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Abstract

This paper analyzes how the use of taxation on mobile factors affects the mix of “factor-sp
public inputs” set by regional governments (e.g., manpower training for labor; infrastructu
capital). These inputs are defined such that they have impacts analogous to the Harrod-neu
Solow-neutral technical change. Regional governments provide two types of public input th
spectively, complement immobile and mobile factors. It is shown that the nature of the expen
mix depends on the elasticity of substitution between these factors. Too much tax revenue is s
public input complementing mobile (immobile) factors if the elasticity is more than (less than
but the mix of these inputs is efficient if the elasticity is equal to one.
 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Expenditures on productive activities, including human capital formation, research a
development, land development and infrastructure account for a non-trivial share of
budgets. These public services can be regarded as independent variables of pro
functions; that is, public inputs. Although there are disputes in the context of emp
analyses over the impacts of these expenditures on productivity and economic grow
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well known that regional governments often use them as policy instruments for re
development and attracting business investment.1

The influence of competition for mobile factors on policy-making is the main su
of the tax competition literature. Several papers have considered public input provision
this context. Examples include Zodrow and Mieszkowski [14], Keen and Marchand [7
Matsumoto [9–11]. By using models with a single public input, these papers study
all public expenditure on productive activities.Given that regional governments provi
public inputs of many kinds, however, it is interesting to investigate how tax revenue
allocated among them. This paper demonstrates that the use of taxation on mobile facto
distorts the mix of public inputs.2 A complex conceptual problem associated with this st
will be how those inputs are classified. (The same problem applies to models with
goods benefiting residents). One possible approach, which is this paper’s concern, i
alyze the mix of “factor-specific” public inputs that complement particular private fac
of production (e.g., manpower training for labor, infrastructure for capital). In this p
these inputs are defined such that they have impacts analogous to the Harrod-neu
Solow-neutral technical change. One might consider that when studying expenditu
programs aimed at particular industries or firms, the mix of “industry-specific” or “se
specific” public inputs is an important policy issue. However, even in this case, i
decision-making process of detailed policy packages, government officials will have to d
cide what factor should be supported in those favored industries or firms. On the
hand, when analyzing policy-making on general expenditures on education and infrastr
ture, the concept of factor-specific public inputs is helpful in examining the compositio
of public budgets.

This paper uses a simple tax competition model with a single (aggregated) productio
sector. Regional governments provide two public inputs that, respectively, compl
immobile and mobile factors. This simple model yields a very clear insight into the n
of the expenditure mix. The mix inefficiency caused by tax competition depends o
magnitude of substitutability between immobile and mobile factors. The parameter
resenting the impacts of public input provision on production technology do not pla
important role in this paper’s qualitative analysis of which type of public input is relativel
underprovided or overprovided. If the elasticity of substitution is more than (less than) on
too much tax revenue is spent on public input complementing mobile (immobile) fa
If the elasticity is equal to one, the mix of public inputs is efficient relative to equilibrium
tax revenues. Still, the overall level of public expenditure is inefficiently low under ta
competition.

1 See, for example, Bartik [1,2] and Fisher [3, Chapter22]. Gramlich [4] and Haughwout [5] include review
of empirical studies of infrastructure policies.

2 Although Keen and Marchand [7] and Matsumoto [11]investigate the composition of public expenditu
under tax competition, their analyses are limited to the mix of public goods and public inputs. Konrad [8] c
ers the composition of education and infrastructure expenditures, which are factors of production. He focuses
the impact of labor mobility on the expenditure policy made bynon-altruistic old generation. His specification
regional production functions differs from that in this paper.
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2. The model

Consider a small open region where a numeraire output is produced by comp
firms using an immobile factor (l) and a mobile factor (k). The supply ofl is exogenous
while k changes due to mobility. Private firms benefit from public inputs (Gl and Gk)
provided by the regional government. The production function is

F
(
α
(
Gl

)
l, β

(
Gk

)
k
)
. (1)

F exhibits constant returns to scale with decreasing marginal products. It is assum
α′(Gl) andβ ′(Gk) are both positive.Gl andGk represent the factor-specific public inpu
complementing the immobile factor and mobile factor, respectively. The functional
in (1) follows the Hillman–McMillan definition of the production function in the presen
of public inputs.3 From (1), the public inputs have impacts analogous to the Harrod-ne
and Solow-neutral technical change. There are two relationships between the public
and private factors; that is, an increase inGi (i = l or k) affects the productivity of factori
and at the same time the effective supply of that factor,α(Gl)l or β(Gk)k, is increased. Fo
example, manpower training will increase the effective supply of labor at a given amo
that factor. Public expenditures on infrastructure increase the regional capital stock.
present model, the policy-induced change in the effective supply of one factor gen
an indirect benefit to the other by raising its marginal product, becausel andk must be
complements in production under constant returns to scale technology with decr
marginal products.

The remaining part of the model is similar to that in Matsumoto [9], which is base
the familiar Zodrow–Mieszkowski model. Public expenditure is financed by a source-
tax onk. Then, profit-maximization made by competitive firms implies that

β
(
Gk

)
FK

(
α
(
Gl

)
l, β

(
Gk

)
k
) = r + t, (2)

where a subscript attached to the production function represents a partial derivativeFK ≡
∂F/∂(β(Gk)k), t is the tax rate andr is the net return on the mobile factor. The sm
open region takes the net return as given. Assuming that one unit of the output c
transformed into one unit ofGl or Gk , the public budget constraint is

tk = Gk + Gl. (3)

Residents own the immobile factor in the region and a fixed amount of the mobile
tor (k̄). They spend the income obtained from these sources on consumption of the
The regional government sets public policies to maximize residents’ consumption:

MaxGk,Gl,tF
(
α
(
Gl

)
l, β

(
Gk

)
k
) − (r + t)k + rk̄, s.t. (2) and (3). (4)

Because the regional government takesr as given, it effectively maximizes the retur
accrued from the immobile factor.

3 See Hillman [6] and McMillan [12]. Strictly speaking,they do not examine factor-specific public inpu
(In terms of this paper’s notation, the production function in Hillman and McMillan is given byF(α(G)l,β(G)k),
whereG is a public input.) This paper applies their basic definition of the production function to a study of th
provision of factor-specific public inputs.
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3. Public expenditure

This section derives and examines the equilibrium conditions for public expenditure
Solving (2) to obtain the demand function fork, k = k(t,Gk,Gl), and substituting i
into (4), the Lagrangean of the government’s optimization problem is

F
(
α
(
Gl

)
l, β

(
Gk

)
k
(
t,Gl,Gk

)) − (r + t)k
(
t,Gl,Gk

)
+ λ

(
tk

(
t,Gl,Gk

) − Gk − Gl
)
, (5)

whereλ is the Lagrange multiplier. The exogenous income,rk̄, is omitted. Using (2), the
first-order conditions fort , Gk andGl , are respectively:

−k + λ

(
k + t∂k

∂t

)
= 0, (6)

β ′FKk + λ

(
t∂k

∂Gk
− 1

)
= 0, (7)

α′FLl + λ

(
t∂k

∂Gl
− 1

)
= 0, (8)

whereFL = ∂F/∂(α(Gl)l). These conditions include policy-induced changes in the
bile tax base. Differentiating (2) gives

∂k

∂t
= 1

β2FKK

= − Fk

αβFLFKl
σ, (9)

∂k

∂Gk
= β ′FK + ββ ′FKKk

−β2FKK

= β ′Fk

αβFLl
σ − β ′

β
k, (10)

∂k

∂Gl
= α′FLKl

−βFKK
= α′

α
k, (11)

whereσ is the elasticity of substitution betweenl and k: σ = FLFK/FLKF . The sec-
ond equality is based on the nature ofconstant returns to scale technology:FLKαl +
FKKβk = 0; FLK > 0, FKK < 0. As for (9), it is straightforward to see that the neg
tive impact of the tax onk is correlated toσ . Equation (10) shows that an increase inGk

affects the demand for the mobile factor in two different manners. The first term o
RHS captures the impact on the productivity ofk that increases the demand for the mobile
factor. This productivity impact is related to the elasticity of substitution because it giv
private firms an incentive to substitute the mobile factor for the immobile one by cha
relative productivity of private factors. On the other hand, the second term of (10) s
that the rise inGk, by increasing the effective supply of the mobile factor,βk, causes firms
to reduce their demand fork due to decreasing marginal returns.4 Equation (11) implies
that an increase inGl increases the effective supply of the immobile factor and, thus

4 Because of this impact,∂k/∂Gk can be negative. This occurs when the immobile factor’s share of inc
αFLl/F , exceedsσ .
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demand for the mobile factor is increased through complementarity between priva
tors. Note that the impacts ofGk andGl on the effective factor supplies depend on
proportional change inβ or α, respectively.

In this paper, the impacts of “balanced-budget” policy changes on the tax base ar
vant to the analysis. For later use, the balanced-budget relations between policy va
are provided. Differentiating the public budget constraint, (3), and using (6)–(8) give

kdt − β ′FKkdGk − α′FLldGl = 0. (12)

Any marginal policy change must satisfy (12) in equilibrium.

3.1. Levels of public input provision

This section considers the provision levelof each factor-specific public input. The firs
order condition forGi , (7) or (8), and (6) yield the following provision rules:

β ′FKk − 1 = −t

(
β ′FK

∂k

∂t
+ ∂k

∂Gk

)
, (13)

α′FLl − 1= − t

k

(
α′FLl

∂k

∂t
+ k

∂k

∂Gl

)
. (14)

From (12), the RHS of (13) and (14) is equal to−t[(∂k/∂t)(∂t/∂Gi) + ∂k/∂Gi] where
∂t/∂Gk = β ′FK and∂t/∂Gl = α′FLl/k . If the increase inGi financed by the mobile
factor tax reduces the tax base,Gi is underprovided in the sense that its marginal prod
exceeds the marginal cost.5 Applying (9)–(11) to (13) and (14) gives

β ′FKk − 1 = tk
β ′

β
, (15)

α′FLl − 1= tk
α′

α

(
F

βFKk
σ − 1

)
. (16)

Equations (15) and (16) yield the following proposition:

Proposition 1. Tax competition leads to underprovision of Gk . If the elasticity of substitu-
tion exceeds the mobile factor’s share of income, βFKk/F,Gl is underprovided.

The standard tax competition argument concerning underprovision applies to pub
input complementing mobile factors. From (9) and (10), the RHS of (15) correspon
the impact ofGk on the effective supply ofk, because the impact on the productiv
of k is exactly offset by the impact of the balanced-budget tax increase on the tax

5 In the present model, it is easy to confirm that this argument is consistent with the welfare impact o
dinated policy changes, which has been frequently examined in the tax competition literature; see, for examp
Keen and Marchand [7], Matsumoto [10] and Wilson[13]. Consider an economy with identical, competiti
regions. (My analysis in the main text deals with the behavior of a representative region.) Starting from
metric equilibrium, a coordinated increase inGi made by all regions improves welfare if and only if the margi
product exceeds the marginal cost in the equilibrium.
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(∂k/∂t)(∂t/∂Gk). The sign of (16) is ambiguous depending on the relative magnitud
the impact ofGl and the impact of the tax increase.Still, public input complementing
immobile factors will also be underprovided unlessσ is considerably low.

3.2. The mix of factor-specific public inputs

I now turn to a consideration of the mix of factor-specific public inputs under tax c
petition. Equations (7) and (8) give

α′FLl − β ′FKk = t

(
α′FLl

∂k

∂Gk
− β ′FKk

∂k

∂Gl

)
. (17)

This equation describes the equilibrium condition for the expenditure mix in the presen
model. The LHS represents the difference in the marginal products betweenGl andGk .
In a first-best setting where a lump-sum tax is available, the mix of these public i
would be set such thatα′FLl = β ′FKk. The RHS is the distortionary impact caused by
mobile-factor tax. The parenthesizedterm is closely related to the change ink whenGk

is marginally increased while decreasingGl to balance the public budget. If this polic
change raisesk, thenα′FLl > β ′FKk, implying that the regional government spends
much onGk and too little onGl in order to expand the tax base.6 Formally, (12) implies
that (17) can be rewritten as

α′FLl − β ′FKk = tα′FLl

[
∂k

∂Gk
+ ∂k

∂Gl

∂Gl

∂Gk

]
, (18)

where∂Gl/∂Gk = −(β ′FKk/α′FLl).
Substituting (10) and (11) into (17), usingFLαl + FKβk = F and manipulating terms

(17) is reduced to

α′FLl − β ′FKk = t
α′

α

β ′

β
Fk(σ − 1). (19)

This equation gives the following proposition:

Proposition 2. If the elasticity of substitution is more than (less than) one, too much tax
revenue is spent on Gk (Gl) and too little on Gl (Gk). If the elasticity is equal to one, the
mix of these inputs is efficient relative to the equilibrium tax revenue.

Based on (10) and (11), the RHS of (19) can be decomposed into the impact on th
ductivity of the mobile factor and the impact on the effective factor supplies. The im
of Gk on the productivity ofk corresponds to the term,(α′/α)(β ′/β)Fkσ . This impact
generates a bias towards relative overprovision ofGk. On the other hand, the rise inGk

increases the effective supply of the mobile factor while the balanced-budget declineGl

decreases the effective supply of the immobile factor. These impacts, which are com

6 A remark similar to footnote 5 applies here. Starting from a symmetric equilibrium among identical re
a coordinate diversion of tax revenue fromGk to Gl made by all regions improves welfare if and only ifα′FLl >

β′FKk in the equilibrium.
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to obtain the term,−(α′/α)(β ′/β)Fk, create a bias towards relative underprovision ofGk .
The size ofσ determines the relative magnitude ofthese two terms. In the special ca
whereσ = 1, the mix ofGl andGk is efficient even though these inputs are underprovid
see Proposition 1.7 Except for this case, tax competition gives rise to an inefficient mi
factor-specific public inputs. A higher value of the elasticity leads to an inefficiently
amount ofGk relative toGl . For example, ifk is regarded as capital whilel is labor, Propo-
sition 2 shows that underσ > 1, tax competition gives regional governments an incen
to attach too much importance to providing infrastructure, in order to compete for bu
capital, rather than improving the quality of human capital in their territories. Alternati
one may consider labor mobility. (In this case, the model assumes that the immobile
is land and that labor can commute across regions but cannot migrate.) Then,σ > 1 means
that too much tax revenue is spent on education and manpower training and too li
land development, in order to expand the labor tax base.

Lastly, note that the parameters representing the impact of public input provisi
production technology,α′ andβ ′, are not important to the nature of the equilibrium e
penditure mix. This unimportance can be seen from (18). In this equation, the sign
RHS is determined by the relative magnitude of∂k/∂Gk and(∂k/∂Gl)(∂Gl/∂Gk). Equa-
tions (11) and (12) imply that the impact of the balanced-budget decline inGl on the tax
base depends onβ ′, rather thanα′, just like the impact ofGk on k. Thus, the difference
betweenα′ andβ ′ is not crucial to the present qualitative analysis. (As a matter of co
one needs to know the value of these parameters in order to quantify the mix ineffi
of pubic input provision.)

4. Concluding remarks

Because the sub-national level of government provides various public inputs to encou
age regional development, the composition of expenditures on productive activities, as w
as the overall level of public input provision, is an important policy issue. To analyze
issue in the context of tax competition, thispaper has introduced the concept of fact
specific public inputs. This concept is closelyrelated to the familiar Harrod-neutral an
Solow-neutral technical change. Although the problem of public inputs mix will be s
tive to how those inputs are defined and classified, this concept enables a very clear r
be derived from a very simple framework and, thus, the present analysis provides a
benchmark for future research of the composition of public budgets.
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