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1. Introduction

In the course of economic integration, mobility of the labor force has increased con-

siderably due to a rapid decline in transaction costs. Administrative or legal barriers

have been reduced in highly integrated regions such as the European Union, while

language or cultural obstacles to migration are of minor importance in federal states.

Moreover, the mobility of labor increases with the skill level as specialized skills of

highly educated workers may be locally less demanded and, hence, require search-

ing a geographically larger labor market. In view of the high mobility especially of

skilled labor, benefits resulting from local investments in education do not necessar-

ily accrue to the region of origin. Therefore, public incentives to promote mobility

enhancing education might be limited. Rather, it seems to be tempting to attract

skilled labor from abroad using a favorable tax system, and free-ride on other regions’

education policies. Hence, high-skilled mobility can be problematic for decentralized

fiscal policies.

The present paper analyzes this free-rider problem at the level of local jurisdictions

in a setup that allows for social mobility across skill types. Individual underinvest-

ment in education provides a rationale for educational subsidies from a federal point

of view.Local governments, however, might refrain from subsidizing education in the

presence of high-skilled migration. Since the size of the educated workforce available

in the respective jurisdiction is no longer determined by domestic educational invest-

ments but by migration flows, local governments might lose the incentive to correct

private underinvestment. This suggests that decentralized education policies will be

inefficient, and educational subsidies have to be provided at the federal or supra-

national level. Yet, local governments do engage in education policies, and subsidize

especially early education substantially. The present paper provides an explanation

for this phenomenon and shows, that local governments do not free-ride on other re-

gions’ education policies even though high-skilled workers are assumed to be perfectly

mobile. Most previous studies stress an efficiency enhancing aspect of migration that

goes ahead with a reduced need for public policy. Surprisingly, the recent literature on

the brain drain has emphasized this point in various studies. The welfare improving

impact of migration in new approaches to the brain drain rests on the observation

that an exogenous increase in the migration probability of high-skilled labor fosters
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private educational investments as in Stark et al. (1998). Starting from a situation

of educational underinvestment that is induced by externalities, increasing the prob-

ability to emigrate raises private incentives to accumulate human capital and, hence,

welfare.1 Since educational underinvestment provides a rational for public interven-

tion, migration can even function as a substitute for subsidies in education (Stark

and Wang, 2002).

Similarly, migration can increase efficiency in a setup in which private underinvest-

ment results from uncertainty. Wildasin (2000) considers a framework in which high-

skilled workers possess industry-specific human capital. This implies, that qualified

labor is intersectorally immobile and, therefore, exposed to earning risks. If educa-

tion is privately financed and wage risks are uninsurable,2 globalization that raises

the geographical mobility of high-skilled labor provides full insurance of the involved

income risks. As a consequence, investments in human capital increase to an effi-

cient level.3 At the same time, migration can restore efficiency of local tax policies

in a setup where educational subsidies are used to overcome a hold-up problem of

time-inconsistent taxation. Andersson and Konrad (2003a,b) point out that in such

a framework allowing for mobility of labor reintroduces the elasticity of the tax base

and serves as a commitment device for low tax rates. Against this background they

determine the welfare effects of globalization when education is risky.

These studies suggest that an increase in labor mobility should be accompanied by a

decline in public investments due to a reduced need for fiscal policies. The present

paper does not intend to cast doubt on this efficiency enhancing effect of migration.

Yet, it is presumed that mobility of high-skilled workers will most likely not entirely

restore efficiency. If migration fails to exactly offset the inefficiencies, private under-

investment persists. This calls for public policies to correct the underlying market

failure. However, from point of view of a small jurisdiction facing migration of highly

1The possibility of an efficiency enhancing brain drain on the basis of a probabilistic approach to
migration has been discussed in models with underinvestment due to production externalities
(Stark (2004); Mountford (1997)) as well as intergenerational transmission of knowledge (Beine
et al. (2001); Vidal (1998)).

2Wildasin (2000) analyzes the effect of high-skilled labor mobility for both, the case of private and
public investments in education.

3In a comparable approach, Poutvaara (2000, 2001) model wage-tax financed educational transfers
to students that can insure against regions-specific shocks. On this background, the trade-off
between the efficiency enhancing effect of mobility and the possible erosion of local tax policies
is assessed.
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educated workers, the size of the high-skilled workforce available depends on migration

flows and not on previous local investments in education. Therefore, the possibility to

free-ride on other regions’ educational investments arises, and decentralized policies in

the presence of labor mobility might not be efficient anymore. As Sinn (1997) puts it,

fiscal competition reduces the incentives of governments to correct market failures.

The study by Wildasin (2000) cited above additionally considers the case of pub-

lic investment in human capital. It is shown, that if education is financed publicly,

tax competition for high-skilled workers results in public underinvestment. Hence,

decentralized education policies turn out to be inefficient. Similarly, Justman and

Thisse (1997, 2000) show that mobility of high-skilled labor induces underprovision

if regions interact strategically. They consider a model in which the supply of skilled

workers is determined solely by public instead of private investments. Since migrants

are assumed to respond to wage differences across regions, increased mobility results

in underprovision of public education. To restore local incentives to provide pub-

lic education, a system of interjurisdictional transfers based on migration flows is

suggested.

The cited studies on education policies in the presence of migration conclude that gov-

ernment activity will decline if mobility rises, either due to a reduced need for fiscal

intervention or due to diminished incentives to correct market failures. Hence, they

fail to explain why education is still subsidized substantially even at the local level.

The focus of the present paper lies entirely on the incentives of local jurisdictions

to correct underinvestment in education, and ignores positive efficiency enhancing

effects of migration at the private level. It is shown that despite of the mobility of

educated workers, local governments abide by the optimal decision rule for subsidiz-

ing education. This is due to the fact that social mobility has been introduced as

an additional dimension of labor mobility. As a consequence, lacking governmental

support of education can not be compensated by immigration as it additionally af-

fects the number of immobile low-skilled workers in a respective region. Thus, local

governments correct private underinvestment in education even in the presence of

perfect mobility of high-skilled workers, and decentralized decision making remains

to be efficient. Only if one allows for high- and low-skilled mobility, local incentives

to correct the underinvestment problem vanish as education policies neither affect the

size of the domestic high- nor of the low-skilled workforce. This implies, that private
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underinvestment in education persists. To correct the market failure and establish

the social optimum in a decentralized setting, a federal matching grant can be used.

However, such a federal matching grant effectively assigns the education policy to the

federal or supranational level.

The paper is organized as follows. In Section 2, the basic model setup is described with

a special emphasis on the educational process and the migration dynamics. Section 3

and 4 derive the optimal fiscal policies a unitary state government chooses and discuss

what policy instruments are needed to decentralize the welfare optimum. First, the

case of perfect mobility of the educated workforce is considered, and then migration

of high- as well as low-skilled labor is allowed for. The last section concludes.

2. The Model

Consider a federal economy with an infinite number of small local jurisdictions i.4

Each of these jurisdictions represents a local tax authority that can raise lump-sum

taxes to finance educational subsidies, given the fiscal policy decided by the central

government. Initially and before any migration takes place, the population of region

i consists of a given number of high-skilled (NH
0,i) and low-skilled households (NL

0,i).

The current working population, NH
t,i and NL

t,i, is determined by factor flows at the

beginning of every period t ≥ 1. The overall size of the population is fixed over time

with N̄ =
∞
∑

i=1

(

NH
t,i + NL

t,i

)

∀t ≥ 0.

Regions are populated by successive generations. Every household or parent has one

offspring and invests an amount en
t in the education of this child, where n = H,L in-

dicates the respective type of the parent. This educational investment determines the

child’s probability of becoming high-skilled. Thus, while the overall federal population

is given, the evolution of types depends on the regional investments in education.

The timing of events is as follows: The central government moves first, deciding on

the sequence of fiscal policies that maximizes the welfare of the aggregate federal

population. The local governments move next, behaving like small open economies

4This assumption is needed to abstract from any strategic interaction between regions.
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when choosing the sequence of regional tax rates, followed by private agents, who take

all tax rates as given. Note, that time-inconsistency of fiscal policies is not an issue

here, because households are not optimizing intertemporally. Thus, the possibility of

a future revision of the initially announced path of optimal policy will not influence

the decisions of the working population as these are only affected by current tax

rates.5

The basic model setup follows Boadway et al. (2003), who analyze fiscal equaliza-

tion in a static model with two types of mobile labor. Their work is extended to a

dynamic model with successive generations and an endogenous human capital for-

mation process to study the consequences of labor mobility for optimal education

policies. The production of human capital is based on a setup suggested by Cremer

and Pestieau (2004). In their framework the educational success is determined by an

endogenously derived probability of becoming high-skilled. In the present paper, this

is interpreted as social mobility which reflects the fact that children of both low- and

high-skilled parents face a positive probability to become high-skilled themselves. The

approach makes it possible to analyze fiscal policies that not only affect the allocation

of the mobile factor across regions, but additionally determine the endowment with

the factor itself.

2.1. Regional Production

In every period t ≥ 1, firms produce a single aggregate good that can be used for

consumption and investments in education. Labor is the only input factor with high-

skilled (NH
t,i) and low-skilled households (NL

t,i) being perfect substitutes. Households

supply zn efficiency units of labor inelastically, with n = H,L denoting the respective

skill group, and it is assumed that high-skilled labor is more productive (zH > zL).

Aggregate effective labor supply can be written as Zt,i = zHNH
t,i + zLNL

t,i. Firms

in every region have access to the production function F (Zt,i) with F ′(Zt,i) > 0 >

5As Kydland and Prescott (1977) point out, time inconsistencies arise solely in situations in which
the current optimization behaviour of agents is influenced by their expectations of future fiscal
policies.
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F ′′(Zt,i). As an example one can think of the following production technology

F (Zt,i) = (Zt,i)
α (1)

where 0 < α < 1 denotes the production elasticity of labor. Labor markets are

competitive, therefore the wage rate equals the marginal product of labor.

As the production function exhibits decreasing returns to scale, local rents arise. The

rent income of region i is given by R(Zt,i) = F (Zt,i) − Zt,iF
′(Zt,i) with R′(Zt,i) =

−Zt,iF
′′(Zt,i) > 0. It is assumed that these rents are entirely accrued by the regional

government.6 Since regions have access to the same production technology, that

is fiscal capacities of local jurisdictions do not differ, there is not need for federal

equalization. This implies that it is irrelevant whether rents go to the regional or

central budget. Contrary, with private ownership of the fixed factor, source income

arises that induces an additional fiscal externality of migration. Since the focus lies on

the impact of migration on optimal education policies, inefficiencies resulting from rent

income are not considered, and it is assumed that rents go to the local governments.

2.2. Central and Local Governments

Both the central and the regional governments are benevolent in the sense that they

maximize the sum of their residents’ utility, discounted over all periods. Put differ-

ently, governments care about the aggregate welfare of each parent generation living

in the respective region. The central government has access to a federal lump-sum

tax θn
t,i, which can be differentiated both across regions and across skill-types. Fur-

thermore, it can choose a skill-specific matching grant θn
et,i paid to regions for every

unit invested locally in education. The budget constraint of the central government

can be written as
∞
∑

i=1

∑

n

Nn
t,i

(

θn
t,i − θn

et,ie
n
t,i

)

= 0. (2)

6This can be justified by the implicit assumption that either the local jurisdiction is the owner of
the fixed factor who generates the rents, or that it has access to a rent tax to fully appropriate
the pure profit.
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The set of available tax instruments at the local level of government is restricted to

a personal head tax on residents (τn
t ) and a skill-specific educational subsidy or tax

(τn
et). The budget of the local government of region i additionally includes the regional

rent,
∑

n

Nn
t

(

τn
t −

[

τn
et − θn

et,i

]

en
t

)

+ R(Zt) = 0. (3)

2.3. Household Behavior

Following Cremer and Pestieau (2004),7 successive generations of two types of labor,

low-skilled (NL
t ) and high-skilled (NH

t ) are assumed. Each of these workers has one

offspring and is, hence, also referred to as a parent. Parents invest an amount en in

the education of their children, and thereby determine the probability of their child to

become high-skilled, h(en) with hn
e > 0 and hn

ee ≥ 0.8 While young, children undergo

education, but only enter the model explicitly when old, that is, once they have

completed their education and start working as either high- or low-skilled. Note, that

individuals do not decide on their own education, but only on the amount invested in

their children. Thus, the model rather depicts basic or early education as compared

to college or university education.

The probability to become high-skilled, and, thus, high-productive, is derived endoge-

nously as it is a function of the different educational investments of the respective type

of parent: The probability to become high-skilled is h(eH) if parents are high-skilled,

and h(eL) if they are low-skilled. The amount invested by parents is determined by

the net earnings realized by the respective type. Hence, social mobility is contingent

on the productivity, or ultimately, on the educational background of parents.

Since both children of high- and low-skilled parents face a positive probability of

becoming high-skilled themselves, the model allows for social mobility across skill

types. Yet, in the absence of taxation, children of high-skilled, that is high-productive

parents face a higher probability of becoming high-skilled themselves. This is due

to the fact that children differ in their acquired ability whenever high-skilled parents

7Cremer and Pestieau (2004) consider the case of an immobile workforce and study optimal edu-
cation policies when private investment is not observable.

8The region and time index is suppressed for the moment.
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spent more resources on education than low-skilled parents do. This will be the case in

the absence of any fiscal policy, as the high-skilled type is more productive, and earns

a higher wage income. Therefore, the model additionally captures intergenerational

earnings persistence, which can, however, be reduced using educational subsidies.

The framework replicates basic findings of the recent literature that stress the im-

portance of early investments in shaping the cognitive ability of children that in turn

determines their later educational success as well as their income prospects. Restuc-

cia and Urrutia (2004) calibrate a model in which innate ability, acquired ability,

based on parental investments in early education, and college education determine

the probability of successful college graduation. They show that parental investments

in education, especially early education, account for nearly one-half of the observed

intergenerational earnings persistence. This evidence suggests that social mobility

can be increased substantially by the provision of educational subsidies on private

investments in early education. Additionally, Carneiro and Heckman (2002) stress

the importance of long-run factors to explain the positive correlation between college

enrolment and family income. They argue that children from high-income families

have better access to resources that provide them with higher quality of education

early in life leading to superior cognitive ability in the long-run.

Based on parent’s educational investment in period t − 1, the size of the aggregate

high-skilled labor force in period t can be derived as

NH
t = NH

t−1 · h(eH
t−1) + NL

t−1 · h(eL
t−1). (4)

Analogously, the number of low-skilled workers can be deduced,

NL
t = NH

t−1 · (1 − h(eH
t−1)) + NL

t−1 · (1 − h(eL
t−1)). (5)

After the educational process determined the respective type, the child enters the

working period as an either high- or low-skilled. Every worker or household is endowed

with zn efficiency units of labor that she supplies inelastically to firms in the region

of residence. Labor income is spend on consumption, tax payments as well as net

investment in the education of children. Therefore, the household’s budget constraint

9



can be expressed as

znF ′(Z) − τn − θn = cn + (1 − τn
e )en, (6)

where cn denotes consumption and en investment in education of children. Note, that

a consumption tax is not allowed for at neither level of government, although such a

tax is a perfect substitute for an educational subsidy as it increases the opportunity

cost of investments in education. Yet, a consumption tax is typically not differentiable

across skill-types, and can thus not mimic type-specific education policies.9

Parents are altruistic in the sense that they experience a joy of giving when supporting

their children’s education (warm glow altruism). Preferences of different skill types

are identical and separable between consumption and educational investments. They

can be expressed by the strictly quasi concave utility function

U(cn, en) = u(cn) + υ(en). (7)

Households of each type maximize utility, taking both federal and regional tax rates

as given. The optimization leads to the marginal rate of substitution between con-

sumptions and investments in education, that equals the private cost of education in

the optimum,10

υn
e

un
c

= (1 − τn
e ). (8)

While equations (4) and (5) illustrate, that private investments in education have a

crucial impact on the composition of the future workforce, parents optimize solely their

own utility not taking into account the effect on future generations. Put differently,

they do not fully anticipate their child’s benefits resulting from these educational

investments. As will be shown, this intergenerational externality leads to inefficient

levels of investment in education that can be corrected using an educational subsidy.

9While a consumption tax is inefficient ex ante as it can not discriminate between types, it will turn
out to be efficient ex post. However, this is due to the fact that the assumed utilitarian welfare
function entails redistribution among types. This implies a symmetric equilibrium ex post, in
which a consumption tax and an educational subsidy are indeed perfect substitutes.

10In the absence of any tax or subsidy, the private cost of education in terms of consumption equals
one. This reflects the underlying assumption that consumption and education are produced with
the same production technology.
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2.4. Migration

Two different scenarios of migration are considered: mobility of the high-skilled work-

force, and mobility of both the high- and the low-skilled workforce. For simplicity,

the analysis abstracts from any migrations costs such as language barriers, moving

costs or attachment to the home country.11 Migration takes place at the beginning

of every period, before households decide on consumption and educational spending.

Hence, migration flows determine the workforce of a respective region in period t.

A potential migrant is indifferent between migrating or staying whenever utility is

equalized across regions. Thus, a migration equilibrium between any regions i 6= j and

an arbitrarily chosen reference region j is characterized by identical utility levels,

u(cn
t,i) + υ(en

t,i) = u(cn
t,j) + υ(en

t,j). (9)

Equation (9) implicitly defines the quantity of mobile labor allocated in a particular

region after a migration equilibrium has been reached.

Introducing mobility of households affects the constraints for fiscal policies both at the

federal and at the local level. While in a closed economy the number of low- and high-

skilled workers available in a particular region is fully determined by investments in

education, this is no longer true if one considers migration. Rather, migration flows are

crucial for the allocation across regions. Yet, the size of the mobile population group

in the federal state as a whole is still contingent on regional investments in education

and is, hence, restricted. The federal government will take this into account, while the

government of a small open region will view the supply of the mobile factor as infinite.

Note that, as long as solely mobility of the high-skilled is considered, the number of

the immobile low-skilled workforce in a particular region still depends on local human

capital formation. With mobility of high- and low-skilled, however, migration flows

alone determine the allocation of types across regions.

11As will be discussed below, this assumption influences the equilibrium attained. However, it has
no impact on the results concerning the efficiency of regional education policies.
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3. Optimal Education Policies with High-Skilled Migration

In the following section, optimal education policies at both the federal and regional

level of government are studied. In the first subsection, it is shown that parents under-

invest in education. This inefficiency justifies federal education policies on efficiency

grounds. Yet, if one consider the possibility of migration, a free-rider problem at the

level of local governments might arise. Since, from a local perspective, the size of the

mobile workforce no longer depends on educational investments but on migration in-

centives, local governments might substitute efficiency enhancing education subsidies

by fiscal policies that aim at attracting migrants. In the absence of federal education

policies, private underinvestment in education might, therefore, persist. The second

subsection analyzes whether this regional free-rider problem indeed occurs, and fed-

eral education policies are needed to correct the intergenerational inefficiency. To

this aim, the unitary state optimum is derived as a benchmark case. Then, regional

policies as well as federal tax instruments that are needed to decentralize the first

best optimum are discussed.

3.1. Unitary State Optimum

Consider a unitary state government that is benevolent in the sense that it maximizes

a utilitarian welfare function over generations, discounted by the social rate of time

preference, β < 1. To characterize the central planning solution as a benchmark

case, assume that the unitary state government does not only decide on federal taxes,

but also optimally chooses the tax instruments available to regions. Note that the

household’s first-order condition has been used to eliminate τn
et,i from the central

planner’s optimization problem.

The unitary state government optimizes social welfare by choosing the tax rates
{

τn
t,i, θ

n
t,i, θ

n
et,i

}

as well as the allocations
{

cn
t,i, e

n
t,i, N

n
t,i

}

. The population Nn
t,i is treated

as an artificial control variable, since the human capital formation as well as the

migration equilibrium have been added as constraints to the optimization problem.

Alternatively, one can determine the respective population group as an endogenous

variable using equations (5) and (9).
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The optimization problem is to solve

max
∞
∑

t=1

βt
{

∞
∑

i=1

∑

n

Nn
t,i

[

u
(

cn
t,i

)

+ υ(en
t,i)
]

+
∞
∑

i=1

∑

n

κn
t,i

[

znF ′(Zt,i) − τn
t,i − θn

t,i − cn
t,i −

υn
et,i

un
ct,i

en
t,i

]

+ λt

∞
∑

i=1

∑

n

Nn
t,i

(

θn
t,i − θn

et,ie
n
t,i

)

+
∞
∑

i=1

λt,i

[

∑

n

Nn
t,i(τ

n
t,i +

υn
et,i

un
ct,i

en
t,i −

(

1 − θn
et,i

)

en
t,i) + R(Zt,i)

]

(10)

+
∞
∑

i=1

µL
t,i

[

NL
t+1,i −

∑

n

Nn
t,i

[

1 − h(en
t,i)
]

]

+ µt

[

N̄ −

∞
∑

i=1

∑

n

Nn
t,i

]

+
∑

i6=j

ϕH
t,i

[

u(cH
t,j) + υ(eH

t,j) − u
(

cH
t,i

)

− υ(eH
t,i)
]

}

,

where the variables κn
t,i, λt, λt,i, µ

L
t,i, µt and ϕH

t,i denote the Lagrange-multipliers for the

respective optimization constraints. The first constraint guarantees that the house-

hold’s budget is balanced. The next two constraints refer to the federal and regional

budget that are distinguished to keep the solution comparable to the regional opti-

mization discussed below. The fourth constraint reflects the fact that the size of a

regions’ immobile low-skilled population in period t + 1 is contingent on local educa-

tional investments in period t. The remaining constraints illustrate that the aggregate

labor force N̄t has to allocate in one of the regions, and that the mobility of high-skilled

workers requires that the migration constraint is met. Hence, the last constraint de-

termines the allocation of educated workers, given that the utility level in region i

equals the utility attainable in an arbitrarily chosen reference region j. The first-order

conditions of the social planning problem are stated in the Appendix.
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Optimal Policy Rule

The first-order conditions with respect to τn
t,i, θn

t,i and θn
et,i reveal that κn

t,i = λt,iN
n
t,i

and λt,i = λt. This reduces the first-order conditions on consumption and educational

spending for the low-skilled residing in region i to

uL
ct,i = λt and υL

et,i + µL
t,ih

L
et,i = λt. (11)

Equations (11) define the equilibrium values of cL
t,i and eL

t,i, and can be used to derive

the social marginal rate of substitution between consumption and investments in

education,
υL

et,i

uL
ct,i

= 1 −
µL

t,i

λt

hL
et,i. (12)

In the welfare optimum, the social marginal rate of substitution has to equal the

private cost of education minus the term
µL

t,i

λt
hL

et,i that captures a social impact of

education. This social benefit of education consists of the welfare gain of a declining

number of low-skilled in t + 1 (µL
t,i), weighted by the marginal productivity of low-

skilled educational investments (hL
et,i > 0) and discounted by the opportunity cost,

the marginal utility of consumption (λt > 0). If the contribution to aggregate welfare

of a high-skilled worker exceeds the benefit of her being low-skilled, the social impact

of education is positive. This implies that investments in education should take place

until the marginal rate of substitution exceeds the private costs of one to additionally

account for the social benefit of human capital formation.

Since in any decentralized market equilibrium this optimal marginal rate of substi-

tution coincides with the private marginal rate of substitution (equation (8)), the

optimal policy rule to determine the educational subsidy or tax for the low-skilled in

region i can be deduced,

1 −
µL

t,i

λt

hL
et,i =

(12)

υL
et,i

uL
ct,i

=
(8)

(1 − τL
et,i) ⇔ τL

et,i =
µL

t,i

λt

hL
et,i. (13)

In the absence of any education policy, households adjust their private marginal rate of

substitution to a marginal cost of educational investment of one (equation (8)). Hence,

they do not take into account the social benefit of education and private investment
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will be inefficient. The educational subsidy or tax is a means to internalize this social

impact of education and establish the welfare optimum. As long as the social impact

of education is positive (µL
t,i > 0), it is optimal to subsidize educational investments.

Analogously, one can rewrite the first-order conditions with respect to consumption

and educational investment for the high-skilled type in region i to

(

NH
t,i − ϕH

t,i

)

NH
t,i

uH
ct,i = λt and

(

NH
t,i − ϕH

t,i

)

NH
t,i

υH
et,i + µL

t,ih
H
et,i = λt. (14)

Again, equations (14) define the equilibrium values of cH
t,i and eH

t,i. Moreover, the

social marginal rate of substitution between consumption and educational investments

involves the social impact of education,

υH
et,i

uH
ct,i

= 1 −
µL

t,i

λt

hH
et,i. (15)

This implies that - similarly to the low-skilled case - a subsidy or tax on educational

investments should be used to internalize the social effect of education. Following the

above procedure, the optimal educational subsidy or tax on high-skilled investments

can be obtained as

τH
et,i =

µL
t,i

λt

hH
et,i. (16)

One can further simplify the educational subsidy using the first-order conditions on

consumption and educational investments (equations (11) and (14)) to substitute out

the Lagrange-multipliers λt and µL
t,i,

τn
et,i =

µL
t,i

λt

hn
et,i =

un
ct,i − υn

et,i

un
ct,i

. (17)

Equation (17) reveals that the optimal policy rule for subsidizing education is only de-

pendent on the realized equilibrium values of consumption and education. Therefore,

it is not influenced by assumptions on neither migration dynamics nor the underlying

production technology.12

12While the policy rule remains unaffected, the assumptions certainly influence the equilibrium
obtained.
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Symmetric Intraregional Equilibrium

Consider now a situation in which the migration equilibrium constraint is not binding

(ϕH
t,i = 0).13 In this case, the first-order conditions as stated in equations (11) and

(14) become

un
ct,i = λt and υn

et,i + µL
t,ih

n
et,i = λt. (18)

From equations (18) it follows that consumption and educational investments in a

particular region are type-independent (cn
t,i = ct,i and en

t,i = et,i). Since preferences

are the same, it follows that utility levels across types will be equalized. This is

due to the fact that the unitary state governments aims at maximizing a utilitarian

welfare function. To see this, consider a situation in which the level of educational

spending of different types is identical, but high-skilled consumption exceeds low-

skilled consumption. In this case, the marginal utility of additional consumption is

higher for the low-skilled type. Therefore, redistribution that increases low-skilled

consumption at the expense of high-skilled consumption generates a welfare gain.

Moreover, consumption is independent of the place of residence (ct,i = ct,j), while this

need not be the case for educational investments. As long as the Lagrange-multiplier

on the human capital formation constraint, µL
t,i, is not identical across regions, the

level of spending on education might differ (et,i R et,j).

Identical consumption and investment levels in a respective region yield the result

that the optimal subsidy or tax on education is independent of the respective type,

τet,i =
µL

t,i

λt

het,i. (19)

This implies that both types spend an equal amount of resources on consumption and

educational investments. According to the households budget constraint, identical

spending patterns can only be achieved if the net income is equalized across types,

zHF ′(Zt,i) − τH
t,i − θH

t,i = ct,i + (1 − τet.,i)et,i = zLF ′(Zt,i) − τL
t,i − θL

t,i (20)

13The solution to the optimization problem is derived ignoring the migration constraint. It is
shown that the equilibrium deduced satisfies the required utility equalization as well. Hence, the
obtained solution coincides with the one for the fully constrained optimization problem.
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Since productivity differs, the aggregate head tax on high-skilled has to exceed the

one on low-skilled workers,

(

zH − zL
)

F ′(Zt,i) =
(

τH
t,i + θH

t,i

)

−
(

τL
t,i + θL

t,i

)

> 0. (21)

Lump-sum taxes that account for the productivity difference between the two types

combined with type-independent educational subsidies guarantee that the net income

is identical. Such a way of redistribution between high- and low-skilled workers en-

sures that consumption and educational investments are the same, which entails that

realized utility levels are type-independent and aggregate welfare is maximized.

Proposition 1 A benevolent unitary state government redistributes income from high-

to low-skilled labor to achieve a symmetric intraregional equilibrium.

Still, it is not clear whether education should be subsidized or taxed. To determine the

sign of the educational subsidy, one needs to evaluate the shadow price µL
t,i associated

with the probability of being low-productive. Using the first-order conditions on τn
t,i,

θn
t,i and θn

et,i as well as the fact that R′(Zt,i) = −Zt,iF
′′(Zt,i) and

υn
et,i

un
ct,i

= (1− τn
et,i), one

can simplify the first-order condition with respect to NH
t,i to

µt = UH
t,i(·) + λt

(

θH
t,i + τH

t,i − τH
et,ie

H
t,i

)

− µL
t,i

[

1 − h(eH
t,i)
]

. (22)

Equation (22) captures the contribution to social welfare of an additional high-skilled.

This net benefit of being high-skilled comprises the attained level of utility and the

fiscal revenue raised, minus the probability that the respective type’s child will later

become low-skilled.

Similarly, one can rewrite the first-order condition with respect to NL
t,i to

µt = UL
t,i(·) + λt

(

θL
t,i + τL

t,i − τL
et,ie

L
t,i

)

− µL
t,i

[

1 − h(eL
t,i)
]

+ β−1µL
t−1,i. (23)

Substituting (22) into (23) and rearranging yields the shadow price µL
t−1,i that captures

the social benefit of turning a child in period t − 1 into a high-skilled instead of a
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low-skilled worker,

β−1µL
t−1,i = UH

t,i − UL
t,i + λt

[(

θH
t,i + τH

t,i − τH
et,ie

H
t,i

)

−
(

θL
t,i + τL

t,i − τL
et,ie

L
t,i

)]

+ µL
t,i

[

h(eH
t,i) − h(eL

t,i)
]

. (24)

This social benefit of education consists of the differences in each types contribution

to social welfare, that is the differences with respect to the utility levels achieved, the

net fiscal revenue raised as well as the impact on human capital formation.

According to the optimal policy rule (equation (17)), it is efficient to subsidize educa-

tion as long as the contribution to social welfare of an additional high-skilled exceeds

the contribution of a low-skilled worker (µL
t,i > 0). Given the symmetric equilibrium

outcomes derived above and accounting for intraregional redistribution policies (equa-

tion (29)), the net social benefit of education reduces to the difference in productivity

between the two types,

β−1µL
t−1,i = λt

[(

θH
t,i + τH

t,i

)

−
(

θL
t,i + τL

t,i

)]

=
(21)

λt

(

zH − zL
)

F ′(Zt,i) > 0. (25)

The analysis reveals that the social benefit of turning a child into a high- instead of a

low-skilled individual is strictly positive.This is due to the fact that high-skilled work-

ers are more productive, and, hence, contribute more in terms of tax payments than

low-skilled do. Since individual households do not take this positive social impact into

account, they underinvest in education. This explains why the optimal educational

subsidy is strictly positive with

τet,i =
µL

t,i

λt,i

het,i > 0. (26)

Proposition 2 To correct private underinvestment in education, a unitary state gov-

ernment subsidizes educational investments.

Note that this result hinges on the assumption that the types are perfect substitutes

in production with zH > zL. With complements, the net social benefit of education

would be positive for low levels of human capital intensity and a subsidy would be

18



optimal (µL
t,i > 0). With a rising fraction of high-skilled workers, however, the net

social benefit would decrease and eventually a tax on private educational investments

would be efficient (µL
t,i < 0). Recall, however, that the optimal decision rule for

subsidizing education (equation (17)) is independent of assumptions concerning the

production technology.

Symmetric Interregional Equilibrium

Since high-skilled workers are mobile across regions, the welfare optimum requires that

the migration constraint is met. Hence, utility levels of mobile high-skilled workers

have to equalize. As was already pointed out, with a non-binding migration constraint

consumption is not only type-independent, but additionally identical across regions,

cn
t,i = ct. This implies that utility resulting from consumption are the same, indepen-

dent of the place of residence, u
(

cH
t,i

)

= u
(

cH
t

)

. Given the migration constraint, this

entails that educational investments have to be equalized across regions,

u
(

cH
t

)

+ υ(eH
t,i) = u(cH

t ) + υ(eH
t,j) ⇔ υ(eH

t,i) = υ(eH
t,j) ⇔ eH

t,i = eH
t ⇔ en

t,i = et. (27)

Hence, the solution to the optimization problem is entirely symmetric with cn
t,i = ct

and en
t,i = et.

14 Since the realized equilibrium values of consumption and investments

in education are identical, it follows immediately from the optimal policy rule (equa-

tion (17)) that the optimal subsidy is type- and region independent with τn
et,i = τet.

Furthermore, according to equation (18), identical educational spending across re-

gions implies that the Lagrange-multiplier on the human capital formation constraint

is independent of the respective region, µL
t,i = µL

t .

An efficient allocation of labor across regions requires that the contribution to social

welfare of an additional high-skilled immigrant (equation ((22)) is the same for all

regions. To determine the optimality condition for the allocation of mobile high-skilled

14Contrary, in the presence of migration costs, the equilibrium will no longer be symmetric as an
interregional equalization of utility would violate the migration equilibrium.
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workers, equate (22) across regions,

λt

(

θH
t,i + τH

t,i − τH
et,ie

H
t,i

)

− µL
t,i

[

1 − h(eH
t,i)
]

= µt

= λt

(

θH
t,j + τH

t,j − τH
et,je

H
t,j

)

− µL
t,j

[

1 − h(eH
t,j)
]

(28)

The left-hand side of equation (28) can be interpreted as the net social benefit of

migration that consists of the contribution of a high-skilled immigrant in terms of

net tax payments minus the social cost that arises if her child becomes low- instead

of high-skilled (µL
t,i), weighted by the probability to become low-skilled (1 − h(eH

t,i)).

The optimal allocation of high-skilled between regions i and j is attained when the

net fiscal externality, that is the difference in the net social benefit between regions,

vanishes. Evaluating in equilibrium reduces equation (28) to

θH
t,i + τH

t,i = θH
t,j + τH

t,j. (29)

In the welfare optimum, the central planner imposes federal lump-sum taxes such that

the aggregate head tax of the high-skilled is independent of the region of residence.

Evaluating the households budget constraint in equilibrium, one can show that an

efficient allocation of labor according to equation (29) requires that the marginal

product of labor is equalized across regions,

zHF ′(Zt,i) −
(

τH
t,i + θH

t,i

)

= ct + (1 − τet)et = zHF ′(Zt,j) −
(

τH
t,j + θH

t,j

)

(30)

⇔ F ′(Zt,i) = F ′(Zt,j) ⇔ Zt,i = Zt,j (31)

Given identical aggregate head taxes, labor movements correspond to productivity

differences. Thus, labor is allocated efficiently once productivity is equalized across

regions, that is once production efficiency holds. This entails that the aggregate

effective labor supply is the same for any region, Zt,i = Zt.

Proposition 3 A benevolent unitary state government uses lump-sum taxes to equate

the net social benefit of migration between regions. This ensures an efficient allocation

of mobile labor (production efficiency).
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The starting point of the analysis was a non-binding migration constraint. In this

case, the solution to the optimization problem is entirely symmetric with consumption,

educational investments, as well as educational subsidies equalized both across regions

and types. The central planner aims at redistributing income across types using

type-specific head taxes. Contrary, lump-sum taxation is independent of the place

of residence to ensure that the net social benefit of high-skilled migration is the

same across regions. As a consequence, production efficiency holds and the aggregate

effective labor supply is identical in all regions. Given this symmetric solution, the

migration equilibrium is fulfilled as well. This entails that the solution that was

derived ignoring the migration constraint coincides with the optimum of the fully

constrained problem. Furthermore, the solution of the central planning problem is a

unique global maximum. This is due to the fact that utility is strictly quasi-concave

and the constraints are quasi-convex. If these conditions are fulfilled, and a local

maximum exists, this local maximum is a unique global maximum.

The central planning solution reveals that it is optimal to subsidize education to

overcome the underinvestment problem at the private level. Furthermore, the optimal

subsidy will be type-independent and identical across regions. The following section

focuses on the optimal fiscal policy a small open regions opts for. A local government

disregards the fact, that the overall size of the high-skilled population in the federal

economy is contingent on private investments in education. Hence, it might choose not

to subsidize education, but try to attract high-skilled workers from other regions. Such

free-riding of regional governments induces an educational underinvestment problem

at the federal level, that can be corrected using an educational matching grant.

3.2. Decentralization of the Unitary State Optimum

Next, the optimal fiscal policy a local government chooses is derived, and policy instru-

ments at the federal state level are deduced, that are needed to decentralize the uni-

tary state optimum. Recall that the first-best solution requires that (1) consumption

and educational spending are equalized across types, (2) educational investments are

subsidized to prevent private underinvestment, and (3) production efficiency holds.

From point of view of a small open region, high-skilled households are in infinite
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supply. Thus, a regional government will not take into account the fact that the

overall number of high-skilled available in the federal state is restricted, but only

consider the migration constraint. The amount of low-skilled workers in any region i,

however, is still contingent on local human capital formation. Therefore, a regional

jurisdiction considers the local human capital formation constraint, and respects its

own as well as the household’s budget constraint, and the migration equilibrium

constraint. The utility level attainable for mobile high-skilled workers in case of

emigration is exogenous with u(cH
t ) + υ(eH

t ), where cH
t and eH

t denote the amount of

consumption and educational investments realized outside of a small open region i.

Furthermore, the regional government takes the federal head tax and the matching

grant as given, since the central government is assumed to be the Stackelberg leader

who moves first. Again, the household’s first-order condition is used to eliminate τn
et

from the optimization problem.

The local government maximizes the social welfare of it’s resident population, choosing

{τn
t , cn

t , en
t , N

n
t },

max
∞
∑

t=0

βt
{

∑

n

Nn
t [u(cn

t ) + υ(en
t )]

+
∑

n

κn
t

[

znF ′(Zt) − τn
t − θn

t − cn
t −

υn
et

un
ct

en
t

]

+λt

[

∑

n

Nn
t (τn

t +
υn

et

un
ct

en
t − (1 − θn

et) en
t ) + R(Zt)

]

(32)

+µL
t

[

NL
t+1 −

∑

n

Nn
t [1 − h(en

t )]

]

+ϕH
t

[

u(cH
t ) + υ(eH

t ) − u(cH
t ) − υ(eH

t )
]

}

.

Again,
{

κn
t , λt, µ

L
t , ϕH

t

}

denotes the set of Lagrange-multipliers. The first-order con-

ditions are left to the Appendix.
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Optimal Policy Rule

To derive the regionally optimal marginal rate of substitution between consumption

and educational investments, use the first-order condition on τn
t to simplify the first-

order conditions on consumption and investments for the low-skilled,

uL
ct = λt and υL

et + µL
t hL

et = λt

(

1 − θL
et

)

, (33)

and for the high-skilled type,

(

NH
t − ϕH

t

)

NH
t

uH
ct = λt and

(

NH
t − ϕH

t

)

NH
t

υH
et + µL

t hH
et = λt

(

1 − θH
et

)

. (34)

Rearranging yields the optimal marginal rate of substitution from point of view of a

small local jurisdiction,
υn

et

un
ct

= (1 − θn
et) −

µL
t

λt

hn
et. (35)

Equating the regionally optimal and the private marginal rate of substitution imme-

diately reveals the optimal educational subsidy or tax a local government chooses,

(1 − θn
et) −

µL
t

λt

hn
et =

υn
et

un
ct

= (1 − τn
et) ⇔ τn

et − θn
et =

µL
t

λt

hn
et. (36)

The local jurisdiction, taking the federal grant as given, lowers the educational subsidy

to meet the above optimality condition. On the other hand, the federal grant becomes

redundant as long as the region chooses the educational subsidy according to the

optimal policy rule (equation (17)). Obviously, the federal matching grant (θn
et) is a

perfect substitute for regional education policies (τn
et). This is true, irrespective of

whether the federal grant is paid directly to local governments or as a federal subsidy

to households.15 Hence, using the federal matching grant is equivalent to assigning

the competencies on the field of education policy partly to the federal level.

To derive the fiscal policy a regional government chooses, suppose, there is no match-

ing grant provided by the central government (θn
et = 0). In this case, the local gov-

15One can easily reveal that both approaches result in the exact same optimization problem.

23



ernment imposes a tax rate according to the rule,

τn
et =

µL
t

λt

hn
et =

un
ct − υn

et

un
ct

. (37)

Equation (37) reveals that in the absence of federal education policies, a benevolent

government of a small region will stick to the optimal educational policy rule that

supports the first-best, even though high-skilled workers are perfectly mobile.

Proposition 4 Local jurisdictions abide to the optimal decision rule for subsidizing

education. Thus, decentralized education policies are efficient, although high-skilled

workers are perfectly mobile.

This is due to the fact that the size of the immobile low-skilled workforce is still de-

termined by regional investments in education. Thus, regional governments continue

to respect the human capital formation constraint as well as the associated impact

of education on future generation. Since parents do not take the intergenerational

externality into account, local jurisdictions intend to correct this market failure and

subsidize education, irrespective of the fact that high-skilled workers are perfectly

mobile. Hence, introducing social mobility forces local governments to adhere to the

optimal decision rule for education policies. Put differently, perfect mobility of high-

skilled labor does not destroy local governments incentives to correct educational

underinvestment. Only the size and sign of τn
et, that is determined by the level of

consumption and education chosen by a regional government, might deviate from the

optimal subsidy a unitary state government imposes. Thus, while regions stick to

the optimal policy rule, it is not clear whether the implemented subsidy replicates

first-best optimum, as the regional welfare optimum might entail different levels of

consumption and educational investments than the unitary state outcome.

Moreover, the efficiency of decentralized education policies is not dependent on as-

sumptions concerning the production technology or the migration dynamics, since it

results solely from difference in the private and social marginal rate of substitution in

consumption. While these assumptions affect the equilibrium obtained, this is true

at both levels of government. For example, if migration costs are introduced, the

24



solution will no longer be symmetric across countries as an interregional equalization

of utility would violate the migration equilibrium. This holds for the unitary state

optimization as it does at the local level. Yet, the efficiency of decentralized education

policies remains unaffected, as local jurisdictions abide to the optimal decision rule

for subsidizing education irrespective of the realized equilibrium.

Symmetric Intraregional Equilibrium

In the following, conditions that replicate the welfare maximum of the unitary state

scenario are analyzed. To this aim, assume that regions are given enough resources

by the central government to ensure that the migration constraint is not binding

in the local optimum (ϕH
t = 0). In this case, optimal levels of consumption as

well as educational investments in any region i are type-independent with cn
t = ct

and en
t = et as can be revealed from the first-order conditions on consumption and

educational investments (equations (33) and (34)). This, in turn, implies that utility

levels are equalized in the optimum, and the local educational subsidy is identical for

the different types, τn
et = τet. Following the above procedure, one can make use of the

household’s budget constraint to determine the optimal redistribution policy at the

local level,

zHF ′(Zt) − τH
t − θH

t = ct + (1 − τet)et = zLF ′(Zt) − τL
t − θL

t (38)

⇔
(

zH − zL
)

F ′(Zt) =
(

τH
t + θH

t

)

−
(

τL
t + θL

t

)

> 0.(39)

Since productivity across types differs, but consumption as well as educational invest-

ments are equalized in the regional optimum, the aggregate head tax on high-skilled

households has to exceed the one on low-skilled. Given the federal head taxes already

decided on by the central government who moves first, a local jurisdiction levies type-

specific lump-sum taxes such that the productivity difference between types is fully

taxed away. As in the unitary state optimum, a benevolent regional government redis-

tributes income from high- to low-skilled workers to raise the utility of the low-skilled

and maximize utilitarian welfare.

Proposition 5 A benevolent local government redistributes income from mobile high-
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to immobile low-skilled labor to achieve a symmetric intraregional equilibrium.

Similarly to the case of educational tax instruments, federal and local head taxes are

perfect substitutes to establish intraregional redistribution. As long as the central

government levies type-independent head taxes (θH
t = θL

t ), local jurisdictions will

appropriate the whole income difference between the two types (τH
t > τL

t ). Such a

federal tax policy leaves local redistribution unaffected. In order to focus on local

policies that replicate the first-best, the set of available federal tax instruments is

restricted to type-independent head taxes, while the central government does not

provide an educational grant to regions.

To figure out under which conditions the local subsidy or tax on education coincides

with the educational subsidy that supports the first-best optimum (26), one has to

determine the value of the shadow price µL
t associated with the probability of being

high-skilled. Again, use the first-order conditions with respect to τn
t as well as the

fact that R′(Zt) = −ZtF
′′(Zt) and

υn
et

un
ct

= (1−τn
et) to simplify the first-order conditions

on high-skilled workers,

UH
t (·) + λt

(

τH
t − τH

et e
H
t

)

− µL
t

[

1 − h(eH
t )
]

= 0, (40)

and on low-skilled workers,

0 = UL
t (·) + λt

(

τL
t − τL

ete
L
t

)

− µL
t

[

1 − h(eL
t )
]

+ β−1µL
t−1. (41)

Equating (40) and (41) yields the shadow price associated with the probability of

being high-productive,

β−1µL
t−1 = UH

t (·) − UL
t (·) + λt

[(

τH
t − τH

et e
H
t

)

−
(

τL
t − τL

ete
L
t

)]

−µL
t

[

h(eH
t ) − h(eL

t )
]

. (42)

This shadow price consists of the difference between future high- and low-skilled work-

ers with respect to the utility levels, the tax payments they contribute to the regional

budget, and their children’s probability of becoming high-skilled. As long as the so-

cial benefit of an additional high-skilled exceeds the benefit of a low-skilled worker,
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the shadow price is positive and it is optimal to subsidize education. Evaluating in

equilibrium and accounting for local redistribution (equation (39)) further reduces

equation (42) to

β−1µL
t−1 = λt

(

τH
t − τL

t

)

=
(39)

λt

[(

zH − zL
)

F ′(Zt) − θH
t − θL

t

]

. (43)

If the central government uses type-independent head taxes (θH
t = θL

t ), the net so-

cial benefit of migration reduces to the difference in productivities between the two

types,

β−1µL
t−1 = λt

(

τH
t − τL

t

)

= λt

(

zH − zL
)

F ′(Zt) > 0. (44)

The social benefit of turning a child into a high- instead of a low-skilled worker is

strictly positive, although high-skilled labor is perfectly mobile across regions. This is

due to the fact that high-skilled workers are assumed to be more productive than low-

skilled workers and contribute more to social welfare in terms of higher tax payments.

Put differently, the social benefit of education is entirely determined by differences in

productivity among the two types, weighted by the marginal utility of consumption

(λt). It follows, that the social benefit of eduction from point of view of a local

government coincides with the social benefit of education as it is perceived by a

federal government (equation (25)): Private underinvestment in education involves a

welfare cost in terms of an increased number of less-productive low-skilled workers

that is correctly accounted for at the local level. This explains why a small region

continues to subsidize education and intends to correct private underinvestment,

τet =
µL

t

λt

het > 0. (45)

Proposition 6 Local jurisdictions subsidize education to correct private underinvest-

ment.

Yet, while a regional government will optimally subsidize education, it is not clear

whether the first-best optimum can be replicated, since the regional government uses

the available fiscal policy instruments only to equate consumption and investments

in education across types, but not across regions. This implies that the net social
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benefit of migration need not be equalized between regions. Therefore, labor might

be misallocated and production efficiency violated.

Symmetric Interregional Equilibrium

To attain the first-best resulting from the unitary state optimization, the central gov-

ernment has to insure that consumption and educational investments are not only

equalized intraregionally, but also across regions. To derive the optimal federal re-

distribution policy, suppose that the central government only intends to equate con-

sumption between regions,

zHF ′(Zt,i) −
(

τH
t,i + θH

t,i

)

− (1 − τH
et,i)e

H
t,i = cH

t

= zHF ′(Zt,j) −
(

τH
t,j + θH

t,j

)

− (1 − τH
et,j)e

H
t,j. (46)

Then, the migration equilibrium constraint requires that educational investments are

identical across regions as well,

u
(

cH
t

)

+ υ(eH
t,i) = u(cH

t ) + υ(eH
t,j) ⇔ υ(eH

t,i) = υ(eH
t,j) ⇔ eH

t,i = eH
t ⇔ en

t,i = et. (47)

Given region-independent spending levels, the local decision rule for education policy

(equation (37)) immediately yields that the subsidy provided by the local jurisdictions

is independent of the respective region (τH
et,i = τH

et ). Applying these results to equa-

tion (46) reveals that since households in any region face the same marginal rate of

substitution, they consequently choose the same spending levels if they are confronted

with an identical net income,

zHF ′(Zt,i) −
(

τH
t,i + θH

t,i

)

= zHF ′(Zt,j) −
(

τH
t,j + θH

t,j

)

. (48)

To establish a symmetric interregional equilibrium, the central government has to

impose federal head taxes such that the net income of high-skilled households is

equalized across regions.

To further determine the federal redistribution policy, the relation of local head taxes
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is derived. To this aim, use the equivalence of high-skilled utility that characterizes

any migration equilibrium to equate the social benefit of qualified labor (equation

(40)) across regions,

λt,i

(

τH
t,i − τH

et,ie
H
t,i

)

− µL
t,i

[

1 − h(eH
t,i)
]

= λt,j

(

τH
t,j − τH

et,je
H
t,j

)

− µL
t,j

[

1 − h(eH
t,j)
]

. (49)

Moreover, observe that according to the first-order condition on consumption (equa-

tions (34)) and the optimal local subsidy (37)), the symmetric equilibrium entails that

the Lagrange-multipliers λt,i and µL
t,i are identical across regions. Evaluating equation

(49) in equilibrium then yields the result, that local head taxes on high-skilled labor

are independent of the place of residence,

τH
t,i = τH

t,j. (50)

Identical local head taxes on mobile labor have an important implication for the al-

location of workers across regions. Since the Lagrange-multipliers λt,i and µL
t,i are

identical in all regions, and, hence, the social benefit of education as defined in equa-

tion (44) has to be the same, one can equate equation (44) across regions,

λt

(

zH − zL
)

F ′(Zt,i) = β−1µL
t−1 = λt

(

zH − zL
)

F ′(Zt,j) (51)

From equation (51) one can infer that production efficiency holds in the decentralized

equilibrium, as the aggregate effective labor supply Zt,i will be equalized,

F ′(Zt,i) = F ′(Zt,j) ⇔ Zt,i = Zt,j (52)

Applying these results to the net income differences as stated in equation (48) indicates

that the federal head taxes on high-skilled workers are independent of the region of

residence,

θH
t,i = θH

t,j. (53)

Given local as well as federal head taxes that are identical for all regions, migration

flows solely corresponds to productivity differences. Therefore, labor is allocated

efficiently and production efficiency holds.
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Since local governments adhere to the optimal decision rule for education policies

and use lump-sum taxes to achieve a symmetric intraregional equilibrium, the central

government can replicate the first-best by equating the net income of high-skilled

households across regions using type-independent federal head taxes.16 This guaran-

tees that consumption and educational expenditures are equalized across regions. As

a consequence the migration constraint is non-binding, which was the prerequisite for

efficient regional redistribution policies. Furthermore, such a federal policy of inter-

regional redistribution ensures that the aggregate effective labor supply is equalized

across regions (Zt,i = Zt,j), and production efficiency holds.

4. Optimal Education Policies with High- and Low-Skilled Migration

The preceding analysis reveals that local jurisdictions abide by the optimal decision

rule and use subsidies to correct private underinvestment in education even in the

presence of high-skilled mobility. However, the result hinges on the assumption that

low-skilled households are immobile. As the size of the low-skilled is determined

by local investments in education, regional governments respect the human capital

formation constraint, and efficiently correct private underinvestment in education.

In the following, this assumption is relaxed, and mobility of both the high- and the

low-skilled population is considered. Again, the unitary state optimum is derived as a

benchmark case, and then decentralized policies of local governments are discussed.

4.1. Unitary State Optimum

Introducing mobility of high- and low-skilled households imposes an additional con-

straint on the optimization problem of the unitary state government, namely the

migration equilibrium for the low-skilled type. This equilibrium condition states anal-

ogously to high-skilled migration, that in any migration equilibrium the utility levels

of low-skilled workers have to be equalized across regions. In case of high- and low-

16To ensure that intra-regional redistribution is not violated, federal head taxes have to be type-
independent.
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skilled mobility, the unitary state government solves

max
∞
∑

t=0
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{

∞
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∞
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∑
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t,i
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− υ(en
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}

,

with the Lagrange-multipliers denoted by κn
t,i, λt, λt,i, µ

L
t , µt and ϕn

t,i.

Note that in case of low-skilled mobility, the allocation both types of workers across

regions is entirely determined by migration flows. Thus, the low-skilled workforce

available in any region i is no longer contingent on local educational investments,

only the aggregate federal endowment with low-skilled tomorrow depends on parental

investments in education today. In contrast to the case of high-skilled mobility, the

Lagrange-multiplier on the human capital formation constraint (µL
t ) is therefore in-

dependent of the respective region i. The first-order conditions to the optimization

problem are stated in the Appendix.

Following the above procedure, one can reveal that the unitary state government

chooses the same decision rule for subsidizing education, irrespective of whether one

or all types of labor are mobile across regions. Furthermore, the first-best optimum

in the presence of high- and low-skilled migration coincides with the solution derived

above for the case of high-skilled mobility. This is sensible, since the migration equi-

librium constraints are not binding in the optimum. Hence, introducing mobility of
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high- and low-skilled labor does neither change the welfare maximum nor the optimal

educational subsidy a unitary state government chooses.

Local jurisdictions perceive the supply of the mobile factor as infinite. In the presence

of high- and low-skilled mobility, regional governments might refrain from subsidizing

education, since both the number of high- and low-skilled workers allocated in the re-

spective region are independent of regional investments in education. In the following

section, optimal local fiscal policies are studied, and the need for federal education

policies if high- and low-skilled workers can migrate across regions is discussed.

4.2. Decentralization of the Unitary State Optimum

Perfect mobility of both high- and low-skilled workers changes the optimization con-

straints local governments face substantially. Since from point of view of a small open

region the mobile factor is in perfectly elastic supply, a regional government perceives

the size of the respective type of worker as only dependent on migration incentives.

It therefore disregards the fact that the evolution of the different population groups

is contingent on regional investments in education, and no longer respect the human

capital formation constraint. Hence, a local government chooses the regional tax rate

{τn
t } and the allocations {cn

t , e
n
t , Nn

t } to solve the following problem,

max
∞
∑

t=0

βt
{

∑

n

Nn
t [u(cn

t ) + υ(en
t )]

+
∑

n

κn
t
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et
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ct
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+λt

[

∑

n

Nn
t (τn
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et
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ct
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et) en
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(55)

+
∑

n

ϕn
t [u(cn

t ) + υ(en
t ) − u(cn

t ) + υ(en
t )]

}

,

where κn
t , λt and ϕn

t denote the Lagrange-multipliers. The utility level attainable for

mobile workers outside region i is given with u(cn
t )+υ(en

t ). The first-order conditions

are presented in the Appendix.

32



Optimal Policy Rule

Again, one can simplify the first-order conditions on consumption and investments

using the first-order conditions on τn
t , cn

t and en
t ,

(Nn
t − ϕn

t )

Nn
t

un
ct = λt and

(Nn
t − ϕn

t )

Nn
t

υn
et = λt (1 − θn

et) . (56)

Using (56), region i’s marginal rate of substitution between consumption and educa-

tional investments can be derived,

υn
e

un
c

= (1 − θn
et) . (57)

Equating the regionally optimal and the private marginal rate of substitution imme-

diately reveals the optimal educational subsidy a local government chooses,

(1 − θn
et) =

υn
e

un
c

= (1 − τn
et) ⇔ τn

et = θn
et. (58)

The optimal regional policy in presence of high- and low-skilled mobility is not to

promote education at all: Local governments pass on the federal grant θn
et to house-

holds, but refrain from subsidizing education themeselves.17 If there is no federal

grant (θn
et = 0), a local jurisdiction does not subsidize education (τn

et = 0).

The inefficiency of local education policies can be explained by the fact that from

point of view of a small open region, the available size of both the high- and the low-

skilled workforce is entirely determined by migration flows. Previous local investments

in education have no impact on the composition of the future workforce. Hence,

educational underinvestment is not corrected for at the local level. This implies

an inefficient evolution of the composition of the federal population, since private

underinvestment persists.

Since local governments disregard this inefficiency, the central government has to

correct the intergenerational externality. According to equation (19), the central

17Again, this finding is robust, irrespective of whether the grant is paid to regional governments or
directly to households.
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government intends to set τet =
µL

t

λt
he to establish the first-best optimum. The local

decision rule (equation (58)) then requires a federal matching grant of θet =
µL

t

λt
he. As

the local government passes on the optimal federal grant to it’s residents, it will be

forced to implement the optimal educational subsidy. Therefore, the federal matching

grant is an efficient policy tool to decentralize the first-best optimum. Still, since the

federal grant replaces local education policies, the first-best optimum can effectively

only be established by assigning education policies to the federal level.

Proposition 7 If high- and low-skilled workers are mobile across regions, decentral-

ized education policies are inefficient as incentives of local jurisdictions to subsidize

education vanish completely. To correct educational underinvestment, education poli-

cies have to be assigned effectively to the federal or supranational level.

As in the case of high-skilled mobility only, the result concerning the inefficiency of

decentralized education policies carries over to a scenario in which migration costs are

imposed. Only if mobile households face a certain probability to emigrate, in which

case part of the workforce remains immobile and, thus, affected by local education

policies with a positive probability, local governments continue to respect the human

capital formation constraint, and choose an efficient education policy.

Symmetric Intraregional Equilibrium

In the following, the optimal local policy that supports the first-best optimum is de-

duced. To this aim, it is assumed that regions are given enough resources by the

central government to ensure that the migration constraint is not binding in the lo-

cal optimum (ϕH
t = 0). According to the first-order conditions on consumption and

education (equation (56)), this entails that optimal levels of consumption as well as

educational investments in any region i are identical irrespective of the type of house-

hold, cn
t = ct and en

et = ct. Recall that intraregional symmetry in consumption and

education guarantees that utility levels between types are identical in the optimum,

and utilitarian welfare is maximized.
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Since the optimal federal grant is type-independent, one can equate the household’s

budget constraint and derive the optimal redistribution policy,

zHF ′(Zt) − τH
t − θL

t = ct + (1 − θet)et = zLF ′(Zt) − τL
t − θL

t (59)

⇔
(

zH − zL
)

F ′(Zt) =
(

τH
t + θH

t

)

−
(

τL
t + θL

t

)

> 0. (60)

Intraregional equalization of consumption and educational investments requires that

the net income of the different types is equalized. To achieve this, the aggregate head

taxes of the high-skilled workers have to exceed the taxes on low-skilled.

Local head taxes, however, are independent of the respective type in a decentral-

ized optimum. To see this, use the first-order condition on τn
t and the fact that

R′(Zt) = −ZtF
′′(Zt), and equate the first-order condition with respect to the popu-

lation groups,

UH
t (·) + λtτ

H
t = 0 = UL

t (·) + λtτ
L
t (61)

⇔ τH
t = τL

t = τt. (62)

Equation (61) can be interpreted as the net social benefit of an additional high- or low-

skilled worker from point of view of a small open region. Immigration in case of high-

and low-skilled mobility does no longer involve any educational benefits, but only

contributions in terms of the utility and tax payments of the respective type. If the

central government ensures that the migration constraint is not binding, consumption

and education are identical for both types. This implies identical utility levels, and

explains why local governments have no interest in redistributing income between the

different types: High- and low-skilled workers are perfectly homogenous from point

of view of a local, welfare maximizing government. The optimal policy at the local

level is therefore to redistribute profits evenly among the two types, τn
t = τt.

18

Given type-independent local head taxes, the central government has to achieve the

symmetric intraregional equilibrium. One can use the local distribution policy to

18Note, that in the absence of a local educational subsidy, the only purpose of local fiscal policy is
to distribute profits. Local lump-sum taxes are therefore negative.
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rewrite equation (60), and deduce the optimal federal head taxes,

(

zH − zL
)

F ′(Zt) = θH
t − θL

t > 0. (63)

The central government levies type-specific federal head taxes to ensure that expendi-

ture levels are equalized across types. This guarantees that a symmetric intraregional

equilibrium is attained. However, it is not clear whether this replicates the first-best

optimum that additionally entails interregional redistribution.

Symmetric Interregional Equilibrium

In the first-best equilibrium resulting from the unitary state optimization, consump-

tion and educational investments are equalized interregionally. Yet, following the

above procedure, it is assumed that the central government only intends to equate

consumption between regions,

zHF ′(Zt,i) −
(

τH
t,i + θH

t,i

)

− (1 − τH
et,i)e

H
t,i = cH

t

= zHF ′(Zt,j) −
(

τH
t,j + θH

t,j

)

− (1 − τH
et,j)e

H
t,j. (64)

Again, the migration equilibrium constraint requires that educational investments are

identical across regions as well,

u
(

cH
t

)

+ υ(eH
t,i) = u(cH

t ) + υ(eH
t,j) ⇔ υ(eH

t,i) = υ(eH
t,j) ⇔ eH

t,i = eH
t ⇔ en

t,i = et. (65)

Given identical spending levels across regions, and accounting for the fact that the

central government provides the optimal type- and region-independent educational

grant, one can simplify equation (64),

zHF ′(Zt,i) −
(

τH
t,i + θH

t,i

)

= zHF ′(Zt,j) −
(

τH
t,j + θH

t,j

)

. (66)

To establish a symmetric interregional equilibrium, the central government has to

impose federal head taxes such that the net income of high-skilled households is

equalized across regions.
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Yet, it is not proven that production efficiency holds in the optimum: Observe that

according to the first-order condition on consumption (equation (56)) and the optimal

grant provided (equation (19)), the symmetric equilibrium entails that the Lagrange-

multipliers λt,i and µL
t,i are identical across regions. This implies that the social benefit

of education as accounted for by the central government (equation (25)) is the same

in all regions,

λt,i

(

zH − zL
)

F ′(Zt,i) = β−1µL
t−1,i = λt,j

(

zH − zL
)

F ′(Zt,j) (67)

⇔ F ′(Zt,i) = F ′(Zt,j). (68)

The analysis reveals that federal policies can replicate the first-best optimum in which

production efficiency holds. This, however, requires that the central government

provides the optimal educational grant, and - given type-independent local lump-sum

taxation - imposes a type-specific head taxes to redistribute income. Furthermore,

federal lump-sum taxation has to be used in a way to ensure that the aggregate head

tax on mobile high-skilled labor is identical across regions. To see this, apply the

result of production efficiency to equation (66),

τH
t,i + θH

t,i = τH
t,j + θH

t,j. (69)

Such interregional redistribution ensures the efficient allocation of labor according to

equation (29) as migration flows are driven by productivity differences alone, and the

optimum is characterized by a situation in which production efficiency holds.

Instead of supporting education by subsidizing private educational investments, local

governments refrain from using corrective tax instruments in the presence of high-

and low-skilled mobility. Hence, private underinvestment in education persists unless

it is accounted for at the federal or supranational level. A small region ignores this

inefficiency as it regards the available amount of high- and low-skilled workers as

infinite (perfect elasticity of supply). To correct the underinvestment problem, the

central government can use a federal matching grant. However, such a grant is a

perfect substitute for subsidies on education paid directly to households. Therefore,

decentralization in a setting with high- and low-skilled mobility requires that the

fiscal authority on the field of education policy has to be effectively assigned to the
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federal or supra-national level. Furthermore, federal head taxes have to be imposed

to establish the intra- as well as interregionally symmetric equilibrium.

5. Conclusion

In the view of increased labor mobility, local governments face the option to free-ride

on other regions’ education policies instead of correcting educational underinvestment

themselves. Still, we observe that education is financed substantially by local govern-

ments. The present paper provides an explanation for this phenomenon based on the

effect of social mobility across different skill-types. An intergenerational externality

is introduced that leads to a situation of underinvestment in education and, hence,

provides a justification for a corrective educational subsidy from a federal perspec-

tive. Against this background, the efficiency of decentralized decision in the presence

of perfect, high-skilled mobility making is discussed.

It is shown, that small regions abide to the optimal decision rule for subsidizing

education although high-skilled workers are perfectly mobile across regions. This is

surprising, since private underinvestment in human capital can, from point of view of

a small region, fully be compensated by high-skilled immigration from other regions.

However, in a setup with social mobility, underinvestment in education not only

affects the size of the high-skilled workers, but additionally determines the number

of immobile low-skilled workers in the respective region. Consequently, the incentive

to correct educational underinvestment prevails although the high-skilled workforce

is perfectly mobile. Thus, decentralized education policies remain to be efficient.

Social mobility therefore provides an explanation of why local governments continue

to subsidize education even though the high-skilled can migrate.

However, the efficiency of decentralized education policies does not persist in a sce-

nario in which both types of labor are mobile. In such a setup, local governments lose

any incentive to subsidize education since both the size of the high- and low-skilled

workforce are solely determined by migration flows. This explains why decentralized

policies turn out to be inefficient. To prevent underinvestment in this case, education

policies have to be assigned to the federal or supra-national level.
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Though two polar cases - perfect high-skilled mobility with immobile low-skilled work-

ers versus perfect high- and low-skilled mobility - are considered, the results carry over

to more realistic migration scenarios. Empirical studies suggest that the mobility of

qualified labor is relatively high compared to low-skilled workers (see, e.g. Carrington

and Detragiache (1998)). Moreover, one can conjecture that at least for some workers

barriers to migration are prohibitively high. Hence, part of the low-skilled will most

likely be immobile. As long as only a fraction of the low-skilled workforce remains

immobile, the findings derived in the present paper indicate that decentralized educa-

tion policies remain to be efficient. The results of the present paper, therefore, imply

that local governments facing factor mobility do not necessarily lose their scope to

correct market failures, at least not with respect to underinvestment in education.
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A. Appendix

Unitary State Optimum: Migration of High-Skilled

The first-order conditions for the central planning problem are as follows,
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To gain symmetric first-order conditions, define the multiplier on the migration con-

straint for the arbitrarily chosen reference region j as ϕH
t,j = −ϕH

t,i.
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Local Optimum: Migration of High-Skilled

The first-order conditions for the local optimization problem are

∂

∂τn
t

: κn
t = λtN

n
t (A.10)
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t (A.11)
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Unitary State Optimum: Migration of High- and Low-Skilled

Optimizations of the unitary state government in case of high- and low-skilled mobility

yields the following first-order conditions

∂

∂τn
t,i

: κn
t,i = λt,iN

n
t,i (A.17)

∂
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n
t,i (A.18)
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Local Optimum: Migration of High- and Low-Skilled

The first-order conditions of the regional optimization when high- and low-skilled

workers are mobile, are as follows,
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