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Abstract

We consider the case in which the opening up of an economy to migration results in
departure of skilled workers. We point out that while the possibility of migration changes the
set of employment opportunities, it also affects the structure of incentives: Higher returns to
skills in the foreign country influence decisions about skill acquisition at home. We combine
the changing opportunities - changing incentive structure idea with an assumption concerning
the information environment: Employers in the foreign country are neither perfectly informed
nor equally informed over time about the skill levels of individual migrant workers as
employers' experience of employing migrant workers accumulates. Our model gives rise to
several interesting results. First, while migration is pursued by the relatively high-skilled,
subsequent return migrants are drawn from both tails of the migrant skill distribution. Second,
the fraction of the home-country workforce acquiring education in the presence of migration
opportunities is higher than the fraction of the home-country workforce acquiring education in
the absence of migration opportunities. Third, the intertemporal increase in the probability of
discovery of individual skill levels prompts a sequence of migratory moves characterized by a
rising average skill level, until the probability of discovery arising from accumulation of
migrant employment experience reaches its steady state equilibrium. Finally, under well-
specified conditions, per capita output in a country vulnerable to migration of skilled members
of its workforce is higher than per capita output in a country that is immune to migration.
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1 Introduction

Whatever workers may take with them when they migrate, they cannot possibly transfer their
home country’s information structure. Consequently, foreign-country employers are not as in-
formed about home-country workers as are home-country employers. Typically, migration runs
across cultures as well as countries. Foreign-country employers who do not share the same
culture, background, and language as do home-country employers and, for that matter, as the
migrants themselves, lack a common framework for assessing the quality and individual merits
of migrant workers. For these reasons, skills of foreign workers cannot be easily discerned, and
screening is likely to be imprecise and expensive. Incorporation in mainstream migration re-
search of the natural assumption that migration is inherently associated with a heterogeneous
informatien structure (as opposed to the homogeneous information structure that characterizes
nonmigrant employment relationships) has, somewhat surprisingly, been an exception rather
than the rule (Kwok and Leland 1982; Katz and Stark 1987, 1989; Stark 1991, 1995). The
relative ignorance of foreign employers should not be taken as a constant, however. Expo-
sure breeds familiarity, and increased experience with employing migrants is bound to reduce
information asymmetries. Such a change can entail interesting dynamics. For example, the ac-
cumulation of information erodes both the pooling of low-skill migrant workers with high-skill
migrant workers and the associated wage determination rule — viz., paying each migrant the
same wage, based on the average productivity of the entire cohort of migrants. Absent pooling,
however, low-skill migrant workers may find it advantageous to return-migrate (Stark 1995).

There is little doubt that, in general, migration gives rise to human capital depletion
in the home country. The standard argument holds that, absent migration, the home country
would have had available to it a more skilled workforce and, concomitantly, would have enjoyed
higher per capita output. Indeed, the “drain-of-brains” view has influenced migration research
for at least three decades now (Grubel and Scott 1966), with the associated literature con-
centrating largely on how to mitigate this adverse consequence (Bhagwati and Wilson 1989).
However, that migration induces skill formation has essentially escaped analysis. Obviously,
workers are not endowed with marketable skills at birth. Skills are acquired, and their level is
chosen by optimizing workers who, given their innate learning ability (efficiency in skill forma-
tion), weigh the prospective market rewards to enhanced skills, both at home and abroad, in

addition to the cost of acquiring those skills.

The possibility of migration thus changes the opportunities set, the incentive structure,
and the information environment. We study these simultaneous changes and trace their im-
plications. Specifically, we depart from earlier writings by dropping the strong simplifying
assumptions that the distribution of migrants’ abilities and the monitoring capability of mi-




grants’ employers are exogenously given. We endogenize the human capital formation decisions
of migrant workers and allow the monitoring capability of the employers to improve over time
as their experience with employing migrants accumulates. This allows us to explore the in-
tertemporal interactions among the decision to migrate, the choice to undertake education, and
the monitoring capabilities of migrants’ employers.

Our framework explains a number of pertinent characteristics of skilled migration (the
brain drain). For example, as the experience of employing migrants accumulates, the resulting
intertemporal adjustment of the probability of deciphering true skill levels leads to a sequence
of migratory moves that progressively selects higher skilled workers. We argue that by raising
the likelihood of discovering the true quality of workers, accumulation of experience with mi-
grant employment enhances the incentive of brighter brains to migrate permanently, while it
reduces the incentive of low-ability workers to pursue migration. As the probability of ability
discovery rises, the ability composition of subsequent migrant cohorts shifts rightward. When-
ever the average quality of a migrant cohort exceeds that of a previous cohort, wage offers are
bid upward, prompting a subsequent wave of migration involving yet even more able workers.
However, this is just a first-round effect. The accumulation of migrant employment experience
also implies that both high- and low-ability workers are more likely to be discovered. Accord-
ingly, the probability of permanent migration by high-ability workers, as well as the extent of
return migration by low-ability workers, rise simultaneously. The result is a continuing im-
provement in the average ability of migrant workers remaining in the foreign country. Until
the steady-state equilibrium probability of discovery is reached, a virtual cycle of migration of
the more able ensues, as wage offers adjust over time in favor of migration of higher ability
workers. Meanwhile, the wages of the migrants who stay increase, though not because of an
increase in their human capital.

Our model extends earlier work by Katz and Stark (1987). We introduce endogenous
human capital formation and examine the dynamics of human capital formation and the corre-
sponding intertemporal pattern of migration and return-migration. We derive several dynamic
predictions that are consistent with a considerable body of empirical literature, as reviewed and
synthesized by LaLonde and Topel (1997) and Razin and Sadka (1997). Migration is a process,
not an event. It is phased and it is sequential: Not all workers who migrate move at the same
time. Each cohort of migrants includes workers who stay as migrants and workers who, with
a well-defined probability, return-migrate. Ravenstein’s century-old “law of migration” (1885,
p.199) which predicts that “each main current of migration produces a compensating counter-
current” - often quoted but not generated analytically — turns out to be an implication of our




model. Within cohorts, migration is positively selective (Stark, 1995).1 Cohort by cohort, the
average quality of migrants rises.? The “cost of migration” is a decreasing function of the stock
of previous migrants for some workers but is an increasing function of that stock for others
(contrary to Carrington, Detragiache, and Vishwanath 1996): Migration of low-skill workers
pulls down the average of the marginal products of the contemporaneous group of migrant
workers, thereby lowering the wage of high-skill workers. Conversely, the presence of high-skill
migrant workers in a pool of low-skill and high-skill workers enables low-skill workers to enjoy
a wage higher than their marginal product. As migration proceeds and the cumulative stock
of migrants rises, the probability of discovery rises. This favors high-skill would-be migrants
but dissuades low-skill would-be migrants. Thus, an increase in the stock of migrant workers
confers a positive externality on subsequent migration of high-skill workers but a negative ex-
ternality on the migration of low-skill workers.

We pay particular attention to the change in the welfare of the home-country population
in the wake of international migration. In contrast to the received welfare-theoretic analysis of
the brain drain,® we show that when potential migrant workers incorporate the feasibility of
migration in their education decisions, not only does the level of education acquisition in the
home country rise, but national welfare may rise as well if the contribution to national income
by educated workers increases. We show that a gain in national welfare generated by migration
of educated workers is possible, given a positive probability of return-migration by educated
workers once their true productivities are deciphered.

‘The rest of this paper is organized as follows: In Section 2, we model a home economy not
open to migration and determine the extent of education acquisition and the per capita output
as benchmarks for subsequent comparisons. In Section 3, we present a two-country framework.
The information asymmetry between foreign employers and home-country workers is introduced
and the effect of migrant employment experience on the probability of deciphering the true
ability of individual migrant workers is incorporated. In addition, we study the education
and migration decisions of home-country workers in the presence of asymmetric information.
We also compare the resulting level of education with that obtained in the absence of the
possibility of migration. Section 4 analyzes the relationship between the dynamic process of
skilled migration and the probability of discovery, and the associated steady-state equilibrium
probability of discovery. We trace the circumstances under which migration progressively selects

'Returnees tend to be less educated than the migrants who stay (DaVanzo 1983; Reilly 1994).

?Borjas (1987) provides evidence that the quality of migrant workers from Western Europe to the United
States has been increasing over the period 1955 - 1979. However, his measures of quality are different from the
one used in this paper.

3The primary conclusion of Grubel and Scott (1966) and Berry and Soligo (1969) is that while little migration
has no impact on the welfare of those who stay behind, finite levels of migration unambiguously reduce welfare,




higher ability workers. In Section 5, we conduct a welfare analysis and define conditions under
which national welfare improves when free migration of skilled workers is permitted. Section 6
summarizes the analysis.

2 An Economy without Migration

2.1 Production

At each time period ¢, the home economy h produces a single composite good in two sectors:
An unskilled sector, u, and a skilled sector, s. Output in the unskilled sector at time t is
generated through a simple constant returns to scale production function, X} = a2L;, where
Lt denotes the number of workers employed in sector «. Similarly, output in the skilled sector
is given by a constant returns to scale production function, X7 = a’;Et, where E; is the input
of skilled labor measured in efficiency units. Thus, a? is the marginal and average product of
a worker in sector u, and a? is the marginal and average product of an efficiency unit of labor
in the skilled sector. Without loss of generality, the price of a unit of output is assumed to be
unity. There is perfect competition in both output and factor markets. Therefore, the wage
paid by profit maximizing employers to a worker in the unskilled sector is wz' = a{z, and the

wage paid for an efficiency unit of work in the skilled sector is w’ = a®.

2.2 Individuals and the Population

In each period N individuals are born. Individuals live for two periods. Thus, population
size in any time period is 2. Individuals are characterized by endowments and preferences.
Each individual is endowed with one unit of physical labor (a pair of hands) and with innate
ability (talent) 8 € [0,00]. The distribution of § over the population is summarized by a
cumulative distribution function F(#), where F(8) is continuously differentiable and is associ-
ated with a strictly positive density function f(6). Assume, in addition, that the expectation
of § (fy°0f(6)dd) is finite. Denote by y; the income of the individual in period ¢. The in-
dividual’s preferences are summarized by a utility function w(ys, y1+1). To simplify, we take
w(yt, yt+1) = Yt + Byt+1 where 0 < 8 < 1 is the time discount rate.

An individual born at any time period ¢ faces the following choice: Remain uneducated
and work in the u sector in each of the two periods of his life, or spend the first time period ac-
quiring education and work in the s sector in the second period of his life. Acquiring education
involves a direct cost ¢, which is incurred at the beginning of period ¢. Having no funds, the
individual borrows ¢ in a perfectly competitive credit market where the interest rate is assumed
to be zero. The educated individual, whose innate ability is 6, supplies ¢ efficiency units of




labor to the skilled sector. The supply of efficiency units of labor by an uneducated individual
in the s sector is zero, irrespective of his level of innate ability. The labor input supplied by a
worker in the unskilled sector is independent of his innate abilities and is equal to his physical
labor endowment (one unit).

It follows that the discounted lifetime utility of an educated worker is equal to his dis-
counted second period income, net of education costs:
YE(8) = B(who — ).
The discounted lifetime utility of an uneducated worker is:
Y= (1+ B)wl.

Thus, an individual whose innate ability is § will decide to acquire education if Y#(8) > Y,
and will choose to remain uneducated otherwise. We thus have:

Y2(0) 2 V¥ & Bwho — ) > (1+ B)uwh,

or,
1 (1+B8)wh
> — |l = §*.
- wg[ B +C]

That is, individuals whose 6 > 6* will become skilled workers, while individuals whose 8 < 8*

will remain unskilled.

Therefore, the 2N individuals from the “young” and the “old” generations are distributed
across three activities: Work in the u sector, work in the s sector, and acquisition of educa-
tion. Since the fraction of uneducated workers per generation is F(§*), the number of une-
ducated workers in the population is 2N F(6*). The fraction of the old generation employed
in the s sector is (1 — F(6*)). The number of individuals employed in the s sector is thus
N(1- F(6%)). Finally, since a fraction (1 — F(6*)) of the young generation pursues education,
the number of individuals being educated during any time period is N (1 ~ F(8*)). Of course,
2NF(0*)+ N(1~ F(6*)) + N(1 — F(6*)) = 2N. From our previous analysis, it can be con-
firmed that 6* is decreasing in w® The higher the rewards to education, given 8, the larger
the fraction of individuals who invest in education, (1 — F(6*)), and the larger the number of
individuals N (1 — F(6*)) who do so.

2.3 Production and Equilibrium

An equilibrium in the economy, at any time, is fully characterized by the parameter §*. Once 8*
is known, the allocation of labor across the two employment options and the associated outputs




of the two sectors are given. The output of the u sector is X = wl2N F(6*). In addition,
total labor input (measured in efficiency units) in the skilled sector is By = N [0 6f(6)d8.*
The resulting s sector output is therefore X7 = N [ w"4f(8)d8.

We can now calculate the value of national output, net of education expenditures, and
investigate the dependence of national output on §*. Denote by V (8*) the time invariant value
of national output net of the cost of education. We have

V(6%) = N{2w"F(6%) + /:wgef(a)de —o(1— F(6"))}.
Output per capita is thus
v(6*) = %{21035’(9*) + /900 who £(8)d6 — c[1 — F(6%)]}. (1)

It follows that®

v (0%)

= S[-wle i (0) + 207 (6%) + cf (0%)]

o6*
= 250" le” — 2ul — o)
— ___l * hl"’ﬁ
= —grEeuh=E

< 0.

The value of per capita output is decreasing in #*. Recall that an increase in 6* is
equivalent to a reduction in the fraction of the educated workforce. Starting from an equilibrium
in which there is no governmental interference in individuals’ decisions to acquire education,
it follows that per capita output increases as the share of educated workers increases. Note
that if in the far right-hand side of a—z%@ we have 8 = 1, then %@2 = 0. In other words, if
individuals do not discount future income, the invisible hand is nicely at work: The level of
6" chosen by individuals who maximize expected lifetime utility is exactly the same level of §*

that a social planner will choose to maximize per capita output.

“The average number of efficiency units of labor supplied by a skilled worker is f:,o or(6)do/ f;f F(6)ds.
Since there are N(1— F(9*)) skilled workers, their total supply of skilled work is [, 05(6)d6/ [ f(8)dO]N[1 —
F(@*) =N [;767(6)d6.

5To derive the last equality, note that from the definition of 8*, w?6* — ¢ = (1 + f)w?/B. Hence, wh6* —
2wy — ¢ = (1 - Bwi/B.




3 A Two-Country World with Migration

3.1 The Foreign Economy

The foreign economy, f, also consists of a u sector and an s sector. Denote by L; and LT the
number of foreign workers and migrant workers employed in the u sector, respectively. The
output of the u sector is X* = af(L; + LT). The output of the s sector, X7, is governed by
the production function X = of(E;+ EJ"), where E; denotes the foreign workforce (measured
in efficiency units) employed in the s sector and EI* is the input of the migrant workforce,
also measured in efficiency units. We shall assume that the foreign country uses superior tech-
nologies relative to economy h in both its u and s sectors so that a{ > al', i = u,s. Perfect
competition in both output and factor markets guarantees that the wage paid by profit maxi-
mizing employers to a worker in the unskilled sector is w{: = a{i > aﬁ = wff and the wage paid
to an efficiency unit of work in the skilled sector is w! = af > o = wh.

Foreign employers are assumed to be perfectly aware of the true abilities of indigenous
workers. However, the true ability of individual migrant workers is unknown. Each migrant
worker can nevertheless be distinguished as belonging to one of the following identifiable groups
of workers: Educated or uneducated. Following our specification in Section 2, wage payments
to uneducated migrant workers by profit maximizing employers depend only on the sector of
employment, not on individual abilities. In particular, an uneducated migrant worker receives
zero wages in the s sector since the efficiency labor input of such a worker in this sector is zero.
Similarly, an uneducated migrant worker in the u sector receives w[; as a wage payment since
the physical labor input of such a worker in the u sector is one. The same wage formation
procedure no longer applies to educated migrant workers, however, when the educated migrant
workforce consists of individuals with heterogeneous abilities.

At any time ¢, let the wage offer to an educated migrant worker whose true ability is
unknown to foreign employers be wsf 0, where 8¢ denotes the average supply of efficiency la-
bor inputs by the migrant population having unknown individual abilities. In addition, let
the total number of migrants at any time 7 be M, and the cumulative number of migrants
until time ¢ — 1 be M;_1 = Z{%;lo M. We assume that with probability m; = m(M;_1) the
actual productivity of a worker who supplies 8 # 8¢ amount of skilled labor will be discovered.
The probability of discovery, m;, is taken to be strictly positive, increasing in migrant hiring
experience, m'(M;_1) > 0,% and bounded from above with limps, ;—com(Mi1) = M < 1.
Once the true ability of a worker is discovered by one foreign employer, the same information
becomes instantly available to all foreign employers (this follows from our assumption of perfect

SA prime (‘) denotes the first derivative with respect to M,_;.




competition in factor markets); hence, the wage payment for such a worker in the s sector of
the foreign country is determined by his true ability, 6.

3.2 The Individuals Revisited

Migration entails a per period cost k, which may be perceived as the cost of separation from
home. We take this cost to be independent of the level of education acquired and of the stock
of migrants. Accordingly, under symmetric information, the per period income net of the sepa-
ration cost for an educated worker who migrates to the foreign country is just w{g — k. Figure
1 illustrates the income schedules of an educated worker in the home country and in the foreign
country. The value of # corresponding to the point of intersection, § = k/ (wg - w?), denotes
a critical level of innate ability such that any educated home-country worker with an innate
ability § > 6 enjoys a higher income in the foreign country, net of the migration cost, than
at home. In the absence of asymmetric information, the most talented migrate while skilled
workers endowed with ability less than @ remain in the home country because the per-period
foreign wage net of the cost of migration (wf6# — k) is less than the corresponding home-country

wage (wh).

Once the prevalence of asymmetric information and the possibility of migration are
incorporated into the decision-making calculus of the home-country workers, the problem of
a worker born at any time ¢ spans two consecutive periods. In the first period, an individual
may acquire education and incur its cost, ¢. Otherwise, the individual finds employment in
the unskilled sector of the home country or the foreign country. In the second period, the
uneducated individual reviews his migration decision and chooses to work either in the home
country or in the foreign country. For an educated worker, there are four possible, more
elaborate second-period employment options:

1. An educated worker of ability § chooses to migrate. With probability m¢, the true ability
of the worker is discovered and the worker return-migrates. With the complementary
probability (1 — m;), the true ability of the worker is not discovered and he remains in
the foreign country. The expected income of such a worker, net of the cost of education,
yr ¢ is thus

y140) = mpwh8 + (1 — my)(wl6f — k) — c.

2. An educated worker of ability 8 chooses to migrate. With probability m;, the true ability
of the worker is discovered and the worker remains in the foreign country, receiving
w,f §. With the complementary probability (1 — m;), the true ability of the worker is not
discovered and the worker remains in the foreign country, in which case he receives w6




In this case, the expected income net of the education cost, ytf (9), is thus

vl (0) = me(wl6 — k) + (1 — me) (wl62 — k) — c.

3. An educated worker of ability  chooses to migrate. With probability m;, the true ability
of the worker is discovered and the worker remains in the foreign country, receiving
wg‘ 6. With the complementary probability (1 — m:), the true ability of the worker is not
discovered and the worker return-migrates. The expected income of such a worker, net
of the cost of education, y%(8), is thus

yr(9) = my(wl0 — k) + (1 — mi)who — c.

4. An educated worker of ability # chooses not to migrate and receives a net income, y(6),
of
h . h
Yy (9) = Wy f—c

with probability one.”

Figure 2 depicts these four options and the choice among them. Given 8¢ and M;_1,
the expected income schedules in the four regimes above, y(8) + ¢ (i = rd, f,ru, k), are il-
lustrated by lines RR? FF, R“R*, and HH, respectively. R%R? is the income schedule of
migrant workers who return upon discovery. R*R" respresents the income schedule of migrant
workers who return if their true abilities remain undiscovered. HH and FF denote the income
schedules of permanent home-country workers and permanent migrants, respectively. Note in
particular that R°R? and FF coincides with the horizontal income schedule wsf 6¢ — k, while
R“RY coincides with the home wage schedule # H whenever m; = 0. In addition, RR% coin-
cides with the home wage schedule while R*R* and F F coincide with the foreign wage schedule

whenever m; = 1 — the case of perfect information elaborated above.

Observe from figure 2 that when 0 < m; < 1, the maximum second-period expected
income of an educated worker (indicated by the bold segmented line) is demarcated by two
critical values of innate abilities: § and 0[, where the former (latter) denotes the innate ability
of a migrant who is indifferent between regimes 1 and 2 (regimes 2 and 3). A comparison of the
migration patterns shown in figures 1 and 2 reveals that under asymmetric information, the

"In general, there can be two additional migration regimes for educated home-country workers: 5) An educated
worker migrates. With probability m., the true ability of the worker is discovered and the worker remains in
the foreign country to engage in u sector employment. With probability 1 — my, the worker receives w82
in the foreign country. 6) An educated worker migrates. With probability m., the true ability of the worker
is discovered and the worker return-migrates to engage in u sector employment in the home country, With
probability 1 — ., he receives wf6¢ in the foreign country. Later, we show that neither of these options will be

pursued by educated migrant workers as long as w is sufficiently small and k is sufficiently large.




most talented workers (with 6 > 0{ ) return-migrate with strictly positive probability (1 —m;).
The inability of foreign employers to decipher the true ability of migrant workers thus acts as a
tax on the returns to migration for the most talented workers. In particular, the innate ability
of a migrant who is indifferent between regimes 2 and 3, 0{ , can be found by noting that

(1—m)(wlof — k) +m(wlo—k) = (1- m)whe + my(wlo — k)
10g — k
. WsU TRk _of

8

Note further that since R*R? and FF intersect only once, all educated migrants with
ability 8 < 0,{ can be classified into two groups once their true capabilities are detected —
return migrants and permanent migrants. This follows from the definition of 4, the critical
innate ability level at which the home and the foreign wage schedules intersect. Once his true
ability is discovered, an educated worker with low-ability 8§ < 8 chooses to work in the home
country, where the per-period return is the highest. To see this, note that a migrant with
innate ability 6 is indifferent between regimes 1 and 2 if and only if

(1- m,,)(w;feg —k)+ mf,wgﬁ = (1- mt)(wgﬁf - k) + mt(w£9 — k)
& wi”& = wf@ —k
k _
&0 = — = 6.
Wg - wg

Finally, H H lies below the bold segmented line for all values of 8. As long as 8¢ > 6 and
my is strictly between zero and one, the probability that an educated migrant earns a higher
wage in the foreign country is strictly positive. In particular, from the definition of 8, if § < 4,
wl6f — & > whd. In addition, w8 — k > whg if 6 > 4. It follows that if return-migration is
always an option open to migrant workers, an educated worker will never choose to work only
in the home country. We summarize our discussion above by the following proposition:

Proposition 1
If0% > 6

1. Educated workers with innate ability 8 < 8migrate. In addition, return migration yields
the mazimum second-period income once the true ability of such educated workers is

discovered.

2. Educated workers with innate ability § € (4, 9{ | magrate. In addition, employment in the
foreign country yields the mazimum second-period income once the true ability of such

educated workers is discovered.

10




3. Educated workers with innate ability 6 > 6{ magrate. In addition, return migration yields
the mazimum second-period income if the true ability of such educated workers is not

discovered.

Proof: All proofs are relegated to the appendix.

We now proceed to the first-stage education choice by comparing the expected utility of
an educated worker and an uneducated worker over the two periods. To focus on the analysis
of migration of skilled workers, we assume that k is sufficiently large with wf — k < wP: The
per-period foreign income net of the migration cost for an uneducated worker is lower than his
unskilled wage in the home country. It follows that

whs>wi—k = whi+p) > (wl — k) + Bwh,

= wﬁ(l +8) > 'wg -f-,@('w'ziE — k).

The inequality on the right-hand side in the first line states that lifetime utility from working at
home is higher than utility from migrating in the first period of life and utility from working at
home in the second period. The inequality on the right-hand side in the second line states that
lifetime utility from working at home is higher than utility from working at home in the first
period of life and utility from migrating in the second period. Since (1+8)wf > (1+8)(w{—k)
follows from w? > wi — k, it follows that migration of the unskilled always yields a lower life-
time utility, irrespective of the timing and duration of migration.

With this in mind, denote the expected lifetime utility u;—1(8) of a worker with innate
ability 8 born at time ¢t — 1 as

ut—1(0) = Er1{max[By(8), (1 + B)wh]},

where y:(8) = max[y}fd(e),y{(@),y{“(9),y#(6)] and F;—1(-) denotes the expectation operator,
with the expectation taken over all possible values of m; at time ¢ — 1. The expected lifetime
utility u¢—1(8) can be determined by comparing the expectation of the discounted lifetime in-
come of an educated worker, F;_1(8v:+(8)), and the discounted lifetime income of an uneducated
worker, (1 + 8)w?. To do so, additional assumptions regarding the determination of the ex-
pected future foreign wage offers, 8%, and the probability of discovery, m;, are required. In what
follows, we endow individuals with the faculty of rational expectations, such that E;_1(z:) = 4.

Consider, then, the lifetime utility of an individual born at time ¢t — 1 with 8 < 4. From
proposition 1, such a worker strictly prefers regime 1 if educated, and hence the expectation
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of his discounted lifetime income is just ﬁy{d(e). Education therefore yields a higher lifetime
utility than no education if and only if By;%(8) > (1 + 8)w?!, or if and only if

,B[mf,wQO + (1~ mt)(wécef' —k)—¢c > (1+pB)wk
14+ 1
PP (1= mo)(wfof — B) + ] ——

5 —

p— er
= 6.

S0 > |

Note that 8" is strictly increasing in w{j , ¢, and k. We thus have the following result: All

else constant, the higher the unskilled wage and the higher the cost of education, the smaller
the fraction of the home-country population acquiring education (1 — F(8§")). Interestingly, an
increase in the cost of migration, k, also deters education by home-country workers. Education
not only varies wage earnings at home and abroad, it also renders migration a feasible option.
An increase in the cost of migration weakens the migration incentive for acquiring education.
Finally, 65" is also increasing in m; whenever 86§™/dm; = (1/whm;)(w{6f — k — whos™) > 0,
which, in turn, holds since 8" < 8. An increase in the probability of discovery, m;, lowers the
education incentives of low-ability workers — the probability that these workers will be pooled
with high-ability workers is lower; therefore, the expected returns to their acquisition of skills
are lower. It follows that the fraction of the home-country workers who remain uneducated
rises as my rises, all else remaining constant.

Similarly, the lifetime utility of an educated individual with 8 € [5, 0{ ) is higher than the
utility of an unskilled worker if and only if 6%{ (9) > (1 + B)w?, or if and only if

Blmi(wlo — k) + (1 — my)(wl6d — k) =] > 1+ 8)wh

1+
e > 2wl o (10— m)(wl6f - k) + ¢ + mek]——
)8 MitWs
= 0¥
where 0/ is increasing in w”, ¢, and k as well as in m., provided 965 1om, = (1/wimy)(wfog—

w{@ff) > 0.

With " and 47 / now established, there are two critical levels of innate ability that fur-
ther divide the home-country population into two groups: Uneducated and educated®. Simple

8Given 8¢ and (}ff , we are now in a position to demonstrate the conditions under which no educated
return-migrant will be employed in the u sector of the home country. To this end, note that in equilibrium,
Byt d(()f’) = (1+ ﬁ)w.ﬁ‘. An educated worker is strictly better off working in the skilled sector if and only if
wh0§™ > wl as the skill level of all educated workers is no less than 05", From the definition of 8;", we have
1 [(l + Bwh

hper
wegly = —

- g (1 —me)(wlof — k) + ¢
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manipulation of the definitions of 8§" and 4 / yields the following result:

Proposition 2

1. If 68" < 0. Workers with innate ability § > 05" are better off acquiring education. The

lifetime utility of workers with 6 < 05" is mazimized by remaining uneducated.

2. If 6" > 6:Workers with innate ability 6 > fo are better off acquiring education. The

lifetime utility of workers with 8 < 67 ! is mazimized by remaining uneducated.

If 6¢" < 6, 65" defines a critical ability level that divides the home-country population
into educated and uneducated workers. Now, the home-country population consists of four
groups of individuals: Uneducated home-country workers (with 6 < 8f"), educated workers
who migrate and return upon discovery (with 6§" < 6 < 8), educated permanent migrants
(with § < 6 < 9{ ), and educated workers who migrate and return if their true ability is not
discovered (with § > 9{). This partitioning is depicted below.

| | —— | o
0 o5 § o7 of 6
\ ~ J ~ J \ ~ J \ -
Uneducated, Educated, migrate, Educated, Educated, migrate,
work at home  return upon discovery, migrate, stay upon discovery,
and stay upon and stay and return upon
nondiscovery nondiscovery

Note again that under asymmetric information, all individuals with 8 > 6 do not permanently
migrate. As noted earlier, asymmetric information penalizes high-ability migrant workers since
with probability 1 — m;, such migrants do not receive the foreign wage that accords with their
abilities. More importantly, upon return-migration, the home-country population consists of
individuals with the lowest and highest ability levels.

If 6¢" > @, then workers with 6 < 8, as well as workers with § < 4 < Qf'f , remain
uneducated. Therefore, the home—éountry population consists of only three groups: Uneducated

bl 7123 wﬁ
1 {{(l+ﬂ(1 )

h
= wy -+ —
e B

] = (1= me)(wies — k) + ¢}

h
> wy,

if wy is sufficiently small. In addition. since wl — k < wy, by transitivity, wlff™ > wh > wf — k. Hence,
migration regimes 5 and 6, as discussed in the previous footnote, will not be pursued by any educated migrant
worker.
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home-country workers (with 6 < 6°7), educated permanent migrants (with 6; f<6<6]), and
educated home-country workers who return upon nondiscovery (with 6 > 6{ ). Again, the
partitioning is shown below.

| | —— | -

0 i i o7 of 6
\ J J N e o

Y Y Y
Uneducated, Educated, Educated, migrate,
work at home migrate, stay upon discovery,
and stay and return upon
nondiscovery

As in the previous case, home-country workers consist of individuals with the lowest ability
levels and the highest ability levels upon return-migration. The possibility of migration leads
to the home country’s permanent loss of all migrant workers with skill levels 67 <6< th
since, from part 2 of proposition 1, 3/ (8) > ¥7%(8) for every 6; f < 6 < 6]. Note also that since,
by definition, 67 is the average skill level of all undiscovered migrant workers at time ¢, while
67 is the skill level of the lowest ability migrant worker, it must be the case that 62 > 6 T as

shown in the diagram above.
Comparisons of #* and 6", and of 8" and 05 f , vield the following:

Proposition 3 The fraction of the home-country population pursuing education in the presence
of migration opportunities is always higher than the fraction of the home-country population
pursuing education in the absence of migration opportunities.

Proposition 3 reveals that the increase in the incentive to pursue education when migra-
tion offers a more attractive wage to the educated leads the home country to a higher degree
of educational attainment. Yet, it should also be noted that the increase in the fraction of
educated workers in the home country due to the prospect of migration does not necessarily
imply that the number of educated workers who stay and work in the home country increases.
To see this, consider the case of §;" > 8. From the definitions of fo and 6*, we have

who™ = ma(wl6 — k) + (1 —my)(w]6F - k)
sl = mwl6 —w[6f)+wl6; -k

o wher < wlef —k,
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where the last inequality follows as 6 F < 8¢. In addition, since, by definition, wgr 0 —k = wé‘&tf ,
we have w?6* < wé’ﬁ{ ,or, 8" < 9{ . Hence, the group of workers who acquire education in re-
sponse to the prospect of migration (with skill levels § < fo <6< 0*< 0{ ) belongs to the
group of permanent migrants. As a result, the prospect of migration leads not only to a loss for
the home country of those educated workers with 6 > Otf (> 6*), who stay in the foreign country
upon discovery, it also leads to the preclusion of any increase in the educated workforce in the
home country, as a result of the possibility of migration. In what follows, we therefore focus
our attention on the case in which 6f" < g, where the four “modes of employment” are present
simultaneously.® As we elaborate below, the possible return-migration of those workers who
would not have had the incentive to acquire education in the absence of migration opportuni-
ties, enables a possible economy-wide gain in spite of, and along with, a brain drain.

4 The Dynamics of Migration

With 67 and 9{ defined, we now analyze the process of migration and the evolution of wage
offers as experience with employing migrants accumulates over time. Given an initial experience
associated with My, migration from the home country in subsequent periods can be summarized
by the vector {6¢, 65", 9{ }, the elements of which are, in turn, solutions to the following system

of simultaneous equations:

of
Joir 0.5 (8)d6

6¢ = 2
Y Fe) - R )
foa _ 1.
f i w‘ 9?» - }\.
; = ‘s—@r— (3)
1 148 ,
o = s (Tw; —~ (1= me)(wl6? — k) + . (4)

On multiplying both sides of equation (2) by wsf , the equation can be interpreted as requiring
the wage offer to each migrant with unknown ability at time ¢ to be equal to the average ability

For 0§ < @, we require that
! h
mawgf + (1= m)(wf0f — k) — ¢ 2 € +,(?)w—“.

Since 8¢ > 6, the left-hand side of the above is greater than mew!d + (1 — m W wld - B —c=wld-c=
whk/(w! —wh) — c. It follows that

= k 1 wh
mewhf + (1 — me)(w!6f — k) —c>wh 7 T e (L+5) =,
wy — Wy B

whenever w! is sufficiently small and & is sufficiently large.
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of the migrant cohort with unknown individual ability at time ¢, multiplied by the wage rate
per efficiency unit of labor. Equations (3) and (4) require, respectively, that the extent of
migration and the education decision follow from the expected utility maximization described
in Section 3.1° From equation (3), we observe further that:
hgf
8; +k
op = L (5)

W
and on rewriting equation (2),
f(;‘lgfr 9f(0)do
" R - Fep)
The first equality of equation (5) captures the supply side of the migrant labor market,

that is, the foreign-country wage of an undiscovered migrant worker at time ¢, wsf 62, is just
sufficient to induce the supply of educated workers with ability § < th who are willing to stay
and work in the foreign country at the wage w£ 6¢. The second equality of equation (5) holds
that if 6’{ represents the ability of the most able migrant worker who prefers w/6¢ — k to his
home wage, and 6" represents the ability of the least able migrant worker, 1/ w{ of the wage
offer at time ¢ (which reflects the willingness to pay for migrant work) is equal to the average
ability of the migrant workforce, with unknown individual abilities, at time t.

Figures 3 and 4 depict the supply (SS) and demand (D D) relationships spelled out in
the first and second parts of equation (5), respectively. The intersection points A in figure
3 and B in figure 4 depict equilibrium combinations of 8¢ and 0{ that simultaneously satisfy
equations (2) through (4), given m;. It can be confirmed that both DD and SS are upward
sloping.!? Note also that in general, DD can be flatter or steeper than S5, depending on the
exogenous parameters of the model. Consider, for example, the effect of an exogenous increase
in the probability of discovery (m:) when SS is steeper than DD, as in figure 3. An increase
in m; shifts the DD curve upward, while the SS curve remains unchanged.!?

10 A natural question is whether a solution to the above system exists. In the appendix, we provide an existence
proof and spell out the required assumptions.
Hyrom the first equality of equation {5), the slope of the supply relationship (69{‘/60{) |ss can be written as:

a6¢ wﬁ,‘
—=lsg = — > 0.
00{[ w

From the second demand relationship in equation (5), we confirm in the appendix that the slope (96/86]) |pp

° (6] — 63) £ (01 /P (6]) = F(057)]

o8¢ S
L+ {(6g — 057) £ (057)/[F(6]) = F(65 (L — me)wi /mewh]

lpp =

1275 see this, note from the second equality of equation (5) that for any given value of 0{ , an increase in m;

16




An increase in m; reduces the number of workers with low ability who acquire education
at time ¢t — 1 (1 — F(6f")) since workers endowed with rational expectations correctly anticipate
the future value of m; in their human capital calculus. As a result, the average ability (and
hence the demand price) of migrants rises for any given 9{ because an increase in m; shifts the
skill composition of the migrant population in the foreign country to the right.

Note further that an increase in m; has no direct effect on the supply side of the migrant
labor market. 9{ divides the home-country population into two subgroups: A subgroup that
consists of low-ability individuals (with w8 < wf8% — k) who are better off remaining in the
foreign country only if their true abilities are not discovered, and a subgroup that consists of
individuals (with w?8 > w[60% — k) who receive a higher home wage than wl6¢ — k. 1t follows
that 67 alone determines the value of 0{ , given the wage schedules in the home country and

the foreign country.

The new equilibrium pair of 8¢ and 9{ is depicted as point A’ (in figure 3), where both
the average ability of migrants as well as 9{ rise as a result of an increase in my. In contrast,
starting from a point such as B in figure 4, where SS is flatter than DD, an increase in mq, ’
together with the associated shift of the DD curve, imply a reduction in both 8¢ and 0{ , as
depicted by point B’. We denote the solutions to the system of simultaneous equations (2) -
(4) as 9{ (my,c,wlh), j = a, f,er. Applying our arguments for the case of an increase in ¢ and
for the case of an increase in wfj, we obtain the first two parts of the following result; the third

part is reasoned momentarily.

Proposition 4

1. 62(my,c, wﬂ) 18 increasing in me, ¢, and wﬁ if and only if SS is steeper than DD or,

leads to an upward shift of the DD curve since

06; _ (68— egm)s(erm) d6g
Dy |0 conat. F(ofy - F(ogm) Omy
= (08— ) FOF) wl0f — k = wibE
F(6]) - F(077) ’

where the first equality follows from equation (10) in the appendix, and the second equality follows from equation

(12} in the appendix. It follows, therefore, that DD shifts upward when m, increases, or 3 >0.In

i
Y Omy t’)t const.,

addition, from the first equality of equation (5),

008
amt 9{ con.st.

=0,

Hence, S5 is independent of m.
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equivalently, if and only if
Lol —epysed) wl
F(8]) - F(oF7) ws

(9? - eter)f(gter) (1 - m‘i)wfsf >0 (6)
F(o) - F(ogr)  miwd '

2. 9{(mt, ¢, wh) is increasing in my, ¢, and wl if and only if equation (6) is satisfied.

3. 057 (my, e, wh) is increasing in my if and only if

wlf — & —whoer 962
(1 - mt)wg am't

(7)

Regarding part 3 of proposition 4, note that from equations (2) - (4), 908" /0m; =
[(w]8¢ ~k —who5™) — (1 —my)wl862/8my]/ (miw?). In general, therefore, an increase in m; has
an ambiguous effect on the incentives of workers with low ability levels to acquire education and
migrate. The term (w{6f — k — w?0§™) > 0, which is equal to the reduction in wages when the
true ability of the marginal educated worker (the worker whose skill level is 8§") is discovered,
captures the negative incentive that an increase in m; has on the education-cum-migration
decision of low-ability workers. This negative incentive, however, coincides with the positive
incentive that arises due to the increase in ¢ that, contingent on equation (6) holding, occurs
as more high-ability workers migrate abroad because of an increased m;. It follows that the
negative incentive effect of an increase in m; dominates the positive incentive effect whenever
the increase in f with respect to m; is sufficiently low, as in equation (7), in which case,
00§ /dmy > 0.

Proposition 4 completely summarizes the intertemporal variations of 6%, 9{ , and 6¢" for
any given probability of discovery, m;. Since migrant employment experience is cumulative,
and the probability of discovery at any time ¢ 4+ 1 depends on the accumulation of migrant
employment experience until time ¢t — 1 (m™1(m;)) plus the increment in the total volume of
migration at time ¢ (M = N{(1 — m:)[F(8) — F(8§ (m, ¢, w?))] + F(B',_f(mf,, e, wh)) — F(8) +
m¢[l — F(Qf (me, ¢, w))]}), the law of motion governing the process of migration therefore

depends only on the evolution of m with

_ mimT i ) + My, ifmy < iy
Ml = { m, otherwise , (8)

where m~1(m1) = My is given.

A steady-state of equation (8) is denoted m* such that m; = myr; = m*. The steady-
state values of 8] will be denoted as 6 , § = a, f,er. The values of 67 are determined using

18




equations (2) - (4) once m* is determined.

Proposition 5 If equation (6) is satisfied and the initial probability of discovery mq is such
that 8¢(m,c, wﬁ) > 8, then the only steady state equilibrium probability of discovery, m*, is

equal to M.

This result is straightforward from proposition 4.1 In essence, the requirement that
equation (6) be satisfied guarantees that accumulation of migrant employment experience and
hence the probability of discovery, lead to a sequence of migratory moves from the home country
over time. In the process, the average productivity of the migrants improves. This is due not
only to an increase in the incentive for brighter individuals to migrate as the probability of
discovery rises, but also because of the simultaneous decline in the willingness of the lowest
ability individuals to acquire education and migrate. Such a cumulative process implies that
the only long-run equilibrium consistent with an initial condition that yields a positive rate of
migration is such that the probability of discovery no longer improves even when M; increases.*4

5 The Possibility of a Welfare Gain

Denote by 6" and 6/ the solutions derived from the system of simultaneous equations (equa-

tions (2) - (4)) given 7.

At any time period, the total home-country population (2N) is distributed as follows:
The N young individuals are divided into N F(ée”), those who are uneducated and work and,
N[1 — F(6°7)], those who acquire education and do not work. The N old individuals are di-
vided into N F(ée’"), those who are uneducated and work in the home country, and the rest,
who engage in migration. These workers, in turn, consist of migrants who, with probability
., return-migrate, and with probability (1 — s%), remain in the foreign country (consisting
of N[F(8) — F(6°)] individuals); permanent migrants (N[F(6) — F(6)]); and migrants who,

13We are grateful to Yoram Weiss for pointing out that the steady state assumption could also be supported
by an alternative experience accumulation formulation, in which a per-period depreciation rate can be used to
capture the fact that recent migrants provide more information on the quality of the current wave of migrants.

M1t bears emphasizing that proposition 5 also relies on an assumption made in proposition 1, that is, that
#¢ > 0. Otherwise, from equation (3),

wil —k

wh

fpa hpa
wy 0f — k — wy0f
3 e O
wh

o] - of -7

i

as 8¢ < 8. It follows that equation (2), which requires that 9{ be no smaller than 6, can never be satisfied and,
accordingly, migration never takes off.
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with probability 1 — s, return-migrate and, with probability 7, remain in the foreign country
(N[1=F(87)]). There are thus N {r[F(8)—F (6°"))+(1—r)[1—F (67)]} workers at home who are
return migrants, and there are N {(1—)[F(8) — F(§°")]|+[F (67) - F ()] +m[1—F(67)]} = MP
workers who remain abroad.

Therefore, national output accrues from 2N F(éer) workers who each produce wfj, from
mN[F(8) — F(6°)] workers who each produce w” times their individual 6, and from (1 —
)N [1 — F(67)] workers who each produce w” times their individual 4.

Denote by Vm(o”er, of ) the long run equilibrium value of the per-period national output
in the home country, net of the cost of education. It follows that

. R 5
v™(eer,0f) = 2NF(6°)w! + N /9 (wh6 — )£ (6)do
+N(1—5) /(;f (wh6 — ¢)£(6)do
) g
= N]2F(8°)w! + m[} (wh6 — )5 (6)ds
=) [ (b - 5 (0)as

= N[2F(6°")w! + /éoo(w;"e —¢)f(6)do

g of
—(1— m)/g (who — ¢)£(6)do — /9 (wh6 — c)f(6)do

er

—~7 Oowh’ -
|, wko = c)7(6)as)

. o0 . AP
= NRFEL+ [T ks - 0700 - (whdr - %)
987'
where R
. N g af o0
p= —_ - "‘ 6 ‘:
v = =1 m)/ﬁar s+ [ 0f(6)d6+m/9} 65 (9)do]

is the average ability of all migrant workers who stay abroad. The term (w?6P — c)MP thus
refers to the home-country output, net of the cost of education, that the home country forgoes
when MP of its workers migrate and stay in the foreign country. To recall, MP is the per-
period number of home-country workers employed abroad in a steady-state. Therefore, per
capita output at home is

Vm(9er, 67)

V(6% 01) = Ay
2N — MP
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Thus, v™(6¢",61) > v(6*) if and only if

R+ [ (whe — o) (0)d8 — (P LN
2 - MP/N U Jfer S s N
N o0
%[wai’F(e*) +£ (who — ¢)f(8)d8] = v(6%),
or if and only if,
_____—-—.-1 Er h o h oo h b /\;lp
2 MP/N [2F (6w, + /6 (wg8 — c)f(6)db + /9 (w0 — ¢)f(8)d6 — (wleP — C)"J\T] S

1

b = w0l — o
SRR () + | " (who - 07 0)as).

On manipulating the above equation, we obtain the following necessary and sufficient condition
for v™(6%,01) > v(6*):
MP

o )
s (w8 — ¢ = 2wy)f(0)d0 + ——[v(6*) ~ (wid? - c)]}

1

YT o >0 (9)

The first term in the curly brackets on the left-hand side of equation (9) reflects the gain in
per capita output when the number of educated workers in the home country increases from
N (1 — F(6%)) to N(1— F(6%)) as a result of the prospect of migration. In particular,

g - ~
[ who —c—2u)p(0)is = (wht? - ¢ = 2wl)F(6") — F(6¥)

er

> 0

if and only if wé"@hd' — ¢ > 2w, where % denotes the average skill level of workers in the range
[ée’“, 6*]. Hence, the first term of equation (9) is positive if and only if the average product of
the increase in the educated work force in the s sector, net of the cost of education, is higher
than the forgone output in the u sector. In particular, a sufficient condition for the above is
that w6e" — ¢ — 2wl > 0. From the definition of 6", this requires that

_1+5
8

which, for example, is satisfied for sufficiently small /7 and/or sufficiently large ¢ and k. From

(21 Jwl < (1 =m)(c+k —wl6e),

proposition 3, it follows that wé‘éer —-c < wf@* — ¢, and from the definition of 6%, it fol-
lows that when 8 = 1, w"8* = 2wl 4+ ¢. Therefore, when g = 1, whfe — ¢ < 2wl But if
w gé" —c— waj < 0, the sufficient condition just referred to may not hold. That is, a gain in per
capita income is less likely to occur. Recall our discussion in Section 2.3, in which we pointed
out that when 8 = 1, individual utility maximization corresponds to the social optimum. Here
again, we find that when 8 = 1, it is less likely that the migration prospect will lead to an
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improvement. However, if § < 1, the smaller the 8, the larger the gain that will result from
the increase in education prompted by the prospect of migration. This is nicely reflected by
the increased likelihood that equation (9) will hold.

The second term in the curly brackets on the left-hand side of equation (9) reflects the
change in per capita income resulting from a reduction in total population due to the loss of
educated workers. In particular, this term is positive whenever the per capita home-country
income of steady-state migrant workers, w?éi" — ¢, is less than the per capita home-country
income in the absence of migration, v(6*). Note that the larger the total number of workers
abroad in a steady state (MP), the more significant will be the effect of this source of change

in per capita output.

Proposition 6 The per capita output in a country vulnerable to migration of skilled workers
is higher than the per capita output in a country that is immune to migration if and only if

equation (9) is satisfied.

6 Conclusions

When an economy opens up to migration, workers in the economy are presented with a new set
of opportunities and a new structure of incentives. While the expansion of opportunities results
in human capital depletion, the revised incentives induce human capital formation: Higher re-
turns to skills in the foreign country prompt more skill formation in the home country. We
showed that the fraction of the home-country workforce acquiring education in the presence of
migration opportunities is higher than the fraction of the home-country workforce undertaking
education in the absence of migration opportunities.

Migration is also associated with a changing information environment, implying, in par-
ticular, that foreign-country employers are imperfectly informed about the skill levels of indi-
vidual migrant workers. Consequently, migrants with different skill levels are pooled together
and all are paid the same wage, which is based on the average product of the entire cohort
of migrants. The imperfect but nonzero capability of employers to decipher true skill levels of
individual migrants ~ captured in the probability of discovery — results in return-migration of
both the highest and lowest skilled migrant workers, while permanent migrants are not drawn
from the extremes of the skill distribution. Employers nevertheless become less ignorant over
time. As their experience with employing migrants builds up, the probability of discovery rises.
This progressive rise prompts a sequence of migratory moves characterized by a rising average
skill level, until the probability of discovery reaches its steady-state equilibrium.
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Accounting for the steady-state goings, comings, and skill formation, we showed that
under well-specified conditions, per capita output in the home country is higher than that which
would have obtained had the country altogether been immune to migration. An intriguing
implication of this is that by allowing (rather than hindering) migration of skilled workers, the
home-country population can enjoy higher welfare.!® A drain of brains and a welfare gain need
not be mutually exclusive and, as we have demonstrated, the former can be the very cause of
the latter.

Appendix

Proof of proposition 1:
We proceed by stating the conditions under which yf (8) > y7%(6) and y;f (8) > yi*(8). Now,

v (0) = ;*0) = (1 —ma)(wl0f — k) +mi(wfo — k) = (1— m)(w]6f — k) — me(w?o)

= my(wi6—k—wh) >0

if and only if 6 > 6.

Similarly,
u{ (0) = o(0) = (1= m)(wf6f — k) +me(w]0 - k) = (L= me)(wl) = my(wl6 - k) > 0
if and only if 6 < ()f with
of — w£9? -k
t h
ws
It remains to be shown that 9{ > ¢ and that y(9) < max[y{d(e),y{(B), y;*(9)] for all 8. Now,
of 5 - witi-k &
t - wh f 3
8 Wg - ws'
wlop kul 4 k] — )
v wl(wd - wl)
_ w£9§ B Z“.U.é k
- h hy f 3
Ws Ws (ws - ws)
o witp wif
wh wh
> 0

5 Note that this outcome holds independently of migrants remitting either some or none of their higher foreign
earnings.
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if and only if 8¢ > # (where the first and the fourth equalities follow from the definition of § =

k/(w{ —wk)).
In addition, for 4 < 6'{ ,

g 0) —yP(0) = (1—my)(wl6? — k) +mwhf — who
= (1—my)(wlo? — k) — (1 —ms)who
= (1—my)(wl0f -k —wh6) > 0.

Hence, y[%(8) > y}(9) for 6 < 9{. Also, since y{(e) > y74(8), it must also be the case that
y.-[(e) > y}(8) for 6 € [8, 9{) Finally, for 6 > 9{,

yi(0) =y (8) = (1—mo)(who) +mi(wlo - k) — who
= my(wlf - k) — mwhe
= mi(wl6 -k —who) > 0.

It follows, therefore, that for all § < 8, y:(8) = y[%(9); @ e (8, 6f) y:(8) = y; ( ); otherwise,
y:(6) = yi*(9), where y;(6), recall, is equal to maz[y[%(8), v f(0), yr(8), yi(8))].

Proof of proposition 2:

1. The case of 95" < §: We need to show that By:(6) > (1 + 8)w! for every 6 > 6¢". From the
proof of proposition 1, we have, for all 8 < 8, y:(8) = y7%(8); 6 € [4, 6{), yi(6) = y[(&);
and otherwise, y;(6) = yj“(¢). Hence, it is sufficient to show that: (A) for 4 € [6¢",9),
B01(0) > (L+8)uls (B) for 0 € [7,60), 84{(9) > (1+6)u: nd Smally, (C) uF(9) > (16w
for 6 > ;.

(A) By the definition of 6§",

1+p
—/-B—wﬁ = mpwl0f + (1 — ms)(wi6f — k) — ¢
1

& ;ﬁwu<mfwhé‘-!—(l—mf)(wsf@?—-k,)—c

& (14 8)w! < pyr(6)

for any 6 > 6¢". Clearly, it must also be the case that (1 + 8)w! < By7%(8) for any 6 € [6§",9).
(B) Making use of the definition of 8§, suppose that 6¢" < 6, we have

1+8 4

[— 7V (1—~mt)(w£9f—-k)+(]m1w

1 -
;ﬁw{; (1= mo) (w02 = k) + ¢ < myw"d

<6

h
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1
& ———;—g——éwh<mfwh0+(1—mf)( f0 — k) —¢
1 -
= ——%ﬁwh<mf( gﬁ—k)-}—(l—mt)(wsfﬁf——k)~c
1
o Eul <miwlo— )+ (- mwlot - 1)~ c= {0

for every § > 6. Note that the last but one inequality follows from the definition of &

(wlf — k =
ever 85" < 0.

wh@). It follows, therefore, that for every 6 > 8, (1 + B)wh < ﬂy;f (8) when-

C) Since yjf 8) < y;*(9) for § > 9f it follows from (B) that (1+ 8)w’ < ﬁyif 0) < Byi*(8) for
i t _

every > 4. In the proof of proposition 1, we have that 0:{ > 6. Hence, for every 6 > 9{

(1+ B)wh < By] (6) < By7™(9).

2. The case of §¢" > #: We need to show that 8y:(8) > (1 + B8)w! for every 6 > H,f. In
particular, we need to show that (D) for all § < 6, (1 + ﬁ)w > y}d( ); (E) for 6 € [6,6 f),
1+ B)wh > Byl (8); (F) for 0 € [67,6]], (1 + B)w! < Byf(0); and finally (G) for 8 > 6/,

(1+ B)wh < Byi™(6).

(D) Suppose that 8" > 4. By the definition of 65", we have

1+ 8 h f 1 -
—w 1- 07 —k)+c >0
[ ,B ( mf)( i )+C]m:twg' —
1+p 5
& -—ﬂ—wﬁ ~ (1= m)(wlbf — k) + ¢ > mpwhd
1+p 5
o —b——wz > mywhf + (1 — my) (wl6f — k) — c
14 :
& Tﬁwh > maw?d 4+ (1 — my)(wl6? — k) — c = y1%(6)

for 8 < 4. Tt follows, therefore, that for 6 < 8, (1 + Bwh > gyrd(s).

(E) We shall first establish that 9§f > 0. If 057 > 6, we have

1+8 ; 1 ~
[—E——wJ — (1= my)(wlof — k) + c]mfw” >0
1 -
R -—"—;—éw{; (1= m) (wl6% = k) + ¢ > mywhd
1 _
& %ﬁwﬁ > maw’ + (1 — my) (w68 — k) — ¢
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L‘*ﬁgﬁw,{; > my(wld — k) + (1 — m)(wf6f — k) — ¢ = y{ (§)
o w0 = 2ol >0l

e 09 >4

where the last but one line follows from the definition of 9 ef

Now, we can make use of the definition of fo once more, to establish that for 6 € [6, Hff )
1+ B)wh > ﬂy{(&). From the definition of fo we have

1

%ﬁw{,';: LWl 88 — k) + (1= ma) (w02 — k) — o
{

;ﬁw">m( 19— k) + (1 = ma)(wl68 — k) —

for every 8 < 65 ¢f 1t follows, therefore, that for every 8 < 9, , L+ 8wl > 8 Jf( ). This
includes, of course, all § € 4,0 efy,

(F) Making use of the definition of 8y 7

14
—Eﬁwﬁ = my(wl6f — k) + (1 - my)(wf6f — k) ~
1
& —%ﬁ-wﬁ < my(wl — k) + (1 — me)(wlod — k) —c
for every 6 > eef . It follows, therefore, that for every 6 > Bf'f , (14 ,B)wﬁ < ﬁy{ (). This

includes, of course, all 8 € [8;”, ef o ]

(G) Recall that (F) states that ﬁy{(&) > (1 + B)wh for every 6 > Hsz. This includes, as a
subset, 6 > Hf so that for § > 9'[, By:(8) > (1 + B)wl. But for 6 > 9{, yit(8) > y{(()) or

By™(6) > By (9). Therefore, for 0 > 6], ByI™(8) > By{ (9) > (1 + B)w?

Proof of proposition 3:
We need to show that 8¢" < 6*. From figure 2, observe that to the left of 8, y74(8) > y2(6).
Take 6 = 67". Since

?/z‘d(efr) =m0 + (1 —my)(wl6f — k) — c,
?/t (9r. ) = wget - C.

whofT — wh* < muwher + (1 — my)(wl6? — k) — who*
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== e o s

B
= 0,

where the last but one equality follows from the definition of 8¢", and the last equality follows
from the definition of §*. Thus, w?6¢" < wlé* or 65" < 6*.

To show that Bff < 8%, observe from figure 2 that to the left of 9{, y'f(&) > yP(6). Taking

§ = ()ff, we have,

wl (07) = mu(wlof — k) + (1 - ms)(wlof — k) ¢,
(o) = whe/ -c

Hence,

whof —whe* < my(wl0 — k) + (1 — my)(wi6® — k) — who
wh(l+6)

B8
== O’

where the last but one equality follows from the definition of 6; / , and the last equality follows
from the definition of 6*. Thus, w0 < whe* or 8¢/ < 6%,

The slope of the curve DD:

Since the DD curve depends on both 9{ and 07", we first make use of equation (4) to determine
that

80F" (1 —my)w]
39?’ m,gwg .

Differentiation of the second equality of equation (5) yields:

00F o = __GICD e o L.
06] F(of)~ F(o5) F(6]) - F(6r) 98¢ 6]
f
Jok- 05(0)de s 005" 06%
o { 9 _ 96T 3 b
i -—F(&,?T))Q[f( i) — f(6; )89? (89{ |pD)]
_ o) erier) oo oo o)
F(6)~ F(65r)  F(6]) - F(8g") 06¢ "06]
6¢ f or 005" 06¢
— 81Y — f(@ 2
O F(ggr)m )= 167 G ” 1bD)]
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(6] —69)1(6]) _ (68 — 075 (65) D6F"
F(of) - F(o57)  F(o]) - F(6) 99F 2
L (6]~ 696
A F(6f) - F(o57)’
where the second to last equality follows from the definition of §f in equation (2). Hence, since
8{ > 8¢, a necessary and sufficient condition for DD to be upward sloping is that A > 0. To

(i)

see that this is indeed the case, note that

A = 1+(9?’~9?>f(9f")agr
F(8]) — F (o) 06¢
_ 1 O mged

F(o]) - Fog)  maw}

Proof of proposition 4:
1. We need to determine the relationships between 87, j = a, f, er and the exogenous variables
my, ¢ and wl, which are implicit in equations (2) - (4). By totally differentiating equation (2),

we get

f f er er
F(67) - F(6F") F(67) - F(6F")
S of(8)ae

T e e Ol — seesy]
i) t

I UV N S {0 N
Fof)-Fegr) *  F(o]) - F(6F7)
o¢ Fyanf _ eraerygger
FOl = P 7 (6])a6] — 7 (057)a85"]
o Ol-enred) o, 020107
" F(e]) - F(o57)

7 dey’

F(0;) — F(677)
where the last but one line follows from the definition of 6§ in equation (2). Since (Q,f —-62)>0
and (0§" —6¢) < 0, 6¢ is increasing in 9{ and 6f". The derivation above, of course, also confirms
our claim in Section 4 that 6¢ is strictly increasing in 9{ .

By totally differentiating equation (3), we obtain

f
< gge. (11)

T ok
S

Hence, 9'[ is increasing in 6¢.
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Turning now to the determination of 6", we get, by totally differentiating equation (4),

1+8 1 (1"“77?1)71} wlfg —k
dosT = —Iy de — 3.d6% - dm 12
t ,Bmfwh w + 'm}gwéz ¢ mtw i T mf,wéz i (12)
1 1+ 4 ;
“W[T’wu — (1= mg)(w]6f — k) + cJwldm,
1+ 4 1 1—mpw! wlgs — k wheer
= Zmok dw! ~de — ( ",2 =dof + ——t—0—dm,; - —L-dm,
tWge miWg MmiWg miwg MtwWg
1+ 1 1—my)w! wl0¢ — k — whoer
= o h‘dwﬁ de — ( 2 2dog + —= - L dm,.
Lt W miwg MW miWyg

It follows that 6§" is increasing in w} and ¢ but decreasing in 6¢. Also, since 6¢ > 8 by the
assumption in Section 3.2, w] 0“ -k > wf 8-k = whe > wh8 , where the last inequality
follows from our assumption that 8§ <  in Section 3.2. Hence, 8¢" is increasing in my, all else

remaining constant.

We next examine the relationship between 6§ and m;, holding all else constant. By substituting
equations (11) and (12) into equation (10), we obtain

f_ a f
208 = (—Q;W%L—l(w-d&) (13)
o) (- maof o wlef - k- whe
Fof)-Fr(egr)” mwl T myw?
_ L8 -0 (or) wlop — k= whopr,,
QR - Fesr) mw?

where s ;
_ (0 —08)F(6;) wi | (0F — 651 (6F7) (1 = mi)w]

R -Femwt T Rl - Rz mawl

The numerator in the last line of equation (13) is positive since w/6¢ — k — wh6¢" > 0. There-

fore, 67 is increasing in my if and only if O > 0, as stated in proposition 4.

Substituting equation (12) into equation (10), keeping m; and w! constant, we obtain
1(0F — 67" )f(0F7) 1
~ O r(e]) - Flogr) mawk

It follows that 6¢ is increasing in ¢ if and only if Q > 0. Finally, holding m; and ¢ constant, we

a

t (14)

obtain, on substituting equation (12) into (10),

o_ L(62-0Mr0F) 145

= k. 15
© T r@e]) - Feg) Bt 1)
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Hence, 82 is also increasing in w’ if and only if Q > 0.
2. Turning now to 9{ , from equation (11) we obtain

dof = == 25 g,
mi

Hence, a necessary and sufficient condition for 9{ to be increasing in my is that 86¢/6m¢ > 0.
From equation (13), we have already determined that 8¢ is increasing in m; if and only if 2 > 0.
It follows that 2 > 0 is necessary and sufficient for 6{ to be increasing in m;.

In a similar fashion, we can determine, using equations (11) and (14), that

w\{ Qﬁdc.

dof = =%
t wh Be

It follows that 9{ is also increasing in ¢ under the condition Q > 0 since (86¢/8c) > 0, from

equation (14). Finally,

f a9

w

dof = L8 9% 4h
- whowh Yu

From equation (15), (86¢/8w?) > 0 if Q > 0; hence, 9{ is increasing in w’ under the condition
2> 0.

3. To determine the relationship between 6f" and m¢, note, from equation (12), that all else

remaining constant,

(1 - mpwl 868 wlof — k —whegr
dee'{‘ _— 8 3 d ) SV 8L d )
' miwh (5‘777,1,) myt mwh i

From equation (13), we obtain the result that (86#/0m;) > 0, if and only if Q > 0. Since
(w{0f — k — wh05") > 0, as already pointed out in our discussion following equation (12), we
have that 6§ is increasing in m; if and only if

wlf — k — whogr S (1—mpw! 662

mf’wé’

mpwh oms”’

or if and only if
wiff — k —whoer 968

(1-mew! om;’

as stated in equation (7).
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Proof of proposition 5:
Since 8¢ > 4,

10% — k&
of — 9% = ___-wszjh — 0%
8
_ wlff -k wkef
wél wg
R L
- h >
wS

and hence, there is positive migration at ¢t = 1 with M; = Mg + M1 > My or, equivalently,
mo = m(Mi) > m(Mg) = mi. Also, since My can be no less than Mg, satisfaction of equation
(6) implies that 8¢ (m., ¢, wl) > 6%(m1, ¢, w?) and hence 6%(my,c, wh) > 6 for all t = 2,3,4... In
addition, equation (6) also guarantees that Otf (my, ¢, wh) > 9{ (m1,c, wh) since 9,{ is increasing

in m;y for any t.

Finally, since 85" < 8, we have 0{ > 0% > 0 > 0 and My = M1 + My > My_p for all
t. It follows immediately that My, > My, i = 1,2,... Hence, the only long run equilibrium

probability of discovery must correspond to the upper bound .

Existence

To determine whether there exists at least one set of solutions, 9{ , (7 = a, f,er), to equations
(2) - (4) for every m;, which satisfies the requirement in proposition 1 that 8¢ > 8, we only
need to show that there exists at least one 9{ for every m; at which the S5 and DD curves
intersect. Once 9{ is determined, the first equality of equation (5) can be used to determine
8¢. Finally, the value of 8§ can also be calculated from equation (4) once 6§ is determined.

Consider the right-hand side of the first equality in equation (5). Note that as 9{ — 00,

68 — oo In addition, as 9{ - 00, the right-hand side of the second equality of equation (5) is
finite since, by assumption, § has a finite expectation. It follows that for sufficiently large 9{ ,
5SS lies above DD. By the intermediate value theorem, existence is guaranteed if and only if

DD lies above S for some 9{ > § or if and only if

J
Jpk0F(8)d8  yhgf
> -,
Fof) - F(6s") ~ wl

The requirement that there exists a 9{ > 6 such that DD lies above §S guarantees that
the equilibrium value of 8¢ is strictly greater that #. From the definition of 9{ in Section 3,
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9{ > @ implies that
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