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Abstract

Extending both the “harmful brain drain” literature and the “beneficial brain gain”
literature, this paper analyzes both the negative and the positive impact of migration by skilled
individuals in a unified framework. The paper extends the received literature on the “harmful
brain drain” by showing that in the short run, international migration can result in “educated
unemployment” and overeducation in developing countries, as well as a brain drain from these
countries. A simulation suggests that the costs of “educated unemployment” and overeducation
can amount to significant losses for the individuals concerned, who may constitute a substantial
proportion of the educated individuals. Adopting a dynamic framework, it is then shown that due
to the positive externality of the prevailing, economy-wide endowment of human capital on the
formation of human capital, a relaxation in migration policy in both the current period and the
preceding period can facilitate “take-off” of a developing country in the current period. Thus, it
is suggested that while the migration of some educated individuals may reduce the social welfare
of those who stay behind in the short run, it improves it in the long run.



Kurzfassung

In diesem Aufsatz analysieren die Autoren den negativen als auch den positiven Einfluss
der Migration qualifizierter Individuen in einem vereinheitlichten Rahmen, wobei an die
bestehende Literatur sowohl zum “nachteiligen Braindrain” als auch zum ”vorteilhaften
Braingain” angeknupft und diese jeweils erweitert wird. Die Autoren zeigen, dass internationale
Migration in Entwicklungslandern kurzfristig zu Arbeitslosigkeit unter gut ausgebildeten
Arbeitskraften und zu einem Uberangebot an Bildung sowie zu einem Braindrain aus diesen
Landern fuhren kann. Die Ergebnisse einer Simulation legen nahe, dass die Kosten, die durch
Arbeitslosigkeit von Hochqualifizierten und "Uberbildung™ verursacht werden, zu signifikanten
EinbuRen bei den betroffenen Individuen fuhren kdnnen. Durch Verwendung eines dynamischen
Modells wird gezeigt, dass aufgrund des positiven Effektes, den eine gute Ausstattung mit
Humankapital auf die Bildung von Humankapital hat, eine Entspannung in der Migrationspolitik
den Take-off eines Entwicklungslandes bewirken kann. Hieraus lasst sich schlussfolgern, dass
obwohl die Migration einiger gebildeter Individuen die Offentliche Wohlfahrt derer eventuell
einschrankt, die kurzfristig zurtickbleiben, wird sie diese langfristig verbessern.



1 Introduction

Labor migration has long been a topic of intense interest in population research in general
and in development economics in particular. The topic has been gaining added appeal in
the era of globalization. The received wisdom has been that such migration results in a
detrimental brain drain for the developing countries (for a systematic review see Bhagwati
and Wilson, 1989).1 A recent and growing literature argues that the brain drain is accom-
panied by a beneficial brain gain.? The new writings contend that compared with a closed
economy, an economy open to migration differs not only in the opportunities that workers
face but also in the structure of the incentives that they confront; higher prospective re-
turns to human capital in a foreign country impinge favorably on human capital formation
decisions at home.

We seek to synthesize and extend the two strands of the received literature, and to
analyze both the positive and the negative impact of migration in a unified framework.
The basic analytical construct of this paper is delineated in Fan and Stark (2007), who
show that the prospect of international migration results not only in a brain drain but also
in “educated unemployment,” which is an important feature of the labor market in many
developing countries.® In the present paper we conduct our analysis in the framework of a
“threshold externality” of human capital, which enables us to analyze the negative and the
positive impact of migration in different periods, and to make welfare comparisons.

We extend the received literature of “harmful brain drain” by showing that in the short
run international migration can result in “educated unemployment” and in overeducation, as
well as in a brain drain. Specifically, in contrast with the literature that views the brain drain
as the only negative consequence of international migration of skilled workers, we identify

three possible negative short-run consequences. First, consistent with the “traditional”

! As noted by Stark (2004), this view has become so entrenched that it is regularly echoed by the informed
press.

2See, for example, Stark, Helmenstein, and Prskawetz (1997, 1998), Mountford (1997), Beine, Docquier,
and Rapoport (2001), Stark and Wang (2002), Stark (2005), Stark, et al. (2006), and Boucher, Stark, and
Taylor (2007).

3See, for example, the empirical observations with regard to “educated unemployment” in Fan and Stark
(2007).



view, migration leads to a reduction in the “stock” of better-educated individuals, which in
turn reduces the average income in the developing country. Second, since some educated
individuals who would otherwise have taken jobs are lured into further education only to end
up unemployed, output shrinks. Third, since the possibility of migration induces individuals
in a developing country to acquire higher education, when some of these individuals end
up remaining in the country, the returns from their education could be less than its costs.
From their perspective, they are overeducated.* If the country’s economy cannot “take off,”
then these individuals’ overeducation is socially inefficient (in the short run). Moreover,
the simulation shows that the costs of the two new negative consequences of migration
introduced in this paper, namely “educated unemployment” and overeducation, can amount
to significant losses for the individuals affected, who may constitute a substantial proportion
of the educated individuals. On the other hand, in per capita terms, the direct cost of a
brain drain can be relatively small if the proportion of the educated individuals in the
economy is small.

However, we next demonstrate that in the long run (one generation down the road),
the legacy of a relaxation in migration policy prompts “take-oft” of the economy. Draw-
ing on the studies by Azariadis and Drazen (1990) and Galor and Stark (1994) that link
the long-run growth in a country’s output with the average level of the country’s human
capital, we emphasize the role of a “threshold externality” of human capital in economic
development. (Azariadis and Drazen (1990) and Pritchett (1997) provide evidence in sup-
port of the assumption of a threshold externality, and Fan (2004) offers an explanation for
the existence of the threshold externality in economic development by showing that a poor
economy will engage in international trade, which will accelerate its growth, if and only if its
average level of human capital is sufficiently high.) In a dynamic framework we show that
the brain drain is accompanied by a “brain gain;” that the ensuing “brain gain” can result

in a higher average level of human capital in the home country; that the higher average

4There is an interesting literature in labor economics on “overeducation” which is defined somewhat
differently than in our setting (Sicherman, 1991). Interestingly, using American data, Sicherman shows
that overeducation can be partly explained by the mobility patterns of educated workers. In our setting,
overeducation is explained by the prospect of migration for educated workers.



level of human capital can prompt “take-off” of the economy; and that the “take-off” can
bite into the unemployment rate. In such a setting, overeducation can become dynamically
efficient (due to the intergenerational externality effect of human capital) even though it
may be statically inefficient. Thus, we depict a setting in which rather than being to blame
for human capital drain and output contraction, the migration of educated workers is the
harbinger of human capital gain and output growth. An analysis of the entire dynamics
associated with the response of educated workers to the prospect of migration therefore
raises the intriguing possibility that what at first sight appears to constitute a curse is,
in fact, a blessing in disguise. Our results are more dramatic than those reported in the
received literature because in our present framework the prospect of migration is taken to
entail both depletion of human capital and unemployment of human capital, which stacks
the cards more firmly against viewing migration as a catalyst for growth.

Our analytical predictions appear to be in line with some empirical observations. For
example, from 1960 to 1980, countries characterized by high rates of migration of skilled
labor (such as India and Ireland) were among those countries that experienced the lowest
rates of economic growth (Summers and Heston, 1991). However, since the late 1980s
(that is, after approximately one generation), both India and Ireland have experienced
rapid economic growth, which to a large extent has been due to an expansion of their skill-

intensive information technology sector.’

Thus, by analyzing and synthesizing both the
“traditional” and the new views of migration, we present a framework that is in line with
some intertemporal evidence.

In Section 2 we set up the basic analytical framework. Section 3 investigates the negative
and the positive impact of migration in the framework of a “threshold externality” of human
capital and of a rational-expectations equilibrium. Section 4 contains the welfare analysis.

Section 5 presents simulations aimed at illustrating how the channels described in the model

in the preceding sections could operate in reality. Section 6 offers conclusions.

5See, for example, Kapur and McHale (2003) on the link between migration and the growth of the IT
sector in these countries.



2 The basic analytical framework

The basic analytical framework of this paper draws on Fan and Stark (2007). Consider a
world that consists of two countries: Home, H, and Foreign, F. Country H is developing and
is poorer than the developed country F. Due to a policy of selective migration by F, only
educated individuals (say university graduates) of H have a chance of working in, hence
migrating to, F. An educated individual makes decisions in (at most) three stages. (1)
When an individual graduates from a university, the individual participates in a draw that
results in probable work in F. If the individual obtains a winning ticket, his income will
be a constant w/. The probability of being selected to work in F is p. (2) An individual
who graduates and fails to secure work in F faces the following choices: to work or to wait
for another draw. For example, if the individual were to work, little time (and energy)
would be available for preparing applications and, in addition, the individual’s academic
qualifications could depreciate, thereby lowering the probability of being picked up for work
in F. For simplicity, it is assumed that if the individual works, he cannot participate in
any additional draw so that the probability of his ending up working in F is zero. If the

individual does not work and awaits another draw, his chance of going abroad is p’, where
P =p(l+a)

and « is a fixed parameter. To ensure that 0 < p’ < 1, we assume that —1 < a < % — 1.
(3) If an individual wins this draw, he will go abroad. Otherwise, he will work at home,
receiving the home country’s mean wage rate.

The job offers in the second and the third stages follow an independently identical
distribution. The cumulative distribution function of the wage offer, w, is F(-). We assume
that F(-) is differentiable, that

w € [w', w"],

dF(w) __ /

and that the density function, =5~ = F"(w), is strictly positive in its domain. The expected

income of the (risk-neutral) individuals in the third stage is
(1= p)yw + p'w! (1)
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where 0 is the mean wage in H, namely,

h

w:/u;u wdF(w).

In the second stage, if the individual receives a wage offer w at H, he will accept it if
and only if

1
> 1—pw + pwf 2
w 1Jrr[( p)w + p'w’], (2)
where 7 is the individual’s discount rate.
We define
1
€= 1 —p)w + p'w’]. 3
w HT,[( P)w + p'w’] (3)

Then, the individual will accept the wage offer at H if and only if

w > we.
Further simplifying, we assume that

l o
w > w;
1+7r

(4)
“educated unemployment” will not exist in the absence of an additional possibility of mi-

gration (that is, when p’ = 0). Clearly, (4) will be satisfied if r is large enough

Then, the fraction of the educated who are unemployed is

Clearly,
dl _ du dw*
dy  dwe dp
wl —w
= F'(w° :
() (6

Note that the assumption that F is developed and H is developing naturally implies that
w! > w. Since F'(w°) > 0,
du

a > 0. (7)



In addition, noting that w® = = [w + p/(w/ —w)],

du P’
— F/ c
dwr —m) T

> 0. (8)

In summary, we have the following results. (1) The unemployment rate for university
graduates in a developing country will increase as the probability of migration rises. (2)
The unemployment rate of university graduates in a developing country will increase as the

wage gap between the developed country and the developing country increases.

The benefit that education without migration confers is simply H’s mean wage rate of
educated workers,
w.
When migration is a possibility, the expected payoff from the three stages described
above is

pw’ + (1 —pw
14+7r

Vo= pw +(1 —p){/:h wdF (w) + F(w)[

h

I}
= pw' +(1-p)[] wF'(w)dw+ F(w)w"]. (9)
We further assume that
w! > wh. (10)
To rule out the unreasonable possibility that all the educated are unemployed, we assume
that
we < w". (11)
We next incorporate the cost of acquiring education. Our idea is that individuals differ
in their abilities and family background, hence in the cost of their education. We normalize
the size of the (pre-migration) population of H to be Lebesgue measure 1. Suppose that the

cost of an individual’s education, ¢, follows the following uniform distribution
¢e 0,9

We assume that the (lifetime) income of an uneducated individual is constant, and we

denote it by ®. Then, recalling the assumption that only individuals with university degrees



have any chance of migrating, an individual will choose to acquire a university education if
and only if
V—-c>d. (12)

Let us define
cF=V-2a. (13)

It follows that an individual will obtain a university education if and only if the cost of his
education maintains

c<c".

Since ¢ follows a uniform distribution and the population size of the economy is of
Lebesgue measure 1, both the proportion and the number of educated individuals are given

by

*

<. (14)

With these building blocks on site, we obtain the following lemma.

Lemma 1: There exists a positive level of p at which the number of university graduates
remaining in the developing country is higher than the number of university graduates in

the developing country when p = 0, for any given o, if w/ > (3 + a)w.
Proof: See Fan and Stark (2007).

Lemma 1 implies that a developing country may end up with more university graduates
despite the brain drain of university graduates. Noting that there is a reduction in the
population in the wake of migration, the lemma also implies that the developing country
may end up with a higher proportion of educated individuals, despite the brain drain of

university graduates.

3 A short-run loss versus a long-run gain

In this section we will show that in the short run, a relaxation of migration, which leads to

a brain drain and to “educated unemployment,” could result in a reduction in per-capita

7



output. Yet in the longer run (in the next generation), the legacy of a relaxed migration
policy will prompt “take-off” of the economy. The latter result will be derived in a framework

of rational expectations equilibrium.

Our analysis draws on the work of Azariadis and Drazen (1990), who emphasize the
role of a “threshold externality” in economic development.® They argue forcefully that the
average level of human capital is a key factor for an economy’s “take-off”.” Specifically, we
assume that

fw if e > e

wage of the educated in the home country = { G ife< e

where 3 > 1,8 and e denotes the proportion of the educated in the home country. Note that e
is the critical value that characterizes the “threshold externality” of average human capital.
With labor being the only factor of production in the economy, an increase in the wage rate
is tantamount to “take-off” of the economy. Since our modeling of the externality effect of
human capital is different from the corresponding modeling in related literature (Mountford

(1997), and Stark and Wang (2002)), our model complements the received literature.

Since the number of individuals undertaking education is a function not only of the

probability of migration, p, but also of the wage rate that awaits educated workers, we

define

gz{ B oife> e

1 ife<ec.

We then note that ¢* is a function of V' and hence of p and &, so we define

= c(p,§). (15)

6The assumption has been used widely in the literature (see, for example, Galor and Stark (1994) and
Galor and Tsiddon (1996)). The “beneficial brain drain” literature has so far drawn on a single-period
model or on a long-run steady state analysis, and hence is not suitable for the unraveling of the complete
set of the dynamic costs and benefits, presumably tilting the analysis in favor of a more sympathetic view
of the consequences of the migration of skilled workers.

"The concept and phenomenon of a “take-off” have been emphasized frequently in the development
literature and are at the heart of many analyses by economic historians of the stages of economic growth
(Rostow, 1960).

8The “big push” theory (for example, Murphy, Shleifer and Vishny (1989)) and the argument of a skill-
induced technological change (for example, Acemoglu (1998)) both explain the endogenous determination

of 5.




Then, when there is a prospect of migration, the number of educated individuals remaining

in the home country is

6(1;725) 3 [pC(Z;;O - p)p,C(%S)F(wc”

= <, Ol —p)(1 = p(1 + @) F(w))]/Q (16)

Note that the size of the population remaining in the home country, which we denote by
n(p, &), decreases when p > 0 in comparison with the case when p = 0. Also, recall that to

begin with, the size of the population of the economy is of Lebesgue measure 1. Then,

w6 = 1- B 0 pprwn B
LY L3 R T (1)

Q Q

From (16), we know that the fraction of educated individuals in the population remaining

in the home country is

_cp, A —p)[1 = p(1l + ) F(w°)]
e(p,§) = )9

Then, “take-off” of H can be sustained (or achieved) by a rational expectations equilibrium

(18)

if and only if
e(p, B) > e“. (19)

If (19) can be satisfied by a careful choice of p, then “take-off” can occur in the current
period. Yet even if (19) cannot be satisfied in the current period, it may be satisfied in the
next period upon a careful choice of p in the current period, which increases the number of

educated parents in the next period.”

In the following exposition we will use the subscript ¢ to denote the current period, the
subscript ¢ — 1 to denote the preceding period, and the subscript £ + 1 to denote the next
period. When ¢ takes the value 1, we will not write £ explicitly unless the omission could

cause confusion. (For example, to denote c(p, 1), we will write ¢(p).)

9Since a larger 3 implies higher returns to education, we would expect e(p, 3) to be an increasing function
of 8. In addition, if e(0, 5) < e, a careful choice of p (> 0) can reverse this inequality.

9



Resorting to an assumption which appears to have gained wide adherence - that the
cost of acquiring education decreases with parental human capital (that is, the number of

parents who have acquired a university education), we write

S
det

< 0. (20)

The importance of parental human capital for an individual’s educational attainment has
been consistently confirmed in the empirical literature. (For a helpful survey see Hanushek

(1996).)
We are now in a position to state and prove the following proposition.

Proposition 1: (1) If (19) cannot be satisfied so that “take-off” does not occur in the
current period, the prospect of migration entails a decline in the economy’s per-capita output
in the short run. (2) However, a careful choice of p in both the current period and the next

period can facilitate “take-off” of the economy in the next period.

Proof: (1) If “take-off” does not occur in the current period, the prospect of migration will
result in a loss of average (per-capita) output.
To facilitate a comparison between the case in which p > 0 and the case in which p = 0,

we divide the individuals into three distinct categories (for the case in which p > 0):

(i) Individuals who do not acquire education;
(ii) Individuals who acquire education and fail to secure work abroad;

(iii) Individuals who acquire education and migrate.

(i) Individuals of the first type do not acquire education when p > 0. From the analysis
in the preceding section we know that they would not have acquired education when p = 0.
Thus, the prospect of migration has no impact on their (net) earnings which, in either case,
are equal to the wage of the uneducated, ®.

(ii) As to individuals of the second type, the prospect of migration results in some of

them receiving lower net earnings than the earnings that they would have received when

10



p = 0. This comes about through two channels: (a) The prospect of migration prompts
“too many” individuals to acquire education; (b) the prospect of migration causes “educated
unemployment”.

(a) When there is no prospect of migration, the number of educated individuals is %0).
When p > 0, the number of educated individuals is %. The number of educated individuals

who would not choose to be skilled without the prospect of migration is then

c(p) _ c(0)

Q Q-

Note that the proportion of these individuals who do not migrate is
(1=p)[1 =p'F(w)] = (1 =p)[l = p(1+ a)F(w)].

Thus, when there is a prospect of migration, the number of educated individuals remaining

in the home country who have acquired a higher education “wrongly” is not less than

c(p) _ c(0) c
= — o 1A =p)[1 = p(1 + ) F(w)]. (21)

Q Q
For these individuals, the cost of their education is in the domain [¢(0),c(p)], and the
distribution of that cost in this domain is uniform. Thus, the average cost of education for

these individuals is
c(0) + c(p)
— 5

The (expected) benefit of education (in comparison with no education) for any individual

(22)

who remains in the home country is less than'® or equal to w — ®. (Since the number of
individuals is a continuum, the expected value is equal to the average value.)

When p =0, V = w. Hence, from (13) and the definition ¢* = ¢(p),
c0)=V-d=w-—9>. (23)

Thus, the average net loss per individual is not less than

c(0) + ¢(p)

= (@ = @) > c(0) — (W= D) = 0. (24)

10Tt can be less because some individuals may choose to become unemployed, yet the unemployment is
ez post inefficient if they fail to go abroad.

11



(b) From Equation (4), no educated individual will choose to be unemployed if he has
no prospect of migration. Therefore, the (discounted) income of some of the educated
individuals remaining in the home country would have been higher had they not chosen
to be unemployed (in the sense of an ez post consideration). From the above description
and analysis, we can see that the total number of unemployed educated individuals before
the second lottery of migration occurs (i.e. in Stage 2) is F(wc)%(l — p). Therefore, the

number of these unemployed educated individuals who remain in the home country is

F) 21— )t - p(1 + )] )

If these individuals had worked rather than been unemployed, their average income would

have been .
15 wd F(w)
Elww' <w < w®) =2 ——2 26
(! < w < ) = 2 EEC (26)
where F is the expectation operator.
However, because they chose to wait, their expected earnings are
w

. 27
IL+r (27)

(Again, note that the number of individuals is a continuum, hence the expected value is
equal to the average value.)

Thus, the average loss per individual is

E(w|wl§w§wc)—1$r>wl—1ljr>0, (28)

where the inequality sign in (28) arises from (4).

The preceding discussion shows that for the set of individuals who remain in the home
country when p > 0, that is, individuals of types (i) and (ii), some receive lower net earnings
than when p = 0, while others receive the same net earnings. Thus, the average earnings
of type (i) and type (ii) individuals when p > 0 are lower than when p = 0. We next show

that the departure of educated individuals further reduces the average income.

12



(iii) Had p = 0, the individuals who would have acquired an education as a fraction of

the individuals who would have acquired education had p > 0 is

c(0)/Q2 _ c(0)
c(p)/t clp)

When p = 0, the average income of type (iii) individuals who would have acquired educa-

tion, net of the education cost, would have been w — @. Recall that the earnings of the

uneducated are ®. Thus, when p = 0, the average income of individuals of type (iii) is

0 c0),, <0
C(p)[ |+ 1 |®. (29)

c(0),_ ¢(0) c(0)
T[w — 7] +[1— ﬁ]q)‘ (30)
Because §2 > ¢(p), and w — C(Q—O) >w — ¢(0) = ® (recall (4)), we have that
GO ) 0 0) ) 0]
c(p)[ 5 ]+ 11 c(p)]q) > [ 5 |+ 11 Q |®.

Thus, the average income of the individuals whom the home country loses through migration
would have been higher than the national average when p = 0. Thus, when p = 0, the
average income of individuals of type (i) and type (ii) is lower than the average income of
individuals of type (i), type (ii), and type (iii). Therefore, the loss of educated individuals

through migration further reduces the average income in the economy.

(2) Note that from (18),

det (pt ) g)
dS),

for any given p, and £. Since, recalling (20),

<0 (31)

<0
de; 7

it follows that

de; (pt, f)

0. 32
dor (32)
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Thus, when p;_; is chosen in such a way that p,_; = p°® > 0 and e(p°, 1) > €(0, 1), noting
(32), we have

et(praﬁﬂpt_l:p“ > et(p;:k*a )|pt_1=p° > et(p;‘*, )|pt_1=0 (33)

where the notation e;(p;, 3)|p, ,—pe means the fraction of the population remaining in the

home country who are educated when p,_1 = p° and p; = p; , and where

p;k = arg max et(pta ﬁ)lpt—lzpo

and
p;" = argmax e (py, B)|p,_,=o-

Hence, when e is in the region

et(p;ﬁ”?tﬂ:}?" > ef > et(p:*ﬂ 6>|Pt71=0 (34)

“take-off” is possible in period ¢ in a framework of rational expectations equilibrium only
if migration was allowed in the preceding period so that more parents chose to become

educated. Q.E.D.

Proposition 1 analyzes the negative and the positive welfare implications of migration
by skilled individuals in a unified framework. In the short run, we encounter three possible
negative consequences: migration leads to a reduction in the “stock” of better-educated
individuals, which in turn reduces average income; when a fraction of the educated indi-
viduals who otherwise would have worked are lured to form human capital only to end up
unemployed, output shrinks; since the possibility of migration motivates individuals to ac-
quire higher education, when some of them remain in the home country, the returns to their
education will turn out to fall short of the costs of their education. Unless the economy
“takes off,” these individuals’ overeducation is socially inefficient in the short run.

However, we next demonstrate that in the long run (one generation down the road), the
legacy of a relaxed migration policy prompts “take-off” of the economy. Our results are

derived in a framework of rational expectations equilibrium: the brain drain is accompanied
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by a “brain gain;” the ensuing “brain gain” can result in a higher average level of human
capital in the home country; the higher average level of human capital can prompt “take-off”
of the economy. In such a setting, overeducation can become dynamically efficient (due to
the intergenerational externality effect of human capital) even though it may be statically
inefficient. Thus, Proposition 1 implies that a relaxation in migration policy in both periods

is conducive to achieving the benefit of long-run growth.

4 The prospect of a welfare gain

In this section we examine the welfare implications of “take-off” in the next period. We
use L° to denote the short-run loss in terms of average income arising from the prospect
of migration, and G' to denote the benefit measured in terms of the average income in the
next period arising from the prospect of migration less the average income that would have

obtained with no such prospect. We thus define the social welfare function as follows:
—L* + pG' (35)

where p is the social discount rate across generations. Then, we have the following propo-

sition.

Proposition 2: Suppose that the economy takes off in the next period if and only if migration

is allowed. If B is sufficiently large such that

05((1 = P)(e(p)? = ((0)7] + B(clp) ~ c(0) v+ p+rp
pe(0)w p(L+7)

B> 7 (36)

magration of educated individuals will confer a welfare gain to the individuals remaining in

the home country.
Proof: See Appendix A.

Proposition 2 implies that in spite of the additional costs of migration for a developing
country, the insight that the brain drain can confer a benefit to the country is still retained.

Rather than causing human capital drain and output contraction, the migration of educated
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workers entails human capital gain and output growth. An analysis of the entire dynamics
associated with the response of educated workers to the prospect of migration therefore
raises the intriguing possibility that the devil is, in fact, an angel. The results are more
powerful than those reported early on since the prospect of migration is taken to entail
both depletion of human capital and unemployment of human capital, which renders it
more difficult to hold migration as a catalyst for growth.

In addition, when “take-off” occurs, we have the following proposition.

Proposition 3: After “take-off,” the unemployment rate of the educated is lower than that

prior to “take-off”.

Proof: Prior to “take-off” we know, following (3) and (5), that the unemployment rate of

the educated is
(1-phyw | puw’
. 37
1+7r 1+ 7"] ( )

After “take-off,” the fraction of the educated who are unemployed is

u’ = F(uwf) = F]

cc

u® = P(Bi < w) = F(wﬁ ) (38)
where w is the equivalent of w® in (2.3), that is,
1
R 1—9 "w].
w = (1 = p)fw + pw] (39)
Thus,
wCC
u* = F
( 3 )
1 — o\Bw Innf
F([( p)Bw + p'w ])
(1+7r)p
(1—phw pwf
F . 40
[ 1+r (1+ r)ﬁ] (40)
Comparing (37) and (40) and noting that § > 1 and F’ > 0, we have
u’ > ul. (41)

Q.E.D.
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Proposition 3 states that “take-off” bites into the unemployment rate of the educated.
The intuition is straightforward. After “take-off,” the domestic wage rate of educated work-
ers increases. Hence, the relative benefit of waiting for overseas employment decreases. This

reduces the unemployment rate of the educated.

5 Simulation

We conduct simulation exercises aimed at fleshing out the channels that were identified in
the analysis undertaken in the preceding sections. We divide this section into 5 subsections.
Subsection 5.1 specifies the parameters. In relation to the proof of Proposition 1, subsec-
tion 5.2 analyzes the cost of “educated unemployment”; subsection 5.3 examines the cost
of overeducation; subsection 5.4 discusses the direct cost of a brain drain; subsection 5.5

investigates the brain gain.

5.1 Parameter specifications

We specify the parameters as follows:
a=0uw=1w"=2w =57r=05%0=12 (42)
w follows a uniform distribution over the domain [1,2]. Therefore we get
w=15 (43)

This implies that the wage rate in F is approximately 3.3 times the average wage rate for
the skilled in H. Also, note that it is possible that ® > w! since schooling involves an
opportunity cost of not working. Moreover, we specify that the (initial) value of €2, the
upper bound of the cost of acquiring education, is 3.

From (42) and (43), and recalling (3), we get

/\=— / f ‘
c 1 — i
w’=——[(1 p)w+pw]—1+3p (44)

Since w® < w", we assume that

7
1+ -p<?2
+3p
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namely that
p<=. (45)

From (44), we get
1+%p 7
F(ue) = / dw = <p. (46)
1

Inserting (42), (44), and (46) into (9), we get

wh

Vo= pw' 4+ (1-p) wF'(w)dw + F(w)we]
3 7 49 49
_ To.49 5 49 4
TR LT U (47)

Then, from (13), we have

3T A9, 19
pr— —_— @ — PR
clp) =V 10 TP TP T st

Then, recalling (16), when there is a prospect of migration, the number of the educated

individuals, say university graduates, remaining in the developing country is

Ry = Oty oy )
37T 49, 49

(st ap+ o7 — 9P = )1 — 2]/ (13)

Since the number of uneducated individuals (who do not migrate) is 1 — %, the total

number of individuals remaining in H is

c(p)

R(p)+1— q (49)

5.2 The cost of “educated unemployment”

Inserting (42), (44), (46), and © = 3 into (25), we get that the number of the unemployed

educated individuals who remain in the home country is

o) = (1-nF@) Py
E gp(l - p)z(ﬁ) + ;p + legpz - ip )- (50)
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The proportion of these individuals as a percentage of the total number of individuals who

remain in the home country is

v =@ (51)

R(p) + 1~

Also, as discussed in Section 2, a simple indicator of the unemployment rate among the

educated individuals is F'(w°).
From (28), we know that the average loss for these individuals is
o  1+1+ip 3 7

E(w|wl§w§wc)—1+r_ 5 T = 6P (52)
2

This earnings loss in terms of the percentage of these individuals’ average earnings in the

absence of unemployment is then

[ = il _ P __ (53)
Eww <w<w) 1+¢p 6+7p
Then, we have the following Table:
Table 1. The short-run cost of “educational unemployment”

w (%) (:Werage F(w°) (%) (unemployment u (%) (total

p (%) | cost of “educated
n rate of the educated) unemployment rate)

unemployment”)
1 1.15 2.33 0.26
2 2.28 4.67 0.56
3 3.38 7.00 0.90
4 4.46 9.33 1.28
5) 5.01 11.67 1.71
6 6.94 14.00 2.17
7 7.55 16.33 2.66
8 8.54 18.67 3.20
9 9.50 21.00 3.77
10 10.45 23.33 4.37

From Table 1 we see that as the probability of migration incre