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Abstract

In this paper we consider a model with two industrialized countries that face a flow of
immigration from the “rest of the world.” The countries differ in three characteristics: the labor
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immigration quota and the world immigrant wages introduce the spill-over effect between two
countries. We first show that the quota game admits unique pure strategies Nash equilibrium.
We then compare the equilibrium choices of two countries and show that even though the larger
country attracts more immigrants, it chooses lower quota than its smaller counterpart. It also
turns out that higher degree of labor complementarity between natives and immigrants and a
lower degree of cultural friction between two groups yield higher immigration quota. We also
examine the welfare implications of countries choices’ and argue that coordinated and
harmonized immigration policies may improve the welfare of both countries.
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1 Introduction

In describing an array of industries across countries, one can immediately come to the conclusion
that different production technologies impose distinct requirements on the level and distribution of
labor skills and the way workers in those industries interact with each other. For example, over
the years Japan has achieved a very high level of performance in the industries (cars, sophisticated
consumer goods) that require a high level of precision and consistent quality control. These industries
are characterized by a large number of production stages where technological progress is usually
achieved through the series of small but incessant improvements, called “kaizen” (see, e.g., Imai
(1989)). This type of production requires not only highly educated and able workers, but also a
consistent and extensive level of interaction between them. These demands result in emergence of a
labor force that is relatively homogeneous in its educational, cultural, and linguistic background.

On the other hand, the United States specialize in “knowledge”, and especially, software industries
that rely on talents and abilities of individuals coming from a wide range of vastly different educational
and cultural environments. The success of Silicon Valley in the late nineties is often attributed to
the diverse backgrounds of scientists, engineers and entrepreneurs who arrived from all corners of the
world, such as India, China, Taiwan, and Israel. In fact, Saxenian (1999) points out more than thirty
percent of new businesses in Silicon Valley had an Asian-born co-founder.> However, the diversity did
not prevent, and, in fact, even reinforced the commonality of workers’ purpose and goals. Saxenian
(1996) describes how workers in Silicon Valley enjoyed frequent and intensive exchange of information
through variety of formal and informal contacts. The exchange was facilitated by frequent moves of
workers from one firm to another (the average time spent by an individual in one firm was about
two years), and flexible industry structure (it has been often claimed that in Silicon Valley “a firm
is simply a vehicle allowing an individual to work.”)

The nature of knowledge production indicates the importance of interaction between different
workers and, especially, complementarity of their talents and skills, that is quite different from the

multi-stage technological process in high-precision manufacturing (see Milgrom and Roberts (1990)

IHistorically, the openness to immigrants is a relatively new phenomena. Chinese immigration (forbidden in the
U.S. in 1880) and Japanese immigration (forbidden in 1905) were considered incompatible with American cultural
foundations and unwarranted from the economic point of view (Maignan et al (2003)).



and Kremer (1993)). In general, the labor complementarity is based on two sources, internal het-
erogeneity, that describes the diversity of talents within the existing group of workers engaged in a
given industry, and external heterogeneity, that captures the diversity between the existing group of
workers and “newcomers” to the industry. The first type of heterogeneity has been the focus of the
Grossman and Maggi (2000) two-country analysis, which introduced a model with a diverse talent
pool within each country and examined, among other issues, an assignment of different individuals
to complementary tasks, and its impact on trade patterns between two countries. Our goal is to
examine an external labor complementarity between “native” population and immigrant workers in
a given industry.

We consider citizens of two countries, A and B, and immigrants, denoted by I. Since our focus
is on intra-country heterogeneity between A and B in terms of their labor complementarities with
the immigrant population, we assume that each of the three groups, A, B, and [ is homogeneous
in nature and consists of identical individuals. Using the language of Esteban and Ray (1994) in
their study of polarization, we focus on heterogeneity across three clusters of individuals and assume
complete homogeneity within each of them.

In our model there are three parameters that represent the intra-country heterogeneity between
countries A and B: (i) degree of labor complementarity between countries’ native population and
immigrants; (ii) countries’ population size; (iii) the magnitude of cultural friction between natives
and immigrants. The cultural friction may manifest itself in language barriers caused by a difficulty
of learning a local language, natives’ bias towards to immigrants, distinct cultural, religious and
behavioral attitudes exhibited by natives and immigrants. Different attitudes towards immigrants
across various countries can be explained by the web of historical, cultural, linguistic, ethnic, religious,
geographic, and economic reasons that are not examined here. We simply accept the fact that various
countries exhibit different degrees of cultural friction between natives and immigrant population.

We consider a non-cooperative game between two countries that strategically choose their immi-
gration quotas, where the spill-over effect is introduced through the world immigrant wages. We first
prove that for any set of parameters of our model there exists a unique pure strategies Nash equilib-

rium. We further investigate the equilibrium immigration quotas and show that the country with a



higher labor complementarity and lower cultural friction admits a larger number of immigrants than
its counterpart. It turns out that while the more populous country would attract a larger number of
immigrants, its relative immigration quota would nevertheless be lower than in the smaller country.
We also examine the welfare implications of countries’ decisions and demonstrate that, in particu-
lar, the country with higher labor complementarity and lower cultural friction attains higher level
of welfare than the other country. Thus, the implementation of concrete measures for reducing the
degree of cultural friction between natives and immigrant would be an important step in enhancing
country’s welfare.

We also discuss a possible coordination and harmonization of immigration policies that may im-
prove the welfare of both countries. Even though the coordinated reduction of immigration quotas
may be beneficial for both countries, one should realize that this conclusion has been stated with
respect to equilibrium levels of immigration. In terms of empirical implications, one can justifiably ar-
gue that immigration quotas in industrialized countries are far away from the equilibrium levels, and,
therefore, a raise of quotas, rather than their reduction, could be a prudent policy recommendation.

The paper is organized as follows. In the next section we introduce the model and provide
examples that illuminate our assumptions. In Section 3 we describe the immigration game and state
our result on the existence and uniqueness of Nash equilibrium. In Section 4 we compare the levels of
the immigration quotas chosen by the countries in equilibrium and examine the welfare implications
of their choices. Section 5 is devoted to discussion on harmonization of immigration policies aimed
at the welfare improvement of two countries. Finally, we provide the concluding remarks. All the

proofs of our results are relegated to the Appendix.

2 The Model

There are two “industrialized” countries, A and B, and unlimited source of immigration from
the “rest of the world”. One of the main features of our model is that we allow for intra-country
heterogeneity of levels of labor complementarity between native population (natives) and immigrants
in two countries. Thus, two countries may face different effects of immigrants’ contribution towards

its production capabilities. More specifically, the production function of country j = A, B is given



by
1

Qj = (Njaj_’_Ijaj) 7
where N; is the country population of natives and /; is the number of immigrants to country j. The
parameter a; represents the reverse measure of labor complementarity between natives and immi-

grants in j. We assume that 0 < a; < 1, and within this range, the smaller values of «; reflect a

higher degree of labor complementarity.

To further comment on our choice of the range of o;’s, note that when a; < 0, the complemen-
tarity is so strong that the output (); tends to zero when the number of immigrants I; approaches
zero. This would imply that the country is unable to survive without the influx of immigrants. In
order to avoid this unrealistic situation, we rule out all non-positive values of ;. On the other hand,
when «; exceeds 1, the iso-quant curves of country j are strictly concave, so that the mix of natives
and immigrants is actually harmful for production purposes. This may happen if the cultural gap
between two populations is too wide to allow a successful integration of the heterogeneous population
into production process. In the case when o; = 1, the mix of two populations has the neutral effect
and has neither positive nor negative benefit in production. Summarizing all these arguments, our
analysis is focused on interesting and meaningful case of 0 < a; < 1, where natives and immigrants
posses a sufficient degree of diversity to enhance the productivity of the industry they engage in.
At the same time, the degree of diversity is sufficiently small to allow beneficial integration of two

populations into the production process.

The real immigrant wage, wy, is the same in both countries. It is determined via supply function
given by
wy =c+ 71 )
where ¢ and ~y are positive constants, and I = [ 4+ [ is the total number of immigrants in countries A
and B. The fact that the world wages are increasing in the number of immigrants I follows from the

decreasing marginal productivity in the immigrants’ country of origin. Indeed, a larger immigration

flow to countries A B leads to a smaller number of workers employed in the country of their origin,
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and, consequently raises their world wage w;. (See Figure 1).
Insert Figure 1.

As we alluded above, in addition to their size and labor complementarity parameters, two countries
differ in the magnitude of cultural friction between their native populations and immigrants. This
type of the intra-country heterogeneity plays an important role in our analysis. In spite of the
fact that the immigrant real wages are identical in both countries, the actual wages should take
into account different cultural environments in two countries. Indeed, if the linguistic, cultural or
religious obstacles faced by immigrants in country B are substantially higher than in country A, then
the actual wages that are necessary to attract immigrants into country B should be higher than those
needed in country A. Formally, we introduce a degree of cultural friction in both countries, f4 and

fB, such that the actual wages to be paid to immigrants in country j = A, B are given by
w; =wr + f;.
Then the welfare of country j = A, B is?
Wi = Q; —w;ly = Q5 —wil; — f;1;.

The immigration quota of country j = A, B, given by

represents the ratio of immigrants and the native population. The production levels in two countries
are determined by

1 i
Qa=Ns(1+2%)>, Q= Np(l+ xﬂB)"7

where, for simplicity of notation, the degrees of complementarity, a4 and ap, are replaced by a and

0, respectively. It is convenient to express the real immigrant wage and the country j’s welfare level

2Here we implicitly assume a circular flow of migration between country j and the rest of the world (called “tem-
porary migration” (Wong (1995)), when immigrants do not stay in j for “too long”. Thus, the welfare of country j
is that of its natives only. More generally, we may replace the term wyIj by 0w, Ij, where 0; € [0,1] is a parameter
reflecting the degree of integration of immigrants in country j’s society. § = 1 corresponds to our model whereas
other extreme case § = 0 represents the case of the complete integration of immigrants where their earnings are fully
accounted in the country welfare.



in terms of immigration quotas:

and

wy = C—f-’}/(NAilZ'A‘f‘NBZL‘B),

Wj = Q; —wiN;x; — fjN;z;.

To illustrate the features of our model, consider the following examples:

Example 2.1: Let country A be the United States and B Japan. Suppose that all immigrants are

from China. Given the common cultural heritage of Buddhism and Confucianism, Japanese and
Chinese have similar nature, and thus they are rather substitutable. Thus, the degree of labor
complementarity of Chinese immigrants in Japan is relatively low. The situation is different
in the U.S., where, after receiving an appropriate education, Chinese immigrants exhibit a
relatively high degree of labor complementarity. Thus, the reverse degree of complementarity

of “natives” and immigrants in the U.S., a, is lower than (3, the corresponding value in Japan.

As far as cultural friction is concerned, it is commonly recognized that the U.S. are more open
to immigration than Japan. In addition, there are also linguistic and historical challenges
for Chinese immigrants in Japan. Even though Chinese characters are used in both China
and Japan, their pronunciation in two countries is completely different. More importantly,
the Chinese language structure is very similar to that of English, while being quite distinct
from Japanese. In addition, the lingering memories of painful historical events and relationship
between the two countries, one may assume a higher degree of cultural friction faced by Chinese

immigrants in Japan than in the U.S., implying fa < f5.

Finally, since a larger population in the U.S. yields N4y > Np. To summarize, this example

satisfies the following relationship between the parameters of the model:

a<f, fa<fs Na>Np. (1)

Example 2.2: The relationship indicated by (1) can be derived from a slightly different story, where

the degree of complementarity of two populations in production depends not only on their cul-

tural heterogeneity but also on the industry they are employed. As in Example 2.1, let country



A be the United States and B Japan, but now suppose that all immigrants come from India.
One can assume that while Japan specializes in the production of high-quality manufacturing,
the U.S. specialization lies in software development. Then the mix of heterogeneous popula-
tions of Japanese and Indians may be rather harmful in refining the high-quality manufacturing
through incessant “kaizen” in the production process. In contrast, mixing appropriately hetero-
geneous populations of Americans and Indians generates higher complementarity in software
development. Thus, the reversed degree of complementarity « in the U.S. would be lower than
the corresponding value  in Japan. We may also assume that, in terms of cultural differences,
Hindu is equally distant from Christianity and Buddhism. But, given the Indian colonial past,
a large number of educated people in India speak English, so that the degree of cultural friction

in the U.S. is lower than in Japan. Thus, inequalities (1) hold in this example as well.

As it is commonly known, the number of immigrants in the U.S. is larger than that in Japan. In
Section 3 we shall re-examine the relationship described in (1) and demonstrate that our theoretical
conclusions are consistent with the existing immigration gap between two countries.

In the next section we examine strategic interaction between two countries in determining their
immigration. We then show the existence and uniqueness of a pure strategies Nash equilibrium in

the non-cooperative quota game.

3 The Quota Game

To proceed with the formal framework, we consider a multidimensional parameter space P, where
each point p in P represents degrees of labor complementarity, population size, and cultural frictions

in two countries. That is,

P = {p: (aaﬂaNAvNBaanfB)’ 0< O!,ﬁ < ]-7 NAaNBafA7fB > 0}

Let vector p € P, that describes the state of the “world economy”, be given. We consider a
game I'(p) between two countries, A and B, whose strategic choices are their relative immigration

quotas, x4 and xp, respectively. The payoff of country j = A, B, is represented by its welfare level,



Wj(xa,zp), that depend on their production, immigrant wages, and the cultural friction between

the native population and immigrants in country j, i.e.;:
Wi(xa,zp) = Q; — wiN;z; — fjN;z;.
Thus, we have the following expressions for countries’ payoffs in terms of immigration quotas:3

Wa(za,zp) = Na(l + iﬂ(ﬁ)é — e+ v(Naza + Npxp)|[Naza — faNaza, (2)

Wa(za,28) = Np(1+ x%)% — [c+7v(Naza+ Npzp)|Ngxp — f5Npxp. (3)

Since the payoff functions of country A is continuously differentiable and concave in x4 for any xp,
we determine the best response of country A to the immigration quota xg of country B by solving

the first order condition:
8WA (.1‘ A, T B)

= 0.
8£UA

Similar equation holds for the best responses of country B:

aWB(xA7 JCB)

= 0.
8.1173

We will demonstrate that the solution of the first order conditions, 2% (xp) and 2 (z4), are well-
defined, positive-valued, continuous, strictly decreasing in the other country’ choice, and approaches

zero when the immigration quota of the other country tends to infinity (see Figure 2).
Insert Figure 2.
We obtain our first result:

Proposition 3.1: For every p € P, the immigration game I'(p) admits a pure strategies Nash

equilibrium.

Our next result shows the uniqueness of Nash equilibrium:

3Since the welfare of each country is decreasing in immigration quota of the other, it follows that the immigration
quotas are, in fact, strategic substitutes (Bulow, Geanakoplos and Klemperer (1985).



Proposition 3.2: For every p € P, the immigration game I'(p) admits the unique pure strategies
Nash equilibrium, denoted by (z4(p), 2%(p)). Moreover, in equilibrium, both countries choose

strictly positive immigration quotas.

The proof of this proposition is relegated to the Appendix. We would like to point out that the
reason for uniqueness of the equilibrium is based on the fact that the slope of the reaction curves,
7% (zp) and a%(x4), on the xp and x4 axes, respectively, is between 0 and —1.* That is, a raise by
e of an immigration quota in country A would trigger a decline in immigration quota in B by the

amount which is less than e (see Figure 3).
Insert Figure 3.

Thus, two reaction curves do not intersect more than once, which, together with Proposition 3.1,
guarantees the uniqueness of an equilibrium.

In the next section we examine how differences in population size, degree of complementarity and
cultural friction impact the variance in the equilibrium immigration quotas and welfare levels in two

countries.

4 Cross-Country Comparison of Immigration Quotas and
Welfare

Before proceeding with the examination of quotas and welfare, it would be useful to introduce the
function g : (0,1) X Ry — R, where

1-6

g(6,2) =1+ mé)%’lm‘S’l =(1+ 1;’5)7.

for every 6 € (0,1) and x > 0. It is easy to see that

g\, Ta) = NA aZL’A

and
1 0Qs
9(671'3) - NB 8:133'

4A similar argument is often used in the study of uniqueness of a Cournot equilibrium, see Tirole (1988), Chapter
5.



That is, the value of the function g(6,z) for 6 = o,z = x4 and § = [,z = zpx represents the
per capita marginal product induced by changing an immigration quota in countries A and B,
respectively.

The following lemma summarizes some properties of the function g that will be utilized to prove
our results. Assertion (i) states that the marginal product declines in the number of immigrants. (ii)
implies, however, that the rate of decline is not “very steep.” Assertion (iii)) states that the marginal
product is positively correlated with the value of labor complementarity. (iv) and (v) describe the

limit value of marginal product at corner points, zero and infinity. Formally,

Lemma A: (i) For every ¢ € (0,1), the function g(é,-) is decreasing on R4+ .
(i) For every 6 € (0, 1), the function g(é, z) - = is increasing in z on R4+ .
(iii) For every positive x, the function g(-, x) is decreasing on (0, 1).
(iv) For every 6 € (0, 1), lim, .o g(6, ) = +o0.
(v) For every 6 € (0,1), lim, .+ g(6,2) = 1.
Note that the introduction of the function g allows us to rewrite the first order conditions presented

in the last section in a more convenient form:

gla,x4) = YNazg = c+v(Naxa+ Npzp) + fa = wr + fa = w; (4)
9(B,25) —yNprp = c+y(Nazxa + Npxp) + fg = wr + fp = wg. (5)

That is, the difference between the per capita marginal product and the weighted number of immi-
grants is equal to the actual immigrant wages paid in the country.

Now let us turn to the comparison of the equilibrium immigration quotas. In the first proposition
we examine the countries with the same population and consider two cases. One is where two
countries have an identical degree of labor complementarity but differ with respect to the magnitude
of the friction between natives and immigrants. The second case deals with two countries that are
distinguished only on the basis of the labor complementarity between the native and immigrant

population.

Proposition 4.1: Let p = («, 3, Na, Np, fa, fg) € P, where Ny = Npg, be given.

(i) Let fa = fp,but a < 3, i.e., the degree labor complementarity in country A is higher than

10



in country B. (Recall that « and (3 are the reverse measures of complementarity in countries
A and B, respectively.) Then z4(p) > x%(p).
(ii) Let o = (3, but fa < fg, i.e., country A exhibits a lower degree of cultural friction than

country B. Then country A would accept more immigrants, i.e., z%(p) > z%(p).

The intuition here is quite clear. If the countries are distinguished only on the basis of labor
complementarity, they both pay identical wages to immigrants. However, since the marginal produc-
tivity is higher in the country with higher degree of labor complementarity, assertion (i) states that
country A would choose a higher immigration quota than country B. In the case where countries
differ with respect to the degree of cultural friction, the gross wages paid to immigrants are lower in
A. Since the marginal productivity is declining, it follows that the country A should accept a larger
number of immigrants.

If the population of two countries is the same, there is no need, as in Proposition 4.1, to distin-
guish between the relative and absolute number of immigrants in A and B. For the countries with
heterogeneous population sizes, the distinction between absolute and relative number of immigrants
is essential. In Proposition 4.2, we consider two countries with identical degrees of labor complemen-
tarity and cultural friction, but different population sizes. We will compare both the immigration
quotas (the relative number of immigrants with respect to the native population) and (absolute) the

number of immigrants in two countries:

Proposition 4.2: Let p = («a, 3, Na, Np, fa, fg) € P, where a« = 3, Ny > Np, fa = fp, be given.
Then
(i) The immigration quota is lower in the more populous country A, i.e., 5 (p) < z%(p).

(ii) However, the larger country would accept a larger number of immigrants, i.e., 4 > Ip, or

Naz(p) > Npap(p).

Indeed, consider country A. Under identical degree of labor complementarity in two countries, the
higher population size and declining marginal product imply, according to (4) and (5), that country
A will have a lower immigration quota. In the same time, a lower immigration quota in A yields a

higher value of the per capita marginal productivity in that country. Since the difference between

11



the per capita marginal product and the weighted number of immigrants is equal in both countries,
it immediately implies that the number of immigrants into A is larger than into B.

The next corollary examines the aggregate effect of differences in population size, degree of com-
plementarity and cultural friction. We consider the case where, as in Examples 2.1 and 2.2, country
A is more populous, has higher degree of labor complementarity and lower degree of cultural friction
than country B. Then the number of immigrants to country A exceeds the number of immigrants
to country B, which is consistent with the fact that the number of immigrants in the U.S. is larger

than in Japan.
Corollary 4.3: Let p € P be such that a < 3, f4 < fg and Ny > Ng. Then I, > Ip.

Now let us turn to the welfare comparison between the countries that are distinct in their labor
complementarity, population size and degree of cultural friction. Consider a point p € P. The welfare
levels of two countries in the equilibrium of the game I'(p), Wa(2%(p), 2% (p)) and Wg(z%(p), 2% (p)),

will be denoted simply by W§(p) and W§(p), respectively.

Proposition 4.4: (i) Assume that p = («a, 3, Na, N, fa, fg) € P is such that « < 3, Ny = Np,
and fyo = fg. Then the country with higher degree of complementarity attains higher level of
welfare, i.e., W§(p) > Wg(p).

(ii) Let p € P be such that « = 3, Ny > Np, and f4 = fp. That is, the countries differ only
with respect to their population size. Then the more populous country is better off relatively
to its smaller counterpart: W§(p) > W5(p).

(iii) Assume that p € P is such that « = 3, Ny = N but fa < fg. Then the country with

lower cultural friction attains higher level of welfare, i.e, W§(p) > W5(p).

Proposition 4.4 allows us to examine some possible policy implications on the results stated here.
Among three parameters, labor complementarity, the size of native population, and the degree of
cultural friction between natives and immigrants, it seems that the first two parameters are unlikely

to be altered in short or medium run. However, the last aspect, that of cultural friction, should be
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become a subject of active public policy debate and action. Indeed, in order to enhance the national
welfare, it is important to undertake concrete measures aimed at reducing the value of cultural

frictions between natives and immigrants.

5 Harmonization of Immigration Policies

In this section we address the question of whether coordinated and harmonized immigration
policies of countries A and B may improve their welfare. We consider the first best outcome when
countries jointly choose their immigration quotas. It turns out that the equilibrium immigration
levels yield an excessive number of immigrants. This result clearly calls for a need for coordinated
immigration policies that might be beneficial for both countries. To reinforce this point, we show
that a harmonized reduction of equilibrium immigration levels, both in relative and absolute terms,
would raise the welfare in both countries.

For every point p in the parameter space P, we consider the cooperative outcome (z5(p), 2%(p))
that maximizes the joint welfare of two countries. That is, for a given p € P, the countries attempt

to find:

max {WA<£UA,ZEB)+WB(.TA,.TB)}.

The first result of this section states that, regardless of degree of heterogeneity in size, cultural
friction and labor complementarity between natives and immigrants, the total number of immigrants

into two countries in equilibrium is always “excessive.”

Proposition 5.1: For every point p € P the total number of immigrants in the non-cooperative

equilibrium is larger than under joint welfare maximization:

Naz%y(p) + Nprg(p) < Nazty(p) + Nprp(p).

It is important to point out that Proposition 5.1 does not imply that the equilibrium immigration
quota is excessive for each country. It claims only that that the total number of immigrants in two
countries is excessive. Indeed, it is possible that if the countries possess sharply distinct character-

istics, one of the countries should raise its immigration quota under cooperative outcome. It is not

13



the case for two countries with similar characteristics,®> where the immigration quota of each country

is excessive with respect to the cooperative solution:

Proposition 5.2: Let point p = (a,a, N, N, f, f) € P represent two countries with identical char-
acteristics. Then there exists a positive number e such that for every point p’ € P, satisfying

|lp — p'l| <€, the inequality z$(p') < x5(p’) holds for every j = A, B.

We complete this section by analyzing how the countries can increase their welfare by implement-
ing harmonized immigration policies. We consider two approaches, harmonized relative reduction
and harmonized absolute reduction. Under the first policy, both countries reduce their immigration
levels by the same percentage point. Alternatively, they may agree on the same number of immigrants

eliminated from their respective equilibrium quotas.

Proposition 5.3: Let point p € P be given.

(i) - Relative Reduction. There is a number A, 0 < A < 1 such that for all ' € (A, 1):
Wa(N'z§(p), Nop(p)) > Wilp), and Wr(XNa%i(p), Nzg(p)) > Wg(p).
(ii) - Absolute Reduction. There is x> 0 such that for all x’ € (0, p):
Wa(za(p) — ', 25(p) — 1) > Wilp), and Wa(zi(p) — 1, 25(p) — 1) > Wi(p).
6 Concluding Remarks

In this paper we consider a model with two industrialized countries and a homogeneous mass of
immigrants. The countries’ characteristics may vary with respect to their population size, degree
of cultural friction toward immigrants, and labor complementarity between native population and
immigrants. The latter is an outcome of distinctive production processes in two countries: one (e.g.,

software industry) is rooted in a heterogeneous labor force with a wide range of cultural, ethnic and

5In general, in symmetric games, where strategies are strategic complements, each player chooses a larger value of
her strategic variable than that compatible with the joint welfare maximization.
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educational backgrounds, and the other (e.g., high-precision manufacturing) is based on homogeneity
and a high degree of interaction between workers.

We consider a non-cooperative game between two countries where each of them makes a strategic
decision by choosing its immigration quota. We first show that our game admits a unique pure
strategies Nash equilibrium and then study the welfare implications of countries’ choices. It turns
out that a country with a higher degree of production basis and a higher level of tolerance towards
immigrants would allow a larger immigration quota. In addition, we show that while a more populous
country allows more immigrants, it would establish a lower ratio between immigrants and natives.
We also argue that both countries can benefit by coordinating their strategies, and our results call
for harmonized immigration policies aimed at improving the welfare of both countries.

To focus our analysis on difference in labor complementarity between the native population in
countries A and B, we assumed a complete homogeneity within each of the three groups, natives in
A and B, and immigrants. The next natural step, left for the future research, is to generalize this
model by allowing heterogeneity, both across countries and within the immigrant population. It is
especially important in analysis of high-tech knowledge industries, where ethnic, cultural, and social
diversity plays even more important role. Indeed, as Florida and Gates (2001) and Florida (2002)
show in their studies of metropolitan areas in the U.S., the population diversity is a strong indicator
of metropolitan areas’ high-technology success. These papers argue that a high percentage of gay
population, number of artists and “bohemians”, a high concentration of foreign-born residents are
closely linked with the area’s high-technology concentration and growth (see also Saxenian (1999)).
Another important direction of future research is an investigation of international trade consequences
between countries as a function of their distinct industrial specialization and distribution of skills and
talents within their working force (for the latter see Grossman and Maggi (2000), Grossman (2002),
Das (2004)).
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7  Appendix

Proof of Lemma A: (i), (iv) and (v) are straightforward. For (ii) note that

9lg(6, )x]

o= (1 e (1= P+ 142 =142 %526z +1] > 0.

Finally, to prove (iii), we have

g(é, .I') = e(%*l) |Og(l+$—5).

Then
dg(6, z)
a6

(3 — 1)z ?log
14278

1 _
= g(6,7) —5 log(1+27%) —
This expression is, obviously, negative when x > 1. If 0 < x < 1, we have

-6
89(856,90) _ _(éii:j‘:)ié) [x5 lOg(l + x*‘s) + 10g(1 +x—5) + 510gx _ 62 logx}

=
- ‘% [#°1og(1 + %) +log(1 +2%) — 6*logz] < 0. 2

Proof of Proposition 3.2: Equation (4) implies that the best response of country A is given

by
dr’y YNp (6)

dzp (1—a)r* (1 + x;o‘)% +2yNy
Similarly, the best response of country B, given by (5), is determined by

dxs N
E—— 1A 1285 (7)

dza  (1- B (1 +2")F +29Ns

Note that the inverse of the right side of equation (6)

(1—a)2° (1 +23°)5" + 29N,
B YNp (8)

represents the slope of the reaction curve of country A with respect to x4 axis. However, the expres-

_Na
2Ng’

2N 4

sion in (7) is greater than whereas the expression in (8) is smaller than —5. That is, the

reaction curve of country B on the x4 axis is everywhere flatter than that of country A. Thus, two
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reaction curves do not intersect more than once, which, together with Proposition 3.1, implies the

existence of a unique equilibrium.2

Proof of Proposition 4.1: (i) Let « < 3, No = Ng, fa = fg. From (9),

[9(c, 25(p)) — YNazi(p)] — [9(B, 25(p)) — vNazg(p)] = 0.

Since, by Lemma A, g(«a, 25(p)) > g(8,25%(p)), we have

[9(8, 25(p)) — YNaz%(p)] — [9(8; 25(p)) — ¥Nazi(p)] < 0.

Invoking Lemma A4 again, we conclude that the function ¢g(3,x) — yNzx is declining in z, yielding

z%(p) > 25(p).

(ii) Let a = B, Nga = Np, fa < fp. Note that the substraction of (5) from (4) implies that for

every p € P
lg(a, 24 (p)) — YNazia(p)] — [9(8,2%(p)) — ¥Npxp(p)] = fa — [5. (9)

Let « = 3, Na = N and fa < fp. Then (9) yields:

[9(a, 25 (p)) — YNz (p)] — [9(a, 25(p)) — YNazg(p)] < 0.

Since, by Lemma A, the function g(a, x) — yN4x is declining in z, it follows that z5(p) > z%(p). 2

Proof of Proposition 4.2: Let « = 3, N4 > Np and f4 = f5.

(i) Invoking (9), we obtain

[9(, 25 (p)) — YNazy(p)] — [9(a, 25(p)) — YNpap(p)] =0, (10)

and, since Ngy > Np,
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Since, by Lemma A, the function g(a,x) — yNaz is decreasing in z, it immediately follows that

z%(p) < 23(p).

(ii) Since z4(p) < x%(p), by Lemma A and (10), we have

[9(a, 25 (p)) — g(a, 25(p))] = [yNazy(p) — YNpxH(p)] > 0.

Moreover, since, by Lemma A, g(a, z5(p)) > g(a, 25(p)), it follows that Naz5(p) > Npx%(p).2
Proof of Corollary 4.3: Let a < 3, Ny > Np and fa4 < fp. If 25(p) > 2%(p), the statement
is straightforward. Let z5(p) < z%(p), Since fa < fg, (9) implies that
[9(a, 24 (p)) — YNaza(p)] — [9(B, 2% (p)) — ¥Npap(p)] < 0.
By Lemma A, g(c, 75 (p)) > 9(8, 24(p)), and we have

[9(8,2%(p)) — 9(B, 25(p))] — [YNaz%(p) — vNpz3(p)] < 0.

Since, by Lemma A, g(5,25%(p)) > g(8,x%(p)), it immediately yields Nax%(p) > Npzh(p).2

Proof of Proposition 4.4: Equations (2) and (3) imply that the equilibrium welfare levels of

two countries, W§(p) and W§(p), respectively, are given by:

W30) = Nal1 + 0D+ N30 = Nag (00 ) + a3 ()
W50) = Na(1 + () +1NB w0 = No g (8. ) + VB (12)

(i) Let @ < B, Ng = Np, and fa = fp. By assertion (i) of Proposition 4.1, 25(p) > z%(p). Since, by

1

Lemma A, the function g(«, =) is increasing in x, equations (11)-(12) imply that W§(p) > W5(p).

(ii) Let « = B, Na > Np and f4 = fg. By assertion (i) of Proposition 4.2, z4(p) < z%(p). By

Lemma A, the function g(«, )z is increasing in z. Thus
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: 9(0 ) w4
g (amty) TP

1
a_
? z5(P)

Since, by assertion (ii) of Proposition 4.2, ;”28 > %—i, (11)-(12) imply that W5(p) > Wg(p).
B

(iii) Let « = B, N4 = Np and f4 < fp. By assertion (ii) of Proposition 4.1, z5(p) > x%(p).
Thus, Naz5(p) > Npx%(p), and (11)-(12) guarantee that W§(p) > W§(p). 2

Proof of Proposition 5.1: Take a point p = («, 3, Na, Np, fa, fg) € P. The cooperative

outcome, (5(p), % (p)) satisfies the following first order conditions:

O(Wa + Wpg) ~ 0 and O(Wa+ Wp)

=0.
0x 4 Orp

Expressions (4) and (5) imply that the cooperative outcome satisfies the following:

gla,x4) — 2yNaxs = ¢+ 2yNprp + fa, (13)

9(B,xp) —2yNprp = c+ 2yNaza + fp. (14)

Notice that (13) and (4) are the special cases of the following equation
gla,x ) — 2yNaxg — c— qNprp — f4 = 0. (15)

Indeed, if ¢ = 7, (15) becomes (4), and if ¢ = 27, (15) it turns into (13). Similarly, (14) and (5) are

the special cases of the equation:
9(B,z5) —2yNpxp —c— qNazs — f5 = 0. (16)

Denote the solutions of (15)-(16) by z% and z%, respectively. It suffices to show that the function
Nz + Npz% declines in ¢ on the interval [y, 29].

By the Implicit Functions Theorem we have:

drfy  —Npah(92(8,2%) — 2yNg) — gNaNpz

dq A
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where
A = (ga(ev, 2%) — 2yNa)(g2(8, 2%) — 2YNp) — ¢*NaNp,
and g, is the derivative of the function g with respect to the second argument. Since this derivative

is negative and ¢ < 27, it follows that A > 0.

Similarly,
dofy _ —Naxh(ga(o, %) — 2yNa) — ¢NaNpa§
dq A '
Finally,
ANz + Npah)  NaNs{[-ga(o,a)a — 0208, #8)a%) + (29 — @)[Nag®, + Noay]}
dg B A '

Again, since the values of g, are negative, the inequality 2y — ¢ > 0 implies that the last expression

is negative. 2

Proof of Proposition 5.2: Let p = (a,«, Na, Na, fa, fa) € P. Proposition 5.1 implies that
z4(p) = 25(p) < 25(p) = 2%(p). By the continuity argument, these relations will be preserved
around the point p. That is, there is a neighborhood U(p) C P such that z5(p) < z5(p) and

x%(p) < x%(p) for every p € U(p).2

Proof of Proposition 5.3: (i) Consider the function Wa(Axa, Azg), where X is a positive

number. By (2),
WA()\.'L’A, )\QZB) = NA(l + 'fi)é — [C + ’)/(NASUA + NB.fB)]NAxA — fANASCA.

By differentiating with respect to A we have:

dWA()\fEA, )\.I‘B)

= = Na(1+ (Az4)*) 5 2220 — [c 4+ 20y (Npz g + Naza)]ANAzs — AfaNaz 4.

e

The value of the last expression at A = 1 and (z5(p), 2%(p)) is:

e

z%(p)(g(a, 5 (p)) — 2yNaz§(p) — 2yNpxH(p) — ¢ — fa,

which, by (4), is negative. Thus, a sufficiently small increase in A would raise the welfare of country

A. The argument for country B proceeds along the same lines.
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(ii) Consider the function Wy (x4 + ¢, x5 + €), where ¢ is a real number. By (2), we have
Wa(xat+e,xp+e) = NA(1+($A+5)Q)% —[e+v(Na(za+e)+ Np(zp+e)|Na(xa+e)— faNa(za+e).
By taking the derivative of this welfare function with respect to € at ¢ = 0, we obtain:

Na(1+2%)s 2% — [c+ 2y(Npap + Naza)|Naza — faNa.

Equation (4) implies that the last expression is negative at the point (z5(p),z%(p)). Thus, a suffi-
ciently small increase in € would raise the welfare of country A. The argument for country B proceeds

along the same lines.2
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Figure 1: The labor productivity in the "rest of the world,” Wgx(NNg — I), and the real immigration
wr.
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Figure 2: The determination of the best response function z%(xp).
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Figure 3: The uniqueness of the equilibrium.
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