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Abstract
In the last years, there has been a shift toward more private financing of higher 
education in many countries. At the same time, student mobility has substantially 
increased. This paper analyzes in a two-region model the impact of student mobility 
on region-specific higher education quality with private funding. Individuals decide 
whether and where to study based on their individual ability and the implemented 
quality. We show that mobility of students affects educational quality in very differ-
ent ways depending on the probability of return migration. With full return migra-
tion, quality is optimally provided which is in stark contrast to the underprovision 
result in the case of tax financing. On the contrary, low return migration and thus 
more competition for students countervail the efficient provision of quality and 
result in too little differentiated levels or too high symmetric levels. This is in line 
with the overprovision result with tax financing.
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1 Introduction

During the last few decades, student mobility has substantially increased (OECD 
2019). At the same time, more and more mobile students stay on after graduation. 
Even though the extent of return migration varies considerably across countries and 
depends on several factors (see, e.g., Lu et al. 2009; Tremblay 2005), there is empir-
ical evidence showing that the fraction of foreign students who stay in their host 
country upon graduation is substantial (see, e.g., Rosenzweig 2006; Lowell et  al. 
2007; Van Bouwel and Veugelers 2014). Hence, there seems to be scope for com-
petition for students (and graduates) and many OECD countries are aware of this 
(Chaloff and Lemaitre 2009). One possible approach is to try to affect the return 
migration rates. Lowell et  al. (2007) report that, for example, the visa application 
process is a strong policy tool to attract and to keep foreign students. Another option 
is to aim at directly attracting students. Competition may take many forms and 
depend critically on various factors such as the probability of return migration after 
students have graduated and the financing system.

In a tax-financed system, the return probability of graduates critically affects 
the provision of higher education. Governments underinvest in public education, 
because of the free-rider problem, as long as some of their native students come 
back (see, e.g., Del Rey 2001; Mechtenberg and Strausz 2008) or because they 
ignore the positive externalities due to the emigration of some of their graduates 
(Justman and Thisse 2000).1 Delpierre and Verheyden (2014) consider a setting 
with student and worker mobility under university and government competition. In 
equilibrium, government competition dominates and the free-rider effect results in 
underinvestment in human capital. Overall, the consequences of the free-rider effect 
for the provision of higher education, following from tax financing and the mobility 
of students and graduates, have been widely studied.2

In the last years, however, there has been a shift toward a larger share of private 
financing of higher education. The UK is a case in point, but this pattern can be 
more broadly observed as a reaction to tighter public budgets or to the increase in 
student mobility (see, e.g., Haussen and Uebelmesser 2016). In this paper, we go 
one step further and assume that higher education is fully fee-financed.3 As students 
bear the additional cost of education, their choice whether to study and where is 
determined by the return of the investment, i.e., the quality of education. As a result, 
governments compete in educational quality.4

1 Lange (2009) extends the analysis by allowing for mobility of both skilled workers and students. 
Depending on the stay rate of graduates, over- or underinvestment in education is possible.
2 For example, in Demange et  al. (2014), we study the impact of the mobility of skilled workers and 
students when credit markets are imperfect and equilibrium wages are endogenous due to nonlinear pro-
duction function.
3 The implicit assumption is that there is a fee-financed part of higher education (quality), beside pos-
sibly a tax-financed basic part.
4 Indeed, the introduction or extension of tuition fees in many regions and countries has provided an 
additional source of funding to improve educational quality. See also Kemnitz (2007) who shows this in a 
decentralized system of higher education.
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The aim of the paper is to inquire to what extent the competition outcome, i.e., 
the resulting differentiation in educational quality, is efficient with fee financing. We 
focus on competition between similar regions so that any differentiation in educa-
tional quality stems from pure strategic effects. To assess the relevance, efficiency, 
and stability of different strategies, we analyze the Nash equilibria of the model and 
their welfare properties. As individuals benefit differently from higher education 
based on their innate ability, the choice of an educational quality level may be used 
as a way to attract or to repel individuals according to their ability. To examine the 
incentives to do so, we build a simple model in which the decisions of both students 
and regions are derived through well-specified welfare criteria.5 There is an optimal 
level of vertical differentiation in educational quality which enables individuals to 
split according to their abilities.6 Whether governments indeed choose the optimal 
differentiation depends on the graduates’ return probability and the government’s 
objective.

A central insight of our model is that more competition for students countervails 
the efficient differentiation of quality levels. This is the case although only the mobil-
ity of students establishes the option of efficient differentiation between regions in 
the first place. The reason for the welfare loss is that competition for students gen-
erates external effects of migration which lead to suboptimal differentiation. The 
return probability of foreign students determines the strength of the motivation of 
governments to compete for students. In the extreme case where all foreign students 
return back home after graduation, there is no benefit of competing for students from 
other regions. Hence, there is no distortion due to mobility and governments dif-
ferentiate their quality levels optimally at a Nash equilibrium. However, the smaller 
the return migration, the stronger is the educational competition and the more qual-
ity levels converge across regions yielding a lower-than-efficient differentiation. In 
the other extreme of no return migration, differentiation vanishes completely. The 
resulting identical quality level is too high compared with the optimal one in a single 
closed economy. Hence, with open borders, students’ mobility may induce regions 
to over-provide the quality of higher education as long as the return migration is 
negligible while at the same time choosing suboptimal quality differentiation.

Similarly to the analyses that focus on a tax-financed system, it turns out that 
graduates’ return migration plays an important role in a fee-financed system. There 
are, however, important differences when it comes to the optimality of the out-
comes. With full return migration, there are no incentives to compete for students 
in both systems. In the case of tax-financed higher education, the strong free-riding 

5 Our model has some similarities with models of vertical product differentiation as developed by Gab-
szewicz and Thisse (1979) and Shaked and Sutton (1982). However, the profit maximizing firms are 
replaced by regions whose objective is citizens’ welfare.
6 We do not consider selection of students based on their ability. Abilities have to be observable via tests, 
certificates, etc., which is not easily given in an international context due to the (still) limited comparabil-
ity of qualifications. Apart from that, it is important to realize that the very good students can only be 
selected, if the pool of candidates is very good. One possible instrument to improve the quality of the 
pool is to offer high-quality higher education. With our stylized model, we study the relation between the 
educational quality level of higher education and the quality of the candidates.
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incentive with full return migration dominates and leads to underprovision. This is 
in stark contrast to the result of no distortion with fee financing which follows from 
the incentives for differentiation in order to realize the efficiency gains.

On the contrary, with a low return probability of graduates, there are incentives to 
compete for students both in the tax-financed system and in the fee-financed system. 
With fee financing, regions provide a too high and too little differentiated quality 
level in an attempt to attract highly able students. This is in line with the overprovi-
sion result with tax financing following a similar logic of competition. For inter-
mediate values of the return probability, the equilibria result from the two forces 
at work: incentives for differentiation called by efficiency gains and incentives to 
compete for students. However, even in the situation in which there is an asymmet-
ric equilibrium with differentiated educational quality levels, governments tend to 
choose suboptimally differentiated levels. The distortions due to the competition for 
skilled workers via mobile students thus dominate.

There are two recent papers that are closest to our analysis. Kemnitz (2007) com-
pares the impact of different funding schemes and different degrees of university 
autonomy on competition between universities. He considers a closed-economy 
model with vertical differentiation in which tuition fees and educational quality are 
endogenously determined. Haupt et  al. (2016) consider similar policy instruments 
in an open-economy setting with two developed regions which compete for students 
from the developing world. They show that in equilibrium educational qualities are 
differentiated in order to relax tuition fee competition. Furthermore, they find that 
the region with the higher educational quality level decreases this level with a lower 
return probability of foreign students.7

Our paper extends this analysis. We focus on the impact of students’ mobility 
on the competition via educational qualities and assume private funding. In our 
model, the decisions of students both whether and where to study are endogenous. 
Combined with exogenous return probabilities of foreign students, this allows us to 
analyze equilibria with differentiated educational qualities as well as with symmet-
ric ones. Furthermore, we find unambiguous welfare implications: In an asymmet-
ric equilibrium, the differentiation of educational quality levels is inefficiently low, 
while in a symmetric equilibrium, the educational quality level is too high.

The outline of the paper is as follows. Section 2 describes the model. In Sect. 3, 
we analyze a closed economy. Section 4 considers an open-economy setting. We first 
derive the optimal allocation, i.e., the cooperative benchmark, and then introduce 
the noncooperative setting and the scope for differentiation. In Sect. 5, we determine 
the symmetric or asymmetric Nash equilibria of the model for different return prob-
abilities and analyze the efficiency of the results. Section 6 concludes.

7 Lange (2013) provides a complementary analysis to our analysis with a focus on competition in the 
level of the fees for a given quality level of education.
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2  The model

The analysis is conducted in a simple stationary two-period overlapping generation 
model with two symmetric regions.8 The focus is on the strategic interactions. Each 
government chooses the educational quality level or quality level for short. These 
choices apply for a large enough period so that they are perceived as constant by the 
generations. Thus, given the quality levels chosen by the governments, individuals 
make their decisions about higher education and labor supply.

In more detail, in the first period of their life, individuals decide about acquir-
ing higher education which affects labor supply in the second period. In particular, 
individuals decide whether and where to study. For this, they compare the lifetime 
income with higher education to the lifetime income when uneducated. If individ-
uals choose not to study, they work and receive the wage income of an unskilled 
worker in both periods in their home region. If individuals decide to acquire higher 
education at home or abroad, they have to pay the tuition fees and receive no wage 
income in the first period. The quality level of education as well as the innate indi-
vidual ability generates the skill units an individual is endowed with, which, in turn, 
determines his wage as a worker. Then, since the wages per skill unit are identi-
cal across regions, graduate students have no monetary incentives to choose either 
region to work in. In the second period of their life, they stay in the region where 
they have graduated or come back to their home region with some (exogenous) 
probability. Hence, the proposed educational quality levels determine the structure 
of labor supply in the two regions in the subsequent period through their direct effect 
on productivity and their indirect effect on the skill composition of the workforce.

We assume that the population is constant and concentrate on steady-state sit-
uations. In the following, production, education, and credit market are further 
specified.

Production sector The economy is kept as simple as possible. There is a single 
consumption good which cannot be stored. There is no capital. The production sec-
tor in each region uses two kinds of input: labor supplied by individuals with and 
without higher education, Ls (skilled labor) and Lu (unskilled labor), respectively. 
Production takes place according to a linear technology. The marginal productivities 
are constant. We assume a competitive labor market. The wage rates of the skilled 
workers, ws , and of the unskilled workers, wu , are equal to the respective marginal 
productivities. They are given and are constant

(1)F
(
Lu, Ls

)
= wsLs + wuLu.

8 The setting in Demange et al. (2014) shows some similarities. The questions of interest and the basic 
assumptions are, however, very different. There, the focus is on the choice of the financial regime 
with imperfect credit markets within a general equilibrium model. Contrary to that, the analysis here 
focuses on competition in the educational quality level of higher education when higher education is fee-
financed, credit markets are perfect, and wages are assumed to be given and  are constant (see below).
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Production is thus completely determined by the labor supply of skilled and 
unskilled workers, which in turn is given by the individuals’ decisions to acquire 
higher education.

Higher education Individuals are distinguished by an innate ability parameter, y, 
which reflects individually different benefits from higher education. The distribution 
of abilities is identical in each region and assumed to be uniform in the range 

[
0, y

]
 . 

To be skilled, an individual must receive higher education. Quality of education, 
also called the quality level, is denoted by e, e > 0 . The level is restricted to be uni-
form and region-specific, meaning that it applies to all students in the region. Both 
the quality level of education e and the individual’s innate ability y generate the skill 
units an individual is endowed with after having acquired education, which is the 
quantity of skilled labor provided by an educated worker: ye.

For simplicity, we assume that the amount of money spent for higher education 
per individual, given by c(e), only depends on the quality level. Put differently, costs 
of education are proportional to the number of students for a given quality. The cost 
function c is assumed to be increasing and strictly convex. This captures the fact 
that it becomes increasingly expensive to produce a further unit of educational qual-
ity. Throughout the paper, to avoid corner solutions, we shall assume that marginal 
costs of educational quality satisfy c�(0) = 0 and increase indefinitely with its level: 
lime→∞ c�(e) = ∞ . The costs of higher education are borne by the students via tui-
tion fees.

The restriction to a single quality level, albeit strong, is meant to capture the 
observed limited variability of the quality of educational programs despite the diver-
sity of ability types. Considering a single quality level is only a simplification, which 
does not alter the main insights of our results. This assumption makes it impossible 
for a government to achieve the first-best policy, which is to provide a specific qual-
ity level for each ability type of students. This could be justified by assuming, for 
example, that providing higher education leads to additional costs, which are fixed 
and therefore independent of the number of students. Including these costs would 
not affect the marginal analysis and would result in a limited number of educational 
quality levels. The main insights as derived below would go through: Opening the 
economies allows to improve welfare by offering more diverse education levels than 
in the closed economies. The welfare gains may not be achieved when the return 
probability is too low, because the optimally differentiated levels cannot be sus-
tained at equilibrium, following the same arguments as in Sections 5.2. and 5.3.9

Credit market Credit markets are assumed to be perfect, and we are at the golden 
rule: The interest rate in the steady state without frictions is equal to the population 
growth rate, which is here equal to zero (see Gale 1973). Since students do not have 
any income, they have to borrow money in the first period in order to finance the tui-
tion fees for their higher education. Borrowing takes place between the individuals 
of one generation (not all decide to study) and possibly between generations.

9 There is, however, a difficulty in a non-marginal analysis, in which the countries may change the num-
ber of quality levels they offer, possibly by free-riding on the other country to lower their fixed costs.
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As credit markets are perfectly competitive and we model higher education as a 
private good without externalities, pure fee financing of higher education is indeed 
optimal.

3  The closed‑economy setting

We study here the individual choice of studying and the resulting labor supply given 
educational quality and the governmental choice of the quality in a closed economy 
by backward induction.

3.1  Individual decisions and employment

The decision whether and where to study is based on the expected lifetime income 
in each alternative. If an individual decides to study, in the first period, she pays the 
educational costs, c(e), as fees and earns no wage income. In the second period, the 
educated worker with ability y receives a gross wage rate ws for each unit of effective 
labor supply so that the wage income is wsye . Thus, her lifetime income is

If the individual decides not to study she receives a wage income wu in both periods. 
Hence, her lifetime income is

The individual compares both lifetime incomes and chooses the option which maxi-
mizes her income. The decision whether to study or not depends on the ability of 
the individual. The marginal ability type who is indifferent between both options is 
given by

Individuals with a lower ability, y < yu , do not study and are employed as unskilled 
workers in both periods. Individuals with a higher ability, y > yu , take up higher 
education in the first period and work as skilled workers in the second period.

Hence, the quality levels affect the individual education choices and determine 
the skilled and unskilled labor supply in the subsequent period. As already men-
tioned, the population growth rate is assumed to be nil. In each period, employment 
consists of young and old unskilled workers and old skilled workers. Let a quality 
level e and a threshold ability level of skilled workers yu be given. The number of 
unskilled workers per generation, denoted by Nu , is equal to yu and the number of 
skilled workers, denoted by Ns , is equal to y − yu where y denotes the size of the 
total workforce. The employment of unskilled labor is given by

(2)wsye − c(e).

(3)2wu.

(4)yu =
2wu + c(e)

wse
.
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and the effective skilled labor by

which is equal to the number of skilled workers multiplied by their average ability 
and the quality level.

3.2  Quality choice

We now analyze the choice of the educational quality. The individual decisions as 
determined in the previous section are correctly expected by the government. We 
first derive the optimal allocation in the absence of any informational constraints. 
Then, we compare it to the decisions of the government when informational con-
straints matter.

3.2.1  Optimal allocation

Under complete information on individuals’ abilities, a social planner can determine 
the level of educational quality and the minimum ability of those who study. The 
welfare criterion, W, is aggregate production net of education cost at a steady state:

This is the criterion that obtains in a fully fledged overlapping generation model 
economy in which the planner treats all generations equally. In other words, as 
assumed above, we are at the golden rule with an implicit interest rate equal to the 
population growth rate, here zero.

The choice of the level of educational quality and of the minimum ability of those 
who study, e and y, respectively, fully determines skilled and unskilled labor from 
(5) and (6). Hence, we have that

where from (5) and (6) Lu and Ls are functions of e and y and Ns is a function of y 
alone. The objective is to maximize Max

y,e
W(y, e).

The impact of a marginal increase in e keeping the set of students fixed is given 
by

(5)Lu = 2

yu

∫
0

1 dy = 2yu = 2Nu

(6)
Ls =

y

∫
yu

yedy = e

(
y
2
− (yu)2

2

)
=
(
y − yu

)
e

(
y + yu

2

)

=Nse

(
y + yu

2

)

(7)W(y, e) = F(Ls, Lu) − Nsc(e).

(8)W(y, e) = wsLs + wuLu − Nsc(e)
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It is equal to the effect of the quality level on the production of the skilled workers 
minus the increase in costs.

The impact of a marginal increase in the minimum ability level y keeping the quality 
level fixed is given by

It is equal to the net impact on the productivity of a student of ability just equal to y 
from becoming skilled compared to remaining unskilled where the impact is meas-
ured at the steady-state situation.

The objective function is concave in e and in y. At the optimum, assumed to be inte-
rior, the level of educational quality and the threshold ability level are characterized by 
the following first-order conditions

that is, the marginal gain from a change in educational quality on the average stu-
dent, ws

y+y

2
 , is equal to the marginal costs, and the net gain of education for the mar-

ginal student is null.
In the sequel, we put a superscript ∗ to indicate the values at the optimum solution 

for the quality levels and the threshold ability.

3.2.2  Government’s decision

In contrast to the social planner’s problem, individuals’ abilities are assumed to be 
unobservable (or not contractible) by governments. Due to these informational asym-
metries, the set of students cannot be chosen in the same way as an omniscient social 
planner does. The government chooses the level of educational quality taking account 
of the individual decisions which are determined by the threshold level of ability. The 
welfare criterion of the government is still the aggregate production net of education 
cost at a steady state.

Given a quality level, the ability threshold which determines who decides to study is 
denoted by yu(e) (Eq. (4)). Thus, the government’s objective is

(9)

�W

�e
=ws

�Ls

�e
+ wu

�Lu

�e
− Nsc

�(e)

=
(
y − y

)[
ws

y + y

2
− c�(e)

]
.

(10)
�W

�y
=ws

�Ls

�y
+ wu

�Lu

�y
− c(e)

�Ns

�y

= − wsey + 2wu + c(e).

(11)ws

y + y

2
=c�(e)

(12)wsey − 2wu − c(e) =0

(13)Max
e

W(yu(e), e) = wsLs + wuLu − Nsc(e),
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where skilled and unskilled labor levels are those determined by the threshold abil-
ity level yu(e)

The impact on welfare due to a marginal change of education is composed of two 
terms: an indirect one through the selection of abilities and a direct one. Formally, 
the marginal change in welfare that results from an increase in the quality level cho-
sen by the government is given by

where dy
u

de
 denotes the change in the threshold ability level and thus in the selection 

of abilities.
The key point is that in our model individuals’ choices are not distorted under full 

fee financing when borders are closed. In other words, the optimal ability associated 
with a given quality level, given by (12), coincides with that chosen by individuals, 
given by (4). By choosing the optimal level e∗ , the associated optimal set of students 
is selected, those with ability larger than y∗ = yu(e∗) , and surely the government 
cannot do better. (More formally, both derivatives �W

�y
 and �W

�e
 are then null.) An 

immediate consequence is that the optimal allocation and the maximal value for 
welfare can be reached even without observing abilities.

4  Open economy with mobile students

We study the same model as before—now, however, with two economies. Unskilled 
workers are assumed to be immobile, whereas students and skilled workers are 
mobile across regions.10 In particular, individuals who decide to study have no 
migration costs and choose the region where they want to attain higher education. 
This assumption is in line with our aim of understanding the effects of ever higher 
degrees of student mobility. At the same time, (foreign) graduates are not assumed 
to be costlessly mobile. Graduates may stay in the region where they have completed 
higher education or come back to their home region with some (exogenous) return 
probability as described below. As mentioned in the Introduction, return probabili-
ties vary across countries and across time. Different return probabilities capture dif-
ferent mobility scenarios with different mobility costs.

(14)Ns = y − yu(e),Lu = 2yu(e),Ls = Nse

(
y + yu(e)

2

)
.

(15)
dW

de
=

�W

�y

dyu

de
+

�W

�e

10 This corresponds to empirical evidence according to which mobility increases with education. See, 
e.g., Ehrenberg and Smith (1993), Mauro and Spilimbergo (1999), Coniglio and Prota (2008) and Hunt 
(2006). In our model, the results would not be affected if unskilled workers were mobile because they 
have no incentive to move: The unskilled wage is identical across regions due to the linear production 
technology (see (1)). The results would thus not be affected if unskilled workers were mobile.
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In our two-region setting, the focus is on the strategic interactions between the 
regions. As a benchmark, we start by analyzing the choice made by an omniscient 
social planner who can decide on the level of educational quality in each region and 
on the ability of those who study and at which level. An alternative interpretation of 
this setting is that the two regions cooperate in their choice of the levels of educa-
tional quality and have complete information on abilities. We then study a nonco-
operative game with incomplete information played by the two regions for various 
rates of return migration of the graduates who have studied abroad and we consider 
the possible distortions of the quality level e.

4.1  Optimum (cooperative benchmark)

We consider the aggregate welfare over the two regions as the objective. The fact 
that there is a uniform quality level in each region is a constraint. This opens up the 
possibility of overall welfare gains if quality levels differ across the two regions and 
students are mobile.

The omniscient social planner can choose the region-specific levels of educa-
tional quality and allocate the individuals to the higher education systems in the 
two regions according to their abilities. Denote by eA and eB the quality levels (even 
though here a quality level is not necessarily attached to a specific region). With 
obvious notation, overall welfare is

in which the number of students and skilled and unskilled labor are determined by 
the planner.

As e and y are complements in the determination of skilled labor, it is always 
optimal to assign the students with the largest ability levels to the largest qual-
ity level and not to educate the individuals whose ability levels are the lowest. If 
eA > eB for instance, let yAB be the minimum ability of those who are assigned to a 
high quality level and yu the minimum ability of those who are allowed to study at 
a low quality level. Individuals with an ability between yu and yAB acquire the low 
level of educational quality eB and those with an ability between yAB and y acquire 
the high level eA , as depicted in Fig. 1.

Hence, the policy instruments of the planner are the levels of educational quality 
characterized by eA and eB and the thresholds, yu and yAB , which describe the abili-
ties of those who acquire a given level of educational quality. They fully determine 
the number of students in each education system as well as skilled and unskilled 
labor

(16)W = wsLs + wuLu − c(eA)NA
s
− c(eB)NB

s

0 yuunskilled study in B study in AyAB y

Fig. 1  Threshold levels yu and yAB for eA > eB
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With (17) and (18) in (16), we arrive at the welfare criterion W as a function of the 
policy instruments as the objective to be maximized.11

The objective is concave, and with similar computations as in the case of a single 
quality level, the optimum is characterized by the following first-order conditions12

These conditions can be easily interpreted. Conditions (19) say that the quality lev-
els are optimal given the thresholds, that is given the set of students. The marginal 
gain from a change of the high quality level for the average student, ws

y+yAB

2
, is equal 

to the marginal costs, c�(eA) , and similarly for the low quality level. Conditions (20) 
say that the ability of the students in each program is optimal given the quality lev-
els proposed. The net gain of the higher quality level relative to the lower level is 
null for the student with marginal ability yAB, and the net gain of the low level of 
educational quality compared to remaining uneducated is null for the student with 
marginal ability yu.

At the optimal educational levels, surely yu < yAB < y as depicted in Fig. 1. To see 
this, as c is convex, (20) implies c�(eA) ≥ wsy

AB ≥ c�(eB) . Plugging c�(eA) ≥ wsy
AB 

into the first optimality condition of (19), we obtain y ≥ yAB and plugging 
wsy

AB ≥ c�(eB) into the second optimality condition of (19), we obtain yu ≤ yAB.
Hence, optimality calls for differentiation. We shall denote by (e∗, e∗) the two dif-

ferent optimal levels of educational quality with e∗ > e∗.

4.2  Choice of quality levels (noncooperative setting)

This section considers the situation with informational asymmetries and full mobil-
ity of students. As in a closed economy, a government chooses the level of educa-
tional quality in its region taking account of the individual decisions. Individuals, 

(17)NA
s
=2

(
y − yAB

)
,NB

s
= 2

(
yAB − yu

)

(18)Ls =
(
y − yAB

)
(y + yAB)eA +

(
yAB − yu

)
(yAB + yu)eB, Lu = 4yu.

(19)ws

y + yAB

2
− c�(eA) = 0 and ws

yAB + yu

2
− c�(eB) = 0

(20)− wse
AyAB + c(eA) = −wse

ByAB + c(eB) and − wse
Byu + c(eB) = −2wu.

11 If the levels of educational quality are identical, the two thresholds coincide, yu = yAB , and the welfare 
depends only on those who decide to become skilled and not on where they study. In particular, welfare 
is obtained by allocating them according to (17) so that the same expression holds and welfare is con-
tinuous.
12 If regions chose more than one level of quality, they would separate ability types of students within 
the regional borders. The different regional levels of quality would be set optimally relative to the ability 
ranges. As will be shown in the following, distortions arise only relative to other regions where external 
effects of the migration of students are not internalized. Thus, the results of the model about the effect of 
competition about students between regions do not change with regions choosing more than one quality 
level.
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however, face more choices in an open-economy setting and their decisions are 
affected by the quality levels chosen by both regions. Mobility thus leads to nonco-
operative interactions between the two regions. Before focusing on the governments’ 
choices, we analyze individuals’ decisions.

4.2.1  Individual choices

We consider the individual education and migration choices given the two regions’ 
quality levels, eA and eB.

A young individual born in region I, I = A,B , now not only has to decide whether 
to study but also where to study. Since wages are constant, the lifetime income of a 
young person who decides to study in I is yeIws − c

(
eI
)
 . This implies that the maxi-

mum lifetime income of a y-young individual who decides to become skilled is

Any difference of lifetime income is only due to different quality levels in the regions 
of higher education. The lifetime income of an unskilled worker is unchanged and 
given by 2wu in both regions. The individual chooses to be skilled if Vs(y) ≥ 2wu.

In the symmetric case where quality levels are equal, eA = eB = e , individuals are 
indifferent between studying in either region. In that case, we shall assume that they 
split equally (as occurs, for example, if they do not move at all).

Assume now that quality levels differ. Let us consider eA > eB . The return to edu-
cation increases with ability. As a result, the individuals who choose to study in A 
and not in B are those with high ability and the individuals who stay unskilled are 
those with low ability. Specifically, let yAB be the type of an individual who is indif-
ferent between studying in A and B. It is defined by

or

Analogously, let yu be the type of an individual who is indifferent between studying 
and not studying. It is defined by

or

It follows that for educational levels eA, eB such that yu < yAB < y , young individuals 
partition themselves according to their abilities as depicted in Fig. 1. Comparing the 

(21)Vs(y) = max
[
yeAws − c

(
eA
)
, yeBws − c

(
eB
)]
.

(22)yABeBws − c
(
eB
)
= yABeAws − c

(
eA
)

(23)yAB =
c
(
eA
)
− c

(
eB
)

ws(e
A − eB)

.

(24)yueBws − c
(
eB
)
= 2wu

(25)yu =
2wu + c

(
eB
)

wse
B

.
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conditions (23) and (25) with the optimality condition for the thresholds in (20) for 
given quality levels, eA, eB , we see that there is no distortion. Otherwise, if yu > yAB 
and yAB < y , no one would choose to be educated in B and if yu > yAB and yAB > y , 
no one would choose to be educated.13

Whatever situation, the important point is that, as in the case with a single qual-
ity level, the private and the social benefits of taking up a given quality level or of 
remaining unskilled coincide. This yields the following lemma:

Lemma 1 Given quality levels, the choice of the individuals leads to the optimal 
partition of the ability types.

An immediate consequence is that the optimum can be obtained even without 
observing ability levels: If the optimal levels of educational quality are imple-
mented, it suffices to let individuals choose whether (and where) to study. These 
optimal levels can be thought of as resulting from the decisions of a union of regions 
acting in a cooperative way. Thus, any inefficiency that may result from a noncoop-
erative choice in quality levels is not due to individuals choices.

4.2.2  The role of return migration

The decisions of the governments are determined by the criterion on which they 
base their choices. With migration, population is variable within a region, and a 
variety of welfare criteria may be studied (see e.g., the discussion in Blackorby et al. 
2009). We consider a criterion according to which the government is concerned with 
the welfare of the residential workers (natives or foreigners). This criterion is called 
the residence principle.14

For the following analysis, it is important to understand the role of return migra-
tion for the governmental decisions and welfare. Let us be more precise: Skilled 
workers are indifferent between working in either region. Those who have studied 
in their home region do not move after graduation and remain in their home region 
as skilled workers. If graduated abroad, however, the graduates’ migration behavior 
depends on the return migration rate � , which denotes the probability with which 
they return home for work and which can be understood as implicitly capturing 
mobility costs. The return migration rate � is exogenously given and independent of 
everything else, in particular of the ability type. It determines the skilled labor force 
in each region as explained in the following.

13 Considering more precisely yu < yAB , the inequality does not follow from construction, but depends 
on the curvature of the cost function and the unskilled wage. From (23) and (25), yAB is larger than yu 
if c(e

A)−c(eB)
eA−eB

>
2wu

eB
+

c(eB)
eB

 . The inequality requires the slope of the cost between eA and eB to be large 

enough relative to that at eB and the unskilled wage.
14 According to the natives’ principle, the government is concerned with the aggregate wage income of 
natives working at home or abroad net of educational costs. In our model, the natives’ criterion is equiva-
lent, from an analytical point of view, to the residence criterion for the case where all natives return back 
home after graduation abroad. We will briefly comment on this in Sect. 5.4.
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To fix the idea, let us have again eA > eB . The top ability students from both regions 
study in region A. Their number is 2

(
y − yAB

)
 as given by (17). Half of the students in 

A come from region B, and among those a proportion � ∈ [0, 1] returns back to their 
home region B after graduation as skilled workers. Hence, only the fraction 1 − �∕2 of 
skilled workers with quality level eA works in A and the remaining fraction, �∕2 , works 
in B. Similarly, the low-ability students of both regions study in region B. Their total 
number is 2

(
yAB − yu

)
 , and among those a fraction �∕2 will work in region A and the 

fraction 1 − �∕2 in region B.
The residential welfare of a region is defined as the aggregate lifetime income 

of the residents. There are three types of workers: the skilled workers with qual-
ity levels eA or eB , respectively, and the unskilled workers. The lifetime income of 
all unskilled workers in a region is 2wuy

u . Since the cost of education is entirely 
borne by the students, the lifetime income of a skilled worker is defined as his wage 
income net of the cost of education. To simplify notation, let YI denote the lifetime 
income of all skilled workers with quality level eI . We have

The interpretation is straightforward: Region A keeps 1 − �∕2 of the students who 
were educated in the region and �∕2 of those who studied in B, and similarly for 
region B. More generally, the larger the return migration rate is, the less the skilled 
labor force in a region depends on the region’s decision. At one extreme, where the 
return migration rate is null ( � = 0 ), each region ends up with the skilled labor force 
that graduated in that region. This opens up the possibility of competition for stu-
dents. At the other extreme, where the return migration rate is 1 ( � = 1 ), each region 
ends up with its natives’ labor force. In the intermediate case, with � between 0 and 
1, welfare of each region is a combination of welfare obtained in each of the two 
extreme cases. From (26), we can write

The first term in square brackets is the welfare of A for � equal to zero, and the sec-
ond term corresponds to the welfare of A for � equal to one. Thus, WA can be written 
as (1 − �)WA

|�=0 + �WA
|�=1 where WA

|�=0 and WA
|�=1 are the welfare levels in the two 

extreme cases, � = 0 and � = 1 , respectively. As this is also true for B, we obtain

The values for YA and YB remain to be spelled out. Take eA > eB (the case eA < eB is 
symmetric). The average effective labor supply of a skilled worker with quality level 
eA is y+y

AB

2
eA , which yields an average lifetime income equal to ws

y+yAB

2
eA − c(eA) . 

Similarly, the average effective labor supply of a skilled worker with quality level 

(26)WA(eA, eB) =(1 −
�

2
)YA +

�

2
YB + 2wuy

u,

(27)WB(eA, eB) =
�

2
YA +

(
1 −

�

2

)
YB + 2wuy

u.

(28)WA(eA, eB) = (1 − �)
[
YA + 2wuy

u
]
+ �

[
1

2
(YA + YB) + 2wuy

u
]
.

(29)WI(eA, eB) = (1 − �)WI
|�=0(e

A, eB) + �WI
|�=1(e

A, eB) I = A,B.
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eB is y
AB+yu

2
eB , which yields an average lifetime income equal to ws

yAB+yu

2
eB − c(eB) . 

Weighting by the number of students in A, 2
(
y − yAB

)
 , or in B, 2

(
yAB − yu

)
 , we 

obtain for eA > eB

For the following analysis, it is useful to determine students’ behavior for 
almost identical quality levels in both regions and to understand the benefits of 
differentiation.

4.2.3  Scope for differentiation

We want to study here whether differentiation is possible and beneficial. Marginal 
changes in quality levels in a neighborhood of a symmetric situation have a dra-
matic selection effect on the students. To make this precise, consider the type of an 
individual who is indifferent between studying in A and B, yAB , as eA and eB are very 
close. Making the quality levels converge to e, the limits of yAB from above or below 
e are given by

We denote this limit by ylim(e)

Starting from identical levels (e, e), regions share equally the students, i.e., the indi-
viduals with ability above yu . By marginally increasing its level eA above e, region 
A attracts all top ability students, those with ability larger than ylim(e) , and B attracts 
those with ability between yu and ylim(e) . Thus, a massive reallocation of students 
takes place. If a region, say B, decreases its level below e, the analysis is similar, but 
there is also a marginal change in the unskilled level yu since it is determined by the 
smaller level eB (as given by (25)).

Such an analysis is true provided e is not too extreme. Specifically, the thresholds 
given by (23) and (25) are valid if y > yAB > yu . These inequalities are satisfied for 
quality levels close to e if

(30)YA =2
(
y − yAB

)[
ws

y + yAB

2
eA − c

(
eA
)]

(31)YB =2
(
yAB − yu

)[
ws

yAB + yu

2
eB − c(eB)

]
.

(32)lim
eA→e+

c
(
eA
)
− c(e)

ws(e
A − e)

= lim
eB→e−

c(e) − c
(
eB
)

ws(e − eB)
=

c�(e)

ws

.

(33)ylim(e) =
c�(e)

ws

.

(34)y >
c�(e)

ws

>
2wu + c(e)

wse
.
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When inequalities (34) hold, we say that there is scope for differentiation at e.
In order to see whether differentiation is not only possible, but also beneficial 

let us look at total welfare. Specifically, let TW(eA, eB) denote the total welfare 
associated with the two quality levels, eA, eB . We have

and the identity

It is useful to note that total welfare is independent of the return migration rates. 
These rates matter only because they determine the shares of this total welfare 
assigned to the two regions, which affect a region’s incentive to choose a quality 
level.

Referring back to the case—identified above—where there is scope for differ-
entiation, it turns out that not only differentiation is then possible, but it is also 
beneficial, as stated in the following lemma.

Lemma 2 Total welfare TW is continuous in quality levels. It is maximal at (e∗, e∗) . 
Furthermore, assume that there is scope for differentiation at e, i.e., that (34) holds. 
Then,

where yu = 2wu + c(e)
wse

 . As a result, there are strong benefits from differentiation.

Proof See Appendix 1.   ◻

The fact that the optimum can be obtained even without observing ability lev-
els explains why the maximum of TW is obtained at (e∗, e∗) . We emphasize the 
continuity property of total welfare even at symmetric levels (e,  e): Students 
reallocate between the two regions, and still each individual lifetime income 
is continuous in the quality levels, hence total welfare as well. Instead, when 
we consider regions’ individual welfare the reallocation of students will gener-
ate discontinuities in their levels, and the jumps will be in the opposite direc-
tion (since the sum of the regions’ welfare, TW, is continuous). According to 
(37), �TW

�eA
(eA, e) is positive for eA sufficiently close to e but larger than e: Start-

ing from a symmetric situation, increasing slightly the quality level eA above 
e typically increases welfare. Similarly, since �TW

�eB
(e, eB) is negative for eB suf-

ficiently close to e but smaller than e, decreasing slightly the quality level of B 
below e increases welfare (of course similar results are obtained by exchanging 
the roles of A and B, i.e., if eA is decreased or eB is increased). Hence, there is a 
benefit from differentiation, whatever the direction, as long as differentiation is 
possible.

(35)TW(eA, eB) = YA + YB + 4wuy
u

(36)TW(eA, eB) = WA(eA, eB) +WB(eA, eB).

(37)

lim
eA→e+

�TW

�eA
(eA, e) = ws

(
y −

c�(e)

ws

)2

, lim
eB→e−

�TW

�eB
(e, eB) = −ws

(
c�(e)

ws

− yu
)2
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5  Government decisions with different degrees of return migration

This section analyzes the chosen quality levels and their optimality, focusing in 
particular on how the return migration rates affect the resulting equilibrium quality 
levels.

5.1  The case of full return migration

The government is concerned with the well-being of its residents who, for � = 1 , 
are all natives who have either stayed or returned back home after their graduation 
abroad.

As both regions are assumed to be identical, the number of skilled and unskilled 
labor is also identical in both regions and so is welfare amounting to one half of total 
welfare TW

5.1.1  Incentives for differentiation

A region’s welfare is thus given by half of the total welfare. How total welfare reacts 
to a change in a quality level provides insights into the region’s incentive to differen-
tiate its quality level. Specifically, using the symmetry of total welfare with respect 
to quality levels and the fact that WA

|�=1
(
eA, e

)
= TW(eA, e)∕2, we deduce from 

Lemma 2

Hence, taking the point of view of region A when region B’s quality level is fixed at 
e, we have that eA → WA

|�=1
(
eA, e

)
 has a local minimum at eA = e with a kink: A 

region benefits from decreasing its level below that of the other region and also from 
increasing it. There is a strong force toward differentiation, and a symmetric situa-
tion is not an equilibrium. Actually, regions choose the optimal differentiation levels 
at equilibrium, as stated in the following proposition.

Proposition 1 If all graduates return to their home region ( � = 1 ), optimally differ-
entiated quality levels, (e∗, e∗) or (e∗, e∗) , form a Nash equilibrium. There is no other 
Nash equilibrium.

(38)

WA
|�=1

(
eA, eB

)
= WB

|�=1
(
eA, eB

)
=

1

2
TW

(
eA, eB

)

=
(
y − yAB

)(
ws

y + yAB

2
eA − c

(
eA
))

+
(
yAB − yu

)(
ws

yAB + yu

2
eB − c

(
eB
))

+ 2wuy
u.

(39)

lim
eA→e−

�WA
|�=1

�eA
(eA, e) = −

ws

2

(
c�(e)

ws

− yu
)2

, lim
eA→e+

�WA
|�=1

�eA
(eA, e) =

ws

2

(
y −

c�(e)

ws

)2

.
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Proof The proof that optimal differentiation is a Nash equilibrium is straightfor-
ward. By recognizing that in each region welfare is just half of total welfare, it is 
obvious that the incentives of both regions and the social planner are aligned. As 
a result, if one region chooses one of the optimal levels, say the larger one, e∗ , the 
other region’s optimal choice is the lower one, e∗ , and vice versa. For the proof of 
uniqueness see the proof section (Appendix 1).   ◻

The intuition for this result is that with a return probability of one both regions 
have the same labor force wherever the workers have been educated and are con-
cerned by efficiency considerations only, as illustrated in Appendix 2.

We can summarize. When regions take account of their residents and all students 
return to their home region after graduation ( � = 1 ), there are strong forces to differ-
entiate the educational quality. Whatever the decision, the result in terms of welfare 
is the same for the region because the students return home and both regions share 
the same labor force with the same ability composition. The resulting equilibrium of 
differentiated quality levels is unique and optimal.

5.2  The case of no return migration

This section considers the extreme scenario in which all students who study abroad 
stay there after graduation, � = 0.

With different quality levels, eA > eB , income levels YA and YB are given by (30) 
and (31). With � = 0 , the welfare criteria (26) and (27) are

and in the symmetric case where both regions choose the same level of educational 
quality, e, welfare in each region amounts to

Now, the competition for students, who will work as skilled workers in their region 
of education, plays an important role in the choices of the educational quality lev-
els. This competition is especially harsh when the quality levels of the two regions 
approach one another. The massive reallocation of students around symmetric qual-
ity levels generates discontinuities in the welfare levels of the regions and incentives 
for differentiation. This is not true, however, at a level denoted by ê , which will be 
important in the subsequent analysis.

To illustrate this, we first analyze the situation where regions choose the optimal 
quality level of a closed economy and then open up their borders for mobile stu-
dents. We then analyze the resulting Nash equilibria.

(40)WA
|�=0 = ws

(
y − yAB

)
(y + yAB)eA + 2yuwu − 2c(eA)

(
y − yAB

)

(41)WB
|�=0 = ws

(
yAB − yu

)
(yAB + yu)eB + 2yuwu − 2c(eB)(yAB − yu),

(42)WA
|�=0 = WB

|�=0 = ws

(
y − yu

)
(y + yu)

e

2
+ 2yuwu − c(e)(y − yu).
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5.2.1  Incentives for differentiation

Let each region choose the single-constrained optimal level e∗ of a closed economy 
given by (11). We show that a marginal increase is profitable to a region. The fol-
lowing reasoning is illustrated in Fig.  2. At the optimum e∗, the marginal gain from 
a change in the quality level for the average student, ws

y+y∗

2
 , is equal to the marginal 

cost, c�(e∗) . This implies that e∗ is ‘too high’ for the marginal student with ability y∗ 
and ‘too low’ for the top ability student.15 It follows that if region A increases slightly 
its quality level, the set of students split into two parts with A attracting the top ability 
students. The set of individuals who decide to study is unchanged, yu = y∗.

To assess the possible benefits for A, consider the type of an indi-
vidual who is indifferent between studying in A and B, yAB , satisfying 
yABeAws − c

(
eA
)
= yABe∗ws − c(e∗) . Observe that by convexity of c(e) we have that

where the last equality follows from the optimality conditions (Fig.  2). Hence, 
region A, by providing a higher educational quality level than B, not only attracts 
the best students but also deters half of the students with low abilities at least. This 
is true whatever the level eA strictly larger than e∗ . Taking the limit of yAB when eA 
tends to e∗ gives

Recall that, if A increases slightly its quality level, the overall set of individuals who 
decide to study is unchanged and given by the individuals whose ability is larger 
than y∗ . Thus, individuals with ability larger than the average over all students, that 
is those with ability in ( y+y

∗

2
, y), study in A, and individuals with ability lower than 

the average, those with ability in (y∗, y+y
∗

2
) , study in B. In words, for eA arbitrarily 

close but larger than e∗ , A has the same number of students as at the initial situation, 
but the ability composition has improved. This results in an improvement in welfare 
in region A. Simple computation gives that welfare is increased by

More generally, there is a discontinuity when the quality levels are equalized. The 
reason is student mobility and the resulting change in the skilled labor force. Thus, 

(43)yAB =
c
(
eA
)
− c(e∗)

ws(e
A − e∗)

≥ c�(e∗)

ws

=
y + y∗

2

(44)ylim(e∗) =
c�(e∗)

ws

=
y + y∗

2
.

ws

(
y − y∗

2

)2

e∗.

15 Specifically, consider the lifetime income of a young individual with ability y, yews − c(e) , as a func-
tion of e. It is concave in e with a derivative given by yws − c�(e) . For y = y∗, this derivative is nega-
tive at e = e∗ , y∗ws − c�(e∗) < 0 , since c�(e∗) is equal to ws

y+y∗

2
 . Thus, the lifetime income y∗ews − c(e) 

decreases with e at e = e∗ : A student with ability y∗ prefers a (slightly) lower educational quality level 
than e∗ . At the opposite, yws − c�(e∗) > 0 , and a similar argument yields that students with large enough 
ability strictly prefer a larger quality level than e∗.
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the forces toward differentiation are strong. We now study how this affects the 
equilibrium.

5.2.2  Nash equilibrium

By the same computation as in (44), a region that increases marginally its quality 
level attracts all students with ability larger than the value ylim = c�(e)∕ws . Similarly, 
a region that decreases marginally its level attracts all students with ability lower 
than this value. There are overall the same number of students as in the symmetric 
situation ( yu changes marginally and only if one region decreases its level), but the 
ability composition of those who study in A or in B is affected. When the net benefit 
from educating high-ability students, those with ability larger than ylim , is strictly 
larger than the net benefit from educating low-ability students, those with ability 
between ylim and yu , increasing marginally the quality level above that of the other 
region so as to attract the high-ability students is surely beneficial. This was shown 
to be the case at the optimal single level e∗ . Similarly, when the net benefit from edu-
cating low-ability students is larger than that from educating high-ability students, a 
region surely benefits from choosing a quality level slightly below that of the other 
region. There is a (unique) level, denoted by ê , for which these benefits are equal-
ized. Such a level is larger than e∗ and is the only possible candidate for a symmetric 
equilibrium in pure strategies. We will make this precise in the following.

The next lemma analyzes the welfare of a region when its quality level is close 
to the other region’s level. Consider region A, for example. Keeping the quality 
level eB fixed at e, we start with a lower level in region A and increase it. When eA 
reaches e, A and B share the students equally, and by symmetry A’s welfare 
WA

|�=0(e, e) equals half of the total welfare 1
2
TW(e, e) . This may generate a jump in 

region A’s welfare, measured by 1

2
TW(e, e) − limeA→e− W

A
|�=0(e

A, e) . When eA 
becomes larger than e, the roles of A and B are exchanged with A now attracting 

Fig. 2  The sorting of ability types to regions with a single-constrained quality level
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the high-ability students. Hence, there may be another jump. According to the 
next lemma, these two jumps are equal, in particular they are of the same sign.

Lemma 3 The jumps in region A’s welfare when eA approaches e from below or 
from above are equal

At a symmetric equilibrium, the jumps must be null.

Proof See Appendix 1.   ◻

The term on the left-hand side measures the gain in A’s welfare as A increases 
its level to B’s level from below, and the term on the right-hand side is the loss in 
A’s welfare as A decreases its level to B’s level from above.

The intuition behind the lemma is the following one. The sum of the two 
regions’ welfare depends on the levels of eA and eB in a continuous way, which 
implies that around symmetric levels (e, e), regions are playing approximately a 
constant two-person game. The ability composition of those who study in A or in 
B, however, depends on which level is larger and affects the share of the total wel-
fare received by each region. The jump up in A’s welfare when eA approaches e 
from above is exactly compensated by the jump down in B’s welfare. Exchanging 
the role of A and B gives the result.

There is a unique value ê for which the jumps are null. At this level, the net 
benefit from educating high-ability students with ability larger than yAB is exactly 
equal to the net benefit from educating low-ability students with ability between 
yAB and yu . By definition, the value of WA

|�=0(e
A, ê) is close to 1

2
TW (̂e, ê) for eA 

close to ê , and the same for B by symmetry.
Under some conditions on the cost function, the level ê gives rise to an equi-

librium, which is furthermore the unique equilibrium.

Proposition 2 Assume that all graduates stay where they were educated ( � = 0 ). If 
regions start with the optimal quality level in a closed economy and open up their 
borders, students’ mobility induces regions to increase the quality level above this 
optimal level. With a quadratic cost function, an equilibrium in pure strategies is 
symmetric. Regions choose both the same quality level ê , larger than e∗.

Proof See Appendix 1.   ◻

Thus, in the case where an equilibrium is necessarily symmetric, as for a quad-
ratic cost function, the outcome is worse than in the closed economy case. When 
no differentiation occurs at equilibrium, opening the borders and introducing 
competition for students can only impair welfare if the starting situation was the 
optimal one in a closed economy. Competition for students leads to a too high 
quality of education and too few students. (See Appendix 2 for an illustration.)

(45)
1

2
TW(e, e) − lim

eA→e−
WA

|�=0(e
A, e) = lim

eA→e+
WA

|�=0(e
A, e) −

1

2
TW(e, e).
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After having studied the two extreme cases of full and no return migration, we 
analyze in the following the case of partial return migration of foreign students.

5.3  The case of partial return migration

For the intermediate case of partial return migration, 0 < 𝜋 < 1 , we can see that 
the welfare of each region is a combination of the welfare obtained in each extreme 
case, as given by (29)

Hence, the insights from the two extreme cases will be helpful in the analysis of 
partial return migration.

If some foreign students stay in the region after graduation, competition for stu-
dents is beneficial. First, we show that this competition induces a force toward less 
differentiation than is optimal. In particular, the optimal differentiation levels e∗, e∗ 
do not form a Nash equilibrium. Second, if the return probability of foreign students 
is small enough, symmetric educational quality levels are a Nash equilibrium in pure 
strategies.

5.3.1  Asymmetric Nash equilibrium and optimal differentiation

Consider the optimally differentiated levels with, for instance, A choosing the high-
est level: eA = e

∗ and eB = e∗ . Let region A contemplate changing its quality level. 
From Section 5.1, we know that for � = 1 the optimally differentiated educational 
levels are chosen in the Nash equilibrium. Hence, the marginal change of welfare for 
� = 1 by changing eA is zero at the point of optimal differentiation. From the repre-
sentation of welfare as a convex combination of the two extreme cases in (46), we 
can now infer that the change in welfare at the point of optimal differentiation only 
depends on the change of welfare for � = 0.

The forces toward more convergence or more differentiation can be analyzed 
more generally by considering marginal changes starting at unequal levels, say 
eA > eB (assuming that each region educates some students, i.e., 0 < yu < yAB < y ). 
As long as we consider variations in quality levels that are small enough so that the 
quality level in A is still higher than in B, A continues to attract the students with the 
highest ability. Hence, a marginal change in eA or in eB modifies the allocation of the 
students at the margin only through the modifications of the thresholds yAB and yu . 
From the convexity of the cost function c, increasing eA or increasing eB increases 
the threshold value yAB , meaning here that the number of students in B increases. As 
for yu , it is independent of eA.

A marginal change in eA yields the marginal change in WA
|�=0

(46)WI(eA, eB) = (1 − �)WI
|�=0 + �WI

|�=1(e
A, eB) I = A,B.

(47)

�WA
|�=0

�eA
(eA, eB) = 2

(
y − yAB

)[
ws

y + yAB

2
− c�(eA)

]
+ 2[yABeAws − c

(
eA
)
]

(
−
�yAB

�eA

)
.
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The marginal change is composed of two terms. The first term reflects the efficiency 
gains (possibly negative) for the current population of students in A that result from 
changing the quality level. The second term reflects the migration effect that results 
from changes in that population through the modification of the threshold. It is equal 
to the change in the number of students, −2 �yAB

�eA
 , multiplied by the lifetime income 

per such student [yABeAws − c
(
eA
)
] . Observe that this lifetime income is surely posi-

tive; hence, the second term in (47) is always negative. As a result, region A prefers 
a lower quality level than the one that would maximize the efficiency gains (given 
the level eB ) so as to attract more students. This readily explains why the optimal 
educational values do not form an equilibrium: Given that B chooses e∗ , region A 
prefers a lower quality level than the optimal e∗.

Similarly, a marginal change in the lowest quality level eB yields the marginal 
change in WB

|�=0

The marginal change in welfare is now composed of three terms: the efficiency gains 
for the students in B (first term), a migration effect due to students moving from B to 
A (second term), and a change in the incentives to become skilled (third term).

The efficiency gains and the migration effects can be similarly interpreted as 
for A. Observe that the migration effect is exactly the opposite of the one for A: 
The impact of the change in the population of the students between A or B results 
in a simple transfer of welfare between the two regions at the margin. The reason 
is that the attracted students who move from one region to another have roughly 
the same lifetime income in both regions. This can be checked by noticing that 
yABeBws − c

(
eB
)
= yABeAws − c

(
eA
)
 (by the arbitrage condition (23) for the mar-

ginal student yAB ) and �y
AB

�eA
=

�yAB

�eB
 . Thus, the second term is always positive and 

provides an incentive to increase the quality level above the efficient one (given 
eA).

A change in the lowest quality level has an additional impact on the incentives to 
become skilled, as reflected by the third term in (48). Observe that a marginal change 
in eB has a null overall marginal impact on the welfare of the marginal students by the 
arbitrage condition for students with ability yu . This is, however, not the case for B 
because this arbitrage condition (25) yields 

[
yueBws − wu − c

(
eB
)]

= wu . Hence, the 
third term is not null. The reason is that unskilled individuals are immobile. Hence, an 
increase in the number of students has a positive impact on B due to the migration of 
unskilled citizens from A who become students in B. The welfare benefit to B is equal 
to the lifetime gain of these marginal students, 2wu , multiplied by the marginal increase 
in students (coming from A), − �yu

�eB
 . This explains the third term. Thus, region B has 

an additional incentive to increase its quality level when this increases the incentive 
to study, i.e., when 𝜕y

u

𝜕eB
< 0 . In that case, increasing the quality level above the effi-

cient one allows B to attract students both at the bottom and at the top of its students’ 

(48)

�WB
|�=0

�eB
(eA, eB) =2

(
yAB − yu

)[
ws

yAB + yu

2
− c�(eB)

]
+ 2[yABeBws − c

(
eB
)
]
�yAB

�eB

+ 2
[
yueBws − wu − c

(
eB
)](

−
�yu

�eB

)
.
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population. If instead 𝜕y
u

𝜕eB
> 0 , the third term is negative and diminishes the force to 

convergence. How the value yu changes is ambiguous. In the proof of Proposition 3, we 
derive a condition under which the region with the lowest quality level has an incentive 
to increase its level above the optimal one.

To sum up, competition about the marginal students who are close to being indiffer-
ent between the two regions is a force toward less differentiation. However, attracting 
additional workers by inducing them to become skilled may be a countervailing effect 
for a region which chooses a low quality level.

We can derive the following proposition:

Proposition 3 Assume that 𝜋 < 1 . Optimally differentiated educational quality levels 
do not constitute an equilibrium. Suppose for example that (eA, eB) = (e

∗
, e∗) , region 

A has an incentive to choose a quality level less than e∗ . Furthermore, if the optimal 
differentiation is not too large, e∗ > e

∗

2
 , then region B has an incentive to choose a 

quality level higher than e∗.

Proof See Appendix 1.   ◻

The intuition for this result is that a region takes into account the impact of its qual-
ity level on foreign students who only partially return to their home region. Since the 
attracted students are indifferent between the two quality levels, there is no welfare loss 
on the aggregate. Those foreign students who stay in the region where they have been 
educated have the same lifetime income at the margin which results in a transfer of 
welfare from their home region to the region of education. The region with the high-
est quality level has an incentive to decrease this level in order to attract higher ability 
types of students from the other region. The region with the lowest quality level has 
an incentive to increase this level so that the threshold ability level and the number of 
students increase.

The welfare implications can be explained by externalities due to student mobility. 
If region A with the highest quality level increases its quality level, the lower ability 
range of its students moves to region B. This creates a positive externality on region B 
because it increases the number of students and improves their ability composition in 
region B. As a result, region A chooses a quality level which is lower than optimal. If 
region B with the lowest quality level increases this level, it attracts the lower range of 
ability types of region A. This imposes a negative externality on region A which loses 
students. Hence, region B chooses a higher quality level than the optimal one.

As the forces toward competition depend on � , the equilibrium choices do as well. 
We can safely conjecture that, under the conditions stated in Proposition  3, there is 
an equilibrium with differentiated quality levels for � close enough to 1. Hence, even 
though the regions are symmetric, differentiation arises in the equilibrium. In addi-
tion, differentiation is lower than the efficient one in the sense that e∗ < eB < eA < e

∗ , 
assuming that A provides the larger level.
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5.3.2  Symmetric Nash equilibrium

Now, we turn to the analysis of symmetric quality levels. Recall that a region’s wel-
fare, say A’s welfare, is continuous for � = 1 keeping the other region’s quality level 
fixed at eB . Instead, for � = 0 , the welfare is discontinuous when the quality levels 
become equalized as stated in Lemma 3 except if eB is set equal to ê . Hence, the 
welfare in the intermediate case 0 < 𝜋 < 1 is also discontinuous and Lemma  3 is 
valid for any � smaller than 1. The following proposition shows that the stronger the 
competition for students (the smaller � ), the stronger the forces toward the equaliza-
tion of the quality levels.

Proposition 4 Whatever the value of � , 𝜋 < 1 , (̂e, ê) is the unique candidate for a 
symmetric equilibrium: 

(a) It is not an equilibrium when the return probability is too large, that is close to 
1.

(b) If (̂e, ê) is an equilibrium for some � , then it is also an equilibrium when gradu-
ates’ return probability is lower, that is for any value smaller than �.

Proof See Appendix 1.   ◻

Summing up, these results show that for return probabilities close to, but smaller 
than unity, any Nash equilibrium is asymmetric and differentiation is smaller than 
would be optimal. The reason is externalities stemming from student mobility. How-
ever, for low return probabilities a Nash equilibrium may be symmetric and the qual-
ity level in both regions is larger than the optimal level in closed economies. In this 
case, regions forgo the possible gain in welfare due to differentiation because the 
low return migration of students prompts them to compete for students by equalizing 
their quality levels. Appendix 2 provides an illustration.

5.4  Comments on the choice of the welfare criterion

Let us conclude this section by commenting on the sensitivity of the results to the 
chosen welfare criterion.

First, the welfare criterion is based on aggregate lifetime income. Without per-
forming a full-fledged analysis, we want to assess how the results derived above can 
be expected to change when a per-capita criterion is chosen instead. When all gradu-
ates return home after their studies abroad, � = 1 , the optimally differentiated qual-
ity levels are again chosen. There is no competition for students and both regions are 
only concerned about efficiency considerations.

With a positive probability that foreign graduates stay abroad, 𝜋 < 1 , competition 
effects are present both with an aggregate and with a per-capita welfare criterion. 
But given that the number of workers is not relevant with a per-capita criterion, intu-
itively, it is more important with that criterion to attract and keep individuals with 
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above-average skill units, taking the costs of education into account when appro-
priate. To put it differently, with an aggregate welfare criterion, there is a “num-
ber-effect” which works toward a lower level of educational quality, ceteris paribus, 
while this effect is missing with a per-capita criterion.

There is thus a larger incentive for the region with the highest level of educational 
quality, say A, to raise eA , when per-capita welfare is maximized compared to aggre-
gate welfare. For region B, the incentive to raise eB instead is diminished because 
only the quality and not the number of students coming from A and staying in B 
counts. This points to more differentiation; however, the quality level eB has an addi-
tional impact on the incentives to become skilled, which can go in either direction as 
we have seen in Sect. 5.3.1. Following from the above argument, a symmetric choice 
of the quality level by both regions cannot be an equilibrium with a per-capita cri-
terion when 𝜋 < 1 . There is always the incentive for, say, region A to increase eA in 
order to attract the better half of the students.

Second, the welfare criterion is based on the residence principle. According to 
the natives’ principle, the government is concerned with the aggregate wage income 
of natives working at home or abroad net of educational costs. For this criterion, 
there is thus no need to consider different return migration rates as they do not 
change the relevant population. In our model, the natives’ criterion is equivalent, 
from an analytical point of view, to the residence criterion when all natives return 
back home after graduation. Given this equivalence, we can compare the outcomes 
for the natives’ criterion with the outcomes for the residence criterion with only par-
tial or no return migration by comparing the outcomes for the residence criterion 
with full return migration (which is equivalent with the outcomes for the natives’ 
criterion) to the outcomes for the residence criterion with only partial or no return 
migration (see the previous subsections). To put it differently, the results obtained in 
Sect. 5.1 are rather general. They hold if both governments base their decisions on 
the residence criterion and all natives return back home after graduation abroad. But 
they also apply independently from the return migration rate if both governments act 
according to the natives’ principle.

6  Conclusion

We have examined competition in fee-financed quality levels of higher education. 
The mobility of students affects educational quality in regions in a very different 
way depending on the probability of return migration. In the extreme case in which 
all foreign students return to their home region, quality levels are differentiated opti-
mally. Hence, opening up borders for mobile students results in a clear-cut overall 
welfare gain since the various ability types of students are matched more appropri-
ately to the different quality levels than in a closed economy with just one quality 
level for all ability types.

However, in the more relevant case in which some foreign students stay in the 
region where they have been educated the differentiation of quality levels is less than 
optimal. The reason is that both regions compete to attract foreign students. In par-
ticular, at the optimally differentiated levels, the region with the highest quality level 
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has an incentive to lower its level to attract the best students of the other region, 
which is harmful for its own students. Similarly under some conditions, the region 
with the lowest quality level has an incentive to raise its level above the optimal one 
which reduces the lifetime income of its home students. Furthermore, if the prob-
ability of return migration is sufficiently low, regions do not differentiate quality at 
all and the symmetric educational quality level is inefficiently high.

Our paper thus provides an important extension to the literature which so far has 
mostly focused on tax financing of higher education. Furthermore, our analysis con-
firms an important insight of Justman and Thisse (2000). They showed that their 
underinvestment result critically depends on the government’s objective of residen-
tial welfare. If in contrast governments take into account the welfare of native-born 
highly educated individuals, this may lead to overinvestment. In the line of Just-
man and Thisse (2000), we can interpret our results such that efficiency outcomes 
of higher education systems as a result of increasing human capital mobility depend 
strongly on the underlying objectives of governments.

We consider our analysis as a first step toward studying an important and growing 
phenomenon: student and graduate mobility and its effects on the quality level of 
higher education with private funding. There are several ways to extend the analy-
sis. Our paper focuses on quality competition with symmetric regions. One exten-
sion could be the introduction of heterogeneity across regions.16 One could distin-
guish small and large regions by incorporating cost functions with differing fixed 
cost components, with the smaller region having a higher fixed cost in setting up 
higher education. Another type of heterogeneity across regions could stem from dif-
ferences in their school sectors. An improvement in school education enlarges the 
range of abilities. In terms of our model, this would mean that regions differ in their 
top ability type of students. This presumably modifies the outcome of competition 
for students.

Furthermore, we have assumed that the probability of return migration is exog-
enous and independent of the educational quality level. This might not be the case; 
the probability of return might be decreasing in the educational level. (This might 
apply mostly to countries with different degrees of development and opportunities 
for highly educated workers.) The effect on the analysis is ambiguous. Consider 
for example Proposition 3, according to which optimally differentiated educational 
quality levels do not constitute an equilibrium. This result is still true when the 
probability of return migration negatively depends on the educational level, but the 
incentives for competing for the marginal students are altered. For the region with 
the lowest quality level, increasing this level brings a double benefit as it increases 
both the number of students and the probability of the foreign ones to stay. For the 
region with the highest quality level, decreasing this level attracts higher ability 
types of students from the other region but increases their probability of return. If 
the second effect is large enough, the region with the highest quality level may want 
to increase the quality level. In that case, both regions have an incentive to increase 

16 Note, however, that even in this symmetric setting, we have identified instances where asymmetric 
equilibria realize.
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the education levels. A more detailed analysis is needed to study the overall equilib-
rium effects. We leave those extensions for future research.
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Appendix 1: Proofs

Proof of Lemma 2 Let eA > eB . We have

The derivative of this expression with respect to eA is the sum of a direct effect on 
the current students 

(
y − yAB

)[
ws

(
y + yAB

)
− 2c�(eA)

]
 and an indirect effect due to 

the change in the threshold yAB . The indirect effect is null because there is no distor-
tion in individuals’ choices. This can be checked as follows. The indirect effect is 
equal to

The term in brackets is null because individuals split voluntarily across regions 
according to wsy

ABeA − c(eA) = wsy
ABeB − c(eB) whatever the quality levels are. We 

are left with the direct effect. Taking the limit when eA tends to eB = e , yAB tends to 
ylim =

c�(e)

ws

 . Thus, the direct effect 
(
y − yAB

)[
ws

(
y + yAB

)
− 2c�(eA)

]
 tends to 

ws

(
y −

c�(e)

ws

)2

 , which is equal to limeA→e+
�TW

�eA
(eA, e) , as given in (37).

Consider now the derivative of TW with respect to eB with eB < eA . It is the sum 
of a direct effect 

(
yAB − yu

)[
ws

(
yAB + yu

)
− 2c�

(
eB
)]

 and an indirect effect due to 
the changes in the thresholds yAB and yu . The indirect effect due to the change in yAB 
vanishes by the same argument as above. Similarly, the marginal indirect effect due 

TW(eA, eB) =ws

[
2
(
y − yAB

)y + yAB

2
eA + 2

(
yAB − yu

)yAB + yu

2
eB
]

+ 4wuy
u − 2

(
y − yAB

)
c
(
eA
)
− 2

(
yAB − yu

)
c
(
eB
)
.

2
�yAB

�e
[−wsy

ABeA + c(eA) + wsy
ABeB − c(eB)].

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


1253

1 3

Competition in the quality of higher education: the impact…

to the change in yu is null because there is no distortion in individuals’ choices. This 
is checked since the indirect effect is

and the term in square brackets is null. Again, we are left with the direct effect only. 
Taking the limit as eB tends to eA = e , the direct effect (
yAB − yu

)[
ws

(
yAB + yu

)
− 2c�

(
eB
)]

 tends to 
(
ylim − yu

)
(ws

(
ylim + yu

)
− 2c�(e)) and 

using wsy
lim = c�(e) gives limeB→e−

�TW

�eB
(e, eB) = −ws

(
c�(e)

ws

− yu
)2

 as given in (37).
Furthermore, setting the direct effects equal to zero a comparison with the opti-

mality conditions in (19) shows that maximal total welfare is achieved with eA = e
∗ 

and eB = e∗ .   ◻

Proof of Proposition 1 Let eA > eB. Region A chooses its quality level by maximiz-
ing the natives’ welfare from (38). Differentiating the concave welfare function with 
respect to eA yields the first-order condition:

From Lemma 1, we know that students partition themselves optimally across both 
regions so that wse

ByAB − c
(
eB
)
= wse

AyAB − c
(
eA
)
. Hence, region A’s quality level 

is determined by the condition ws

y+yAB

2
= c�

(
eA
)
 which is the optimal quality level 

according to (19). The welfare maximum of region B is given by

From Lemma 1 again, students split optimally across regions according to (23) and 
the lower ability types of individuals divide optimally in remaining unskilled and 
receiving higher education in region B: wse

Byu − c
(
eB
)
= 2wu. Hence, the educa-

tional quality level chosen by region B is given by ws

yAB+yu

2
= c�

(
eB
)
 which is opti-

mal according to condition (19).
Since the voluntary partition of both students between regions and unskilled and 

skilled labor is optimal whatever the quality level is, regions choose always the opti-
mally differentiated quality levels and the Nash equilibrium is unique.   ◻

�yu

�e
[−wsy

ueB + c(eB) + 2wu]

(49)

�WA
|�=1

�eA
=
(
y − yAB

)[
ws

y + yAB

2
− c�

(
eA
)]

+
�yAB

�eA

[
wse

ByAB − c
(
eB
)
−
(
wse

AyAB − c
(
eA
))]

= 0.

(50)

�WB
|�=1

�eB
=
(
yAB − yu

)[
ws

yAB + yu

2
− c�

(
eB
)]

+
�yAB

�eB

[
wse

ByAB − c
(
eB
)
−
(
wse

AyAB − c
(
eA
))]

−
�yu

�eB

[
wse

Byu − c
(
eB
)
− 2wu

]

= 0.
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Proof of Lemma 3 The sum of the welfare in the two regions associated with the two 
quality levels, eA, eB, is given by the total welfare function

TW is continuous. Taking the limit as eA and eB tend to e, we obtain

By symmetry WA
|�=0(e

A, eB) = WB
|�=0(e

B, eA) and 2WA
|�=0(e, e) = 2WB

|�=0(e, e) = TW(e, e) . 
This gives

Plugging (52) into (51)

Taking eB = e in the above equation gives Eq. (45).
Since the jumps are in the same direction, jumps must be null at a symmetric 

equilibrium: If the jump is positive at (e, e), a region benefits by proposing a level 
higher than e and if it is negative it benefits by proposing a smaller one.   ◻

Proof of Proposition 2 Let us determine the best response of a region, say A, to the 
quality level chosen by the other region. Given eB = e , consider WA(eA, e) as a func-
tion of eA . We need to distinguish three cases depending on eA being smaller than, 
equal to, or larger than e. Also, we want both regions to have students, which 
requires yu < yAB < y . The first inequality holds true if c

�(e)

ws

>
2wu+c(e)

wse
 (cf. (23) and 

(25)), i.e., for c(e) = e2 if e2 > 2wu.

(1) As long as eA < eB = e , region A attracts students with low ability, i.e., between 
yu(eA) and yAB . The derivative is (cf. ( 48) where the roles of A and B are 
exchanged and where we use [−yueAws + wu + c

(
eA
)
] = −wu ) 

 Check that with a quadratic cost function, the derivative is linear in eA and 
increasing: A prefers to be as close as possible to e in this zone. Therefore, 

TW(eA, eB) = [WA
|�=0 +WB

|�=0](e
A, eB)

= ws

[
2
(
y − yAB

)y + yAB

2
eA + 2

(
yAB − yu

)yAB + yu

2
eB
]

+ 4wuy
u − 2

(
y − yAB

)
c
(
eA
)
− 2

(
yAB − yu

)
c
(
eB
)
.

(51)lim
eA→e−,eB→e+

WA
|�=0(e

A, eB) + lim
eA→e−,eB→e+

WB
|�=0(e

A, eB) = TW(e, e).

(52)lim
eA→e−,eB→e+

WB
|�=0(e

A, eB) = lim
eA→e+,eB→e−

WA
|�=0(e

A, eB).

(53)lim
eA→e−,eB→e+

WA
|�=0(e

A, eB) + lim
eA→e+,eB→e−

WA
|�=0(e

A, eB) = TW(e, e).

(54)

𝜕WA

𝜕eA
=2

(
yAB − yu

)[
ws

yAB + yu

2
− c�(eA)

]

+ 2[yABeAws − c
(
eA
)
]
𝜕yAB

𝜕eA
− 2wu

𝜕yu

𝜕eA

for eA <eB.
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if the region prefers to be the one with the lowest level its best response is 
‘almost’ to match the other region’s level e. Furthermore, this implies that there 
is no asymmetric equilibrium since the region with the lower educational qual-
ity level increases its welfare by increasing its level.

(2) Consider the zone with eA > e . We have 

 The derivative is null at an ‘interior’ best response, one that is indeed above e. 
Check that with a quadratic cost function the best response is decreasing with 
e. (Write �W

A

�eA
= 0 and impose the solution to be larger than e.) The minimum 

ability level of those who decide to study, yu , depends only on the minimum 
educational quality level. Thus, it is continuous and stays constant for eA larger 
than e.

(3) We need to examine carefully the behavior when eA is close to e because of 
discontinuities. We know that the limit of yAB when eA tends to e is ylim(e) given 
by (33): Let us denote by D(e) the jump on A’s welfare as eA approaches e = eB 
from above: D(e) = limeA→e+ W

A
|�=0(e

A, e) −
1

2
TW(e, e) . Since WA

|�=0 +WB
|�=0 = TW , 

we have 

 From (40) and (41), the value 1
2
[WA

|�=0 −WB
|�=0](e

A, eB) for eA > eB is 

 where yAB is a function of eA and eB and yu of eB . D(e) is obtained by taking the 
limit when eA tends to e = eB from above. Since yAB tends to ylim(e) , and yu is 
equal to yu(e) = 2wu+c(e)

wse
 , we obtain 

 For c(e) = �e2 , wsy
lim(e) = 2�e and hence ws

ylim

2
e − c(e) = 0 . Thus, 

D(e) is of the same sign as the term in brackets. This term is positive at e∗ (as 
we know from the text or directly using that 

(
y − ylim(e)

)
=
(
ylim(e) − yu(e)

)
 at 

e∗ ). It is negative for e large enough so that ylim(e) equals y . Furthermore, the 
term decreases with e because ylim(e) increases, 

(
ylim − yu

)
=

1

ws

(�e −
wu

e
) 

(55)
𝜕WA

𝜕eA
=2

(
y − yAB

)[
ws

y + yAB

2
− c�(eA)

]
− 2[yABeAws − c

(
eA
)
]
𝜕yAB

𝜕eA

for eA >eB.

[WA
|�=0 −

1

2
TW](eA, eB) =

1

2
[WA

|�=0 −WB
|�=0](e

A, eB).

(y − yAB)

[
ws

y + yAB

2
eA − c

(
eA
)]

−
(
yAB − yu

)[
ws

yAB + yu

2
eB − c(eB)

]

D(e) =
(
y − ylim(e)

)[
ws

y + ylim(e)

2
e − c(e)

]

−
(
ylim(e) − yu(e)

)[
ws

ylim(e) + yu(e)

2
e − c(e)

]
.

(56)D(e) =
ws

2
e[
(
y − ylim(e)

)
y −

(
ylim(e) − yu(e)

)
yu(e)].
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increases, and yu(e) = 2wu+�e
2

wse
 increases. Hence, there is a unique value ê for 

which D(̂e) = 0 , and furthermore this value is larger than e∗.
  At ê level, the net benefit from educating high-ability students, those with abil-

ity larger than yAB , is exactly equal to the net benefit from educating low-ability 
students, those with ability between yAB and yu.

  Consider a value e larger than ê . No region benefits by improving the quality 
level. Each benefits from choosing an educational quality level just below the 
other one. Similarly, for a value e smaller than ê , a region benefits by improv-
ing the quality level above e . We are left with (̂e, ê) as the only possibility for 
an equilibrium in pure strategies. We determine conditions under which (̂e, ê) is 
indeed an equilibrium. Take eB = ê , and consider the welfare of A, for example. 
(By symmetry the same argument works for B.) A’s welfare is continuous at ê . 
Furthermore, it increases for eA < �e . Hence, if A’s welfare decreases for eA > �e , 
ê is indeed a best response to eB = ê and (̂e, ê) is an equilibrium. Recall that a 
region’s welfare is concave when it has the largest quality level. Therefore, A’s 
welfare decreases for e > �e if and only if the ‘right’ derivative limeA→>e

𝜕WA

𝜕eA
 is 

negative (since, in that case, the concavity of WA for e > �e implies that �W
A

�eA
 is 

negative for e > �e and, hence, A’s welfare decreases).

  ◻

Proof of Proposition 3 Regions maximize welfare

We evaluate the partial derivatives of the welfare functions WI at (e∗, e∗) that is 
assuming that regions provide the optimally differentiated quality levels eA = e

∗ and 
eB = e∗ . From (29), these partial derivatives are a combination of the partial deriva-
tives of WI

|�=0 and WI
|�=1, I = A,B.

The derivatives 
�WA

|�=1

�eA
(e

∗
, e∗) and 

�WB
|�=1

�eB
(e

∗
, e∗) are null because optimal differen-

tiation levels form a Nash equilibrium (Proposition  1). Thus,

and similarly for B. Expressions (47) and (48) give

(29)WI(eA, eB) = (1 − �)WI
|�=0(e

A, eB) + �WI
|�=1(e

A, eB) I = A,B.

�WA

�eA
(e

∗
, e∗) = (1 − �)

�WA
|�=0

�eA
(e

∗
, e∗)

�WA
|�=0

�eA
(eA, eB) = 2

(
y − yAB

)[
ws

y + yAB

2
− c�(eA)

]
+ 2[yABeAws − c

(
eA
)
]

(
−
�yAB

�eA

)

�WB
|�=0

�eB
(eA, eB) = 2

(
yAB − yu

)[
ws

yAB + yu

2
− c�(eB)

]
+ 2[yABeBws − c

(
eB
)
]
�yAB

�eB

+ 2[yueBws − wu − c
(
eB
)
]

(
−
�yu

�eB

)
.
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At (e∗, e∗) , the first terms in squared brackets in (47) and (48), which represent the 
efficiency gains, are zero.

The second term in (47) is negative since [yABeAws − c
(
eA
)
] > 0 and

Hence, region A’s welfare increases if eA decreases below e∗.
The second term in (48) is positive since [yABeBws − c

(
eB
)
] > 0 and

The third term in (48) is negative since [−yueBws + wu + c
(
eB
)
] = −wu by definition 

of yu (see (25)). And at eB = e∗ we get

because c�
(
eB
)
= ws

yAB+yu

2
> wsy

u . A quality level eB higher than e∗ is welfare 
improving for region B if and only if

We compare both terms factorwise. First, we have yABeBws − c
(
eB
)
> yueBws

−c
(
eB
)
= 2wu > wu . Second, we show that 𝜕y

AB

𝜕eB
>

𝜕yu

𝜕eB
 if eB >

eA

2
 at the optimal dif-

ferentiation. For the following calculation, we use that the optimally differentiated 
quality level eB satisfies c�

(
eB
)
= ws

yAB+yu

2

If eB >
eA

2
, we have 𝜕y

AB

𝜕eB
>

𝜕yu

𝜕eB
 which proves the proposition.   ◻

Proof of Proposition 4 Consider the unique candidate for a symmetric equilibrium, 
(̂e, ê) . By definition of ê , a region’s objective is continuous at ê with respect to its 
quality level. However, there is typically a kink, that is, the right and left derivatives 
do not coincide. Take eB = ê , and consider welfare of A for example. (By symme-
try, the same argument works for B.) An equilibrium is obtained at (̂e, ê) only if the 
left derivative is nonnegative and the right one is nonpositive, i.e.,

𝜕yAB

𝜕eA
=

c�
(
eA
)
− wsy

AB

ws

(
eA − eB

) > 0.

𝜕yAB

𝜕eB
=

wsy
AB − c�

(
eB
)

ws

(
eA − eB

) > 0.

𝜕yu

𝜕eB

||||eB=e∗
=

c�
(
eB
)
− wsy

u

wse
B

> 0

(57)
[[
yABeBws − c

(
eB
)]𝜕yAB

𝜕eB
− wu

𝜕yu

𝜕eB

]

eB=e∗

> 0.

wsy
AB − c�

(
eB
)

ws

(
eA − eB

) −
c�
(
eB
)
− wsy

u

wse
B

=
1(

eA − eB
)
wse

B

[(
eB −

eA

2

)
ws

(
yAB − yu

)]
.

(58)lim
eA→ê−

�WA
|�=1

�eA
(eA, ê) ≥ 0 and lim

eA→ê+

�WA
|�=1

�eA
(eA, ê) ≤ 0.
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Assume there is scope for differentiation at ê . Then, conditions (58) are never satis-
fied at � = 1 . More precisely, since WA

|�=1(e
A, eB) is half of total welfare TW(eA, eB) , 

we know from Lemma 2 that

Consider now a return probability 𝜋 < 1 . A region’s objective criterion is a combina-
tion of the criterion that obtains in the two extreme cases. Thus, we have for eA ≠ ê

and the same convex combination applies at the limit when eA tends to ê alterna-
tively for eA > �e and eA < �e . Assume that the first inequality in (58) holds for 𝜋 < 1 . 
Since limeA→ê−

�WA
|�=1

�eA
(eA, ê) ≤ 0, it must be that limeA→ê−

�WA
|�=0

�eA
(eA, ê) is positive. 

Decreasing � increases the weight on this positive term and decreases the weight 

on the negative one: Surely limeA→�e−

𝜕WA
|𝜋=1

𝜕eA
(eA,�e) > 0 for smaller � . Similarly, if the 

second inequality in (58) holds for 𝜋 < 1 , it holds for any smaller value for � . This 
proves Proposition 4.   ◻

Appendix 2: Illustrations

Full return migration ( � = 1)

This section illustrates the response functions for � = 1 for the following specifi-
cations: The cost function is quadratic and given by c(e) = (e)2 . The skilled and 
unskilled wage rates are given by ws = 2 and wu = 1 , respectively. The maximal 
ability level is set at y = 10 . For eA ∈ [0;10] and eB ∈ [0;10], the restriction holds 
that y ≥ yAB . Figure 3 displays the response functions and the Nash equilibrium.

The response function of one region is first increasing in the quality level of the 
other region. The reason is the following. Starting with a low educational quality 
level in, let us say, region B, all the upper ability types of students in the range 

[
yAB, y

]
 

study in region A. For increasing values of the quality level in region B, the thresh-
old ability yAB goes up. This implies that the average ability level of the more able 
students in region A rises. In order to maximize their lifetime income, in response, 
region A increases also its quality level. Given our reasoning above, quality levels 
are only determined based on efficiency considerations.

At some point where the quality level of region B is high enough, the welfare gain 
for region A of educating high-ability students becomes smaller than the welfare 
gain of educating low-ability students. Now, region A chooses to educate low-ability 
types and the roles of both regions are interchanged. This is reflected by the jump 
downwards of the response function of region A in Fig. 3.

lim
eA→ê−

�WA
|�=1

�eA
(eA, ê) ≤ 0, and lim

eA→ê+

�WA
|�=1

�eA
(eA, ê) ≥ 0.

(59)�WA

�eA
(eA, ê) = (1 − �)

�WA
|�=0

�eA
(eA, ê) + �

�WA
|�=1

�eA
(eA, ê)
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In the Nash equilibria, the optimal differentiation of the quality levels is achieved. 
This is where the response functions intersect in the figure. In our example, the opti-
mal high and low levels of educational quality in the Nash equilibria are given by

No return migration ( � = 0)

This section illustrates the competition for students and the induced discontinuities 
of the welfare functions as established above. We use again the specifications (see 
the full-return-migration case) in particular a quadratic cost function. Calculations 
yield for the optimal single level e∗ and for the value ê

As expected, the quality level at the symmetric equilibrium, ê , is larger than the 
optimal level in a closed economy, e∗ . In addition, e∗ = 4.3 and e∗ = 8.1 (see the 
full-return-migration case). In the following, we study the welfare of region A for 
two quality levels of region B, eB = e∗ and eB = ê

In Fig. 4a, welfare of region A is derived for given eB = e∗ . The welfare function 
is piecewise defined with a cutoff point when A chooses the same level as B. It is 
concave in each domain, but because of the discontinuity when eA = eB , welfare is 
not overall concave in eA . There is a jump up to the dot when eA reaches eB because A 
and B now share the students equally. The other jump, which is in the same direction 
and of the same magnitude as the first one by Lemma 3, occurs when eA becomes 
larger than eB . The roles of A and B are exchanged with A now attracting the high-
ability students.

e∗ = 4.3, e
∗
= 8.1.

e∗ = 6.765, ê = 8.285.

Fig. 3  Response functions in the case � = 1
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Which quality level region A will choose depends on a comparison of the max-
imal welfare levels for each part, that is for eA strictly less, equal to, or strictly 
larger than eB = e∗ = 4.3 . In the first part, for eA < e∗ , welfare increases linearly 
with eA and the maximum is achieved by approaching the quality level e∗ from 
below. The maximal welfare is lim

eA→e∗
WA

(
eA < e∗

)
≈ 44.05 . In the second part, 

reduced to a singleton, region A chooses the same level as region B, eA = eB = e∗ , 
and welfare is 269.5 from (42). In the third part, for eA > e∗ , the welfare function 
is strictly concave and has a maximal value WA

(
eA > e∗

)
= 537.8 reached at 

eA = 6.2 . Hence, region A maximizes its welfare by choosing quality level 6.2, 
which falls short of the optimally differentiated level, 6.2 < e

∗.
Figure 4b illustrates the case eB = ê . Here, region A’s welfare function is con-

tinuous. Region A maximizes its welfare by choosing the same quality level as 
region B, eA = eB = ê.

The best response functions of both regions are depicted in Fig. 5. The intui-
tion for the shape of the response function of region A (and vice versa for region 
B) is the following. Starting with a low quality level in region B, an increase in 
this level attracts high-ability students from region A. As a response, region A 
decreases its quality level in order to regain these lost students. The essential 
point in the case of � = 0 is that the students do not come back once they have 
decided to study in a foreign region. Thus, regions compete for the students 
by choosing their quality levels appropriately. If region A’s quality level gets 
close to the level of region B, the number of students in both regions is nearly 
the same as with symmetric levels, but the composition of abilities depends on 
which level is the highest. Region A starts to keep its educational quality level 
slightly higher than region B in order to keep the high-ability students. Hence, 
the response function increases with the level in the other region. At some point, 
the welfare gain for A of educating high-ability students is equal to the welfare 
gain of educating the low-ability types. This point (̂e, ê) where the quality levels 

Fig. 4  Welfare of region A for � = 0.
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are symmetric—marked by a black dot in the figure—is the only one where the 
welfare functions in both regions are well defined and therefore the only candi-
date for a Nash equilibrium. If region B increases its quality level further, region 
A benefits from educating the lower ability students by keeping its quality level 
slightly below the level of region B.

Intermediate return migration ( 0 < � < 1)

We illustrate for eB = ê = 8.285 that the welfare function of region A is continu-
ous independent of all return probabilities in the range of 0 ≤ 𝜋 < 1 . See Fig. 6 for 
� = 2∕3 , 0.9 and Fig. 4b for � = 0 . Only in the two cases of � = 0 and � = 2∕3 , ê 

Fig. 6  Welfare of region A at eB = ê = 8.285

Fig. 5  Response functions in the case of � = 0.
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yields a symmetric equilibrium. As expected, the return probability � must be small 
enough to guarantee its existence.
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