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TRADE IN HUMAN CAPITAL: A
QUANTITATIVE THEORY OF
ECONOMIC GROWTH AND THE
IMPORT OF HIGHER EDUCATION

ABDULAZIZ B. SHIFA
Syracuse University

For a developing economy transitioning into knowledge-intensive sectors, the lack of
capacity for advanced education poses a natural challenge. Many successfully
industrialized countries used high-skilled foreign teachers to overcome this challenge.

I present a stylized quantitative model of trade in high-skilled human capital, in which
colleges in a developing country can hire high quality teachers from a developed country.
In the model, the use of foreign teachers is proposed as a possible mechanism to build
domestic capacity for advanced education. Quantitative calibrations of the model show
two main results. First, there are significant frictions in human capital trade, as measured
by the wedge between the level of human capital observed in the data versus the level
simulated under the assumption of no frictions. Removal of the wedge can narrow the
average income gap between the USA and other countries by about 14-24%. Second,
relative to countries with the lowest and highest incomes, middle-income countries appear
to gain the most from removing the wedge.
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1. INTRODUCTION

As a catching-up economy transitions into technology-intensive sectors, lack of
capacity to provide advanced training in science and technology poses a natural
challenge, owing to lack of high-skilled individuals who can provide such train-
ing. Many observers of successfully industrialized countries (e.g., Japan, Korea,
and Taiwan) point to the use of foreign graduates to build domestic training capac-
ity (Mazzoleni (2008)). After the Meji restoration in the late 19th century, Japan
relied on foreign scientists to train its domestic students, with the ambition of
catching-up with the West in science and technology. The entire faculty in Japan’s
first engineering college, the Imperial College of Engineering, consisted of British
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scientists (Mazzoleni (2008)). Many Japanese also went abroad to study in the
West and later returned and engaged in training Japanese students at domestic
colleges in Japan (Nakayama (1989)).

The experiences of Korea and Taiwan also appear to suggest the importance
of foreign-trained scientists in building domestic training capacity in science
and technology. For example, the Korea Advanced Institute of Science and
Technology (KAIST)—a prominent Korean school for advanced training in sci-
ence and technology—was established primarily by professors from the USA.
Leading universities in Taiwan also drew heavily on US-trained professors (Hsieh
(1989), Wu et al. (1989)). In this paper, I develop a model of economic growth
that allows for such a transfer of human capital from a developed to a developing
country.

The model features a globalized market for human capital, in which the transfer
of human capital occurs via import of teachers from a developed to a develop-
ing country. Although human capital transfer could potentially play a crucial
role in technological catch-up, an important question arises regarding the level
of market frictions in the global market for human capital. Following the classic
paper by Lucas (1990), the extant literature on catch-up has primarily focused
on frictions in the transfer of physical capital across borders (Obstfeld (1994),
Acemoglu and Zilibotti (1997), Gourinchas and Jeanne (2006), Caselli and
Feyrer (2007), Kalemli-Ozcan et al. (2010)). However, as opposed to constraints
on physical capital flow, constraints on human capital transfer could be more
consequential for long-term development, and they are perhaps more likely to
happen.

First, since the economy can accumulate physical capital through domes-
tic savings, constraints on cross-border borrowing of physical capital may not
have significant effects on steady-state outcomes (Gourinchas and Jeanne (2006),
Azariadis and Kaas (2016), Hassler et al. (2017)). This is unlikely to be the case
with human capital transfer since, without the opportunity to learn from those
who have already acquired the knowledge, a country may be left with a persis-
tently low level of human capital. Second, there are plausible reasons to suspect
that the level of frictions in the market for human capital transfer could be higher
than the level in the market for physical capital. The transfer of human capital
requires mobility of people (i.e., teachers), which, as compared to mobility of
capital, is constrained by a myriad of migration restrictions. Moreover, the return
from building domestic training capacity is realized over the long-run through a
process by which current teachers train current students, who will in turn teach
the next generation of students, and so forth. Hence, underdevelopment of finan-
cial markets in developing countries could make it particularly difficult to finance
such arisky and long-term investment (Growiec (2010)). I therefore use the model
to quantitatively assess the extent of frictions in human capital transfer and the
potential gains from removing them.

In the model, I assume that the acquisition of human capital involves an invest-
ment of time, both by the teacher and the student. Teaching is done by high-skilled
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individuals, who could be heterogeneous with respect to their quality (i.e., their
level of skills). Students will then choose from a menu of teachers. High quality
teachers provide high quality education. Tuition costs are also assumed to increase
with teachers’ quality. Thus, students weigh the trade-off between the quality
and cost of education. In addition to domestic graduates, the menu of teach-
ers also includes foreign teachers (i.e., graduates from the developed economy).
Allowing for this possibility of using foreign teachers is the major departure of
my model from existing theories of human capital (Erosa et al. (2010), Manuelli
and Seshadri (2014)).

I simulate the model for a cross-section of 103 countries using data on income
and schooling, and parameters that are mostly standard in the literature. I first
calibrate a decentralized long-run equilibrium of the model economy, assuming
that there are no frictions in the flow of teachers from the developed to the devel-
oping country. I then compare the calibrated cross-country distribution of human
capital stock with observed values in the data. As an indicator for the level of fric-
tions in human capital trade, I construct a measure based on the wedge between
observed stocks of human capital and the one simulated under the assumption of
no frictions.

The calibration results show that the magnitude of this wedge appears quite
large. Removing the wedge is found to decrease the gap in human capital stock
between the USA and the rest of countries in my sample by about 50-62%. As a
result, following removal of the wedge, the income gap between the USA and the
rest of the countries decreases by about 14-24%.

I also examine the relationship between the gain from removal of the wedge
and initial income. This relationship could be important for global income gaps
since, for example, gaps could decrease if poorer countries gain the most. I find
that there is a hump-shaped relationship between initial income and the gain from
removing the wedge, wherein, as compared to the countries with the lowest and
highest income levels, those in the middle of the income distribution tend to gain
the most. This hump-shaped pattern is driven by the combination of a relatively
low initial human capital and high total factor productivity (TFP) levels of middle-
income countries, which situates them in a position to gain the most from removal
of the wedge.

The next section presents the model environment. This is followed by dis-
cussion of the balanced growth equilibrium (BGE) in Section 3. I present the
quantitative results in Section 4. The paper ends with concluding remarks in
Section 5.

2. THE MODEL

Consider two countries: a developed foreign country, denoted by f, and a devel-
oping domestic country, denoted by d. The economy in each country has two
sectors—the production and the human capital sector. Firms produce goods in
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the production sector, while schools provide training in the human capital sec-
tor. Within each country, markets are perfectly competitive both in the goods
and in the human capital sector. Labor is immobile across countries, except that
schools in the developing economy can import teachers from the foreign econ-
omy.! T impose this assumption to focus on the case of human capital catch-up
by the developing country, as opposed to, for example, the issue of “brain drain”
from developing to developed countries (Beine et al. (2008)). Imported teach-
ers are compensated according to the amount they would have received in the
developed economy (i.e., their home country). Time is continuous and infinite,
t € [0, 0o). Each individual lives for T, years, where ¢ € {d, f} represents the coun-
try. Population size is constant. In every period, mass 1 of new individuals are
born in each country, so that the total population size is 7. For the sake of brevity,
unless they are necessary, I drop identifiers for country (c), birth cohort (), and
time (7).

2.1. The Output Sector

In the production sector, output is a function of TFP (A), physical capital (K), and
human capital (H):

Ye(t) = K () (Ac(Hc(1)' ™ . (€]

I assume that the productivity term A grows at an exogenously given rate of g.
Aggregate human capital stock is a CES combination of the stocks of low-skilled
and high-skilled human capital (Jones (2014)):

o=l o=1Y o-1
H. = <Iic,1(4r + Hc,sg ) . (2)
The stocks of low-skilled and high-skilled human capitals are given by:
Hc,u = ]jlc,uNc,u (3)
Hc,s = ]jlc,A'N (XD (4)

where £, is the average level of low-skilled human capital per low-skilled worker;
hy represents the average level of high-skilled human capital per high-skilled
worker. N, and N, denote the physical quantity of workers in the respective skill
categories. Low-skilled and high-skilled workers are imperfect substitutes, with
the elasticity of substitution o > 0.

I consider a representative firm operating in competitive product and labor mar-
kets. Taking wages and the interest rate as given, the firm employs physical capital
and the two types of human capital with the objective of maximizing its profit:

max Kg(Ach)lia - Wc,uHc,u - Wc,ch,s - (V + 6)Kr,
He s,Heu Ke )
st (2),

https://doi.org/10.1017/51365100520000231 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100520000231

456 ABDULAZIZ B. SHIFA

where w, and w,, are wages per unit of low-skilled and high-skilled human
capital, respectively; r and 8, respectively, denote the real interest and depreciation
rates. The demands for each of the three inputs (H,,, H.,, and K,) are as follows:

aY, 9H. o (K (Hew\ ™
Weu = =(- Ol)Ap “\ = : (6)
" 9H, 0H., -\ H, H,
dY, 0H. 1—a (K \* (Hes &
Wey = =(1-A | = ’ @)
* 7 9H. 0H, H, H,
s Y, AHN\' ®
r = = E— .
ok, YUk,

2.2. Human Capital Acquisition—the Education Sector

Individuals choose human capital investment with the objective of maximiz-
ing expected lifetime earnings, net of tuition costs (Ben-Porath (1967); Bils
and Klenow (2000); Manuelli and Seshadri (2014)). I assume that individuals
can spend up to 12 years in pre-college education (primary and secondary).
Acquisition of college education is assumed to take another 4 years of schooling,
so an individual can spend up to 16 years in school.

Non-college graduates with n < 12 years of schooling acquire /,(n) units of
low-skilled human capital, where

hu(n) = h,(0) exp(On). €

The parameter 6 > 0 is the return to an extra year of pre-college schooling. For
those with zero years of schooling, £,(0) > O represents their level of low-skilled
human capital.

I assume that college graduates need to be trained by college professors. Let
hy denote the amount of high-skilled human capital that a college professor pos-
sesses, and &, denote that of his student. For a student in country ¢, the student’s
human capital (%) is assumed to be increasing in both the human capital of the
teacher (IA15) and the average human capital of skilled individuals in the economy

(he,s):
hy=f(hg hes) =h'™ R,k €[0,1]. (10)

c,s’

The parameter « > 0 captures an externality effect from the overall quality of
skilled workers in the economy (Tamura (2001)). The role of this parameter is
to account for the possibility that a developing country may find it challenging
to benefit from a few highly qualified imported teachers due to lack of domestic
capacity (Nelson and Phelps (1966)). This may arise, for example, if providing
an advanced training in a given field (such as engineering) requires capacity to
train in complementary fields, such as physics, chemistry, and mathematics (Jones
(2008)).

https://doi.org/10.1017/51365100520000231 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100520000231

TRADE IN HUMAN CAPITAL 457

Birth

ch,s(hs)f Am‘/d,s(h'm,s)f

Veu() = Coul) [Cea12)+ Ceatha)] || [60ul12) + Gamlns)]

FIGURE 1. Decision on human capital investment.

Figure 1 displays the individual’s options regarding investment in human
capital. The net earnings (earnings, net of tuition costs) from each option are
described in the corresponding boxes at the bottom of the figure. First, the indi-
vidual chooses between becoming high-skilled or low-skilled. Those choosing to
become low-skilled workers could acquire n < 12 years of pre-college schooling.
The present value of a low-skilled individual’s lifetime income and the tuition
cost are represented by V. ,(n) and ¢ ,(n), respectively. The net earning equals
Veu(n) — Ceu(n).

College students in the developing country can choose to acquire high-skilled
human capital from either domestic or foreign teachers. The center (b) and right
(c) boxes in Figure 1 present net earnings from each of these two options. Since
college graduates need to finish 12 years of pre-college education, the total finan-
cial cost of acquiring college education also includes fees from the first 12 years
of pre-college education, ¢.,(12). The tuition cost for acquiring A level of high-
skilled human capital from a domestic college teacher is represented by g s(hy).
The cost to acquire A, level of high-skilled human capital from an imported
teacher is denoted by ¢y,,.5(h,.5)- I use the subscript m to identify the foreign edu-
cation, that is, the education provided by imported teachers. Since my focus on
the import of teachers from the developed to the developing country, and not the
other way round, I assume that the third option box (c) applies only to students in
the developing country.
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The difference in net earnings between the foreign and domestic options are
affected by three factors. First, the level of human capital received from foreign
teachers could be greater than that of domestic teachers, &, > hy. This makes
the foreign option more attractive. On the other hand, the tuition cost for the
foreign option could be higher than that of the domestic one. I will endogenize
college tuition, assuming that tuition fees are proportional to teachers’ wages in
their respective home country. Third, as discussed in the introduction, acquiring
the foreign education is likely to be hindered by many obstacles. Some of these
obstacles could be related to frictions in mobility of teachers across countries, due
to factors such as migration policies and location preferences. Moreover, since
foreign education may involve a large amount of financial investment, credit mar-
ket imperfections in developing countries could have a disproportionate effect
on acquiring foreign education. The term A, is meant to capture this friction
on import of teachers. V,(h,, ;) is the value of foreign education implied by the
domestic prices for human capital. A,, is the factor by which the observed value
of foreign education deviates from the implied value. I will refer to A,, as the
foreign education wedge. A decrease in A,, means a decrease in the value of for-
eign education after taking into account the effect of barriers to acquire foreign
education. My main objective in this paper is to calibrate this wedge under some
plausible scenarios and assess the implications for economic development.

The flow of earnings for a worker with n years of pre-college schooling,
denoted by y.,(t, n), is given by

yc,u(t’ I’l) = Wc,u(t)hu(n)» (11)

where w,., and &, follow from (6) and (9), respectively.

The average earnings of unskilled workers, relative to that of skilled workers,
depends on the relative scarcity of each group and the elasticity of substitution
between them:

-1 -
Yeu Weuhy . (Hc,u> 7y
yC,S Wc,shs HC,S hs

o—1

—1 _
NC u = hu ’

= . - ) 12

() (%) <>

An increase in the physical quantity of a group always decreases its average earn-

ings. A group’s average earnings is increasing in the average level of the group’s

human capital, assuming that skilled and unskilled workers are sufficiently
substitutable with each other, so that o > 1.

For a worker with n years of pre-college education, the present value of lifetime
income, as of birth year t, becomes

T
Veu(t,n) = / exp(—=rx)yeu (T +x,n) dx. (13)
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Let i€ {g=goods, e = education} indicate whether a high-skilled individual
works in the goods or education sector. Let y.o(t, hs) and y.(t, hs) denote,
respectively, the flow of earnings by a high-skilled individual (with A, units
of high-skilled human capital) working in the goods and education sector. The
present value of this individual’s lifetime income as of birth time 7, V,;(t, k),
becomes

T
Vsl = [ exp(-royes(e +x b (14)
16
The income from working in the goods sector, y. (A, t), is given by

yC,g(hS’ = Wc,s(t)h.w 5)

where wy follows from (7).

I assume that the annual pre-college tuition costs are increasing in grade lev-
els (i.e., with years of schooling). For an individual born in time , the cost (in
present-value terms) of acquiring n years of pre-college schooling is

;‘C,u(fa I’l) == Pc,u / eXP(—”X)yc,u (7: + x, n) dx, (16)
0

where P, is a constant and y. ,(n) follows from (11).

The tuition cost for each year of schooling, P, ,y., (t + x, n), is thus assumed
to be proportional to earnings of workers with respective levels of education,
Yeu(T + x, n). The purpose of this assumption is twofold. First, it makes the model
more tractable. It also accounts for the possibility that higher levels of educa-
tion may require teachers with higher levels of skill. P, is a parameter broadly
indicating the private cost of pre-college education. Lower P., could thus, for
example, correspond to a more accessible domestic infrastructure for pre-college
education.

I assume that college tuition costs are proportional to teacher’s wage. For a
student trained by a domestic teacher with hy level of high-skilled human capital,
the tuition cost of attending college, in present value terms as of birth year ,
becomes

16

é‘c,s(f’ hx) = Pc,s /

eXp(— 1)V (r tx h) dx, 17)
12

where an increase in P is meant to represent a larger private cost of college
education. A larger value of P.; could result from, among other reasons, less
developed domestic infrastructure for tertiary education. The term y, (T + x, izs)
is the teacher’s wage with izs level high-skilled human capital, and as of t = 7 + x.
The relationship between the teacher’s human capital, izs, and that of his student,
hy, follows from (10).
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For a student trained by an imported teacher with iz,,,,s level of human capital,
the tuition cost of attending college is given by

16
;d,m,s(f» hm,s) = Pd,x / eXP(—VX)yf,e(T + x, hm,s)dx~ (18)
12 ’

The difference between (17) and (18) could arise for two reasons. First, foreign
and domestic teachers could differ with respect to their levels of skills, that is,
hm 5 > hs. Second, the wage for foreign teachers teaching in the developing coun-
try is assumed to be the same as the wage that the teachers would have received
in their home country. Thus, the wages for foreign teachers depend not only on
their level of skill but also on country-level conditions in the foreign country.
For example, a higher level of TFP in the foreign country increases the wage for
skilled workers in the foreign country, which in turn increases the wage to be paid
to foreign teachers teaching in the developing country. On the other hand, the
relative abundance of skilled workers in developed countries lowers their wage.

Note that I define the foreign education wedge, A,,, in terms of a tax on the
value of foreign education (i.e., A,, = 1 — w, with some tax rate of w). Instead,
one could define an alternative wedge, A, which represents an increase in the
cost term. Consider that A,, = 1 + @, with some tax rate of @ on spending to
acquire foreign education so that the after-tax cost equals A, Cams- Whereas the
term P, in equation (18) captures the effect of factors that are broadly relevant to
higher education costs irrespective of the teacher’s type (such as efficiency of the
education regulatory agencies, subsidies/taxes to all college students, etc.), A,, is
meant to represent wedges that are associated specifically with foreign education
(such as immigration constraints on foreign teachers). In terms of their effect
on net earnings, the A, and ‘A,, would be equivalent if A,,Vy— Cams=Va—
ngd,m,s. This implies that v = (wgms)/ Va. Thus, A, can also be interpreted in
terms of the value of the tax on spending to acquire foreign education, expressed
as a percentage of the total value of foreign education.

As shall be shown in equation (44), an important determinant of the value of
foreign education is the transferability of human capital across generations. For
example, if some of the knowledge that is currently useful becomes obsolete in
the future, say, due to technological change, this could lower the value of foreign
education. Similarly, some of the graduates may not become teachers due to lack
of ability or willingness to teach, and hence, they may not be able to transfer their
human capital. I thus assume that not all college graduates can become college
teachers. Individuals are assumed to receive a preference/ability shock, so that
only a fraction, ¥ € (0, 1), of college graduates have the option to choose whether
to become teachers. Since v affects the transferability of human capital across
generations, it also affects the value of human capital transfer from the developed
to the developing economy.

A college graduate’s present value of expected lifetime income becomes

VL‘,S(‘E’ hy) = ) Vc,e(fs hy) 4+ (1 — w)vc,g(t’ hy), 19)
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where V..(.) and V,(.), following from (14), represent lifetime incomes from
working as a teacher and skilled worker, respectively.

3. BALANCED GROWTH EQUILIBRIUM

The focus of my analysis is the long run. I thus look at the BGE—an equilib-
rium where all variables grow at a constant rate. In this section, I qualitatively
characterize some important features of the BGE. I then present the quantitative
calibrations in the next section. Many of the equations derived in this section
will be used for the calibrations in the next section. I formally define the BGE as
follows:

DEFINITION 1. Given the foreign education wedge A,, and the real interest
rate r, the BGE for countries c € {d, f} consists of wages for low-skilled human
capital wy, (1), wages for high-skilled human capital w}, (1), pre-college tuition
¢L(t,n), college tuition for domestic education (T, hs), college tuition for
Joreign education ¢, (7, hs), and allocations H;, (1), H; (1), and K7 () such that:

1. given wages, firms maximize profit;

2. given wages and tuition fees, individuals maximize earnings, net of tuition
costs;

3. students in the developing country are indifferent between domestic and
foreign teachers,

4. labor markets for low-skilled and high-skilled individuals clear;

5. output grows at the rate of TFP growth, g.

Along this BGE, a fixed fraction ¢ € (0, 1) of individuals from each cohort
enroll in college. The rest, 1 — ¢ of the individuals, become low-skilled work-
ers. Moreover, within each skill category, all individuals have the same level of
human capital, which remains constant along the BGE. Let n} < 12 denote the
BGE years of pre-college schooling by low-skilled workers. Then, the quantity
of high-skilled and low-skilled workers equal the number of individuals with
respective education levels that are out of school:

NZ, = ¢3(T, — 16) (20)

Since hf, h7,, and ¢, are all constant along the BGE, the total stocks of both
types of human capital, H;, and H;, are also constant. Thus, output, capital
stock, wages, and tuition costs all grow at the rate of the exogenously given TFP
growth rate, g.

For low-skilled individuals, this equilibrium level of h,(n}) is determined by

the optimal year of pre-college schooling, n:

ny =argmax V. (t,n) — ¢’ (t,n). (22)
nef0,12] '
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From (13) and (16), the net earnings of low-skilled individuals with n} years of
pre-college schooling become

VeaulTong) = &5, (t,ny)

T ne
= / exp(—rx)y;, (T +x,n%) dx — Pe,, f exp(—rx)y;, (T +x,nk) dx.
n 0

*
c

(23)
Since y7, grows at the rate of g, (23) becomes
Va(ton) = ¢ (t,ng) =y (T, n)Dey, (24)
where D, captures discount factors for net earning:
D, — &= r)"f - pr(g 0l _, 1o o (fgg_ ) s

The first ratio in (25) discounts earnings, which begin flowing n} years after birth
and continue to the end of life, 7,.. The second ratio captures discounting for
tuition fees. Tuition is paid for n} periods, starting from birth. The TFP growth rate
affects the discount factor, because both earning and tuition grow at the rate of g.

Assuming an interior solution to the maximization problem (22), the optimal
value of n, satisfies

0 — 1 Pcu

_eexp((g_r)Tc)'f_GPc,u'

This expression shows how life expectancy and the private cost of education affect
years of schooling. Assuming the realistic scenario of r > g, an increase in 7,
increases the years of schooling among low-skilled individuals. On the other hand,
an increase in P, decreases the optimal years of pre-college schooling.

College graduates taught by domestic teachers are indifferent with respect to
working as skilled workers or teachers.> Their lifetime earnings, net of college
tuition, following from (14) and (17), are given as:

Vi@ he ) = ¢t )

T 16
= / exp(—rx)yj’s(t +x, hy)dx — P / exp(—rx)yj,s(r +x, hf’s)dx
16 12
=y (T, 1y )Des, (27)

where y7 (T, k7 ) is the period-t earnings of a worker with A7 level of high-
skilled human capital, and discount terms for net earnings of high-skilled workers
are captured by D, 5, where
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D, — &ple— r16) —exp((g — nNT.)
c,s — r— g

exp((g —n12) —exp((g — r)16)
r—g '
The first ratio in (28) includes discount factors for earnings after graduation.
Earnings begin at year 16 and continue to the end of life, 7,.. The second ratio
captures discount factors for college tuition, payment of which begins at year
12 and continues for the next 4 years (until year 16). Both earnings and tuition
costs are proportional to the teacher’s wage, y (z, A ). The TFP growth rate, g,
appears in the discount factor, since it affects the growth of both earnings and
tuition fees.
The difference in net earnings between college graduates versus non-graduates
is such that individuals are indifferent about becoming high-skilled or low-skilled
workers:

Vouo,n®) = &5, (on) = Vi, ) — (T, hp ) — 62,(t,12). (29)

Inserting the values of earnings and tuition fees from (24) and (27), the indiffer-
ence condition of (29) becomes

_Pc,s

(28)

Ve @ W)Dey = Vi (T, 1y Do s = ¥2, (T, 12)Des (30)

where the last term represents tuition fees from the first 12 years of pre-college
education, with D, , defined as:

D p 1 —exp ((g—r)12).

et = Pe (1)
r—g
Rearranging (30) and inserting the values of relative earnings from (12),
=1 o—1
DC A N:u 7 h: u B
s = () ()" 32)
Dc,u + Dc,u N:,s hzﬁs

The left side of this equality is independent of the relative quantity of workers in
the two skill categories. The right side is strictly monotonic in the ratio for the
physical quantity of the two groups of workers. Hence, along with (20) and (21),
it uniquely determines ¢ (the share of college graduates).

The level of high-skilled human capital in the foreign country, h‘;*-’s, is deter-
mined by history, in the sense that it is given as an initial condition by the quality
of available teachers within the country. This simply follows from the assumption
that the developed country has to rely on its own teachers, that is, the mobility
of teachers occurs only from the developed to the developing economy. The role
of college education in the developed country is thus assumed to be limited to
transferring this historically determined level of skill across generations. In the
developing country, however, the BGE level of high-skill human capital is deter-
mined by the trade-off between foreign and domestic teachers. Let &, ; denote
the level of high-skilled human capital that students trained by imported teachers
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could acquire. Students in the developing country are indifferent between foreign
and domestic education:

Vis(T ) = 8y (T hg ) = AV (T, by ) = (T, 15, ), (33)

where the left and right sides of (33) are lifetime earnings—net of college

tuition—for students trained by domestic and imported teachers, respectively.
Along the BGE, following from (10), the level of human capital received by a

student who is trained by an imported teacher is determined according to:

Ry =F (R o B ) =f (o B ) = h R (34)

Equations (33) and (34) illustrate effect of the wedge A,, on the domestic level of
high-skilled human capital. Consider the realistic case where high-skilled work-
ers in the foreign country have a higher level of human capital than those in the
developing country. That is, imported teachers provide a higher level of human
capital, &, > hj . Assume also that net earnings of college graduates, given by
(27), is positive and increasing in the individual’s level of high-skilled human
capital. Then, according to (33), an increase in A, implies an increase in h:‘;’s, that
is, an increase in the BGE level of high-skilled human capital in the developing
country.

Since students in the developing country are indifferent between foreign and
domestic teachers, there is no import of teachers along the BGE. Thus, along
the BGE, education by foreign teachers is an available option that has known
potential benefits and costs but domestic students may choose not to pursue it.
Although I do not explicitly model the transitional dynamics toward the BGE,
my interpretation is that such a transfer of human capital is a transitory phenom-
ena that occurs until the developing country achieves a level of domestic skills
(as captured by the quality of domestic teachers, 4 ) that satisfies the indiffer-
ence condition (33). That is, even though there is no import of teachers along the
BGE, the indifference condition still determines the domestic skill level that the
economy needs to achieve, so that there is no longer a desire to import teachers.

The benefits and costs of foreign education are represented by the right side of
(33). The tuition fee for foreign education follows from (18), with the wage of
imported teachers, yy (¢, i} )» given by the equilibrium wage and human capital
of skilled workers in the developed country, wy (DA ;:

16
Ci (T ) = Pa / exp(— )y (T + Xy
12

16
= Py} (O], / exp (g — 1) x) dx. (35)
12

In order to derive Vd’fs(r, h:w)’ I focus on some marginal individual who is indif-

ferent between foreign and domestic education. Such an individual takes the BGE
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path for aggregate quantities and prices as given, since the individual-level quan-
tities are infinitesimally small and, hence, the individual considers them to have
no effect on the aggregate path.

As can be seen from (19), the value of foreign education could depend on the
skilled individual’s prospect of working in the goods sector (as a skilled worker)
versus the education sector (as a college teacher). A student who acquires foreign
education can train the next generation of students, who can in turn teach the
generation that follows, and so forth. Let f(f)(h*’s) represent the human capital
of the jin generation of foreign trainees, that is, the ji generation of students in
this line of transferring imported human capital across the successive generations.
Given the relationship between the human capital of a teacher and his student by
(10), along the BGE, f(h ) is given by the following recursion:

O ) =hy,
Sk )= hy " B (36)
fORE )= (97" (hyy).  J=1.2.3, ...
Then, following from (19),
Vi@ ) = Vi (r.f (1],)
=Y Vi (0. (1) + A = Vi (o.f (7).

The present value of earnings from working in the goods sector, V5, (7. /" (7)),
can be derived by integrating the discounted flow of earnings, given the BGE
wage for high-skilled human capital:

37

T
Vie (.1 (7)) = /1 exp(=roN (T s (17,)) d
(38)

T
=f! (h}‘v) wy (T) f exp(— (r— g)x)dx
16
Similarly, given the equilibrium wage of a teacher with f! (h}"s) level of high-
skilled human capital, y;, (z.f" (R} ,)), the present value of earnings from working
as a teacher in (37) is given by:
T
Vi (r.f" (h7y)) = /16 exp(—m)yy (T +x.f" (b)) dx
T
=yiclrs (7,)) [ exp (=0 = o

The teaching wage of the jin generation of foreign trainees, y;,(z.f7(h},)), is

39)

determined by the demand for f/+! (h* ) levels of human capital by the next gener-
ation of students. Along the BGE, tuition fees are such that students are indifferent
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across the menu of teachers, so that, for all j > 1,
Vd>.js(T’ h:’,s) - ;-[ZS(T’ h;,s) = Vj,x (r’fi-H (h}k,s)) - Cj,g (T’fj+l (h;,s)) (40)

Since tuition fees are assumed to be proportional to teachers’ wages (see (17)),
this indifference condition implies that

Vi, b)) —¢g(t, by )

16
=V, (. (B,)) = Pasyie(x.F (7)) /1 eP(g=nxdx (@D

This equation describes the teaching wage for the jin generation of foreign
trainees, y5 (7, f/(h} ,)), as a function of the value of f/*!(h} ) level of high-skilled
human capital to the (j + 1) generation of students, V; (z, f"’”(h}"s)). I use this
relationship to recursively solve for the value of foreign education for the first
generation of students in (37), Vd (7, hy ). I provide details of the derivation in
Appendix A.

Let Q denote the factor by which—before taking the effect of A, into
account—the value of education by foreign teachers, V; (z, h;, ), exceeds that
of education by domestic teachers, V; (t, i ):

> m\'

>'m,s

Vi(T, ) =0 x Vi(t,hy). (42)

m,s

In Appendix A, I show that this factor is given as follows:
v —p fOg )
QU W) = T—5 + (1 —w>2ﬁf =), 43)

where

v 1? exp 9 dx
Pd,s f1126 exp*x(*’*g) dx.

p= (44)

According to (43), the relative value of foreign education is increasing in the
relative quality of foreign teachers (the difference between 47 and £ ). Notice
that Q(.) will collapse to 1 if 7 - = hj; ;. That s, foreign teachers are equally valued
to domestic ones as long as they are of the same quality.

Another interesting feature of (43) is that the value of foreign education is
given by a summation over the infinite horizon. This reflects the fact that since
human capital can be transferred across generations, the value of foreign educa-
tion depends not only on the use of human capital in the production sector by
first-generation students, but also on the potential use by successive generations
of students. Thus, the effect of the quality gap between foreign and domestic
teachers on the relative value of foreign education depends on the amount of
resources needed to transfer human capital across generations. This is captured
by the discount factor B, which, according to (44), is:
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e decreasing in Py transferring human capital becomes more expensive due to
an increase in the cost of college education;

e decreasing in the number of years it takes to complete college (16 — 12 =4):
this also relates to the cost of human capital transfer, as the amount of time
spent on college education affects both tuition costs and forgone earnings;

e increasing in ¥: an increase in ¥ implies that a high-skilled individual has a
higher likelihood of transferring their human capital to future generations.

Thus, the value of human capital transfer depends not only on the productivity
of human capital in the goods sector, but also on the amount of resources needed
to undertake the transfer of human capital across generations within the domestic
education sector. When this resource need is lower due to, for example, improved
domestic infrastructure for college education, so that P, is lower, the discount
factor B will increase, and could result in an increase in the value of foreign
teachers in the developing country.

4. RESULTS
4.1. Baseline Calibration Results

I calibrate my two-country model for pairs of countries, where each pair consists
of the USA and another country in my sample. Appendix B presents the list of
countries in the sample, along with data on educational attainment and income. I
treat the USA as the foreign country and the other countries as potential importers
of human capital. I selected the USA as the foreign country because it is found to
have the highest level of high-skilled human capital, 4.

The calibration involves the following four major steps:

1. I first quantify the stocks of human capital in each country.

2. Given H}, equations (1) and (8) imply that output in a domestic country d,
relative to that of the US output, can be described as a function of the relative
values of TFP and human capital stock:

Vi Ay B

0~ A0k
where y. =Y,./(N.s+ N.,) and h. = H./(N, s + N.,) are, respectively, output
and human capital stock per worker. Using data on gross domestic product
(GDP) per worker, and given the human capital stocks from Step 1, I back out
the TFP gap in (45).

3. Given the TFP values and other model parameters, I calibrate the wedge A,
in (33).

4. Finally, I undertake a counterfactual exercise, wherein I set A, equal to 1, and
given the TFP values and other model parameters, I simulate the counterfactual
level of human capital stock, izj;. Using this counterfactual value of human

(45)
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capital stock, I compute the ratio of the counterfactual output, y%(?), to the
actual output, y%(#). According to (1) and (8), the ratio between y’() and y’(?)
is equal to the ratio between the counterfactual and the actual human capital
stocks:

i) hy

o hy
I interpret this ratio as the potential income gain from removing the wedge in
human capital transfer.

(46)

The calibration of human capital stocks and TFP rely on fairly common proce-
dures in the literature. In quantifying the human capital stock in Step 1, I closely
follow Jones (2014). Using data on years of schooling among the population with
pre-college education, n}’, and the parameter for return to schooling, 6, I calibrate
h, according to the schooling technology given by (9). I normalize £,(0) to 1, so
that A7 , is defined relative to the human capital of workers with 0 years of school-
ing. I use educational attainment data in year 2000 from Barro and Lee (2013),
who provide the data for a number of countries. They do not report the average
years of schooling. Instead, they report the share of the adult population by edu-
cation levels, which include nine categories ranging from no schooling to college
degrees.

I first split these categories into those who completed college and those who did
not. I then calculate the average years of schooling among the population without
college degrees as follows:

nf =Sharec,SomePrimmy *3+ Sharec,ComplefePrimary * 6+ (47)
Sharec,SomeSecondary *9 + Sharec,CompleteSecondaiﬁy * 129

where the shares represent proportions of the adult population by levels of pre-
college education (primary versus secondary) and completion status (some versus
complete). Following the commonly adopted practice in the literature, I assume
that those with some (but not complete) primary or secondary education are
assumed to have attended half of the years needed to complete the respective
levels (Hendricks and Schoellman (2018)).

I set 6 to 0.1, which implies a 10% annual rate of return to an extra year
of schooling. This rate of return is consistent with the average annual return
to schooling in a cross-section of countries (Montenegro and Patrinos (2014)).
Actual estimates of Mincer coefficients vary substantially across countries.
However, some of the available estimates of Mincer coefficients may not be that
reliable due to the problem of data accuracy in developing countries. Hence, 1
keep the assumption of 10% now for the sake of transparency (Banerjee and Duflo
(2005)). However, as a robustness check, I also report results using actual Mincer
estimates from the literature.

I then turn to calibrating A7, the level of high-skilled human capital. Given
the relative physical quantity of workers and their earnings by skill category, the
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elasticity of substitution o, and the low-skilled human capital 47 ,, I back out A7
using

£ (£)\ =T /N* \° !
A es(®) s ) (48)
’ yj,ll(t) N:f,u ’

where (48) follows from the expression for relative earnings given by (12). Since
both y7 (#) and y7 (r) grow at the constant rate of g, the earning ratio in (48) is
constant. I compute this ratio by using the empirical relationship between earnings
and years of schooling. With college graduates and non-college graduates having
16 and n} years of schooling, respectively, and assuming that an extra year of
schooling is associated with a 10% increase in earnings, the earning ratio is set
according to:

Vs
Vi

In order to determine the ratio for the quantity of workers, as described by equa-
tions (20) and (21), I need the values for 7. and ¢. I set ¢} equal to the share
of the population with college education, as reported in Barro and Lee (2013).
Assuming a retirement age of 64, and deducting the first 6 years of life, I set T,
equal to 58. Using data on life expectancy, I also undertake robustness check by
allowing the retirement age to fall below 64 for countries whose life expectancy
is less than 64 years.

Empirical estimates by Ciccone and Peri (2005) suggest that o is about 1.5,
while Katz and Murphy (1992) report a slightly smaller value of 1.41. Estimates
by Acemoglu and Autor (2012) range between 1.6 and 2.8, with the elasticity
found to be larger for longer time horizons. I first report the result for 0 =2, a
somewhat intermediate value of the estimates, and present robustness checks for
alternative values of o. I compute the total quantity of human capital stock in the
economy, H, by aggregating the per worker values of human capital stock (%,
and /7 ) and the physical quantities of workers (N, and N), according to the
aggregation equations (2), (3), and (4).

Having quantified the human capital stock, I back out the TFP gap in (45) by
using the purchasing power parity (PPP) adjusted data on GDP per worker in
2000, which I source from Penn World Tables (Feenstra et al. (2015)).

Turning to the third major step in the calibration, quantifying A,,, I need to
compute the discounted earnings and tuition fees in (33). A few more parameters
have yet to be determined. I set the annual interest rate and the TFP growth rate
equal to 4% and 2%, respectively.> The share of capital, «, is set to one-third. In
order to calibrate the parameter for the cost of domestic pre-college education,
P, I'set n} in the optimality condition for pre-college education, given by (26),
equal to the years of pre-college schooling in the data. Then, I use the indifference
condition between college and pre-college education, given by (32), to determine
the cost parameter for college education, P, ;.* Earnings for low-skilled and high-
skilled workers are calibrated according to the wage and earning equations (6),

exp(0.1 (16 — nt)). (49)
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TABLE 1. Parameter values for the baseline simulation

Parameter o r o T 0 K W

Value 1/3 0.04 2 58 0.10 0.05 0.0064

Notes: The parameters are: the income share of capital («), real interest rate (r), the elasticity of substitution between
high-skilled and low-skilled human capital (¢), years of working life (), annual return to years of schooling (0), the
externality from the average level of high-skilled human capital (), and the likelihood that a college graduate can
become a teacher ().

(7), (11), and (15). Thus far, we have sufficient information to compute the left
side of (33), which can readily be done by inserting the values for parameters
T, r, 8, Py, and earnings y; (k7 ) into (27) and (28).

The tuition fees in the right side of (33) can be computed directly from (35).
It now remains to compute V(Zs(f» h;‘w), the value of foreign education, before
taking the effect of A, into account. I use (42) and (43) for this computation.
Two more parameters are needed to quantify Q, the value of foreign education
as a ratio of the domestic one. The first parameter is the likelihood that a college
graduate can work as a teacher, ¥, which affects the discount factor 8, as shown
in (44). The second one is k, the externality parameter in the education sector
(see (36)). There are no empirical estimates of i that I am aware of. So, I take
a conservative approach and select the minimum plausible value of ¥. The value
of foreign education is generally found to be increasing in ¥ (through increasing
the discount factor §). Thus, the simulated gain, assuming the minimum value of
Y, could be considered as a lower bound on the gain.

Since a fraction, ¢, of individuals within groups aged 12 to 16 years attend
college, the quantity of college students at any given time equals 4 x ¢¥. A frac-
tion ¢} of those within the age groups of 16 to T are college graduates, which
implies that there are ¢ x (T'— 16) mass of college graduates. If the student-to-
teacher ratio equals y, at least 4/ (y (T — 16)) of high-skilled individuals must
be able to work as teachers, so that there will be enough number of teachers in
the BGE. According to the 2011 report by US News (2011), the average student-
to-teacher ratio among US colleges was 14.8 in 2011. Thus, I set ¥ to equal
4/ (14.8 (58 — 16)) = 0.0064.

Estimates of the human capital externality are available for the general labor
market, but not separately for the education sector. These estimates are in the
range of 2-5% (Acemoglu and Angrist (2000)). Given that the education sector
is more knowledge-intensive, the externality effect could perhaps be larger in the
education sector. I first present the result setting « to 0.05, and I do robustness
checks with alternative values. Table 1 summarizes the list of parameter values in
my baseline calibration.

Figure 2 shows the relationship between schooling attainment and GDP per
worker for a cross-section of the 104 countries in my sample. The top panel shows
the average years of schooling among the population with pre-college education.
The bottom plot presents the share of population with college education. Figure 3
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FIGURE 2. Years of pre-college schooling (n.), college enrollment (¢.), and GDP per
worker (Y,).

reports the calibrated values of TFP and the aggregate human capital stock, H,.
I set the US TFP and per worker GDP equal to 1, so that the TFP and GDP of other
countries are expressed relative to the US values. Not surprisingly, TFP, schooling
attainment, and the human capital stock all show strong positive relationships with
GDP per worker. The correlation with TFP, however, looks stronger and more
precise than the correlation with schooling attainment and human capital stock.
Table 2 reports distribution of the foreign education wedge for the cross-section
of countries in my sample, calibrated using the parameter values in Table 1.
Columns [a] and [b] present, respectively, the means and standard deviations for
all countries in the sample. I also report the 25th, 50th, and 75th percentiles of
A, in columns [c], [d], and [e], respectively. The mean value of A, stands at
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FIGURE 3. Human capital stock (H.), TFP (A,), and GDP per worker.

0.418, implying that the observed value of foreign education is less than half of
the value implied by the prices for human capital. As can be seen from the three
percentiles, there is also a significant variation across countries, where the 75th
percentile exceed the 25th percentile by a factor of 2.7.

One could expect that developing countries could face stronger barriers to
human capital transfer due to a number of potential factors. First, students in
developing countries are likely to face greater financial constraints due to lack
of wealth and underdeveloped financial markets. Since investing in a high qual-
ity college education involves a large amount of resources and could be a risky
venture, financial constraints could be more consequential for students in poorer
countries. Second, lack of complementary institutions in developing countries
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TABLE 2. The foreign education wedge (A,,) from the baseline simulation

Moments Percentiles
[a] [b] [c] [d] [e]
Mean St. dev. 25th 50th 75th
0.418 0.356 0.196 0.320 0.535

Notes: This table reports moments and percentiles of the foreign education wedge from the baseline simulation,
using parameter values in Table 1.
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FIGURE 4. GDP per worker and the foreign education wedge, log scales.

could make it more costly to transfer human capital. In practice, the investment
in high quality college education is risky not only to students, but also to uni-
versities, since establishing high quality universities requires a significant amount
of long-term investment in facilities and human resources. In poorer countries,
states are often fragile, and property rights tend to be weak (Besley and Persson
(2011)). Thus, the greater political uncertainty and weaker property rights in
poorer countries could discourage such an investment in human capital transfer.

The pattern in Figure 4 seems to suggest that poorer countries face greater
barriers. The figure shows the relationship between per worker GDP (horizontal
axis) and the wedge (vertical axis), with both variables in log scales. As GDP
increases, A,, also tends to increase.

The relationship between initial income and the gain from removing the wedge
could have an important implication for cross-country income gaps. For example,
if poorer countries gain the most, this may help lower global income inequality.

https://doi.org/10.1017/51365100520000231 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100520000231

474 ABDULAZIZ B. SHIFA

One could perhaps expect that poorer countries are poised to benefit the most
from the removal. First, as shown in Figure 4, the barrier tends to get stronger
among poorer countries. Second, the gap in initial level of human capital tends
to be greater for poorer countries (Figure 3). Thus, to the extent that removal of
the wedge helps narrow the gap in human capital, poorer countries could gain
more. On the other hand, since the level of TFP tends to decrease with decreases
in income levels, as shown in Figure 3, the value of high-skilled human capital
could be lower in poorer countries. This suggests that gains from removing the
wedge may not necessarily be higher for the poorer countries.

Figure 5 appears to capture these counteracting factors with regard to the rela-
tionship between initial income and the gain from removal of the wedge. I plot
the gain as a function of initial income. The gain is defined as the ratio of the
counterfactual levels to that of the actual levels, as in (46). The horizontal axes in
all of the three subplots represent initial GDP per worker, defined relative to the
US level and in log scales.

In the top and middle panels, respectively, I have the gains in high-skilled
human capital and the gains in college enrollment (the ratio of the counterfactual
to the actual values). Removal of the wedge affects human capital stock through
two channels. First, the average level of high-skilled human capital among high-
skilled individuals could increase, owing to an improved access to better quality
teachers. Second, the improvement in the quality of teachers increases the value
of college education and, hence, increases college enrollment (equation (32)). The
top and middle panels of Figure 5 show these two effects. The bottom panels plot
the gains in output.

The relationship between initial GDP and the gains appears to exhibit a hump-
shaped pattern. Countries with the lowest incomes tend to gain less than those
with middle incomes, suggesting that the lowest income countries are hampered
by the low level of TFP. Countries with the highest incomes also do not tend to
gain as much as the middle ones, since, to begin with, the initial gap in human
capital stock is lower among former ones. The pattern in Figure 5 suggests that it
is the combination of a sufficiently large TFP and a lower level of initial human
capital that leads to a larger gain from the removal of the wedge.

In Figure 6, we take a closer look into the role that TFP differences may play
in generating the hump-shaped relationship between initial income and the gains
from removing the wedge. I plot the relationship between the gains and initial
income after taking the effect of TFP into account. I first run two regressions: (1)
I regress the gain on TFP; and (2) I regress the initial income on TFP. In Figure
6, I plot the residuals from the former regression against the residuals from the
latter regression. We see that the hump-shaped pattern more or less disappears,
suggesting that TFP differences are driving the hump-shaped pattern.

Table 3 presents a summary of the effects of removing the wedge on gaps in
human capital and income. I report the initial values of income (y) and human
capital stock (%), and the counterfactual values of income (¥) and human capital
stock (). I also report the TFP levels (A). I present the results for a sample of all
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High-skill human capital
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Initial Output

FIGURE 5. Gains from removal of the foreign education wedge: the ratio of counterfactual
values of &, (top panel), ¢ (middle panel), and output per worker (bottom panel) to actual
levels, in log scales.
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Notes: These plots show the relationship between the gains and initial income after taking the effect
of TFP into account. I first run two regressions: (1) I regress the gains on TFP; and (2) I regress the
initial income on TFP. Then, I plot the residuals from the former regression against the residuals from
the latter regression.

FIGURE 6. Gains from removal of the foreign education wedge after taking into account
the effect of TFP: the ratio of counterfactual values of &, (top panel), ¢ (middle panel), and
output per worker (bottom panel) to actual levels, in log scales.
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TABLE 3. Output (y), human capital stock (), and TFP (A), as a percent of US

values
Income category (percentile)

[a] [b] [c] [d]

All (0,25] (25,50] (50,751
y 32.1 11.7 34.8 66.2
y 48.2 19.3 59.1 93.5
y/y 1.50 1.65 1.70 1.41
h 52.9 45.0 56.5 68.4
h 82.3 72.1 93.8 95.1
A 53.2 25.2 63.5 98.6
Observations 103 58 21 11

Notes: This table reports the mean values of output and human capital stock. The values are reported for all countries
(column [a]), as well as for the three groups of countries categorized by their level of income (columns [b]—[d]). I
report both the actual values and the counterfactual values. The counterfactual values are from simulations after
removing the foreign education wedge (see Section 4.1). All values are in per worker terms and expressed relative
to US values, that is, as a percent of US values. The first row (y) reports PPP-adjusted output per worker in 2000.
The second row (¥) is the counterfactual output in the baseline simulation. The actual human capital stock () and
the counterfactual values (%) are reported in the fourth and fifth rows, respectively. The last row (A) presents TFP.

countries as well as subgroups categorized by initial income. Column [a] includes
all countries. Column [b] includes countries with initial incomes, expressed as
a percent of US level, which are less than 25%. Columns [c] and [d] include
countries whose initial incomes are, respectively, in the intervals (25, 50] and (50,
75] percent of the US income.

The average initial per worker output in the sample of all the countries is 32.1.
The counterfactual output equals 48.2, representing a 50% increase in per capita
income. This increase in income corresponds to closing a quarter of the average
income gap between the USA and other countries, (48.2 — 32.1)/(100 — 32.1) =
0.24. For the lowest income group (column [b]), the initial income gap is 88.3%.
Removal of the wedge narrows the gap to 80.7% and, hence, removes 9% of
the initial gap, (19.3 — 11.7)/(100 — 11.7) = 0.086. For the second lowest group,
output per worker increases by about from 34.8 to 59.1, closing over one-third of
the initial gap. For the group of countries for which initial incomes are between
50% and 75% of the US level, the income gap narrows from 34 to 6%.

Across the income groups, there is a substantial decrease in the gap in human
capital stock. The mean initial human capital stock for the sample of all countries
(column [a]), again expressed as a percent of US human capital stock, stands at
52.9. In the counterfactual simulation, the human capital stock increases to 82.3,
hence eliminating about 62% of the initial gap in human capital stock. For the
lowest income group (column [b]), the gap decreases from 55 to 28%. For the
middle- and upper-income groups, for which initial gaps in human capital stock
stand at 43% and 32%, respectively, the counterfactual gaps decrease to less than
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TABLE 4. Sensitivity analysis: foreign education wedge (A,,)

Moments Percentiles

Obs. Mean St. dev. 25 50 75

Baseline (Table 1) 103 0.418 0.356 0.196 0.320 0.535

o=28 103 0.684 0.414 0.450 0.642 0.762
o=1.6 103 0.232 0314 0.053 0.120 0.306
Life expectancy 103 0.490 0.382 0.239 0.401 0.572
Estimated Mincer 76 0.304 0.287 0.123 0.215 0.435

Notes: This table reports moments and percentiles of the foreign education wedge from robustness simulations. The
first row reproduces the baseline simulation, that is, using the parameter values in Table 1. The second and third rows
alter o. The fourth row utilizes life expectancy when life expectancy is less than 64. The last row replaces 6 with
estimated Mincer returns.

7%. Since much of the gap in human capital stock is eliminated in the counter-
factual simulation, particularly for the middle- and upper-income groups, we see
that the counterfactual income gaps are more aligned with the TFP gaps. Thus,
while the group of countries in column [d], with relatively higher initial incomes
and higher TFP, eliminate nearly all of the income gap in the counterfactual sim-
ulation, a significant part of the income gap still remains for the other two groups
due to the gaps in TFP.

4.2. Sensitivity Analysis and Further Discussions

In Tables 4, 5, and 6, I report a number of sensitivity analyses in which I under-
take the simulations under alternative assumptions regarding parameter values.
This exercise is meant to shed light on which of the assumptions matter most for
the results. Table 4 presents the simulated wedge. For ease of comparison, the
first row in Table 4 repeats the baseline parameter values from Table 2. The sec-
ond and third rows report sensitivity of the simulation results to changing values
of the elasticity of substitution, o. This parameter is crucial, as it determines the
calibrated values of human capital stock and TFP. I consider the two values esti-
mated by Acemoglu and Autor (2012), 0 = 1.6 and o = 2.8. The smaller value
is closest to estimates by Katz and Murphy (1992) and Ciccone and Peri (2005).
Acemoglu and Autor (2012) derived the smaller (larger) estimate from data cover-
ing a shorter (longer) period, suggesting that the long-run elasticity of substitution
is larger than the short-run one. The long-run elasticity is larger, possibly because
firms have more time to adjust their technology choices in response to changes in
the relative price and quantity of skilled versus unskilled workers (Acemoglu and
Autor (2012), Caselli (2017), Rossi (2017), Hendricks and Schoellman (2018),
Caselli and Ciccone (2019)).

In this case, 2.8 is perhaps a relevant scenario to consider for value of o. First,
my focus is the long run, for which the larger elasticity is particularly relevant.
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TABLE 5. Sensitivity analysis: Output (y), human capital stock (%), and TFP (A),
as percent of US values

Income category

[a] [b] [c] [d]
All (0,25] (25, 50] (50, 75]
Actual output (y) 32.1 11.7 34.8 66.2
Panel I: 0 =2.8
¥ 41.8 15.8 50.4 84.1
5/y 1.30 1.35 1.45 1.27
h 60.9 52.9 65.7 75.5
h 80.2 68.4 93.8 95.1
A 46.4 21.2 54.2 88.8
Panelll: 0 =1.6
b 59.8 25.8 75.2 109.9
5/y 1.87 221 2.16 1.66
h 43.0 35.4 453 59.2
h 85.2 77.3 93.8 95.1
A 65.7 32.8 80.7 115.6

Notes: This table shows the sensitivity of results to altering the values of o (elasticity of substitution). I report the
mean values of output and human capital stock. The values are reported for all countries (column [a]), as well as for
the three groups of countries categorized by their level of income (columns [b]-[d]). I report both the actual values
(h and y) and the counterfactual values (h and ¥). The counterfactual values are from simulations after removing the
foreign education wedge (see Section 4.1). All values are in per worker terms and expressed relative to US values,
that is, as percent of US values.

Second, the implied wage differences across countries, which also depend on the
value of o, appear more realistic for o = 2.8. Using data on earnings of US immi-
grants before and after migration, Hendricks and Schoellman (2018) examine
the difference between post-migration wage (immigrants’ earnings in the USA)
with the pre-migration wage (immigrants’ earnings in their home countries prior
to their migration). For high-skilled immigrants who migrated from countries
whose per capita income is less than a quarter of the US value, Hendricks and
Schoellman (2018) find that the post-migration wage exceeds the pre-migration
wage by about a factor of 2. In my model, if a high-skilled worker moves from
country ¢ to the USA, their wage increases by a factor of the ratio w; /we,
where w, is the wage per unit of high-skilled human capital in country c. Thus,
the wage gain reported by Hendricks and Schoellman (2018) suggests that the
ratio of wys to the mean value of w, ; for countries for which per capita income
is less than a quarter of the US value should be about 2. In the simulation, when
I set o to equal 1.6, this ratio is found to be 0.74, a much lower number than 2.
However, when o is set to equal 2.8, the ratio equals 2, which is more consistent
with the data on wage gain at migration.
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TABLE 6. Sensitivity analysis: Output (y), human capital stock (%), and TFP (A),
as percent of US values

Income category

[a] [b] [c] [d]
All (0,25] (25,50] (50,75]

Panel I: Life expectancy

y 32.1 11.7 34.8 66.2
y 48.4 19.7 59.1 93.5
h 53.1 453 56.5 68.4
h 84.1 75.4 93.8 95.1
A 53.1 25.1 63.5 98.6
Panel II: Mincer coefficient from Montenegro and Patrinos (2014)
y 33.8 11.7 35.0 67.7
y 85.5 28.5 80.2 174.1
h 37.6 33.6 43.6 40.5
h 85.7 73.2 95.7 100.8
A 89.4 36.2 84.0 173.6

Notes: This table presents sensitivity analysis for simulated gains from removing the foreign education wedge. 1
report the mean values of output and human capital stock. The values are reported for all countries (column [a]), as
well as for the three groups of countries categorized by their level of income (columns [b]-[d]). I report both the
actual values (h and y) and the counterfactual values (h and y). The counterfactual values are from simulations after
removing the foreign education wedge (see Section 4.1). All values are in per worker terms and expressed relative
to US values, that is, as percent of US values. Panel I utilizes life expectancy when life expectancy is less than 64.
In Panel II, I replace 6 with estimated Mincer returns.

Table 4 shows that the simulation results are quite sensitive to the value of o.
As the elasticity decreases, the simulated value of A,, decreases. The mean value
of A,, is 0.68 for o = 2.8; it decreases to 0.42 for o = 2, and decreases further to
0.23 for o = 1.6. All of the percentiles also decrease with decreases in .

In Panels I and II of Table 5, I report the simulated values of output, TFP, and
human capital stocks for the two values of o. For ease of comparison, I present the
actual per worker output on the first row. As noted by Jones (2014) and others, a
smaller value of o implies a larger gap in human capital stock between richer and
poorer countries. In contrast, the gap in TFP tends to increase with an increase
in 0. Hence, the role of human capital stock in explaining income gaps decreases
with an increase in . This is also the case in my simulation. When o = 2.8, the
mean of the initial human capital stock gap in the sample of all countries is 39%,
but the gap increases to 57% when I assume o = 1.6. Correspondingly, the TFP
gap decreases from 54 to 34% as o decreases from 2.8 to 1.6. These patterns of
the gaps in response to the change in o hold for all of the three income groups.
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Since a smaller value of o implies a larger gap in human capital stock, there
is a greater room to narrow down the gap in human capital stock as o decreases.
In my simulation, removal of the wedge decreases the human capital stock gap
by 49% when o = 2.8, while the gap decreases by a much larger amount of 74%
when o = 1.6. Moreover, since the gap in human capital explains a greater share
of the income gap for smaller values of o, each decrease in the human capital gap
leads to a greater decrease in the output gap. Thus, the impact of removal of the
wedge on output gap is larger when o is smaller. For o = 2.8, the mean decrease
in the output gap is 14%, while the gap decreases by 41% for o = 1.6.

Table 6 presents sensitivity analysis for the demographic and education param-
eters (i.e., life expectancy and Mincer returns). In the baseline simulation, I
assumed a retirement age of 64 for all countries. I relax this assumption, by allow-
ing for the retirement age to vary based on life expectancy. Instead of assuming a
retirement age of 64 for all countries, I replace retirement age with life expectancy
when the latter is less than 64 years.® As one can see from the fourth row of Table
4, the mean of A, increases to 0.49 (from 0.42). As compared to the effect of
changing o, this change is relatively small. Panel I of Table 6 presents the coun-
terfactual simulations using life expectancy. For the upper income groups, the use
of life expectancy has no effect since the expectancy is already above 64. For the
lower income groups, the differences in the gains are less than 1 percentage point,
hence, quantitatively negligible.

I also alter my assumption about returns to schooling. In my baseline calibra-
tion, I assumed that a 10% annual return to schooling holds for all countries. I now
use actual estimates of the returns instead, which vary quite a lot across coun-
tries. I use the relatively recent estimates by Montenegro and Patrinos (2014),
whose sample includes the most comprehensive set of countries. Montenegro and
Patrinos (2014) report estimates of Mincer returns using household income data
that were collected over several years, and report separate coefficients for each
year with available data. I would like to offer a word of caution that there is a
great deal of imprecision in these coefficients. Often, the coefficients vary greatly
across survey samples within the same country and, hence, the choice of a 10%
annual return for all countries is perhaps a preferable assumption.

I use the returns from surveys conducted in year 2000. If an estimate is not
available for 2000, I use one from the year closest to 2000. I have 76 countries
with Mincer coefficients in my sample, as the estimates are not available for all
countries. The calibrated wedge using these Mincer coefficients are reported in
the last row of Table 4. Both the mean and the percentiles of A,, tend to be less
than their counterparts in the baseline calibration, suggesting that the level of the
barrier, as implied by the use of estimated coefficients, is stronger than reported
in the baseline calibration.

The gains calibrated using the Mincer estimates are reported in Panel II of
Table 6. Given that not all of the countries in the baseline sample are included in
the calibration using Mincer estimates, Panel II reports the actual output for the
sample of countries with Mincer returns, with which I make the counterfactual
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comparisons in the calibration using Mincer estimates. The mean of initial output
among the sample of all countries is 34, implying an initial output gap of 66%. In
the counterfactual simulation, this gap decreases to 14%. The human capital stock
gap also decreases substantially. This pattern of larger gains when using estimated
coefficients, as compared to the baseline results, holds across income groups.

I have also assessed the sensitivity of the simulation to changes in the two
remaining parameters of human capital transfer in Table 1, namely, x and . The
simulation results do not appear to change much for reasonable alteration of these
parameters. In the baseline simulation, I set « to equal 0.05, which is based on the
estimates of the human capital externality for the general labor market. However,
since the complementarity among various fields of knowledge could perhaps be
more pronounced in tertiary education, I run the simulations assuming « =0.1
and « = 0.15, which are, respectively, double and triple the baseline value of 0.05.
In the baseline simulation, 1 was set using a rather conservative criteria that the
number of college graduates who can become teachers is such that there are just
enough number of teachers to train existing students. I also run the simulation by
doubling the value of ¥. These changes in x and ¥ are found to affect the coun-
terfactual values by less than 1 percentage point and, hence, are quantitatively
negligible.

To sum up, depending on the assumed parameter values, the mean value of
the wedge varies from 0.23 to 0.68. The level of output per worker, with an
initial value of 32, ranges from 42 to 85 in the counterfactual simulations after
removal of the wedge. In terms of sensitivity to parameter choices, the elasticity
of substitution is particularly relevant. The available empirical estimates of o
vary roughly between 1.6 and 2.8. Given that my focus is on the long-run,
values in upper ranges of these estimates are perhaps more relevant for this
case. In the baseline scenario of o =2, which is an intermediate value in the
range of available empirical estimates, removal of the wedge increases output by
50%. This gain decreases to 30% when I consider the larger value of 2.8. Thus,
considering the values of o in the range of 2-2.8, removal of the wedge decreases
the output gap by about 14-24%.

The results could also be sensitive to alterations of assumptions in my model
that I have not quantified in this paper. The education function abstracts from a
number of possibly relevant factors. For example, I assume that the quality of
college graduates has no impact on the quality of pre-college education. If one
considers a potentially positive externality of improved college education on the
quality of non-college education because of, for instance, college graduates work-
ing as high school teachers, the impact of removal of the wedges could be higher.
The education function abstracts from differences in student abilities. In a setting
with heterogenous student ability, since the return to the marginal student is likely
to be lower than the average return (Oreopoulos and Petronijevic (2013)), the
impact of increased enrollment due to removal of the wedges is likely to be lower.

I also abstract from possible technological biases with respect to skill cate-
gories. The implication of this assumption is not trivial. The choice of technology
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may be endogenous to the stock of available workers and their relative prices. As
a result, some of the income gap between skilled and unskilled workers might be
due to biases in technology, as opposed to the level of human capital embodied in
workers (Acemoglu (2002), Okoye (2016), Caselli (2017), Rossi (2017)).

To the extent that earning differences between skilled and unskilled workers
reflect technological biases (as opposed to differences in human capital embod-
ied in skilled workers), the potential gains from human capital transfer would
be lower. On the other hand, if one allows for endogenous technological choice,
changes in the skill composition of workers could be amplified by the endoge-
nous technological shifts in response to the changes in the relative supply of
skilled workers. Thus, the effect of changes in the stock of skilled human capital
stock (from foreign education) could be propagated by the endogenous techno-
logical change, and the human capital transfer could have an outsized effect on
the country’s technology and output.

5. CONCLUDING REMARKS

As a developing country catches-up, transitions into technology-intensive sectors,
and becomes more reliant on high-skilled workers, the capacity for providing edu-
cation in advanced science and technology proves essential. This poses a natural
challenge since, to begin with, a developing country may not have high-skilled
individuals who can provide such training. The historical experience of coun-
tries such as Japan, Korea, and Taiwan suggests the use of foreign graduates as a
possible way to address this challenge.

In this paper, I develop a model of economic growth that allows for the use of
high-skilled foreign teachers to train domestic students. I use the model to assess
the extent of frictions in the import of teachers and to evaluate the gains from
removing the frictions. I first simulate the model with the assumption that there
are no frictions in the import of teachers. The distribution of human capital stocks
from this simulation is then compared with the human capital stocks observed in
the data. I find that there is a large wedge between the simulated and observed
distributions of human capital stocks.

Removal of the wedge is found to eliminate much of the gap in human capital
stock between the USA and the rest of the countries in the sample. I also find that
the removal of the wedge lowers the income gap by about 14-24%.

Compared to countries with the lowest and highest incomes, middle-income
countries appear to gain the most from removal of the wedge. Though poorer
countries have a lower level of initial human capital stock and, hence, greater
room to raise their income through raising human capital, their low level of TFP
means there is no much benefit from raising their human capital using imported
teachers. On other hand, richer countries have a higher level of initial human
capital stock, and hence, they do not have much room to raise their income with
imported teachers. The middle-income countries, with a combination of relatively
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high TFP and low initial human capital stock, appear to be situated to benefit the
most from removal of the wedge.

Despite its potential role in catch-up, the issue of human capital transfer has
received little attention in the growth literature. Many related questions beg for
future research. The calibrated wedges are results of model assumptions, which
are not always easy to verify. For example, the issue of human capital measure-
ment, upon which the model calibration relies, is still a subject of much debate
and warrants further research (Jones (2014), Okoye (2016), Rossi (2017), Caselli
and Ciccone (2019)). The simulations also fall short of a full welfare analysis of
the gains from human capital trade, as such an analysis would have required more
assumptions than I would like to make due to data limitations. However, given the
size of the wedge in the simulation, one naturally wonders whether, left alone to
market forces, countries may underinvest in human capital transfer. Detailed wel-
fare analysis of specific policies, such as China’s “Project 211,” which channels
state subsidies for recruiting international faculty by Chinese universities, could
therefore have the potential to provide useful insights on catch-up strategies.

NOTES

1. Alternatively, the import of teachers can occur when domestic students study abroad and choose
to return and teach at domestic universities.

2. In order for skilled individuals to be indifferent about working in the goods or education sector,
I am implicitly assuming that v is large enough, so that some skilled individuals who work in the
goods sector can also engage in teaching.

3. Note that the interest rate is exogenous, and hence, I do not impose an aggregate resource
constraint in the goods market. This is a short-hand for imputing the interest rate from endogenizing
saving/consumption, or from the discount rate for time-preference (Manuelli and Seshadri (2014)).

4. The terms D.,, D.,, and D,, in equation (32) are given by equations (25), (28), and (31),
respectively.

5. In the extreme case of 0 = 00, A,, = 1 for all countries.

6. Data on life expectancy are from World Development Indicators online database, accessed on
June 6, 2017.
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APPENDIX A

A.1. THE VALUE OF DOMESTIC VERSUS FOREIGN EDUCATION

In this appendix, I derive Q(/; ;. k) in (43), that is, the factor by which the value of foreign
education exceeds that of the domestic one.

Rewriting (37),

Vi )= Vi (ot (1)

(A1)
= =)V, (v.f (0.)) + ¥ Vi, (v.f' (7)),
where /() is given by the recursion (36).
Along the BGE, earnings grow at the rate of g. Following from (38),
T
Vie (f,f’ (h;f)) = /;6 exp(—rx)y;, (t +x,f (hji‘y)) dx
) r A2
=f (h;‘s) wj’s(r)v/ exp (— (r — g)x)dx (A2)
16
=1 (1) wi (D1,
where
T
D, E/ exp (— (r— g)x)dx. (A3)
16
Similarly, following from (39),
T
Vie (5 (5.)) = | expCroni (e 7,)
16
) N A4
=yi.(F (h7,). 1) /16 exp (— (r — g)x)dx (Ad
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Inserting (A2) and (A4) into (A1),
Vi@ f (B ) = (L= y)yDif (hy ) wi (0 + v Dy (f (h7) ). (A5)
Rearranging (41),

Vie(w S (17.))

1
Pay [y exp ((g — ) x) dx

(Vi (07 (7)) = Vale Hy ) + G (n g )] . (A6)
Combining with (35) and (A2),

) 1
ier .0) = 5 (Vi (™ (,) = Vi) €500

1 .
= 5 [Vis (077 () = W (0D + I, ()P D
dst72 (A7)
=D [ w5 (OPasDy — 5 Wi (T)Dy ] + oD, — V(. ()
=5D oDy Wi () [PasD2 — Dy] + —— P D Vi (. 7 (1))
where
16
DzE/ exp ((g —r) x) dx. (A8)
12

Inserting (A7) into (AS),

Vi@ f (B )= (1= y)Dyf (hf,) wi (1)

+ YD, |:P D, gy wi (T) [deDz D ]+ Pdez Vi (t ( ! (h}‘y))]
_ _ * f] ( fY) 1
= (1= Vi e = TV ) + BV (2. (1),
d,s
(A9)
where
YD,
B= P,y (A10)
I= PysD; (PasD> =D =y =B (A11)
Voot iy ) = Dihjwi (7). (A12)
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Forwarding (A9) toj+ 1,

Vi (@7 (17))

f]+l ( ) )
= (1= YV (e My P 4 TV )+ BV, (7 (1)) (A1)
d,s

Inserting (A13) back into (A9),

Vi (v (7))

) )
=i ,Ef D v e + 87 (e (5)

d,s

7

=1 =)V (e, ] )f,(l o + TV (. hy)

d,s

£ (h,)

e <(1 — PVt ) ———— + TV (r, 15 )+ BV, (T ( ST (h;v))> (9

i
Repeating this recursion indefinitely,
Vi (o.f (i)
=TV (x, ) Z BE+ (1 =)V, (T, 1) Z Bt

k=0 k=0

S0
his
f/+k ( )

_rvds(r hds)ZIB +(1 —’(/I)de(f hds)Zﬁ n
ds

k=0 k=0

+k
(+(1—¢)Zﬂkﬂ (i )>v;z< 1)

ﬂ hd,s

/+k
(Mm—x/f)Zﬂf ))v;z( ). (A15)

Thus, the value of acquiring A,  units of high-skilled human capital is given by:

Vt;jx(‘[’ m, v) Vdv (T f ( ))

=QV; (1, h}), (A16)
where
R ) 7 (h* )
0= (122 vy gl (A17)
1-5 = hs

captures the factor by which the value of foreign education, V,; (7, /i, ), exceeds that of

the domestic one, V,» (7, i ).

> m,s
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B.1. COUNTRY LIST, EDUCATIONAL ATTAINMENT, AND INCOME

TABLE B1. Years of pre-college schooling (n), percent of college graduates (¢),
GDP per worker (y, % of US)

Country n ¢ y Country n ¢ y
Albania 8.47 5.05 15.11 Jordan 6.72 539 14.74
Argentina 7.22 4.03 35.58 Kazakhstan 9.52 11.30 16.17
Armenia 942 1392 7.44 Kenya 4.03 3.05 4.15
Australia 8.92 1591 81.21 Kyrgyzstan 9.05 10.06 6.65
Austria 8.44 7.58 85.95 Laos 3.53 2.77 3.82
Bahrain 555 12.68 41.46 Latvia 8.63 9.87 27.63
Bangladesh 3.86 2.83 4.80 Liberia 3.00 2.69 1.85
Belgium 741 1644 9433 Lithuania 8.88 11.06 31.46
Belize 7.22 4.63 2203 Malaysia 7.19 3.13  29.39
Benin 2.17 1.48 3.60 Mauritania 2.57 1.19 5.66
Bolivia 5.79 7.80 9.42 Mauritius 5.75 121 28.84
Botswana 6.67 292 21.24 Mexico 5.50 9.14 3458
Brazil 5.25 5.23  20.04 Mongolia 8.09 11.58 7.13
Bulgaria 7.20 1274  20.72 Morocco 2.56 5.12 11.33
Canada 826 1556 84.54 Namibia 4.80 1.88 1345
CA Rep. 2.50 1.25 1.77 Nepal 2.39 2.45 3.14
Chile 7.05 948 3242 Netherlands 8.49 1458 178.89
China 6.76 2.88 7.32 New Zealand 7.06 19.17 61.12
Colombia 5.63 9.36  19.98 Norway 854 1223 90.31
Congo 4.72 1.56 5.49 Pakistan 2.46 5.86 9.72
Costa Rica 5.56 13.58 25.87 Panama 6.04 1487 29.25
Coéte d‘Ivoire 2.57 2.98 5.33 Paraguay 4.99 5.18 8.48
Croatia 8.15 6.75 40.65 Peru 542  20.25 16.89
Cyprus 6.44 19.56 71.23 Philippines 7.08 8.02 12.02
Czech Rep. 10.57 6.49 4437 Poland 9.20 834 37.76
Denmark 8.56 1344 7446 Portugal 6.39 442 48.78
Dom. Rep. 5.38 3.09  20.10 Korea 7.27 20.77 5252
Ecuador 5.18 9.16 14.98 Romania 8.61 6.24 16.33
Egypt 4.24 3.05 15.87 Russia 8.38 2093 24091
El Salvador 4.22 6.61 3.17 Slovakia 8.85 6.39 40.16
Estonia 848 19.29 3231 Slovenia 9.53 1040 52.88
Fiji 7.77 6.77 16.10 Spain 598 1235 71.70
Finland 7.25 13.87 78.20 Sri Lanka 7.93 9.00 11.90
France 8.20 8.80 81.94 Swaziland 3.31 1.03  18.37
Gabon 4.58 7.09 2470 Sweden 8.45 15.11 78.24
Gambia 1.63 1.47 3.36 Syria 4.06 3.54 5.14
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TABLE B1. Continued

Country n ¢ y Country n ¢ y
Germany 793 1290 74.03 Taiwan 8.02 8.02 69.68
Ghana 5.13 2.81 4.47 Tajikistan 10.18 7.15 5.63
Greece 6.29 14.07 60.07 Thailand 4.12 4.40 14.69
Guatemala  3.31 292 14.57 Togo 3.51 1.35 2.18
Honduras 4.60 3.12 8.33 T. & Tobago 7.54 4.32 32.45
Hungary 8.80 11.70 38.73 Tunisia 4.05 4.01 22.86
Iceland 7.10 1133 71.83 Turkey 5.23 6.27 37.43
India 3.99 5.28 5.89 USA 8.14  26.73  100.00
Indonesia 4.45 1.82 9.00 Uganda 3.06 3.21 2.39
Iran 4.86 9.32  26.85 Ukraine 7.37 25.14 10.61
Iraq 4.06 6.08 19.40 UK 6.62 15.23 77.48
Ireland 7.16  17.09  88.32 Uruguay 6.87 6.07 35.28
Israel 7.01 23.83 79.64 Venezuela 5.94 3.64 20.91
Italy 7.73 6.13  89.65 Vietnam 5.76 2.51 4.47
Jamaica 7.12 8.47 16.14 Zambia 4.98 1.44 2.66
Japan 796 17.19  68.79 Zimbabwe 6.12 1.03 11.41

This table presents the list of countries in our sample, along with data on years of pre-college schooling (n), the
percent of adult population with college education (¢), and per worker output as a percent of US per worker
output (y).
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