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Abstract

This paper constructs a two-sector overlapping-generations model of endoge-
nous growth to study the effects of brain drain on growth, education and
income distribution. The engine of growth is human capital accumulation
through education and intergenerational spillover. Brain drain reduces both
the economic growth rate and the wage rate of the unskilled, but raises the
wage rate of the skilled. Brain drain, however, generally hurts the non-
emigrants through the static income distributional effects and also the dy-
namic damage on economic growth and human capital accumulation. If the
initial rate of human capital accumulation is relatively low, brain drain could
deteriorate both the sum of discounted income and lifetime discounted utility
of a representative non-emigrant. Finally, we show that the government can
choose to spend more on education in order to lessen the detrimental impacts
of brain drain on economic growth.
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Economies” held in Hong Kong, December 1996. Thanks are due to an
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please visit http://weber.u.washington.edu/ karyiu/.
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1 Introduction

International migration of skilled and professional workers, commonly known
as brain drain, has long been an important topic for economists and govern-
ment planners in many countries.! Many governments, especially those that
are losing these workers, have great concerns about the possible adverse ef-
fects of brain drain on economic growth, education, income distribution, and
welfare. These concerns stem from the fact that brain drain is the outflow of
one of the most scarce resources in many source countries: human capital.
Over time, brain drain could adversely affect the formation of human capital
in a source country, and this could hurt the growth and other important
variables of the economy.

Surprisingly, there has been very little work in the literature that exam-
ines the linkage between brain drain and economic growth. While Rodriguez
(1976), Findlay and Rodriguez (1981), and Blomqvist (1986) analyze the de-
termination of the education level in the presence of international migration
in a dynamic context, their models are characterized by fixed skilled levels
of the educated workers, implying that the growth rate of the economy is
not substained. Shea and Woodfield (1996) derive the optimal immigration
policy in a dynamic context, but their economy still does not exhibit perpet-
ual growth. Galor and Stark (1994) show how immigration may reverse the
adjustment of an economy, but in their model human capital accumulation
is bounded, and hence the growth of an economy eventually stops. Wong
(1995) is more explicit about the choice of the types of migration by individ-
uals, but he does not provide any model that generates growth in the long
run. Wong (1997) develops a rigorous model on brain drain in the presence
of endogenous growth. His concerns, however, are more on the endogenous
choice of the type of labor migration, but less on economic growth. More-
over, he does not examine the welfare effects of brain drain and the effect of
a change in the education policy.

In this paper, we construct an endogenous growth model of overlapping
generations to analyze the effects of brain drain on growth, education, income
distribution, and welfare. The advantage of this model is that it allows an
explicit examination of the dynamic and welfare effects of brain drain. We

!See Bhagwati (1976) for a summary and discussion of some of the arguments.



also study the effects of an education policy on labor movement, factor prices,
and economic growth.

The source of growth of the economy considered in the present paper is
the accumulation of human capital through education and intergeneration
spillover. To model education and endogenous growth, we extend the model
of Uzawa (1965) and Lucas (1988). In the Uzawa-Lucas model, education is
the only channel through which human capital accumulates, and the rate of
accumulation of human capital depends on, among other things, the time an
agent spent on education. However, unlike what is assumed in the Uzawa-
Lucas model, the marginal rate of substitution between skilled and unskilled
workers is assumed to be diminishing in the present production process. This
allows an explicit consideration of the effects of brain drain and education
policies on the wage rates of unskilled and skilled workers. Endogeneity of
growth in the present model means that generally there are some policies,
such as a change in the education expenditure or brain drain, that have
growth effects.

Analyzing the features of brain drain is the main focus of this paper. In
addition to deriving the balanced growth path of brain drain and analyzing its
properties, this paper also examines the dynamic adjustment of the economy
as well as the welfare effects of brain drain. The interesting thing here is that
brain drain has effects on not just income distribution in any period, which
have been analyzed in the literature,? it also has dynamic effects as it affects
the growth rate of human capital.

As will be argued below, brain drain hurts the growth rate of the economy.
This leads to some argument that the government should intervene, possibly
restricting emigration to protect the economy’s growth. This paper analyzes
the growth effect of a more aggresive education policy: a higher educator-
student ratio. It is shown that such a policy can be used to maintain the
autarkic growth rate in the presence of brain drain. This policy would require,
however, a higher income tax rate if the government budget is to be balanced.

The paper is organized as follows. Section 2 describes the main properties
of the present model. The educational sector is described in details. Section 3
derives the autarkic balanced growth path of an economy and also examines
the effects of an increase in the labor endowment and a more aggressive
education policy. Section 4 analyzes the important properties of brain drain.
Section 5 examines the properties of the balanced growth path while Section

2See, for example, Grubel and Scott (1996), Berry and Soligo (1969), and Wong (1986).



6 investigates the transitional dynamics of the model and its global stability.
Section 7 analyzes the welfare effects of brain drain, and Section 8 derives
the education policy that may counter the adverse effect of brain drain on
economic growth. Section 9 concludes.

2 The Model

Consider a Diamond-type overlapping-generations economy with two sec-
tors: commodity and education production. A homogeneous commodity is
produced by competitive firms and consumed by local residents.

2.1 Technology

Competitive firms hire two types of inputs, unskilled labor and skilled labor,
to produce the homogeneous good. In period ¢, t = 0,1, ..., 00, the sectoral
production function is represented by

where @), is the output, L] is the input of skilled labor measured in efficiency
units, and L} is the input of unskilled labor, also measured in efficiency
units. The production function, which is stationary over time, is increasing,
differentiable, linearly homogeneous and concave in inputs. Let ¢, = Ly/L]
be the ratio of unskilled labor input to skilled labor input; for simplicity, it
is called the unskilled-skilled-labor (USL) ratio. Linear homogeneity means
that the production function can be written in an intensive form:

Q= Lif (), (2)
where f(¢;) = F({;,1). The production function further satisfies the follow-
ing conditions:

>0, f"<0, f(0) =00, f'(c0)=0.

Perfect competition and cost minimization of firms imply that the wage rate
per efficiency unit of skilled labor and that of unskilled labor are respectively
given by:



wy = f(l) —Lef' (L), (3)
wi = [(6). (4)

2.2 Workers

Each worker lives for two periods, which, with respect to a particular indi-
vidual, are labeled young (y) and old (o). In period ¢, after an individual
has been born, he inherits the general knowledge level in the previous period,
which is denoted by z;_;. This knowledge level also represents the amount of
labor efficiency he supplies when working for one unit of time. With the in-
herited knowledge, he can work as an “unskilled” worker and/or spend time
on receiving education to further improve his human capital. Assuming that
each individual is endowed with one unit of nonleisure time in each period,
denote the amount of time a representative individual chooses to spend on
education by 7; € [0,1]. The amount of time that the individual has for
working as an unskilled worker is therefore (1 — 7;), which can provide an
income of (1 — 7)x;_w}.

Education is provided for free by the government. This means that the
cost of education for an individual is only the forgone time spent on receiving
education. If an individual chooses to receive education when young, he will
get a higher level of knowledge in the next period, which is denoted by
ZTyp1. Since receiving education when old can be ruled out, an individual
when working as a skilled worker will supply ;.1 units of efficiency labor,
generating an income of x;,w; ;, which is subject to an income tax of ad
valorem rate ¢;,1. It is assumed that both x_; and x( are given as the initial
conditions of the economy, with xy > z_;.

For simplicity, bond markets are not considered, meaning that each indi-
vidual has to balance the budget in each period. Consider a representative
consumer who is born in the beginning of period ¢. Denoting his consump-
tion when young in period ¢ and that when old in period t+1 by ¢/ and ¢f, ;,
respectively, his budget constraints in the two periods are:

Cty < (1 - Tt)wal‘, (5)
ity < (1= ep)vewy, . (6)



Let the intertemporal utility function of the representative individual be
denoted by

up=1Inc{ +plncg, (7)

where p € (0, 1) is the discount factor. The utility function is uniform among
all individuals. The representative individual, who is assumed to have ratio-
nal expectation (perfect foresight), chooses the consumption bundles in the
two periods, subject to the budget constraints in (5) and (6), to maximize
his intertemporal utility.

Denote the numbers of unskilled workers and skilled workers available
for production in period ¢t by N/ and N/, respectively. Therefore the total
supplies of unskilled and skilled labor, which are the inputs to the firms in
equilibrium, are

Ly = (1—-m)z N/, (8)
Li = N (9)

It is assumed that in periods —1 and 0, there are equal sizes of each type of
workers, N, and that starting from period 0 on average each individual gives
birth to one child before he or she dies, implying that if economy remains
closed, its population is equal to 2NN in each period.

2.3 Human Capital Accumulation

Education is the channel through which an individual improves the knowl-
edge he possesses. The new knowledge he acquires in the next period, z;1,
depends on three factors: the current general knowledge level x;, the amount
of time he spends on receiving education 7;, and the number of educators
FE;, who are hired and provided by the government. More specifically, the
education production function is assumed to be:

i1 = v A() B(Ey). (10)

The education production function satisfies the following properties:

1. A(0)=1, A(ry) > 1fory >0, A (1) >0, A/(0) > 1/p, and A" (1) <O
for 7, > 0;



2. B(0) =1, and B'(E;) > 0.

The specification of our education production function implies that ex-
isting knowledge can be improved by either self-learning of the students or
research of the educators.

In period ¢, the government hires F; educators to provide free education.
Denote the ratio of educators to students by «;, which can be interpreted
as the degree of education subsidization. For the time being, o, is treated
as a parameter. If all unskilled workers spend a positive amount of time
on education (we shall prove this point later), then the number of unskilled
workers in period ¢ is the same as the number of students, and the number
of educators is equal to

E, = ayN*. (11)

Free education is financed by an income tax of ad valorem rate ¢; on
all skilled workers, including the educators. A balanced government budget
implies that

v EByw; = ¢ [Ny + Eiwy, (12)

where N} + I is the total number of skilled people, including skilled workers
and educators, in the economy in period t. Because of condition (12), a
balanced government budget requires that the ad valorem income tax rate

be equal to:
OétNgl'

=t 13
Nf + o N} ( )

o

3 Autarkic Equilibrium

To solve for the utility maximization problem of a representative individual,
we substitute (5), (6) and (10) into (7) to get

u = In[(1 —7)zi0A(T-1)B(Ei—1)wy]
FpInl(1 — e ) Alr) BUE i) (14

We then differentiate (14) with respect to 7 to give



Oy 1 i pA' (1)

8—7}__1—7} A(Tt) ’

which implies the following first-order condition:

(1-7)A () 1

= . 15
A b )
The second-order condition is satisfied, as
0uy 1 A(r) A" () — [A'(m)]
= — 0 16
or? (1 —m)? tr A(m) <5 (16)

where the properties of the function A(7;) have been used. Equation (15)
can be solved for the optimal time spent on education, 7.

Lemma 1 7€ (0,1) and is unique.

Proof. If , — 0, then by the properties of the function A(7;), du; /01 > 0,
and if 7, — 1, then Ju; /0y < 0. By continuity of the utility function,
there exists an interior solution. Since the second-order derivative of the
function with respect to 7 is always negative, the solution is unique. B

Note that the optimal time of education chosen by individuals with fixed
p is independent of the number of educators and is stationary over time.
This property is partly due to the functional form of the utility function, and
partly due to the multiplicative form of the education production function.

Since for this closed economy the number of each type of workers in any
period is equal to N, we have

N = N (17)
Nf+E, = N. (18)

Combining equations (11), (17) and (18), we get
Nf=(1-a)N. (19)

Substituting (19) into (13) to give the autarkic income tax rate that balances
the government budget, we have ¢ = «, where the superscript “a” denotes
the autarkic value of a variable.



A balanced growth path (BGP) of the economy is one in which all in-
tensive variables (e.g., rates or ratios) such as 7, ¢;, and factor prices are
stationary, while all extensive variables (e.g., levels) such as x;, @, and fac-
tor supplies grow at constant rates. To analyze the existence of a BGP, let
us denote the (gross) growth rate of human capital by

_ T4

— 20
gt 7, 9 ( )
and define a new variable:
1—7)N¥
n; = 4= mNE N;) L, (21)

This variable n;, which is called the unskilled-skilled-worker (USW) ratio,
can be interpreted as the ratio of “effective” number of unskilled workers to
the number of skilled workers, and is related to the unskilled-skilled-labor
(USL) ratio in the following way:

ny = g1ty (22)

We can now analyze the BGP. By lemma 1, each individual spends a
fraction of non-leisure time 7 € (0,1) on education when young. Assuming
that the government sets a constant education parameter « in all periods,
(10) and (20) imply that the BGP (gross) growth rate of human capital is
equal to

7' = A(T)B(aN), (23)

where the “overline” denotes a BGP value. Using (17) and (18), the BGP
value of n; is equal to

L, 1-7

= ) 24

"o (24)

Equations (23) and (24) can be combined to give the BGP value of ¢;,
—-a ﬁa 1 - ?

0 =— = — . 25

7  AT)B(aN)(1—«) (25)

Note that the USL ratio is constant over time along a BGP and so are the
factor prices.




The autarkic BGP can be described by conditions (23) to (25). Its exis-
tence can easily be seen from these three conditions, and can be illustrated
in Figure 1. Ray OG from the origin has a slope equal to g%, while line MN
has a vertical height of (1 —7)/(1 — «). Continuity of the two lines means
that they meet once and only once, and the intersecting point, H, gives ¢*,
This proves the existence and uniqueness of the BGP.

Another property of the BGP is that from any initial point and when given
the education parameter o, it is achieved in at most one period, meaning that
this economy when closed has no transitional dynamics. The reason is that
in period 0, when the individuals are given the knowledge levels in this and
the previous periods, as well as the education parameter «, the unskilled
workers will choose the optimal education time 7, which yields the growth
rate of human capital as given by (23), and at the same time n; achieves its
BGP value.

The BGP growth rate of output is equal to

QtH _ Lf+1f(za) _ Tt+1
Qe Lif(f)y  w
which is the same as that of human capital.
The above results are summarized by the following proposition:

Proposition 1 A balanced growth path of the economy exists and is unique.

Along a BGP, the welfare of a representative individual in period t is
given by

ul =In(1 — 7)o, @ + pln(l — ")z @ (26)

Because of the accumulation of human capital through education, condition
(26) implies that the welfare of individuals increases over time. For example,
the change in welfare level over one period is equal to

Wy —uf = (14 p)ng" (27)

Note that because uj is expressed in logarithmic form, u?, ; —uf is interpreted
as the (gross) growth rate of welfare of individuals (over two consecutive
generations).

Before we turn to brain drain, we perform two comparative statics exer-
cises. First, suppose that there is a sudden increase in population while the



government maintains the same educator-student ratio. More specifically,
suppose that in each period both the number of unskilled workers and that
of skilled individuals, including the skilled workers and educators, increase
to N' > N. With a larger population, equation (23) implies that the growth
rate of the economy increases to

g% = A(T)B(aN') > g°.

This growth rate is represented in Figure 1 by a steeper ray OG’ from the
origin. Line MN, however, remains unchanged. Therefore the new intersect-
ing point, H', represents the new BGP equilibrium. With this new BGP, the
USL ratio is lower, meaning that there is relatively more skilled labor in the
economy. This implies, by (3) and (4), that the increase in population would
cause a drop in the skilled workers’ wage rate but a rise in the unskilled
workers” wage rate per efficiency unit of labor.

The changes in factor wages due to an increase in population demonstrate
the roles of educators in education and the education policy. As there are
more unskilled workers, the government would hire more skilled workers to
educate the students. This improves the growth rate of human capital. Since
the USW ratio remains constant at (1 —7)/(1 — a), there is a drop in 7" and
thus the corresponding changes in factor prices.

The next exercise about the autarkic BGP is to determine the effects of
a change in the education policy. Suppose that the government chooses to
increase «, i.e., providing more educators to any given number of students.
The effects of the new education policy on the growth rate and USW ratio
are

dn®  (1-7)
da  (1—a)? >0 (28)
‘g — AFB(aN)N > 0. (29)

These effects are illustrated in Figure 2. Condition (28) implies a rise of line
MN to M'N’; while condition (29) represents a rotation of ray OG to OG'.
The new equilibrium point, point H’, is the intersecting point between M'N’
and OG’. Depending on by how much each line is shifted, the autarkic USL
ratio ¢ may go up or down. The ambiguous direction of change of ¢* can
also be confirmed by direct differentiation:

10



a1 [1-7

To interpret the ambiguity of an increase in education subsidy on the USL
ratio, note that an increase in a would improve the growth rate, which means
that the skilled labor supply tends to rise. On the other hand, an increase in
« also raises the ratio of effective unskilled workers to skilled workers. This
tends to encourage the supply of unskilled labor. Finally, if the change in
the USL ratio is ambiguous, then so are the factor prices.

4 Brain Drain

Suppose that in addition to the above economy, which from now on is called
the source country, there is another country, which is called the host country.
Both countries have similar economic structures as described in the previous
section, but they may have different labor endowments, preferences, produc-
tion and education technologies, and income tax policies. Brain drain, which
is the outflow of skilled workers from the source country to the host country,
is allowed. To simplify our analysis, the following assumptions are made.

1. The source country is a small one as compared with the host country
in the sense that the economic conditions such as prices and policies
in the host country are not affected by any labor movement. In other
words, the source country takes the economic conditions in the host
country as given.

2. Before any labor movement, both countries are on their own autarkic
balanced growth paths.

3. The host government has a free immigration policy.

4. The host government would not accept unskilled immigrants. This
means that brain drain is the only type of labor migration considered.
An emigrant will work in the host country as a skilled worker until he
dies.

11



5. The amount of human capital possessed by a skilled worker is country
invariant. This means that a skilled emigrant with human capital given
by x; is able to supply the same amount of human capital in the host
country.

6. Unless stated otherwise, the government of each country maintains the
same education policy as that under autarky.

7. Movement of skilled workers is costless, instantaneous, and risk free.
This means that in any period, local skilled workers will move out
until a marginal skilled workers will get the same welfare whether he
moves or not. This is a temporary equilibrium. However, a temporary
equilibrium may or may not be a permanent migration. Furthermore,
welfare gap is the only motive for labor movement.

Several properties of brain drain deserve discussion. When skilled work-
ers emigrate permanently out, not only they, but also their descendants, are
permanent residents of the host country. This means that the source coun-
try will lose population through brain drain. The evolution of population is
governed by the following equation:

N = N+ B, (30)

which means that the number of unskilled workers in any period is equal to
the total number of remaining skilled workers and educators in the previous
period.

The outflow of skilled workers from the source country has several impli-
cations. First, the educator-student ratio does not change, the USL ratio,
¢, will increase. Second, there will be less people to support the free edu-
cation. Third, the decrease in the tax base for financing the free education,
the government is forced to either (a) provide an inferior education with a
smaller educator-student ratio, or (b) raise the income tax rate, or (c) find
other revenue sources to finance the free education.

Let the after-tax wage rate per efficiency unit of labor in the host country
be F™. Since the host country is in a BGP and since the income tax rate is
constant, the after-tax wage rate F'™* is stationary. To simplify the notation,
relabel the periods so that period 0 is the first period when brain drain is
allowed. The following condition is assumed

12



F* > (1 - ¢"w™, (31)

where W** is the autarkic BGP wage rate. Condition (31) implies an incentive
for brain drain to the host country in period 0 and possibly beyond.

Since emigration is assumed to be costless, instantaneous, and risk free,
an temporary equilibrium in period ¢, t =0, 1,... 00, is characterized by

F*=(1-¢p)w;. (32)
The income tax rate that balance the government budget is given by condi-
tion (13), which, by making use of condition (21), reduces to:
any
(1—-7)+an;
By condition (3), the skilled workers’ wage rate depends on the USL ratio,
ie.,

¢ = (33)

w; = w*(4,). (34)

Conditions (33) and (34) can be substituted into the temporary equilibrium
condition (32) to give:

o (=Dt
Condition (35) is illustrated by schedule FF in Figure 3, which shows the
locus of temporary equilibria as skilled workers are flowing out. The slope of
schedule FF is obtained by direct differentiation of condition (35):

(35)

dng| (1 —7)w”
dgt FF N af™
where w* = dw?*/d¢; > 0.

The growth rate of human capital depends on the current level of the
number of unskilled workers, i.e.,

> 0, (36)

gr = A(T)B(aN/). (37)

Note that with a multiplicative education function, the optimal time chosen
by individuals for education is not affected by brain drain.

13



5 Balanced Growth Path

We now analyze the balanced growth path (BGP) under brain drain of the
source country. Such a BGP is defined in the same way as that under autarky,
that is, all intensive variables are stationary while all extensive variables are
growing with constant rates. This requires that the temporary equilibrium
condition (35) be satisfied in all periods. Furthermore, because the emigrants
and their descendants do not return back and because the autarkic population
in the source country is constant, labor movement ceases along a BGP.

We distinguish the values of variables along a BGP under brain drain by
an overline together with a superscript “b.” The equilibrium condition along
a BGP is characterized by:

(1 —7)w (@)

Ff = —————.
(1-7)+an®

(38)
Note that in the present model, the education time 7 is independent of labor
movement, and for the time being the education parameter « is fixed by the
government. Since the population of the source country is constant along a
BGP, the analysis in the previous section implies that the USW ratio reduces
to

_b_l—T

S l-a (39)
Conditions (38) and (39) give the BGP values of m* and 7. Because the
optimal time for education chosen by individuals is stationary over time,
condition (39) implies that the BGP value of the USW ratio ®m° is not af-
fected by brain drain, and condition (33) implies the same income tax rate
to balance the government budget.

The BGP under brain drain can be derived graphically in Figure 3. Hor-
izontal line MN, which has a vertical intercept equal to (1 —7)/(1 — «),
illustrates condition (39). For comparison purpose, the autarkic BGP is
shown to be at point A at which line MN and ray OG of a slope of g% meet.
Schedule FF is the locus of temporary equilibrium points. By condition (31),
which is satisfied if brain drain occurs in period 0, point A is on the left-hand
side of schedule FF, as the diagram shows. The BGP under brain drain is
depicted by the point of intersection, point B, between FF and MN.

Through point B let us draw ray OG’ from the origin. The slope of OG’

14



gives the (gross) growth rate of human capital under brain drain, g°. This
growth rate is given by

7' = AT BN, (40)
where N is the population size of the source country along a new BGP.

Proposition 2 The BGP of the economy under brain drain exists and is
unique. Assuming stability, brain drain causes a rise in the USL ratio and
the skilled workers’ wage rate and a drop in the unskilled workers” wage rate
and the economic growth rate.

Proof. We first prove the existence and uniqueness of the BGP. We showed
earlier that schedule FF in Figure 3 is strictly positively sloped. For
schedule FF, as n; — 0, condition (35) suggests that ¢; is finite, while
as ny; — 00, ¢; — 00. This means that schedule FF must cut line MN
once, and only once. Let this point be denoted by B in the diagram.
Next, note that the shrinkage of population due to the outflow of labor
movement implies N’ < N. This result together with conditions (23)
and (40) imply that g* < g®. If the BGP under brain drain is stable,
then, as will be shown later, schedule FF must be steeper than ray
OG at their intersecting point, point T, and they must cut each other
once. In other words, point A is to the left of point B. What this
implies is that brain drain lowers the BGP value of the USL ratio, 7.
By conditions (3) and (4), there is a drop in wW* but a rise in w**. A

The effects of brain drain as described in the above proposition requires
stability, which will be analyzed in the next section.

6 Transitional Dynamics and Stability

So far we have been focusing on the features of the new BGP. We now
analyze the transitional dynamics under brain drain. Such an analysis can
be simplified by using the fact that temporary equilibrium in each period
is represented by equation (35), meaning that beginning from period 0 the
adjustment of the economy is represented by movemnts along schedule FF
in Figure 3.

15



Let us begin with period 0, the time when brain drain is allowed to occur.
In this period, some of the skilled workers, but not unskilled workers, in the
source country flow out, implying that at the temporary equilibrium, both
no and ¢y rise. These two values can be illustrated in Figure 3. First, by
condition (22), ng = g_1£p, meaning that they can be represented by a point
on ray OG, which has a slope of g_; = g*. Second, the temporary equilibrium
is a point on schedule FF. As a result, the point (ng, {y) is at point T, the
intersecting point between ray OG and schedule FF.

We can now turn to period 1 and derive its temporary equilibrium. First,
we note that it must be at a point on schedule FF. Second, we have ny = go/;
at a new temporary equilibrium. Note that gy = g* because the growth rate
depends on education time and the current population of unskilled workers,
both of which are not affected by brain drain. As a result, (nq, ¢1) is still
at a point on ray OG. Combining these results, we can conclude that the
temporary equilibrium in this period is still represented by point T.

Starting from period 1, the number of unskilled workers drops. This also
lowers the growth rate of human capital accumulation, ¢g;. As this growth
rate drops, ray OG in Figure 3 rotates in a clockwise direction until it has a
slope equal to the new BGP growth rate. Since the temporary equilibrium
continues to be represented by the intersecting point between schedule FF
and the new ray OG, as the latter rotates in a clockwise direction, the equi-
librium point shifts downward along schedule FF. This means that both n;
and ¢; decrease after period 1.

The outflow of skilled workers stops when the BGP is reached. As ex-
plained earlier, this occurs when the USW ratio is equal to n; = (1 —7) /(1 —
a), with the number of unskilled workers the same as the number of skilled
workers plus educators. This means that in Figure 3, as skilled workers flow
out, ray OG rotates in a clockwise direction until it cuts through point B,
the intersection point between line MN and schedule FF.

The adjustment of the economy under brain drain can be summarized as
follows: As brain drain is allowed, there will be a jump from the autarkic
equilibrium point A to point T in one period, and stays there for one more
period. Then it shifts down along schedule FF until point B is reached.

Figure 3 can also be used to examine the global stability of the BGP
under brain drain. We want to derive the conditions under which starting
from period 1 point T will move down, not up, along schedule FF.

Before we derive the stability condition in a rigorous way, we can first
provide some economic intuition. This will help our derivation below. As
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explained earlier, when skilled workers flow out, both the population of skilled
workers and that of unskilled workers shrink. This lowers the growth rate,
and ray OG rotates in a clockwise direction. Therefore to have point T
shifting down, schedule FF have to be steeper than any ray from the origin.
This is the case shown in Figure 3.

We now formally derive this stability condition. Differentiation of condi-
tion (35), which is represented by schedule FF, gives

(1 —7)w”
aF™*

Similarly, differentiation of the growth rate condition (37) gives

dnt = gtfldgt + ftgfg,ldNZil, (42)
where g, ; = A(T)B'(F;_1) > 0. Solve conditions (41) and (42) to give

1 (1 =7)lg, jw”

dn; = D T AN, (43)
where
1 —7F)w?
D = % — G¢—1,

which is the slope of schedule FF minus that of ray OG. Since starting from
period 1 NV}* drops continuously as long as outflow of skilled workers occurs.
From Figure 3, it is clear that for stability of the BGP, n; drops over time
until the BGP is reached. This requires that D > 0, or that schedule FF
be steeper than ray OG. A technical appendix on the stability condition in
terms of the Jabobian matrix of the dynamic system is provided.

Proposition 3 A sufficient condition for global stability of the BGP is that

(1—7)w

D= —qgi—1 >0
(IF* Ji—1 y

i.e., in the space bounded by OG and OG', schedule FF is steeper than the ray
from the origin that represents the prevailing growth rate of human capital.

We now derive explicitly the adjustment of some of the more important
variables. Figure 4 illustrates a possible adjustment path of ¢;, which is based
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on the above analysis. Once this path is known, the changes in factor prices
can easily be obtained. Figures 5 and 6 show the possible adjustment paths
of the wages, w; and wy, respectively. Figure 7 shows the changes in N/ and
N

One feature of the adjustment of these variables is that they may over-
shoot or undershoot with respect to their new BGP values. For example,
as shown in Figure 4, when brain drain is allowed /¢; first shoots up to a
high level before it gradually decreases down to the new BGP level, which
is higher than the initial one. Such an overshooting is due to the fact that
in each period only skilled workers are allowed to move out but unskilled
workers are not. Thus the initial outflow of skilled workers will substantially
raise the USL ratio.

7 Welfare Analysis

We now analyze the effects of brain drain on the welfare levels of individuals
in different generations. Brain drain in the present model has impacts on the
welfare levels different from those recognized in the literature. The reason
is that it affects not only wage rates, but also the income tax rates and the
rate of human capital accumulation. Furthermore, the fact that the welfare of
every individual is defined over two periods makes our analysis more difficult.

We first consider the welfare impacts along the balance growth path under
brain drain, along which the wage rates and the growth rate of the economy
are stationary over time. By Proposition 2, brain drain causes a drop in the
BGP value of w* but a rise in w*.

Under brain drain, the welfare of a representative individual born in pe-
riod ¢ along a BGP is given by

ul =In(1 — 1)z, 0" + pln(1 — Eb)xtﬂw‘*b. (44)

This condition implies that the increase in the welfare of individuals over one
period is equal to

iy —ul = (14 p) Ing. (45)

As before, u?, | — u} is interpreted as the gross growth rate of the welfare

of individuals over two consecutive generations. Thus, conditions (27) and
(45) mean that brain drain slows down the welfare improvement over time
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between two consecutive generations due to the resulting lower rate of human
capital accumulation (g° < g%).

A more direct way of measuring the welfare impacts of brain drain is
to compare the actual welfare a non-emigrant receives under brain drain
with the hypothetical welfare he receives should brain drain not be allowed
starting from period 0. This approach requires the estimation of the welfare
of the individual in the hypothetical case with no brain drain.

Let us begin with period 0, right after the policy of free brain drain is al-
lowed. There are two groups of individuals in that period (as in other periods
as well): the skilled workers plus educators, and the unskilled workers. We
first consider the skilled workers and educators. The second-period welfare
of a representative skilled worker /educator is given by?

ud = In(1 — @) zows®. (46)
Substitute condition (32) into condition (46) to give

uy = Inxg ™. (47)

Because of condition (31), i.e., F* > (1 — ¢ )@*®, and because z is given as
an initial condition, condition (47) implies that the welfare of skilled workers
in period 0 is improved by the outflow of some skilled workers.

This result is not surprising. The welfare of the remaining skilled workers
must have been raised to the level of the welfare enjoyed by the emigrants
at the temporary equilibrium, or they will move out. The unskilled workers,
who do not have the option of moving out, have a lower utility in that period,
however. This is due to the decrease in the unskilled-worker wage rate.

Since there are gainers and losers in the economy in the period casued
by the outflow of skilled workers, the question is whether the gainers can
compensate the losers. To answer this question, we denote the number of
emigranting skilled workers in period ¢ by N;/¢ and that of remaining skilled
workers by N/™. Because the level of human capital in period ¢ is equal to xy,
the inputs of skilled labor and unskilled labor are equal to, respectively, L7¢ =
2 NP and L™ = 2y N;™. By condition (12), the tax on skilled workers is
equal to the after-tax income of the educators. This means that the national

3The first-period welfare of a representative skilled worker depends on his human capital
and the unskilled worker’s wage rate in the previous period, both of which are independent
of brain drain.
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income of those left behind in period ¢, including skilled workers, unskilled
workers, and educators, is equal to

Iy = F(L{"™ + L, L}) — w; L. (48)

Note that in condition (48), wjL;¢ is subtracted from the value of output to
get the national income of those left behind.

The effect of brain drain is obtained by differentiating both sides of (48)
to give!

01, so OW}

aLge - Lt 8L;§’e > Oa (49)
where Ow; /OL;¢ < 0. Condition (49) suggests that (a) if initially there is no
labor movement, i.e., L{® = 0, a marginal brain drain does not affect I;;
(b) if already a certain number of skilled workers have left, outflow of an
additional skilled worker hurts those left behind in the sense that the gain of
the gainers is not big enough to compensate for the loss of the losers in the
same period. For a discrete outflow of skilled workers, condition (49) can be
written alternatively as

(1 —=7)z_ Nwi® + (1 — ¢)) oo NgPws? < (1 — 1)x_ NT** + (1 — ¢ )ao Ng"w*,

(50)
meaning that an outflow of a finite number of skilled workers will hurt those
left behind.

These results are not surprising, and is well known from the static wel-
fare analysis of factor movement.® This approach to measuring the welfare
effects of brain drain is based on the existence of an interpersonal lumpsum
compensation scheme. Suppose instead no such scheme exists. Then the
welfare levels of different groups of individuals have to be measured sepa-
rately. In particular, even though individuals are hurt when they are young
as unskilled workers, they may gain when old as skilled workers. What we
want to determine is how brain drain may affect the intertemporal welfare
of a representative individual.

4Because in a given period x; is given, 0I;/OL{* = 01, /ON$', i = e, m.

5The reason is that the marginal skilled worker takes with him his contribution to
the economy, but the economy saves the payment to the worker that is equal to his
contribution.

6See, for example, Gruebel and Scott (1966), Berry and Soligo (1969), and Wong (1986).
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Lemma 2 If Ni® > Ngo, then for a discrete outflow of skilled workers,
(1—7)z_qw+o(1—¢))riwy < (1—7)z_ T +o(1—¢" )z, @, (51)
where 0 < o < 1.
Proof. Condition (50) can be rearranged to give

ZE()N

(1—=7)z_4 {wfjb w““} <

(1= — (1= ¢hui’] . (52)

By condition (31), the right-hand side of condition (52) is negative. If
N§® > Ngo, then 2gN**/N > z; > ox; > 0. Thus we have

I()Ngb
N

(1= = (1= eh)ui| < 21 [(1 =)@ — (1= gh)ui’] .
(53)

Combining conditions (52) and (53), and using the fact that (1 —
A)wst = (1 — ¢%)wsb, we get the lemma. B

What does Lemma 2 imply? We note that under brain drain, the growth
rates of human capital remain the same as under autarky in periods 0 and
1. This means that the human capital levels, z¢y and z, are not affected
by brain drain. Furthermore, ¢ can be interpreted as the discount factor.
As a result, the left-hand side of condition (51) is the sum of discounted
income of a representative non-emigrant born in the beginning of period 0
in the presence of brain drain, while the right-hand side is his welfare under
autarky. Thus Lemma 2 implies that when the initial rate of human capital
accumulation is relatively low (i.e., N§® > Ngp), brain drain amplifies the
adverse situation and causes a drop in the sum of discounted income of a
non-emigrant.

In terms of the welfare of an individual, the lemma implies that the
sum of the discounted income of a representative non-emigrant born in the
beginning of period 0 is smaller under brain drain than under autarky. In
other words, if a perfect bond market exists before and after brain drain so
that a representative non-emigrant can borrow or lend in the two periods to
maximize his own welfare, then there will be a drop in his welfare due to brain
drain. In the absence of such a bond market, the change in the welfare of the
non-emigrant is still ambiguous. However, we can apply Lemma 2 to conclude
that when the initial rate of human capital accumulation is relatively low (i.e.,
N§® > Ngo), brain drain has an adverse welfare effect.
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Lemma 3 Consider four positive numbers, a, b, o/, and b, where a > d/,
anda+b>a +V. For 0 <o <1, we get

Ina+olnb>1Ind +olnb.

Proof. By the concavity of the logarithms function, for 6 > 0,
Ina —Ina' > In(a+ 6) — In(a’ + 6). (54)
Let § =b—a and 8" = a + b — d’. Condition (54) reduces to

Ina—Ina >Ind" —Inb>1Inb —1Inb, (55)

where the last inequality comes from the fact that b” > b since a+b >
a +b. If ¥ > b, condition (55) reduces to

Ina—Ind > o(lnb’ —Inb). (56)

If & < b, condition (56) is also satisfied because its right-hand side is
non-positive while the left-hand side is positive. Rearranging the terms
in the condition gives the lemma. B

We now make use of Lemmas 2 and 3 to prove the following proposition.

Proposition 4 If Ni* > Ngo, then brain drain reduces the welfare of a
representative non-emigrant who is born in period 0.

Proof. Along a BGP, the welfare of a non-emigrant born in period 0 if brain
drain is not allowed is

ul = In[(1 — 7)z_ ;@] + pIn[(1 — ¢ )z, @%. (57)
His welfare in the presence of brain drain is
Wb =n[(1 — )z_1@") + pln[(1 — )@ (58)

Because W@ > w* = wg’, Lemmas 2 and 3 can be combined to give
the proposition. W

By this proposition, brain drain hurts the non-emigrants who are born in
the beginning of period 0 if N§® > Ng,. Brain drain also tends to hurt later
generations since it lowers the growth rate of human capital.
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8 Education and Brain Drain

The above analysis shows that brain drain has detrimental effects on the
growth rate and welfare of the source country. The analysis thus raises the
concerns about what the government can do to protect the country’s growth
and welfare. The simple answer is to prohibit brain drain. This policy,
however, is not considered to be realistic. First, many people regard out-
migration as an important human right, and nearly all countries allow at
least some number of emigrants each year. Second, prohibiting brain drain
could be difficult politically. In particular, the professional people may be
influential in the political system, and they are against any regulations on
outflow of skilled workers.

In this section, we suggest a policy that can be used to protect the growth
rate of the economy in the presence of brain drain. The policy is to increase
the educator-student ratio, a. We note from Section 3 that for a closed econ-
omy an increase in the educator-student ratio will raise the growth rate of
the economy. We now examine how this policy can be used in the presence
of brain drain to counter the detrimental effect of brain drain on economic
growth.

The objective of the government considered here is to choose the right
education policy to maintain the growth rate of the economy at the autarkic
level when free brain drain is allowed. We first focus on a new BGP in the
presence of this policy and brain drain. Let us denote the BGP value of a
variable under this new education policy by a “tilde.”

Under the objective that the growth rate remains the same under autarky,
condition (40) reduces to

g% = A(T)B(a"NY), (59)

where N is the new population along a new BGP. In condition (59), we
have made use of the fact that the optimal education time chosen by the
unskilled workers is not affected by the education policy. Furthermore, with
the existence of brain drain, N’ < N. This implies that to maintain the same
growth rate as before, the government has to increase the educator-student
ratio, @ > a. We have to find out what this new educator-student ratio
should be.
The temporary equilibrium under brain drain is charaterized by
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(1 —T)w'()

F* = ) 60
(1-7)+a’nb (60)
The relationship between / and 7? is given by
0’ =g, (61)
whereas n? is related to the educator-student ratio
1—-7
~b
- 62
L (62)

Conditions (60) to (62) can then be solved for a°, 7, and ¢.

As analyzed above, with the presence of brain drain, the new education
policy will raise a”. By conditions (61) and (62), the policy will also increase
n? and ¢°. Because of the change in £°, there will be an increase in the skilled-
worker wage rate but a decrease in the unskilled-worker wage rate.

These results mean that the new education policy does not reverse the
directions of change of ¢ and factor prices. They are not surprising because
an equilibrium with brain drain requires an increase in the welfare of the
skilled workers, which depends on the after-tax income when they are old.
The question is whether these changes with this new education policy can
be compared with the changes with the initial education policy.

These changes can indeed be compared. To do that, we first determine
the change in the income tax rate. We note that the new education policy
increases the term a’n’, which is equal to

b _ ab(1 —ﬁ) _ 1~—? .
1—ab 1/ab —1

The new income tax rate that balances the government budget, by condition
(33), is equal to

Fo__am (63)

(1-7)+abnb

By condition (63), an increase in a’n’® means an increase in the income tax

rate. Intuitively, such an increase in the income tax rate is needed to finance
a higher educator-student ratio under the new policy.
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We are now ready to compare the factor prices with and without the more
aggressive education policy. In equilibrium, skilled workers that remaining
behind have the same after-tax wage rate, the same as what the emigrants get
in the host country. A higher income tax rate therefore must be balanced by
a higher wage rate for skilled workers, i.e., w*® > w**. This implies w** < wW*,
and ¢ > 7'. By condition (61), i’ > 7.

The above results can be illustrated graphically. In Figure 8, ray OG
represents the autarkic growth rate of the economy; i.e., its slope is equal to
g”. In the presence of brain drain, the government chooses a new education
policy to maintain the same growth rate as before. As analyzed above, the
new education policy requires an increase in the educator-student ratio, «.
By equation (60), this new policy will shift schedule FF down and to the
right. Let the new schedule be at F'F’, and let it cut ray OG at point S. At
the same time, an increase in « implies a rise in the equilibrium value of n,
as shown by condition (62). To have point S as an equilibrium point, it is
required that the horizontal line with an intercept on the vertical axis equal
to (1—7)/(1 —a®), shown as line M’'N’ in the diagram, passes through point
S.

Figure 8 can be used to derive the transitional adjustment of the economy
under brain drain and the new education policy. Point A is the autarkic
point. When brain drain occurs in period 0, the outflow of skilled workers
immediately raises the USL ratio, ¢y. The simultaneous rise in the educator-
student ratio, «, shifts the temporary equilibrium schedule FF to F'F’ and
raise the equilibrium value of the USW ratio, ng. Since ng = g_1fp, the
temporary equilibrium in this period must be on ray OG and schedule F'F’,
i.e., at point S. In other words, the economy jumps up from point A to point
S in period 0.

Once the economy is at point S, no more changes in the economy will be
observed because all the three BGP conditions, (60) to (62), are satisfied.
This means that the economy reaches the new BGP in one period.

The above results are summarized in the following proposition:

Proposition 5 When the government increases the educator-student ratio
in the presence of brain drain in order to maintain the autarkic growth rate
of human capital, there will be an increase in (a) the USL and USW ratios,
(b) the wage rate of the non-emigrating skilled workers, and (c) the income
tazx rate; but a drop in the wage rate of the unskilled workers. The economy
reaches the new BGP in one period.
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9 Conclusion

In this paper we have developed a two-sector, endogenous growth model to
examine the relationship between economic growth and brain drain. The
engine of growth in the present model is the accumulation of human capital
through education. After proving existence, uniqueness and stability of the
equilibrium of a closed economy, we examined several properties of brain
drain. One of the more important results is that brain drain has an adverse
effect on the wage rate of the unskilled workers but it improves the wage
rate of the skilled workers. Brain drain also tends to hurt the growth of the
source country.

Even though brain drain benefits the remaining skilled workers in the
period when it is first allowed, it in general is bad for other non-emigrants.
Some of the detrimental effects of brain drain are static, hurting those left
behind in any period in the sense that there is a drop in the national income.
As a result, no compensatory policy is available to make sure that all non-
emigrants are not hurt in any period. In fact, despite the positive effect
of skilled workers’ wage rates, the generation that is born just before brain
drain could also be hurt. The more damaging effects brain drain brings to
the non-emigrants are those on growth rate. In the present model when the
economy grows with human capital, a drop in the growth rate of human
capital hurts future generations.

From a policy perspective, we have demonstrated how the government
may use a more aggressive education policy to counter the detrimental effect
of brain drain on the economy’s growth rate. This requires an increase in
the educator-student ratio. As a consequence, the USL and USW ratios are
both raised, making the skilled workers’ wage rate higher but hurting the
unskilled workers’” wage rate. The interesting feature of this policy is that
the economy reaches the new BGP in one period, even though without the
change in the education policy, it may take much longer to reach a new BGP.
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APPENDIX

With brain drain, the population size in each period is governed by (30).
Since E; = aN}*, we can rewrite (30) by using the definition of n; as
N} 1-7
Lo — L (64)

Ntuq Ng—1

Next, combining (37) and (35) to eliminate ¢;, we have

(1 = Tw; (/g1 (Vi 1))

F* =
(1—?)"‘06')7,15

(65)

where g;_; = aA(T)B'(aN}-;) > 0. This provides a 2 x 2 system to study
the transitional dynamics under brain drain.

We define z; = z; — Z for any variable z, where the “overline” denotes the
balanced-growth equilibrium value of the variable. Linearization of (64) and
(65) yields the following matrix equation:

ann 0 ny 0 bio N1
U — —~ 66
Va5 =] ] (66)

where a;; = aF* — (1 — F)w® /§°, axn = 1/Nb >0, by = —°79"/(7°)? < 0,
by =—(1—7)/(M*)?2 <0, by = 1/Nb > (. Inverting the matrix on the LHS,

we get
n 0 b N
/@u S . 12/(111 fl\tu 1 ‘ (67)
Nt N by 1 Nlt_1

The trace (T'r) of the Jacobian is 1 and the determinant (Det) is —Nbbglblg/au.
In order to have stability so that the BGP equilibrium is a sink (i.e., the
eigenvalues of the dynamic system must lie inside the unit circle), it is nec-
essary and sufficient to have Det > 0.7 This is equivalent to the condition of
D > 0 in the paper.

"In general, the condition that Det > 0 is only necessary but not sufficient for stability.
However, in our special case that Tr = 1, this condition is also sufficient.
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