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1 Introduction

Economic integration, enhancing the mobility of goods and factors between firms,

households and regions, is expected to improve the allocation of resources. This

may increase the welfare of citizens, and allow governments to better tailor public–

good levels according to the preferences of their mobile residents, as emphasized by

Tiebout’s (1956) seminal work. However, economic integration also implies a higher

mobility of tax bases. Competing for mobile factors, governments may be forced to

cut tax rates, causing a downward pressure on public goods and services.

While the literature on benefits and problems with regard to mobile tax bases is

large, as surveyed e.g. by Wilson (1999) and Wellisch (2000), so far there exist only a

few contributions investigating the nexus between tax competition and growth. This

is astonishing, since most of the studies on tax competition deal with competition

for mobile capital, and capital accumulation is one of the major driving forces of

growth.

One exception is the work by Brueckner (1999, 2005) showing in an overlapping

generations model how tax competition affects the incentive to save and, thus, the

growth path of regions. It does so by sorting young and old households in different

jurisdictions providing different levels of a (local) public good in response to age–

dependent demands. While Brueckner focuses on the benefit of fiscal decentralization

emphasized by Tiebout (1956), Rauscher (2005) concentrates on a possible tax cut

due to tax competition that may allow to restrain the Leviathan. As mentioned by

Rauscher (2005) himself his model neglects some important features, e.g. savings

by workers as in Lejour and Verbon (1997). Moreover, he assumes infinitely small

regions whose tax policies do not influence the economic development in the rest of

the world.

In this paper we try to remedy for some of these omissions and adopt a simple

endogenous growth model developed by Turnovsky (1999, 2000). We assume, in the

tradition of Frankel (1962) and Romer (1986), a positive externality associated with

the economy–wide capital. It is well–known that under these circumstances, the

competitive economy will not yield the socially optimal rate of growth, providing

an inbuilt rationale for government intervention to subsidize capital. Moreover, this
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model provides a tractable framework for analyzing the regional tax policy depen-

ding on the number of regions competing for mobile capital and, thus, depending

on the market power of regions. As we will show, the larger the number of regions,

i.e. the harder the competition, the lower the tax rate on capital.

One further limitation of the existing literature on tax competition is that many

contributions assume an immobile and inelastically supplied factor. If the regional

government is allowed to tax this factor it has in fact a non–distortionary lump–sum

tax at its disposal. In this paper we introduce elastic labor supply which lends an

important role to wage income and consumption taxes in determining the optimal

tax policy in the presence of tax competition. Except in the case of a small open

economy, in which in fact there is no taxation, all taxes, i.e. on capital, labor, and

consumption, influence growth. But while the capital income tax depends on the

number of regions and thus on the degree of tax competition, the tax rates on labor

income and consumption are always set so as not to distort the consumption–leisure

choice.

Our analysis of the tax policy focuses on two general issues. Firstly, we conduct

some comparative static exercises showing that all taxes reduce the return on capital

and, thus, the growth factor. Moreover, an increase in any tax rate reduces labor

supply and capital employment in the tax–increasing region while capital and labor

employed in the other regions are increased. Secondly, we characterize the optimal

tax system. In a first–best optimum, capital income should be subsidized in order

to adjust the private return to the social return. A government in a closed economy

maximizing the welfare of its citizens would choose this optimal tax policy. But a

regional government competing for mobile capital chooses an inefficiently low level

of subsidization.

The paper is organized as follows. Section 2 describes the model and gives the compa-

rative static results. In Section 3 we derive the first–best allocation and characterize

the efficiency–supporting tax system. Section 4 gives the optimal tax policy from

the viewpoint of a single regional government, while Section 5 concludes, noting

some possible extensions and caveats. Technical details are minimized throughout

the main text and relegated to the Appendix.
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2 The Model

Consider a federation consisting of I identical regions. In each region there is a mass

one of identical firms, indexed by m. In period t a representative firm in region i

produces a homogenous output according to

Y i
t (m) = F (ALi

t(m), Ki
t(m)),

where Ki
t(m) denotes the firm’s stock of capital and ALi

t(m) are the efficiency units

of labor employed by the firm in region i. The production function is linear homo-

genous and strictly concave in Li
t and Ki

t with positive, but diminishing marginal

products, F i
L, F i

K > 0 and F i
LL, F i

KK < 0.1 Note that strict concavity also implies

F i
LLF i

KK − (F i
KL)2 > 0,

where F i
KL > 0 as a consequence of the assumption of linear homogeneity. Since

all firms in a region are identical they will choose in equilibrium the same levels of

capital and labor employment, i.e. Ki
t(m) = K i

t and Li
t(m) = Li

t for all m, where

Ki
t and Li

t give the total employment of capital and labor in region i.

We further assume, in the tradition of Frankel (1962) and Romer (1986), a produc-

tion externality associated with the economy–wide stock of capital. In particular,

A = Kt, so that the efficiency of labor depends on the (average) stock of capital

employed in the whole federation Kt. Production in region i can now be described

by

Y i
t = F (KtL

i
t, K

i
t).(1)

Capital fully depreciates at the end of each period, so that its cost is 1+ri
t. Assuming

perfect competition in each region’s factor markets, the wage rate wi
t and the return

on capital are determined by their respective private marginal products,

wi
t = KtF

i
L and 1 + ri

t = F i
K .(2)

There is a mass one of infinitely living, identical households or families in the whole

federation. Each region i is populated by N i immobile households. Each household

1In the following, subindices denote partial derivatives as long as they are not obviously time

indices.
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is endowed with one unit of time which it allocates between leisure, lit, and labor,

1− lit. Thus, total labor supply in region i in period t sums up to Li
t = N i(1− lit).

Each family possesses the same stock of capital Kt.
2 Households invest their capital

where it yields the highest return. As a consequence, in equilibrium the same net

return on capital Rt has to prevail in all regions,

Rt = (1− τ i
K)(1 + ri

t) for all i = 1, . . . , I,(3)

where τ i
K denotes the (source–based) capital income tax rate in region i. Beside its

capital income a household in region i receives labor income (net of taxes) to finance

her consumption ci
t and investment in capital Kt+1. Thus, the budget constraint of

a family residing in region i in period t reads as

Kt+1 = RtKt + (1− τ i
L)wi

t(1− lit)− (1 + τ i
C)ci

t,(4)

where τ i
L and τ i

C denote the tax rates on labor income and consumption, respectively.

The objective of a family in region i is to choose her leisure/labor time and con-

sumption/investment to maximize lifetime utility described by a lognormal utility

function3

U i
t =

∞∑

s=t

ρs−t[ln ci
s + η ln lis], with η > 0, 1 > ρ > 0,(5)

where ρ gives the discount factor associated with the time preference. The first–order

conditions are

ci
t =

(
1− τ i

L

1 + τ i
C

)
wi

tl
i
t

η
,(6a)

2To avoid notational clutter we drop the region–specific index here. As is well–known from

the standard Romer model, in equilibrium all households use their entire labor income and the

same fraction of their capital income for consumption independently from where they reside. As a

consequence, the assumption that all households start with the same stock of capital implies that

they will also invest the same amount in capital.
3The use of the lognormal utility function is not only convenient but also actually less restrictive

than it may appear. All of the following results continue to hold if we use an isoelastic utility

function of the form U i
t =

∑∞
s=t ρs−tγ−1[ci

t(l
i
t)

η]γ , where −∞ < γ ≤ 0. This would considerably

complicate the analysis without changing the qualitative results.
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ci
t+1

ci
t

= ρRt+1,(6b)

lit+1

lit
= ρRt+1

wi
t

wi
t+1

,(6c)

together with the transversality condition

lim
t→∞λi

tKt = 0,(6d)

where λi
t is the shadow value of capital of a household living in region i. Condition

(6a) demands that the marginal rate of substitution between leisure and consumpti-

on is equal to the relative price of these two goods after taxes. Condition (6b) reveals

that not only all households in region i but all families in the whole federation choose

the same consumption growth factor. Hence, the aggregate growth factor within the

federation is equal to the individual growth factor. Finally, condition (6c) describes

the optimal time path for leisure depending on the ratio of the growth factors of

consumption and the wage rate.

The government in region i balances the public budget in each period t according

to the constraint

τ i
K(1 + ri

t)K
i
t + τ i

LN iwi
t(1− lit) + τ i

CN ici
t = 0.(7)

Note that if one tax rate is positive at least one of the other tax rates must be

negative, turning that tax into a subsidy.

Macroeconomic Equilibrium

In the appendix we show that the federation with identical regions is always on its

balanced growth path implying the following two key relationships:

ci
t+1

ci
t

=
wi

t+1

wi
t

=
K i

t+1

K i
t

=
Kt+1

Kt

= ρR,(8)

li = lit = lit+1 >
η

1 + η
, for all i = 1, . . . , I.(9)

Equation (8) affirms that in equilibrium the growth factors of consumption, capital

and wage rates are equal and the same in all regions of the federation. This growth

factor remains constant over time and is equal to the net return to capital multiplied
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by the time preference factor ρ. Note that the return to capital depends on leisure

time, i.e. the lower the leisure the higher the productivity of capital and thus the

growth factor. Condition (9) states that leisure is constant over time as well, and

gives a lower boundary for leisure to ensure that the transversality condition (6d)

is met, i.e. that in addition to the whole labor income a constant fraction of the

capital income is consumed.

Beside these relationships the macroeconomic equilibrium in the federation is deter-

mined by the following conditions:

Equilibrium capital allocation

(1− τ i
K)F i

K = R for all i = 1, . . . , I(10a)

Equilibrium growth factor

ci
t+1

ci
t

= ρR for all i = 1, . . . , I(10b)

Individual consumption–leisure ratio

ci
t =

(
1− τ i

L

1 + τ i
C

)
KtF

i
Lli

η
for all i = 1, . . . , I(10c)

Individual budget constraint

(1 + τ i
C)ci

t = (1− ρ)RKt + (1− τ i
L)KtF

i
L(1− li)(10d)

Regional government’s budget constraint

τ i
KF i

KKi
t + τ i

LKtF
i
LN i(1− li) + τ i

CN ici
t = 0(10e)

Regional labor market equilibrium

Li = N i(1− li), for all i = 1, . . . , I(10f)

Federal capital constraint

Kt =
I∑

i=1

Ki
t(10g)
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Federal goods market equilibrium

Kt+1 =
I∑

i=1

[F i(KtL
i, K i

t)−N ici
t].(10h)

For the following it is useful to derive the regional resource constraint. Insert the

regional government’s budget constraint (10e) into the individual budget constraint

(10d) and using the properties of a linear homogenous production function yields

ci
t =

R

N i
(N iKt −Ki

t) +
F i(KtL

i, K i
t)

N i
− (1− ρ)Kt.(11)

N iKt−K i
t denotes the net capital export of region i. In the case of identical regions

this term is equal to zero in equilibrium.

Finally, using (8) in (5) the utility function of a family residing in region i can also

be written as

U i
t =

1

(1− ρ)
ln ci

t +
ρ

(1− ρ)2
ln ρR +

η

(1− ρ)
ln li.(12)

Before we go on to derive the first–best policy and the behavior of regional govern-

ments, it is instructive to learn how changes in the tax rates in region i influence the

interest rate, the interregional capital allocation, and the leisure time. The effects

around the optimum in the case of identical regions are examined formally in the

appendix. Here we state the qualitative results:

∂R

∂τ i
X

< 0, X = K, L,C,(13a)

∂Ki
t

∂τ i
X

= −∂Kj
t

∂τ i
X

(I − 1) < 0, j 6= i,(13b)

∂li

∂τ i
X

> 0,
∂lj

∂τ i
X

< 0, j 6= i.(13c)

As (13a) shows, an increase of any tax in region i decreases the return on capital

and thus the growth factor within the federation. The reason for this is revealed

by (13b). The tax increasing region i loses capital, while the capital employment in

all other regions rises. Thus, the marginal productivity of capital falls in all other
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regions, which explains the decline in the interest rate throughout the federation.

The increase in labor supply in the capital–winning regions indicated by (13c) does

not compensate for this. The economic intuition is straightforward. Consider for

example an increase in the tax on labor income, τ i
L. The higher tax rate implies a

fall in the net wage rate in region i. Hence, households reduce their labor supply.

This causes a reduction of labor employed by firms in region i and a fall in the

marginal product of capital. Therefore, capital leaves region i until the net rates of

return to capital within the federation are equalized again. This generates the fall

in the economy–wide interest rate and growth.

3 First–best Taxation

We now consider the efficiency–supporting tax system. For this we act as a social

planner maximizing the utility of a representative household in region i subject to

the condition that the utility of households in the other regions must reach at least

an arbitrarily given, positive level Ū , and subject to the resource constraints (10f),

(10g) and (10h). Formally the optimization problem reads as

max U i
t =

∞∑

s=t

ρs−t[ln ci
s + η ln li], with η > 0, 1 > ρ > 0,(14)

in the vectors (ci
s), (li), (Ki

s), and (Ks+1), s ≥ t, subject to

U j
t ≥ Ū j 6= i(15a)

Kt+1 =
I∑

i=1

[F i(KtL
i, K i

t)−N ici
t](15b)

Kt =
I∑

i=1

Ki
t(15c)

Li = N i(1− li).(15d)

The solution to the central planner’s problem gives us the first–order conditions (for

all regions i = 1, . . . , I)

F i
K = F j

K ,(16a)
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ci
t+1

ci
t

= ρ[F i
L(1− li) + F i

K ],(16b)

ci
t =

KtF
i
Lli

η
.(16c)

Comparing these equations with the corresponding first–order conditions in a de-

centralized equilibrium (10a), (10b) and (10c) and using the regional government’s

budget constraint (10e) reveals that the efficiency–supporting tax system obeys the

following rules:4

τ i
K = τ j

K , i, j = 1, . . . , I,(17a)

τ i
K = −KtF

i
LN i(1− li)

F i
KKi

t

,(17b)

τ i
L = −τ i

C and τ i
L = − η(1− li)/li

1− η(1− li)/li
.(17c)

The first equation (17a) states that the tax rates on capital should be the same in

all regions in order to ensure an efficient interregional capital allocation. According

to (17b) capital income should be subsidized so that the private return on capital

equals the social return. Finally, (17c) reveals that any wage tax should be offset

by an equivalent consumption tax rate so as not to distort the consumption–leisure

choice. This result corresponds to the well–known Ramsey rule on optimal taxation

postulating that all utility enhancing goods, i.e. consumption and leisure, should be

taxed uniformly (if the utility function is multiplicatively separable in these goods).

Note that labor income is subsidized as well. The reason for this is as follows: Since,

in equilibrium, consumption exceeds labor income and the optimal tax policy requi-

res τ i
L = −τ i

C , positive tax revenues can only be raised if τ i
L < 0.5 The economic

intuition is that there are in fact two externalities at work. Firstly, the well–known

4Note that this tax system maximizes both utility and growth in each region.
5As pointed out by Garćıa–Peñalosa and Turnovsky (2006), the tax rate on capital must exceed

that on labor income, τ i
K > τ i

L, since the consumption tax must finance the subsidy to both capital

and labor, implying τ i
C > −τ i

K . Thus, in contrast to the conventional view, the above analysis

provides a rationale for taxing mobile capital at least as much as immobile labor. Other studies

reaching similar conclusions include Fuest and Huber (2001), and Koskela and Schöb (2002).
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positive impact of a greater federal stock of capital on the efficiency of labor. Second-

ly, a higher labor supply induced by a higher subsidy on labor raises the marginal

productivity of capital, too, and induces a higher social return on capital. We sum-

marize these results in

Proposition 1: A decentralized economy will replicate the first–best optimum if and

only if

(i) the tax rates on capital are the same in all regions and

(ii) the tax rates are set according to

τ i
K = −KtF

i
LN i(1− li)

F i
KKi

t

, τ i
L = − η(1− li)

li − η(1− li)
= −τ i

C

in all regions. This tax policy will maximize both growth and welfare.

4 Regional Government Behavior

After deriving the efficiency–supporting tax system let us now turn to the optimal

tax policy from the regional government’s point of view. We assume that a govern-

ment in region i maximizes the utility of a representative family residing in its regi-

on by setting τ i
K and τ i

L while τ i
C automatically adjusts to satisfy the government’s

budget constraint (10e). While choosing its tax policy, the regional government acts

under the Nash assumption that all other regions do not respond by changing their

tax rates. Inserting (11) in (12) the regional government’s problem becomes

max U i
t =

1

(1− ρ)
ln

[
R

N i
(N iKt −K i

t) +
F i(KtL

i, K i
t)

N i
− (1− ρ)Kt

]

+
ρ

(1− ρ)2
ln ρR +

η

(1− ρ)
ln li.(18)

After some algebraic steps making use of (10c) and (11) the first–order conditions

for the optimal tax policy are

∂U i
t

∂τ i
X

=
1

(1− ρ)N ici
t

{
(N iKt −Ki

t)
∂R

∂τ i
X

+ τ i
KF i

K

∂K i
t

∂τ i
X

+
ρ

(1− ρ)R
[τ i

KF i
KKi

t + KtF
i
LN i(1− li)]

∂R

∂τ i
X

(19)
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+

(
τ i
C + τ i

L

1 + τ i
C

)
KtF

i
LN i ∂li

∂τ i
X

}
= 0 X = K, L.

This expression can be simplified. Firstly, since we concentrate on identical regions,

all governments choose the same tax rates and in equilibrium N iKt = K i
t . Thus, we

can ignore the terms–of–trade effect in the following.6 Secondly, as is shown in the

appendix, the optimal tax policy implies

τ i
L = −τ i

C ,(20)

indicating that the regional government has no incentive to distort the consumption–

leisure choice of its residents. Now the above first–order conditions reduce to

∂U i
t

∂τ i
X

=
1

(1− ρ)N ici
t

{
τ i
KF i

K

∂K i
t

∂τ i
X

+
ρ

(1− ρ)R
[τ i

KF i
KKi

t + KtF
i
LN i(1− li)]

∂R

∂τ i
X

}
= 0

X = K, L.(21)

The first term in the curly brackets gives the effect of changing one of the tax rates

on the consumption possibilities in period t. Any increase in the tax rates drives

capital out of the region reducing both current production and consumption. The

second term denotes the effect on future consumption possibilities. Any increase in

one of the tax rates reduces the interest rate and, thus, the growth factor in the

federation. This reduces the utility of a representative family even more.

In the case of identical regions we are able to determine the optimal tax rates. As

is shown in the appendix, the first–order conditions of an optimal behavior of the

government (21) can be used to solve explicitly for the optimal tax rate on capital

income

τ i
K = − KtF

i
LN i(1− li)

F i
KKi

t [1− (1− ρ)ε(I − 1)/ρ]
where ε ≡ dK i

t

dR

R

Ki
t

< 0.(22)

Comparing (22) with the first–best solution (17b) we can derive some important

results. First, as in the case of a central planner, a regional government will subsidize

capital income in order to raise the private return towards the social return. But the

6The terms–of–trade effect can also be ignored in the case of many regions, I →∞, since from

the viewpoint of a government in a (very) small open economy the tax policy has no effect on the

interest rate within the federation.
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government will choose the first–best subsidy if (and only if) there is no other region,

I = 1, i.e. in the case of a closed economy as analyzed by Turnovsky (2000). In all

other cases, I > 1, the subsidy rate will be too low. If there is perfect competition

among regions, I → ∞, the case of a (very) small open economy, the government

would abstain from subsidizing capital income at all, τ i
K = 0.7

Finally, inserting (20) and (22) into the regional government’s budget constraint

(10e) gives us the explicit optimal labor and consumption tax rate in the case of

identical regions as

τ i
L = − η(1− li)/li

[1− η(1− li)/li][1− (1− ρ)ε(I − 1)/ρ]
= −τ i

C .(23)

Since the capital subsidy is lower than in the first–best tax system, the subsidy rate

on labor income and the tax rate on consumption are also smaller. In the case of

a small open economy, I → ∞, there is no need for tax revenue since the capital

subsidy should be zero and, thus, τ i
L = −τ i

C = 0. In summary we can state

Proposition 2: A regional government that maximizes the welfare of its immobile

residents in the case of identical regions will subsidize mobile capital employed in the

region. But it will choose an inefficiently low level of subsidization which depends

on the total number of regions. Moreover, the regional government will offset any

wage subsidy by an equivalent consumption tax so as not to distort the consumption–

leisure choice of its residents, irrespective of the number of regions.

How can we explain the behavior of regional governments? While designing its op-

timal tax policy, the government compares the costs and benefits from its point of

view. The benefit of a higher subsidy to capital and labor is that people will invest

more in capital and expand their labor supply, increasing the growth factor and,

thus, output and consumption in the future. But this policy has to be financed by

a higher consumption tax, reducing today’s consumption. In a closed economy this

policy does not change the resource constraint of the region. But in the case of an

7This finding reflects the results derived by Wilson (1986) and Zodrow and Mieszkowski (1986)

for interregional tax competition in a static world, and by Turnovsky (1999) with regard to the

optimal fiscal policy in a small open economy.
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open economy, capital is mobile and the government has to take into account that

its policy attracts capital from abroad, which increases its subsidy expenditures for

given τ i
K and τ i

L. Thus, there is a second cost component of subsidizing capital (and

labor) from the regional government’s point of view. As pointed out by Wildasin

(1989), this second cost component represents a fiscal externality. When increasing

its subsidy a single region does not take into account that all other regions will

lose capital and thus their government expenditures will be reduced. As long as this

fiscal externality is not internalized, a single region assesses the costs of subsidizing

capital higher than would a federal government. 8 At the same time the regional

government has no incentive and no need to distort the consumption–leisure choice

since it can achieve its objective entirely by choice of the capital income tax rate

τ i
K .9

5 Concluding Discussion

The above analysis extends the rather pessimistic view on the welfare impacts of

interregional tax competition. We have not only to fear that governments will un-

dersupply public goods and services if they must rely on taxes on mobile factors.

It may be expected that tax competition is also harmful for growth. But there are

several ways to improve the situation as we may learn by the existing literature. One

possibility is a cooperation among the regions in their tax and expenditure policy.

A second possible remedy is to establish a central government forcing all regions to

choose the first–best tax system. Whereas this intervention may be seen as inap-

propriately strong, a central government could also ensure an efficient allocation by

providing a system of matching grants in the line of Wildasin (1989).

8Note that the regional governments’ conjecture that capital will be attracted by an increase

of the subsidy rates actually proves to be wrong in the case of identical regions. Since all regions

will choose the same tax rates in equilibrium, the interregional allocation of capital is independent

from the level of the tax rates.
9Due to this finding we may assume that the same results with regard to the optimal capital

tax rates will be obtained in the case of inelastically supplied labor. In this scenario, however, the

tax on labor is equivalent to the consumption tax: Both work as a lump sum tax and should be

positive.
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Beside these recommendations to improve the political arrangements there are al-

so good arguments for being not too pessimistic from a theoretical point of view.

As summarized in Wellisch (2000), interregional household mobility may work as

an incentive mechanism for regional governments to choose a first–best policy. The

intuition runs as follows: In designing their optimal policy, governments take in-

to account migration responses of mobile households. Thus, they do not only pay

attention to the effects on their own residents’ utility but also on the welfare of

non–residents. In the case of perfect household mobility, equalizing any differences

in the utility between regions, each regional government would actually maximize

the welfare of all families living in the federal state and would choose the first–best

policy. A second caveat arises from reducing the time horizon of households. In the

above analysis infinitely living households consume their entire labor income while

investing only a part of their capital income. Therefore, a growth–enhancing policy

needs to subsidize capital income. Now suppose the standard two–period lifetime

overlapping generations model in the tradition of Diamond (1965) without any be-

quest motive. In this world households finance their entire capital investment out

of their labor income in the first period of life. Thus, as pointed out by Uhlig and

Yanagawa (1996), the growth–enhancing policy needs to shift resources from the

old to the young generation. The analysis of the optimal tax policy design in the

presence of tax competition depending on the time horizon of households is on the

agenda for future research.

Finally, we conclude with an important caveat: While the simple Romer-model used

in this paper has the advantage of providing a tractable framework for investigating

the relationship of tax competition and growth and its policy implications, it also has

the limitation that the economy is always on its balanced growth path. It therefore

can not address issues pertaining to the dynamics of the economy. This opens a wide

range for future work.
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Appendix

In this appendix we firstly derive the macroeconomic equilibrium showing that the

federation with identical regions is always on a balanced growth path. Moreover, we

examine the effects of changes in taxes and derive the optimal tax policy of regional

governments.

Derivation of the macroeconomic equilibrium

Here we focus on the macroeconomic equilibrium with identical regions. With minor

modifications the case of non–identical regions can be analyzed analogously.

In the case of identical regions, all governments will impose the same tax rates in

equilibrium. Thus, all regions will employ the same amount of capital and labor in

all periods:

KtN
i = K i

t and lit = ljt , i, j = 1, . . . , I.(A.1)

Due to the linear homogeneity of the production function this also implies that,

in equilibrium, the marginal products of capital and labor only depend on lit. Fur-

thermore, the growth factor of capital and wage rates have to be the same in all

regions,
Ki

t+1

Ki
t

=
Kj

t+1

Kj
t

=
Kt+1

Kt

and
wi

t+1

wi
t

=
wj

t+1

wj
t

i, j = 1, . . . I.(A.2)

Using this result in (6c) reveals that leisure also grows with the same factor in all

regions:

lit+1

lit
=

ljt+1

ljt
where

lit+1

lit
= ρ(1− τ i

K)F i
K

KtF
i
L

Kt+1F i
L

, i, j = 1, . . . I.(A.3)

Since time endowment of households is bounded, in a steady–state equilibrium lei-

sure has to reach a stationary level in all regions, li = lj. Thus, in this steady–state

equilibrium the growth factors of capital and wage rates are the same and equal to

the overall growth factor

Ki
t+1

Ki
t

=
Kt+1

Kt

=
wi

t+1

wi
t

=
ci
t+1

ci
t

= ρ(1− τ i
K)F i

K , i = 1, . . . , I.(A.4)
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Finally, inserting (2) and (6a) in (4) gives us the growth factor of capital in the

steady–state as

Kt+1

Kt

= (1− τ i
K)F i

K + (1− τ i
L)F i

L

[
1− li

(
1 + η

η

)]
.(A.5)

Combining (A.4) with (4) reveals that each household uses her entire current labor

income and a part of her capital income for private consumption in the steady–state:

(1 + τ i
C)ci

t = (1− ρ)Kt + (1− τ i
L)wi

t(1− li).

Moreover, combining (A.4) with (A.5) yields

(ρ− 1)(1− τ i
K)F i

K = (1− τ i
L)F i

L

[
1− li

(
1 + η

η

)]
⇒ li >

η

1 + η
(A.6)

showing that there is a lower bound for li to ensure that at least some of the capital

income will be consumed, too.

Now we will show that lit is actually constant over time in equilibrium so that the

federation is in fact always on its balanced growth path characterized by the above

equations. Inserting (A.5) into (6c) and linearizing around the steady–value li gives

us the difference equation

dlit+1

dlit
=

G(li)

Q(li)
, where(A.7)

G(li) = ρR(F i
L − F i

LLli) + (1− τ i
K)F i

KLF i
Lli

+ (1− τ i
L)F i

Lli
{

F i
LL

[
1− li

(
1 + η

η

)]
+ F i

L

(
1 + η

η

)}
> 0,

Q(li) = ρR(F i
L − F i

LLli) + ρ(1− τ i
K)F i

KLF i
Lli > 0.

Since li > η/(1 + η) and ρ < 1, G(li) > Q(li) and

dlit+1

dlit
> 1

indicating that (A.7) is an unstable difference equation. The only solution consistent

with an equilibrium is that leisure has to be constant in all periods and equal to its

steady–state value, lit = lit+1 = li.
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Comparative static analysis

To derive the effects of changes in taxes we use (2), (3), (8), and (11) to get the

system

ρR =
R

KtN i
(N iKt −Ki

t) + F i
K

Ki
t

KtN i
+ F i

L

[
1− li −

(
1− τ i

L

1 + τ i
C

)
li

η

]
,(A.8)

R = (1− τ i
K)F i

K(A.9)

which can be written (valued in equilibrium) as


 a11 a12

a21 a22





 dKi

t

dli


 =




ρdR 0 − F i
Lli

(1+τ i
C)η

dτ i
L −

(
1−τ i

L

1+τ i
C

)
F i

Lli

(1+τ i
C)η

dτ i
C

dR F i
Kdτ i

K 0 0


 ,

where

a11 = τ i
K

F i
K

KtN i
+ F i

KK + F i
LK

[
1− li −

(
1− τ i

L

1 + τ i
C

)
li

η

]

a12 = −
{

F i
KLKtN

i + F i
LL

[
1− li −

(
1− τ i

L

1 + τ i
C

)
li

η

]
+ F i

L

[
1 +

(
1− τ i

L

1 + τ i
C

)]}
< 0

a21 = (1− τ i
K)F i

KK < 0

a22 = −(1− τ i
K)F i

KLKtN
i < 0.

In the following we assume that a11 is negative, which is certainly the case when

there is no taxation or in the optimum. The determinant of the coefficient matrix is

∆ = (1− τ i
K)KtN

i

[
1− li −

(
1− τ i

L

1 + τ i
C

)
li

η

]
[F i

KKF i
LL − (F i

KL)2]

+ (1− τ i
K)F i

KKF i
L

[
1 +

(
1− τ i

L

1 + τ i
C

)
1

η

]
− τ i

K(1− τ i
K)F i

KLF i
K .(A.10)

We assume that ∆ is negative, which is definitely the case when starting from a

situation without taxation, τ i
X = 0 and X = K, L,C. Using Cramer’s rule we get

dK i
t

dR
= −a12 − ρa22

∆
< 0,

dli

dR
=

a11 − ρa21

∆
> 0

dK i
t

dτ i
K

= −F i
K

a12

∆
< 0,

dsli

dτ i
K

= F i
K

a11

∆
> 0

dK i
t

dτ i
L

= − F i
Lli

(1 + τ i
C)η

a22

∆
< 0,

dli

dτ i
L

=
F i

Lli

(1 + τ i
C)η

a21

∆
> 0

dK i
t

dτ i
C

=

(
1− τ i

L

1 + τ i
C

)
dK i

t

dτ i
L

< 0,
dli

dτ i
C

=

(
1− τ i

L

1 + τ i
C

)
dli

dτ i
L

> 0.(A.11)
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Equipped with these equations we are able to determine the responses of R, Ki
t , Kj

t ,

lj, and li on tax changes. Here we derive the reaction on a change in the labor income

tax τ i
L. The remaining can be obtained analogously. First, we derive the response on

the interest rate. For this we start with the federal capital constraint (10g) to get

dR

dτ i
L

+
I∑

i=1

dK i
t

dR

∂R

∂τ i
L

= 0.

Inserting the corresponding expressions from (A.11) yields for the case of identical

regions
∂R

∂τ i
L

= − F i
Lli

(1 + τ i
C)η

a12

I(a12 − ρa22)
< 0.(A.12)

Using this key response we may easily derive the behavior of the capital employed

in region i and j as

∂Ki
t

∂τ i
L

=
dKi

t

dτ i
L

+
dKi

t

dR

dR

dτ i
L

= − F i
Lli

(1 + τ i
C)η

a22

I∆
(I − 1) < 0(A.13)

∂Kj
t

∂τ i
L

=
dKj

t

dR

dR

dτ i
L

=
F i

Lli

(1 + τ i
C)η

a22

I∆
> 0, j 6= i.(A.14)

Correspondingly, we can obtain the reaction of leisure in the regions as

∂li

∂τ i
L

=
F i

Lli

(1 + τ i
C)η

1

(ρa22 − a12)
> 0(A.15)

∂lj

∂τ i
L

= − F i
Lli

(1 + τ i
C)η

a22(ρa21 − a11)

I∆(ρa22 − a12)
< 0, j 6= i.(A.16)

Analogously, we get the corresponding effects due to a change in the capital tax rate

as

∂R

∂τ i
K

=
F i

K

I

a12

(ρa22 − a12)
< 0

∂Ki
t

∂τ i
K

= −F i
K

∆

a12

I
(I − 1) = −∂Kj

t

∂τ i
K

(I − 1) < 0, j 6= i(A.17)

∂li

∂τ i
K

=
F i

K

∆I(ρa22 − a12)
[Ia11(ρa22 − a12) + a12(a11 − ρa12)] > 0

∂lj

∂τ i
L

= −F i
K

∆I

a12(a11 − ρa21)

(ρa22 − a12)
< 0, j 6= i.
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Optimal regional government policy

To derive the optimal regional policy in the case of identical regions we rewrite (19)

using KtN
i = K i

t :

∂U i
t

∂τ i
X

=
1

(1− ρ)N ici
t

{
τ i
KF i

K

∂Ki
t

∂τ i
X

+
ρ

(1− ρ)R
[τ i

KF i
KK i

t + KtF
i
LN i(1− li)]

∂R

∂τ i
X

+

(
τ i
C + τ i

L

1 + τ i
C

)
KtF

i
LN i ∂li

∂τ i
X

}
= 0 X = K,L.(A.18)

Dividing by ∂R/∂τ i
X , X = K,L, and using the results of (A.12)–(A.17) we can state

that

∂U i
t

∂τ i
K

=
∂U i

t

∂τ i
L

= 0 if and only if

(
τ i
C + τ i

L

1 + τ i
C

)
∂li

∂τ i
K

∂τ i
K

∂R
=

(
τ i
C + τ i

L

1 + τ i
C

)
∂li

∂τ i
L

∂τ i
L

∂R
.

Since
∂li

∂τ i
K

∂τ i
K

∂R
6= ∂li

∂τ i
L

∂τ i
L

∂R
6= 0,

the first–order conditions for the optimal tax policy of the regional government can

only be met, if

τ i
L = −τ i

C ,(A.19)

restating equation (20) in the main text.
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