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Abstract

We introduce labor market imperfections into the capital tax compe-
tition literature to study the equilibrium tax formulae and their efficiency
in the presence of unemployment. Since we allow for some labor market
imperfections, the standard conclusions of the tax competition literature
would be generalized in the case of non-full employment. Our first result
shows that even when head taxes on immobile residents are available, the
optimal capital tax rate for jurisdictional governments is not zero. Our
second finding is that decentralized equilibrium might be characterized by
the overprovision of local public goods when the labor market is imperfect.
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1 Introduction

There is an extensive literature on the efficiency properties of a system of com-

peting local jurisdictions. One strand of this literature is capital tax competi-

tion1. The simplest models involve perfectly mobile capital, a local fixed factor,

and the provision of a local public good by jurisdictional governments with

revenue raised by a source-based tax on locally employed capital. The major

conclusions of the literature are (i) when head taxes on immobile residents are

available, the optimal capital tax rate for jurisdictional governments is zero,

and (ii) when head taxes are restricted to impose, the capital tax rate set by

jurisdictional governments is low compared with the efficient level. We can

easily detect the intuition behind the first result in Zodrow and Mieszkowski

(1983). In a standard small-open economy, each jurisdiction perceives that it

faces a perfectly elastic supply of capital, and that any tax on mobile capital

will be shifted to immobile residents, as will the excess burden attributed to the

tax-induced outflow of capital. The logic behind the second result is given by

Wildasin (1989). He identifies the source of the inefficiency in the tax compe-

tition model as a fiscal externality; although a tax increase in any jurisdiction

affects the other jurisdictions’ fiscal budgets, the jurisdictional government does

not take that into account.

Much of this literature has assumed a perfect regional labor market. This

is somewhat surprising since jurisdictions have a strong interest in the issue of

attracting investment to boost regional employment. More specifically, juris-

dictions often compete for mobile capital to create jobs in their region. Recent

studies that address these issues within a particular unemployment model have

departed from the assumption of full employment in their fiscal competition

analysis [see Lejour and Verbon (1996), Fuest and Huber (1999), Richter and

Schneider (2001), Boadway et al. (2002), Koskela and Schob (2002), Lozach-

meur (2003), and Leite-Monteiro et al. (2003)]. We generalize this literature

by modeling labor market imperfections in a variety of settings. The features

that differentiate our model from those in the literature is that we take sev-

eral types of unemployment as an object of study, putting particular emphasis

on the efficiency-wage and job-search models of unemployment that have not

been covered in previous studies2. One may expect that unemployment would

1There is a large body of research on capital tax competition. A partial list includes
Zodrow and Mieszkowski (1986), Wilson (1986), and Wildasin (1989). See Wilson (1999)
Zodrow (2003), and Wildasin and Wilson (2003) for a general review of the tax competition
model.

2The exception is Boadway et al. (2002) who incorporate search unemployment into their
tax competition framework. However, as it will become clear later, since the Boadway et
al. model posits wage posting as the wage determination rule, the matching externalities are
internalized, and therefore, the effects of matching externalities on tax competition cannot
be explored. Since that model has no matching externality, with mobile firms and immobile
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be of special importance to most countries, and that the underlying causes of

unemployment differ from country to country. In such countries it would be

reasonable to assume that the labor market is imperfect, and that residents face

the fear of unemployment originating from different causes.

Not surprisingly, labor economists have developed a variety of theories of

non-competitive wage determination, which we consider in this paper3. In the

present study, we focus on the consequences of labor market imperfections due

to four distinct reasons behind the central questions dealt within the literature,

i.e., (i) whether jurisdictional governments choose a non-zero tax rate on mobile

capital when they are allowed to use a head tax on immobile residents, and (ii)

whether jurisdictional governments undersupply public goods when they rely

only on taxation of mobile capital. Our paper relies on the models of efficiency

wages, fixed wages, the presence of trade unions, and the job search to explain

why wages are not flexibly adjusted in the labor market. Since, given labor

market imperfections, a head tax on employed and unemployed residents will

distort the resource allocation, jurisdictional governments will choose a non-zero

tax rate for mobile capital even when allowed to use a head tax. A second set of

results concerns the efficiency of local public good provision when a head tax is

not available. As the degree of labor market imperfections becomes significant,

a jurisdiction may induce negative externality by exporting unemployment. It

is at this point that the positive and negative externalities associated with the

use of capital taxes can be compared by the jurisdiction. Throughout this paper

we are able to provide an intuitive basis for our results using the notions of fiscal

(positive) and unemployment-exporting (negative) externalities.

The organization of this paper is as follows. In the next section, we will

depart from the full-employment model developed by Zodrow and Mieszkowski

(1986) in their seminal work. Deferring the discussion of various generalizations

until later, our basic model follows the standard tax competition model with

an efficiency wage model of unemployment. Section 3 describes two distinct

approaches that justify the existence of involuntary unemployment. Here, af-

ter first introducing the fixed wage model, we will then analyze the model of

union wage bargaining in the framework of tax competition. In particular, a

so-called monopoly-union model, where the union sets the wage rate and the

firm sets the amount of employment, is employed to clarify the effects of labor

market imperfections on the decentralized equilibrium, as in the polar case of

a bargaining model. We will show that the results derived by these extensions

are in line with those obtained in the efficiency wage model of unemployment.

workers, an under-provision of public transfer takes place, as can be found in traditional tax
competition models.

3See reviews of the unemployment literature by Nickell (1990) and Bean (1994) among
others.
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In section 4, we offer another cause of unemployment by using a model of fric-

tional unemployment in the tax competition framework. Section 5 provides a

discussion, and Section 6 offer some conclusions.

2 Tax Competition and Efficiency Wage

The fundamental idea underlying efficiency wage models is that firms set wages

and gain some benefit from paying higher wages which offset the direct cost.

Although the benefits arising from paying higher wages are considered to arise in

a number of ways, we simply follow Yellen (1984) and Akerlof and Yellen (1986),

and assume that higher wages improve morale and increase productivity.

2.1 The Model

Preferences. The basic model throughout this paper is one of symmetric tax

competition among small jurisdictions. There are n identical jurisdictions/regions,

denoted by subscript i = 1, 2, ..., n. In each jurisdiction, there are immo-

bile residents with strictly quasi-concave preferences Ui(xi, gi) = xi + v(gi)

[v0(gi) > 0, v00(gi) < 0] defined over consumption of a private numeraire good x
and a local public good g. Without any loss of generality, we assume that each

jurisdiction has a continuum of individuals/workers of size 1.

Technology. The production of private goods in jurisdiction i is conducted

by a large number of identical firms and requires using capital and labor. The

aggregate production function in jurisdiction i is F [ei(wi)Li,Ki], where e refers

to effort, L to employment, and K to the amount of capital. Effort is an

increasing function of the wage rate, wi; e
0
i(wi) > 0, e

00
i (wi) < 0. The economy

has a fixed stock of capital, K̄, which is perfectly mobile among jurisdictions.

The total supply of capital in each period is fixed at K̄ such that

K̄ =
nX
i=1

Ki. (1)

As in most tax competition literature, we assume that residents in jurisdiction

i own the fraction λi ∈ (0, 1) of capital stock in the economy. We also assumeP
i λi = 1, so that all capital income is distributed to the capital owners (resi-

dents).

Jurisdictional Government. A jurisdictional government provides local pub-

lic goods, gi, which yield benefits to its residents. Private goods can be used

as an input to produce local public goods, and units can be chosen so that the
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public goods provision in jurisdiction i can be measured in terms of units of

private goods. The budget constraint on a jurisdictional government requires

that the cost of providing local public goods must be equal to the sum of the

revenue from both capital tax and head tax;

gi = τiKi + hi, (2)

where τ is the (unit) capital tax rate, and h is the head tax on residents.

Firms. Since we have considered symmetric jurisdictions, in the following

model, the subscript i is suppressed. The firm chooses the wage rate as well as

the amounts of capital and employment to solve

max
w,K,L

F [e(w)L,K]− wL− (ρ+ τ)K,

where ρ is the market net return on capital. The first-order conditions are

eFL = w, (3)

e0FL = 1, (4)

FK = ρ+ τ, (5)

where the derivatives of F with respect to the first and second arguments are

denoted by FL and FK . (3) and (4) lead to a wage equation in the form

e(w) = we0(w). (6)

We denote the wage rate determined by (6) as w̄. Substituting w = w̄ into

the first-order conditions, the demands for labor and capital employments are

determined by

e0(w̄)FL[e(w̄)L,K] = 1, (7)

FK [e(w̄)L,K] = ρ+ τ. (8)

(7) and (8) now implicitly define L = L(τ) and K = K(τ) withµ
dL/dτ
dK/dτ

¶
=

1

|A|
µ −e0FLK
ee0FLL

¶
. (9)

Note that competition among jurisdictions is expressed by the assumption that

each jurisdictional government takes ρ as given. As the second-order condition

is assumed to hold, i.e., |A| ≡ ee0(FLLFKK − F 2LK) > 0, (9) shows that

dK

dτ
=
FLLee

0

|A| < 0 (10)
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and

sgn

µ
dL

dτ

¶
= −sgn(FLK). (11)

Residents/Workers. Each worker is endowed with one unit of labor and

supplies it inelastically when he/she is employed. The residents are classified

into two types of workers: employed (j = e) and unemployed (j = u). Since

we have assumed identical individuals in the jurisdiction, all employed and un-

employed workers earn a return from the capital and dividends of firms’ profits

even though the jurisdictional government taxes them equally. Residents in ju-

risdiction i are endowed with shares in firms located in that jurisdiction, and

each resident’s shares entitle him/her to the same proportion of the sum of prof-

its of all firms in jurisdiction i. Unemployment is seen as merely an unfortunate

accident befalling each worker, in which those fortunate enough to be employed

receive wages while the jobless workers earn no wage income. Thus, the budget

constraints of the employed and unemployed workers are given by

xj =

½
w + π + ρλK̄ − h if j = e
π + ρλK̄ − h if j = u

(12)

where π ≡ F (eL,K)− wL− (ρ+ τ)K.

2.2 Decentralized Equilibrium

The jurisdictional government maximizes the utilitarian form of welfare in its

jurisdiction,

W = µuu + (1− µ)ue (13)

subject to (2) and (12), where uu ≡ xu + v(g) and ue ≡ xe + v(g). In (13),

µ represents the unemployment rate in the jurisdiction, µ = 1 − L, since we
have assumed the jurisdictional population to be 1. Thus, the employment

rate is, thus, 1− µ. This formulation of the objective function of jurisdictional
government can be justified by the interpretation that collective decisions about

the tax rates are assumed to be taken by a majority vote at the jurisdictional

level.

Since the head tax and capital tax rates are jurisdictional government choice

variables, the first-order conditions for h and τ will be

∂W

∂h
= v0 − 1 = 0 (14)

∂W

∂τ
= eFL

dL

dτ
+ (FK − ρ− τ + τv0)

dK

dτ
−K +Kv0 = 0 (15)
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To derive the optimal capital tax rate for jurisdictional governments when a

head tax is available, we use (5), (14) and (15) to obtain

τ = −eFL(dL/dτ)
dK/dτ

. (16)

From (10) and (11), we now have the first result.

Proposition 1. Assume that jurisdictional governments can use a head tax

on immobile residents in the efficiency wage—tax competition model. If FLK > 0,

jurisdictional governments provide subsidies on capital, τ < 0. If FLK = 0, they

choose zero tax rate, τ = 0, and if FLK < 0, they impose a tax on capital,

τ > 0.

The basic argument as to why jurisdictional governments choose a non-zero

tax rate on capital can be made as follows: when FLK > 0, an increase in K

accompanied by a reduction in τ increases employment, L, since dL/dτ < 0.

That is, a reduction in the tax rate has a positive impact on a resident’s welfare

in the jurisdiction by reducing the unemployment rate, so that the jurisdictional

government chooses a negative tax rate on capital. The simplest case is when

FLK = 0, since the capital tax rate has no impact on the amount of capital

located in the jurisdiction, and thus has no power to raise employment. In

that case, a jurisdictional government does not use the capital tax as a policy

variable, and sets the tax rate as τ = 0. When FLK < 0, a reduction in the tax

rate increases the amount of capital in the jurisdiction, K. However, in that

case an increase in K raises the unemployment rate, 1 − L, since dL/dτ > 0.

Since residents lose their jobs when jurisdictional government decreases capital

tax rate to attract capital into the jurisdiction, in this case, the jurisdictional

government chooses a positive tax rate to protect jobs.

Now we consider the efficiency of local public goods provision when govern-

ments are restricted from using a head tax on residents (h = 0 and τ > 0).

From (15), we have

v0 =
K − dL

dτ FL

K + dK
dτ τ

. (17)

We follow the literature and assume that we are on the left-side of a Laffer

curve, 1 + (dK/dτ)(τ/K) > 0. Then, using (9) and (17), we have the second

result as follows.

Proposition 2. Assume that jurisdictional governments are restricted from

using a head tax on immobile residents in the efficiency wage—tax competition

model. When FLK ≥ 0, jurisdictional governments choose an inefficiently low
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tax rate on capital, v0 > 1. However, if FLK < 0, then they might choose a

higher tax rate compared with the efficient level, v0 < 1.

Proposition 2 implies that when capital inflow creates new jobs, FLK ≥ 0,
local public goods are undersupplied. However, when capital substitutes for la-

bor, and capital inflow induced by the capital tax rate reduction eliminates jobs

in the region, FLK < 0, jurisdictional government might choose an inefficiently

high tax rate. Specifically, the condition sufficient to motivate them to choose

an inefficiently high tax rate is given by

FLK
ee0FLL

> τ.

The sources of inefficiency may be identified by two kinds of externalities,

i.e., (i) positive (fiscal) externality and (ii) negative (unemployment-exporting)

externality. In our model, so-called fiscal externality exists; each jurisdictional

government ignores the external effects of its tax change on other jurisdictions’

tax revenue [Wildasin (1989)]. The existence of fiscal externality leads to an

under-taxation on capital since it causes positive externality.

In the environment of an imperfect labor market there is a second source

of inefficiency that might cause negative externality. When FLK < 0, a change

in the capital tax rate in jurisdiction i affects the well-being of the residents of

another jurisdiction j, by changing the unemployment rate in that jurisdiction.

However, jurisdictional government i does not account for this external effect

in its decision-making. Since an increase in the capital tax rate causes negative

externality in the other jurisdiction j [FLK(∂K/∂τ) > 0], and in cases where

such negative externality dominates the positive (fiscal) externality, the equilib-

rium tax rate will be set at an inefficiently high level.

3 Extensions

Since the literature on the causes of unemployment is so vast, with different au-

thors employing a bewildering variety of model specifications and often coming

to different conclusions, we here extend the model to allow for such desperate

reasons so as to explain the resulting involuntary unemployment. This is not a

merely formal extension. Section 5 discusses the effects of labor market imper-

fections on the equilibrium properties for which those extensions are crucial.

3.1 Fixed Wage

A number of authors have pointed to the possible effects on unemployment of

labor market regulations such as minimum wage provisions [Bazen and Martin
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(1991)]. The simple fixed wage model can describe this type of unemployment.

The basic setup and notation of our previous section can be preserved here,

except for the production function. We assume that the production function is

now simply given by F (L,K), where L is the labor employment, and K is the

amount of capital employed in the jurisdiction. Denoting the exogenously fixed

wage paid to employed workers as w̄, the first-order conditions for maximum

profit with respect to L andK are FL = w̄ and FK = ρ+τ . These two equations

determine K and L as functions of τ . Differentiating these equations yields:

dL

dτ
= −FLK|A| (18)

dK

dτ
=

FLL
|A| < 0, (19)

where |A| ≡ FLLFKK − F 2LK > 0.
As in Section 2, jurisdictional government maximizes W = µuu + (1− µ)ue,

subject to (2) and (12). Since (18) and (19) have the same properties as (10) and

(11), the characterization of the decentralized resource allocation is essentially

no different from that in the case of an efficiency wage model of unemployment,

meaning that (16) holds again, and that Proposition 1 applies. In addition,

using exactly the same method of proof, it is now apparent that Proposition 2

can now be extended to the case where unemployment results from a fixed wage

rate being exogenously set.

3.2 Monopoly Trade Union

The basic model of union wage bargaining involves a union with some pref-

erences regarding wage and employment rates. To clarify the effects of labor

market distortion on the equilibrium allocation of resources in the tax com-

petition model, we here incorporate a regional monopoly union into the wage

bargaining process, i.e., we assume the union has full bargaining power.

3.2.1 The Model

Technology. The basic setup and notation of the previous section can still be

preserved here. The production of private goods requires using capital and

labor with constant returns to scale technology, F (L,K) = Lf(k), where L and

K are the amounts of labor and capital, respectively, and k ≡ K/L. In the

following analysis, we use the Cobb-Douglas type of technology represented by

F (L,K) = KaL1−a, where 0 < a < 1.

Firms. Profit-maximizing input decisions imply
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ρ+ τ = f 0(k) = aka−1, (20)

w = f(k)− f 0(k)k = (1− a)ka. (21)

(20) implicitly defines k = k(τ) with

k0(τ ) ≡ ∂k

∂τ
=

1

f 00(k)
=

1

a(a− 1)ka−2 < 0. (22)

Regional trade union. In each jurisdiction, there is a single trade union.

We assume that the union pursues two goals: high wages and a high rate of

employment. A regional monopolistic trade union bargains over wages and the

employment rate by accounting for the labor demand determined by (20) and

(21). Formally, the optimization problem for the union is to maximize the

objective function of the wage and employment rates represented by

V = [β(w − w∗)σ + (1− β)(1− µ)σ]1/σ , (23)

subject to (1 − µ) = (w∗/w)1/a, where −∞ < σ < 1 and β ≥ 0. In (23), w∗
denotes the competitive wage, and 1−µ represents the employment rate in the
region, 1− µ = L.
The particular shape of the convex indifferent curves generated by a CES

objective function depends on the value of σ. As σ → −∞, any substitution
between wages and employment is impossible in the limit for the union. The

CES utility function becomes the Cobb-Douglas function for σ = 0, so that the

union’s objective function has a constant unit elasticity of substitution. In the

limiting case of σ → 1, the indifference curves are straight lines, so that wages

and employment are perfect substitutes.

The first-order condition is given by

(1− β)(1− µ)σ = aβ[1− (1− µ)a]σ−1[(1− a)ka]σ. (24)

Notice that, in this model, full employment equilibrium as examined in the

traditional tax competition model can be described by assuming β = 0, since

we obtain µ = 1 as β = 0 in (24). (24) yields the unemployment rate schedule

µ(k) with

µ0(k) ≡ dµ
dk
= − aσ

σ(1− La) + aLa(σ − 1)
L(1− La)

k
. (25)

From (22) and (25), we can obtain the effects of local tax changes on the

unemployment rate as follows4:

4We might also consider a fourth scenario, i.e., the case of σ̂ ≤ σ < 1. However, we
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Case 1: σ < 0. µ0(k) < 0, so that µ increases as τ increases.

Case 2: σ = 0. µ0(k) = 0, so that µ has no relationship to τ .

Case 3: 0 < σ < σ̂ ≡ a/(1/La − (1 − a)). µ0(k) > 0, so that µ decreases as τ
increases.

The decision to attract investment by reducing tax rates is often motivated

by a concern for fighting unemployment and enhancing job creation. This case

corresponds to Case 1. However, it might also be the case that capital and labor

are in a strong substitutable relationship, and that capital expels labor from the

job market. It is in Case 3 that invested capital raises the unemployment rate.

Households. Using exactly the same assumptions for the residents’ prefer-

ence, the utility function is given by u = x + v(g). In the residents’ budget

constraint, there is a slight difference compared with that in the efficiency wage

model since we have assumed a constant-return technology, so that the firms

are unable to raise their profits:

xj =

½
w + ρλK̄ − h if j = e,
ρλK̄ − h if j = u.

(26)

3.2.2 Equilibrium

Defining the maximization problem for a jurisdictional government as

max
τ,h

W = µuu + (1− µ)ue

= (1− µ)[f(k)− kf 0(k)] + ρλK̄ − h+ v[τ (1− µ)k + h],

we have the first-order conditions for h as

∂W

∂h
= v0(g)− 1 = 0 (27)

To derive optimal tax formulae, (22) and (25) permit us to establish the effect

of a change in τ as follows:

∂W

∂τ
= −µ0(k)k0(τ)w − k(1− µ) + v0(g) [(1− µ)k + τk0(τ) (−µ0(k)k + (1− µ))]

(28)

exclude this case from the following analysis since the second-order condition for the union’s
optimization problem is not satisfied. See Ogawa and Tamai (2004) for the second-order
condition of this model.
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W evaluate equation (28) at τ = 0 so as to derive the optimal capital tax rate

for jurisdictional government when a head tax is available. Substituting τ = 0

and v0(g) = 1 into (28), we have

∂W

∂τ
|τ=0 = −wµ0(k)k0(τ ). (29)

From (29), the equilibrium capital tax rates when a head tax is available are

obtained as follows.

Proposition 3. Assume that jurisdictional governments can impose a head

tax on immobile residents in the monopoly union—tax competition model. When

σ < 0, those governments provide subsidies to capital, τ < 0. If σ = 0, then

they choose a zero tax rate, τ = 0. If 0 < σ < σ̂, they impose a tax on capital,

τ > 0.

This result is in line with Proposition 1 and shows that, in general, non-zero

capital tax rates are chosen when a labor market is unionized. The logic behind

this result is analogous to that in Proposition 1. With σ < 0, jurisdictional gov-

ernments provide subsidies to capital since a capital inflow caused by a decrease

in the capital tax rate increases the demand for labor so that the unemployment

rate declines, µ0(k) < 0. By contrast, when σ > 0, the demand for labor, and

thus the employment rate, decreases due to the capital inflow, µ0(k) > 0. This
motivates jurisdictional governments to choose a positive tax rate on mobile

capital.

Now we consider the efficiency of local public goods provision when the

governments are restricted to using a head tax on residents, (h = 0, τ > 0).

From (28), we have

v0(g) =
k(1− µ) + µ0k0w

k(1− µ)− µ0k0τk + τk0(1− µ) =
1− η²

¡
1−a
a

r+τ
τ

¢
1 + ²+ η²

, (30)

where η ≡ [d(1−µ)/dk][k/(1−µ)] is the elasticity of the employment rate with
respect to the capital located in the region, and ² ≡ (∂k/∂τ)(τ/k) < 0 is the

capital demand elasticity with respect to the tax rate. When the labor market

is perfect, η = 0, (30) is reduced to the conventional result of underprovided

public goods, v0(g) = 1/(1+ ²) > 1. However, if the labor market is not perfect,
from (30), we obtain the following result.

Proposition 4. Assume that jurisdictional governments cannot impose a

head tax on immobile residents in the monopoly union—tax competition model.

When σ ≤ 0, the government chooses an inefficiently low capital tax rate. How-
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ever, when σ > 0, it might choose an inefficiently high tax rate on capital5.

Proposition 4 is subject to an interpretation analogous to that in Proposition

2. With σ ≤ 0, the effects of positive externality exceed those of negative

externality caused by an increase in the capital tax, so that the capital tax rate

is set at a level lower than the optimal level. The opposite might occur in the

case of σ > 0. Specifically, as σ approaches to σ̂, a jurisdictional government is

likely to choose an inefficiently high rate of capital tax.

4 Job Search and Recruiting Friction

This section focuses another cause of unemployment, i.e., job search/recruiting

friction, which has been considered to be a major cause of unemployment in

the field of labor/macroeconomics [Petrongolo and Pissarides (2001)] and ur-

ban/regional economics [Sato (2001), Wasmer and Zenou (2002), and Smith

and Zenou (2003)]. In a modern labor market, unmatched agents co-exist si-

multaneously in both parties, composing a matching process (i.e., unemployed

workers and vacant jobs), due to information imperfections with respect to po-

tential trading partners, heterogeneity, congestion resulting from large numbers,

and other similar factors. Traditionally, labor and macro economists have used

the term friction as a generic term to refer to these factors, and have shown

that friction theoretically exerts a significant influence on a labor market.

In this paper, for the sake of expositional simplicity, a static model of tax

competition with search unemployment, is presented although it is possible to

develop a dynamic model that has similar properties [see Sato (2004)].

4.1 The Model

In each jurisdiction, there are a finite number m of firms, where m is assumed

to be determined exogenously and is common to all jurisdictions. Each firm

determines the number of vacant positions to open. Let θij ∈ (0,+∞) represent
the number of vacancies opened by firm j in jurisdiction i (j = 1, . . . ,m and

i = 1, . . . , n).

In the economy, there is search and recruiting friction. Hence, workers are

either employed or unemployed, and vacancies are either filled or remained va-

cant. In order to model the job search environment, we apply the “matching

approach”, which reduces the complicated exchange process to a well-behaved

function that yields the number of productive matches formed in terms of the

5See Ogawa and Tamai (2004) for detailed proof.
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number of workers looking for jobs and the number of vacancies supplied by

firms [see Mortensen and Pissarides (1999) and Pissarides (2000)]. Such a

function is referred to as the “matching function”, and is a modeling device

similar to a production function or other aggregate functions. Here, since

the workers are assumed to be immobile, the job search is local. Hence, the

number of successful matches in each jurisdiction, Mi, is determined only by

the number of workers, and that of vacancies in jurisdiction i. More con-

cretely, Mi is determined by the matching function M(li, θi), which is defined

on 0 < M(li, θi) ≤ min[li, θi], where li denotes the number of potential workers
in jurisdiction i, and θi =

Pm
j=1 θij . Here, since li is normalized to one, the

number of successful matches is given as follows:

Mi =M(1, θi).

We assume that securing a job is equally likely for all workers in a certain

jurisdiction. The probability that each worker will find a job, p(θi), is then

represented as follows:

p(θi) =
Mi

1
=
M (1, θi)

1
.

Similarly, finding a worker to fill vacancy is equally likely for all firms. Hence,

the probability of a successful match for each vacancy is p(θi)/θi because

p(θi)

θi
=
Mi

θi
. (31)

This implies that when firm j in jurisdiction i opens θij vacancies, θijp(θi)/θi

of these vacancies are expected to be filled, and θij [1−p(θi)/θi] are expected to
remain vacant. p(θi) is assumed to be strictly increasing in its argument, twice

differentiable, strictly concave, and limθi→0 p(θi) = 0.
Firms post vacancies and search for workers to employ. We suppose that a

firm must buy k units of capital in order to open a vacancy, where k is a positive

constant. According to the matching function, Mi, productive matches are

created. We assume that each productive match produces y units of numeraire

good, where y is assumed to be exogenous. The gain from a filled job is then

y−wij−(ρ+τi)k, and that from a vacancy is −(ρ+τi)k, where wij , ρ, and τi are
the wage rate of firm j in jurisdiction i, the market interest rate, and the capital

tax rate imposed by the jurisdictional government i, respectively. Analogous

to the model of Boadway et al. (2002), before paying the costs of posting a

vacancy, a firm is not sure whether the vacancy will be filled. Consequently, the

firm forms expectations regarding its profit under (31). The expected profit of

firm j is calculated as follows:
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πij =
θijp(θi)

θi
(y − wij)− θij(ρ+ τi)k. (32)

Each worker is endowed with one unit of labor and supplies it inelastically

when he/she is employed and obtains a wage wij . Since workers in jurisdiction

i are endowed with shares in firms located in that jurisdiction, income from the

shares di is given by di =
Pm

j=1 πij . Furthermore, workers in jurisdiction i are

endowed with capital, λiK̄, which yields capital income ρλiK̄.

The utility of a worker employed by firm j in jurisdiction i is thus given by

uei = xeij + v(gi)

= wij + di + ρλiK̄ − hi + v(gi), (33)

and the utility of an unemployed worker is given by

uui = xuij + v(gi)

= di + ρλiK̄ − hi + v(gi). (34)

The wage rate wij is determined by decentralized Nash bargaining, which

imposes a particular division of the matching surplus between the two parties

involved in the bargaining process according to the relative bargaining power

existing between them. Here, we assume that labor unions are absent, and

that each worker independently negotiates the wage rate with a firm6. For each

worker, the matching surplus is the difference between the utility when employed

and that when unemployed: uei −uui = wij . For each firm, the matching surplus
is the difference between the profit when it fills a vacancy and that when it fails

to do so: y−wij − (ρ+ τi)k− [−(ρ+ τi)k] = y−wij . Here, wij is determined as

wij = argmaxw
β
ij(y − wij)1−β ,

where β ∈ [0, 1] measures the bargaining power of the workers. A simple calcu-
lation then yields

wij = βy. (35)

This implies that β represents the labor share.

From (35), the expected profit of each firm, represented by (32), can be

rewritten as follows:

6This wage determination rule is commonly found in models using the matching approach.
Refer to Mortensen and Pissarides (1999) and Pissarides (2000) for examples.
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πij =
θijp(θi)

θi
(1− β)y − θij(ρ+ τi)k, (36)

and the income from shares di becomes

di =

mX
j=1

πij = p(θi)(1− β)y − θi(ρ+ τi)k. (37)

From (33), (34), (35), and (37), the expected utility of a worker Ui is given as

Ui = p(θi)u
e
i + (1− p(θi))uui

= p(θi)y − θi(ρ+ τi)k + ρλiK̄ − hi + v(gi). (38)

Each firm determines the number of vacancies θij in order to maximize its

profit (36), taking the interest rate ρ and the capital tax rate τi as given. The

first-order condition for profit maximization is given by7

(ρ+ τi)k =

·
p(θi)

θi
+

θij(p
0(θi)θi − p(θi))

θ2i

¸
(1− β) y.

Summing this up with respect to j, we have

(ρ+ τi)k = Ω(θi;m) (1− β) y, (39)

where Ω(θi;m) is defined as

Ω(θi;m) ≡ p(θi)
θi

+
p0(θi)θi − p(θi)

mθi
. (40)

4.2 Decentralized Policy Making

The jurisdictional government i determines the level of supply of local public

goods gi, the capital tax rate τi, the head tax on residents, hi, and the number

of vacancies θi in such a manner that it can maximize (38) under its budget

constraint,

τiθik + hi = gi (41)

and (39). Inserting (41) into (38), this is equivalent to determining τi, hi and

θi so as to maximize p(θi)y− θi(ρ+ τi)k+ ρλiK̄ −hi+ v(τiθik+hi) under (39).
7The second-order condition is satisfied:

∂2πij

∂θ2ij
=

·
θijp

00(θi)
θi

+ 2

³
1− θij

θi

´
p0(θi)θi − p(θi)

θ2i

¸
(1− β)y < 0.

The last inequality holds because p00(θi) < 0, p0(θi)θi − p(θi) < 0, and 0 ≤ θij/θi ≤ 1, which
can be shown by using the assumptions on p(θi).
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First-order conditions for the government’s maximization are then obtained as

follows:

p0(θi)y + v0(τiθik)τik − (ρ+ τi)k − δΓ(θi;m)(1− β)y = 0, (42)

(v0(τiθik)− 1)θi + δ = 0, (43)

v0(τiθik)− 1 = 0, (44)

where δ is the Lagrangian multiplier, and Γ(θi;m) is defined as follows:

Γ(θi;m) ≡ ∂Ω(θi;m)

∂θi

=
p0(θi)θi − p(θi)

θ2i
+
p00(θi)θ2i + p(θi)− p0(θi)θi

mθ2i

=
(m− 1)(p0(θi)θi − p(θi)) + p00(θi)θ2i

mθ2i
< 0. (45)

(43) and (44) yield δ = 0. Inserting δ = 0 into (42) and using (44), we have

p0(θi)y = ρk. Substituting this condition into (39), we have

p0(θi)y + τik = Ω(θi,m)(1− β)y. (46)

From (46), we now have the following result.

Proposition 5. Assume that jurisdictional governments can impose a head

tax on immobile residents in the job search—tax competition model. A jurisdic-

tional government provides a subsidy to mobile capital, τi = −βp0(θi)y/k < 0,
as m → 1. By contrast, as m → +∞, the government chooses a positive or
negative capital tax rate, τi = [p(1− β)y − p0(θi)yθi]/θik><0.

Proof. From (40), we have Ω(θi; 1) = p
0(θi). Substituting Ω(θi; 1) = p0(θi)

into (46), we obtain τi = βp0(θi)y/k. Similarly, Ω(θi; +∞) = p(θi)/θi. Sub-

stituting Ω(θi; +∞) = p(θi)/θi into (46), we obtain τi = [p(θi)(1 − β)y −
p0(θi)yθi]/θik.

Proposition 5 shows that when the number of firms in the region is suffi-

ciently small, jurisdictional governments provide a subsidy to mobile capital,

τ < 0. By contrast, the higher the number of firms, the larger the capital tax

rate8.
8It is useful to take note of the equilibrium tax rate on capital in extreme cases. When

the workers have full bargaining power, β = 1, the jurisdictional government always provides
subsidies to capital, τ < 0. Conversely, when the firms have full bargaining power, β = 0, the
equilibrium tax rate on capital is zero when m = 1, and is positive when m→ +∞.
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This result can be interpreted as follows. Consider first the case of m = 1. If

a monopoly firm in the region creates vacancies, it obtains rents by exploiting the

capital income from residents. This implies that the capital income of residents

when m = 1 is smaller than that would be obtained at the efficient equilibrium,

p0(θi)y > ρk. In this case, the jurisdictional government can compensate for

this gap by providing subsidies to mobile capital. On the other hand, when m

reaches a sufficiently large number, the firms in the region are in the competitive

market, and the expected marginal revenue, p0(θi)y, should be distributed to
the capital owners at the margin so that firms are reduced to earning zero profit,

although the equilibrium result depends on the elasticity of p with respect to θ.

Now we analyze the efficiency of public goods provision when a jurisdictional

government is restricted to imposing a head tax on immobile residents. From

(42), we obtain

v0(gi) = 1 +
ρk − p0(θi)y

θiΓ(θi;m)(1− β)y + τik
. (47)

Since the total demand of capital
Pn

i=1 θik is equal to the total supply of capital

K̄,

nX
i=1

θik = K̄. (48)

Since our focus is on a symmetric equilibrium, the total number of jobs θi is the

same among all jurisdictions. Therefore, from (48), we have

θi = θ. (49)

Here, we focus on interior solutions, and an interior equilibrium is summarized

by (gi, θi, τi, ρ) that satisfies the jurisdictional government’s budget constraint

τiθik = gi, (39), (47), and (49). Note that θi is determined only by (49), and

hence gi is determined by τiθik = gi if τi is determined. Substituting (49) and

τiθik = gi into (39) and (47), we obtain the following two equations:

(ρ+ τi)k = Ω(θ;m) (1− β) y, (50)

v0(τiθk) = 1 +
rk − p0(θ)y

θΓ(θ;m)(1− β)y + τik
. (51)

Inserting (50) into (51), we obtain

v0(τiθk) =
[θΓ(θ;m) + Ω(θ;m)] (1− β)y − p0(θ)y
[θΓ(θ;m) + Ω(θ;m)] (1− β)y − ρk

. (52)
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4.3 Optimality

The socially optimal allocation is a solution to the maximization of

Ui = p(θi)y − gi + ρ(λiK̄ − θik) + v(gi), (53)

under τiθik = gi, (48), and

Uj = p(θj)y − gj + ρ(λjK̄ − θjk) + v(gj) = Ū . (54)

The corresponding first-order conditions give

p0(θi)− ρk = αk, (55)

δj{p0(θj)− ρk} = αk, (56)

v0(gi) = v0(gj) = 1, (57)

where α and δj are Lagrangian multipliers associated with (48) and (54), re-

spectively. Comparing (51) and (57), the following two propositions reveal the

basic properties of the equilibrium.

Proposition 6. Assume that jurisdictional governments cannot impose a

head tax on immobile residents in the job search—tax competition model. If

there is only one firm in each jurisdiction, m = 1, local public goods are under-

supplied.

Proof. Whenm = 1, (40), (45) and (49) give Ω(θi; 1) = p
0(θi) and Γ(θi; 1) =

p00(θi). Inserting these equations into (52), we find that

v0(gi) =
θp00(θ)(1− β)y − p0(θ)βy

[θp00(θ) + p0(θ)](1− β)y − ρk
. (58)

Because the left-hand side (LHS) of (58) is positive, and the numerator of the

right-hand side (RHS) is negative, the denominator of the RHS is negative. By

using (50), (58) can be rewritten as follows:

v0(gi) =
θp00(θ)(1− β)y − p0(θ)βy
θp00(θ)(1− β)y + τik

.

We can then see that θp00(θ)(1 − β)y − p0(θ)βy < θp00(θ)(1 − β)y + τik, which,

combined with the fact that the denominator of the RHS of (58) is negative,

yields

θp00(θ)(1− β)y − p0(θ)βy
θp00(θ)(1− β)y + τik

> 1.
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Hence, we have v0(gi) > 1.

The traditional result of tax competition emerges in Proposition 6 simply

because the externality associated with the job-opening decision is fully inter-

nalized when there is only one firm. When the number of firms is greater than

one, we have the following result.

Proposition 7. Assume that jurisdictional governments cannot impose

a head tax on immobile residents in the job search—tax competition model.

If there is an infinite number of firms in each jurisdiction (m → +∞), local
public goods are over- or under-supplied. When p0(θ)y < ρk, jurisdictional

governments oversupply public goods. By contrast, when p0(θ)y > ρk, they

undersupply them.

Proof. When m→ +∞, (40), (45) and (49) give

lim
m→+∞Ω(θ;m) = p(θ)/θ,

lim
m→+∞Γ(θ;m) = [p0(θ)θ − p(θ)]/θ2.

Plugging these equations into (52), we can see that

v0(gi) =
−p0(θ)βy

−p0(θ)βy + p0(θ)y − ρk
. (59)

Because the left-hand side (LHS) of (59) is positive, and the numerator of the

right-hand side (RHS) is negative, the denominator of RHS is negative. When

p0(θ)y < ρk, −p0(θ)βy > −p0(θ)βy+ p0(θ)y− ρk and v0(gi) < 1. When p0(θ)y >
ρk, −p0(θ)βy < −p0(θ)βy + p0(θ)y − ρk and v0(gi) > 1.

When the number of firms increases to infinity, each firm’s job-opening deci-

sion converges to the standard one described in Mortensen and Pissarides (1999)

and Pissarides (2000), i.e., each firm opens only one job. Firms open vacancies

neglecting their marginal impact on other firms’ matching probability, p0(θi).
Hence, the marginal revenue from a job opening, p0(θ)y does not coincide with
the marginal cost ρk of creating that opening. When p0(θ)y < ρk, opening an-

other job is unfavorable to a jurisdiction. Conversely, p0(θ)y > ρk implies that

it would be beneficial to a jurisdiction to open another job.

These results indicate that capital taxation by one jurisdiction causes a pos-

itive or negative externality, since it results in a capital drain on other jurisdic-

tions and increases jobs there. Therefore, we can determine whether local public

20



goods are over-provided by comparing p0(θ)y to ρk. When p0(θ)y < ρk, the ex-

ternality discussed above is negative, i.e., an increase in the capital tax rate

in one jurisdiction increases the number of jobs opened in other jurisdictions,

which provides negative marginal profits to those jurisdictions. In this case,

jurisdictional governments impose too high capital tax rate, and local public

goods are over-provided. When p0(θ)y > ρk, positive externality emerges and

each jurisdictional government is over-committed to attracting jobs to its ju-

risdiction, which implies that capital taxation will be too low, and local public

goods will be under-provided.

Since the situations described in Propositions 6 and 7 are both extreme cases,

the reality would lie somewhere between them.

5 Discussion

5.1 Non-zero capital tax competition

Though we often observe that jurisdictional governments choose a non-zero

tax rate on capital, the pioneering tax competition literature fails to explain

this non-zero tax competition, concluding that the optimal capital tax rate for

jurisdictional government is zero when head taxes on immobile residents are

available. This leads economists to develop models that show jurisdictional

governments choosing a non-zero tax rate on mobile capital when allowed to

impose a head tax on immobile residents. Non-zero capital tax competition

has also attracted much attention for its normative aspects, since the use of

capital taxes generates a distortion in the capital market so that capital would

be misallocated among jurisdictions [Bucovetsky and Wilson (1991), Coates

(1993), DePater and Myers (1994) and Ogawa (2000) among others]9.

What this paper stresses as the reason why tax competition models cannot

explain jurisdictional governments’ practice of setting non-zero capital tax rates

is that the behavior of governments is analyzed in the framework of a perfect

labor market. All unemployment models provided in this paper consistently

show that jurisdictional governments choose non-zero tax rates on capital even

when taxation on residents is available. This result makes clear the possibility

that jurisdictional governments use capital tax as a strategic policy variable, and

choose a positive or negative tax rate on capital in a context of labor market

9Bucovetsky and Wilson (1991) developed a model with large regions and elastic labor
supply to show that capital taxation is utilized. By assuming two large jurisdictions, the
result of non-zero capital taxation is also derived by DePater and Myers (1994). Coates
(1993) shows that jurisdictional governments provide subsidies when they compete repeatedly
for mobile capital, and Ogawa (2000) also demonstrates that they provide subsidies when
capital mobility is imperfect.
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imperfections.

We allow for several types of labor market imperfections, but we derive their

common features from our study; when capital inflow increases the labor demand

of firms, jurisdictional governments choose a positive tax rate. By contrast,

when the capital inflow reduces the labor demand of firms, the jurisdictional

government provides a subsidy to mobile capital.

5.2 Race to the Bottom?

The result of a non-zero capital tax can also be found in the case of a monopoly

union model proposed by Boeters and Schneider (1999) and Richter and Schnei-

der (2001). Assuming that unemployment results from wage bargaining, Koskela

and Schob (2002) also show that it is rational for jurisdictional governments to

tax mobile capital at its source when labor markets are imperfect. They consider

the effects of a revenue-neutral tax reform that changes both capital-income

and labor taxes, but do not address the question of a race to the bottom, i.e.,

whether jurisdictional governments engage in wasteful competition for mobile

capital through reductions in tax rates and public spending. In this paper we

have addressed this question in the context of labor market distortions and have

examined under what conditions a race to the bottom is triggered.

By considering some of the causes of labor market imperfections, we can

clarify the conditions that yield an over- or under-provision of public goods.

Specifically, the extensions provided in this paper exaggerate the differences

among critical factors that affect the optimality of public goods provision. For

instance, as shown in a trade union-tax competition model, not only produc-

tion technology affects the efficiency of public goods provision (as shown in the

efficiency wage-tax competition model), but the preferences of trade union play

also a critical role in resource allocation. Furthermore, by employing the job

search-tax competition model, we are able to obtain a new insight into the fact

that the number of firms in the region affects the efficiency of public goods

provision.

While we were able to demonstrate the differences among factors that af-

fect the equilibrium properties, we also found a similarity in the mechanisms

behind the results in efficiency obtained under different labor market environ-

ment. Whether a race to the bottom is on or off depends on whether the positive

(fiscal) externality generated by capital taxation is smaller or greater than the

negative externalities, although those externalities might prevail in different

ways depending on the unemployment model we adopt.
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6 Concluding Remarks

This paper examines the consequences of labor market imperfections for the

standard conclusions of the capital tax competition literature. Under the simple

tax competition framework, we have considered four factors that lead to labor

market distortion: efficiency wage; fixed wage; monopoly union; and job search.

We first proved that, in all cases, a decentralized equilibrium is characterized

by a non-zero tax rate on capital, even though jurisdictional governments are

allowed to use a head tax. What is necessary for creating non-zero capital

taxation result is that the capital inflow induced by a reduction in the capital

tax rate should affect the demand for labor. If capital is substituted for labor,

jurisdictional governments choose a positive tax rate on mobile capital. In

contrast, if capital inflow increases the demand for labor, a capital subsidy will

be used as a policy instrument.

A second result concerns the efficiency of public goods provision when the

government is restricted in taxing immobile residents. Our result shows that a

tax competition equilibrium would not be socially optimal, and points out the

possibility that to achieve the Pareto Optimum requires that capital tax rates be

decreased from the equilibrium tax rates chosen in a decentralized equilibrium.

We trust that our paper will serve as a benchmark case to obtain a better

understanding of the effects of various types of labor market distortions on the

equilibrium of the tax competition model. A number of useful extensions of the

model can be made. For instance, though the various sources of labor market

imperfections are incorporated into the model, both an implicit contract and an

insider-outsider model of employment are ignored10. The present model assumes

no distortions in the capital market, although capital does not freely move across

jurisdictions due to transaction costs [Lee (1997) and Ogawa (2000)]. The eval-

uation of tax competition in the presence of labor market imperfections should

be affected by assuming the Leviathan objective for governments [Edwards and

Keen (1996) and Rauscher (1998)]. In section 4, edogenizing the job search

or recruiting intensity will be important, since decisions regarding the search

intensity affect the matching probability, and thus the matching externality

[Petrongolo and Pissarides (2001)]. Furthermore, following DePater and My-

ers (1994), incorporating a non-price-taking jurisdictional government, which

accounts for the effects of tax changes on the price of capital, should not be

ignored, since the market capital price plays a critical role in the result arrived

at section 4. These topics all remain important future investigations.

10See Blanchard and Summers (1986) and Lindbeck and Snower (1986) for the basic insider-
outsider model. For the implicit contract model of unemployment, see the original studies of
Baily (1974), Gordon (1974), and Azariadis (1975).
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Basic findings and their significance

In this paper, we introduce the various types of labor market imperfections

into the capital tax competition literature to examine equilibrium tax formulae

and their efficiency in the presence of unemployment. Especially, we place par-

ticular emphasis on the efficiency-wage and job-search models of unemployment

that have not been covered in previous studies.

Our first finding is that even when head taxes on immobile residents are

available, the optimal capital tax rate for a jurisdictional government is not zero.

Our second finding is that a decentralized equilibrium might be characterized

by the overprovision of local public goods when the labor market is imperfect.

Since we posit several causes that generate unemployment, we are able to

demonstrate differences in the factors that affect equilibrium properties, e.g.,

production technologies, preferences of the union, and the number of firms com-

petiting in the region. We also find a similarity in the mechanisms underlying

the results on efficiency obtained under different labor market environments.

Whether a so-called race to the bottom is on or off depends on whether the

positive (fiscal) externality generated by capital taxation is smaller or greater

than the negative externalities, although negative externalities might prevail in

different ways depending on the unemployment model we adopt.
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