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Abstract

A two-country, two-period model of international migration with heterogeneous
agents highlights microeconomic foundations for exaining the interrelation between
brain drain, brain gain and whether human capital formation is undertaken at home or
abroad. Ex antechoices regarding where to study depend on abilds, relative qualities of
university systems, sunk educational investmentspgernment grants, and endogenously
determined, individual foreign employment probabilities. Self-selection critically defines
an inherently wide-range of conceivably positive omegative net welfare effects. The
optimal design of alternative educational grant scemes, aimed at enhancing the source
country’s welfare, also depends on the heterogengitof abilities and associated
informational assumptions.

JEL classification codes F22, D82, 125, 128, J24

Key words human capital formation, brain gain, brain drain, international migration,
sunk costs, educational grants, self-selection, asgnetric information

Acknowledgement: The insightful suggestions of Sven Arndt and VincenMerlin are
appreciated.

*Faculty of Economics and Business Administration,University of Caen and CREM
(CNRS), Esplanade de la Paix, 14032 Caen Cedex, Rca. Telephone numbers: 33-
231565695 (direct) and 33-231565527. Fax numbeB3-231936194. E-mail:
bernard.franck@unicaen.fr

*LEMNA Research Center, Nantes School of Economicand Management - I.A.E.,
University of Nantes, Chemin de la Censive du Teré, B. P. 52231, 44322 Nantes Cedex 3,
Telephone Numbers: 33-2-40141761 (direct) and 334®141717. Fax number: 33-1-
39219096. E-mail: robertfowen@gmail.com



Section |: Introduction

Spawned by the noteworthy contribution of Bhagwatiand Hamada
(1974), the potentially adverse impact of the migtaon of skilled workers on
a home country’s growth and welfare has long been ey research concern.
Nonetheless, early investigations also recognizednceivable advantageous
effects for source countries, due to possible rensinces and to temporary
mobility, whereby migrants return from abroad with enhanced skills due to
foreign job training. Another potentially important source of such brain
gain, which is independent from return migration wa identified by
Mountford (1997) and Stark, Helmenstein and Prskawe (1997), in what
Schiff (2006) has termed the “new brain drain liteature”. Specifically,
although migration can generate a loss of domestialent, it can also prompt
an upsurge in the overall educational level of a e country, as a result of
higher propensities to invest in human capital. Atactive foreign labour
market conditions offer heightened incentives for dmestic workers to strive
to attain higher qualification levels, whether or rot they ultimately find jobs
abroad, thereby fostering,ceteris paribusincreases in average productivity
levels at homé. Yet, until recently, relatively little attention has been paid to
the question of whether distinctive brain drain andgain effects may arise,
depending on the extent to which educational invesients take place either
iIn home and/or host countries. Notably, pronouncedinternational
differences in educational quality and policies sugest a need to analyse
explicitly individuals’ arbitrage decisions regarding where optimal
investments in human capital formation should takeplace. Such a focus is
particularly warranted in light of the perceived high stakes and associated
policy concerns arising from the increased internabnal mobility of skilled
workers.?

The potentially critical role of international educational choices on
subsequent professional mobility, which has also ba considered by both
Rosenzweig (2008) and Docquier and Rapoport (2012)s particularly
germane for motivating the modelling framework proposed in the current
research. More specifically, Rosenzweig suggestsa crucial limitations of
existing approaches to the analysis of brain draiand gain. A first remark is
that the potential impact of the “risk’ of emigrating” for “domestically-

! While macroeconomic frameworks with representatdigents, such as in Vidal (1998) and in Stark and
Zakharenko (2012), have examined the interreldiigiveen international migration and domestic hucsgpital
formation, most existing approaches consider mewonemic decisions for a set of homogeneous indal&juas

in the work of Stark, Helmenstein and Prskawet®{)9

2 See, for example, Leipziger (2008), OECD (20@®)imano (2008), as well as Docquier and RapoRii1?)

for comprehensive surveys, which examine evideagarding how the interface between globalizatiod brain
drain/gain effects can impact the economic intere$tsource countries, depending on their leveleamhomic
development.



educated tertiary educated person(s)” igle factoquite minimal. A second
suggestion is that “the literature ignores the endgeneity of the emigration
probability”, while arguing that, in fact, “the choice of the location of
tertiary education significantly affects the probablity that the person can
emigrate.”(p. 61) In this regard, Docquier and Rapoport obsrved that
“...workers trained at destination enjoy higher wagesand employment rates
than workers trained in their countries of origin...” (p. 693).

Nonetheless, much of the existing migration literatre has left largely
unexplored the extent to which brain drain/gain efécts and the optimal
design of government educational policies are cortdined by the
heterogeneity of students’ abilities, associated Iselection mechanisms and
issues of informational asymmetrie$. The present research responds to this
lacuna by proposing a two-country, heterogeneous agt model, which offers
a new theoretical paradigm for understanding the neus between students
initial locational choices regarding human capitalformation, differences in
national labour market conditions, and internationd migration. The
analysis underscores how net economic welfare inf@me country can be
impacted by an inherently wide-range of conceivablgositive or negative
categories of brain drain and gain effects, whilelao focusing on the optimal
design of domestically financed educational grant@n a developing country).

Unique contributions result from an endogenous spétcation of the
probabilities of foreign employment (brain drain) and return mobility (brain
gain), which critically depend on heterogeneity ofabilities. Such a
formulation introduces a new dimension to associate calculations of
economic welfare, since evaluations of such migrath need to be quality-
weighted and do not just reflect numbers of migrand. Crucially also, the
heterogeneity of agents generates both ex ante amx post self-selection
mechanisms, along with potential issues of asymmaeatrinformation between
public authorities and individuals. Such considerions, neglected in
frameworks not incorporating sources of agent-spefic heterogeneity,
condition the extent of migration flows, as well ashe efficacy and optimal

? While the analytical framework proposed by Rosezig does not allow for differences in individuailiies,

his empirical findings are consistent with a numiiethe modeling assumptions which are subsequéentbked
here. Notably, he reports evidence that studeetsnativated by foreign studies in order to obtimployment in
a host country and that quality differences in ersity systems also appear to trigger the decisiatudy abroad.
4 Stark, Helmenstein, and Prskawetz (1998) proposeeaario where each potential migrant faces idaintic
probabilities of finding a job abroad, while in 8¢g2004) there is a minimum threshold level of Idication.
Mountford (1997) and Beine, Docquier, and Rapoi§@@01, 2008)) investigate models where an individua
decision is of a binary form — whether to undertekieication, or not - while the probability of findi foreign
employment is exogenous. Hence, migrants are ralydselected. In contrast, Chiswick (1999) prosider
self-selection by two categories of potential migsaindividuals, such that the rate of return isager for higher-
ability individuals.



design of educational policies aimed at promoting ational welfare®> The

heterogeneity of abilities also accentuates the pmottial effects of differences
in the quality of international educational offerings on the post-educational
productivity of workers, relative to a more standad framework where

individuals are assumed to have equal talents. Habgeneity typically

generates potential threshold levels determining wdre individuals will chose
to be educated, along with how government educatiah policies need to be
tailored to such decisions.

The analysis of how the impact of educational polies and systems on
international migration can depend on agent heterogneity has also been
explored recently by Lange (2013) and Demange andefge (2010). A
central concern is with the efficacy of different gvernment educational
strategies, including tuition cost policies and thequality of educational
offerings, aimed at enhancing a country’s public fiances or national
welfare. In this regard Lange (2013) has proposea model in which students
are heterogeneous in terms of their preferences fastaying on abroad to
work, following education in a host country, ratherthan in their abilities, as
proposed here. The focus is on the optimal determation of tuition fees
from the perspective of a developed host country.Demange and Fenge
(2010) have developed a model of international stedt mobility in a two-
country gaming framework. As in the analysis propsed here, the
educational choices of students are heterogeneousterms of their abilities.
In light of cost-benefit evaluations, countries comete to attract capable
students, who seek to invest in higher quality edational offerings.
Nonetheless, there is also a critical difference,elative to the modelling
framework formulated here, since the probability that an individual will
return home is exogenously specified.

The rest of this paper is structured as follows. 1 Section 2 the basic
modelling analysis starts with a sub-model of ex ae individual choice,
regarding whether to undertake human capital formaton at home or
abroad. An individual’'s underlying ability determines known productivity
gains from studying abroad, along with expected proabilities of
subsequently obtaining foreign market employment ahigher wages. The
initial focus is on characterizing the ex post netmpact of brain drain and
brain gain on domestic economic welfare, which invees potential tradeoffs
between productivity and social investment costs.Section 3 then presents

® The insight, formulated by Melitz (2003), that exjing firms are self-selected in terms of theinquctivity
levels has spawned a reformulation of a signifiget of the international trade literature. Yagdels of
international migration, based on heterogeneoustagare much less prevalent. Recent contribufiotiss

regard include Krieger and Lange (2010), Lange §0Remange and Fenge (2010), and Demange, Femge, a
Uebelmesser (2014).



some comparative static results, relating to the Wfare effects of changing
key model parameters. A critical insight is that,in general, the associated
net welfare effects can be either positive or negae. In Section 4 the relative
welfare implications of alternative educational grat schemes, providing
subsidies for foreign studies, are examined undertarnative informational
assumptions. A concluding section briefly summargs certain salient
findings, while identifying directions for further inquiry.

Section |I: Basic Modelling Framework

Essential features of the proposed conceptual fram@rk include the
following:

1) Individuals, from a home country, choose whether toundertake
studies at home or abroad, where the latter entaian incrementally
higher sunk investment cost. Foreign studies are nderstood to
generate greater improvements in labour-market prodctivity, as
compared with levels achievable through domestic moan capital
formation, where, crucially, the extent of realizalle gains depends on
underlying abilities across a heterogeneous popuian of individuals.
If subsequently offered foreign employment, studeist opt to stay
abroad because of higher wages, thereby generatingrain drain.
However, if individuals are wunable to find suitable foreign
employment, they still enjoy heightened productivy levels and wages,
when returning home, as compared with workers who &ve not
studied abroad. This generates brain gaif.

2) When modelling an individual’s choice of whether tostudy abroad or
stay at home, a crucial variable is the probabilityof being hired in the
foreign labour market. Contrary to other models in which this
probability is exogenous and identical for all gradiates, it is assumed
here to be a function of each individual's attainale level of
gualification or, alternatively, productivity, wher e the latter depends
on both individuals’ abilities and the quality of educational institutions
at home and abroad. As a consequence, migrants difavourably self-
selected” to use the terminology of Chiswick (1999)

3) The criterion chosen to assess brain drain/brain ga effects is the net
Impact on national welfare in the home country. TIs is represented,
In a static framework, in terms of the change in dmestic value-added
resulting from foreign studies and eventual migratbn. The associated

® There are also certain similarities between theegs human capital formation-migration framewonkl ahe
model of Kwok and Leland (1982), but their scenaid@s not include a brain gain effect.



welfare calculation depends, in turn, on the consemnces for the home
country’s level of productivity, as well as the addional social costs
resulting from eventual educational investments alwad. It is assumed
there are no remittances.

4) Since foreign studies enhance productivity and theby potentially lead
to beneficial welfare effects, public authoritiesn the home country
may seek, under certain conditions, to encourage reign studies by
subsidizing the candidates through alternative grahschemes, subject
to a given overall budgetary constrainf The welfare implications of
three alternative grant policies are initially compared under an initial
assumption that the public authorities have full iformation regarding
students’ underlying abilities. In particular, the impact of
unconditional grants are compared to conditional gants, wherein
students have the either the obligation to returnd their home country,
or the option of not doing so, provided their grans are repaid.
Finally, certain implications of asymmetric information regarding the
underlying abilities of grant recipients are exploed.

I. A. Sub-Model of Individual Investment in Human Capital Formation and
International Migration

The initial focus is on the human capital investma decisions, in a first
period, by heterogeneous individuals, who decide wvether to pursue further
studies at home, or abroad. Both their specific alities and where they
undertake further studies determine prospects for ehieving enhanced
productivity at the end of the period. Within a two-country setting,
individuals, who initially choose to study at home,know that their job
prospects, in a second period, will be confined ta lower-wage domestic
market. In contrast, the pursuit of foreign studies offers prospects of higher
productivity gains due to a conjectured superior gality of the foreign
educational system. Individuals face a critical ditrage, since there is an ex

"It is relatively straightforward to modify the grosed modelling framework, in order to allow fomittances,
which would partially offset the negative welfafféeets of brain drain. While such an extensioreptiilly
impacts quantitative results, it does not modify éissential qualitative insights summarized in sgbsnt
propositions.

8 Grants financing studies abroad are widely used can often be characterized in terms of the miffegrant
categories considered here. For example, Chiralartd and Singapore offer conditional grants, Whighile
largely attributed in the sciences, require a repariod of home country employment. For many tgpiag
countries, the associated financial commitmentcansiderable both in relative and absolute terkRu. instance,
in the case of Senegal a report of the Coordinaifarechnical and Financial Partnerships in Edocetor
Senegal (2013) indicates that 37% of all highereatlan grant aid to students in 2011 was for farestydies,
while the associated value of such funding amoutdedmost 14.5 million dollars. In the case af Republic of
the Congo, the web journal, “Star du Congo” (A@riR014), reported that 32.6% of university-grantleations
for the 2013-14 academic year were for studyingadbr



ante trade-off between improved employment prospestand higher sunk
costs. While the pursuit of foreign studies offerdiigher salaries, individuals
are initially uncertain regarding whether, or not, they will be subsequently
hired abroad.

More specifically, out of an overall population ofN individuals in the
domestic country, N represents the number of domestic individuals who
remain at home for both their education and work, vhile N* is the total
number of persons who choose to undertake foreign tuglies and,
subsequently, work either at home, or abroad. Thuysthere are two distinct
sub-populations of N*, corresponding to the phenommea of “brain gain” and
“brain drain”. In particular, N ;* designates the number of domestic
individuals who chose to get educated abroad and lssequently work in the
foreign country, while N; corresponds to the number of domestic individuals
who are educated abroad, but then return home to wé&. In sum, whereas
higher values of N* generate greater brain drain, increases in Nresults in
more brain gain.

The overall domestic population of N individuals ae understood to
differ in terms of their innate intellectual and wark capacities, which for the
kth individual, can be denoted as,a The attainable productivity levels for
students depend not only on their underlying abilies and the quality of the
initial educational system in the home country, degnated as g, but also on
where further educational investments are to be unertaken at home, or
abroad. In this regard, it is hypothesized that thequality of the domestic
higher educational system, @ is inferior to that offered in the foreign
country, Q,. Hence, there is an educational production funatn that
determines how investments of fixed amounts of timen a particular
educational system map individuals’ capacities into their effective
qualifications or productivity levels, &, such that =f(ax, q., Q;), where
j=1,2°2 This functional relation results in a range of atinable productivity
levels, measured on a scale between,add . For subsequent simplicity, a
value of gis used as a numeraire to designate a unique lewal productivity
for all of the No domestically educated workers, regardless of theinherent
capacities. However, workers trained abroad, ¥ or N1, enjoy higher final
productivity levels, which are distributed, accordng to their innate abilities,
on an interval from e; to &, as represented by a density function, h(e).

° More generally, the value of théhkindividual’'s human capital investments dependsheramount of time spent
on education, the quality of university educatiosydtems and his/her ability. While the analysisetonly
provides for individuals undertaking higher edusadil studies in a single period and in only onentgul it could
be extended to allow for students spending diffepeniods of time, either at home or abroad. Hterns from
educational investments could depend, then, oshkeific stage of university, or earlier, studeswell as
country-specific differences in educational qualtyich could be highly variable according to edicaal levels.



While offering the prospect of higher productivity gains, the decision
to undertake foreign studies is understood to enthhigher educational costs,
I*, compared to the costs of pursuing further eduction in the home country,
lo. Hence, in the absence of educational grants, steemts will be willing to
incur this difference between the foreign and domdi€ educational costs,
designated as i = I* - §, provided two conditions are met. First, the expeed
higher wage returns arising from enhanced productiity gains must offset
the net cost differential for paying for higher qudity studies abroad.
Second, financial markets are assumed to be perfecAccordingly, students
can readily borrow against their expected future emings, in order to
finance the immediate sunk costs of educational iegtments, inclusive of
financing charges.

Individuals’ ex ante willingness to incur sunk cost of educational
investments is clearly impacted by anticipations garding the labour market
conditions they face after graduating - both at hora and abroad. The latter
are reflected both by hiring prospects and wage dérentials between the two
countries. In the proposed framework, individualswho have been educated
abroad have the ex post option of seeking employmieabroad at a higher
wage, than in their home market. For the overall ppulation of N* workers,
who are educated abroad, each individual, designadeby the subscript k,
faces a probability, i , of finding qualified employment abroad. This
probability plays a crucial role in the analysis, & it delineates “brain drain”
from “brain gain” effects. Notably, two extreme ca®s, where R equals either
1, or O, correspond, respectively, to pure brain dain or brain gain effects.
For more intermediate value of p, both the phenomena of brain drain and
brain gain will arise, respectively, in the proportons p; and 1 — g across the
overall population N*.

Nonetheless, in the proposed model, the probabilityof finding
employment abroad varies across the heterogeneousopulation of
individuals, since it dependsendogenouslyon their expected levels of
productivity, which, in turn, are related to underlying abilities and
educational choices. More specifically, each of ¢hp, values is taken to
depend linearly on the level of the effective qudications realized by the kh
individual, ey, relative to a threshold value, E , reflecting a minimum
standard in the foreign labour market, and negativéy on the range of skill
requirements, E - Ej, such that:

(ek ~ El)

1) P=PE)=



Figure 1 offers a representative illustration of tle assumed distribution
of effective qualification levels for domestic indiiduals, in relation to the
skill requirements of the foreign labour market. Intermediate values for the
parameters E and E, are assumed, where these threshold values,
respectively, preclude or guarantee foreign markeemployment. Thus, in
the proposed model, each foreign-trained, domestiarigin, student faces a
non-zero probability of finding employment abroad. A previously indicated
simplification is that individuals, who chose to renain at home for their
education, are unable to work abroad?

Figure 1

The Assumed Structure of Skill Levels Attainable aHome or Abroad,
Relative to Foreign Labour Market Requirements

v

T T T
& B e e B

The parameters, E and E,, can be understood to reflect foreign labour
market conditions, as well as educational and empjment policies. For
example, employment standards abroad can be influeed by the overall
qguality of the foreign educational system (includig that of pre-university
studies), as well as by technology-driven, labouraimand requirements.
Different combinations of these parameter values caalso be interpreted to
represent alternative immigration policies, since Igher values could
correspond to more restricted labour market accesayhile depending on the
skill intensities of available jobs in the foreigncountry. Moreover, lower
values of B could, ceteris paribus, represent a situation ofalative shortages
for specific categories of highly skilled workers. Furthermore, lower
(higher) values of both of these foreign market pameters can be
interpreted as facilitating (hindering) the immigration of foreign skilled
workers.

Following their studies, foreign-trained domesticstudents have an
incentive to seek employment abroad due to the high foreign salaries, w*,
for skilled jobs, whereas returning students can dg earn a lower
reservation wage in their home country, equal to w'* For tractability, both
of these salaries are assumed to be unique valuedjich are independent of

Oeventual rationale for this assumption includeradequate relative quality, or high-degree of djuéti, of the
domestic educational system, positive professioeavork effects on employment abroad arising frameifjn
studies, and/or restrictive visa and related imatign policies, favouring students trained in atlasintry.

A fixed exchange rate equal to unity is assumed.



students’ effective qualification levels achievedhtough their pursuit of
studies abroad. Furthermore, it is assumed that th reservation wage, facing
returning students, is higher than both the remuneation offered to wholly
domestically trained workers, w , and the foreign wage, which they can earn
in less skilled jobs abroad, w*.*?> Within this proposed framework, students,
who are unsuccessful in finding appropriate skilledwork in the foreign
country, will return home.*® While the wage rates are taken to be exogenous,
the subsequent analysis will consider comparativetatic changes in their
values, reflecting the relative attractiveness ofabour market conditions
internationally.  Figure 2 summarizes, then, the osrall international
structure of wages, depending on job locations anedducational backgrounds

Figure 2

The Structure of International Wages According to bb Location
and Educational Background

v

W oWt w, w*

The ex ante optimal educational choice, for the representate kth
student involves a trade-off, which can be formulad in terms of an
arbitrage condition. Specifically, the net returnsfrom studying and working
at home, with lower overall effective qualificatiors, need to be compared to
expected higher wage earnings, arising from enhandeproductivity due to
foreign studies, albeit at a greater investment cds The expected wage
remuneration involves a probability-weighted averag of wages for more
skilled workers in the foreign and domestic markets Accordingly, a
representative student will decide to study in théoreign country if:

12 This feature of the model could be modified t@alfor an analysis of issues relating to brain wasiere w*
to be higher than w

13 0Of course, other factors, such as cultural aféisj as well as personal and family considerationsld offset
the locational incentives of these ex post wagkediftials between the two countries. Such additiéactors
generate an additional ex post self-selection prablvhich can be modeled in terms of agent-specific
complementary or substitutable assets and assoaatk costs. These considerations amplify theegeof
heterogeneity characterizing individuals’ decisigdhsreby accounting for distinctive evolutionanps
populations of agents, following, in this instanite revelation of news regarding job offers. &ample, ceteris
paribus, if students have a preference to retumehdhere will be an increase in brain gain effectiative to
those identified in the subsequent analysis. Agaisly, when foreign students marry persons frdros
country, they may be prepared to stay abroad ewhiowt optimal employment conditions, thereby fanmpart
of brain waste.
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(2-) pkW* +(1_ pk)Wl —I* > W, — I0

Hence, the kh individual will decide to study abroad if his/herindividual
probability of being hired abroad, py is higher than a critical probability
value, p. This probability is assumed to depend on a studés, potentially

private, information regarding his/her future productivity level, ;. More
specifically, the interrelation between this criti@l probability value, p, and

the prevailing international wage rates and educatinal costs are given by:

(3) P _i- (Wl Wo) if 1-(Wa- Wo)

viws) - W) g
p=0 if '\(,\\:Z;_WO)<O,thatisifi < Wy — Wi
p=1 if W) 1 thatis ifi > w -

From (1.), it follows that the productivity level crresponding to p is:
e=(E,-E,)p+E, However, € does not necessarily belong to the segment

of productivity levels attainable from foreign studes, [q@ , & ], so that the
actual productivity threshold is € such that

4.) €= §:(E2 -E)p+E, |if ED[el , & ],
€E=¢g ifeE< @,
€E=-g ife >e.

The foregoing specifications permit a characterizabn of the
distinctive populations of students, depending ondih ex ante educational
choices and the ex post employment prospects. Iranicular, out of the
overall population of N students, the number of stdents choosing to remain

at home is given b)NO:Nih(e)JIe, whereas the complementary set of
(=}

&
individuals studying abroad amounts toN - N, = Njh(e)je. The latter group
can be sub-divided into two sets of individuals, coesponding to brain drain
and brain gain effects, represented, respectivelfpy N;* = N j p(e)h(eple and
N; = NT[l—p(e)]h(e)de. Whereas the foregoing analysis assumes exogergou

wages, an analogous decomposition of the overallgadation of students also
applies where salaries depend positively on produetty levels. Provided the

11



salary differential between the two markets, w*(e)— wy(e), is a non-
decreasing function of productivity, the expected age returns from opting
to study abroad remain an increasing function of e.Consequently, there also
exists a threshold levele determining whether, or not, individuals will
undertake foreign studies. As a result, the subseagntly reported findings in
this section are robust to such an alternative formlation.™

Production, or value-added at home is taken to beharacterized by a
linear function, reflecting a proportional relation to productivity. Thus, if
individuals were not able to study abroad, nationabutput would be Y, = &
N, which constitutes an essential benchmark underdecational autarchy,
since then workers are only trained domestically. fie contribution to
national production generated by the foreign-educad individuals returning

home corresponds, then, to Y= Nfe[l—p(ejh(e)de Hence, ¥ — @ N;

constitutes the incremental increase in national icome resulting from brain
gain.

Il. B. Economic Welfare in the Home Country

The evaluation of brain drain/brain gain effects in the existing
literature is based on assessments of the impact miigration on a variety of
specific economic objectives, which, however, do hanclude an explicit
social welfare function. Notably, migration is shwn to influence the growth
rate of the home economy, as in Beine, Docquier, @rRapoport (2001), the
average educational level, as highlighted by Starkt al. (1997, 1998) and
Lien and Wang (2005), average productivity in Mounford (1997), as well as
the wages of non-migrants in Stark (2004Y

A distinctive feature of the proposed analysis is he explicit
consideration of how brain drain and brain gain efects, linked to
international human capital formation, impact domedic social welfare,
relative to the level under autarchy, ¥. In this perspective, changes in
welfare generated by international educational andemployment mobility
can be viewed in terms of a cost-benefit analysislating to changes in

4 Nonetheless, the exogeneity assumption invokee, hegarding wages and abilities, considerably ecémthe
tractability of mathematical derivations.

1While an extensive number of empirical studiesehassessed different dimensions of the potentiphatnof
brain drain and gain, thereemains a lack of consensus regarding the sizeonjectured positive effects of
migration upon levels of education, welfare andfiawth. Notably, Beine, Docquier, and Rapopo@0@®, 2008)
find that the proportion of migrants must be low fuch effects to be apparent. According to Sqi€f06),
preliminary studies by the World Bank show no pesitimpact, while Groizard and Llull (2006) indieat
similar finding.

12



national aggregate productivity and the net costsfeducational expenditures
borne by the home country. Nonetheless, such a tecwill abstract from
potential distributional issues concerning relativereturns in terms of wages,
firms’ profits, as well as transfers between the dmestic government and the
private sector.

The net return in terms of productivity generated ky a student
returning home amounts to e — ¢ while the net opportunity cost of that
person’s education equals I*- ¢, where ¢ correspomsdto the social cost of
educating an individual domestically. For the casef a student remaining
abroad, the corresponding effects involve a loss aftional productivity, eg ,
minus a gain amounting to c, since there is no neei incur domestic
educational costs. In this regard, it should be ried that future salary gains
are used to pay off the costs of a foreign educatipl*, so that there is no
associated social cost at home. In sum, the nesttenefit evaluation for the
brain gain resulting from a representative studentreturning home amounts
to e — ¢ — (I* - ¢), whereas, for an individual entailing abrain drain effect,
the corresponding value equals - e- c)*®

More explicitly, the overall change in domestic wéhre is determined
by the brain drain and gain effects correspondingd individuals who study
abroad, whose productivity levels are comprised beteene and &. This
amounts to a variation in social welfare equal to:

(5) AW = NJ([L-p(e)e-e, - (1* -0)] - p(e)(g ~))h(eHe

This can be expressed equivalently as :
€
AW = N[([1-p(e)l(e-1*) - (e, ~c))h(eYle

As a simplification, the subsequent analysis will ssume an uniform
distribution of attainable productivity levels, comprised between lower and
higher bounds of @ and &. In light of such a specification, the overall ne
change in welfare becomes:

_ NG _2(©)-0@)

(6.) AW Py j ¢ (e) de =N=—"—_

'®The educational costs for society of training shigleprior to their deciding to study abroad antsequently,
working permanently there, could also, arguablycdmesidered to negatively impact domestic socidlane
There would then be an additional term, negatiirelyacting domestic welfare, as a result of braairdr On the
other hand, the proposed specification of the s@a@tfare function does not allow for the positimepact of
remittances, which would depend on the value ofaldng with different propensities characterizindividuals’
decisions to transfer funds back home. Incorpagatich effects entails relatively straightforwartiensions of
the basic modelling framework proposed here.
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Here, the function ¢ constitutes the overall net welfare effect for each
attainable productivity level. When the overall saial opportunity cost for a
student who ultimately works abroad is identified & & = &) - c, then, in light
of equation (1.), the expression fo$ equals:

— Ez'e
0(e) = =

the function ¢.

As shown by equation (6.), the incremental changa domestic welfare
Is a function of all the parameters of the model.To summarize, it depends
on:

(e—1*) =6, while ® in equation (6.) represents the primitive of

2 1

__&: the productivity of less-skilled domestically-tained workers;

_ @ and e: the two extreme values defining the range of eninaed
productivity levels for foreign-educated workers;

_ E; and E,: parameters reflecting foreign market skill requirements
and labour market access conditions, which impacthe probability of
finding work abroad;

__ € the threshold value of productivity, which decideswhether an

individual chooses to study abroad, which, in turn,is impacted by

among other factors, the wages of skilled workersngployed abroad,

w*, those for skilled workers employed at home, y, and the wages of
unskilled workers at home, vy :*’

_ I*: the cost of foreign studies;

__lg and c: the cost of studies at home per student, e, respectively,

by each individual and by society.

The expression for the primitive function in equaton (6.), ®, which
critically defines the extent of the change in donstic welfare, is of the third
degree in e. The underlying reason for such a futional form is the second
degree form for the integrand, ¢(e), in equation (6.), which represents the
expected increase in net welfare for a representae individual. This
expression involves a trade-off between the expedtencrease in productivity
realized through brain gain, e(1-p(e)) —& and the expected net social cost of
educating a student abroad, (1-p(e))I*— c. Since former quadratic term
in e assumes low values for either relatively lowrdiigh productivity values,
the values of the integrand are initially negative,then positive (for
sufficiently low i) and finally negative, as represntative productivity levels
for different individuals increase.

7 As shown by considering equations 3 and 4.
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As illustrated in Figure 3, the general form of theprimitive function
® may first show a minimum, for e =&, and then a maximum for e =€.. Of
course, these extrema exist if and only if the eqtian ¢(e) = 0 admits real
roots, which corresponds to the following condition

(Ex—I")?
4(E;—Eq)

(7) &<

When I* and &, which jointly determine the social cost of a fongn
education, are too high, ® is always a decreasing function of e.
Consequently, the change in domestic welfareAW, is always negative, so
that the brain drain effect dominates that of braingain. The value for which
® has a minimum, & , is relevant only if the latter is greater than E.
Calculations show that the associated condition Emply:

(8.) E<I**+ §.

In the rest of the paper, it is assumed that condins (7.) and (8.) are always
satisfied.

It should also be noted that the integrand¢ has a maximum.
Specifically, the function¢ takes on low values when e is itself low, since in
that case the individual productivity gains are tooweak to compensate for
the cost of foreign studies. For high values of eayhen few students come
back home, there is a loss of productivity for soety as a whole, so the value
of ¢is also low.  This maximum occurs for e = (E+ 1*)/2, which
corresponds to an inflection point for the curve r@resenting function
®, such that the marginal increase in social welfare ssociated with a
marginal decrease of the productivity thresholce is the highest.
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Figure 3

Representation of the Functional Form for the Primtive Function, @, which
Determines the Overall Change in Domestic Welfare

v
)

Section lll: An Analysis of the Effects on Econong Welfare of Changes in
Key Model Parameters

I11.1 The Interrelation between Threshold Productivity Levels and Changes
in Welfare

The initial focus here is on the welfare implicatios of the critical value
of €, which reflects the threshold productivity level 6r which a
representative individual chooses to study abroadlhe value of €in relation
to & is potentially of key importance. Note again that is a function of the
critical threshold probability, p, triggering foreign study, as well as of the

foreign labour market productivity requirements, E; and E, , since
e=(E,-E,)p+E,. In turn, & is a function of B, E, , and the social

opportunity cost of foreign studies®. Hence, it follows thaE>& for P> pjim,

A

ez_E1

where pim = . Furthermore, &< E,, since¢(E,) <0, so that the value

2 1
of pim IS always inferior to one; while it could be negate, this would mean
that E;> & . However, this corresponds to a relatively unintegsting case,
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where domestic welfare always declines, as a resuib individuals study
abroad. For more relevant scenarios, there is an &l probability threshold

beyond which €>€:. It can also easily be seen that whea increases and £
> & , AW has a maximum for € = &. Thus, if initially €< & , a marginal
increase in € promotes welfare. However, ifé> &, an increase in€reduces
the number of people who study abroad, thereby redting welfare. An
examination of Figure 3 and a comparison of the vaks taken by the
function ® for €and e, leads then to the following:

Proposition 1

When the threshold productivity leve, determining whether individuals
will study abroad, and the upper limit on the assmted level of enhanced
productivity, @, both belong to the interval §,&], the change in welfare
resulting from studying abroad,4W, is positive. Hence, the welfare
improvement from brain gain dominates the loss doedbrain drain.

In contrast, there are three cases where foreigndes generate a loss of
welfare. Notably,

a) when eand e are both very low, the return to foreign educatioin
terms of increased productivity, is weak and doed compensate for its
social costs, even if many individuals study abroaad return home to
work ;

b) when €and e are both very high, few individuals leave to studlyroad,
but most of these will readily find a job abroadgsulting in a dominance
of the brain drain effect;

c) when €is low and gis high, there is an accumulation of the foregoing
effects a) and b). Notably, many individuaisidy abroad, thereby
generating high additional educational invesént costs, but
only those with lower-productivity gains retuhome.

In sum, the welfare implications of comparative stic changes in
productivity levels, €and & , are inherently ambiguous.

I11.2 The Configuration of Wages and Associated Wiare Effects

The influence of wages on domestic welfare works ribugh changes in
the critical values for p and €. As can be expected, higher wages for

domestically trained workers create, ceteris paribg, a disincentive to
studying abroad, so when w increases, bothp and € increase. However,

when the potential job market returns to foreign stidies w* or w; increase,
the incentives to studying abroad are increased, sthat p and € are
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lowered. The associated consequences for domestielfare stem from the
preceding analysis of the influence oE. Specifically, if € is not very low
(inferior to €,), an increase (decrease) in wages for foreign-treed (domestic-
trained) workers, decreases (increase®), thereby enhancing welfare

1.3 Welfare Implications of Changes in the Relalve Productivity Gains
from Education at Home and Abroad

A heightened efficiency for domestically-trained wdkers, e, which
corresponds to an improved domestic educational sggn, reduces the net
Impact on welfare of brain drain and brain gain, by increasing the
opportunity cost of undertaking foreign studies. h contrast, an increase in
the lower limit of the enhanced efficiency level &iined via foreign studies,
e, raises the returns to a foreign education, and tluces a larger proportion
of the population to study abroad. The effect of avariation in e, is more
complex to assess. By widening the span of produaty values, an increase
of &, ceteris paribus, has a negative influence upW. If e,>&, , d(e,) also
decreases, so that the overall effect is also negat However, if @ belongs to
the interval [é;, &] , ®(&) increases and the net effect is indeterminate.
More specifically, the formula for the derivative d AW is:

©)8W = — N to(e) o) - (e-a) d(e])
© (e, -e)

It can be seen that, ife< & , so thatAW may be positive, then the foregoing
expression is negative for g= & . Consequently, the change in the domestic
country’s welfare has a maximum for some value of,dalso inferior to &).

In light of the foregoing analysis, the following lolds:

Proposition 2

The change in the domestic country’s welfardW, is an increasing
function of the level of ¢, the maximal level of enhanced productivity
achievable by undertaking studies abroad, providedemains under a critical
level. Beyond this threshold4W decreases with,e Thus, too much of an
improvement in human capital, or, alternatively, legive excellence in the
foreign institutions, generates a dominant effedtlwrain drain.

The associated critical value of,eis increasing with the threshold
productivity level determining whether students gbroad,e, and decreasing
with the lower limit of the value of enhanced prodiivity, g .
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Finally, if both e; and & increase with a constant span between the two
values, AW has a maximum for @ = &. Such a change could result from
improvements in the quality of individuals’ initial education in the home
country and/or in higher educational standards abrad. In that case, from
the perspective of domestic welfare, there is alsm optimal level of relative
efficiency in the foreign educative system. Any imease of foreign
educational efficiency above this level will dimirsh home national welfare,
thereby constituting a form of “beggar-thy-neighbou” policy.

I11.4 Changes in the Sunk Cost Differential for Stidying Abroad

As the additional sunk costs associated with forengstudies, i, increase,
the threshold probability of finding a job abroad increases, as does the
corresponding threshold productivity level, €. Furthermore, if this increase
in i comes from an increase in I*, the integrand faction ¢ decreases. As a
consequence, so long asll [é;, &], an increase in the incremental costs of
studies abroad, i, reduces the home country’s welfa. In contrast, for low
values of €(€< &), an increase in i could possibly be beneficialln such a
scenario there is initially an excessive flight oftudents abroad, since, for a
representative student, the productivity gains froma foreign education are
high, whereas the additional costs, i, are low.

I11.5 Alternative Immigrant Employment Policies in the Foreign Country

The relative ease of access to the foreign labouramket is captured
here by alternative values for the labour market rguirement parameters, &
and E,. Ceteris paribus, for higher values of either paameter it is more
difficult for a domestic-origin, but foreign-traine d, job-searcher with a given
gualification level to be employed abroad. More sgcifically, when either E,
or E, increase, € increases, but p(@ decreases for any value of e.
Crucially, there are two offsetting effects. On tle one hand, fewer
individuals leave to become educated abroad, but,nothe other hand, a
greater fraction of graduated students come back hme. Thus, the total pool
of foreign trained students from the domestic couny is reduced. This
means that the overall exposure of the domestic coty to welfare changes,
arising from either brain drain or brain gain, decreases. However, the
relative proportion of foreign-trained students gererating a brain gain
Increases as a result of the more restrictive johlfering environment in the
foreign country. Consequently, the net effect on amestic welfare is
potentially ambiguous.
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As demonstrated in Appendix 1, the following summg conclusion
applies:

Proposition 3

Restrictions limiting entry by foreign-trained stahts to the host
country’s labour market increase home national waié, provided the
following conditions hold:

a. the cost of undertaking foreign studies is high

b. the maximum achievable productivity level, is relatively low; and

c. relatively few individuals undertake studiesrahd

(,e.pisnearl).

In contrast, if the foregoing conditions are not 8sfied, then less favourable
foreign labour market conditions result in a negag impact on domestic
welfare.

Section IV: A Comparative Analysis of the Domesti®Velfare Implications
of Alternative Educational Grant Schemes

The focus in this section is on the optimal desigof educational grants,
aimed at enhancing a domestic country’s welfare byacilitating foreign
study for different categories of students. Sincealternative subsidy
programs can change the incentives to study abroathey potentially impact
the balance between brain drain and brain gain, whah, in turn, determines
the net changes in domestic welfare.

Two distinct analytical exercises are proposed depding on
contrasting scenarios regarding the extent of a gewvnment’'s knowledge of
students’ underlying abilities. Initially, it will be assumed that both the
government and students themselves have perfect ammation regarding
individuals’ abilities. In a second scenario, it assumed instead that the
government, unlike the students themselves, has rnamowledge regarding
individuals’ capabilities.

In the first scenario of perfect information the gwernment can
discriminate ex ante between individuals when all@ating grants according to
three different grant schemes? The first of these entails unconditional
grants (designated as UC), which are awarded withduany constraints on
students regarding either financial repayments, oisubsequent employment

18 For simplicity, the analysis here will focus oragts entailing uniform payments for all recipieméher than
discriminating between individuals in terms of greposed value of the grants.
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choices. Under a second scheme, labeled as optiomdurn (OR), any grant
recipient may opt to work in the foreign country, ut must then pay back the
full value of the grant. Finally, under a third sdheme, identified as
compulsory return (CR), students commit to returnng home to work, even
if they could otherwise have been employed abroad a higher wage.

IV.1 Unconditional Grants

When an omniscient government has full informationregarding the
underlying ability of all students, grants will be allocated as a function of a
candidate’s ability, or, equivalently, in light of the associated expected
productivity gain. Of course, individuals whose poductivity is superior to
the standard thresholde will never be grant beneficiaries, since there igo
need for any additional financial incentive to undetake foreign studies.
Under this system, all individuals, whose productiiy levels are comprised
between a designated leveg,, and e, may be candidates for a grant. The
lower productivity limit for the grant recipients, e, is endogenously
determined by the per capita value of the foreign ducational subsidies, S.
This amount also depends, in turn, on the governmes overall educational
budget constraint. Nonetheless, it is not necesdgroptimal to give a grant
to the brightest students (whose productivity is riatively close to the
threshold value ofe), since such students are less likely to return hee to
work. Hence, grants will be given, a priori, to stdents whose productivity
belongs to a certain segment of productivity valuese,, €,], with g, < e .

The new productivity threshold, e,, is determined by an ex ante,
individual arbitrage condition such that:

(10) ppw + (A —ppw; —I"=S) =wy—1I,

wherep, = p(e,) indicates the threshold probability for grant bendiciaries.
Then, there is a standard interrelation between sucta probability value and
the associated threshold productivity levele,, such that: e,=(E, — E))pp+ E;:.
It is straightforward to see that,

So that,
— = _ S(E;—Ey)
(12) e —ép—= —w*—w1
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As a result, for any given proposed values for thendividual foreign
study grants, as well as an overall budget for thgovernment grant program,
the subset of students actually going abroad is siwa in Figure 4.

Figure 4

Structure of the population for unconditional graist

o @ & @

zone 1 corresponds to individuals for whom the propsed grant is not
sufficient to convince them to go abroad

zone 2 corresponds to grant recipients who undertakforeign studies due to
the grant

zone 3 corresponds to individuals who do not recesva grant and study at
home

zone 4 corresponds to individuals, who while not m®iving any grant, still

undertake foreign studies

Now let F be the overall budget allocated for grarst The number of
beneficiaries will be l, where l= g, — e, corresponds to the

ezx—e;

productivity interval of grant recipients. Hence, the government budget

constraint may be written . Ne l S = F, or, equivalently, in light of equation
27¢€1
(12.),
(13.) (ep —e,)(e —e,) = kF
wherek = E3—Fyez—ey
w'—wqy N

Under this scheme, the increase of welfare generdteby allowing
additional individuals to study abroad is:

N

(14) AW, = feib" @(e) de

€2—€1

The maximum value ofAW, is reached for values og;, and g, such thate,
> @ and g,<é, . This corresponds to an upper sloping segment the
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primitive function, ®, which determines the overall change in domestic
welfare, as depicted in Figure 3. Otherwise, were, to be inferior to &, it
would be possible to increas@&W,, for a given g, by increasinge,, while
still reducing the educational budgetary expenditues. Analogously, ifg,
were to be superior to g it would be possible to increasAW, by decreasing
g, with e, constant, while reducing again budgetary expendites.
Nonetheless, a maximum value foAW, with &, = & may not be feasible
since, by construction, it must be the case tha, <e.

If it is assumed that e = &, then g, can reach @ which is its

unconstrained optimal value. Provided the level o&vailable funds permits
such a value forg;, and e, the optimum will then beg, = & and e, = &, that
isif (e —e,) (é; — €;) < kF . If the available public funds are relatively low,
the budgetary constraint will be binding and the opimum value of &, will be
inferior to &,. Yet, in any case the optimal value of,, will be strictly inferior
to e.

Instead, if it is assumed thaie < &, the constrainte, < e may become
binding. The optimum then corresponds tos, = e and e,= €, , conditional
on the level of funds being large enough, as expeesl by the constraint
kF > (e — e,)?. However, it is shown in Appendix 2 that, providd that the
budgetary constraint is binding, there exists a theshold productivity value,
€nin,» and associated intervals of values foé and F, where, respectively,
€ € [€nin, €;] and F € [F;,F,], such that AW, has a maximum for some
value ofe,, where the correspondingeg, is inferior to e. When these
conditions are not satisfied, AW, is always an increasing function ofey,.
Sinceg, is always inferior or equal toe, the optimum is associated with the
maximum value for e, which corresponds tog, = e, and is given by

e, = e —VKkF. This means that the segment of productivity vales|[e, e] is
fully covered by the allocation of the grants, whe the value ofe, depends on
the level of the available funds.

The foregoing analysis can be summarized, as follew

Proposition 4

When a government has full knowledge regarding stmtks’ abilities, a
scheme of unconditional grants (UC), which targeitsdividuals who are not
among the most qualified (relative t@), can be optimal under specific
conditions.
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In particular, the welfare effects of such unrestited grants are more
favourable when either of the following combinatioof productivity and
budgetary conditions apply: & > é,, orii. e € [€,,;,, ;] andF € [F{, F,].

Thus, the foregoing proposition highlights an appagnt paradox in the
funding of unconditional grants for studies abroad,which are aimed at
promoting national welfare. Specifically, in the pesence of potential brain
drain due to more attractive working conditions abmad, it may, somewhat
paradoxically, be preferable to offer grants to somawhat less qualified
individuals in an interval of potential productivity levels lying betweene,
and g,. The existence of such threshold levels is anatag to a phenomenon
often encountered in the optimal design of publicubsidies. These can entail
boundary conditions for subsets of the populationranked in terms of
income.

V.2 Conditional Grants

As previously indicated, two systems of conditionalgrants are
envisaged. These correspond to the cases of eitheptional (OR) or
compulsory return (CR) to work in the home country.

A. The Case of Optional Return

In this scenario a student, after graduation, will either find a job
abroad and reimburse the educational grant money, rodecide to return
home. Under such a scheme, the net expected incomiea student who
receives a conditional grant, amounting t&,g, but with an optional return
IS:

p(e)[w" —Sor] + [1—p(e)]wy — (I" — Spr) =
p(e)w” +[1—-p(e)lw, —I" + [1 —p(e)]Sor

In light of the last term in this expression, it félows that the net expected
gain for such a grant recipient is always superioto the expected income
without a grant, regardless of a student’s producitrity.

As a consequence, the overall pool of grant benafdes will be defined
by a productivity threshold level, egg, Which is inferior to the standard
threshold e , and wheree and e, are, respectively, defined by:

(15) pEw' +[1-p@E)]w; —I"=wy— I,

(16.) p(egr)[w* — Sorl + [1 —p(Egr)Iwys — (I" — Sor) = wo — I
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By comparing equations (15.) and (16.), it can kseen that:

i p(e) —p(epr) , € — €pr

(17.) Sor =MW" —wy) 1—p(egn) W —wy) E, — 2,

Note that the inequality Sor < w* — w4 always holds. As a consequence, if a
student, who has accepted the grant, is proposed freign job, that
individual will always accept it rather than return home. The grant will be
given to students whose productivity levels are cgmnised betweene,g and
gor- Since for each productivity valuee, only a proportion of 1 —p(e)
students come back, the budgetary constraint is gan by:

N
18. AorSor = F
( )ez_e1 ORJOR

where
(19.) Aor = f_ [1—p(e)] de

€oRr

By combining (17.), (18.) and (19.), this constrairbecomes:

e—e()R

f (E, —e)de = kF
E; — €or

The change in social welfare corresponds then to:

(20.) AWy =

€gRr

B. The Case of Compulsory Return

Here, a grant recipient is obliged, following studes abroad, to return
home and work in the domestic labor market. Two coditions must be met
for a representative studentk to accept such a grant, which amounts t§.z.
First, the earnings from returning to work at home, following studies
abroad, must be superior to those associated withaying at home to both
study and work. Hence, this condition correspondso:

wy —I" = Scr) 2wo — I
Second, the expected net returns must also be sujmerto those for an

individual, who chooses to study abroad without a@pting such a grant with
a compulsory return home:
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wy —I"+Scg 2 ple)w” + [1 —p(ey)]w, — I

This condition leads to ey, < &, where the threshold € is an increasing
function of Scg. It follows that € =€, when Scg =1" — Iy — (W — W),

which is the minimum value, such that the proposedgrant would be

accepted. For higher values o$¢g, the upper productivity limit € will be

superior to €. Certain of these higher-ability students may opto accept the
grant, despite the binding commitment to return hone, since they may
prefer not to have to pay by themselves the full & of foreign studies. Thus,
in this instance there is a key analytic issue oftvether it is preferable for the

public authorities to offer grants exclusively to sudents who would not leave
without a grant (i.e. whose productivity levels ardower than e), or to also

propose grants for brighter students, who would stdy abroad even in the
absence of government subsidiés.

In the first sub-case of grants for less able stua¢s, the productivity
interval, characterizing the recipients, spans annterval of length i, = e —
ecr , SO that the budgetary constraint becomes:

(Zlé_)lj_e lerScrR=F

Clearly, for a given amount of the grant,Scg, this constraint determines the
range of grant recipients, i;. The incremental welfare generated by such
grants is specified then by:

e

(22.) AW p = (e —A)de

€2~ €1 Jecy
where A is the total social cost of sending a student abad, such that

A=I"+6.

For the second sub-case, as shown in Appendix 3,jstoptimal to give
grants first to the brightest students, whose prodctivity goes by descending
order from e, to &,, where e, > e. Yet, if the budgetary constraint is not
binding, educational support will also be offered @ less talented students,
whose productivity levels lie betweere and &;. Here, the amount of the
grant is determined by the value ofe,: Scp = p(ez)(w* —wy), while the
budget constraint then amounts to:

(23.) Ny Scr=F

ex—eq

19 A potentially worthwhile extension of the analysisuld be to consider the role of inter-temporaisteaints on
educational investment decisions. Income inequeadih then play a critical role in influencing wisatbsets of
students will chose to study abroad, when therasseciated higher educational costs.
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where I, = (e, — €2) + (€ — &1).

The additional welfare generated by such a grant $&me, includes a sub-
component corresponding to students whose productty levels are such that
e > e. The net welfare improvement for each of these wients amounts to
e—A—¢@(e) =p(e)(e—TI"), so that total incremental change in welfare is
specified by:

N
ez2—eq

(2MWig = ——[ (e — A) de +

ey *
p—— fsz p(e)(e—1T")de
A priori, it is difficult to assert for which of th ese sub-cases the largest
welfare improvements, AW, or AW, arise. Nonetheless, when either the
social opportunity cost of foreign studies, A, is igh enough, or whene is
relatively low, then aw, is constrained to be rather small. This is refleed
by the expression for the change of welfare in eqtian (22.). Hence, it is
better to start such a grant scheme by proposingrancing to the brightest
students.

The analysis will now turn to a more detailed compason of the welfare
gains potentially generated by each of the three evall grant systems.

IV.3 A Comparative Welfare Analysis for Different Grant Schemes

An initial comparison will be made between the wedfre implications of
unconditional grants and conditional grants, wherein the latter instance
returning to work in the home labor market is optional. As a partial
simplification, this analysis will be limited to senarios where the
productivity levels ‘e and e, are comprised betweené;and é,. Such a
restriction avoids additional complications, whichcan arise when studying
abroad without grants does not always generate enhaed social welfare. A
principal finding can be summarized as follows:

Proposition 5

For the same overall budget, conditional grants wian optional return (OR)
always generate greater increases in social welfardative to unconditional
grants (UC), so that OR > UC

The associated proof is provided in Appendix 4.1 .

The extension of this comparative analysis of graast schemes, to
consider a scenario where returning home is compusy (designated by CR),
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entails further complications. As previously demoastrated in Section 1V.2.B,
there are two different expressions for the welfardenefits of such grants.
However, for analytical simplicity the analysis hee will be confined to a
consideration of the limiting cases where the levelf public funding for such
grants with compulsory return is either very small, or very large. In these
cases, it can be shown that:

Proposition 6

a) When available funds are very small, the systemgrants with optional
return results in the greatest improvement in nata welfare, while
conditional returns constitute the least favorabkcheme. Accordingly, the
national social preference ranking for the threelsemes can be summarized by
the following inequalities: OR > UC > CR.

b) In contrast, when available funds are very largéne system of grants with
compulsory return is preferable to the other twohemes, so that: CR > OR >
UC.

The associated proof is provided in Appendix 4.2.

IV.4 Grants under Asymmetric Information

The analysis will now consider implications of imprfect knowledge
regarding individuals’ abilities for assessing theoptimality of different grant
schemes. In an extreme scenario, where the goverant does not have any
information regarding students’ innate abilities, the welfare impact of public
authorities awarding uniform grants for foreign studies can be explored.
The same individual monetary subsidies are grantetb a proportion of the
overall population, independently of students’ abities. When the
government faces a specific educational budget cdrant, it can be
demonstrated that welfare will always increase, praded the modelling
parameters are such that the analysis applies to ¢hupward sloping segment
of the primitive function, ®. However, for certain other parameter values
welfare may actually decrease. Furthermore, fo, <e€<e, <g,, the optimal

proportion of the population, a, which should receive such awards in order
to enhance welfare, equals 1. Hence, the overgitant budget is divided
evenly across the entire population.

More generally, an apparent limitation of any grant scheme with
imperfect information is that individuals with potential productivity levels
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above the threshold value ofe will receive subsidies which constitute a
deadweight social loss, since they would have stadiabroad anyway in the
absence of such financing. This reasoning can bgtended to consider the
welfare implications of such grants resulting from comparative static
changes in the overall quality of the basic educamal system in the home
country, g; . When the initial educational system is of a higer quality, the
interval between g and & shifts to the right, so that the relative positionof
the threshold levele is lowered within that segment of productivity valies.
Accordingly, as information becomes more imperfecteducational grants
generate heightened social welfare inefficiencies. This potentially
immiserizing feature of educational grants under ugertainty can also be
formulated as follows:

Proposition 7

When public authorities do not have any informatioregarding students’
abilities, and an unconditional grant scheme for rieign studies increases
domestic welfare, the extent of such a welfare iopement is inversely related
to the quality of a home country’s initial educatal system, g.

Such a lessened efficacy of unconditional grants idue to a greater
deadweight social loss, since educational improvemts lead to a relatively
higher proportion of grant recipients, who would have studying abroad
anyway in the absence of such grants. This effeelggravates potential
inefficiencies generated by asymmetric information. Thus, under such
informational conditions a home country faces an gparent trade-off

between enhancing its economic welfare via improvesnts in initial levels of
educational attainment and through grant schemes mied at offering

incentives to study abroad. Consequently, the exteto which information is

iIncomplete can condition the optimal design of granschemes, depending on
countries’ standards of living and the quality of teir educational systems.

Asymmetric information has apparent implications fa the earlier
identified paradox characterizing the optimal desig of unconditional grants,
which were proposed for sub-portions of the populabn, who are not
necessarily among the most qualified. Now, it iscnlonger feasible to
distinguish students according to their abilities. This analysis can also be
extended to consider optional return grants underncomplete information.
Specifically, when there are imperfections in thexdent to which public
authorities can identify individuals’ abilities, there is potentially an incentive
for students to distort their performance, in orderto qualify for grants.

Such incentive compatibility issues need to be takento consideration when
formulating optimal grant policies. Unlike uncondtional and optional

29



return grant schemes, grants entailing a compulsoryeturn effectively
eliminate such strategic distortions. This is du& an auto-selection process,
whereby only those candidates, whose anticipated trearnings will increase,
accept such grants, thereby revealing their true abties. Furthermore, with
reference to Proposition 6b), it can be shown fothe case of uniform grants
that imperfect information results in an expanded st of instances where
grants with compulsory returns dominate unconditioral and optional return
grants.

Section V: Conclusion

A distinctive goal of this research has been the fimulation of a micro-
founded heterogeneous-agent model of internationalmigration and
educational choice, thereby highlighting critical oles for self-selection
mechanisms and informational asymmetries. Distinote features of the
analysis arise from the endogenous determination ohuman capital
investment decisions and foreign employment prospes; which differ across
individuals according to their abilities. This structure provides a framework
for understanding the interrelation between internaional educational
choices and employment prospects, along with aggrg assessments of the
domestic welfare implications of brain drain and bmain gain. Heterogeneity
and associated informational issues also conditiothe optimal design of
alternative educational grant schemes, aimed at imeasing a source
country’s well-being.

Certain more specific insights from this research @ be summarized,
as follows. Crucially, the net welfare impact of dreign studies on
international migration, in the absence of educatinal grants, is very difficult
to assert, as a general proposition. Instead, theetermination of such effects
requires detailed examination of relatively complexnteractions between an
array of economic factors, which influence individals’ optimal educational
investment decisions. A crucial methodological isg is the non-linearity of
the welfare changes, reflecting associated brain dn and brain gain effects,
in relation to the distribution of workers’ product ivity levels. Nevertheless,
when the threshold minimum productivity value, detemining whether
individuals leave, and the maximum attainable levefor the population of
foreign-educated students are both relatively avege, in comparison with
foreign labour-market productivity requirements, the net welfare effect
resulting from foreign human capital formation is positive, i.e. brain gain
dominates brain drain. In this case, welfare is @ecreasing function of the
threshold probability of finding a job abroad, and, thereby, of the
Investment cost differential between foreign and doestic studies. Welfare is
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also an increasing function of wages paid to foremgeducated skilled
workers, in either the home, or foreign labour marlets, and a decreasing
function of wages paid to less-skilled domestic-traed workers at home. In
contrast, either very low, or relatively large valies for the fore-mentioned
productivity parameters foreign studies are assoctad with detrimental
welfare implications, since brain drain dominate bain gain effects.

The analysis has subsequently examined the optimalesign and
relative efficiency implications of three alternatve measures, aimed at
improving economic welfare in the home country by féering financial
incentives to study abroad, under different informdional assumptions.
These grant schemes, consisting of unconditional amts, and conditional
grants with, or without, obligations of returning home to work, are initially
examined while assuming full information regarding the heterogeneous
abilities. Somewhat paradoxically, it may be pref@able to propose
unconditional grants to a subset of somewhat lesauglified individuals, in
light of lessened vulnerability to brain drain effets. Yet, for a constant
budget, unconditional grants are dominated by condional grants with an
optional return. Nonetheless, in comparison with hese two initial grant
schemes, the relative efficacy of grants with a cqmlsory return to work
depend critically on the size of the budgets for fading such programs. In
particular, compulsory grants are inferior (superior) to these other grants,
when funding is relatively limited (generous). Fially, an extension of the
analysis to consider grants under asymmetric inforration establishes that
when an unconditional grant scheme improves domestwelfare, the extent
of such an improvement is inversely related to theguality of a home
country’s initial educational system. The subseque analysis also points to a
strengthened rationale for using grants with a complsory return, when
public authorities face informational asymmetries.

Certain potentially fruitful directions for extendi ng the analysis
proposed here entail incorporating additional modding features. These
include admitting the possibility that domesticallyeducated students can also
seek employment on the foreign labour market® A critical consideration
would then be the differential probability of finding a foreign job, which
depends on the gap between the productivity distriltions for home and
foreign-educated domestic workers, as well as theecificity of training to
employment in different countries. The latter coull be captured by iceberg
style effects impacting the degree of convertibift of qualifications across
labour markets. Clearly, a crucial consideration nay be the extent to which
the educational system in the home country enablgsarticularly capable

% suych an extension is relatively straightforwaithin the present modelling framework, when thera fixed
probability of being hired abroad for domesticaligined individuals.
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students to enhance substantially their productivg levels, or, in other
words, the extent of educational elitism. A more elailed analysis of the
interrelation between alternative educational poliees in the home country
and the extent of brain drain and gain could also @nsider the interrelation

between the quality of education offered at differet educational levels, the
pricing of such studies and the extent of their sudization — both at home
and abroad. A basic presumption would be that thex are potential welfare
trade-offs between the budgetary expenses of imprimg national educational
offerings and allocating funds for educating studets abroad, which could
depend on the associated net balances between bralrain and gain. A
generalization of the present modelling framework guld also permit an
analysis of the strategic interactions arising fromalternative educational
budgetary and policy initiatives in both the home ad foreign countries.
Alternative scenarios relate to the extent to whiclboth implicit and explicit

government subsidies impact the migration of talentand associated
implications for the international distribution of welfare. As in the current
research, the dependency of such effects on theamntelation between tuition
fees, underlying educational costs, and the overafjuality of educational
offerings across educational levels and systems enbationally will

potentially be defined by underlying issues of agérheterogeneity and the
extent of informational asymmetries.

In light of well-known market failures for financin g investments in
human capital, initial income distributions could gay a critical role in
determining whether individuals are prepared to stuly abroad without
government funding. Consequently, an additional pecy option could be
analysed by incorporating alternative hypotheses garding income and
asset distributions and introducing unconditional ad/or conditional loans
for less wealthy students. If educational loans ggify that recipients must
return home to work, they generate only brain gain,thereby enabling
governments to counter issues of asymmetric infornt@n regarding their
knowledge of individuals’ underlying abilities, sirce more talented students
would, ceteris paribus, tend to accept such loandgrinally, a dynamic
modelling perspective, with alternative assumptiongegarding sources of
underlying individual heterogeneity, could highlight how alternative growth
paths for the home economy depend on human capitahvestments in at
home and/or abroad, eventual migration, and endogeus adjustments in
wages. Nonetheless, there are apparent methodologji challenges to
extending the existing heterogeneous-agent framewaor
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APPENDIX 1
Consequences of Alternative Employment Policies the Foreign Country

The analysis here examines the effects of changitiye foreign labour
market requirement parameters, Eand E,. The specific demonstration of
Proposition 3 starts by considering a comparativetatic change in &, for a

given value of § : dféN' o elfjag (e) de q)(e) ] The foregoing

expression contains two terms, which can be 3|mpmd as follows:

o0 _(e-NE-E)_nCME-E) 4 de- P . As a result, one
0E, (E,-E)’ e-E,)’ OE:

e e dAW _ 2 f€-ME-E) . 5 el - B
obtains: N dEs j 6-E) P [(e-M@A - p ) 9. By
defining G(€)= pj(e ")(e- E)de, and reexpressing the term

e (_ E1)

algebraically, it follows that

%%dﬁ—EW = G(€) - [(e-")(L - P) —8. Note that G is a positive

decreasing function ofesuch that G(e)= 0, and ¢ is an increasing function

of €, for given p. Consequently, ifp(e;) <0, that is if < I*+ — | ddAeN IS
_p 2
always positiveJe< e, Accordingly, the change in domestic welfar&dW, is
o)

always increasing with €, and so also with . However, if > I*+—Io
there is a threshold value for € such that beyond this value,AW is
decreasing when E and € increase. Yet, this threshold value may be
inferior to e, , in which caseAW is always decreasing with E. Furthermore,
gualitatively similar results hold for an increasein E; , or for an increase in
both E; and E,, when, in the latter case, a constant span,E E; is assumed.

35



APPENDIX 2
Unconditional Grants

A starting point for the analysis is the expressiorof the derivative of

: : N
AW, with respect to €,. Since the value of the paramete———does not
€, -6
matter here, it can be arbitrarily set equal to 1,in order to simplify the
notation. Accordingly, the following expression aplies:

dAWw, de _
=0 ()" -9 (&)
ce, ce,
. de, KF
Along the budget constraint,g, = — + g and
e-¢e dé €e-¢e)’

It can be seen thatdgéwb is positive for € = & and negative fore, =& . Of
b

particular interest here is the case where < &. The upper limit value for g,
dAW,

is, then,e , which corresponds toe = € - /kF . If (e ) iIs negative,

b

AW, has a maximum for a value o€, strictly inferior to € . On the contrary,

. dAW L L .
if ddé ® () is still positive, it means that the optimum correponds to the
b

limit value g, =€ .For g, =€ , one has:

dAW kF
> () = +1
©=¢(e )[(_ ) 1-9 (&)

. dAW .
with @ = e -./kF and, thus, b(e)=2¢ (e)-¢ (e -,/kF ). Given then
€, ®, (e)=2¢(e)-¢ (e-kF)

BW, &) is

that ¢(e) has a maximum for e =E/2, it follows that ife <E, /2,

b

certainly positive. Actually this is still true, providede <& , where e L[
E./2,&]is suchthat$ (e, )=1/2¢ (E,/2).

min

When e L[ e

'min ?

& |, the sign of dgéw" (e ) depends on the value of F. More

b

precisely, this derivative is negative when F belgs to an interval [F,F?], for
which the limits are functions of € , and solutions of the equation ® (¢ ) -

® (e -+/kF)= 0. Furthermore, the higher the value ofe , the wider is the
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interval, which has a maximum for @ = &, corresponding to B = 0, P =
k(& - &)° This shows also that foe LI[ € ., & ], all F belonging to [F,F]
meet the condition k(e - &)? while this condition is satisfied as an
dAW,

equality only for e =& , and F = F .As a result, when (e) <0, the
b

change in welfare AWy, , has again an interior maximum for values ofe, and

&y satisfying the equationsM @e=¢ (eb)[k—F_2 +1]-¢ (¢)=0 and
@b €- eb)

k(e -&) (e, -€) = F .When F does not belong to the fore mentionadterval,

dg\éNS @ =0, so that the maximum value oAW; corresponds toe, = e -+/kF

S

andg, = €.
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APPENDIX 3
Grants with compulsory return

We demonstrate here that, when distributing grantsto students whose
productivity is superior to e, the allocation should begin with the brightest
students ( whose productivity is equal to£.

Let us assume that grants are given to students the productivity interval
[e,é], withe<e<é<e,.

the corresponding welfare benefit is

W = jp(e)(e —I')de

&
The budget constraint isS(é — &) = kF, and sinceS = p(é)(w" — wy), this
constraint can be writtenp(é)(é — &) = f, which gives
£=6— J B — f(Ez — E1)
p(e) e—Eq

The derivative of W with respect toe is

dw .. de .
4z —P@OE-I)—_=pE)(e—T)

- d~
with
de E e —
1+ f(E; — 1)_ +~e &
de (é — Eq)? e—E,;
dw e)e—-TI e—E))(e—-TI e —¢
aw o p@E-I)_(-E)@E-I)_
de pe)e—-I) (e—E)(e—-T e—E,
__ 4 (e-Eyp) (e—1I")
By posinge —e =1, G El)—1+ —E1 and —I*)_1+sl*

so that this condition may also be written

l l l
(1+£—E1><1+£—I*>>1+3—E1

> 1 + —— and the condition is always met.

£—E1 e—L1q

Butfor<e,1+

W is thus an increasing function ofé, and the optimum corresponds to
é = ez.

38



APPENDIX 4
Welfare comparisons

4.1 Proof of Proposition 5

Let AW, be the maximal value oW, , when a grant is unconditional, which
corresponds to the optimal valuese,“and g;,, of the integral limits e, and ¢,,.
It will be shown that the coupleeyr = €," and g = &, is financially
attainable in the case of ggrant scheme with an optional return. This couple
results in the same welfare level AW}, as that which pertains to an
unconditional grant. Consequently, the maximal attaable level of welfare
in this case is superior, or equal, t&aW3,.

The couple &,", &,) satisfies naturally the budget constraint for the
previously analyzed case where there is no conditiality, as specified by
equation 13:

(25) €} — €, )(e —&,") = kF

The objective then is to demonstrate that for thearesponding values in the
case of optional return,epr and &yg, the budgetary constraint for such a
scheme is not necessarily saturated, i.e.:

e—e, (%

- (E, —e)de < kF
E; — ey ep’

Combined with (25.), this inequality may also be gxessed as:

*

€p
(E; —e)de < (E; —ep) (g, —€p)

éb*

These inequality conditions hold, since it is strghtforward to demonstrate
that the following equivalent inequality applies:

SZ — * * — *
féb* ede > e, (g; — €,").

4.2 Proof of Proposition 6

Part a)

An initial comparison is between the welfare effest of unconditional grants,
as compared with those requiring a compulsory retun. First, it will be
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assumed that the latter grants are distributed onlyto individuals below the
threshold e. When the overall educational budget F is quitensall, it follows
that, since e, approachese , the change in welfare for a scheme with

compulsory return can be approximated by: AW g = — f_é (e—A)de =

ez—e1 “€cR
N

p— (e—ecr)(@—A4). In this instance the budget constraint, specifée by
equation 13, amounts to:

e, —eq F
N Scr

€ —€ecrp —

so that

F

In comparison unconditional grants are distributedon [e,, £,], whereg, < e
, SO that the corresponding budget constraint is gen by:
(¢, —e,)(e —e,) = kF. When F is small,g, and ¢, are near toe , so that

(e — e,)* = kF.
Accordingly, the incremental change in welfare is:
Ep N _ _
AW = @(e) de = (€ —ep)@(e) = 62JF
€2~ €1 /g €2 — €
By then comparing aw and Awy, it can easily be deduced that forF <

2

0 . .-

(0—2) , @ scheme with unconditional grants enhances welamore than one
1

entailing a compulsory return, so thataw > AW .

Second, for the case where the overall budget, F5 again limited, but the
conditional grants are distributed in the neighbortood of e,, the budget
constraint, provided in equation 30, requires thate, — &, is proportional to

F. The associated welfare changeawy,, Iis also approximatively
proportional to e, —&, and, consequently, also to F. Hence, the
demonstration is identical to the previous case. ifally, in light of
proposition 5, grants with optional returns dominat unconditional grants,
so that they are also superior to grants with compsory return.

Part b)

The demonstration for this scenario where public edcational funding is
relatively unconstrained is rather trivial. In such a scenario grants with
compulsory return will be offered to as many of themost capable students,
as funding will allow, and will then actually be acepted, when the subsidies
for those individuals are sufficiently large. In cantrast, for the unconditional
and optional return systems, grants will only be dbcated to students whose
abilities are inferior or equal to the thresholde.
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