a simultaneous marginal increase in each and
every regional period-t capital tax,!” while maintaining regional taxes in other periods at their
non-cooperative equilibrium levels, be welfare-improving? After using the envelope theorem,

this comparative static is described by:

3. 1Ulplro, s0], 03 80, 81] + BU[p1[71, 70, plT0, S0]}; 715 51, 0]
+T[rok[p[T0, s0] + Tol, T1k[p1[T1, 70, P70 S0l] + T1]]}

1 1
_ 1 Ilgo, 1] ,, Opuv _ 1 opy 1
= (1 m); 9. TvkvaTt =(1 m);Z“aft =(1 m)Wn.

Therefore, given that m > 1, a coordinated marginal increase in all period—t symmetric equi-
librium capital taxes across regions is welfare improving if and only if W,, > 0.1

To understand the above, note that changes in the interest rates affect welfare across
regions. In fact, Z, in the above equation is the net effect, evaluated at the symmetric equi-
librium, of a marginal increase in the common interest rate p, on the welfare of the typical
household in any region. Note that here Z,, < 0, which reflects the negative effect of the inter-
est rate p, on the period-v capital tax bases across jurisdictions. It follows that taxes affect -
through interest rates - welfare across regions. Notice also that in our model tax externalities
arise solely through the effects of taxes on the interest rates, as there are no direct spillover
effects. However, at a symmetric equilibrium, non-cooperative taxes take into account only
1/m*" of their total welfare effect across regions. The non-internalised tax externality, at any
symmetric equilibrium, is thus captured by (1 — %)Wn. So, if W, > 0 then the net externality
is positive and period—t taxes are inefficiently low. If instead W, < 0 then the net externality
is negative and period—t taxes are inefficiently high.

Let us start with the efficiency properties of the second-period tax. After recalling our

discussion of the equilibrium interest rates in the previous Section, we have

W, = 2, 9PL S g, (12)
0T

1"Because countries are identical there is no reason from an efficiency point of view to distort the international

allocation of capital. So, Pareto efficient capital taxes are uniform across regions.

8We do not investigate the welfare effect of increasing marginally the symmetric equilibrium capital taxes in
each and every period, i.e. W, = (1— ) > +—o Wr,. The reason is that (a) if W,, and W, have the same sign
then that sign characterises also W, and (b) if W, and W, have opposite signs then changing marginally all
regional taxes in each period towards the same direction would be inferior to changing marginally all regional

taxes according to the prescriptions of Wr, and W,.
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So, second-period capital taxes are too low at a symmetric equilibrium. The tax externality in
the second-period is positive: an increase in a region’s tax leads to a decrease in the current
common interest rate and thereby an increase in the capital-tax base and public good provision
in the other tax jurisdictions. W} describes the externality that has been emphasised in the
two-period version of the ZMW model.'?

The canonical two-period model does not discuss, however, the efficiency properties of
the initial tax 7¢. In fact, in the received models it is implicitly assumed that 7 is exogenously
given.?0 Of course, if the initial-period tax was fixed at its second-best efficient level, then we
would have by construction that W;, = 0. However, there is no reason to expect a priori that
the symmetric equilibrium first-period tax will be efficient. The reason is that, despite the
fact that when taxes are set the supply of capital is pre-determined, a unilateral change in a
region’s tax will induce a change in the allocation of capital between countries. That is, to put
it another way, though a tax on inherited savings, sg, is lump-sum, a tax on first-period mobile
capital is distortionary due to the possibility of tax-induced capital flows between regions.?!

By either focusing on static models or by investigating two-period models but without in-
vestigating the non-cooperative first-period capital tax, the cited in the Introduction literature
neglects the intertemporal externality of capital taxes. To investigate the latter here, notice
that

op1

W., = —Z 71— 13
0 0+ Dm0 (13)

The first term captures the contemporary externality of the initial capital tax (recall that
g—fg = —1). It echoes the corresponding external effect in the ZMW model. As —Zy > 0, this

externality is positive. So, taxes tend to be too low, all other things equal. Note that the

extend of this externality is positively related to the responsiveness of capital to its user-cost,

19Tn a static model, where the supply of capital is pre-determined, the externality would be described up to

a scalar (1 — %) by a formula similar to (12), with the only difference that %11‘ is replaced by —1.
208ee for instance Keen and Kotsogiannis (2002) and Huizinga and Nielsen (1997).

21 This is in contrast to what happens in the well-known model of Chamley (1987). That model is a closed-
economy one, and hence in equilibrium savings of a country are always equal to its capital stock. Thus, in
equilibrium the interest rate is given by p: = f'[s¢] — 7+, which implies that a tax on capital is, in effect, a
tax on savings. Also, as inherited capital is pre-determined, the first-period tax is lump-sum. For this reason,
in a second-best environment, the first-period tax is assumed to be exogenously given at a level lower than its

unrestricted optimum, and normalised to zero.
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k. We call this the tax-competition effect.

However, 7 affects also the second-period interest rate, p;. The term Zlg—f; captures the
intertemporal externality of the initial tax. After recalling that, due to consumption smoothing,
%% > 0, we have that Zlg% < 0. This sign captures the fact that the intertemporal externality
of the first-period tax is negative. To see this, recall from the previous Section that a higher
first-period capital tax reduces the supply of second-period capital and hence pushes the future
interest rate upwards. Thus, an increase in the tax 7o reduces future capital stock, tax revenues
and, thereby, welfare abroad. So, the intertemporal externality of the initial tax counteracts the
tax-competition effect. Importantly, notice that, for any given responsiveness of capital demand
to its user-cost, the intertemporal externality is more acute the more responsive first-period
savings are to first-period income. This is reflected in that, recall from (9), g—’T’(l) is increasing in
g—z;. Notice also from (9) that g—f(l) is decreasing in the responsiveness of savings to next-period’s
interest rate s,. So, if the first-period-income-responsiveness of savings is sufficiently high
and/or the interest-elasticity of savings sufficiently low, relative to the responsiveness of capital
demand to its user-cost, then the intertemporal externality dominates the tax-competition

effect. Thus, first-period taxes are too high! In fact, after defining the elasticities of savings

with respect to current income and interest and of capital demand with respect to its user-cost

with e, = g—zéi—?, ep="L ;fp and 7, = —%, respectively, we have that:
Proposition: If the income-elasticity of savings relative to the user-cost-elasticity of
current capital demand, %E, is sufficiently high and/or the interest-elasticity of savings relative
to user-cost-elasticity of future capital demand, ;—‘1’, is sufficiently low, then capital taxes in the
first-period are inefficiently too high.
Proof: We have from above that W,, < 0 if and only if Zlg;% < Zp. The latter after

some straightforward manipulations, that make also use of market-clearing Hs; = k;, can be

T BFESHOagﬂgO pQ
: Ee n] _P1+7T1 To 90 PotTQ - 1 1
rewritten as e > e oo Dol pL where 7, denotes the first-period level of public

991 pi+71
spending relative to total current income , i.e. v5 = —h-‘{g—o Clearly then the higher £¢ and/or

Mo
the lower ;—’1’ is the more likely it is that the first-period capital taxes will be too high. B
This Proposition provides us with some testable predictions for the efficiency properties
of capital taxes. We leave an empirical investigation of these predictions for future research,

as such an investigation is out of the scope of the current work. It is worth noticing however

that the above result might be more than just a theoretical curiosum. To see this, suppose
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a stationary fiscal environment in that the inclusive capital tax rate is constant, i.e. 7o/py =

71/p1- Suppose also that public good preferences are such that (arg;o’gl / arggl,gl] Y(g0/91) = 1;

that is, one percentage increase in second-period public good is required to leave households
indifferent after a one percentage decrease in first-period public good.?? Furthermore, assume
that production function is such that the inverse elasticity of marginal product, i.e. —%,
is constant. This implies that the elasticity of capital with respect to its user-cost is constant,
ie. m; = ny = n. In such an environment, the condition in the proof above becomes ¢, >
EP+ZT§“]T_1U ;—g. Importantly, this condition might hold in reality. Take, for instance, the example
of United States used in Keen and Kotsogiannis (2002). Using an estimate of 0.25 for the
first-period elasticity of capital with respect to its user-cost (by Chirinko et al. (1999)), and
supposing a tax-inclusive tax rate 7/p = 0.2 - which is in line with the calculation of the

effective marginal tax by Chennells and Griffith (1997) - we can estimate the values of %g =0.2

and n = 0.208. In addition, using an estimation of total tax receipts as a proportion of

p1 +r
GDP equal to 29,6% (from OECD statistics for the year 2003) we can estimate v, = 0.296.
Furthermore, using the much-cited estimate for the interest-elasticity of savings in Boskin
(1978) of 0.411, we have that capital taxes will be too high if the income-elasticity of savings is
greater than 0.42. This value is much lower than the estimate in excess of 1 in Boskin (1978).23

9T[g0, 91]g

Thus, even if we allowed for ﬁ)ﬁ (1, 2.4), these calculations would still point towards

991
over-taxation. Of course, these simple calculations are only indicative, but they do demonstrate

the possibility that taxes may be too high because of their intertemporal external effects.

4 Some Extensions

In this Section we discuss some of our earlier assumptions. In particular, we examine how
sensitive the overall capital tax externality is to the particular assumptions we have deployed,
like available taxes and public debt.

It will help the understanding of the implications of these extensions to recall from above
that the direction of the net externalities of period—t capital taxes depends, crucially, on (a)
the effects of the period—t capital taxes on the interest rates, and (b) on the marginal welfare

effect, at the symmetric equilibrium, of an increase in the interest rate of any period v = 0, 1,

22This would, for instance, be the case if I'(go, g1) = gg)ogfl, with 1> ¢, >0,t=0,1, and ¢, = ¢;.

23Gee also Boskin (1988) for a reported estimate of 0.7 which is still much higher than 0.42.
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ie. Z,.

Bearing this in mind, one should then expect three types of changes in W_,, in (12) and
(13), by moving into a more general environment. First, the marginal welfare effect, at the
symmetric equilibrium, of an increase in the interest rate of period v, Z,, may be modified.
Second, the effects of the period—t capital taxes on the interest rates may be different. Third,
equilibrium taxes values may also differ from those in the basic model above. The latter on
its own would only affect the size of the net capita-tax externalities, all other things equal.
Nevertheless, the essence of our message has to do with the direction of the net capital-tax
externalities. For this reason, we focus for the rest of this Section on the first two types of

changes in W,,t =0, 1.

4.1 Public Debt

We start with the case of public debt. When governments have an inherited level of public
debt dp and can borrow d; in the first-period then the j—government’s budget constraints
become go; = To,jko; — (1 + pg)do + di and g1; = 71,jk1; — (1 + py)di. Also, symmetric
equilibrium implies that period-t capital market clears when Hs; = k; + d;. So, public debt
policy also affects the interest rates. A discussion however of the efficiency properties of non-
cooperative public debt is out of the scope of the current work.2* Retaining, thus, our focus
on capital taxes, we have that, for any given path of public debt {d;}{_,, the effects of capital
taxes on the interest rates remain qualitatively the same after the introduction of public debt.
Following similar steps to the ones in the previous Section, one can also see that Z; increases
by —8—115’5‘;@1@, for any ¢t = 0,1. This additional term represents the welfare effect across each
and every region, at a symmetric equilibrium, that arises from the marginal effect on period—t
public debt liabilities of an increase in the period—t interest rate. So, if governments are net
debtors, d; > 0, t = 0,1, an increase in the period—t interest has a negative effect on public
consumption, and hence welfare, across regions. Therefore, regarding the second-period tax,
we have, due to g% < 1, that the additional externality is again positive, leading to too low
second-period taxes. This echoes the discussion in Jensen and Toma (1991). In Jensen and
Toma (1991), a two-period model with local public good provision in both periods, and the

immobile factor being fixed, is also discussed. In addition, capital can be taxed in both periods

248ee Jensen and Toma (1991) for a related discussion.
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and governments can issue public debt. Nevertheless, the analysis there takes place under
a specific utility function which, crucially, implies (see their Lemma 1) that, in equilibrium,
capital taxes do not affect future interest rates and hence servicing of debt. In terms of our
notation, this is equivalent to g—f(l) = 0. However, as we highlight here, the tax externality
associated with the servicing of public debt will in general have both a contemporaneous and
an intertemporal aspect. Specifically, turning our attention to the first-period tax, we have
that the contemporaneous and intertemporal externalities due to the existence of public debt
are of opposite direction. In fact, an increase in the first-period tax reduces the debt liability
of the first period, with welfare effect 8—1189;%1(10 > 0, while it increases the debt liability in the
second period, with welfare effect —g—fé %ﬁl’gl]dl < 0. So, the net tax externality will again
depend on the relative size of the savings income- and interest-elasticities and capital demand
elasticities. However, now, it will also depend on the path of public debt. So, for instance,
if public debt is highly increasing over time, then, all other things equal, the intertemporal

externality due to the servicing of public debt is likely to dominate. In this case, first-period

taxes will be too high.

4.2 Taxable Rents

We turn to the case of taxable returns to the immobile factor at a rate 6; > 0. In this case
the j—government’s budget constraint becomes g; ; = 74 jk¢ j + 04wy j, and period-t disposable
income decreases by et—lz?i. We focus on an environment where the lump-sum tax 6; is, due to
information or political reasons, lower than its optimal unrestricted level. So, capital taxes are
still in use, i.e. 74 > 0 for any ¢ = 0, 1. Following similar steps to the ones in Section 3 one can
then easily see that the effects of capital taxes on the interest rates remain qualitatively the

same after the introduction of (restricted) taxes on rents/income.?> In addition, Z; increases by

Orker ( V'let] — OT'[go,g1]

17 50r ), for any ¢t = 0, 1. This additional term represents the welfare effect across

each and every region, at a symmetric equilibrium, that arises from the effect of a marginal
increase in the period—t interest rate on taxed private income and rent-tax revenues. To
understand this term, note that the marginal effect of an increase in the period—t interest rate

on the taxed returns to immobile factors is —0:k;. So, an increase in the period—t interest rate

2’Notice that the rents tax 6; affects also the interest rate, through the dependence of savings on 6;. A
discussion however of the efficiency properties of the tax 6; under capital mobility is out of the scope of the

current work.
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has a positive effect on private consumption and a negative effect on public consumption across
regions, all other things equal. Clearly, the direction of the net welfare effect of an interest-rate-
induced decrease in the taxed returns to the immobile factor depends on the relative marginal
valuation of private and public consumptions. So, regarding the second-period tax, we have,
due to g% < 1, that the net externality in question is positive, leading to too low taxes, if
V'[e1]/H < %ﬁl’gﬂ, and vice versa. This echoes the discussion in the two-period model of
Keen and Kotsogiannis (2002), where the immobile factor is fixed and first-period taxes are
exogenously fixed. There the focus is on the contemporaneous externalities that arise when
capital is taxed by both state and federal governments. However, our analysis here highlights
that this additional externality, due to taxation of rents, also has both a contemporaneous and
an intertemporal aspect. Specifically, to fix ideas, suppose that the valuation of public good is
sufficiently high so that V'[¢;]/H < %ﬁ;gl] for any ¢. Then, regarding the first-period tax, we
have that the contemporaneous and intertemporal externalities are of opposite direction: the

former is positive, while the latter is negative. The net externality will again depend on the

relative size of the savings income- and interest-elasticities and capital demand elasticities.

5 Credible Capital Taxation

In this Section we discuss the implications for the nature of the intertemporal capital-tax
externality of relaxing the assumption that governments possess pre-commitment with respect
to the second-period taxes. To isolate the implications of the lack of pre-commitment for the
main intertemporal externality we emphasise in this paper, let us focus on the case of no public
debt and no taxes on rents, as in Section 3.

As it is standard in models of credible tax-setting, regions are assumed to be occupied
by many small households that perceive policies to be unaffected by their decisions. That is,
Hm is, in effect, assumed to be very large so that each household takes policies as given in
maximising its welfare. As in Kehoe (1989), governments choose their taxes, in each period,

after savings are determined but before firms decide on their capital demands.?6 Note that

26Note that in Kehoe (1989) as well the non-cooperative setting of first-period capital taxes is not investigated
- that is, the intertemporal effects of capital taxes are neglected in that work as well. Furthermore, public
spending is exogenously fixed. So strictly speaking that work is not about the consequences of tax competition

for the provision of public services. In that paper, instead, ‘race to the bottom’ emerges to prevent capital flight
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in such an environment the supply of capital is pre-determined. Nevertheless, capital taxes
do affect the allocation of capital between regions. Therefore, capital tax competition is still
allowed. That is, here, we investigate an environment where governments compete for a given
stock of capital on a period-per-period basis because they cannot pre-commit on future taxes.
This timing of events is a natural extension of ZMW, where regions compete for a given supply
of capital, to a two-period environment with no pre-commitment in tax-setting.

It turns out that the main intertemporal mechanism we have identified in Section 3
is robust to lack of pre-commitment. We also demonstrate that an additional intertemporal
externality may emerge. The reason is that non-cooperative setting of current capital taxes
ignores the associated effects on future capital-tax bases and local public good provisions across
regions that arise due to the dependence of future capital taxes across regions on current taxes.
The direction of this additional externality depends on whether higher current taxes imply
higher or lower future taxes. Depending on the environment, it could dampen or reinforce the
intertemporal externality we have identified in Section 3.7

To simplify exposition let us introduce here an ‘artificial’ period t = —1, which is charac-
terised by a public good level in each region of g_;. This is exogenously given in period t =0
(the first-period of our model). It is during this ‘artificial’ period that initial savings sq are also
determined.

It is well known that in dynamic non-cooperative games multiplicity of equilibria arises.
We focus on sub-game perfect equilibria in symmetric and differentiable (pure) Markov tax-
strategies. For a discussion of the advantages of Markov strategies in dynamic games see
Fudenberg and Tirole (1992) Ch. 13. As in the case of pre-commitment, our focus on symmetric
equilibria is driven by the fact that regions are ex ante identical. Differentiability is required
for analytical simplicity.

Markov strategies imply that actions in a given period depend only on the ‘state’. The

and the induced excessive reliance on distortionary labour income taxes that would be necessary to raise the
required pre-determined level of tax revenues. The focus in Kehoe (1989) has been to show that an attempt
to cooperate in (second-period) tax-setting may not prove beneficial when governments cannot pre-commit to

their tax policies.

2"This insight also extends to the alternative case when taxes of each period are set prior to savings but after
past production has been determined, i.e. when governments can pre-commit only for one period. A more

detailed discussion of this case is in an Appendix which is available upon request
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‘state’ is a (possibly multi-dimensional) variable which summarises the influence of past in-
teractions 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 public good provision levels in the
previous period, {g1—1,;}7%;, with g_1 ; = g1, and the average supply of capital in each region
j in period ¢, {Stj};-”:l. We thus focus attention to strategies on the part of each and every
regional-j government of the form 7;(A) = {79 ; = 1o ;[Ao], 71,; = T1,;[A1]} for any j, where
Ar = {811 {9t-1,51]21}, with T j[e] being differentiable for any ¢ =0, 1.

In a Markov Perfect Equilibrium (MPE), second-period taxes are a Nash equilibrium for
any given public good provision levels and savings across regions in the first period, i.e. A;. In
turn, first-period taxes are a Nash equilibrium given the pre-determined levels of initial capital
supply and past public goods, i.e. Ag, and the rationally anticipated response to changes in
state Ay of all regional governments with respect to their second-period taxes. In any period,
governments take into account the effects of their policies in the yet to be determined private
actions, prices and states.

To define formally the (Markov Perfect) equilibria for our model,?® let us first denote

with S; the average capital supply in period ¢. Note that Sy = so and S; = + >t 81

An MPE consists of the prices pf and {wjf;},, allocations /2; = {ki;}1, G =
{95171 & = {cf ;1L and 87 = {s] ;}71,, a profile of taxes {77}72; = {77(A)}7.,, and
a state-evolution equation Ay = Aj[A¢—1,7¢—1], t = 0,1, that satisfy: (a) ¢ ;, ¢f ; and s7

are consistent with utility maximisation subject to own budget constraints for given state,
prices and policies, (b) price- and tax-taking profit-maximisation: ki, = klpj + 7;,], (c)
remuneration of immobile factors: wy; = w[p; +7;,], (d) capital-market clearing: pj; =
p[7i, S;], where p[7, Sy, after a slight abuse of notation, is given implicitly by HmS; =
> klpy + 715], (e) government-solvency: gy ; = 77 k[p; + 77,1, (f) ({17 ;[A1]}]L, is a Nash
equilibrium of the sub-game between regions defined by the state A, tax-actions 71 ; and
payoffs Wy ;[A1, 1], where W1 j[A1,71] = BU[p[T1,51], 715,514, 0] + Tlgoj, m1,;k[p[T1,S1] +
71,4]), and (ii) {75 ;[Ao]}7L; is a Nash equilibrium of the game between regions defined by

the state Ao, tax-actions 7o ; and payoffs WOJ[AO,FO;ff‘,Aﬂ, where WOJ[AO,FO;T;*,AT] =

28 Allowing for tax-strategies to depend on past states and taxes would introduce the possibility for implicit-

contract types of equilibria. We leave the investigation of such equilibria for future research.
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Ulp[o, s0)s To,5: 80, 95[ Ao, Tos T, A3]] + Wi j[Af[Ao, Tol, Ty [A%[Ao, 7o]]], and (g) Af[e], t = 0,1,
describing in a compact way the evolution of the components of the state variable according
to So; = S0, S1; = Uj[Ag,?g;fl”‘,A’{], g-1,; = g—1 and go; = To,;k[p[To, S0] + To,;], for any
j=1,...,m. In (f) and (g), o; [Ag,?g;ff,Aﬂ are the equilibrium first-period savings, given
the first-period state and capital taxes. Formally, o;[Ao, To; T, Axl, 7 =1,...,m, is the solution
with respect to {o;}2; of the system: for any j =1,...,m, 0; = arg max{V[(1+pg)so+-3 —s]
+ BVI[(1 + py)s + 5] subject to wo; = wlpg + 7o), po = p[Tos 0], w15 = wlpy + Tij[Ad]],
pr = plTi[A1], 1], Ay = A%[Ag, 7o), and Sy = == 5 — 1 ).

A symmetric and differentiable MPE is an MPE in symmetric and differentiable strate-

gies, i.e. when T ;[As] = T}'[A;] with T}'[e] being a differentiable function, for any j =1,...,m.

5.0.1 Equilibrium

It follows directly from the definition of MPE that firms’ and households’ behaviour is as
in Section 2. Also, for given first-period state and capital taxes, the equilibrium first- and
second-period interest rates are given by p§ = p[To,s0] and pi = p;[Ao, To; I, Aj], where
p1lAo, 7o T7, A7) = plT7[A7[Ao, Toll, o Soues 0wl Ao, 703 T A7l = p1 [T [A7[Ao, 7ol 7o p[7o, o],
respectively. In addition, strategic interaction between governments in the second period is
identical to that in the static canonical model, where capital supply and past public good level
in each region are pre-determined (here at levels S; ; and go ;). In particular, in contrast to
the pre-commitment case, we have that when second-period taxes are set governments take

/

into account that aanl 1j = —Zm_lljk,l . Following then similar steps to those in the canonical

model, one can see that second-period capital taxes will be too low,?? for any given state A;

In fact, following similar steps to the ones in Section 3, we have that the welfare effect of increasing

marginally all second-period taxes, for given state Ai, evaluated at a symmetric equilibrium is W, = —

OT[go, Ty [A1]1HS1] T{[A4]
g1 /' HS1]

(1- i) > 0. Thus, an unanticipated coordinated increase of the same size in second-
period capital taxes across regions is welfare improving. Note, however, that in (a symmetric) equilibrium,
for given first-period state Ay and capital taxes 7o and for given anticipated second-period capital taxes 71,
first-period savings are given by s1 = s[f'[Hs1] — 71, Eu}@lh eo], where we have made use of the fact that in a
symmetric equilibrium k1 = Hsy and p; +71 = f'[k1]. Note that %J; = _17_:3—%7' So, if g—; > 0 then, similarly
to Kehoe (1989), if households anticipated a coordinated increase of the same size in all regional second-period
capital taxes they would save less than S; in the first period in order to avoid the higher taxes. This would

lead to lower equilibrium supply of second-period capital than HS;. Thus, an anticipated attempt to increase

uniformly all second-period taxes may not be welfare improving.
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with positive capital supply, S1 > 0.

We turn to our focus: the MPE first-period capital taxes. After using the envelope
theorem vis-a-vis savings, the definition for MPE second-period capital taxes, the fact that in
a symmetric equilibrium k; = HSy, p, + ¢ = f'[HSY], gf = T;[AHS:,t = 0,1, and Sy = s,
and recalling our assumption that ensures positive public good provision, we have that T [Ao]

is positive and such that:

soV'[cg)]
I'g5. 91] 9% 1
= LY pla 1-—
690 { 50 T][ O]f/[HSO]( m)}
(g5, 9] 9i  10m
— A 14
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Orlgsooil, g o 1 Om O ;[ Ad]
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761—1[9879;] [A gl 1 apl Z aTl K Al
891 f/ HSl m8n 87'0’]
where n[A;] = —%,t =0,1, with o1, ”[;41} ,v=1,...,m, being evaluated at the symmet-

ric equilibrium. As in the corresponding problem under pre-commitment, the typical govern-
ment takes into account that its tax choice will affect own welfare directly and by affecting the
second-period interest rate, for any given second-period taxes. This is captured by the term
at the left-hand side and the first two terms at the right-hand side of the above equilibrium
condition.

Nevertheless, under non-commitment, second-period taxes in the other jurisdictions do
depend on domestic first-period tax-choices. So, now, the typical government takes also into
account that its tax-choices will affect future interest rates by means of influencing future
taxes in other regions. This is captured by the fourth term at the right-hand side of the above
equilibrium condition.

Under no pre-commitment, governments also take into account that their current tax-
choices will also affect own tax-choices in the future. The corresponding welfare effect is
reflected in the third term at the right-hand side of the above equilibrium condition. Crucially,
this effect is not of second-order. The reason is that the ex ante perceived elasticity of the
second-period interest rate with respect to second-period capital taxes is different from the ex
post one. This follows from the fact that when second-period taxes are set savings are pre-

determined, while they are responsive to (anticipated) tax-changes when first-period taxes are
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set. In particular, the ex ante marginal effect of a region’s second-period tax on the second-

period interest rate, evaluated at a symmetric equilibrium, is i% Instead, the ex post effect

is —%.

Conditional on existence, let us turn to the efficiency properties of the equilibrium MPE
first-period capital taxes. In particular, as in Section 3, we investigate whether a coordinated
marginal increase in all symmetric regional taxes in the first period is welfare improving or
not. Here, however, due to lack of pre-commitment, we must take into account that, following
such a coordinated increase in first-period taxes, regions will re-adjust their second-period taxes
optimally, as it is prescribed by T’l* [A1]. To start with, recall that at a symmetric equilibrium the
welfare of the typical household is Z;@l:o BUpy, 7¢; 8¢, se41] + T[Tok[po + 7ol, T1k[p1 + T1]], with
s3 = 0, where 51 = s1[p1, %, (14 po)so + M], po = p[T0, 50] and p1 = p1[T1, 70, Po)-
So, starting from any symmetric and differentiable MPE, a simultaneous marginal increase in
each and every regional first-period capital tax results, after using the envelope theorem vis-a-

vis savings and the definition for the MPE second-period capital tax, in the following welfare

effect on the part of any household in any region j:

1
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where, note, —* , v,/ = 1,...,m, are evaluated at a symmetric MPE equilibrium. WT]XC

0,5

is the counterpart, under no pre-commitment, of W, in Section 3. So, taxes are too high if
W%C < 0, and vice versa.

As in the canonical model, changes in domestic first-period taxes will affect current tax
revenues across regions. Here, however, we emphasise that changes in domestic first-period
taxes will also affect future tax revenues across regions. These intertemporal external effects
will be of three kinds under no pre-commitment. The first will be of the type we have already
identified in Section 3. Namely, through the effect of current taxes on the future interest rate

for any given future capital taxes. These two externalities, for any given future taxes, are
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captured by the first term in the above formula. These terms echo W, in Section 3. Hence,
our discussion there applies here as well.

The second kind of intertemporal externality - which is ignored by competing regions
- arises through the dependence of the future interest rate on future taxes across regions,
which, in turn, are affected by changes in all the non-domestic first-period capital taxes. This
externality is captured by the second term in the above formula. The third kind of intertemporal
externality - which is also ignored by competing regions - arises through the effects of the non-
domestic first-period taxes on future domestic tax revenues for any given future interest rate.
This effect arises due to the dependence of (domestic) future taxes on (foreign) current taxes.
This effect is not of second order due to the fact that first-period savings are endogenous when
first-period taxes are set. This externality is captured by the third term in the above formula.
Thus, lack of pre-commitment gives rise to additional intertemporal externalities, that arise
from the dependence of future taxes on current taxes.

Recalling our discussion of Section 3, we have that the first term of WT]XC is negative if the
current-income elasticity of savings is sufficiently high. The other two terms, on the other hand,
have opposite signs that depend on the effects of current on future capital taxes. The latter
will depend on the specifics of preferences and technology, and hence a matter of empirical
investigation. Such a task however is out of the scope of the current paper. In general, after
recalling that 3_2 < 0, we have that if future taxes are increasing with current taxes then the
second term is positive, while the third term is negative. So, all other things equal, the second
type of intertemporal externality pushes to too low taxes, while the third type of intertemporal
externality pushes to too high taxes. Conversely, if future taxes are decreasing with current
taxes.

To understand further these additional externalities, let us use in WT]XC above that, at

o1y ,[Ar] _ 0T, [Ad] o1y s [Ad] a1y, [Ad]
- BTOYU/ — OTow

a symmetric equilibrium, = ¢q[A;] and = [A;] for any

070,07 01,11

v, 0, 0" =1,...,m, v # v',v # 0", due to the fact that regions are ex ante identical. Then the

last two terms in W%C become:

i)af[gé‘,gi‘]

) Tl ) S L + 0 — L) + gl
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Therefore, the direction of the net intertemporal externality due to no pre-commitment is

towards too high taxes if g—fi(d[/h] + (m — 1)q[A1]) + ¢[A1] > 0, and vice versa. To fix ideas
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suppose that ¢[A1] > 0 and ¢[A1] > 0. Then, if the interest rate is very responsive to current

o q[A1]

taxes, ie. 77 ] this additional net intertemporal externality is positive

q[A1]+(m—1)q]

and counteracts the intertemporal externality we have identified in Section 3. If, however,
g% > —Wg@m this additional net intertemporal externality is negative and reinforces
the intertemporal externality we have identified in Section 3. Conversely, if ¢[4;] < 0 and

C][Al] < 0.

6 Related Literature

We can now discuss a number of papers that are, in addition to those cited so far, related to our
work. In all these papers, governments use capital taxes in order to provide local public goods
and/or lump-sum transfers to residents in a balanced-budget way. Moreover, interregionally
immobile factors are in fixed supply.

Wrede (1999), discusses also an intertemporal externality. However, the externality in
question is ‘vertical’. Specifically, it arises from a common-pool problem between federal and
state governments: governments tax a common resource reducing thereby the availability of
the resource in the future. Crucially, also, in the investigated (interior) equilibrium there is no
contemporaneous externality. The focus there is on (a) whether the total tax set by tax-revenue
maximising governments in a federation is higher than the tax imposed by a single tax-revenue
maximising government in a unitary state, and (b) how political stability and competition
between state governments affects equilibrium taxes in a federation. Here instead the focus
is on the investigation of ‘horizontal’, i.e. across regions, contemporaneous and intertemporal
externalities when regional governments are benevolent and there is no federal government.

Coates (1993) investigates also a multi-period model of capital tax competition between
regional governments. However, the intertemporal externalities we investigate here do not
arise there. The reason is twofold. First, it is assumed there that the supply of capital in each
period is exogenously fixed, maintaining thus the assumption of ZMW. Second, despite capital
supply being fixed, capital taxes are assumed there to affect positively the equilibrium future
capital stocks and thereby public good provision in other regions. So, in contrast to our work,
both contemporaneous and intertemporal capital-tax externalities are by assumption positive.
Importantly, also, the focus in that paper is on the comparison of the non-cooperative and

cooperative equilibria when governments possess unrestricted lump-sum taxes.
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Wildasin (2003) discusses capital taxation in a small open economy, by recognising the
dynamics inherent in capital accumulation when capital inputs can only be adjusted by in-
curring adjustment costs. Here, instead, we assume zero capital adjustment costs, but we
emphasise the interaction between non-cooperative capital taxes and the dynamics in capital
accumulation that arise from the dependence of capital supply on past stocks of capital. Hence,
our papers could be viewed as complementary in our understanding of international capital tax-
ation in a multi-period/dynamic environment. Note also that the externalities emphasised in
ZMW, and re-visited here, are not discussed in that paper. Instead, the focus in Wildasin
(2003) is on whether governments, that perceive the world interest rate as time-invariant and
exogenously given, will tax capital or not. The optimal decision is driven by the fact that
taxing capital is harmful in the long run (as lump-sum taxes on the fixed factor can also be
used in Wildasin’s set-up) but is beneficial in the short run when non-residents own some of
the domestically generated rents. The main result is that the capital tax is decreasing with the
mobility of capital and increasing with the scope for redistribution to residents.3°

Perhaps the most closely related work to ours is Koethenbuerger and Lockwood (2007).
These authors have recently investigated an infinite horizon model of capital tax competition
between regional governments, under pre-commitment and no capital adjustment costs, where
savings are endogenous and no lump-sum taxes can be used. However, the intertemporal
externalities we investigate here do not arise there. The reason is that in that paper the returns
to the immobile factors are, as a result of assumptions on the available technology, exogenously
given. In more detail, there, households receive each period a fixed endowment of the private
good. In their set-up, there is, however, production uncertainty and households diversify risks
by investing in all regions. So, the intertemporal externalities in that paper arise because
taxes affect the returns to the optimal portfolio, and thereby savings and the supply of capital,
for any given path of endowments. Here, on the other hand, there is no uncertainty, and the

intertemporal externality we have emphasised above arises due to the effect of capital taxes

30Becker and Rauscher (2007) is also similar to Wildasin (2003) in that governments aim at redistributing
income to the owners of a fixed in supply and interregionally immobile factor of production, and there are
capital adjustment costs. There also the focus is on whether capital is taxed or not, and tax externalities are not
investigated. The main differences between these two papers are that in the former the world net interest rate
is endogenous, and capital tax revenues (net of lump-sum subsidies) are used to finance public infrastructure,

which is the source of endogenous growth.
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on the endogenous returns to immobile factors, and thereby savings and the supply of capital,
for any given return to savings. Importantly, note also that in the absence of uncertainty the
model in Koethenbuerger and Lockwood (2007) generates the standard ‘race to the bottom’
result. Hence, our papers can be viewed as complementary in our understanding of capital

taxation in a multi-period/dynamic environment under no capital adjustment costs.

7 Discussion and Conclusions

In this paper we have re-visited the view that capital taxes may be too low when capital is
perfectly mobile across tax jurisdictions and governments do not possess lump-sum taxes. We
have done so by emphasising a previously neglected implication of non-cooperative capital tax
setting. Namely, capital taxes affect also future capital stocks, and thereby tax revenues and
local public good provisions, across jurisdictions. The main mechanism is that capital taxes
have a negative effect on current income and hence on the net supply of future capital, for
given net interest rates. Moreover, we have seen that under non-commitment, current capital
taxes affect future taxes, and thereby welfare, across regions. These net externalities may
lead, ceteris paribus, to too high regional capital taxes, and may more than offset the usual
contemporaneous external effects of capital taxes. In this case, regional capital taxes will be
inefficiently too high.

These insights are neglected in the received literature on capital tax competition be-
tween regional governments in a second-best environment under perfect capital mobility. The
literature discussed in the Introduction and Section 4 has nevertheless provided us with many
interesting channels through which a capital-tax-induced decrease in the current interest rate
affects welfare in other regions negatively, counteracting thus the standard tax competition ef-
fect. In fact, this literature focuses mainly on the investigation of the welfare effects, in various
environments, of an increase in the last-period interest rate, i.e. Z; in our set-up. Naturally,
then, one avenue for research would be to re-visit all these channels, like publicly provided
amenities, under the light of our findings. That is, by recognising the inherent dynamics in
capital accumulation due to consumption smoothing, and the associated intertemporal tax
externalities.

The specific details of the intertemporal externalities of capital taxes may depend on

the environment under study. The modeling possibilities are however numerous, and most
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of them possibly equally important. As the aim of this paper has been to bring attention
to the fact that taxation of mobile capital may as well entail intertemporal externalities, we
have chosen to deploy the simplest model for the task in hand. Namely, we have used a two-
period representative agent model. The choice of the representative agent paradigm has been
driven from the fact this is also the chosen framework in ZMW and most of the literature that
ensued it, and it is instructive to be able to directly compare our results with the canonical
model. The choice of a two-period model has been driven from the fact that such a model is
sufficient to deliver our message, without dwelling on the analytical complications of models
with longer horizons. The importance of such a simple exercise is emphasised even more by the
fact that, as we have also mentioned in the Introduction, such a model has also been used in
the literature, neglecting, however, the intertemporal externalities we focus on here. Of course,
fully understanding the net externalities involved in taxing mobile capital would require the
study of other environments as well. The reason is twofold. On the one hand, as our analysis
makes clear, it is the behaviour of the equilibrium interest rates that drives the directions of
the contemporaneous and intertemporal tax externalities. On the other hand, the interest-rate
dynamics do depend on the specifics of capital accumulation - that is, on the determinant of
the supply of capital. Offering a complete analysis, however, is not feasible space-wise. We
leave, therefore, the important task of the investigation of overlapping-generations models,3!

and infinite-horizon models for future research.3?
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