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1 This defining characteristic is consistent with that
called ‘‘central government’’ in FC may be understood a
that facilitates and accomplishes fiscal coordination.
This paper develops an endogenous growth model with spillovers of public goods, Leviathan taxation,
and mobile capital to examine the relative merits of centralized and decentralized fiscal systems for
economic growth and social welfare. We show that a decentralized system dominates a centralized sys-
tem in terms of economic growth; however, the difference in social welfare between a decentralized and
a centralized system is non-monotonic and displays a hump-shaped relationship with respect to capital
mobility. Since higher capital mobility induces stronger tax competition, this finding implies that there is
an optimal degree of tax competition; some tax competition is desirable, but fierce tax competition may
be harmful. We also show that there is a critical level of spillovers of public goods above which central-
ization dominates decentralization in terms of social welfare, as in previous studies; however, if spill-
overs are below this critical level, capital mobility also matters in the welfare comparison between
centralized and decentralized systems.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction We consider a plausible scenario in which politicians are partly
This paper develops an endogenous growth model with spill-
overs of public goods, Leviathan taxation, and mobile capital to
examine the relative merits of centralized and decentralized fiscal
systems for economic growth and social welfare. Fiscal centraliza-
tion (FC) internalizes spillovers across jurisdictions and eliminates
tax competition for mobile capital via the coordination of fiscal
policy, while fiscal decentralization (FD) features tax competition
and spillovers due to coordination failures. Put differently, whether
or not fiscal policy is coordinated between jurisdictions is the
defining characteristic that distinguishes between FC and FD in
our study.1
ll rights reserved.
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in Lockwood (2006). The so-
s an institutional arrangement
self-interested (i.e., Leviathan or rent seeking) and partly benevo-
lent (i.e., citizen-welfare maximizing). The ‘‘weight’’ that politicians
attach to their self-interest could be viewed as reflecting the
varying extent of government accountability across different polit-
ical institutions (Lockwood, 2006). With such political preferences,
we develop an endogenous growth model characterized by three
exogenous parameters capturing (i) the degree to which politicians
are rent seeking, (ii) the degree of spillovers of public goods across
jurisdictions, and (iii) the degree of capital mobility. Different econ-
omies, due to their histories or for other reasons, are likely to vary in
terms of these three parameters. The central purpose of this paper is
to provide a framework to analyze the advantages and disadvan-
tages of FD versus FC under different combinations of these three
parameters. We examine how economic growth and social welfare
are impacted by the choice between FC and FD.

Under FC, the central government internalizes spillovers and
provides a relatively high level of public goods, but the economy
is vulnerable to excessive Leviathan taxation due to the lack of
tax competition. Under FD, local governments are constrained in
Leviathan taxation due to the presence of tax competition, but
they fail to internalize spillovers and may provide an insufficient
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4 In addition to Brueckner (1999, 2006), in a recent interesting study Hatfield
(2009) also analyzes the growth effect of fiscal federalism. He finds that fiscal
decentralization maximizes growth but results in an underprovision of public goods,
while fiscal centralization achieves the optimal provision of public goods under a
median voter.

5 This may explain why all of these studies focus on the growth rather than the
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level of public goods. We show that FD dominates FC in terms of
economic growth; however, the social welfare difference between
FD and FC is non-monotonic and displays a hump-shaped rela-
tionship with respect to capital mobility. Since higher capital
mobility induces stronger tax competition, this finding implies
that there is an optimal degree of tax competition; some tax com-
petition is desirable, but fierce tax competition may be harmful.
We also show that there is a critical level of spillovers of public
goods above which centralization dominates decentralization in
terms of social welfare, as in previous studies; however, if spill-
overs are below this critical level, capital mobility also matters
in the welfare comparison between centralized and decentralized
systems.

Edwards and Keen (1996) introduce Brennan and Buchanan’s
(1980) idea of taming the Leviathan via tax competition to the
standard tax competition literature.2 We follow their paper clo-
sely, but with three departures. First, while Edwards and Keen ana-
lyze the welfare effects of tax competition versus tax coordination
in a static framework, we analyze both the growth and welfare ef-
fects in a dynamic framework. As will be shown, pursuing growth
and welfare may be in conflict with each other. Second, while Ed-
wards and Keen consider the ‘‘local’’ case where capital is perfectly
mobile, we allow for all degrees of capital mobility. We show that
higher capital mobility under FD tends to tame the Leviathan gov-
ernment in taxing capital, which promotes economic growth, but at
the same time, higher capital mobility could worsen social welfare
by reducing the provision of public goods relative to FC. The trade-
off leads to an optimal degree of capital mobility preferred by cit-
izens and a hump-shaped welfare difference between FD and FC
with respect to the degree of capital mobility. This non-monotonic
hump-shaped relationship is absent in Edwards and Keen (1996)
since they only consider the ‘‘local’’ case where capital is perfectly
mobile. Third, interactions between governments could come from
the expenditure side as well as the revenue side. We address both
interactions in our model, whereas Edwards and Keen only address
the interaction on the revenue side. It will be shown that leaving
spillovers out of the picture in an analysis of tax competition
may overweigh the beneficial power of tax competition in taming
the Leviathan.

In the absence of tax competition and in a static framework,
Besley and Coate (2003) adopt a political economy approach to
the choice between centralization and decentralization.3 They basi-
cally show that there is a critical level of spillovers of public goods
above (below) which FC dominates (is dominated by) FD in terms
of welfare. This result resembles Oates’s (1972) classic finding
regarding the tradeoff between FC and FD, but its derivation is im-
mune to the artificial assumption of policy uniformity across juris-
dictions as in Oates. We also follow Besley and Coate (2003)
closely and, indeed, a main part of our model is borrowed directly
from their paper. However, unlike Besley and Coate (2003) in which
an explicit political process is modeled, we summarize the ineffi-
ciency of the political process with a parameter capturing the degree
to which politicians are rent seeking. Epple and Nechyba (2004, p.
2455) sum up the gist of the recent political approach to FC versus
FD as popularized by Besley and Coate (2003): ‘‘decentralization
becomes less attractive as inter-jurisdictional spillovers increase,
and inefficiencies in political systems provide a decentralizing
force.’’ Within our model, the political inefficiency of FC relative to
FD arises due to the lack of a discipline device in the form of tax com-
petition in FC. As will be shown, Besley and Coate’s results will be
qualified to a significant extent when tax competition is present.
2 See also Rauscher (1998, 2000).
3 See also Lockwood (2002).
A number of studies, such as Devereux and Mansoorian (1992),
Lejour and Verbon (1997), Razin and Yuen (1999) and
Koethenbuerger and Lockwood (2010), analyze the growth effect
of tax competition versus tax coordination. Brueckner (1999,
2006) considers a growth model with overlapping generations of
households and shows that economic growth is higher under fiscal
federalism.4 However, all of these studies follow the Pigouvian tra-
dition by assuming that governments are benevolent. This approach
assumes away the potential role of tax competition in constraining
the extravagant public sector and, consequently, FC always domi-
nates FD in terms of welfare since FC internalizes externalities while
FD does not.5 By contrast, FD may dominate, or be dominated by, FC
in terms of welfare in our framework.

Our study follows Rauscher (2005) in exploring the possibility
of taming Leviathan governments via tax competition in an endog-
enous growth model, but we differ from Rauscher (2005) in terms
of the modeling details and derived results. A key difference is that
we compare the performance of FD versus FC in terms of both eco-
nomic growth and social welfare while Rauscher’s study is con-
fined to the growth performance within FD.

The remainder of the paper is organized as follows. Section 2
introduces our model. Section 3 performs the analysis. Sections 4
and 5 make comparisons between FD and FC in terms of economic
growth and social welfare, respectively. Section 6 concludes. Proofs
are relegated to the Appendix.
2. Model

Our model may be viewed as a complement to Edwards and
Keen (1996) and Besley and Coate (2003) in the sense that (i) while
Edwards and Keen address the effects of tax competition under
perfect capital mobility in a static model without spillovers of pub-
lic goods, we address the effects of tax competition under all
degrees of capital mobility in a dynamic model with spillovers of
public goods, and (ii) while Besley and Coate address the effects
of spillovers in a static model in the absence of tax competition,
we address the effects of spillovers in a dynamic model in the pres-
ence of tax competition. Both Edwards and Keen (1996) and Besley
and Coate (2003) confine their analysis to consumption-type pub-
lic goods. To facilitate comparisons with them, we follow their
confinement.6

2.1. Citizens

There is a continuum of identical citizens, who reside in each of
two geographically distinct but symmetric jurisdictions. For sim-
plicity, we shall suppress the jurisdiction index and use a super-
script � to denote foreign variables. The two jurisdictions may be
understood as two neighboring districts of some metropolis like
Tokyo, or two neighboring member states in the EU such as France
and Germany. The two jurisdictions are assumed to have equal
welfare comparison between FD and FC. Although correct in our context, the
statement ‘‘FC always dominates FD in terms of welfare’’ may be a sweeping
generalization; see Kehoe (1989), who shows that coordination of capital taxation can
be counterproductive in mitigating the time inconsistency problem, even if politicians
are benevolent.

6 For analyses of production-type public goods, see Rauscher (2000, 2005).
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populations, which we normalize to unity. The lifetime utility of
citizens in each jurisdiction is represented by7

U ¼
Z 1

0
e�q:t ln Ct þ ð1� sÞ ln Gt þ s ln G�t

� �
dt; ð1Þ

where q > 0 is the common subjective discount rate, Ct is the le-
vel of consumption at time t, Gt is the level of local public goods
provided in the home jurisdiction at time t, and G�t is the level of
local public goods provided in the foreign jurisdiction at time t.
The parameter s 2 [0,0.5] indexes the degree of positive spill-
overs: if s = 0, citizens care only about the public good in their
home jurisdiction; if s = 0.5, citizens care equally about the public
goods in both jurisdictions. This setup of spillovers and the func-
tional form ð1� sÞ ln Gtþ s ln G�t are identical to those in Besley
and Coate (2003).

There is a single malleable good that can be used for consump-
tion, investment, or providing public goods. The production in each
jurisdiction is given by an AK production function8

Yt ¼ AKt;

where Yt and Kt are respectively output and capital per citizen at
time t, and A is a technology parameter. The domestic (foreign)
jurisdiction levies a tax at rate st s�t

� �
on each unit of capital em-

ployed in its own jurisdiction.9

Given K0, a citizen decides how much to consume and how
much to save/invest at each point of time to maximize lifetime
utility (1) subject to the following flow budget constraint

_Kt ¼ Yt � Ct � ðstDt þ s�t FtÞ �Mðht ;Kt ;mÞ; ð2Þ

where Dt (Ft) is the amount of the citizen’s capital allocated to the
home (foreign) jurisdiction at time t and stDt þ s�t Ft is the capital
tax paid by the citizen at time t. ht � Ft/Kt 2 [0,1] is defined as the
share of capital allocated to the foreign jurisdiction, and hence
1 � ht = Dt/Kt is the share of capital allocated to the home jurisdic-
tion. Similar to Persson and Tabellini (1992), the last term of (2)
represents a cost of capital allocation incurred by a citizen who allo-
cates a share ht of capital to the foreign jurisdiction (m is a shift
parameter to be explained later). This cost represents all the extra
frictions of foreign capital allocation compared with domestic allo-
cation, including those associated with less familiar foreign legal is-
sues, possible foreign capital controls, foreign country-specific risk,
and so on. It is meant to capture imperfect capital mobility across
jurisdictions.10
7 Including an additional parameter such that lnC + /[(1 � s)lnG + slnG⁄] in the
utility function would add an extra parameter to the equilibrium outcomes without
changing the qualitative properties of our results. Also, the log utility function implies
that the elasticity of intertemporal substitution (EIS) is one. Guvenen (2006)
summarizes the contradicting results from the empirical literature regarding the
value of this elasticity and reconciles the different results by recognizing two kinds of
heterogeneity: (i) the majority of households do not participate in stock markets and
(ii) wealthy households have a higher EIS than less-wealthy households. He also
argues that the properties of aggregate variables such as investment and output that
are related to wealth are mainly determined by the high-EIS stockholders. In the
context of tax competition, which involves capital investment, a high EIS seems more
appropriate.

8 In the standard AK model, capital is broadly interpreted to include human capital,
tangible and intangible capital with embodied technologies. Within our model,
however, agents are not free to move and so this interpretation should be modified in
that tax competition occurs only in the case of the mobile types of capital.

9 This is known as the source principle, under which ‘‘tax is paid at the rate of and
to the jurisdiction in which the income arises’’ (Keen, 1993, p. 27). Due to the
administrative difficulties of monitoring and taxing accrued income from ‘‘foreign
sources’’ in the real world, the source principle is typically assumed in the tax
competition literature; see Wellisch (2000, Chapter 4) and Haufler (2008, Chapter 4).

10 See Rauscher (2005) for a discussion on alternative approaches to model
imperfect capital mobility.
For analytical tractability, the cost M(�) in (2) is assumed to take
the following functional form11

Mðht ;Kt ;mÞ ¼ ðhtÞ2Kt=m;

which is increasing and convex in ht, implying that it is costly for
citizens to exercise portfolio allocation abroad rather than at home
and that the associated marginal cost is increasing in the share of
foreign capital. We let Kt enter M(�) linearly to ensure a balanced-
growth path. The parameter m 2 [0,1] indexes the degree of capital
mobility across jurisdictions: when m = 0, the foreign portfolio-
allocation cost goes to infinity and capital is de facto immobile;
when m =1, the foreign portfolio-allocation cost goes to zero and
capital is perfectly mobile. As we will show later, other things being
equal, the higher the m the lower the equilibrium st will be. Thus,
the parameter m can also be viewed as an index measuring the de-
gree of tax competition. Given st, s�t and M(�), citizens will allocate
their capital between the two jurisdictions to arbitrage away any
difference in the net-of-tax capital return. Citizens themselves are
assumed to be immobile, and this assumption allows us to focus
on the impact of tax competition on mobile capital.12

2.2. Politicians

There are politicians in each jurisdiction. Politicians are finite in
number and hence they form a measure-zero subset in the set of
the continuum of citizens. One way of modeling politicians’ prefer-
ences is to assume that they are identical to citizens’, except that
politicians will utilize their political power to seek rents once they
are in power. The other way of modeling these preferences is to fol-
low the Weberian tradition and let politicians be distinct from cit-
izens. More specifically, politicians are assumed to take politics as a
vocation and to strive to make politics a permanent source of in-
come. However, to be elected or reelected, politicians must pay
some attention to citizen welfare as well. Consistent with either
interpretation, the lifetime utility of politicians in each jurisdiction
in our model is given by

V ¼ ð1� LÞU þ L
Z 1

0
e�q�t ln Rtdt

� �
; ð3Þ

where Rt is the amount of tax revenue extracted and expended by
politicians for their own self-interested purposes at time t. The
parameter L 2 [0, 1] indexes the exogenous degree to which politi-
cians are rent seeking: when L = 0, the politicians become com-
pletely benevolent; when L = 1, the politicians become completely
self-interested. This degree to which politicians are rent seeking re-
flects the extent of the government’s accountability in various polit-
ical institutions. The higher the accountability, the lower the L
should be (Lockwood, 2006). Similar political preferences have been
utilized by Edwards and Keen (1996), Rauscher (1998, 2000) and
others.13

Given the citizens’ best response, politicians in each jurisdiction
choose a capital tax rate and the allocation of tax revenue between
11 This functional form is consistent with Persson and Tabellini (1992). Lejour and
Verbon (1997) also consider a similar cost function but with an extra term that
captures the portfolio-allocation benefits. Under this formulation, there are opposing
effects of tax competition on the equilibrium tax rate. We focus on the negative effect
of tax competition on the equilibrium tax rate in accordance with the empirical
evidence discussed below.

12 Thus, we shall not address the issue of residential mobility á la Tiebout (1956).
For a model that integrates the tax competition literature with the Tiebout tradition,
see Brueckner (2000, 2004).

13 We apply the same L to both FC and FD, and focus on the different impacts of FC
versus FD under the same L. It can nevertheless be imagined that the degree to which
politicians are rent seeking may vary across FC and FD. Put differently, FC and FD may
differ in selecting ‘‘good’’ or ‘‘bad’’ types of politicians; see Lockwood (2006) for a
review of the issue.
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rents and public goods to maximize (3) subject to the law of mo-
tion for capital and the instantaneous balanced budget constraint.
Depending on whether the regime is FC or FD, however, the prob-
lem formulations are somewhat different. We describe them in the
next section.

3. Fiscal centralization versus decentralization

As is standard in the literature, we take the Ramsey approach in
which governments move first and, given the policy chosen by the
governments, citizens make their best response. In the case of FC,
politicians from local jurisdictions form a ‘‘central government’’
to coordinate or harmonize their fiscal policy: they internalize
spillovers of public goods across jurisdictions and set a uniform
tax rate to eliminate tax competition for mobile capital. In the case
of FD, politicians in each jurisdiction choose their policy indepen-
dently and simultaneously at each point of time. In this case, they
fail to internalize spillovers of public goods across jurisdictions and
set the tax rates non-cooperatively due to coordination failures.
We spell out the details of the interactions between the various
players below.14

3.1. Fiscal centralization

Because the two jurisdictions are identical by assumption, we
seek a symmetric solution. Politicians under FC are assumed to
coordinate their policy and enforce st ¼ s�t at all times. Therefore,
citizens will choose ht = 0 to avoid the portfolio-allocation cost.
The amount of tax revenue collected from each district at time t
is Tt = stKt. Denote gt � Gt/Kt as the share of capital allocated to pub-
lic goods, rt � Rt/Kt as the share of capital extracted by politicians,
and ct � Ct/Kt as the share of capital consumed by the households.
Taking the path of st as given, the households choose the path of ct

to maximize (1) subject to (2). Taking the households’ best re-
sponse as given, the politicians choose the paths of st, gt and rt to
maximize the joint payoff (i.e., V + V⁄) subject to the citizens’ best
response, the law of motion for capital, and the instantaneous bal-
anced-budget condition.

The solution concept that we use is Markov perfect equilib-
rium.15 Lemma 1 gives the equilibrium outcomes under FC denoted
by a superscript c. We define ft � Gt/Tt = gt/st as the share of tax rev-
enue devoted to the provision of public goods (and hence 1 � ft is the
share of tax revenue devoted to politicians’ own expenses).

Lemma 1. Under FC, the symmetric Markov perfect equilibrium
outcomes for all t are
16
cc
t ¼ q; ð4Þ

sc
t ¼ q=ð2� LÞ; ð5Þ

f c
t ¼ 1� L; ð6Þ
cc

t ¼ A� q� sc
t ; ð7Þ

where cc
t � _Kc

t=Kc
t .

Given the log utility function, we have the standard result in
growth models that citizens consume a fixed share q of Kc

t . Note
that Kt is predetermined at time t. Because citizens consume a fixed
share of this predetermined variable, the government cannot use
current or future policies to affect citizens’ current consumption.
14 Technically, we are solving a differential game. See Dockner et al. (2000) for a
textbook treatment of this topic.

15 The Markov perfect equilibrium is a popular solution concept in the dynamic-
game literature because Markovian strategies are based on only the payoff-relevant
state variables. In the case of history-dependent strategies that are mappings from the
entire history, multiple equilibria often arise; see for example Acemoglu (2009,
Appendix C) for a discussion.
This implies that the government has no incentive to deviate from
the chosen policies at any point of time. Therefore, the policies are
time consistent, which is not surprising given the finding of Xie
(1997).16 Note that any subgame starting at (Kt, t > 0) has the same
structure as the original game at (K0, t = 0) in our model. Since the
players’ strategies derived are stationary (ct,st,gt and rt are all con-
stants and do not depend on time), they are subgame perfect; see
Dockner et al. (2000, Section 4.3).

At each point of time, citizens consume a share q of capital (see
(4)), while the central government transfers a share sc of capital to
the public sector via taxation (see (5)). Thus, the saving rate on cap-
ital is A � q � sc, and this saving rate directly determines the growth
rate of the economy (see (7)). Of the capital transferred to the public
sector, a share L is expended by politicians for their self-interested
purposes and the rest 1 � L is used for the provision of public goods
(see (6)). It is observed that the growth rate cc is decreasing in sc.
This is because a higher sc implies a higher share of non-productive
public consumption by both citizens and politicians; hence, a lower
saving rate for capital investment. Note that sc is increasing in L
while fc is decreasing in L. Both results seem intuitive.

Because this simple AK model does not exhibit transition
dynamics, the citizens’ lifetime utility (1) can be expressed as

U ¼ ln C0

q
þ c

q2

� �
þ ð1� sÞ ln G0

q
þ c

q2

� �
þ s

ln G�0
q
þ c�

q2

� �
: ð8Þ

From (4), Cc
0 ¼ q:K0. Without loss of generality, we shall set K0 = 1.

After dropping the constant term lnC0/q (which is independent of
L, s and m) and letting G0 ¼ G�0 by symmetry, (8) gives rise to

q:Uc ¼ ln Gc
0 þ 2cc=q; ð9Þ

where Gc
0 ¼ f cscK0 ¼ f csc � Uc in (9) gives the citizens’ welfare

under FC. Note that the higher is L, the lower will Uc be. This is
because both Gc

0 and cc are decreasing in L.

3.2. Fiscal decentralization

In the case of FD, the domestic government maximizes (3) sub-
ject to: (i) the balanced-budget condition

Gt þ Rt ¼ Tt ¼ st Dt þ F�t
� �

¼ st ð1� htÞKt þ h�t K�t
� �

; ð10Þ

(ii) the foreign government’s policy choice, (iii) the citizens’ best re-
sponse, and (iv) the laws of motion for domestic and foreign capital.
The term h�t :K

�
t in (10) represents the amount of foreign capital allo-

cated to the home jurisdiction.
Given st, s�t , Gt and G�t , each citizen consumes a share ct of her

own capital and allocates a share ht of capital to the foreign juris-
diction to maximize (1) subject to (2). There is no fiscal coordina-
tion between local governments under FD. To seek mutual best
responses between local governments, the solution concept that
we use is again the Markov perfect equilibrium.17 In the Proof of
lemma 2, we show that the citizens’ capital-allocation rule is
ht ¼min ðm=2Þ st � s�t

� �
;1

� 	
if st P s�t and ht = 0 otherwise. This cap-

ital-allocation rule equates the marginal benefit of foreign portfolio
allocation st � s�t with the marginal cost 2ht/m. Given that we focus
on the symmetric equilibrium, ht equals zero with st ¼ s�t in equilib-
rium. Nonetheless, the possibility of capital outflow under FD still
Xie (1997) shows that time-consistent fiscal policies will arise in Stackelberg
differential games for the class of utility-production pairs U = (C1�r � 1)/(1 � r) and
Y = AKr for r 2 (0,1]. We have r = 1 in our model.

17 When solving this simultaneous-move differential game between politicians in
the two jurisdictions, we focus on strongly symmetric strategies (i.e., politicians take
the same action both on and off the equilibrium path). This restriction is only for the
purpose of ensuring that the equilibrium is subgame perfect among the set of off-
equilibrium (symmetric) trajectories. See Fudenberg and Tirole (1991, pp. 163-65) for
a discussion on strongly symmetric equilibrium.
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exerts its impact, forcing local governments to set a lower tax rate
than that under FC. Lemma 2 gives the equilibrium outcomes under
FD denoted by a superscript d.

Lemma 2. Under FD, the symmetric Markov perfect equilibrium
outcomes for all t are

cd
t ¼ q; ð11Þ

sd
t ¼ q

Lþ ð1� sÞð1� LÞ
1þ ð1� sÞð1� LÞ þmq½Lþ ð1� sÞð1� LÞ�

� �
; ð12Þ

f d
t ¼

ð1� sÞð1� LÞ
Lþ ð1� sÞð1� LÞ ; ð13Þ

cd
t ¼ A� q� sd

t ; ð14Þ

where cd
t � _Kd

t =Kd
t .

Again, citizens consume a fixed share q of Kd
t ; thus, the policies

are time consistent. Since the players’ strategies derived are sta-
tionary, they are again subgame perfect. At each point of time, cit-
izens consume a share q of capital (see (11)) while each local
government transfers a share sd of capital to the public sector via
taxation (see (12)). Thus, the saving rate on capital is A � q � sd,
and this saving rate again directly determines the growth rate
(see (14)). Note that sc = sd, fc = fd and cc = cd if s = m = 0. In other
words, FD is equivalent to FC in terms of economic growth if spill-
overs of public goods are absent and capital mobility is zero.

From (12), we see that the higher is m, the lower will sd be.
Given the citizens’ capital allocation rule, each local government
has a stronger incentive to undercut its own capital tax rate to pre-
vent capital outflow and attract capital inflow when capital mobil-
ity m is higher. Thus, higher capital mobility generates stronger tax
competition and drives down the equilibrium tax rate if the regime
is characterized by FD rather than FC.18 As before, (8) gives rise to

q:Ud ¼ ln Gd
0 þ 2cd=q ð15Þ

where Gd
0 ¼ f dsdK0 ¼ f dsd: Ud in (15) gives the citizens’ welfare

under FD. Because both Gd
0 and cd are decreasing in L, Ud is also

decreasing in L.

4. Economic growth

This section compares the effects of FD versus FC on economic
growth as the degree to which politicians are rent seeking, the de-
gree of spillovers, and the degree of capital mobility (or tax compe-
tition) varies. From Lemmas 1 and 2, given L 2 [0, 1], sc P sd and
cc
6 cd always hold, and sc > sd and cc < cd unless m = 0 plus s = 0

or L = 1. The intuition for this result is straightforward. First, tax
competition under FD leads to a lower tax rate. Second, the inter-
nalization of spillovers under FC reinforces the absence of tax com-
petition and leads to a higher tax rate. Therefore, FC gives rise to a
higher tax rate than FD. Imposing a higher tax rate is detrimental
to growth in our model because a larger share of capital is trans-
ferred to the public sector for non-productive consumption (con-
sumption-type public goods or expended rents). However, one
should not interpret this finding beyond our model since it omits
productive public expenditures.19 Nevertheless, Proposition 1 deliv-
ers a clear message: as far as non-productive public expenditures are
18 A recent empirical study by Devereux et al. (2008) demonstrates that the
substantial fall in the statutory corporate tax rates of OECD countries in the 1980s and
1990s can be explained by more intense tax competition, which was triggered by the
relaxation of capital controls (related to our index m). Similarly, Winner (2005) finds
that capital mobility exerts a significant negative impact on capital tax for a sample of
23 OECD countries from 1965 to 2000.

19 Rauscher (2005) considers productive public expenditures with Leviathan
governments and finds that the effects of increased capital mobility on the
equilibrium tax rate and the growth of an economy are ambiguous in general.
concerned, FD dominates FC in terms of growth.20 Proposition 1
summarizes this result, and Fig. 1 plots the equilibrium growth rates
against the degree of capital mobility under FD and FC for L 2 [0,1).

Proposition 1. Suppose politicians are not completely self-interested
(i.e., L 2 [0,1)).

(i) In the absence of spillovers of public goods (i.e., s = 0), FD
strictly dominates FC in terms of economic growth if and
only if the degree of capital mobility is positive (i.e., m > 0).

(ii) In the presence of spillovers of public goods (i.e., s > 0), FD
strictly dominates FC in terms of economic growth.
Proof. Substitute (5) into (7) and (12) into (14). Then, compare (7)
and (14). h

Fig. 1 shows that the higher the degree of tax competition (i.e., a
larger m), the higher will be the growth rate of FD relative to FC
(i.e., a higher cd relative to cc). One can imagine that greater fiscal
decentralization in some economies is partly or even mainly moti-
vated by a desire to promote economic growth. Oates (2005, p.
349) indeed observes: ‘‘In the developing nations, such restructur-
ing [decentralization] has been, in part, a response to the failure of
centralized planning to bring the sustained growth that was one of
its major objectives.’’ However, as we will demonstrate below,
enhancing growth does not necessarily improve welfare and, in
fact, may be welfare decreasing.

5. Social welfare

We start our analysis with the extreme cases L = 0 and L = 1.
Both spillovers and capital mobility can be viewed as fiscal exter-
nalities (one is on the expenditure side and the other is on the rev-
enue side).21 FC internalizes these fiscal externalities, whereas FD
does not. As a result, FC dominates FD in terms of welfare if politi-
cians are completely benevolent (i.e., L = 0). However, if politicians
are completely self-interested (L = 1), FC and FD are equally detri-
mental to welfare: both Uc and Ud go to negative infinity, since Gc

0

in (9) and Gd
0 in (15) are both equal to zero.

For the rest of this section, we examine the more interesting
and, arguably, more realistic cases with L 2 (0,1). Using Lemmas
1 and 2, (9) and (15) yields

qðUd � UcÞ ¼ ln
Gd

0

Gc
0

 !
þ 2

q

� �
ðcd � ccÞ ¼ ln

f dsd

f csc

� �
þ 2

q

� �
ðsc � sdÞ:

ð16Þ
20 Brueckner (2006) observes that initial empirical studies tend to find a negative or
no relationship between fiscal decentralization and growth, while the more recent
studies tend to obtain a positive relationship.

21 When one jurisdiction raises its tax rate on mobile capital, the other jurisdiction
will gain in its tax base; see Wildasin (1989) for the details.



Fig. 2. Welfare effects of FD versus FC in the absence of spillovers.

22 From Lemmas 1 and 2, (9) and (15), we have qU = lnG0 + c(2/q), where
G0 = s(1 � L) and c = A � q � s. Using o(qU)/os = 0 yields the optimal tax rate
preferred by citizens. Note that the second-order condition for the optimal tax rate
is satisfied.

23 This result is originally articulated by Oates (1972) and formally modeled by
Wilson (1986) and Zodrow and Mieszkowski (1986). It is stated as Proposition 4.1 in
Wellisch (2000, p. 64) and as Proposition 4.2 in Haufler (2001, p. 65).
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sc P sd always holds and sc > sd unless s = m = 0. In addition, fc P fd

always holds and fc > fd unless s = 0. Therefore, cd > cc; however,
Gd

0 < Gc
0 unless s = m = 0. We then see from (16) that FD has its wel-

fare edge in growth (cd > cc) while FC has its welfare edge in public
goods Gd

0 < Gc
0


 �
.

In the following, we first examine the case where s = 0 (i.e.,
there are no spillovers), and then we examine the other case where
s > 0 (i.e., there are spillovers).

5.1. No spillovers (s = 0)

In this case, fd = fc always holds, sd = sc if m = 0, and sd < sc if
m > 0. Eq. (16) becomes

qðUd � UcÞ ¼ ln
Gd

0

Gc
0

 !
þ 2

q

� �
ðcd � ccÞ ¼ ln

sd

sc

� �
þ 2

q

� �
ðsc � sdÞ

ð16-1Þ

which clearly shows the dilemma of stronger tax competition: tax
competition under FD promotes economic growth by taming Le-
viathan governments (cd � cc = sc � sd > 0), but at the same time it
reduces the provision of beneficial public goods relative to FC
(Gd

0=Gc
0 ¼ sd=sc < 1Þ. The tradeoff between promoting economic

growth and reducing public good provision suggests that there
may exist an optimal degree of capital mobility/tax competition
and hence a corresponding optimal capital tax rate preferred by cit-
izens. We confirm this possibility below. As we have emphasized
before, this feature of optimality is absent in Edwards and Keen
(1996) since they only consider the ‘‘local’’ case where capital is
perfectly mobile, whereas we allow for all degrees of capital
mobility.

Using Lemmas 1 and 2, (16) with s = 0 gives the following
results.

Proposition 2. Suppose that politicians are partly self-interested (i.e.,
L 2 (0,1)) and that spillovers of public goods are absent (i.e., s = 0).
Then, the welfare difference between FD and FC (i.e., Ud � Uc) is
concave in the degree of capital mobility m and reaches its maximum
at m ¼ L=q � ~mjs¼0. Whether Ud � Uc is positive or negative varies
with the degree of capital mobility:

(i) Under zero capital mobility (i.e., m = 0), FD and FC are equiva-
lent in terms of welfare (i.e., Ud � Uc = 0);

(ii) Under perfect capital mobility (i.e., m =1), FD is dominated by
FC in terms of welfare (i.e., Ud � Uc < 0);

(iii) Under imperfect capital mobility (i.e., m 2 (0,1)), there exists a
threshold degree of capital mobility, denoted by m̂, below which
FD dominates FC in terms of welfare (i.e., Ud � Uc > 0) but above
which FD is dominated by FC in terms of welfare (i.e.,
Ud � Uc < 0). The threshold m̂ has the following properties: (a)
m̂ > ~mjs¼0, (b) @m̂=@L > 0, (c) m̂! 0 as L ? 0, and (d)
m̂! x <1 as L ? 1 with x satisfying (1 + xq)ln(1 + xq) = 2xq.

Fig. 2 plots Ud � Uc against m, along with the comparative static
effect of varying the degree to which politicians are rent seeking.
The comparative static effect shows that the curve representing
Ud � Uc will extend to the right as the degree to which politicians
are rent seeking increases (L2 > L1 > 0).

We explain each of (i), (ii) and (iii) below. For (i), in the absence
of both capital mobility and spillovers (i.e., s = m = 0), FD is equiv-
alent to FC. Therefore, Ud = Uc must be true. For (ii), when m =1,
sc > 0 while sd = 0 according to (5) and (12). It is then clear from
(16-1) that Ud < Uc because a zero provision of public goods under
FD leads to an infinitely negative utility.

The intuition for (iii) is as follows. In the absence of tax compe-
tition under FC, Leviathan governments will always choose too
high a tax rate relative to the optimal tax rate for citizens. As such,
tax competition can be employed to ‘‘correct’’ this excessive Le-
viathan taxation and move the equilibrium tax rate closer toward
the optimum. The optimal degree of capital mobility preferred by
citizens is ~mjs¼0 ¼ L=q because, given the equilibrium tax rate
sd = q/(2 � L + mq) under FD (s = 0), this degree of capital mobility
will result in the optimal tax rate given by ~sjs¼0 ¼ q=2.22 The effect
of m on Ud � Uc is hump-shaped since the negative effect of fewer
public goods dominates (is dominated by) the positive effect of a
higher growth rate if the value of m is higher (lower) than the opti-
mal degree ~mjs¼0.

Contrasting the equilibrium tax rate sd = q/(2 � L + mq) with
the optimal tax rate ~sjs¼0 ¼ q=2 shows that the higher the degree
to which politicians are rent seeking (i.e., a higher L), the larger will
be the role for tax competition (i.e., a larger m). This indirectly ex-
plains why @m̂=@L > 0 holds. Stronger tax competition will be
needed to enhance citizen welfare if the ‘‘weight’’ that politicians
attach to their self-interest or the extent of the rent diversion
increases.

From the Proof of proposition 3, we see that the derivative of
Ud � Uc with respect to m will be (weakly) negative if L = 0. Thus,
introducing tax competition would not improve citizen welfare
at all if politicians were completely benevolent; see also Proposi-
tion 2 (iii)-(c). This dynamic finding is consistent with a fundamen-
tal static result in the tax competition literature, namely, that tax
competition for mobile capital is harmful since it tends to produce
a low tax rate and result in an undersupply of local public goods.23

The fundamental static result is derived under the Pigouvian tradi-
tion which assumes that politicians act in the best interests of citi-
zens. As Wilson (2005, p. 2) notes, the assumption that politicians
act benevolently ‘‘clearly stacks the deck against tax competition.’’
On the other hand, since the threshold m̂ only approaches a finite
number as L ? 1 (see Proposition 2 (iii)-(d)), tax competition under
FD can be excessive and harmful to welfare even if politicians are al-
most completely rent seeking. Using L’Hôpital’s rule, one can show
that lim

m!1
ðGd

0=Gc
0Þ ¼ 0. From (16-1), it is then implied that

(Ud � Uc) ? �1 as m ?1. This result holds even if L ? 1. Intui-
tively, stronger tax competition per se has its own tradeoff (promot-
ing growth against reducing the provision of public goods) and
hence if tax competition is fierce, it can be excessive and harmful
to welfare even if L ? 1.

Devereux et al. (2008) observe (p. 1210): ‘‘Statutory rates of cor-
poration tax in developed countries have fallen substantially since
the early 1980s. The average rate amongst OECD countries in the
early 1980s was nearly 50%; by 2001 this had fallen to under
35%.’’ In fact, they find that one third of the members of the
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European Union had a rate at or below 30% by 2001, even though
almost all members had a rate above 30% in 1992. According to our
model, this downward trend in tax rates is likely generated by
more intense tax competition, which is triggered by higher capital
mobility. This hypothesis is corroborated by the recent empirical
work of Devereux et al. (2008), which concludes (p. 1213): ‘‘The
relaxation of capital controls has generated competition between
an increasing number of countries; it is this more intense compe-
tition which has driven down equilibrium tax rates.’’24 Higher cap-
ital mobility is identified with the relaxation of capital controls in
Devereux et al. (2008). Other measures of capital mobility consis-
tently suggest a significant increase in international capital mobility
during the 1980s and 1990s as compared to the 1970s (Obstfeld,
1996; Bretschger and Hettich, 2002; Monadjemi and Loadewijks,
2003; Winner, 2005).

Devereux et al. (2008) also observe increased attempts at inter-
national coordination (p. 1211): ‘‘Both the European Union and the
OECD introduced initiatives in the late 1990s designed to combat
what they see as ‘harmful’ tax competition.’’ Our finding is consis-
tent with this observation, in that some tax competition is desir-
able in social welfare, but fierce tax competition may be harmful.

It is immediately seen from contrasting Proposition 1 (Fig. 1)
with Proposition 2 (Fig. 2) that enhancing growth may be inconsis-
tent with improving welfare. The reason behind this result is obvi-
ous: the tax-financed public good provision, though detrimental to
growth, may be utility enhancing. The possible inconsistency be-
tween growth and welfare derived from our model suggests that
one should not translate empirical evidence in support of economic
growth directly into evidence for welfare improvement. If eco-
nomic growth is only a means to achieving higher citizen welfare,
then focusing on the growth effect of FD alone may be incomplete,
if not misleading.

5.2. Spillovers (s > 0)

Our analysis above is confined to the case in which spillovers of
public goods are absent (s = 0). This section considers the more
general and, perhaps more realistic, case in which spillovers of
public goods are present (s > 0). In the absence of tax competition
and in a static framework, Besley and Coate (2003) adopt a political
economy approach to the choice between FC versus FD. They basi-
cally show that there is a critical level of spillovers above which FC
dominates FD in welfare, but below which the opposite occurs.
This result resembles Oates’s (1972) classical finding regarding
the tradeoff between FC and FD. It is interesting to know whether
this result remains robust in the presence of tax competition in our
dynamic setting.

With s > 0, both fd < fc and sd < sc hold at any m 2 [0,1]. From
(16) and Lemmas 1 and 2, we obtain the following results.

Proposition 3. Suppose that politicians are partly self-interested (i.e.,
L 2 (0,1)) and that spillovers of public goods are present (i.e., s > 0).
Then, the welfare difference between FD and FC (i.e., Ud � Uc) is
concave in the degree of capital mobility m and reaches its maximum

at m ¼ 2L�1þð1�sÞð1�LÞ
q½Lþð1�sÞð1�LÞ� � ~mjs>0. Whether Ud � Uc is positive or negative

varies with the degree of capital mobility:
24 See also another recent empirical work by Winner (2005), who finds, among other
things, a significant negative impact of capital mobility on capital tax burdens for a
sample of 23 OECD countries for the time period 1965–2000. One may argue that the
evidence of a ‘‘race to the bottom’’ in tax rates is consistent with alternative
hypotheses including yardstick competition and a common intellectual trend.
Devereux et al. (2008) respond to the argument, showing that it is not well explained
by other hypotheses since strategic interactions are generally present only between
economies without significant capital controls.
(i) Under zero capital mobility (i.e., m = 0), FD is dominated by FC
in terms of welfare (i.e., Ud � Uc < 0);

(ii) Under perfect capital mobility (i.e., m =1), FD is dominated by
FC in terms of welfare (i.e., Ud � Uc < 0);

(iii) Under imperfect capital mobility (i.e., m 2 (0,1)), there exists a
threshold degree of spillovers of public goods, denoted by �s,
above which FD is dominated by FC in terms of welfare (i.e.,
Ud � Uc < 0) for all m 2 (0,1); but below which FD dominates
FC in terms of welfare (i.e., Ud � Uc > 0) if and only if the degree
of capital mobility falls within an intermediate range m 2
ðm; �mÞ, where ðm; �mÞ corresponds to s with @ m/@s > 0 and
@ �m=@s < 0. The threshold �s has the following properties: (a) it
yields Ud � Uc = 0 at m ¼ ~mjs>0, and (b) @�s=@L > 0.

Fig. 3 plots Ud � Uc against m, in the presence as well as in the
absence of spillovers of public goods. According to Proposition 3
(iii), the hump-shaped curve associated with s > 0 in Fig. 3 will shift
downward as the degree of spillovers increases.

FC internalizes spillovers while FD ignores them and hence,
other things being equal, the presence of spillovers will reduce
the welfare edge of FD relative to FC. The intriguing question is
how the presence of spillovers would modify the power of tax
competition. Our result (iii) shows that when the degree of spill-
overs is relatively small (i.e., s < �sÞ, FD dominates FC if and only
if the degree of capital mobility (and hence tax competition) falls
within an intermediate range (i.e., m 2 ðm; �mÞÞ. Note that @ m/
@s > 0 and @ �m=@s < 0; as a result, once the degree of spillovers is
large enough (i.e., s > �sÞ, FD is always dominated by FC. From the
definition of ~mjs>0, we also see that the optimal degree of capital
mobility preferred by citizens becomes lower if the degree of spill-
overs increases or the degree to which politicians are rent seeking
decreases.

The intuition is as follows. In the absence of tax competition un-
der FC, Leviathan governments will always choose too high a tax
rate relative to the optimum. Therefore, tax competition can be
again employed to ‘‘correct’’ this excessive Leviathan taxation.
However, starting from m = 0, a small increase in tax competition
is not sufficient to overcome the welfare loss of FD relative to FC
due to the presence of spillovers. This explains why Ud > Uc only
if m is large enough to exceed m, which is increasing in s. On the
other hand, the presence of spillovers exacerbates the underprovi-
sion of public goods caused by tax competition under FD relative to
FC. This explains why Ud > Uc only if m is below �m, which is smaller
than m̂ and decreasing in s. If spillovers are severe enough so that U
becomes much lower under FD than FC, no tax competition can
overcome and compensate for the welfare loss due to the presence
of spillovers. This explains the result of s > �s stated in Proposition 3
(iii).

With the incorporation of tax competition, our result that FC
dominates FD if s > �s parallels the classical result found by Oates
(1972) and Besley and Coate (2003) in the absence of tax competi-
tion. However, if s < �s, the outcome becomes a bit more compli-
cated. Whether FC or FD is preferred in terms of welfare in our
Fig. 3. Welfare effects of FD versus FC in the presence of spillovers.
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model is more subtle: the spillover effect alone determines the
welfare comparison if s > �s, whereas tax competition also plays a
role if s < �s.25

Contrasting s > 0 with s = 0 in Fig. 3 enables us to see that the
presence of spillovers mitigates the welfare edge of tax competi-
tion in taming the Leviathan under FD relative to FC. In particular,
Proposition 3 (iii) shows that the welfare edge of tax competition
under FD would disappear completely once the degree of spill-
overs of public goods is large enough. In this sense, leaving out
the picture of spillovers in an analysis of tax competition may
overweigh the beneficial power of tax competition in taming
the Leviathan.
6. Concluding remarks

Economists seem to have an ambivalent attitude toward the
force of tax competition. On the one hand, the literature follow-
ing Wilson (1986) and Zodrow and Mieszkowski (1986) tends to
blame tax competition for setting inefficiently low tax rates and
undersupplying public goods. On the other hand, the literature
following Brennan and Buchanan (1980) tends to praise tax com-
petition for taming Leviathans and mitigating the abuse of taxing
power. These two contrasting views reflect not merely different
perceptions of governments (Pigouvian versus Leviathan), but
also real policy concerns. In this paper, we develop a model to
reconcile the two divergent views of tax competition in the con-
text of the choice between FC versus FD in a dynamic frame-
work. We also incorporate spillovers of public expenditures and
examine how their presence may modify the power of tax com-
petition. We show that FD dominates FC in terms of economic
growth; however, the social welfare difference between FD and
FC is non-monotonic and displays a hump-shaped relationship
with respect to capital mobility. Since higher capital mobility in-
duces stronger tax competition, this finding implies that there is
an optimal level of tax competition; some tax competition is
desirable, but fierce tax competition may be harmful. We also
show that there is a critical level of spillovers of public goods
above which centralization dominates decentralization in terms
of social welfare, as in previous studies; however, if spillovers
are below this critical level, capital mobility also matters in the
welfare comparison between centralized and decentralized
systems.

We conclude our paper with several remarks about potential
extensions. First, following many others, we model FC versus FD
as a discrete choice as if there were no other alternatives. This is
of course not true in the real world. One often-observed approach
is to complement FD with central government intervention
through intergovernmental grants, subsidies, or regulations. The
EU’s special funds and the US’s federal-state transfer and grant pro-
grams are examples. As noted by Epple and Nechyba (2004), this
approach lies in attempts to combine the benefits of FD with the
benefits of FC. A recent study by Hatfield and Padró i Miquel (forth-
coming) is also worth noting. They consider a political economy
theory of FC versus FD, showing that the capital poor decisive voter
25 Bjorvatn and Schjelderup (2002) consider interactions between spillovers and tax
competition, showing that the existence of spillovers may reduce the extent of tax
competition. This result arises because each government realizes that its aggressive-
ness will dampen the amount of capital income tax collected by other governments
and hence their contributions to international public goods. In our model, tax
competition is driven by the degree of capital mobility, and spillovers and capital
mobility exert their respective effects independently on equilibrium tax rates. By
comparison, in Bjorvatn and Schjelderup (2002), tax competition is driven by the
number of competing jurisdictions, and equilibrium tax rates are determined by
interactions between spillovers and the number of competing jurisdictions.
would favor a partial degree of decentralization since decentraliza-
tion with its presence of tax competition provides a commitment
to lower excessive capital taxes. In our framework, partial decen-
tralization can be introduced by allowing for a continuum of public
goods differentiated by the degree of spillovers. It would then be
interesting to analyze how different public goods should be pro-
vided by local governments as opposed to a central government.
However, these and other related extensions are beyond the scope
of our study. A related issue is that we identify FC with ‘‘coopera-
tive’’ solutions while FD is identified with ‘‘uncooperative’’ solu-
tions. This dichotomy may be too simple to hold in the real
world. Still, this dichotomous framework provides a useful bench-
mark to organize the problem.

Secondly, our formulation of politicians’ preferences as repre-
sented by (3) is obviously a reduced-form approach to politics. Like
the standard production function of the firm, this formulation is a
‘‘black box’’ and its details are left unspecified. Because of its ‘‘black
box’’ nature, the formulation can be interpreted to accommodate a
variety of political institutions and is flexible enough to incorpo-
rate a continuum of possible government objectives with the
Pigouvian and the Leviathan as two extreme ends. Another advan-
tage of this formulation is that it enables us to focus more on
economics than politics in the analysis. Nevertheless, just as unrav-
eling the production function of the firm has been proven to be
fruitful, unraveling the political process and making explicit polit-
ical institutions should be fruitful, too. In fact, the recent political
economy approach to FC versus FD is precisely moving in this
direction; see Lockwood (2006) for a survey of the literature. Incor-
porating explicit political institutions into our model should merit
further study.

Finally, our model is highly stylized and abstracts from many
possible directions of generalization, such as incorporating public
capital goods, allowing for labor mobility, taking account of heter-
ogeneous citizens, expanding tax instruments for governments to
include labor or consumption taxes, and considering more general
utility or production functions. Nonetheless, it is hoped that our
simple model may well serve as a useful first approximation to
the real world and enable us to focus on what we believe to be
the essence of our problem.
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Appendix A

Proof of Lemma 1. Given that there is a unit continuum of citizens
indexed by a superscript h 2 [0,1] in each jurisdiction, each citizen
controls her own capital Kh

t without being able to affect the total
capital stock Kt �

R
Kh

t dh within the jurisdiction. Therefore, each
citizen takes Gt = gtKt as given. Each citizen consumes a share ch

t of
her own capital to maximize (1) subject to (2) taking st, s�t , Gt and
G�t as given. Since citizens are identical, we will suppress the index
h from now on. With ht = 0, the representative citizen’s current-
value Hamiltonian becomes

Ht ¼ lnðctKtÞ þ ltðA� ct � stÞKt : ðA1Þ

The first-order conditions are
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@Ht

@ct
¼ 1

ct
� ltKt ¼ 0; ðA2Þ

@Ht

@Kt
¼ 1

Kt
þ ltðA� ct � stÞ ¼ ltq� _lt ; ðA3Þ

@Ht

@lt
¼ ðA� ct � stÞKt ¼ _Kt ; ðA4Þ

and the transversality condition is

lim
t!1

e�q�tltKt ¼ 0: ðA5Þ

Combining (A3) and (A4) yields

_ltKt þ lt
_Kt ¼ qltKt � 1: ðA6Þ

Integrating (A6) with respect to time yields lt Kt = eq�tX + 1/q, and
(A5) implies that the integration constant X must equal zero. There-
fore, we have

lt ¼ ðqKtÞ�1
: ðA7Þ

Combining (A2) and (A7) yields

Ct ¼ q � Kt : ðA8Þ

Substituting (A8) into (A4) shows that ct � _Kt=Kt ¼ A� q� st .
From (A7), l0 = (q�K0)�1 is predetermined and hence non-

controllable in the sense that l0 cannot be manipulated by
changing the government policy. Thus it is implied from (A2) that
ct is also non-controllable and, as a result, the government policy is
time consistent; see Karp and Lee (2003). In this case, there are two
ways to solve the government problem; see Xie (1997). First,
taking the citizens’ best response as given, the central government
chooses Tt, T�t , Rt, R�t , Gt and G�t to maximize (4) subject to the
balanced budget, (A3) and (A4) (i.e., treating lt as a state variable
in the optimization problem). Alternatively, by exploiting the
relationship between lt and ct, one can directly substitute (A8) into
(4) and (A4) without explicitly invoking (A3). We follow the second
approach. Furthermore, solving for the symmetric equilibrium is
the same as solving for the equilibrium outcome in each jurisdic-
tion by internalizing the spillovers, so we will only derive the
solution for Tt = stKt, Rt = rtKt and Gt = gtKt to conserve space. The
current-value Hamiltonian for the central government iseHt ¼ ð1� LÞ½lnðqKtÞ þ lnðgtKtÞ� þ L lnðrtKtÞ þ ktðst � gt

� rtÞKt þ ~ltðA� q� stÞKt ; ðA9Þ

where kt is the multiplier for the balanced-budget condition
Tt = Gt + Rt.26 The first-order conditions are

@ eHt

@gt
¼ 1� L

gt
� ktKt ¼ 0; ðA10Þ

@ eHt

@rt
¼ L

rt
� ktKt ¼ 0; ðA11Þ

@ eHt

@st
¼ ktKt � ~ltKt ¼ 0; ðA12Þ

@ eHt

@kt
¼ ðst � gt � rtÞKt ¼ 0; ðA13Þ

@ eHt

@Kt
¼ 2ð1� LÞ þ L

Kt
þ ktðst � gt � rtÞ þ ~ltðA� q� stÞ ¼ ~ltq� _~lt;

ðA14Þ
26 It is useful to note that while each household chooses consumption to affect
individual capital accumulation, the government chooses the tax rate to affect
aggregate capital accumulation.
@ eHt

@~lt
¼ ðA� q� stÞKt ¼ _Kt ; ðA15Þ

and the transversality condition is

imt!1e�qt ~ltKt ¼ 0: ðA16Þ

(A10)–(A12) implies that Rt=L ¼ Gt=ð1� LÞ ¼ 1=kt ¼ 1=~lt for all t.
Applying these conditions to (A13) yields

stKt ¼
1

1� L

� �
Gt ¼

1
kt
¼ 1

~lt
: ðA17Þ

Substituting (A17) into (A14) and then combining the resulting
expression with (A15) yields

_~ltKt þ ~lt
_Kt ¼ q � ~ltKt � ð2� LÞ: ðA18Þ

Integrating (A18) with respect to time yields

~ltKt ¼ eq�t ~Xþ ð2� LÞ=q: ðA19Þ

(A16) implies that the integration constant eX must equal zero.
Therefore, we have

~ltKt ¼ ð2� LÞ=q: ðA20Þ

for all t. Then, substituting (A20) into (A17) yields

st ¼ q
1

2� L

� �
ðA21Þ

for all t. Substituting (A21) into (A15) yields

ct ¼ A� q� q=ð2� LÞ: ðA22Þ

for all t. Substituting (A21) into (A17) yields

Gt ¼ q
1� L
2� L

� �
Kt : ðA23Þ

Define ft � Gt/(stKt) = 1 � L for all t.
Finally, we need to verify that the second-order conditions are

satisfied. They are satisfied because the control sets (i.e., ct, st, gt

and rt) that we specified are convex, the instantaneous payoff
functions are strictly concave in K, and the accumulation equation
is linear in K (see Leonard and Long, 1992, Section 6.5).
Proof of Lemma 2. As in the proof for Lemma 1, each citizen takes
Gt = gtKt and G�t ¼ g�t K�t as given. Taking st, s�t , Gt and G�t as given, the
representative citizen chooses Ct = ctKt and Ft = htKt to maximize (1)
subject to (2). The current-value Hamiltonian is

Ht ¼ lnðctKtÞ þ lt A� ct � stð1� htÞ � s�t ht � ðhtÞ2=m
h i

Kt; ðA24Þ

The first-order conditions are

@Ht

@ct
¼ 1

ct
� ltKt ¼ 0; ðA25Þ

@Ht

@Kt
¼ 1

Kt
þ lt½A� ct � stð1� htÞ � s�t ht � ðhtÞ2=m�

¼ ltq� _lt; ðA26Þ

@Ht

@lt
¼ ½A� ct � stð1� htÞ � s�t ht � ðhtÞ2=m�Kt ¼ _Kt; ðA27Þ

@Ht

@ht
¼ lt st � s�t � 2ht=m

� �
Kt ¼ 0: ðA28Þ

(A28) yields the optimal capital-allocation rule given by

ht ¼ ðm=2Þ st � s�t
� �

: ðA29Þ
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The transversality condition is limt!1e�qtltKt ¼ 0. Combining
(A25), (A26) and A27) yields

_ltKt þ lt
_Kt ¼ qltKt � 1: ðA30Þ

Integrating (A30) with respect to time yields lt Kt = eq�tX + 1/q. The
transversality condition implies that the integration constant X
must equal zero, and we have lt = (q�Kt)�1. Because l0 = (q.K0)�1

is predetermined, it is non-controllable. From (A25), the optimal
consumption path is

Ct ¼ q � Kt: ðA31Þ

Substituting (A31) into (A27) yields ct ¼ A� q� stð1� htÞ�
s0tht � ðhtÞ2=m.

Taking (A31), s�t and g�t as given, each local government chooses
Rt = rtKt, Gt = gtKt and Tt ¼ st Dt þ F�t

� �
¼ st ð1� htÞKt þ h�t K�t

� �
to

maximize (3) subject to (10), (A27) and (20). The current-value
Hamiltonian is

eHt ¼ ð1� LÞ lnðq:KtÞ þ ð1� sÞ lnðgtKtÞ þ s ln g�t K�t
� �� �

þ L

� lnðrtKtÞ þ kt st ð1� htÞKt þ h�t K�t
� �

� gtKt � rtKt
� 	

þ ~lt A� q� stð1� htÞ � s�t ht � ðhtÞ2=m
h i

Kt

þ ~l�t A� q� s�t 1� h�t
� �

� sth
�
t � h�t

� �2
=m

h i
K�t ; ðA32Þ

where ht ¼ ðm=2Þ st � s�t
� �

and h�t ¼ ðm=2Þ s�t � st
� �

. Imposing sym-
metry (i.e., st ¼ s�t for all t) on the first-order conditions yields

@ eHt

@gt
¼ ð1� sÞð1� LÞ

gt
� ktKt ¼ 0; ðA33Þ

@ eHt

@rt
¼ L

rt
� ktKt ¼ 0; ðA34Þ

@ eHt

@st
¼ kt½Kt � stðm=2ÞðKt þ K�t Þ� � ~ltKt ¼ 0; ðA35Þ

@ eHt

@kt
¼ ðst � gt � rtÞKt ¼ 0; ðA36Þ

@ eHt

@Kt
¼ 1þ ð1� sÞð1� LÞ

Kt
þ ktðst � gt � rtÞ þ ~ltðA� q� stÞ

¼ ~ltq� _~lt ; ðA37Þ

@ eHt

@K�t
¼ ð1� LÞs

K�t
þ ~l�t ðA� q� s�t Þ ¼ ~l�t q� _~l�t ; ðA38Þ

@ eHt

@~lt
¼ ðA� q� stÞKt ¼ _Kt ; ðA39Þ

@ eHt

@~l�t
¼ ðA� q� s�t ÞK

�
t ¼ _K�t ; ðA40Þ

and the transversality conditions are

lim
t!1

e�q�t ~ltKt ¼ 0; ðA41Þ

lim
t!1

e�q�t ~l�t K�t ¼ 0: ðA42Þ

Given K0 ¼ K�0, st ¼ s�t implies that Kt ¼ K�t for all tfrom (A39) and
(A40). Then, (A33)–(A35) implies that Rt=L ¼ Gt=½ð1� sÞð1� LÞ� ¼
1=kt ¼ ð1� stmÞ=~lt for all t. Then, applying these equalities to
(A36) yields

stKt ¼
Lþ ð1� sÞð1� LÞ
ð1� sÞð1� LÞ

� �
Gt ¼

Lþ ð1� sÞð1� LÞ
kt

¼ Lþ ð1� sÞð1� LÞ
~lt=ð1� stmÞ

: ðA43Þ
Combining (A37) and (A39) yields

_~ltKt þ ~lt
_Kt ¼ q � ~ltKt � ½1þ ð1� sÞð1� LÞ�: ðA44Þ

Integrating (A44) with respect to time yields

~ltKt ¼ eq�t eX þ ½1þ ð1� sÞð1� LÞ�=q: ðA45Þ

(A41) implies that the integration constant eX must equal zero.
Therefore, we have

~ltKt ¼ ½1þ ð1� sÞð1� LÞ�=q: ðA46Þ

for all t. Then, substituting (A46) in (A43) yields

st ¼ q
Lþ ð1� sÞð1� LÞ

1þ ð1� sÞð1� LÞ þmq½Lþ ð1� sÞð1� LÞ�

� �
: ðA47Þ

for all t. Substituting (A47) into (A39) yields

ct ¼ 1� q� q
Lþ ð1� sÞð1� LÞ

1þ ð1� sÞð1� LÞ þmq½Lþ ð1� sÞð1� LÞ�

� �
:

ðA48Þ

for all t. Substituting (A47) into (A43) yields

Gt ¼ q
ð1� sÞð1� LÞ

1þ ð1� sÞð1� LÞ þmq½Lþ ð1� sÞð1� LÞ�

� �
Kt: ðA49Þ

Define ft � Gt=Tt ¼ ð1�sÞð1�LÞ
Lþð1�sÞð1�LÞ. Finally, similar to the Proof of lemma

1, one can verify that the second-order conditions are satisfied.
Proof of Proposition 2. Using Lemmas 1 and 2, (16) with s = 0
gives

qðUd � UcÞ ¼ ln
2� L

2� Lþmq

� �
þ 2

1
2� L

� 1
2� Lþmq

� �
: ðA50Þ

Differentiating (A50) with respect to m yields

@qðUd � UcÞ
@m

¼ �q
2� Lþmq

þ 2q
ð2� LþmqÞ2

¼ qðL�mqÞ
ð2� LþmqÞ2

:

Since @2(Ud � Uc)/@m2 < 0, q (Ud � Uc) is a concave function in m and
reaches its maximum at ~mjs¼0 ¼ L=q.

Proof of (i): From Lemmas 1 and 2, sc = sd, fc = fd and cc = cd if
s = m = 0. Thus, Ud = Uc by (16).
Proof of (ii): m =1 implies that sd = 0 from (12). Since fc = fd > 0
and sc > 0 by Lemmas 1 and 2, the term lnðGd

0=Gc
0Þ in (16) goes to

negative infinity.
Proof of (iii): Because (a) Ud � Uc = 0 at m = 0, and (b) Ud � Uc is
concave in m and reaches its maximum at ~mjs¼0 ¼ L=q, there
must exist an m̂ > ~mjs¼0 to uphold Ud = Uc. Let Ud = Uc, then tak-
ing the total differential of (A50) yields
dm̂
dL
¼ L

ð2� LÞ2
þ m̂q� L

ð2� L� m̂qÞ2

 !
=

qðm̂q� LÞ
ð2� Lþ m̂qÞ2

 !
:

We know that m̂ > ~mjs¼0 ¼ L=q > 0 so that dm̂=dL > 0. Setting
Ud = Uc in (A50), we obtain (a) m̂! 0 as L ? 0, and (b) m̂! x with
x satisfying (1 + xq)ln (1 + xq) = 2xq as L ? 1.
Proof of Proposition 3. From Lemmas 1 and 2 and (16)

qðUd�UcÞ ¼ ln
ð1� sÞð2� LÞ

1þð1� sÞð1� LÞþmq½Lþð1� sÞð1� LÞ�

� �
þ2

1
2� L

� Lþð1� sÞð1� LÞ
1þð1� sÞð1� LÞþmq½Lþð1� sÞð1� LÞ�

� �
:

ðA51Þ
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To show that Ud � Uc is concave in m, differentiating (A51) with re-
spect to m yields

@qðUd � UcÞ
@m

¼ �q½Lþ ð1� sÞð1� LÞ�
1þ ð1� sÞð1� LÞ þmq½Lþ ð1� sÞð1� LÞ�

þ 2q
Lþ ð1� sÞð1� LÞ

1þ ð1� sÞð1� LÞ þmq½Lþ ð1� sÞð1� LÞ�

� �2

:

Since @2(Ud � Uc)/@m2 < 0,q(Ud � Uc) is a concave function in m and

reaches its maximum at ~mjs>0 ¼max 0; 2L�1þð1�sÞð1�LÞ
q½Lþð1�sÞð1�LÞ�


 �
. In addition,

@ ~mjs>0=@L > 0 and @ ~mjs>0=@s < 0.
Next, we show that Ud � Uc is decreasing in s. Differentiating

(A51) with respect to s yields

@qðUd � UcÞ
@s

¼ � 1
1� s

þ ð1� LÞ
1þ Lmqþ ð1þmqÞð1� sÞð1� LÞ

� 1þmqþ 2ð1� LÞ
1þ Lmqþ ð1þmqÞð1� sÞð1� LÞ

� �
:

Finally, we show that @qðUd�UcÞ
@s < 0
() 1þmqþ 2ð1� LÞ
1þ Lmqþ ð1þmqÞð1� sÞð1� LÞ

� �
<

1þ Lmqþ ð1þmqÞð1� sÞð1� LÞ
ð1� sÞð1� LÞ

() ð1þ LmqÞ2 þ ð1þ LmqÞð1þmqÞð1� sÞð1� LÞ � 2ð1� sÞð1� LÞ2 > 0

() fð1þ LmqÞ2 � ð1� sÞð1� LÞ2g|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
>0

þfð1þ LmqÞð1þmqÞ þ L� 1|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
>0

gð1� sÞð1� LÞ > 0:
Proof of (i): Given @q(Ud � Uc)/os < 0,Ud < Uc if m = 0 and s > 0.
Proof of (ii): m =1 implies that sd = 0 from (12). Since fc > fd > 0
and sc > 0 by Lemmas 1 and 2, the term ln Gd

0=Gc
0


 �
in (16) goes

to negative infinity.
Proof of (iii): Because (a) Ud < Uc with s > 0 at m = 0, (b) Uc is
independent of m, and (c) Ud is concave in m and reaches its
maximum at ~mðs > 0Þ, either there must exist m and �m with
m < ~mjs>0 < �m such that Ud > Uc if m 2 ðm; �mÞ or Ud < Uc for all
m. Since Ud � Uc is decreasing in s at any m and Ud � Uc is con-
cave in m, it must be the case that @m/@s > 0 and @ �m=@s < 0. In
addition, the case in which Ud < Uc for all m occurs if s is large
enough. To see this, evaluating (Ud � Uc) at m ¼ ~mjs>0 yields

Ud � Uc ¼ ln
ð1� sÞð2� LÞ

2ð1� sÞð1� LÞ þ 2L

� �
þ 2

1
2� L

� Lþ ð1� sÞð1� LÞ
2ð1� sÞð1� LÞ þ 2L

� �
:

Note that Ud � Uc > 0 if and only if s < �s, where �s solves Ud � Uc = 0
at m ¼ ~mjs>0. �s is an implicit function in L that needs to be solved
numerically. It turns out that �sðLÞ is strictly increasing in L,
�sðLÞ ! 0 as L ? 0, and �sðLÞ ! 1� ð2=eÞ � 0:2642 as L ? 1.
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