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1. Introduction

There is wide political consensus within the European Union that decisions on pub-

lic education should be left to individual member states. Benefits, however, accrue

partly to other member states through migration. By providing skilled immigrants,

investments in internationally applicable education generate positive externalities to

other member states. As individual member states have no incentives to internalize

these externalities, decentralized decision-making tends to lead into inefficiently low

investments in internationally applicable degrees. Increased mobility of the highly ed-

ucated generates incentives to scale back public financing, recently exemplified in the

introduction of top-up fees in England. Before that Sweden replaced a system of income-

contingent loans, in effect between 1989 and 2001, by ordinary annuity loans. (CSN

2006). Sweden abandoning its income-contingent loan system may reflect the pressures

of increased labor mobility. Of all of those who graduate from Swedish universities,

15 percent emigrate. (Eklund 1998). Unlike income-contingent loans, annuity loans do

not require cooperation from foreign tax authorities.

Emigration from the member states of the European Union is disproportionally large

among the highly educated. Docquier and Marfouk (2004) define brain drain as the

proportion of working-age individuals (aged 25 and over) with at least tertiary educa-

tion, born in a given country but living elsewhere. In the 24 other EU member states

but Cyprus, the emigration rate of those with tertiary education varied between 2.6

percent of Spain and 55.2 percent of Malta, exceeding 10 percent in Austria, Estonia,

Hungary, Greece, Ireland, Latvia, Lithuania, Malta, Poland, Portugal, Slovakia, Slove-

nia, and the United Kingdom. The emigration rate of those with tertiary education is

between 7 and 10 percent in the Czech Republic, Denmark, Finland, Germany, Italy,

Luxembourg, and the Netherlands. The emigration rate of those with secondary edu-

cation exceeds 10 percent only in Ireland, Malta, and Portugal, and is between 7 and

10 percent in Greece and the Slovakia. (Docquier and Marfouk 2004)

Brain drain literature, pioneered by Grubel and Scott (1966) and Bhagwati and
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Hamada (1974), highlights the losses that emigration imposes on source countries. Just-

man and Thisse (1997) show that a government that maximizes the utility of immobile

residents reduces investment in public education when the educated become mobile.

Wildasin (2000) suggests that when the highly-skilled become mobile, tax competition

tends to erode any taxes they have to pay. This shifts the burden of financing public

education to immobile tax bases.

Even though the possibility of migration reduces the incentives of individual gov-

ernments to provide internationally applicable education, it also encourages students

to study more intensively, by increasing the expected private returns to human capital.

(Mountford (1997) and Stark et al. (1997)) Beine et al. (2001) show that such a bene-

ficial brain drain cannot be ruled out. Poutvaara (2004) studies the effects of graduate

mobility on public incentives to provide different types of education in the absence of

private investment in effort.

This paper examines the effects of migration on the provision of country-specific

and internationally applicable public education when public and private investments in

human capital are complements. Including these two aspects of human capital forma-

tion allows evaluation of whether the brain gain effect would swamp the brain drain

effect in the public provision of education, so that an increased mobility would result in

higher public investment. Country-specific skills may include both tertiary education

with national emphasis, like degrees in law and certain humanities, and also secondary

education which is less mobile. Correspondingly, internationally applicable education

may include, in addition to science-based, commercial and other internationally ap-

plicable degrees in tertiary education, those fields in secondary education (like nurses)

which are internationally mobile.

The framework used allows the member states of the common labor market, from

now on referred to as federation, to differ in general productivity. The analysis considers

both the case in which member states levy only wage taxes on their residents, and also

a case in which member states levy also graduate taxes which are paid to the country

which provided education independently of future domicile. Graduate tax is used to
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denote a tax which is collected from university graduates, without a requirement that

tax revenue collected from them would have to equal the costs of providing education.

Such graduate taxes give the country which educated migrants a stake also in their

productivity gains earned elsewhere. This study focuses on education targeted to young

adults.1

While taxing the income of nationals living abroad may seem a radical proposal from

the European perspective, it is already part of the Unites States tax code: American

citizens living abroad are required to report their income also to the United States, and

the income is taxed with certain exemptions and credits for taxes paid abroad. (See

Desai et al. (2004) for an overview.) The graduate tax discussed in this paper bears

certain similarities to the debate on taxing immigrants from the developing countries,

following the seminal contribution by Bhagwati and Hamada (1974, 1982). There is also

a link to Sinn’s (1994) suggestion that young people would have to choose early in which

redistribution system they want to participate, as well as to Richter’s (2002) suggestion

of delayed integration. A fraction of income that would be paid to the country which

provided education in this paper would have its correspondence in Richter’s transition

period during which migrant would pay taxes to the previous home country.

The main results are the following. Whether the member states of a federation are

symmetric or not, an increased international applicability increases private investment

in internationally applicable education. However, if there are no graduate taxes and

governments care only about the citizens who stay, then governments tend to reduce

provision of internationally applicable education when its applicability increases. If a

government attaches a sufficiently high positive weight also on the utility of emigrants,

then it might increase provision of internationally applicable education when it becomes

more mobile. Independently of the weight attached to emigrants and of the productiv-

ity differential between the two countries, replacing part of the current wage taxes by

1In the spirit of Tiebout (1956), parents valuing education may buy better education for their

children by paying higher taxes. Such a mechanism is much weaker in higher education, as young

adults may go to a university in a different city, or even country, than in which their parents pay taxes.
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a graduate tax always leads to higher welfare and more efficient investment in interna-

tionally applicable education than the current system, provided that the aggregate tax

rate does not increase. From the perspective of governments providing internationally

applicable education, graduate tax is a Pigouvian subsidy: by transferring part of the

returns to internationally applicable education to the government that provided it also

in case of migration, it internalizes part of positive externalities that internationally

applicable education gives to other member states through taxes that migrants pay

there.

Private financing of education through tuition fees would be more efficient than

tax-financed education in the framework of this study, as there are no market failures.

However, this paper does not address the issue of whether education should be provided

publicly. It takes as its starting point the stylized fact that education is predominantly

provided publicly in the European Union, and then asks how increasing international

applicability of certain types of education affects the incentives of governments to pro-

vide such education. In Austria, Denmark, Finland, Greece, and Poland, 100 percent of

tertiary education is publicly financed. The share is at least 80 percent also in Belgium,

the Czech Republic, France, Germany, Ireland, Italy, Portugal, the Slovak Republic

and Sweden. In Hungary, the Netherlands, Spain and the United Kingdom the share

of public financing is 70 to 80 percent. (OECD 2004)

This paper is organized as follows. Section 2 develops the model. Section 3 presents

the results. Section 4 concludes.

2. The model

2.1. Game structure

A federation consists of two member states, labeled A and B. Both member states

are populated by heterogeneous citizens who become educated and work. Each citizen

lives for two periods, becoming educated in his or her member state of birth in the first

period, and choosing where to live, work and pay taxes in the second period. All the

production takes place in the second period. The paper focuses on a two-period model,
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even though all the results could be generalized to an overlapping generations framework

at the cost of notational complexity.2 There are two types of education, labeled i

and s. These subscripts refer to whether the education is internationally applicable

(i) or country-specific (s). Only those with internationally applicable education may

migrate. Students with ability-intensive internationally applicable education may also

invest privately effort in their education. Such investment cannot be verified by the

government. Furthermore, there is uncertainty related to labor market alternatives

available with internationally applicable education, the realization being revealed only

after education is completed.

The education is provided publicly. To focus on government decisions on what type

of education to provide, it is assumed that the tax rates are exogenous and the same

in the two member states.3 The governments have two different tax instruments: A

general wage tax rate τw is levied on all wage income generated domestically, while

there may also be a graduate tax rate τ g, paid by graduates to the member state which

initially provided their education. In other words, also migrants pay their graduate

taxes to their member state of origin. The total tax rate is then τ = τw+ τ g, satisfying

τw ≥ 0, τ g ≥ 0, τ < 1. Governments are benevolent, choosing the education that

maximizes the after-tax consumption of their remaining citizens, and possibly attaching

a positive weight also on their migrating citizens. Note that graduate tax revenue is

not earmarked to the provision of education, but governments run integrated budgets.

Thus, graduate tax revenue may exceed or fall short of the costs of providing education.

The government budget constraint is balanced over the two periods by adjusting in the

second period politically chosen transfers to a subset of those with country-specific skills.

For example, this subset may consist of civil servants who would provide ordinary labor

2The analysis in the overlapping generations framework is available as CESifo Working Paper 1369,

December 2004.
3Keen and Marchand (1997) use the same assumption when they study the effect of fiscal compe-

tition on the composition of public expenditure in the presence of mobile capital. They find that in a

non-cooperative equilibrium, public expenditures are biased toward the provision of public inputs at

the expense of local public goods benefiting immobile residents.
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Figure 1: The timing of actions.

services but be paid more than their outside option.

The timing of actions is as follows. In the first stage, national governments decide

what type of education they provide to their citizens. In the second stage, those becom-

ing educated decide on their investment in effort. The first and the second stage take

place during the first period. In the third stage, at the beginning of the second period,

the educated learn what would be their labor market option at the home country and,

if they have internationally applicable education, in the other member state. In the

fourth stage, those with internationally applicable skills decide whether to migrate or

not. In the fifth and final stage, the educated supply labor and pay taxes, and the gov-

ernment collects wage taxes, pays the debt accumulated in the first period to finance

education, and uses the rest of the tax revenue to pay salaries for civil servants. The

timing of actions is denoted as Figure 1.

2.2. Production

The production function is linear in the two types of human capital, with effective

human capital defined below in section 2.5. Without loss of generality, it is assumed

that productivity in member state B is fraction x, 0 < x ≤ 1, of productivity in member

state B. This formulation allows for both a symmetric and an asymmetric federation.

Citizens differ in their productivity if they would complete education i, while they
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have identical productivity if they would complete education s. Human capital of type i

is a joint product of teaching and studying.4 For a citizen with ability a and individual

effort e, the individual human capital stock is before eventual migration

hi(a, e) = a+ e. (1)

Human capital with education of type s is for all individuals normalized to unity:

hs(a) = 1.

The monetarized cost of effort e is 1
2
βe2. This formulation of an increasing mar-

ginal cost guarantees a bounded investment in e. The resource cost for universities

of education k, k ∈ {i, s}, is ck in member state A and xck in member state B. The

assumption that the government’s costs of providing education in member state B are

a multiplicative x of those in state A captures the stylized fact that as a significant part

of the costs of providing education are wage costs, an increase in the general level of

productivity also causes an increase in the cost of providing education.

Uncertainty related to returns to internationally applicable education takes a mul-

tiplicative form. Uncertainty is independently and identically distributed for each indi-

vidual. We denote random factor for individual j by zjA in country A and z
j
B in country

B. From now on, individual-specific indices will be omitted. For simplicity, z follows

uniform distribution on unit interval in both countries for each individual. Random

factors in the two countries are independent, and they could be interpreted as labor

market uncertainty. In both countries, only fraction γ of human capital stock created

in the other country is applicable.

Ability a follows, in both member states, a continuous distribution between 0 and

a, with density function f(a) and cumulative distribution function F (a). It is assumed

that parameter values are such that both governments invest in both types of human

capital. The utility of the educated is linear in their consumption, net of the monetarized

effort cost of investment in education, and all consumption takes place in the second

4All results would hold if also human capital of type s would be a joint product of teaching and

studying.
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period.

2.3. Migration

An individual with internationally applicable education migrates from country A to

country B if and only if

γxzB > zA, (2)

in which zA denotes the rate of return to human capital if staying in A, and γxzB denotes

the rate of return to human capital available if migrating to B. The return to human

capital in B is the product of the individual-specific labor market outcome parameter

zB, general productivity level x in B, and parameter γ which reflects to which extent

human capital from one member state is applicable in another. Correspondingly, an

individual with internationally applicable education migrates from country B to country

A if and only if

γzA > xzB. (3)

The following Lemma is proved in the Appendix:

Lemma 1 The probability that a citizen with education i migrates from A to B is

pA =
γx
2
. The probability that a citizen with education i migrates from B to A, pB,

equals γ
2x
if x ≥ γ and 1 − x

2γ
if x < γ. The average wage of those natives with

education i who stay in A is:

wNA =
3− γ2x2

6− 3γx

and the average wage of those natives with education i who stay in B is

wNB =
x3−γ

2/x2

6−3γ/x
if x ≥ γ

2x
3
, if x < γ

.

The average wage rate of natives with education i from A who migrate to B is

wMB =
2γx

3
,

and the average wage rate of natives with education i from B who migrate to A is

wMA =
2γ
3
if x ≥ γ

3γ2−x2

6γ−3x
, if x < γ

.
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2.4. Private investment in education

A student in education i in member state A chooses private effort eA to maximize

ρ(1− τ )(1− pA)(a+ eA)w
N
A + ρ(1− τ )pA(a+ eA)w

M
B −

1

2
βe2A.

The first two terms are the discounted value of the expected future after-tax income,

with an individual discount factor ρ, 0 < ρ ≤ 1. The third term is the immediate effort

cost. This formulation results in the optimal effort choice

eA =
(1− τ)ρ((1− pA)w

N
A + pAw

M
B )

β
=
(1− τ)ρ(3 + γ2x2)

6β
. (4)

Correspondingly, a student receiving education i in member state B would choose

effort eB to maximize

ρ(1− τ )(1− pB)(a+ eB)w
N
B + ρ(1− τ )pB(a+ eB)w

M
A −

1

2
βe2B,

resulting in the optimal effort choice in member state B

eB =
(1− τ)ρ((1− pB)w

N
B + pBw

M
A )

β
=

(1−τ)ρ(3x+γ2

x
)

6β
if x ≥ γ

(1−τ)ρ(x
2

γ
+3γ)

6β
if x < γ

. (5)

The equations (4) and (5) imply that the investment in effort by students receiving

education i is increasing in x and in γ in both member states. Note also that eB < eA

when x < 1 and γ < 1. Thus, private effort invested in education is higher in the country

in which production technology is more efficient if internationally applicable education

is not fully applicable in the other member state. Higher applicability of internationally

applicable education increases private investment in effort in both countries.

2.5. Public education and aggregate production

The government has access to entrance examinations which allow it to screen ap-

plicants to the ability-intensive education. While not used in all countries, entrance

examinations or results from end-of-school tests are commonly used to select those who
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are admitted. The cutoff level of ability chosen by the government j, j ∈ {A,B}, is

denoted by aj, below which citizens are educated in field s and above which in field

i. Thus, the stock of human capital s in member state j is Hj
s = F (aj), and the

pre-migration stock of human capital i is in member state j

H̃j
i =

∫ 1

aj

f(a)ada+ [1− F (aj)] ej .

The first term on the right-hand side reports that part of pre-migration human capital

i which depends on individual ability, and the second term the part determined by

individual effort. Post-migration internationally applicable effective stock of human

capital in member state j consists of share (1 − pj) of domestically created human

capital with average wage rate wNj and human capital of those who have immigrated

from member state k, k 	= j, with average wage rate wMj :

Hj
i = (1− pj)w

N
j H̃

j
i + pkw

M
j H̃k

i .

The government in each member state collects wage taxes at rate τw and graduate

taxes at rate τ g from the educated to finance exogenous public consumption Gj, public

education, and the budget-balancing endogenous transfer, Tj, to some or all of citizens

with country-specific skills.5 The government’s intertemporal budget constraint reads

in member state A as

ρτw(H
A
s +HA

i ) + ρτ g[H
A
s + (1− pA)w

N
A H̃

A
i + pAw

M
B H̃A

i )]

= ρGA + csF (âA) + ci(1− F (âA)) + ρTA

and in member state B as

ρτw(xH
B
s +HB

i ) + ρτ g[xH
B
s + (1− pB)w

N
B H̃

B
i + pBw

M
A H̃B

i )]

= ρGB + xcsF (âB) + xci(1− F (âB)) + ρTB.

5Assuming the government to distribute the budget surplus to all citizens would complicate mi-

gration decisions, tilting migration somewhat towards the country with higher budget surplus. With

symmetric member states, the budget surplus per citizen would be identical in equilibrium, and would

thus not distort migration. Finally, note that exogenous public consumption can be set at a level in

which transfers are initially zero.
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The left-hand side is the government budget revenue. The first term gives wage tax

revenue from the educated residing in the country, and the second term graduate tax

revenue from those who received their education in the country. The right-hand side

reports the expenditures, consisting of the exogenous revenue requirement, the costs of

providing the two types of education, and the budget-balancing endogenous transfer, Tj.

All second-period expenses are discounted to the first period, using the same discount

factor ρ as citizens use.

Even when restricting the analysis to a utilitarian government, one has to specify

to what extent the government values the utility of emigrants and immigrants. The

analysis proceeds under the following assumptions. The government values the after-

tax income of its emigrating citizens, compared to the income of remaining citizens,

at rate α, 0 ≤ α ≤ 1. The government weights the graduate tax revenue that it is

able to collect from emigrants in the same way as it values the income of its remaining

citizens. The privately chosen effort cost of students with internationally applicable

education does not enter into government decision-making. The government attaches

a zero weight to immigrants.6 The social welfare function is given by

SWFA = ρ
[
(1− τ )HA

s + (1− pA)(1− τ )wNA H̃
A
i + αpA(1− τ )wMB H̃A

i + TA

]
.

The first two terms inside the brackets give the after-tax income of the educated who

stay, the third term is the social valuation of the utility of the educated who emigrate,

and the fourth term is the transfer. Correspondingly, for member state B

SWFB = ρ
[
(1− τ )xHB

s + (1− pB)(1− τ )wNB H̃
B
i + αpB(1− τ )wMA H̃B

i + TB

]
.

6Importantly, the results are independent of whether the government also values the utility of

immigrants or not. The assumption of zero weight simplifies notation.
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3. Results

3.1. International applicability and education policy

Governments choose the cutoff levels of ability that maximize their objective func-

tions. Differentiating SWFA with respect to aA gives as the first-order condition

ρ− cs = ρ
[
(1− pA)w

N
A + pAw

M
B (1− τ )α+ pAw

M
B τ g

]
(aA + eA)− ci.

On the left-hand side, we have the marginal social benefit of a student receiving

country-specific education. This is independent of ability. On the right-hand side, we

have the expected marginal social benefit of a student receiving internationally applica-

ble education. This value is increasing in the student’s ability. The first-order condition

allows us to solve for the cutoff level of ability below which the government provides

country-specific education, and above which internationally applicable education:

âA =
ρ− cs + ci

ρ [(1− pA)wNA + pAwMB (1− τ )α+ pAwMB τ g]
− eA. (6)

Comparative statics yield that investment in education i is increasing in cs and α

and decreasing in ci and β, as ∂eA/∂β < 0. Correspondingly, the first-order condition

of the SWFB allows to solve as the cutoff ability level

âB =
xρ− xcs + xci

ρ [(1− pB)wNB + pBwMA (1− τ )α+ pBwMA τ g]
− eB. (7)

An increase in international applicability of human capital encourages private in-

vestment in it. Given that private and public investments are complementary, this

would leave the effect of an increased international applicability of education i on pub-

lic investment in it a priori unclear. On one hand, brain drain effect would push the

government to reduce public investment in it, while brain gain effect would render in-

vesting in it more attractive. Remarkably, the analysis based on equations (6) and (7)

finds that the brain drain effect always dominates in public investment, provided that

the government cares only about its citizens staying and there are no graduate taxes:
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Proposition 1 If the governments attach a zero weight on emigrants and there are no

graduate taxes, then governments always reduce investment in internationally applicable

education when its applicability increases.

Proof. See Appendix.

With current tax rules in the European Union, incentives of citizens and those of

governments would diverge if, e.g., Bologna process leads into increased international

applicability of education. Students would find incentives to study more in interna-

tionally applicable degree programs, thanks to an increase in the expected earnings

elsewhere. Governments, on the other hand, would face incentives to educate students

to stay, by offering too few internationally applicable education, and too many country-

specific skills. Similar logic applies to other publicly supported investments in interna-

tionally mobile capital, like R&D. Knowledge spillovers between member states imply

that decentralized investments are likely to be inefficiently low. Due to the presence of

the brain gain effect, however, the aggregate stock of internationally applicable human

capital may either increase or decrease when its international applicability increases:

Proposition 2 If the governments attach a zero weight on emigrants and there are

no graduate taxes, then an increase in the applicability of internationally applicable

education may result in either a larger or smaller pre-migration stock of it.

Proof. See Appendix.

The proof of Proposition 2 suggests that in addition to the cost of private effort,

β, also ability distribution plays an important role in determining whether an increase

in international applicability of internationally applicable human capital increases or

decreases its formation. The intuition is as follows. If the density of abilities around the

cutoff level above which the government provides internationally applicable education

is low, then the negative effect at the extensive margin from reduced public provision is

small, and the positive effect from the increased private effort at the intensive margin

dominates. On the other hand, if the density of abilities around the cutoff level is high,
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then an increase in the minimum ability above which the government provides inter-

nationally applicable education excludes a large number of students, and the extensive

margin may dominate.

The results of this analysis arise from a common labor market of two countries,

whether the countries are symmetric or not. Previous literature on brain drain and

brain gain has focused on migration from a less developed country to a more developed

country. (See Mountford (1997), Stark et al. (1997), Beine et al. (2001) and Stark and

Wang (2002))

Importantly, an increased mobility of labor need not always reduce total resources

used to finance education. Whether this is the case or not depends on which type of

education is more expensive. Also when internationally applicable education is less

expensive, an increased probability of migration reduces individual government’s incen-

tives to invest in it.

When the government attaches the same weight to emigrants as to citizens staying,

increased mobility may lead to either a larger or smaller investment in internationally

applicable education. On the one hand, efficiency gains from brain exchange for em-

igrants encourage governments to invest more in internationally applicable education.

On the other hand, governments are pushed toward less investment because they lose

tax revenue from emigrants.

Proposition 3 If the governments attach a sufficiently high weight on emigrants, they

may increase investment in internationally applicable education when its applicability

increases, provided that wage tax rate is not too high.

Proof. To prove that investments in education may increase, set τw = 0, cs = ci,

x = 1 and α = 1 in (6), after inserting (4). Then differentiating yields ∂âA/∂γ < 0.

3.2.Welfare effects of graduate taxes

Previous subsection showed that public provision of internationally applicable edu-

cation tends to be reduced at the very time its international applicability increases. By
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giving the member states that provided internationally applicable education a stake also

in efficiency gains created elsewhere, a graduate tax allows to alleviate such problem:

Proposition 4 Governments invest more in internationally applicable education with

graduate taxes than with only domicile-based taxation. Investment in internationally

applicable education is increasing in the graduate tax rate.

Proof. Insert (4) into (6) and (5) into (7). The first terms on the right-hand side of

the resulting expressions are decreasing in τ g, while the second terms are independent

of it.

Notice that this result is independent of the weight assigned to emigrants, and of

the relative importance of private investment in effort. A central result is then:

Proposition 5 Allowing member states to levy graduate taxes is welfare improving.

Proof. See Appendix.

With benevolent governments analyzed so far, there would be no efficiency justi-

fication for a system of voluntary income-contingent loans, as opposed to compulsory

system of graduate taxes, collected independently of domicile. Nonetheless, there are

three reasons why a system of income-contingent loans might be preferable. First, vol-

untary contracts on income-contingent loans would protect citizens against Leviathan

governments. Second, even benevolent governments may suffer from time-consistency

problem. Andersson and Konrad (2003) and Thum and Uebelmesser (2003) suggest that

labor mobility could increase investment in education as it serves as a commitment

device to low taxation. Such mechanism could be preserved with voluntary income-

contingent loans, but not with graduate taxes that could not be avoided. Third, Keen

and Kotsogiannis (2002) argue that fiscal federalism may lead to overtaxation when

several jurisdictions draw on the same tax base, each causing a negative externality to

each other by increasing distortions arising from taxation. Also this could be avoided

by relying on voluntary income-contingent loans, giving students an option to opt out

of unattractive arrangements suggested by their government. The idea is not new in
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the absence of migration: already Friedman and Kuznets (1945) suggested financing

professional education by students selling shares in their future earnings.

4. Conclusion

This paper shows that decentralized decision-making encourages the member states

of the European Union to distort the provision of public education away from interna-

tionally applicable education, toward country-specific skills. If governments focus on

the utility of those citizens (and voters) who stay and there are no graduate taxes,

the governments reduce the provision of internationally applicable education when its

applicability increases, at the same time as students increase complementary private

investment in effort. As a remedy, this study suggests introducing graduate taxes or

income-contingent loans, paid according to the same rules independently of future domi-

cile. Giving member states a stake in efficiency gains earned elsewhere would serve as a

Pigouvian subsidy, encouraging governments to invest more in human capital benefiting

also the other member states.

This analysis relies on several simplifying assumptions. The assumption that pro-

duction technologies are linear should not affect any qualitative results. This paper

analyzes the effects of marginal changes in international applicability or graduate tax

rates. Any changes in the relative wage rates are induced effects of changes in the

relative stocks, and are thus induced second-order effects. A quantitative analysis of

non-marginal changes should, naturally, aim at capturing complementarities and substi-

tutabilities in production. Furthermore, it was assumed that students are risk-neutral.

Risk aversion on the part of students could provide an efficiency justification for public

provision of education in the first place. Another topic for further research is to model

imperfectly competitive labor markets. With labor unions aiming at compressing the

wage distribution, an increase in the marginal productivity of one worker need not be

fully reflected in his or her wage rate. Also this could provide an efficiency motivation

for public participation in financing education.

Perhaps the most important assumption is that the governments are benevolent, and
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do not suffer from the time-consistency problem. Tax rates are taken as given, following

Keen and Marchand (1997). Endogenizing tax rates is left for future research. In the

analyzed model with benevolent governments and without the commitment problem,

there is no motivation for relying on income-contingent loans, as opposed to graduate

taxes. Allowing for a commitment problem or governments which are not entirely

benevolent would likely change this. In a world where the benevolence of governments

is not universally guaranteed, constitutional design has to trade-off the adverse selection

problem and the need to tame Leviathan governments. Accepting a certain degree of

adverse selection would then be optimal, and could be interpreted as a federation’s

insurance premium against potential abuses by governments. Voluntary contracts would

also solve the time-consistency problem that may arise even when governments are

benevolent.

Appendix A.

Proof of Lemma 1.

Migration probability pA follows from (2) when taking into account that zA and zB

are distributed uniformly between 0 and 1 independently of each other:

pA =

∫ γx

zA=0

P (zA < γxzB)dzA =
γx

2
.

Migration probability pB can be solved similarly from (3). However, the probability

has to be solved separately when x ≥ γ and when x < γ:

pB =

∫ γ/x
zB=0

P (xzB < γzA)dzB =
γ
2x
, when x ≥ γ

∫ 1
zB=0

P (xzB < γzA)dzB = 1−
x
2γ
, when x < γ

.

The average wage of those natives who stay in A is:

wNA =
1

1− pA

[∫ γx

zA=0

zAP (zA ≥ γxzB)dzA +

∫ 1

zA=γx

zAdzA

]
=
3− γ2x2

6− 3γx
.

The average wage of those natives who stay in B is when x ≥ γ:

wNB =
x

1− pB

[∫ γ/x

zB=0

zBP (xzB ≥ γzA)dzB +

∫ 1

zB=γ/x

zBdzB

]
= x

3− γ2/x2

6− 3γ/x
.
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The average wage of those natives who stay in B is when x < γ:

wNB =
x

1− pB

∫ 1

zB=0

zBP (xzB ≥ γzA)dzB =
2x

3
.

When calculating the average wage rate of migrants from A to B, notice that the

average wage rate corresponding to migration with any value of zA is the average be-

tween this wage rate and the highest wage rate that migrants can reach in B, namely

γx. The average wage rate of natives from A who migrate to B is thus

wMB =
1

pA

∫ γx

zA=0

zA + γx

2
P (zA < γxzB)dzA =

2γx

3
.

The average wage rate of natives from B who migrate to A is when x ≥ γ:

wMA =
1

pB

∫ γ/x

zB=0

zBx+ γ

2
P (γzA > xzB)dzB =

2γ

3

and when x < γ:

wMA =
1

pB

∫ 1

zB=0

zBx+ γ

2
P (γzA > xzB)dzB =

3γ2 − x2

6γ − 3x
.

Proof of Proposition 1.

Analyze first policy in country A. Using Lemma 1, inserting (4) and setting α = 0

and τ g = 0 in (6),

âA =
6(ρ− cs + ci)

ρ(3− γ2x2)
−
(1− τ )ρ(3 + γ2x2)

6β
. (A1)

Differentiate
∂âA
∂γ

=
12γx2(ρ− cs + ci)

ρ(3− γ2x2)2
−
2γx2(1− τ)ρ

6β
. (A2)

Notice that when both types of education are provided, social surplus from providing

education s has to exceed that from providing education i with a = 0. By (A1),

6(ρ− cs + ci)

ρ(3− γ2x2)
>
(1− τ )ρ(3 + γ2x2)

6β
.
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Evaluating the first term on the right-hand side of (A2) downwards, a sufficient condi-

tion for the right-hand side of (A2) to be positive is

(1− τ )ρ(3 + γ2x2)

6β

2γx2

(3− γ2x2)
−
2γx2(1− τ)ρ

6β
> 0.

Simplifying yields 3+γ
2x2

3−γ2x2
− 1 > 0. This holds always.

Analyze next policy in country B when x ≥ γ. Using Lemma 1, inserting (5) and

setting α = 0 and τ g = 0 in (7),

âB =
6x(ρ− cs + ci)

ρ(3x− γ2

x
)

−
(1− τ)ρ(3x+ γ2

x
)

6β
.

Differentiate
∂âB
∂γ

=
12γ(ρ− cs + ci)

ρ(3x− γ2

x
)2

−
2γ
x
(1− τ)ρ

6β
. (A3)

Use again the requirement that when both types of education are provided, social

surplus from providing education s has to exceed that from providing education i with

a = 0. Thus, a sufficient condition to (A3) to be positive is that

(1− τ)ρ(3x+ γ2

x
)

6β

2γ
x

(3x− γ2

x
)
−
2γ
x
(1− τ )ρ

6β
> 0.

Simplifying yields
3x+γ2

x

3x−γ2

x

− 1 > 0. Also this always holds.

Assume finally that x < γ. Using Lemma 1, inserting (5) and setting α = 0 and

τ g = 0 in (7),

âB =
3γ(ρ− cs + ci)

ρx
−
(1− τ)ρ(x

2

γ
+ 3γ)

6β
.

Differentiate
∂âB
∂γ

=
3(ρ− cs + ci)

ρx
−
(1− τ)ρ(−x2

γ2
+ 3)

6β
(A4)

Use again the requirement that when both types of education are provided, social

surplus from providing education s has to exceed that from providing education i with

a = 0. Thus, a sufficient condition to (A4) to be positive is that

(1− τ)ρ(x
2

γ2
+ 3)

6β
−
(1− τ )ρ(−x2

γ2
+ 3)

6β
> 0.

20



Simplifying we see that this always holds.

Proof of Proposition 2.

To prove the existence of both claimed situations, if suffices to prove that either can

arise if x ≥ γ. It is useful to write the stock of internationally applicable human capital

explicitly as a function of γ :

H̃A
i =

∫ 1

âA(γ)

f(a)ada+ [1− F (âA(γ))]
(1− τ)ρ(3 + γ2x2)

6β

H̃B
i =

∫ 1

âB(γ)

f(a)ada+ [1− F (âB(γ))]
(1− τ)ρ(3x+ γ2

x
)

6β
.

Differentiation with respect to γ yields

∂H̃A
i

∂γ
=

[
−âA(γ)−

(1− τ)ρ(3 + γ2x2)

6β

]
f(âA(γ))

∂âA(γ)

∂γ

+ [1− F (âA(γ))]
(1− τ )ργx2

3β

∂H̃B
i

∂γ
=

[
−âB(γ)−

(1− τ)ρ(3x+ γ2

x
)

6β

]
f(âB(γ))

∂âB(γ)

∂γ

+ [1− F (âB(γ))]
(1− τ)ργ

x

3β
.

In both expressions, the first term on the right-hand side is negative as ∂âj(γ)/∂γ >

0 by Proposition 1 and the second positive. For j ∈ {A,B}, if f(âj(γ)) → 0, the first

term vanishes. Then the second term dominates, and ∂H̃j
i /∂γ > 0. If β → ∞, then

∂H̃j
i /∂γ < 0 by Proposition 1.

Proof of Proposition 5.

Welfare effects of education policy of either member state can be divided into inter-

nalized effects and externalities on the other member state. Country-specific education

does not generate externalities, while internationally applicable education generates a

positive externality to the other member state as the other member state benefits from

migrants who pay wage taxes there. By Proposition 4, an increase in the graduate tax

rate increases the provision of internationally applicable education. As either country

could have left its education policy unchanged, both countries perceive their own social
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welfare to increase as a result of providing more internationally applicable education.

But as this increases also the welfare of the other member state, it clearly increases the

sum of welfare in the two member states.
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