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The Impact of Differences in the Levels
of Technology on International Labor
Migration

Oded Galor and Oded Stark

1 INTRODUCTION

Among other things, countries differ in their stock of technological knowl-
edge. Quite often, the technological stock is country specific and remains
so even though production factors such as labor and capital are mobile
across countries. Relatively little effort has been made either to examine
the extent to which given differences in technology entail labor migration
or to establish conditions under which a labor migration process will con-
tinue or come to a halt. Since certain countries appear to consistently
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maintain technological superiority over other countries, we find it natural
to pose and address the question: how does international migration caus-
ally relate to the technological gap?

In this chapter we take the technology gap as given and investigate its
migration repercussions. Explaining the formation and persistence of a
gap is outside the scope of the current chapter, but a brief reference is in
order. By technology we mean more than the mechanical process of turn-
ing iron into steel; we mean useful knowledge and experience, institutions
and organizational forms (such as the modern corporation and stock
exchanges), and even norms and values (such as the work ethic and prop-
erty rights) that impinge upon and govern the processes of production
and exchange. Although countries differ in their historical heritage—size,
resources, institutions—a difference which could plausibly give rise to an
“initial” technological gap, why is it that over time the gap does not close?
One reason may have to do with the link between the evolution of tech-
nology and actual production. Inter alia, the former depends on there
being an active search for new techniques—new ways of doing things
while doing things. To the extent that a difference in initial endowments
translates into a difference in the levels of production, the additions to the
existing stocks of technology will also differ and hence the technology gap
will not close. Furthermore, even though countries can partake in the por-
tion of the stock of knowledge which is common, especially through trade
and international relations, when and what they take is a selection process
that depends on factors and characteristics which, in themselves, differ
among countries. This difference arises partly due to the historical heri-
tage and partly due to ongoing decisions pertaining to investments in
higher education, the proportion of the national human capital devoted to
acquisition of new knowledge, and so on. To our judgment, just as indi-
viduals within (as well as across) countries differ in their productive skills—
partly due to a difference in endowments and partly due to different
histories of investment decisions in skill acquisition—so do nations differ
in their “skills.” And just as it is important to recognize that considerable
inter-personal skill differences have a tendency to persist and hence their
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repercussion for the inter-personal flows of income ought to be investi-
gated, so it is appropriate to study the impact of a (given) technology gap
between countries on the inter-country distribution of labor, that is, on
international migration. Somewhat surprisingly, hitherto this line of
inquiry has not been pursued systematically. Hence, the current chapter.

We start with quite simple considerations. Assume a static, perfectly
competitive two-country world wherein capital and labor are combined in
the production of a single good. The two countries are identical except for
one attribute: their production technologies differ; one country exhibits a
Hicks-neutral technological superiority.! It follows immediately that if
international capital mobility is not allowed yet labor can move freely,
labor will migrate from the technologically inferior to the technologically
superior country. Migration will entail equalization of the wage rates
across countries at which point it will cease. Yet the rental rate will not
equalize; the rental rate in the technologically superior country will remain
higher than the rental rate in the technologically inferior country. If, how-
ever, capital mobility is allowed as well, both labor and capital will move
from the technologically inferior to the technologically superior country.
Indeed, in this case all production factors will concentrate in the techno-
logically superior country.?

When international capital mobility is prohibited, the patterns of labor
migration in the described static world depend on two critical consider-
ations: whether the capital-labor ratios are identical across countries and
whether labor migration is motivated exclusively by (inter-country) wage
differentials. When international capital mobility is unrestricted, the
patterns of migration depend solely on differences in the inter-country
returns to labor.

Are the predictions of the static model concerning the patterns of
migration in a world that is characterized by international differences in
technology indeed plausible? If, in the short run, the capital-labor ratios
across countries are identical, the returns to the factors of production are
higher in the technologically superior country. As this affects the patterns
of savings and capital formation, differences in the capital-labor ratios are
bound to arise in the long run. This in turn will impinge upon migration

'"The role of international differences in technology in international trade theory has been
analyzed by Findlay and Gubert (1959), Bhagwati (1964), Ruffin (1984), as well as others.

2Bhagwati and Srinivasan (1983) address the choice between capital and labor movement.
Wong (1983) studies the choice between trade in goods and factor movements.
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incentives. Furthermore, as will become evident from the dynamic model
presented in this chapter, inter-country wage differentials do not consti-
tute all the considerations of potential migrants.

In the current chapter we analyze the pattern of international labor
migration in a world characterized by international differences in tech-
nologies and by identical individuals within as well as across countries. The
analysis is conducted within a dynamic general equilibrium framework for
a two-country, one-good two-factor perfectly competitive world where
each country is characterized by an overlapping-generations model along
the lines of Diamond (1965). This framework allows us to trace the
dynamic considerations of potential migrants as a natural consequence of
intertemporal utility maximization, and to explicitly incorporate into the
analysis the impacts of technological differences on both capital formation
and factor returns.

In the absence of international capital mobility, the analysis indicates
that in contrast to the prediction of the static models, labor may migrate
from the technologically superior country to the technologically inferior
country. This occurs if and only if in the technologically superior country
the stationary autarkic equilibrium is characterized by over-investment
relative to the Golden Rule and the long-run elasticity of the stationary
autarkic interest rate with respect to the technological level is sufficiently
large. However, if international capital movements are unrestricted, the
prediction of this dynamic model tallies with that of the static models:
migration takes place, unconditionally, from the technologically inferior
country to the technologically superior country.

Two clarifications are in order. First, abstracting from international dif-
ferences in time preferences within as well as across countries results in a
somewhat unusual view of migration. Migration plays an equilibrating role
solely in the short run. In the long run, however, it plays neither an equili-
brating nor a disequilibrating role. Migration results in a concentration of
population in the country with the higher stationary lifetime utility and
non-migrants’ stationary welfare is unaffected. The long-run neutrality of
migration stems in part from the assumption that individuals are identical
within as well as across countries. Migrants perfectly assimilate into the
recipient country and consequently do not affect the population composi-
tion in either country. The patterns and the welfare implications of interna-
tional labor migration in a two-country overlapping-generations world in
which individuals differ within as well as across countries in their time pref-
erences, but technologies are identical, are analyzed in Galor (1986), where
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the long-run neutrality of migration is naturally eliminated. Migration plays
an equilibrating role affecting non-migrants’ stationary welfare.

Second, as pointed out at the outset, the current chapter does not
attempt to explain the technology gap across countries; it is taken as exog-
enously given. The proposed model and its predictions would be subse-
quently weakened if the technological differences across countries are
systematically linked with other potential differences (e.g., time prefer-
ences) across countries. Further analyses, based on endogenous techno-
logical differences, are therefore clearly desirable.

2 Tue WorLD ECONOMY IN THE ABSENCE
OF INTERNATIONAL FACTOR MOVEMENTS

Consider an infinite time horizon world where economic activity is per-
formed under perfect competition and certainty. The world consists of
two countries. At any period of time capital and labor are combined in the
production of a single good. In the absence of international factor move-
ments, L, , the endowment of labor in country 7, i = A, B, at time £, is
exogenously given, whereas K , the endowment of capital in country 7 at
time z, is the output produced but not consumed in the preceding period
in country

L=L" (1
K:i = Ytl—l _Ctifl’ (2
where Y/, and C!, are respectively the aggregate production and con-

sumption at time # - 1 in country 7. Thus, capital is fully depreciated after
a single period and the population does not grow.?

Production

Production occurs within a period according to a constant-returns-to-
scale production function. The function is invariant through time. The
output produced in country 7 at time £, Y/, is

3These assumptions are chosen in order to simplify the exposition. The analysis could have
been conducted under any feasible rates of population growth and capital depreciation with
the main results remaining intact.
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Y =o' F(KLL)=a'Lf(K); k=K /L, 3)

where o > 0 is the technological coefficient in country 7. For € > 0 which
is sufficiently small, &’ + € = o/, 4, j = A, B; i # j. Namely, country j has an
infinitesimal Hicks-neutral technological superiority over country .

The production function is twice continuously differentiable, strictly
monotonic increasing and concave, and is defined on the input space R’ :

£(k)>0, f”(k")<o, f(k")>o, VK > 0;

, , . “)
lim £ (k') = lim (k') =0; lim f'(k')=oo.
k'—>0 k' > k' >
The producers operate in a perfectly competitive environment. The
inverse demands for factors of production are therefore characterized by
the first-order conditions for profit maximization:

wi=a' [ £(k)=F(k)K]; )
rn=a'f'(k), 6)

where w! and ' are respectively the wage and the rental rate at time #in
country # output is the numeraire.

Consumption and Factor Supply

In every period #, L~ individuals are born in country 7. Individuals are
identical within as well as across time. They live two periods. In the first
period they work and earn the competitive market wage, w; , and in the
second they are retired. Individuals born at time #in country 7 are charac-
terized by their intertemporal utility function u(c,"i,ct’f,) defined over
consumption during the first and second periods of their lives, as well as
by their unit-endowment of labor during the first period of their lives.*

The intertemporal utility function is twice continuously differentiable,
strictly monotonic increasing, strictly quasi-concave and is defined on the
consumption set R} . For every ¢,>0and ¢,,, > 0

*Intergenerational altruism is not considered. Kemp and Kondo (1986) incorporate inter-
generational altruism endogenizing the population growth modeled in Galor (1986).



THE IMPACT OF DIFFERENCES IN THE LEVELS OF TECHNOLOGY... 219

(0t ) =, (0) =005 w, (w0, ) =, (c],0) =0. (7)

At time ¢ young individuals in country z supply their unit-endowment
of labor inelastically and allocate the resulting income, w!, between first-
period consumption, ¢;*, and savings, s, , so as to maximize their utility
function u(c cM) . The individual’s budget constraint is therefore
e +si" <w! . Since capital is the only store of value in each country and
international capital movements are not permitted, second-period con-
sumption is ¢/, =r! s

Thus, the maximization problem faced by a young individual in coun-
try 7 at time ¢ is

maxu(c cHl)

subject to

[ el <wls el 20, ¢ 20, (8)

Given the properties of the utility function, a solution to the intertem-

poral optimization exists for strictly positive prices and is unique. The

optimal consumptlon vector of an individual of generation ¢ in country

is [ct’ (w;,r,’ﬂ) L (w,,r,+1 )J The individual’s savings implied by the solu-
tion to (8) are

nio_ i)
S =S (Wt T ) W (Wt ’rt+l ) (9)

It is assumed that 9s,/07,, ; = 0 and ds,/0w, > 0 (i.e., savings are a non-
decreasing function of the interest rate and second-period consumption is
a normal good).

A Stationary Equilibrium

Definition. In the absence of international movements of factors of pro-
duction an autarkic stationary equilibrium in country 7 is a stationary price
sequence {W,f’} under which in every period the demand for labor in
country 7 equals its aggregate supply, L/, and the demand for capital
equals the aggregate supply of savings in the country, L™s (v?zi ,fi) . Namely,
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Wo=al {f[s(w',ff)]—f'[s(w,ff )]s (w7 )}; (10)
F=al s (W) (11)

Remark 1: Under stationary equilibrium the level of utility attained by
an individual in country 7 is

)=o) )]

Lemma 1: The steady-state equilibrium in country i displays local sta-
bility if

1—a"f"(§")B—ii—” 57}0, (13)

oA

where §' —s(w r )
Proof: The dynamical system is characterized by (5), (6), and

k= s, (Wi )- (14)

Local stability is satisfied if

t+1

dk!

t

<1. (15)

K=k

‘dk’

Consequently, local stability is satisfied if

| af"(” §l 05’ /6w |
‘1 o' f"(5) (a5 1or ‘<1 (10

Noting that, by assumption, 85’ /ow' >0 and (6§i /or' ) >0, the lemma
follows immediately from (16).

Remark 2: The sole distinction between the two countries is the Hicks-
neutral difference in technology.
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3 THE PATTERN OF INTERNATIONAL LLABOR MIGRATION

International Capital Mobility Is Not Permitted

Suppose that the sufficient conditions for the existence of a unique and
globally stable nontrivial steady-state equilibrium (Galor and Ryder
(1989)) are satisfied and that each country is at its stationary autarkic
equilibrium. International labor migration is now allowed, yet interna-
tional capital mobility is not permitted. Individuals spend their entire life-
time in either the home country or the receiving country (in which case,
to recall, with regard to their work, consumption, and savings behavior,
they become perfect replicas of the individuals in the country they join).
Thus, incentives for labor migration from country 7 to country j exist if
and only if

v(W ) > v(WA) i j=AB; %) a7

Namely, incentives exist if and only if the utility level attained by indi-
viduals who migrate to country j and face its stationary autarkic equilib-
rium prices (v?zf fj() is higher than that attained in the country of origin
where individuals face the stationary autarkic prices, (v?zi,fi) S

Remark 3: Whereas in a static one-good two-factor world incentives
for international labor migration are determined solely by the interna-
tional differences in wages, in the current dynamic framework the incen-
tives for migration are determined by international differences in the
stationary autarkic indirect utilities, which in turn reflect the differences in
the stationary autarkic baskets of wages and interest rate weighted accord-
ing to the intertemporal preferences.

Suppose that migrants’ children are born in the receiving country.
Namely, the labor endowment at time ¢ + 1 in country 4, L, , is

t+1 >

L, =L+m (18)

t+1 =

®Since time preferences are identical across countries, the phenomenon of bilateral migra-
tion as presented in Galor (1986) cannot occur. Furthermore, we do not associate migration
with a change in longevity. Clearly, if migration is associated with a change in lifespans, sav-
ings and thus capital-labor ratios will be affected. Consequently, migration patterns and wel-
fare will be affected as well.
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where m! is the net inflow of migration to country 7, at time #.

Remark 4: Since individuals (and thus time preferences) are identical
within as well as across countries, migration has no effect on the stationary
savings per capita, the stationary capital-labor ratio, and thereby on the
stationary autarkic equilibrium prices.

Lemma 2: The actual patterns of labor migration durving the transition
period from the pre-migration to the post-migration stationary equilibrium
Sfollow the divection determined by the initial incentives for migration given
by condition (17).

Proof: Suppose, without loss of generality, that v(vT/B,fB) > v(WA,fA).
Namely, incentives exist for migration from country A to country
B. Suppose that at time 7, (within the stationary state) labor is permitted
to migrate internationally. Young individuals in country A at time # will
find it beneficial to migrate to country B. The number of individuals z,
who will actually migrate from country A to country B at time %, will be
determined by the speed of adjustment in the capital-labor ratios and fac-
tor prices in the two countries. The capital-labor ratio in country Bwill be
reduced from k® to k!, whereas the capital-labor ratio in country A, will
rise from k* to k. . The associated wages w; and w; , and the expected
interest rates ' and r” are such that v(wB N ):v(wg‘,rlA) .5 Namely,
under these prices there are no further incentives for migration in period
to. In period # = %, + 1, as follows from (18), more people are born in
country B and less in A relative to period %. In the absence of further
migration, the capital-labor ratios in the two countries will converge to
their autarkic steady-state levels. (Note that the stationary equilibrium is
globally stable.) Thus, incentives for migration from A to B will ultimately
be restored. The process will continue till all individuals migrate from
Ato B7

Proposition 1: Consider a stable stationary autarkic equilibvinm of a
two-country overlappinggenerations world where production technologies
differ across countries. If vestricted or unmvestricted international lnbor
migration is permitted, whereas international capital mobility is not allowed,

°If equalization does not occur, then the lemma is satisfied trivially (i.e., following the
initial incentives for migration all individuals from country A migrate to country B).

7This prediction cannot be brushed aside on the basis of the argument that in reality coun-
tries never lose their entire labor force through migration. In reality labor migration s
restricted.
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(a) labor migrates from the technologically superior country (to the techno-
logically inferior country) if and only if

(1) the country’s stationary autarkic equilibrinm is characterized by
over-investment relative to the Golden-Rule, that is, 7' <1, and

(i) the country’s long-run elasticity of the stationary autarkic intevest
rate with vespect to the technological level is sufficiently large,
that is, 7, >a'f(§7)/5 (1-7").

(b) labor migrates from the technologically inferior country (to the techno-
logically superior country) otherwise.

Proof: As was established in Lemma 2, international labor migration is
in the direction determined by the initial migration condition, which is to
say that the pattern of migration is determined by the international differ-
ences in the utility levels attained under the stationary autarkic equilib-
rium. Thus, labor migrates from the technologically superior country, 7, if

and only if v(v?zi,?i) > v(ﬁzj 7 ) , whereas labor migrates from the techno-
logically inferior country, Z, if and only if v(v?/i,fi) < V(Wj,?j) . Noting that
the sole difference between the two countries is the technological level, it
AP A > A A . . AP A .
follows that v(w’,r‘) v(w’,r]) if and only if dv(w’,r’ )/da’ZO , where, to
<

recall, o is the technological parameter in country 4, o' + € = o/ and € > 0 is
sufficiently small.

Totally differentiating the indirect utility function at the stationary
autarkic equilibrium, it follows that

dv(W'7') = o) ' +_av(w',f" ) dF (19)
’ ow' or'
Using the envelope theorem
%dv(ﬁz",f" )=[15 17 ]dp, 20)

where dp’ El:dv@i,dfiJ ,and A= 6v(v?1i,fi)/6wi is the marginal utility of

income. gl/ ).i)dﬁi is, therefore, the total change in the stationary per-
capita real income in country 2.
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Using (10) and (11) it follows that
W =a'f(§) -5 21

Thus, noting that (11) implies that [aif'(fi)—?i]ﬁsi /oa' =0,

an’ iy e AP
@=f(s )-3 o (22)
Substituting into (20)
La(iF) (1) @
;T:f(s )+3 e (23)

pdv (W) (1=F) R
g = (%) (1_?.)—517,& : (24)
where € =F§ /o' f (§’) is the share of capital in total output in country

i,and 7}, = —[dfi /dai][ai /fi] is the long-run elasticity of the station-
ary autarkic interest rate with respect to the technological level.
Lemma 3:

dAi 1 AT i n(ai Al a"[

ao = H D {W ) (@) )a—ﬂ” @
dr' 1 ~i i n( ai i o5 |

dT:i:ai# D |:r +(a )2f (S )f(s )ﬁ}fo (26)

Proof: Totally differentiating the stationary equilibrium conditions (10)
and (11) it follows that

dp' =a'M'ds" +(p' /o' )dal', 27)
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where
ds' =[ &8 1 ow' 05" 1 or' |dp’ (28)
and
M=[—f7(5)3 (5 )] and dp' =[di'.ar']. (29)
Thus,
ap' =[1-a'M' (25" 13p )]1 (5 /a')do, (30)
where Iis the 2 x 2 identity matrix.
Let D' = [1 ~a'M' (85" / op’ )] . Then it follows that
&' = —— AGD'jda, 31)

where | D] is the determinant of I, If the stationary equilibrium is locally
stable then || > 0 as established in Lemma 1. Adj D' is the transpose of
the matrix of the co-factors of D,

B O
l_alf" §l - _alf” :S:l :Y‘l -

AdiD' = ( lar ) ‘2( . (32)
aff"(sf)aiw 1+a"f"(§")§f$

Upon substitution into (30), noting that aif(fi ) =w +7#'§", the lemma
follows. []

Lemma 4: Migration from the technologically superior country to the
technologically inferior country occurs only if d7/da’ < 0.

Proof: Using (20)
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1 dv(W ) _awt s
A da! do'  Fda'

(33)

Thus, since [dﬁ/" /dai] >0 as established in Lemma 2, the lemma
follows. []

Applying Lemma 3 and Lemma 4 to (24), the proposition follows, not-
ing that =1 if the stationary equilibrium coincides with the Golden Rule.
(Recall that full depreciation of capital and zero population growth were
assumed.) []

Interpretations: Proposition 1 demonstrates that labor migrates from
the technologically superior country to the technologically inferior coun-
try if two conditions are fulfilled. The first is that the stationary autarkic
equilibrium of the technologically inferior country is characterized by
over-investment relative to the Golden Rule. The second is that the long-
run elasticity of the stationary autarkic interest rate with respect to the
technological parameter must be sufficiently large.

A necessary condition for migration from the technologically superior
country is, therefore, a significantly higher rate of interest in the techno-
logically inferior country. Satisfaction of this requirement is demonstrated
to be compatible with the local stability of the stationary equilibrium. If
the interest rate is indeed higher in the technologically inferior country,
then this country has a stationary capital-labor ratio and, thus, stationary
output per capita which are lower than those of the technologically supe-
rior country.

Consequently, migration from the technologically superior country
involves a movement to a country in which the output which is available
for distribution between young and old at any point in time is lower. Since,
however, the market distribution in the technologically superior country is
characterized by dynamic inefficiency (manifested by over-investment rel-
ative to the Golden Rule) migration to the technologically inferior coun-
try where the interest rate is higher and, thus, closer to the Golden Rule
represents an improvement in the intertemporal allocation of wages
between first- and second-period consumption. Under the conditions
specified in Proposition 1 the improvement in intertemporal efficiency
dominates the loss of output from the viewpoint of a migrant (i.e., the
improvement in the interest rate is evaluated more than the deterioration
in the wage rate). Thus, labor migrates from the technologically superior
country to the technologically inferior country.
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Unrestricted Intevnational Capital Mobility

Suppose that at the stationary autarkic equilibrium unrestricted interna-
tional capital movements are permitted. A new stationary equilibrium is
achieved in each of the countries, where in the technologically inferior
country iz,

r=r, (34)
w<w . (35

Proposition 2: Consider a stable stationary equilibrium of a two-country
overlapping-generations world wheve technologies differ across countries and
international capital mobility is unvestricted. If international lnbor migra-
tion, vestricted or unvestvicted, is permitted, labor migrates from the techno-
logically infevior to the technologically superior country.

Proof: Noting (17), since = ,an incentive for migration from coun-
try ¢ to country j exists if w >w . Given the fact that capital movements
are unrestricted, w > w' (where jis the technologically superior country)
and hence, incentives exist for migration from country ¢ to country 7. The
pattern of migration follows the initial incentive since, as long as there is
labor in country 7, 7 = # and thus, given the technological superiority of
country 7, w' > w'.

4  CONCLUSIONS

In this chapter we provide a microeconomic foundation of international
labor migration modeled in a general equilibrium framework of a world
characterized by technological differences. Specifically, we have asked
which migratory patterns result from technological differences. Although
our analysis has utilized a number of specific assumptions, our main results
are quite robust to their relaxation. For example, characterizing the tech-
nological difference as capital augmenting or labor augmenting will not
alter the basic migration rule as stated in Proposition 1; it will only affect
the critical magnitude of the long-run elasticity of the interest rate with
respect to the technological parameter. Likewise, if transfer of technology
takes place and the technological gap narrows yet is not closed, our entire
analysis still follows.
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We are fully aware that factors other than technological differences
impinge on migratory decisions and processes. Since the theme of techno-
logical differences and migration has been relatively neglected, our goal
has been to isolate several technology-migration connections and explore
their repercussions. The role of technological differences in conjunction
with other factors such as information, uncertainty, and skill differentia-
tion in the determination of labor migration is a topic of further research.
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