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in advanced and low-income countries differ by a factor of 10 or more (see, for example, Rodrik 2002,
and Freeman 2006); which suggests that restrictions on labor mobility could be the largest distortion
in the world economy (see, for example, Clements 2011). Moreover, there are at least two good rea-
sons to study the political economy of trade and migration policies simultaneously rather than as two
independent policies.

First, theoretical trade models explicitly or implicitly imply that international trade and factor mo-
bility could be complements and/or substitutes. If they are complements, why do we observe harsher
restrictions to international migrations than to international trade? If they are substitutes, why do we
observe illegal migration between countries that engage in free trade? Second, countries can potentially
engage in free international trade and labor mobility, impose trade and migration restrictions, choose
a combination of free trade and migration restrictions or vice versa. Indeed, as Brexit reminds us, the
political economy of trade and migration cannot be simply mapped into a one-dimension policy decision
(say, more, or less globalization). On the contrary, it seems that the pro-Brexit coalition favors free trade,
but opposes free labor mobility.!

We develop an international political economy model for the determination of trade and labor mobility
policies. First, all countries simultaneously decide on their trade and migration policies with the aim of
maximizing the wellbeing of domestic workers. In order to keep things as simple as possible, we assume
that only a fraction of the labor endowment of each country is mobile and that trade and migration policies
can adopt only two values: free trade and no trade, and free labor mobility and no labor mobility.2 In
the case of two countries, no trade is equivalent to complete autarky and no labor mobility implies that
mobile workers must stay in their countries of origin. In the multi-country case, each country must select
its trade and labor mobility partners. In other words, the trade policy of any given country can be
described as the set of countries with which that country agrees to engage in free trade. The situation
with respect to migration policy is analogous. Second, mobile workers decide where they will reside and
work. Finally, countries engage in trade, production and consumption.

We consider two families of economies (and several variations within each family): Ricardian
economies and factor proportions models. For all these models, we obtain a rather negative result.
We show that, although it is always possible to find conditions under which free trade and no labor
mobility is a Nash equilibrium outcome of the political economy game, free trade and free labor mobility
is never a Nash equilibrium outcome. From a positive point of view, this may help to explain why inter-
national labor markets are much less integrated than international markets of commodities are. However,
this suggests a significant misallocation of resources in the global economy as well as a substantial failure

of international institutions. From a normative point of view, this result could also be judged undesirable

!See, for example, https://voxeu.org/article/brexit-four-freedoms-and-indivisibility-dogma
2TIn Section 5 we relax this assumption.



based on fairness considerations. For this reason, we also explore several ways of overcoming this negative
result. In particular, we show that if quantitative migration restrictions are replaced by a migration fee
implemented as an income tax on migrants whose revenue is distributed among domestic workers in the
recipient country, workers all over the world will be better off. Thus, free trade and free labor mobility

will become a Nash equilibrium outcome.

1.1 The challenge of achieving free trade and international labor mobility
1.1.1 Ricardian economies

In a Ricardian economy, trade is not a source of conflict because everybody gains when countries specialize
in their comparative advantages and engage in international trade. Thus, free trade and no labor mobility
is a Nash equilibrium outcome of the political economy game that we studied. In a Ricardian world, free
trade does not produce real wage equalization because countries use different production technologies.
As a consequence, if countries that engage in trade also allow free labor mobility, workers will move from
poor to rich countries until real wages are equalized. Then, under free trade, labor mobility reduces wages
in rich countries and, hence, workers from rich countries prefer to block migration flows. Free trade and
free labor mobility is not a Nash equilibrium outcome of the political economy game.

We show that this logic applies not only to a simple Ricardian model, but also to more complex
Ricardian economies, including those with a continuum of goods (as in Dornbusch, Fischer and Samuelson,
1977), non-homothetic preferences (as in Matsuyama, 2000) and multiple countries (as in Eaton and
Kortum, 2002). In a nutshell, we confirm the basic results obtained using the simple Ricardian model
under several variations in the model’s assumptions (set of goods, preferences, and set of countries). For
each Ricardian model, we also deduce the conditions under which free trade induces partial convergence,
full divergence and a reversal of fortune in terms of the well-being of workers in each country. In all
cases, free trade and free labor mobility lead to full convergence, but this is never a Nash equilibrium
of the political game. Thus, in a Ricardian world, the lack of convergence in levels of well-being across

countries can be attributed to an international political equilibrium that blocks free labor mobility.

1.1.2 Factor proportions models

A Ricardian world is by no means the unique economic environment in which free trade does not preclude
international migrations, but political interactions lead to no labor mobility. Several multifactor models
produce analogous results. We study three of them: a version of the standard two-sector Heckscher-
Ohlin model, the Ricardo-Vinner specific factors model, and a three-sector model (two tradeable goods

and one non-tradeable good).? In a two country Heckscher-Ohlin model with country-specific total factor

3See, Galiani, Heymann and Magud (2017), Galiani, Schofield and Torrens (2014), and Galiani and Somaini (2018).



productivity, free trade does not induce full wage equalization, which opens the door to migration flows.
However, free trade and free labor mobility is never a Nash equilibrium outcome. The reason is that
domestic workers in the country with high real wages under free trade prefer to block free labor mobility
because the flow of immigrants would reduce their real wages. We also show that in a Heckscher-Ohlin
economy is more complicated than in a Ricardian economy to support free trade and no labor mobility
as a Nash equilibrium outcome. Only when the country with high real wages under free trade is fully
specialized in the non-labor intensive good (which requires that the countries are endowed with very
dissimilar relative factors endowments), workers in both countries are willing to support free trade.

In a Ricardo-Vinner specific factors economy, free trade and free labor mobility is not a Nash equilib-
rium outcome either. Once again, under free trade, real wages decrease with the size of the labor force,
inducing workers in the country with high real wages to favor blocking labor mobility. In order to keep
things as simple as possible, we assume that both industries are equally labor-intensive, which makes
free trade and no labor mobility a Nash equilibrium outcome. On the contrary, if industries differ in
their labor intensities, workers in the country with a comparative advantage in the non-labor-intensive
industry might prefer to block free trade.

Finally, we explore trade and migration policies in a model with three sectors (two tradeable and one
non-tradeable) and three factors of production (e.g., capital, natural resources and labor). This model
allows us to capture a different channel through which workers are in favor of free trade, namely, the
role of the non-tradeable sector. In the poor country, which specializes in the natural resource-intensive
good, workers are employed in the non-tradeable sector. They support free trade because it increases the
demand of the non-tradeable good and, hence, wages. In the rich country, which is diversified, workers are
employed in the capital-intensive manufacturing sector and in the non-tradeable sector. They support
free trade because it expands the demands for the manufactured good and the non-tradeable good,
inducing higher wages. Thus, free trade and no labor mobility is a Nash equilibrium outcome. Regarding
international labor mobility, workers in the poor country clearly support free labor mobility because they
want to be able to migrate to the rich country. Even if some workers are immobile, they will also support
free labor mobility since a reduction in the labor force of the poor country will increase wages and improve
the terms of trade. However, workers in the rich country prefer to block immigration because any increase
in the domestic labor force reduces their wages and deteriorates the country’s terms of trade. Thus, free

trade and free labor mobility is not a Nash equilibrium outcome.

1.1.3 Inducing free trade and free labor mobility

We also study three alternative ways of overcoming this negative result, that is, we explore changes in

the economic and political environment as well as in the set of policy instruments available, that make



trade and labor mobility a Nash equilibrium outcome.

First, we introduce differentiated products, monopolistic competition and increasing returns to scale,
a la Krugman (1979) and Helpman (1981), in one of the tradeable sectors of a simple Ricardian economy.
In this environment, workers from a scarcely populated rich country may prefer to allow migration flows,
at least for a certain range of the population, because a bigger labor force induces an expansion of the
number of varieties produced and a reduction in the price of each variety. Indeed, we deduce conditions
under which free trade and some, but not full, free international labor mobility is a Nash equilibrium
outcome of the political economy game. This may help to explain why immigration policies in the U.S.
were very liberal until the end of the 19th century, but then became much more restrictive in the early
20th century.

A second way of generating free labor mobility is to introduce an elite that extracts income from
workers as in Acemoglu and Robinson (2012). In particular, we show that, if the extractive elite in the
rich country is powerful enough, then free labor mobility is possible. The reason for this is that, although
the extractive elite in the rich country is hurt by the reduction in wages induced by an inflow of workers,
immigrants are also a new source of income for the elite (more workers to extract from). Hence, if the
second effect outweighs the first one and the elite is relatively powerful, then the rich country will permit
an inflow of workers. Trade, however, is not a source of conflict between workers and the elite because,
in a Ricardian world, everybody gains from trade. In other words, workers in a rich country only care
about wages, while the extractive elite cares about total labor income. This produces a conflict of interest
between workers and the elite in regard to labor mobility but not with regard to trade policy.

Finally, we introduce an immigration fee. In particular, we assume that the recipient country can
charge an income tax to immigrant workers and pay transfers to domestic workers. Under free trade, the
flow of immigrants has an ambiguous effect on the wellbeing of workers from the rich country because,
on the one hand, it reduces real wages in the rich country, but, on the other hand, it increases the
revenue from immigration fees. Moreover, we find conditions under which the second effect dominates
the first one and, therefore, workers from the rich country are better off charging an immigration fee that
induces positive migration flows rather than completely blocking migration. Mobile workers in the poor
country are always better off if they can migrate to the rich country, while immobile workers from the
poor country benefit from the rise in real wages caused by the outflow of workers. Thus, free trade and
international labor mobility subject to a positive, but not prohibitive immigration fee could be supported

as a Nash equilibrium outcome.



1.2 Related literature

As we have already mentioned, the economic and political economy literature has devoted much less
attention to migration than to international trade in both theoretical and empirical terms (Facchini,
2004, and Facchini, Mayda and Mishra, 2007). Nevertheless, there is a very interesting body of literature
on labor mobility, migration policies and the political economy of migration. First of all, there is a well-
established body of literature on international factor mobility and, in particular, on the determinants
and effects of migration (see, among others, Mundell 1957, Markusen 1983, Grossman 1983, and Wong
1995).

Second, several works have shed light on the crucial role played by international labor mobility
in the convergence of living standards between Europe and America during the 19th and early 20th
centuries (e.g., Taylor and Williamson, 1997, O’Rourke and Sinnott, 2003, O’Rourke, 2004, and Hatton
and Williamson, 2005).* These studies suggest that international labor mobility has a strong influence on
cross-country convergence of levels of well-being. Numerous authors have also documented the fact that
migration policies became much more restrictive in the 20th century and that, nowadays, international
labor markets are much less integrated than international markets of commodities are (e.g., O’'Rourke,
2004 and Hatton and Williamson, 2007, Rodrik 2002, Freeman 2006 and Clements 2011).°

Third, there is an empirical literature that investigates the effects of several shocks that affected
migration flows on wages and employment of domestic workers. See, among others, Nickell and Saleheen
(2009) for a recent evaluation of the literature and new estimates for Great Britain. Unfortunately, these
works focus on relatively small shocks in migration flows and, therefore, they are not necessarily informa-
tive on the effects of unrestricted mass migration. Indeed, in a Ricardian economy with a finite number
of goods, there is a simple theoretical argument that suggests that under free trade small migration flows

may have no effect on wages, while free labor mobility has a significant impact on wages (for details,

4Taylor and Williamson (1997) find that international real wage dispersion declined by 28% from 1870 to 1910, but
that without the mass migrations that occurred during this period, wage dispersion would have increased by 7%. In the
same vein, O’Rourke (2004) reports that wages rose in emigration countries during the late 19th and early 20th centuries,
converging with countries of immigration (see also Hatton and Williamson, 2005). O’Rourke and Sinnott (2003) argue that
”One hundred years ago mass emigration raised living standards significantly in countries such as Ireland, Italy and Sweden,
enabling them to converge on the core countries of the day, Britain and the U.S. Indeed, mass migration can account for as

much as 70% of the convergence in living standards worldwide which occurred during the late 19th century.”
50O’Rourke (2004) and Hatton and Williamson (2007) show that liberal policies on immigration during the 19th century

came to an end in the early 20th century, when many popular destination countries began imposing severe restrictions on
immigration. Moreover, they document that these restrictions have remained in place even after many restrictions on the
movement of goods have been eliminated. Freeman (2006) examines the degree of international economic integration in
labor compared with other factors and concludes that the labor market is the least developed facet of globalization. In line
with this view, see also Rodrik (2002) and Clements (2011).



see section 3.2). There is also evidence that large trade shocks have significant effects on wages and
employment (see, among others, Autor, Dorn and Hanson 2016), suggesting that large migration flows
also produce large effects on wages. Indeed, in a Heckscher-Ohlin model with country-specific total factor
productivity, the effect of trade and labor mobility on real wages is greater than the effect of trade alone
(see, section 4.1).

Fourth, although the political economy of labor mobility has not been fully explored, several works
have discussed different economic and political determinants of migration policies. Foreman-Peck (1992)
develops a simple political economy model of factor mobility focused on the receiving country. He
shows that if the government of the receiving country gives a great deal of weight to the interests
of landowners (workers) and if land and labor are complements, then immigration policies will tend
to be open (restrictive). Along the same lines, Benhabib (1996) shows that, under majority voting,
immigrants with skills that are complementary with those of the median voter will be selected. Razin
and Sadka (1999) study the political economy of immigration when the receiving country has a pay-
as-you-go pension system, and Razin, Sadka, and Swagell (2000) investigate how unskilled immigration
affects redistribution policies in the host country. Hatton and Williamson (2007) emphasize that trade is
based on comparative advantage, while migration is based on absolute advantage. They also mention the
spread of democracy and the decline of empires as an explanation for the change in migration policies
in the 20th century. Mayda (2007), in line with our multifactor model with a non-tradeable sector,
attributes the observed differences in attitudes toward trade and immigration (today, people are more
pro-trade than pro-immigration) to the influence exerted by individuals working in non-tradeable sectors.
However, to the best of our knowledge, there is no formal international political economy model that
explains the existence of very few restrictions on international trade in conjunction with severe restrictions
on international labor mobility. In this paper we develop a simple but formal model of trade and labor
mobility policies.

Finally, our extension with an immigration fee used to finance transfers to domestic workers is related
to and Eichenberger and Stadelmann (2017), who explore labor mobility with residency fees, and Posner
and Weyl (2018), who propose a system for democratizing immigration visas that could generate benefits
for unskilled workers in developed countries.

The rest of this paper is organized as follows. Section 2 presents an international political economy
model for the determination of trade and labor mobility policies. Sections 3 and 4 characterize the
equilibrium of the model for different Ricardian economies and for factor proportions models, respectively.
Section 5 develops three extensions in which free trade and at least some labor mobility is a Nash
equilibrium. Section 5.1 introduces monopolistic competition, differentiated products and economies of
scale in one of the sectors of the simple Ricardian model. Section 5.2 introduces an extractive elite in

the political economy model. Section 5.3 introduces migration fees. Section 6 concludes.



2 A simple model of trade and labor mobility policies

In this section we present a simple model of international trade and labor mobility. All the models in

the paper are particular cases of this framework.

2.1 Countries, endowments, technologies and preferences

Consider a world integrated by J countries indexed by j = 1,...,J. Each country is characterized by
its labor endowment L7, its endowment of other factors FV = (FIJ o, B %) and technologies for the
production of a set of goods Z. Let Q]Z indicate the aggregate production of good z € Z in country j
and L7 (F JZ .) the amount of labor (factor f) employed in industry z in country j. All agents have the

same utility function u (cj ), where ¢/ is the consumption plan of an agent in country j.

2.2 Factor mobility

Only a fraction m € [0,1] of the labor endowment of each country is mobile at zero cost. The rest of
the labor endowment and all other factors are completely immobile. Let Jj; be a partition of J. A
set Jyr € Jps is a subset of countries that allow labor mobility among them, but do not allow it with
the rest of the world. Then, for each j € Jy, the labor force of country j, denoted by L7, is given by
Li=(1-m)LI4+6'mY,. Tu L, where 6/ is the proportion of the mobile labor force in Jy; that selects
to locate in country j. Naturally, 67 € [0,1] and } .. 0" = 1. Mobile workers locate in the country
in which they get a higher utility. Thus, choice-of-location decisions come from selecting ((92)Z cTur in

order to maximize » 9iv?, where o' is the indirect utility of a worker located in country i. Although

i€y
all workers located in country j will earn the same utility v/, not all workers originally from country j
necessarily get the same utility. For this reason, we will denote by v#™ (v75™) the indirect utility of a

mobile (immobile) worker originally from country j.

2.3 Trade

Let Zr C Z be the set of tradeable goods and Zy C Z the set of non-tradeable goods. Logically,
Z7UZn = Z. Let Jr be a partition of J. A set Jr € J7 is a subset of countries that allow trade among
themselves, but do not allow it with the rest of the world. pg denotes the price of good z in country j

and C? indicates the aggregate consumption of good z in country j. Then, for z € Zp, pj; =p, for j € Jr
and ZjeJTpZ (QJZ - Cg) =0, and for z € Zy, Q]z =Y.



2.4 Politics

In each country there is a government which selects trade and migration policies in order to maximize the
welfare of its native worker (mobile and immobile workers of the country). When we refer to the “trade
and labor mobility policies” of a country, we are talking about whether the country allows international
trade and labor mobility with each of the other countries in the world or not. When we refer to the
“welfare of native workers”, we are saying that the government of each country selects its trade and labor

mobility policies with the aim of maximizing the utilitarian social welfare function
Wé = mv™ 4+ (1 — m) vP™m

that gives exactly the same weight to every native-born worker (mobile and immobile) and no weight
at all to foreign immigrants. The implicit assumption is that potential foreign immigrants do not have
political power to influence domestic decisions on trade and labor mobility.

The timing of events is as follows: 1) Governments simultaneously determine trade and labor mobility
policies. 2) Mobile workers choose their location. 3) Given the labor force of each country, countries

produce, trade and consume.

2.5 Equilibrium

We define the equilibrium as a combination of market equilibrium® for the economy and Nash equilibrium
for policy decisions. Formally, an equilibrium is: (i) a pair of partitions of the set of countries (Jr, Jas); (ii)

for each (J7,J ), a distribution of the labor force into countries (L7 )j ¢+ and (iii) for each (J7,Jpr) and

(LJ )je ;» brices and an allocation of the labor force and other factors to sectors (p?z LJ;, F JZ z)
such that:

zeZ,fekljel

1. Collective decisions: For all j € J, W(]; Jr,Inr) > Wé <J]f7Jg\/1) for all (J%,J?ﬁ) obtained by a

unilateral deviation of j's policy decisions from (Jp,Jps).

2. Labor mobility: For each pair of partitions (Jp,J/), (Lj )j cJ such that each mobile worker cannot
be better off by changing his or her location.

3. Production, trade and consumption: For each (L7) . _ ( J ,Lj,Fj ) is a market equi-
p ( )]EJ Pz z fiz zeZ,feFjed q

librium.

5For homogenous goods, market equilibrium equates with perfect competition, while in the case of differentiated goods,

it equates with monopolistic competition.



3 Trade and labor mobility policies in Ricardian economies

This section studies international trade and labor mobility in a Ricardian world.

3.1 A simple Ricardian economy

Consider an economy with two countries (J = 2), two tradeable goods (Zr = {1,2}) and one non-
tradeable good (Zy = {3}). Production functions are QJ = Lg/agz, where ai’z > 0 is the unit labor
requirement in industry z € Z = Zp U Zy in country j € J. Let A, = a%’z/aiz and assume A; > Ao,
i.e., country 1 has a comparative advantage in good 1. Let L’ and L’ be the labor endowment and the
labor force of country j, respectively. Only a fraction m € [0, 1] of L7 is mobile. All agents have the same
preferences, given by u (cj) = zzezaz In (c%), with a, > 0 and zzezaz = 1. Let w’ and pg denote
the wage rate and the price of good z in country j, respectively. Thus, the indirect utility function is
v =C+3Y,.,a.In (wj/p];), where C' =3 __ o, In(a;).

Lemma 1 characterizes the effects of trade and labor mobility on the relative well-being of workers
in both countries. Let v? (A1, Ays) be the utility of a worker located in country j, where Ay = 1 if
Jr = {{1,2}} and Ar = 0, otherwise, and A\yy = 1 if Jpy = {{1,2}} and Ay = 0, otherwise. Thus,
Ar = 1 indicates that both countries accept free trade, while A7 = 0 indicates that at least one country
refuses to trade and, hence, both countries operate under autarky. Ap; = 1 indicates that both countries
accept free labor mobility, while Ap; = 0 indicates that at least one country does not accept free labor

mobility and, hence, mobile workers are forced to remain in their own country.

Lemma 1 (simple Ricardian economy). Let T7 = = .ez0z1n (ai Z) be the average productivity
of country j and assume T' > T?. Define A = (a1 + az)In (0411_)2/042I_/1) + (T]{, — T]%), where T]{, =
—agln (aé 3> s the productivity of country j in the production of non-tradeable goods. Suppose that

a1 (E2+mil)
as(1—m) L1

a1 (1—m)L?

“ag
Al > > (Ag) artaz > m > As.

1. If A > T' — T2, then trade produces divergence in real wages, but trade and labor mobility undo the
divergence, inducing complete convergence. Formally: v'(1,0) — v?(1,0) > v (0,0) — v%(0,0) >
v (1,1) =2 (1,1) = 0.

2. If 0 < A < T' — T2, then trade produces convergence in real wages, and trade and labor mobility
produces complete convergence. Formally: v'(0,0) — v%(0,0) > v!(1,0) —v2(1,0) > v (1,1) —
v?(1,1) = 0.

3. If A <0, then trade produces a reversal of fortune but trade and labor mobility undo this reversal
inducing complete convergence in real wages. Formally: v* (0,0) —v?(0,0) > v (1,1) — 2% (1,1) =
0 > o' (1,0) —v?(1,0). Proof: see Appendiz A.1. B

10



Under free trade, labor mobility induces complete convergence in real wages. The reason for this is
that mobile workers migrate from the poor country to the rich country until real wages are the same
in both places. There are two implicit assumptions behind this result. First, there must be a suffi-
cient number of mobile workers. Otherwise, even if all mobile workers in the poor country migrate
to the rich country, real wages will not be fully equalized. Second, real wages must be equalized be-
fore the rich country starts producing both tradeable goods. A; > a3 (17 + mil) Jag (1 —m) LY >
(Ag)ﬁ > ay (1 —m)L?*/ay (L' + mL?) > Ay ensures that both conditions are satisfied. Trade
alone has a positive effect on the well-being of everybody, but an ambiguous effect in terms of con-
vergence. While, under autarky, differences in real wages depend only on relative aggregate productivity
(real wages are higher in country 1 when 7! > T?), under free trade, they depend on relative la-
bor abundance, expenditure shares and relative levels of productivity in the non-tradeable sector, but
not on relative levels of productivity in the tradeable sector (real wages are higher in country 1 when
A = (a1 4+ ag)In (aqL?*/asL') + (Tx — T%) > 0). That is, under free trade, country 1 is relatively richer
than country 2 if it is relatively labor-scarce, it specializes in a good with a relatively high expenditure
share and it is relatively more productive in the non-tradeable sector. Indeed, it is even possible for
trade to produce a reversal of fortunes if the country with higher aggregate productivity is relatively
labor-abundant, it specializes in a good with a low expenditure share and productivity differences in the
non-tradeable sector are small.

Let Wé (A7, Aar) denotes the social welfare function of country j when trade and migration policies
are (A7, Aar). Proposition 1 characterizes the political equilibrium.

alm) > (AT >
% > Ay, TV > T? and A # 0. Then, the trade and labor mobility game has three Nash
equilibrium outcomes: (i) neither trade nor labor mobility; (ii) no trade and free labor mobility; and (iii)

Proposition 1 (simple Ricardian economy). Suppose that A; >

free trade and no labor mobility.” Moreover:

1. WL (1,0) > W (0,1) = W} (0,0), i.e., for country 1, free trade and no labor mobility is better than

no trade and free labor mobility or no trade and no labor mobility;

2. {W&(1,0), W& (0,1)} > WZ(0,0), while W& (1,0) > W (0,1) if and only if:

alln<ﬁ>>m(T -T17), (1)

"Note that some of the Nash equilibrium outcomes can be reached using different Nash equilibrium strategy profiles. For
example, the outcome free trade and no labor mobility can be reached by both countries accepting trade and blocking free
labor mobility or by both countries accepting trade and only the rich country under free trade blocking free labor mobility.

The same applies to all the propositions in the paper.

11



In other words, for country 2, free trade and no labor mobility and no trade and free labor mobility
are better than no trade and no labor mobility, while free trade and no labor mobility are better
than mno trade and free labor mobility when productivity differences are not too large. Proof: see
Appendiz A.1. B

No trade and no labor mobility is a Nash equilibrium outcome because if one country decides to isolate
itself, there is nothing that the other country can do to change the political equilibrium. This is a very
unlikely equilibrium, however. In fact, free trade and no labor mobility is also a Nash equilibrium outcome,
and it is strictly preferred to complete isolation by both countries.® No trade and free labor mobility
is also a Nash equilibrium outcome. If one country decides to restrict trade, free trade is impossible
no matter what policy is chosen by the other country. In such circumstances, domestic workers in the
rich country and immobile workers in the poor country do not worry about immigration because real
wages are fully determined by domestic productivity and do not depend on labor endowments. Mobile
workers in the poor country are eager to migrate to the rich country because productivity and, hence, real
wages are higher there. For the rich country, this equilibrium outcome is always dominated by free trade
and no labor mobility. For the poor country, the comparison between the two equilibria is ambiguous
(condition (1)). On the one hand, free trade generates gains from trade for all citizens. On the other
hand, free labor mobility generates an increase in real wages for mobile workers equal to the aggregate
productivity differences between the countries. Note, however, that no trade and free labor mobility is
not a robust equilibrium outcome. For example, if workers in the rich country have a slight aversion to
immigration, then no trade and free labor mobility ceases to be a Nash equilibrium outcome. Finally,
free trade and free labor mobility is not a Nash equilibrium outcome. Under free trade, domestic workers
in a rich country (a labor-scarce country that specializes in the production of tradeable goods with a high
expenditure share and with high productivity in the non-tradeable sector) are opposed to labor mobility
because the flow of immigrants would reduce their real wages. Proposition 1, in conjunction with Lemma
1, suggests that part of the lack of convergence in real wages among countries can be attributed to a

political equilibrium that allows trade but bans migration.

8Bagwell and Staiger (1999) study a two-country game in which governments simultaneously select their tariffs. They
show that Nash equilibrium tariffs are inefficient because neither government internalizes the negative terms-of-trade effect
that an increase in its import duties has on the other country. They also show how trade agreements could partially resolve
this problem, inducing a Pareto improvement from the Nash equilibrium. We can reinterpret autarky in our model as the

equilibrium without a trade agreement (high tariffs) and free trade as the equilibrium with a trade agreement (low tariffs).
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Fig. 1. Trade and labor mobility in the simple Ricardian economy. Note: alL’Z =1 for z =1,2,3,
a1L71 =4, alm = 0.50, alL,g =1.25 L'=1, L?> =1.75, m = 0.75, a1 = as = 0.25, and a3 = 0.50.

Next we show that essentially the same results hold for more complex Ricardian Economies. In
particular, we explore three changes in the economy. First, we briefly discuss various changes in the set
of goods. Introducing more tradeable and/or non-tradeable goods does not affect the results regardless
of whether we are dealing with a continuum of goods with exogenous non-tradeable goods or endogenous
non-tradeable goods induced by iceberg transportation costs (Dornbusch, Fischer and Samuelson, 1977).
Second, we consider a Ricardian model with non-homothetic preferences, following Matsuyama (2000).
Finally, we study the determination of trade and labor mobility policies in a multi-country Ricardian

model with a continuum of goods, along the lines of Eaton and Kortum (2002).

3.2 Multiple goods (Dornbusch, Fischer and Samuelson, 1977)

The results obtained in section 3.1 can easily be extended to a finite set of tradeable and non-tradeable
goods (see Appendix A.2 for details). The key complication is that, under free trade, the marginal
tradeable good in the chain of comparative advantage may or may not be produced by both countries.
If, under no labor mobility in the trading equilibrium, each country produces a different set of tradeable
goods, then labor mobility increases real wages in the poor country and decreases them in the rich one.
As a consequence, workers in the rich country are opposed to free labor mobility. Conversely, if, under
no labor mobility in the trading equilibrium, both countries are producing the marginal good, then small
changes in the country-allocation of mobile workers do not affect either the set of goods produced by
each country or real wages in either country. As a consequence, the rich country will be willing to allow
some immigrants to enter. However, once the poor country stops producing the marginal good and that
good’s production is fully relocated to the rich country, real wages in the rich country start decreasing

and, hence, workers in the rich country no longer accept labor mobility. This could explain why several
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empirical works find that small migration flows have no effect on domestic wages, while historical studies
that focus on mass migration suggest that there are significant effects on real wages and convergence.

A more elegant way of introducing multiple goods is to consider a continuum of goods as in Dornbusch,
Fischer and Samuelson (1977) (see Appendix A.2 for details). Indeed, in this setting, it is always the
case that, under free trade, any reallocation of mobile workers to other countries changes the marginal
industry and, as a consequence, increases real wages in one country and decreases them in the other.
This holds in the case of exogenous non-tradeable goods and also in the case of endogenous non-tradeable
goods induced by iceberg transportation costs. Hence, with a continuum of goods, under free trade, labor
mobility always reduces real wages in the rich country, which implies that workers in the rich country

are opposed to labor mobility.

3.3 Non-homothetic preferences (Matsuyama, 2000)

Until this point, we have assumed Cobb-Douglas preferences. It is well-known that many trade and
development patterns can be explained much more accurately when using non-homothetic preferences.
In order to verify that our results are consistent with those preferences, in this section we consider a
Ricardian economy with non-homothetic preferences as in Matsuyama (2000) (see Appendix A.3 for
details).

Consider an economy with two countries (J = {1,2}) and a continuum of tradeable goods Z = [0, c0)
indexed by z (in order to stress the role of non-homothetic preferences we assume that all goods are
tradeable.) Country 1 has a comparative advantage in higher indexed goods. Specifically, assume that
A, = a%’z /a1L7Z is a continuously differentiable strictly increasing function, Ag < 1 and lim, o, A, > 1.
Each agent owns 1 unit of labor and is either mobile or immobile. Goods come in discrete units and
each agent can consume a unit or no unit of each good. Specifically, the utility function is given by

u(cd) = [°b: cLdz, where b, > O is the utility weight of good z and ¢ = 1 if good z is consumed and
¢l =0 if it is not. Moreover, b, /a’ L.z is a decreasing function of z for each j. Proposition 2 characterizes

the political equilibrium.

=1
Proposition 2 (non-homothetic preferences). Let (2,171,272) be the unique solution to f; aizdz =

1— [L?/As (Lt + L?)], fﬁQaL ,dz = L'/Az (L' + L?) and fo’ga% ,dz = L*/ (L' + L?). Suppose that: (i)
% > fo aLZdz > U ng , where A; = 1; (i) A, > [§ aLZdz for z € [z, zp], where z1, and zg are
gwen by [FaF dz = (1—m)L*/ (L' + L?) and [;"a} dz= (L* + mL") / (L' + L?), respectively; and

(iii) o' > 2, where fgﬂ aizdz = 1. Then, the trade and labor mobility game has three Nash equilibrium

outcomes: (i) neither trade nor labor mobility; (ii) no trade and free labor mobility; and (iii) free trade

and no labor mobility. Moreover:
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1. Wh(1,0) > WL (0,1) = W(0,0), i.e., for country 1, free trade and no labor mobility are better

than no trade and free labor mobility or no trade and no labor mobility;
2. {W&(1,0), W2 (0,1)} > WE(0,0), while W& (1,0) > W& (0,1) if and only if
S5 bodz > m [ bodz 2)

i.e., for country 2, free trade and no labor mobility and no trade and free labor mobility are better
than no trade and no labor mobility, while free trade and no labor mobility are better than no trade
and free labor mobility when productivity differences are not too large. Proof: see Appendiz A.3.
|

Proposition 2 suggests that our results continue to hold even when preferences are non-homothetic.
Free trade and free labor mobility is not a Nash equilibrium outcome because workers in the rich country
under free trade prefer to block labor mobility. All other outcomes are Nash equilibria. For the rich
country under autarky (country 1), free trade and no labor mobility prevail over all other possible
equilibrium outcomes. For the poor country under autarky (country 2), free trade and no labor mobility
prevail over no trade and free labor mobility when condition (2) holds, i.e., when the gains from trade

o ~1
(/. ;2 b.dz) are greater than the productivity gains under autarky for mobile workers (m [, ;2 b.dz).

3.4 Multiple countries (Eaton and Kortum, 2002)

In this section, we introduce multiple countries. We base our analysis on the Ricardian model developed
by Eaton and Kortum (2002) (see Appendix A.4 for details). Consider an economy with a finite set of
countries, J and a continuum of tradeable goods, Zr = [0,1]. Assume there are no geographic barriers
that limit the mobility of tradeable goods, i.e., we consider the zero-gravity case. However, as in previous
sections, not all workers are mobile. Let L7 and L7 be the labor endowment and the labor force of country

j, respectively. Only a fraction m € [0,1] of L’ is mobile. Preferences are identical for all agents in every

1

country. Specifically, u (cj) = {fol (ci)pdz] ;, where 0 = (1 — ,0)71 > 1. Let ai@ be the unit labor
requirement of good z in country j. Labor productivity is a random draw from a Frechet distribution,
i.e., the cumulative distribution function of ai@ is given by Pr (aiz < a) =1- e_Tjae, where T9 > 0
and 6§ > o — 1. These distributions are independent across goods and countries.

Proposition 3 characterizes the political equilibrium when each country can decide to trade or not and
can decide to allow labor mobility or not with each other country. The only restriction that we impose
is that if country ¢ accepts free trade (labor mobility) with country j and country j accepts free trade

(labor mobility) with country k, then country i must accept free trade (labor mobility) with country k.
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Proposition 3 (multiple countries). Suppose that miney {T"/ (1 —m)L'} > >, T/> ., L" and
assume that T3 # T* and T7 /L7 # T*/L* for all j,k € J and j # k. Then:

1. No trade and any pattern of labor mobility is a Nash equilibrium outcome. Moreover, among those
equilibria, no trade and complete free labor mobility prevail over the other equilibrium outcomes for

all countries.

2. No labor mobility and any pattern of trade is a Nash equilibrium outcome. Moreover, among those
equilibria, no labor mobility and complete free trade dominates the other equilibrium outcomes for

all countries.

3. Wé, (1,0) > Wé (0,1) if and only if:

Yooy () (@] <m {Tf}> 5
0 T

In

(Ti)+o (L) T+9
In other words, if the above condition holds, then for country j, complete free trade and no labor

mobility are better than complete free factor mobility and no trade.

4. Any pattern of trade policy other than complete autarky and any pattern of labor mobility policy
within the countries that trade with each other other than no labor mobility are not a Nash equi-
librium outcome. In particular, complete free trade and any pattern of labor mobility policy other

than no mobility are not a Nash equilibrium outcome. Proof: see Appendiz A.4. B

Proposition 3 confirms our main results in a multi-country setting. Although there are many equilib-
rium outcomes, note that complete free trade is incompatible with any form of labor mobility. The reason
for this is that, under free trade, workers in a relatively rich country always prefer to block labor mobility
from relatively poor countries. This produces a cascade effect. The richest country does not want to
accept labor mobility. Then, the second-richest country also prefers to block labor mobility and so on
until labor mobility is completely blocked. Moreover, it is not possible to divide the world into zones that
allow free trade and free labor mobility within the zone but do not allow trade or labor mobility with the
rest of world. The problem is that each free trade zone is a miniature version of the world under complete
free trade. Hence, the richer countries within the zone will prefer to block intra-zone labor mobility.

Proposition 3 also extends our results concerning how countries rank different equilibrium outcomes.
If there is no trade at all, then all countries will be at least as well off with full labor mobility as
with any other equilibrium outcome that restricts labor mobility. Mobile workers will relocate to the
most productive country in the world, while immobile workers all over the world and all workers in the

most productive country in the world will not be affected by migration flows, since their wages are only
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determined by the level of productivity. If there is no labor mobility at all, then all countries are better
off with complete free trade rather than with any other equilibrium outcome that imposes restrictions
on trade. This is a standard gains-from-trade argument in a Ricardian model. The larger the set of
countries that engage in free trade, the larger the gains from comparative advantage and trade. Finally,
we can compare free trade and no labor mobility with no trade and free labor mobility. Equation (3)
is the key condition. The left-hand side of it represents the gains for country j associated with moving
from complete autarky to complete free trade. The right-hand side represents the gains for country j
associated with moving from no labor mobility to full labor mobility (all the while under autarky). Note
that, for the richest country in the world under autarky (the country with the highest 77), condition (3)
always holds because the gains from trade are positive, while labor mobility under autarky does not have
any effect on the country. In general, in this model, gains from trade are relatively high for a sparsely
populated country with low productivity ((77) T+ (L7) it low), while gains from labor mobility under
autarky are relatively high for a country with low productivity (77 low). Since some very poor countries
are also very populous, it is not clear which countries will prefer free trade and no labor mobility to no

trade and free labor mobility.

4 'Trade and labor mobility policies in factor proportions models

In a Ricardian economy, trade policy is not a source of internal conflict because everybody gains when
countries engage in international trade. On the contrary, in a multiple factors economy, potentially, there
are winners and losers from international trade. This section studies trade and migration policies in
several models with multiple factors of production. First, we consider a Heckscher-Ohlin model with
country-specific total factor productivity. Second, we explore a Ricardo-Vinner specific factors model.
Finally, in the context of a single small open economy, Galiani, Schofield and Torrens (2014), Galiani,
Heymann and Magud (2017), and Galiani and Somaini (2018) develop several versions of multi-factors
models, in which workers employed in the non-tradeable sector do not support protectionist policies. We
build on these models, extending them to the case of two economies that could potentially engage in
trade of goods as well as into labor mobility between them.

In all cases, we assume that each government selects trade and migration policies to maximize the
utility of domestic workers. For example, this could be the case of two democracies, where workers
are the majority of the voters. Formally, the objective function of country j’s government is given by
Wé = mvi’m + (1 —m) vi’im, where v%m (vi’lm) denotes the utility of a mobile (immobile) worker in

country 5.9

9Recall that A\r = 1 indicates that both countries accept free trade, while Ar = 0 indicates that at least one country

refuses to trade. Aas = 1 indicates that both countries accept free labor mobility, while Ays = 0 indicates that at least one
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4.1 Heckscher-Ohlin economy

Consider an economy with two countries (J = 2), two tradeable goods (Z7 = {1,2}) and two factors of
production (F and labor L). Production functions are given by Qg =TI <FZJ >bz <L£>1_bz for z = 1,2,
with 1 > by > by > 0and T' > T?, where T7 is total factor productivity in country j. Factor endowments
in country j are (Fj, f/j) > (0,0). All agents have the same preferences, given by u (cj) =]l.cx <c§) az,
with o, >0 and ) _,ao. = 1. In the appendix we fully characterize the equilibrium under autarky and

free trade. The following proposition characterizes the political equilibrium.

Proposition 4 (Heckscher-Ohlin economy).  Let f' = T'F'/(T'F'+T?F?) and I' =
T'LY/ (T'LY + T2LY). Assume that T' > T2, TY/T? # [(1— fY) 11/ f1 (1 - il)]a and f' #1'. Then:

1. Suppose that under free trade and no labor mobility the country relatively well endowed with factor
F is dwversified. Then, the trade and labor mobility game has a unique Nash equilibrium outcome:

no trade and no labor mobility.

2. Suppose that under free trade and no labor mobility the country relatively well endowed with factor

F specializes in the F-intensive good (i.e., good 1). Then, there is a set k such that:

(a) If (F, fl) € K, then the trade and labor mobility game has two Nash equilibrium outcomes: (i)
no trade and no labor mobility; and (ii) free trade and no labor mobility. Moreover, Wg; (1,0) >
W, (0,0) for j =1,2.

(b) If (il, fl) ¢ Kk, then the trade and labor mobility game has a unique Nash equilibrium outcome:
no trade and no labor mobility. Proof: see Appendiz B.1. B

Proposition 4 extends the main result in Section 3 to a Heckscher-Ohlin economy. In a Heckscher-
Ohlin economy free trade and free labor mobility is never a Nash equilibrium outcome (see Fig 2.a).
The reason is that domestic workers in the country with high real wages under free trade prefer to
block free labor mobility because the flow of immigrants would reduce their real wages. For example,
within the diversification cone, the utility of a worker in country j under free trade is vi (L, Anm) =
TiC (%)a (%)a Thus, if mobile workers are allowed to choose their location, they will locate
in country 1 (since 7' > T?), reducing the utility of workers in country 1 (note that vl (1,Ay) is
decreasing in L'/L?).

There are also some differences between the political equilibria of the trade and labor mobility game
under a Heckscher-Ohlin and a Ricardian economy. First, in a Heckscher-Ohlin economy is more compli-

cated than in a Ricardian economy to make free trade and no labor mobility a Nash equilibrium outcome.

country does not accept free labor mobility.
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For example, within the diversification cone (regions a; and as in Fig 2.b), the workers of the country
importing the labor-intensive good always prefer to block international trade. Indeed, the only way in
which workers in both countries are willing to support free trade is when the relative factors endowments
of the countries are very different (regions be, c2, €2 and fo in Fig. 2.b), inducing the country with high
real wages under free trade to fully specialized in the non-labor intensive good.

Second, unlike in a Ricardian economy, in a Heckscher-Ohlin economy, no trade and free labor mobility
is not a Nash equilibrium outcome. In a Ricardian economy, under autarky, real wages are not fully
determined by the productivity of the country and, hence, they are not affected by the size of the labor
force. On the contrary, in a Heckscher-Ohlin economy, under autarky, real wages depend on the country’s
total factor productivity, but also on factor endowments (ceteris paribus, real wages decrease with £ /L7).

Therefore, workers in the country with high real wages under autarky oppose labor mobility.

1 Panel a: Labor mobility under autarky and free trade
T T T T T T T T T
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Fig. 2. Trade and labor mobility in the Heckscher-Ohlin model. a. Labor mobility under autarky
and free trade. b. Autarky versus free trade. In regions a1, b1, c1, and d, vi (0,0) > vl (1,0); in
regions az, e1, f1, and g, v2 (0,0) > v? (1,0); and, in regions bs, ca, ez and fa, vi (1,0) > v} (0,0) and

v? (1,0) > v2 (0,0). In region a = a3 U ag both countries are diversified; in region b = by U by country 1
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is specialized in good 1 and country 2 is diversified; in region ¢ = ¢; U ¢o country 1 is specialized in good
1 and country 2 in good 2; in region d country 1 is diversified and country 2 is specialized in good 2; in
region e = e; U ey country 1 is diversified and country 2 is specialized in good 1; in region f = f1 U fo
country 1 is specialized in good 2 and country 2 is good 1; and, finally, in region g country 1 is specialized

in good 2 and country 2 is diversified.

4.2 Ricardo-Vinner specific factors economy

Consider an economy with two countries (J = 2), two tradeable goods (Zr = {1,2}) and three factors of
. Nb N 1-b

production (Fy, Fy and labor L). Production functions are given by Q% = (FZ] ) (LJZ) for z = 1,2,

with b € (0,1). Factor endowments in country j are (Ff,Fg,Ej> > (0,0,0). All agents have the same

. S\ Oz
preferences, given by u (¢/) = [[,c, (cﬁ) , with a; > 0 and ), o, = 1. In the appendix we fully
characterize the equilibrium under autarky and free trade. The following proposition characterizes the

political equilibrium.

Proposition 5 (Ricardo-Vinner specific factors economy). Assume that F}/F} > F?/F3,
(Fi/E2)™ (B3 /F3)™™ # LYI? and [FLF} + (1 - ay) FEF} + an F3FY] /(Y + ) (F} + F3) #
L' (EQ —{—I?). Then, the trade and labor mobility game has two Nash equilibrium outcomes: (i) no
trade and no labor mobility; and (ii) free trade and no labor mobility. Moreover, Wé (1,0) > Wé (0,0)
for 7 =1,2. Proof: see Appendixz B.2. R

As in a Heckscher-Ohlin economy, in a Ricardo-Vinner specific factors economy, free trade and free
labor mobility is not a Nash equilibrium outcome. The intuition is analogous. Real wages under free
trade decline with the size of the labor force and, hence, workers in the country with high real wages
under free trade prefer to restrict labor mobility. Under autarky, real wages also fall as workers relocate
to the country with high real wages under autarky. Therefore, no trade and free labor mobility is not a
Nash equilibrium outcome, either. Finally, free trade and no labor mobility is always a Nash equilibrium
outcome. The reason is that we have assumed that both industries are equally labor-intensive. Otherwise,
the workers in the country with a comparative advantage in the non-labor-intensive industry might prefer
to block free trade.

4.3 Multiple factors and non-tradeable goods

Consider an economy with two countries (J = 2), two tradeable goods (a rural good F' and manufactures
M), one non-tradeable good (services N) and three factors of production (capital K, natural resources F'

A o NI-b , \b /. N\1-b
and labor L). Production functions are given by Q7. = T7. (Fj)b (K %) , Q=17 (L§w> <K1jw> )
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and Q?V = T]{,Lgv, where T? is total factor productivity in sector z = F, M, N in country j, F7 is the
quantity of natural resources employed in sector F' in country j, K 7 is the quantity of capital employed
in sector z = F, M in country j, L7 is the quantity of labor employed in sector z = M, N in country j,
and b € (0,1).'° Factor endowments in country j are (Fj,f(j,fzj) > (0,0,0). All agents have the same
preferences, given by u (¢/) = [[,c, (c;) az, with a; > 0 and ) _,a. = 1. In the appendix we fully
characterize the equilibrium under autarky and free trade. Moreover, we find conditions under which
country 1 has a comparative advantage in manufactures and country 2 specializes in rural products. The

following proposition characterizes the political equilibrium.

Proposition 6 (multiple factors and non-tradeable goods). There is a vector of thresholds
(K1, Ra, k) such that, if K'/K? > ki, L'F?/L*F! > k9 and T}, /T% > k3, then, the trade and labor
mobility game has only two Nash equilibrium outcomes: no trade and no labor mobility and free trade
and no labor mobility. Moreover, W(]; (1,0) > Wé (0,0) for j =1,2. Proof: see Appendiz B.3. B

As in previous sections no trade and no labor mobility is a Nash equilibrium outcome. Nothing can be
done if one country decides to fully isolate itself. Free trade and no labor mobility is a Nash equilibrium
outcome because workers in both countries gain from free trade. Workers in country 1 are better off
accepting international trade than under autarky for two reasons. First, in country 1 free trade leads to
an expansion of the manufacturing sector and a contraction of the rural sector. This induces an increase
in the demand of labor. Second, free trade expands the aggregate income in the tradeable sectors, which
increases the demand of the non-tradeable good and, hence, the demand of labor. Both effects operate
in the same direction, pushing wages up. The situation for workers in country 2 is more complicated. On
the one hand, free trade produces a contraction in the manufacturing sector and an expansion in the rural
sector. This leads to a decrease in labor demand. On the other hand, free trade expands the demand
of the non-tradeable good and, therefore, labor demand. This effect is bigger the higher the equilibrium
terms of trade. The first condition in Proposition 6 assures that the equilibrium terms of trade are high
enough for the second effect to be dominant. The second condition in Proposition 6 implies that workers
in country 1 are richer than workers in country 2. Thus, if international labor mobility is allowed, there
will be migrations to country 1. This will lead to an increase in the labor supply of country 1, depressing
domestic wages. In addition, the increase in the labor supply will expand the production of manufactures,
inducing export-biased growth in country 1 and a corresponding decline in the terms of trade of country
1. In order to avoid these effects, workers in country 1 will oppose international labor mobility. As a

consequence, free trade and free labor mobility is not a Nash equilibrium outcome. No trade and free

OWe could have easily assumed different coefficients in the production function of each tradeable sector. Qualitative

results do not depend on this simplification.
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labor mobility is not a Nash equilibrium outcome either. The workers in the high-wage country under
autarky will block migration flows because any increase in the domestic labor force depresses wages.
The logic behind Proposition 6 applies beyond the particular model we studied in this section. Workers
employed in the non-tradeable sector gain from free trade because the demand of non-tradeable goods is
maximized when the country engages in international trade. If workers in the non-tradeable sector are an
important proportion of the labor force, as it is the case in many postindustrial economies, in each country
there is a solid majority that supports free trade. International labor mobility, however, increases labor
supply in high-wage countries, pushing wages down. As a consequence, workers in high-wage countries

oppose massive immigration.

5 Inducing free trade and free labor mobility

In this section we study three ways to support free trade and free labor mobility as a Nash equilibrium
outcome of the trade and labor mobility game. First, we introduce product differentiation, monopolistic
competition and increasing returns to scale as in Krugman (1979) in one of the tradeable industries of
an, otherwise, simple Ricardian economy. This makes free trade more complicated, but it relaxes the
incentives to block international labor mobility. Second, keeping the economic environment of Section 3
fixed, we explore a change in the political game. Following Acemoglu and Robinson (2012), we introduce
an extractive elite in each country. Under the proper distribution of political power in each country, this
could induce a political equilibrium in which both countries agree to trade and allow free labor mobility.
Finally, we expand the policy instruments available to the governments, allowing the recipient country
to charge a migration fee to foreign workers that decide to locate in the country. If the revenue from
migration fees is used to pay transfers to domestic workers, free trade and free labor mobility could be

supported as a Nash equilibrium outcome.

5.1 Increasing returns to scale (Krugman, 1979)

Consider an economy with two countries (J = 2), two tradeable goods (Zr = {1,2}) and one non-
tradeable good (Zny = {3}). Goods 2 and 3 are homogenous products, but good 1 is a differentiateld
product. All agents have the same preferences given by u (cj ) =Y .ez0:In (c%) and c{ = { fon c{ ()P dz} ;,
where o, € (0,1), > . c 0. =1, p € (0,1), 0 = (1 - p)~!, and c{ (7) indicates the quantity of variety
i € [0,n] that is consumed. The production function in sector 1 is L{ (1) = aJL,lQ{ (1) + f, where L{ (7)
is the labor employed in the production of variety i of good 1, Q{ () is the production of variety ¢ of
good 1, f > 0 is the fixed cost of producing a variety of good 1. Production functions in sectors 2 and

; ; : : : J_ J Jord _ J _ 2 1
3 are as in the simple Ricardian model, i.e., Ly, = aL72Q2, L; = aL73Q3. Let A, = aL’Z/aL7Z and assume
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Ay > Ay, ie., country 1 has a comparative advantage in good 1. As in previous sections, L’ indicates
the labor endowment of country j and only a fraction m € [0,1] of L’ is mobile. Contrary to previous
sections, suppose that countries can place partial restrictions on labor mobility. In particular, assume
that each country can choose among three migration policies. Let Aj; = 0 indicate that at least one
country does not accept labor mobility and, hence, mobile workers are forced to stay in their country,
while A\y; = 1 indicates that both countries accept complete free labor mobility. Let Ay = Ay < 1
indicate that the recipient country accepts, at most, no more than a fraction Aj; of the mobile workers
from the other country, while the country of origin allows at least some portion Ays of the mobile workers
of that country to emigrate. As in previous sections, trade policy can be no trade (A = 0) or complete
free trade (A7 = 1).

The following proposition characterizes the political equilibrium.

Proposition 7 (increasing returns to scale). Suppose that:

L? +mL!
o7 Y d 4
o oc—1 (1—m)L! )
oy (L? +mL*t) o (1= Aym) L2 —a3 (1 —m)L?
A > = > —— — > (Az)o1te2 > ————= > A 5
! as (1 —m) Lt a9 (L1 + )\MmL2) (Ag) e o9 (Ll + mLQ) ? (5)
Ajag (Lt + AyymL?) ay a1 L?

- — 1 — — -
o (1 —)\Mm) L? - 1" (1—a3) (L1 —|—)\MmL2)

a1 ln

Thent!:

11(4) ensures that, under autarky, country 1 is richer than country 2 no matter where mobile workers decide to
go. This allows us to avoid dealing with multiple economic equilibria. If complete or partial labor mobility is al-
lowed, mobile workers will always decide to go to or stay in country 1. It is possible to relax this condition to
T —T? > [a1/ (0 = 1)]In[(1 —m) L?/ (L' + mL?)], provided that we assume that, when there are two equilibria, all
mobile workers decide to go to or stay in country 1. In other words, the cost of relaxing this condition is the imposition of
an equilibrium selection assumption.

(5) deals with the effects of labor mobility under free trade. First, it ensures that there are enough mobile workers to
equalize real wages under free trade and that real wages are equalized before the rich country starts producing both tradeable
goods. Second, it rules out uninteresting cases in which partial labor mobility is not binding because even when Ay = by M,
enough workers can move to equalize real wages in the countries. Finally, to simplify the analysis, (5) also rules out the
possibility of a reversal of fortune. Thus, under free trade, it is always the case that L?/L' > (a2/a1) (Ag)ﬁi;ﬁ;7 which
implies that country 1 is never poorer than country 2.

(6) ensures that immobile workers in country 2 are better off under free trade and partial labor mobility than under
autarky and no labor mobility. Moving from autarky and no labor mobility to free trade and partial labor mobility has
two effects on immobile workers in country 2. The first term of (6) captures the standard gains from trade coming from
specialization in the sector with a comparative advantage. Moreover, migration to country 1 only reinforces this effect. The

second term of (6) captures the effects on the number of varieties produced in equilibrium. Under autarky and no labor
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1. No trade and no labor mobility is a Nash equilibrium outcome.

2. No trade and partial labor mobility is a Nash equilibrium outcome if and only if

3 1 2 L4 ymI? 3 L - ,
A\ {T —T°+ 5 In [(ITJ;Z:L)LQ}} > —=1n (1 — )\Mm) . Moreover, if no trade and partial

labor mobility is an equilibrium outcome, then Wé (0, S\M) > W(]; (0,0) forj=1,2.

3. No trade and free labor mobility is a Nash equilibrium outcome if and only if

_ I - 71 72\ (1)1
AM {Tl —-T*+ % In [MIMLZ} } < (T1 — T2) + % In (ElmE?)(a—m) - |. More-
(1-Xym)L (1=m)L2(1=Aprm) ™

over, if mo trade and free labor mobility is an equilibrium outcome, then Wé 0,1) >
max{Wg (0,0), W7, (0, XM)} for j=1,2.

Q=

4. Free trade and no labor mobility is a Nash equilibrium if and only if <ﬂ> (141)07_1 > aal?

a2 Oégle

5. Suppose that (f/l + 5\Mml_/2)¢ [(1 — XMm) I_L2] @S max{(f)l)d) (Z_L2)a2 , (Ll)d) (LQ)QQ},where ¢ =

a1—az(o—1) 71 a1 (L'+L?) 9 _ a2(A3) AT (L'+L?) .
- L' = ——————%— and L* = — . Then, free trade and partial la-
ai+az(Az)*1Fo2 ai+az(Az)e1toz

bor mobility is a Nash equilibrium outcome, but free trade and free labor mobility is not a Nash

equilibrium outcome. Proof: see Appendixz C.1. R

As in previous sections, no trade and no labor mobility is always a Nash equilibrium outcome because
there is no way that a country can change the world equilibrium with a unilateral move in policy. No
trade and partial (free) labor mobility is also a Nash equilibrium outcome. The intuition is as follows.
Under autarky, country 1 favors labor mobility because this brings more workers to the country and,
hence, more varieties of good 1 can be produced in equilibrium. Under autarky, immobile workers in
country 2 are opposed to labor mobility because mobile workers will leave the country, thereby reducing
the varieties of good that can be produced in equilibrium. Conversely, mobile workers in country 2
support labor mobility because they are better off if they relocate to country 1. The condition in part 2
(3) assures that the gains from partial (free) labor mobility enjoyed by mobile workers in country 2 more
than compensate for the losses sustained by immobile workers. Note also that, when these equilibria
exist, the less restrictive equilibrium outcome always dominates more restrictive one. Free trade and
no labor mobility is always a Nash equilibrium outcome. Since country 1 specializes in the sector that
operates under increasing returns to scale, in addition to the standard gains from trade coming from the

specialization in the sector with a comparative advantage, free trade allows country 1 to further exploits

mobility, country 2 produces n®> = a3 L?/of varieties of good 1, while under free trade and partial labor mobility in the
trading equilibrium, n = (1 — as) (El + S\Mml?) /o f varieties are produced. Note that, if n > n?, then (6) holds trivially;

while if n < n?, (6) simply means that the comparative advantage effect always prevails over the variety effect.
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economies of scale in sector 1. For country 2, free trade has two effects. First, country 2 also enjoys the

2 = a1 L?/o f varieties of good

standard gains from trade. Second, under autarky, country 2 produces n
1, while in the trading equilibrium n = (1 — a3) L' /o f varieties are produced. The condition in part 4
ensures that the comparative advantage effect prevails over the variety effect.

The most interesting result in Proposition 7 is part 5. Free trade and partial labor mobility is a
Nash equilibrium outcome, but free trade and complete free labor mobility is not. The intuition is as
follows. Under free trade, labor mobility has two effects on country 1. First, there is a terms-of-trade
effect. As workers move to country 1, L' increases and L? decreases, which leads to a deterioration in the
terms of trade of country 1. Second, there is a scale effect. As L' increases, more varieties of good 1 are
produced in the trading equilibrium. Thus, under free trade, labor mobility has an ambiguous effect on
the well-being of country 1. The condition in part 5 of the proposition simply states that the scale effect
prevails over the terms-of-trade effect when country 1 allows partial labor mobility, but the opposite is

true when there is completely free labor mobility.

5.2 Extractive elites (Acemoglu and Robinson, 2012)

Consider an economy with two countries (J = 2), two tradeable goods (Z7r = {1,2}) and one non-
tradeable good (Zy = {3}). Production functions, endowments and preferences are as in section 3. The
novelty is that each of the countries is populated by two types of agents: L7 workers, each of whom
owns one unit of labor, and E7 elite members. The elite is a purely extractive one with no productive
role in society (Acemoglu and Robinson, 2012). The elite simply appropriates a fraction 57 € (0,1) of
L7. Moreover, expropriation is socially costly. A fraction § € (0,1) of each unit expropriated by the
elite is lost in the process. Formally, after expropriation, each worker keeps (1 — B ) units of labor and
each member of the elite gets 47 L7 /E7 units of labor. Thus, the effective labor force of country j is
L) =B = [1—p7(1—6)] L7. As in previous sections, only a fraction m € [0,1] of the labor force of
each country is mobile at zero cost. The rest of the labor force and elite members are immobile.

Fach government selects trade and migration policies in order to maximize an utilitarian wel-
fare function WY , whose weight depends on the size of each group as well as on how influential

they are in the political process. In particular, we assume that each government maximizes Wg; =

I [(1—m)vj’im-l—mvj’m]-l—Ej(1—|—<,Dj)vj’e
LitEI(1197)

worker, a mobile worker and a member of the elite, respectively.!? ¢/ € [~1,00] is a measure of the

, where v?""" 2™ )€ are the indirect utility functions of an immobile

political power of the elite. If ¢/ = —1 (¢/ = 00), then the government is a perfect agent for domestic

workers (the elite). ¢’ can also be considered a measure of how unequal political institutions are (Ace-

12Grossman and Helpman (2001) provide several sets of micro-foundations for a welfare function of this type, including a

combination of a probabilistic voting model with a lobby model.
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moglu and Robinson, 2012). Note also that W(]; takes into account the welfare of emigrants, but not the
welfare of immigrants. The reason for this is that immigrants tend to have much less political influence
than domestic workers do, particularly with regard to immigration policies. The timing of events is as
in previous sections, and we assume that the elite groups collect their shares after migration has taken
place but before production, trade and consumption decisions have been made.

The following proposition characterizes the political equilibrium.

Proposition 8 (extractive elite). Suppose that:'3

B! o1 (L? + mL*') 1— B2 ar+ag T o (l-m) L? B!
(3) 4> i > (o) e 2>m”‘2<ﬁ> ™
B> Bt (8)

(L' +mL?) (alfl + asl? (A3) aI+22>

B2T?
a9 In = > In = = 9
A3 BITY (A3) i (L' +L%) aq T )
A BT 1-pt
aln ! =3 > mln <7ﬁ2> (10)
B2T2 (Az)@itas 1=p

on T (L1 412)

Assume that L*/L' # (aol?/oqI) (A3)0;+6312. Let L' = and L?

—a

a1F1+a2F2(A3) al+ag

3
a 1"2 A a1+ag L1+I12
217 (4) ( ) Then:

—a

a1F1+a2F2(A3) aqtag

1. No trade and no labor mobility is always a Nash equilibrium outcome.

2. Free trade and no labor mobility is always a Nash equilibrium outcome. Moreover, Wé (1,0) >
W, (0,0) for j =1,2.

1-82
—E2In(1-m) *

mL?In ( 1-p! )
3. No trade and free labor mobility is a Nash equilibrium outcome if and only if 1+ ¢? <

13(7) implies that, regardless of migration flows, if countries trade, country j specializes in good z = j, and that, under
free trade, labor mobility induces full wage convergence. (8) simply means that the elite of country 1 is less extractive than
the elite of country 2, in the sense that it appropiates a lower fraction of its labor force. (9) ensures that the elite of the rich
country under autarky (country 1) prefers free trade and free labor mobility to autarky and free labor mobility. Intuitively,
for the elite of country 1, when there is free labor mobility, gains from trade prevail over the negative effect that trade
liberalization has on the size of the labor force of country 1. Finally, (10) states that workers in the poor country under
autarky (country 2) prefer free trade and free labor mobility to autarky and free labor mobility. Intuitively, the gains from

trade for all workers in country 2 are higher than the productivity gains under autarky for mobile workers.
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4. If L2/L' > (a2F2/a1F1) (A3) Frtes , free trade and free labor mobility is a Nash equilibrium outcome
if and only if:

Elagln<%>

(Lhtme2)(L2)e2 ] °

(b) (Ll)al (Lz)ll—o;l > (El)al (EQ)l—oq or (Ll)Oél (Lg)l—oq < (El)Oél (Eg)l—al and 1"'902 < ¢2 o
—L%01 ln(L1§2>

B2 1n{9 )1 (£2)t” 0‘1} '

()™ ()

(a) (L1 (22)%2 > (LD (12)* and 1+ ¢! > ¢! =

E11n|:

5. IfL?/L' < (a2F2/a1I‘1) (As) Frtes , free trade and free labor mobility is a Nash equilibrium outcome
if and only if:

( )m (L2)1 ai (El)m (Eg)l—al and 1 "'802 > @2;
B0 (%> (1)1 (17 or ()0 (17 () 0 4 <
. Proof: see Appendiz C.2. B

No trade and no labor mobility is always a Nash equilibrium outcome because, if one country decides
to isolate itself, there is nothing that the other country can do to change the political equilibrium. This
is also a very unlikely equilibrium, however. In fact, free trade and no labor mobility is also always a
Nash equilibrium outcome which dominates complete isolation. No trade and free labor mobility is a
Nash equilibrium outcome when workers in the poor country under autarky (country 2) are politically
powerful (¢? low). The intuition is straightforward. If one country decides to restrict trade, free trade is
impossible no matter what policy is chosen by the other country. Under autarky, workers in country 1
and immobile workers in country 2 do not worry about immigration because real wages do not depend on
labor endowments. Mobile workers in country 2 are eager to migrate to country 1 because real wages are
higher there. The elite in country 1 favors labor mobility because it brings more workers to the country.
The only group that will oppose free labor mobility is the elite in country 2, which would not be able to
extract resources from mobile workers anymore. As a consequence, autarky and free labor mobility is an
equilibrium if the elite in country 2 do not have sufficient political power.

Free trade and free labor mobility is a Nash equilibrium outcome when the elite of the high-wage
country under free trade and the workers in the low-wage country under free trade are politically pow-

erful.'* The intuition behind this result is straightforward. Domestic workers in a high-wage country

14Real wages in country 1 are higher than in country 2 under free trade if and only if (a1F1f12/a2F2f11) (Ag)ﬁ@ > 1,
i.e., when country 1 has a relative shortage of labor (L?/L' high), it has a relatively less extractive elite (I'/I'? high),
it specializes in goods with a high expenditure share (a1/a2 high) and it has relatively high level of productivity in non-
tradeable goods (As high).
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under free trade are opposed to labor mobility because the flow of immigrants would reduce their wages.
The extractive elite is also hurt by the reduction in the wage rate, but immigrants are also a new source
of income (more workers to extract resources from). If the second effect outweighs the first, then the
elite is in favor of labor mobility. As a consequence, labor mobility will be allowed only when the elite
is powerful enough to impose its views. Domestic workers in a low-wage country under free trade are
in favor of labor mobility because the flow of emigrants would increase their wages. Higher wages also
benefit the extractive elite, but as mobile workers migrate to the other country, the elite has a smaller
domestic labor force to extract resources from. If the second effect outweighs the first one, the elite is
opposed to free labor mobility. Therefore, labor mobility will be allowed only when workers are powerful
enough to impose their views. Thus, labor mobility can be a major source of conflict between workers
and the elite. In the high-wage country, workers prefer to block labor mobility, while the elite prefer
to allow it. Conversely, in the low-wage country, workers prefer to allow labor mobility, while the elite
prefer to block it. Trade, on the other hand, is not a source of conflict between workers and the elite.
The main reason for this is that, in the Ricardian model, there is only one factor of production and,
hence, free trade makes it possible to exploit the gains from specialization and trade without generating
any redistributive effect. Recall, however, that labor mobility produces different effects under autarky
and free trade and, hence, the elite of country 1 and workers in country 2 might prefer autarky and free
labor mobility to free trade and free labor mobility, which is ruled out under Assumption 7.

An historical application of the model in this section is Argentina from 1875 to 1930, when the country
was ruled by a landowning-elite. With the pattern of land ownership determined by the political history
of the country, and the prices of exports, imports and capital set by international markets, total land rents
depended on the labor supply. Therefore, immigration policy became a critical variable under the control
of the government. Not surprisingly, the Argentine elite chose to promote immigration. This decreased
wages and increased the return on land. Indeed, Taylor (1997) calibrates a general equilibrium model
to estimate the impact on wages of the massive flow of immigration to Argentina up to the First World
War. His calibration suggests that the flow of immigration reduced real wages by approximately 20%
from what wage levels would have been if immigration had not taken place. During the same period,
Australian immigration policies were substantially different from those of Argentina. Despite having
similar factor endowments, land was more concentrated in Argentina than in Australia, where family-
operated, medium-sized farms were relatively more common. Therefore, landowners in Australia never
controlled the government as they did in Argentina (Hirst, 1979). Additionally, the Australian mining
sector significantly contributed to the emergence of a unionized labor force across the economy. Trade
unions and entrepreneurs involved with mining formed a powerful coalition that opposed the creation of

a ruling land-owning elite as well as free immigration (Diaz Alejandro, 1984).
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5.3 Citizenship for sale

Proposition 8 shows that, if we introduce a powerful elite that cares about aggregate income (wL), then
free trade and free labor mobility could be a Nash equilibrium outcome. More generally, all we need is a
mechanism through which the payoff for each citizen in the rich country depends on aggregate income.
Next, we eliminate the extractive elite and assume that rich countries charge an entry fee to foreign
mobile workers, which is then distributed among domestic workers.

Consider an economy with two countries (J = 2), two tradeable goods (Zr = {1,2}) and one non-
tradeable good (Zy = {3}). Production functions, endowments and preferences are as in the simple
Ricardian economy. Let 77 € [0, 1] be the income tax rate that country j charges to foreign mobile workers
that decide to locate in j. Since there is no tax imposed on domestic workers, 77 can be interpreted as
an entry or immigration fee. The revenue from immigration fees is used to pay transfers to domestic

workers. Let T f7 > 0 indicates the transfer per capita received by country j’s workers. The government

of country j selects its trade and migration policies in order to maximize W(]; = va +(1- )vJLZm
subject to TfIL7 = 7/ max {Lj - ,0}, government j’s budget constraint. As in previous sections,

trade policy is Ay € {0,1}, where Ay = 1 indicates that both countries accept free trade and Ay = 0 that
at least one country refuses to trade. Migration policy is slightly more complicated. Let Ay € {0, (1,7)}
with 7 € [0, 1], where Ay; = 0 indicates that at least one country does not accept free labor mobility and
Ay = (1,7) indicates that both countries accept labor mobility with the recipient country charging a
proportional income tax 7 € [0, 1] to foreign mobile workers.

The following proposition characterizes the political equilibrium.

a1 (L24+mIL?t 2 3
oz2((1—m)f,1) ofr > (Ag)eatez >

Proposition 9 (citizenship for sale). Suppose that A; >

al(l—m)EQ 1 2 .
7ag(il+mi2) > Ay and T > T%“. Then:

1. (i) Neither trade nor labor mobility; (ii) no trade and immigration fee 7 = 1 — e~ T1=12) > 0; and

(iii) free trade and no labor mobility are always Nash equilibrium outcomes. Moreover:

(a) {W(l;il 0), W (0, (1 } > WE(0,0) while Wk (1,0) > WL (0,(1,7)) if and only if
(ad) > gt
(b) W& (1,0) > WE (0, ( 7)) = W& (0,0).

« A(IA+I2) Tt
2. (iv) Free trade and immigration fee T = arg maxo< < { [llﬁ;(;)} ’ [1 + Tw()(LL;IL)L] } >0 s
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a Nash equilibrium outcome if and only if
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) > W4 (1,0) > WA (0,0) and WL (1, (1,7%)) > WL (0,(1,7)).
) > W& (1,0) > W& (0,(1,7)) = W (0,0).

1

-
o L2 EQ—(EI—FEQ)OQ 1-ag —243 * — 1 * T1 T2 T1
(c) If<1f = > (A3)Tes, then 7" < 7, L' = ¢ (v*) (L' + L?) > L', and
A T

As in Proposition 1 and, for exactly the same reasons, no trade and no labor mobility is always a Nash
equilibrium outcome. It is also an outcome dominated by other Nash equilibrium outcomes. Indeed, as
in Proposition 1, free trade and no labor mobility is always a Nash equilibrium outcome and it is strictly
preferred to no trade and no labor mobility by both countries. There are also important differences
between Propositions 1 and 9.

First, when the recipient country cannot charge an immigration fee, no trade and free labor mobility
is a Nash equilibrium outcome (Proposition 1). Under autarky, domestic workers in the rich country
(country 1) and immobile workers in the poor country (country 2) are indifferent with any migration
policy because real wages are fully determined by domestic productivity, while mobile workers in the
poor country are better off migrating to the rich country because real wages are higher there. When
the recipient country can charge an immigration fee, no trade and free labor mobility with immigration
fee 7 = 1 — e (T1=T2) > (0 is a Nash equilibrium outcome (Proposition 9 - Part 1). Under autarky,
domestic workers in the rich country are better off allowing immigration because their real wages are
fully determined by domestic productivity and they receive the transfers from immigration fees, while
workers from the poor country are indifferent with any migration policy. For immobile workers in the
poor country, real wages are fully determined by domestic productivity. Mobile workers from the poor
country locate in the rich country and, hence, earn a high real wage. However, they must also pay an
immigration fee equal to the difference between real wages in the rich and the poor country.

Second, when the recipient country cannot charge an immigration fee, free trade and free labor

mobility is not a Nash equilibrium outcome (Proposition 1). Under free trade, domestic workers in a

Br—1- (agl_ll/ogEQ)l_as (A3)™ % is the prohibitive immigration fee. That is, 7 > 7 implies L' = L* and L? = L?.
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rich country are opposed to labor mobility because the flow of immigrants would reduce their real wages.
On the contrary, when the recipient country can charge an immigration fee, free trade and free labor
mobility with immigration fee 7* > 0 is a Nash equilibrium outcome provided that conditions (11) and
(12) hold (Proposition 9 - Part 2). Moreover, whenever (Ar,Ays) = (1,(1,7")) is a Nash equilibrium
outcome, it is strictly preferred to all other Nash equilibrium outcomes by both countries. Under free
trade, the flow of immigrants reduces real wages in the rich country (country 1), but it increases the

revenue from immigration fees and, hence, the transfer received by each worker in the rich country.

When <g£f) LQ_(L;'LQ)O‘? o > (A;;)%, the second effect dominates the first one for high values
of the immigration fee and, hence, workers from the rich country are better off charging an immigration
fee that induces positive migration flows rather than imposing the prohibitive immigration fee. Mobile
workers in the poor country (country 2) are also better off if they are allowed to migrate to country 1,
while immobile workers from the poor country benefit from the rise in real wages caused by the outflow
of workers.

Note, however, that (Ar, Aar) = (1,(1,7*)) is not always a Nash equilibrium outcome. There are two
potential complications. First, it is possible that the rich country prefers to deviate to no trade and free
labor mobility with immigration fee 7. The advantage of doing so is that the revenue from immigration
fees could be higher under (Ar, Aas) = (0,(1,7)) than under (Ap, Aas) = (1,(1,7)). The disadvantage is
that gains from trade are lost. (11) assures that gains from trade are high enough, so this deviation is
not profitable. Second, it is possible that the poor country prefers to deviate to (Ar, Ayr) = (0, (1,7%)).
The advantage of doing so is that for mobile workers from the poor country, when 7* < 7 and countries
do not trade, migration leave a positive rent. The disadvantage is that gains from trade are lost. (12)
assures that gains from trade for workers in country 2 are high enough, so they do not have an incentive

to deviate from (A, Aps) = (1, (1,7%)).

6 Conclusions

We have shown that, by combining a Ricardian economy with a simple international political economy
model, we can explain the salient stylized facts about international trade and labor mobility. In a
Ricardian world, countries use different technologies and, as a consequence, there is no wage equalization
under free trade. This wedge in real wages opens the door to migration flows, which, combined with
free trade, induce full wage convergence. However, workers in rich countries block immigration in order
to protect their high wages. In contrast, nobody is willing to block free trade because, in a Ricardian
world, everybody gains from international trade. Thus, our model naturally explains the present world

equilibrium: few restrictions on international trade in goods and very restrictive barriers to international
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labor mobility.

We have also shown that several multifactor models lead to an analogous result. In particular, we
have studied a version of the standard two-sector Heckscher-Ohlin model, the Ricardo-Vinner specific
factors model, and a three-sector model (two tradeable goods and one non-tradeable good). In all cases,
we have shown that, although it is always possible to find conditions under which free trade and no labor
mobility is a Nash equilibrium outcome of the political economy game, free trade and free labor mobility
is never a Nash equilibrium outcome.

Given this rather negative result, we have explored three extensions of our model in which free trade
and, at least, some migration flows, can be sustained as a Nash equilibrium outcome. One possibility
is to introduce increasing returns to scale. Then, workers in a sparsely populated rich country might
prefer, at least during one phase in the development process, to allow immigration because a bigger labor
force increases the number of varieties of the differentiated good that can be produced in equilibrium,
which can offset the negative effect of immigration flows on wages. Another possibility is to introduce an
extractive elite that prefers to have a bigger labor force to extract resources from. A third alternative is
to introduce an immigration fee in rich countries, implemented as an income tax on immigrants, and use
the revenue generated to pay transfers to domestic workers, which formally backs some recent proposals
to reform immigration policies in developed countries (see, for example, Eichenberger and Stadelmann
2017 and Posner and Weyl 2018).

Apart from explaining broad patterns of trade and migration policies, this study points to profound
implications for the political economy of development. First, according to our model, workers in rich
countries constitute a very conservative force worldwide. Does this imply that less inclusive political
institutions in rich countries could be beneficial for the world as a whole? A naive interpretation of
our extension involving an extractive elite would lead us to conclude that this is the case. Indeed, as
the extractive elite in the rich country becomes more powerful (p increases), it is more likely that, in
equilibrium, there will be free trade and free labor mobility, which would induce full convergence in the
levels of well-being of workers across the world. An important limitation of this interpretation, however,
is that it fails to take into account the endogenous link between political and economic institutions.
As the extractive elite in the rich country becomes more powerful, we should expect to see economic
institutions deteriorate (8 increases). In other words, our model highlights the fact that a socioeconomic
group can play a very progressive internal role by favoring inclusive domestic economic institutions and,
at the same time, a very conservative role in terms of worldwide equilibrium by supporting policies that
restrict cross-country convergence in levels of well-being.

Second, the model illustrates a more general principle. Institutional differences combined with no
factor mobility induce large differences in economic development across locations, while institutional

differences and free factor mobility are associated with smaller or no differences in economic development
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across locations and a greater concentration of resources in locations that have properly functioning

institutions. Thus, institutional differences point to a theory of differential development under no factor

mobility, while they point to a theory of concentration of economic activity under free factor mobility.

However, it is worth noting that, even when there is free factor mobility, better institutions in any location

induce better economic outcomes. In other words, under free factor mobility, the quality of institutions

does not account for differences in economic development across locations, but institutional change could

still be a key determinant of global economic development over time.
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In this appendix we prove all the lemmas, propositions and results discussed in the paper.

A. Trade and labor mobility policies in Ricardian economies

Appendix A presents the proofs of all the results in Section 3. It also develops the details of the results
discussed in Section 3.2 (multiple goods).

A.1 A simple Ricardian economy

Consider an economy with two countries (J = 2), two tradeable goods (Z7 = {1,2}) and one non-
tradeable good (Zy = {3}). Production functions are Q% = L’/aj ., where aj . > 0 is the unit labor
requirement in industry z in country j. Let A, = a%’z/alL’Z and assume A; > Ay. Let L7 and L7 be the
labor endowment and the labor force of country j, respectively. Only a fraction m € [0,1] of L7 is mobile.

All agents have the same preferences, given by u (cj) =3 .ez0z1n <c§>, with o, >0 and ) 0. = 1.

Under autarky all goods must be produced domestically and, hence, pg = w’ a£ , for all z € Z and
j =1,2. The indirect utility of a worker who owns one unit of labor in country j is v/ = C + 77, where
TI = = ez In <ai7 z) is a measure of the aggregate productivity of country j. If labor mobility is
allowed, all mobile workers go to or stay in the country with the highest aggregate productivity 77.

Under free trade, if Ay > a3 L?/asL! > Ay, then country j specializes in good z = j € {1,2}. Thus,
p1 = wlalLvl, P2 = wzaiz, pé = wjai,3 and the balanced trade condition is apw' L' = ayw?L?. Therefore,
the indirect utility of a worker who owns one unit of labor is v! = C +T! 4+ asIn (Q1L2/A2(XQL1) in
country 1 and v> = C +T? + a1 1n (Aloszl/ozle) in country 2. If labor mobility is not allowed, then
L7 = [7. If labor mobility is allowed, mobile workers will go to or stay in the country with the highest
v/, Since v! is decreasing in L'/L? while v? is increasing in L'/L2, if there are enough mobile workers,
they will relocate until v! = v2. This implies L?/L' = (ag/a) (Ag)aliﬁ% and, hence, v! =v?> = C+T?+
a1ln (A7) +[a1as/ (a1 + ag)]In (A3). Moreover, there will be migrations to country 1 whenever L?/L! >
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tE-mail:gtorrens@indiana.edu



(ag/aq) (Ag)al—+22 and migrations to country 2 whenever L?/L' < (ag/ay) (Ag)a;z% Finally, the
distribution of mobile workers between the countries does not violate either L7 € [(1 —m) LI, L7 +mL™7 ]
or Ay > oy L? / as L' > Ay, provided that the following assumption holds.

Assumption 1 (simple Ricardian economy). Regardless of migration flows, if countries trade,
country j specializes in good z = j for 7 = 1,2. Moreover, under free trade labor mobility induces full
al(EQeril) 7{170‘2 a1 (1—m)L?
az(1—m) L1 > (A?’) o2 > ag(i1+mi2)

Lemma 1 characterizes the effects of trade and labor mobility on the relative well-being of workers in
both countries.

wage convergence. Formally A > > As.

Lemma 1 (simple Ricardian economy). Let TV = =Y _,a.In (ai Z) and assume T' > T?.

Define A = (a1 + a2) In (a1E2/a2E1) + (TJ{, — T]%,), where TJJ\‘, = —agln (ai 3). Suppose that assumption
1 holds.

L If A>T -T2, then v' (1,0) —v%(1,0) > v (0,0) — v (0,0) > ! (1,1) —v*(1,1) = 0.
2. If 0 < A< T —T2, then v*(0,0) — 02 (0,0) > v!(1,0) — 02 (1,0) > v (1,1) —v? (1,1) = 0.
3. If A <0, then v!(0,0) —v2(0,0) > o' (1,1) —v?(1,1) = 0 > v! (1,0) — v%(1,0).

Proof: Under autarky, regardless of the mobile workers’ location decision, v/ (0, \y;) = C + T7.
Thus, v! (0,0) — v?(0,0) = T — T2, which is positive by assumption. Under free trade, assumption 1
implies v! (1, \yf) = C+T! + azln (ozlLQ/Agang) and v2 (1, \y) =C+T? +arln (Alang/ozlLQ). If
Ay = 0, then L?/L' = L?/L! and, hence, v' (1,0) — v*(1,0) = T\ — T% + (1 + a2) In (a1 L? /o Lt).

If \yy = 1, then L?/L' = as/o (Ag)o‘;+‘?;2 (by assumption 1 (L*+4mL') /(1 —m)L' > L?/L' >
(1—m)L?/ (L' + mL?)), which implies v' (1,1) — v*(1,1) = 0. Simple comparisons complete the proof
of the lemma. W

Proposition 1 (simple Ricardian economy). Suppose that assumption 1 holds, T > T? and

A # 0. Then, the trade and labor mobility game has three Nash equilibrium outcomes: (i) (A1, Ayr) =
(0,0); (i1) (A, Aar) = (0,1); and (iii) (Ar, Aar) = (1,0). Moreover:

1. Wk (1,0) > W4 (0,1) = Wk (0,0).

2. {WA(1,0),W&(0,1)} > WZ(0,0), while W& (1,0) > WZ(0,1) if and only if
o1 ln [(AlonF) / (alf/2)] >m (T1 — TQ).

Proof: Government 1 payoffs are given by W} (0,0) = W} (0,1) = C + T, Wk (1,0) = C +
T' 4+ asln (Q1I/2/A2a2_£1), and Wé (1,1) =C+T' —ayln Ay — [aa/ (a1 + a2)] (Tﬁf — T]%]) Government
2 payoffs are given by W3 (0,0) = C + T2, W2 (0,1) = C + mT' + (1 —-m)T? WE(1,0) = C +
T? + o1 1n [(Alagil) / (aﬂ?)] and WC%‘ (1,1) =C+T?+ay1Iln Ay + [a1/ (a1 + as)] (T]{, — T]%,) (These
calculations are implicitly based on Assumption 1.)

(A1, Aar) = (0,0) is always a Nash equilibrium outcome because, if both countries are selecting no
trade and no labor mobility, then, conditionally on the decision of the other country, there is no policy
that can move the economy toward free trade or toward free labor mobility. Thus, any unilateral deviation
will not change the payoff for any player.



(A, An) = (1,0) is a Nash equilibrium outcome when W} (1,0) > W} (0,0)
WE&(0,0). From assumption 1 (a;L?/asL') > Ay, which implies W} (1,0) — WZ (0,
a9 In (aliz/AgonF) > 0. From assumption 1 A; > (aliz/agﬁl), which implies Wé (1,0) — W(Q; (0,0)

a1 ln <A1agil/ai71a1[_/2> > 0.

Qo
B
o
o
=
=2
v

(A, Am) = (0,1) is a Nash equilibrium outcome when W4 (0,1) > W (0,0) and W2 (0,1) >
WE(0,0). Wk (0,0) = WL (0,1), while W2 (0,1) — W2 (0,0) = m (T" — T?), which is positive by as-
sumption.

(Ar,Aar) = (1,1) is not a Nash equilibrium outcome, provided that A = (a; + az)_l (T]{[ - T]%[) —
In (apL' /oy L?) # 0. Note that W& (1,1) — Wi (1,0) = —apA and WA (1,1) — WZ (1,0) = aq A, which
implies that either W} (1,1) — W4 (1,0) < 0 (when A > 0) or Wi (1,1) — W} (1,0) < 0 (when A < 0).

We have already proved that W4 (1,0) > W4 (0,1) = W} (0,0) and {WC% (1,0), W2 (0, 1)} >
WZ(0,0). Finally, note that W2 (1,0) — WZ(0,1) = ailn (AjaeLt /oy L?) — m (T* = T?) > 0 if and
only if oy In (Alagil/ali2) >m (T1 — T2), which completes the proof of the proposition. l

A.2 Multiple goods

A.2.1 A finite set of goods

Assume that Zp = {1,2,...27}, Zn = {2741, .-, 2r+ N } and Qj = Lé/ai - Let A, = a%z/alL be strictly
decreasing for z € Zp with 47 > 1 and A,, < 1. Under autarky, pz = wjaL for all z € Z and
j =1,2. The indirect utility of a worker who owns one unit of labor in country j is v/ = C + 77, where

T =-% Lez0>In (ag z). If labor mobility is allowed, all mobile workers will go to or stay in the country
with the highest T7.

Under free trade, there exists z € Zp, such that p, = wla};z for z = 1,...,z2 —
1, p, = w%%yz for 2z = zZ + 1,..,2zp, and pg = wjaiz for z € Zy. In or-
der to determine z and w!/w?, it is useful to define the following function. F(z) =

A, if [( ﬁifflak)/( ZZZTO%)A] < z < sz 10@)/(22 Z_laz> Z}, while F (z)

<Zk 10%) / <ZIZ Zrlo‘k) z if [(Zk 1O‘k> / (Zkfiﬂk) A } <z < [(Zk 104k> / <Z: iilak) z+1}

F (x) is a decreasing and continuous function of z. In the trading equilibrium w!/w? = F (L;/Ly)

and z is such that A; > w!/w? > As;y;. Moreover, 1 < Z < 2z if and only if A; >
F(Li/Ly) > A,,, which we assume holds. Also note that if [( zszlak) /( ]]z zTak>A] <
LY)I? < [(Zk 1Oék) / (Zkfiﬁlak) A5:|, then both countries produce good z, w!'/w? = F (L'/L?) =
Az, and p; = wlaiz = w2a%72; while if [( ]sz(xk)/<zz ?-;10%) ] < LYI* <

[(Zk 10%)/(2],2 zf_lak> z+1}, then only country 1 produces good z, w'/w? = F(L'/L?) =
[(Zk 10%) / (Z: Z_lakﬂ (L?/L') and p; = wlai2 The indirect utility of a worker who owns
one unit of labor is given by vl = C+ T+ Y27 o In (F (L'/L?) /A,) in country 1 and v? =
C+T?+35a.In(A,/F (L'/L?)) in country 2, where Z is such that A; > w'/w? = F (L'/L?) > Az 4.

If labor mobility is not allowed, then L/ = L7, which implies Z is such that Az > w!'/w? = F (L*/L?) >
Azyq. If labor mobility is allowed, mobile workers will go to or stay in the country with the highest v7.



If there are enough mobile workers, they will relocate until v* = v%. As a consequence, In (wl /wz) =

—(1—ay)™ (Tx — T%), where T]{, = =D ez :In (aiz) is the productivity of country j in non-

tradeable goods and an =) . 7y @z 1s the expenditure share in non-tradeable goods. Thus:

= =0+ T~ (1 —an) (T - T3) (22 Pion) =2 o n(A,)
= C+ T+ TS e n(4) + (1 - an) ™ (T4 - T}) (£:5a:)

In order to determine the marginal industry Z and the labor allocation Lj/Ls under free labor mobility,
we need to consider two possible cases.

a. Suppose there exists z € (1,zr), such that In(4,) = —(1—ay)" " (Tx —T%). Then, the
marginal industry is determined by In(A;) = —(1 —ozN)f1 (T]{, —T]%,), both countries produce 2z,
and L!/L? is such that (225 ) / (S5 ax) A:| < 1/12 < [(Xi5a. ) /(S22 02) 43| and
(L? +mf/1) /(1—m)L' < LY/L? < (1 —-m)L?/ (L1 +ml7).

b. Suppose there is no z € (1, 27), such that In(A4,) = — (1 — 04N)_1 (T]{, — T]%,) Then, the marginal
industry is 2 such that In (Az) > — (1 — an) " (Tx —T%) > In(Az41) and the labor allocation is given
by (L'/L?) = {(Ziif&z) / (Ziizf_laz)} (w?/w') where In (w'/w?) = — (1 - an) (T —T%).

Finally, the distribution of mobile workers between the countries does not violate either L7 €
[(1=m) LI, L7 +mL7] or Ay > F (L1/L3) > A.,., provided that the following assumption holds.

Assumption 1 (finite set of goods). Labor mobility induces full wage convergence. Formally:

A > F<%§+”25> > [Lezy (A,)Ton > F((Ll+”;L2) > A,

Lemma 1 characterizes the effects of trade and labor mobility on the countries’ relative wages.

Lemma 1 (finite set of goods). Let TV = =3 _,a.In (ai Z) and assume T > T2 Define
A=(1-ay)ln(F(L'/L?))+ (TY — T%), where T, = =D ezy@:1n <ai Z) Suppose that Assumption
1 holds.

L If A>T -T2, then v' (1,0) —v%(1,0) > v! (0,0) — v (0,0) > ' (1,1) —v?(1,1) = 0.
2. If 0 <A <TY—T?2 then v! (0,0) —v2(0,0) > o' (1,0) — v (1,0) > v (1,1) —v%(1,1) = 0.
3. If A <0, then v!(0,0) —v2(0,0) > o' (1,1) —v?(1,1) = 0 > v! (1,0) — v%(1,0).

Proof: Under autarky, regardless of mobile workers’ location decisions, v/ (0, \y;) = C + T.
Thus, v!(0,0) — v2(0,0) = T' — T2, which is positive by assumption. Under free trade and no la-
bor mobility, v 11,00 = C+T' + In(F (I_JIZI_P)) (3T on) — YT In(Ay), and 0? (1,0) =
C’+T2+Zz ta:In(A.)—In (F (L'/L?)) (YZZ{az), where z is such that Az > F (L'/L?) > Az4y. Thus,

o' (1,0) —v%(1,0) = (1 — an)In (F (L'/L?)) 4+ (Tx — T%). Under free trade and free labor mobility, as-
sumption 1 implies v! (1,1) = 0% (1,1) = C+T'—(1 — ay) (TN —Tx) (238 jax) =225 ja. In(Ay).
Simple comparisons complete the proof of the lemma. B

Proposition 1 characterizes the political equilibrium.



Proposition 1 (finite set of goods). Suppose that Assumption 1 holds, T* > T? and A # 0.
Then, the trade and labor mobility game has three Nash equilibrium outcomes: (i) (Ar, Aar) = (0,0); (ii)
(A7, Anr) = (0,1); and (i) (Ar, ) = (1,0). Moreover:

L wk(1,0) > W}

—~

0,1) = W (0,0).

2. {W2(1,0), W2
Zz:laz In (A /F(

Proof: Government 1 payoffs are given by W (0,0) = WL(0,1) = C + T,
WALO) = C 4+ T+ In(F (D7) (SE20) — S tasin(A), and WA(LY) = ©
T' — (1—an) (T} - T%) (2= Pioz) — YT e In(A;).  Government 2 payoffs are given by
WE(0,0) = C +T% WZ(0,1) = C+mT' + (1 - )T2 W& (1,0) = C +T2 + 37 e In(A,) —
o (I (21/2)) (57550) and WE (1,1) = 04 T2 4 52750 In (42) + (1 — )~ (T} — %) (55 ).
(These calculations are implicitly based on Assumption 1).

(A, Anr) = (0,0) is always a Nash equilibrium outcome.

(Ar,Am) = (1,0) is a Nash equilibrium outcome when W} (1,0) > WL (0,0) and W2 (1,0) >
WE (0,0). W (1,0) — WA(0,0) = D222 o In (F (L'/L?) JA.), where Az > F(L'/L?) > Az
Since F' (I_Ll/l_L2) > A, for all z = z+1,..., 27, and since Assumption 1 implies 1 < z < zr, it must
be the case that Wk (1,0) — Wi (0,0) > 0. W2 (1,0) — WZ(0,0) = > "fa.In (A./F (L*/L?)), where
Az > F(EI/I_/2) > Azyq. Since A, > F(EI/I_/2) for all z = 1,...,z, and since Assumption 1 implies
1 < z < 2z, it must be the case that W2 (1,0) — W (0,0) > 0.

(A, Am) = (0,1) is a Nash equilibrium outcome when W} (0,1) > WG (0,0) and WZ(0,1) >
WE (0,0). W& (0,0) = WE(0,1), while W2 (0,1) — W2 (0,0) = m (T" — T?), which is positive by as-
sumption.

(A7, Aar) = (1,1) is not a Nash equilibrium outcome, provided that A # 0. Note that:

_ F(L'/12 F(L'/L?
W& (1,1) = Wg (1,0) = 3222 In (%) - Yizha:In (%)

W& (1,1) = W& (1,0) = Y*Zja. In (ﬁ) — S0, In <ﬁ)

where L'/L? is the labor allocation under free trade and free labor mobility. Suppose that A > 0. Then
v! (1,0) > v*(1,0) and L1/Ly > L*/L?. Since F is decreasing and A > 0, F (L'/L?) > F (L'/L?) and,
hence, z > z. Finally, F’ (El/iz) > A, for z = z+1,...,zp. Thus, W} (1,1)— W, (1,0) < 0. Suppose that
A < 0. Then v'(1,0) < v*(1,0) and L1/Ly < L'/L?. Since F is decreasing and A < 0, F (L'/L?) <
F (L'/L?). Hence, 2 < z. Finally, F (L'/L?) < A, for z = 1,...z. Thus, W& (1,1) — W& (1,0) < 0.
Note, however, that if F (El /I?) = Az, a small reallocation of mobile workers does not change the
marginal industry and, as consequence, there is no effect on w!/w?. In other words, A # 0 implies that
(A7, Anr) = (1,1) is not a Nash equilibrium outcome, but if F (L'/L?) = A; free trade and partial labor
mobility can be a Nash equilibrium outcome.

—~

0,1)} > W( 0), while WE (1,00 > WZ(0,1) if and only if
/L2) > m (T =T7).



We have already proved that W4 (1,0) > W4 (0,1) = WA (0,0) and {WZ(1,0),WZ(0,1)} >
W& (0,0). Finally, note that W2 (1,0) — W2 (0,1) = > 2=Ja. In (A./F (L'/L?)) > m (T — T?) if and
only if > Z"Ja, In (AZ/F (El/iz)) >m (T1 — T2), which completes the proof of the proposition. H

A.2.2 A continuum of goods

Assume that Zp = [0,k), Zy = [k, 1] and Q) = L]Z/aLz Let A, = a}_/a} ., be a continuously
differentiable strictly decreasing function for z € [0, k) that satisfies Ag > 1 and A < 1. All agents

have the same preferences, given by (cj) = fo o, In <CJ ) dz, with fo a,dz = 1. Thus, the indirect utility
function is given by v/ = C + fo o, In (w] /pz) dz, where C' = fo ayIn (o) dz.

Under autarky, all goods must be produced domestically and, hence, pz = wial Lz for all z € Z and
j € J. The indirect utility of a worker who owns one unit of labor in country j is v/ = C' 4 T, where
TI = fo a,ln (a L, ) dz is a measure of the productivity of country j. If labor mobility is allowed, all

mobile workers go to or stay in the country with the higher 7.

Under free trade, in the trading equilibrium country 1 produces lower-indexed tradeable goods z €
[0,z] C Zr and non-tradeable goods z € Zy = [k, 1] and country 2 produces higher-indexed tradeable
goods z € [z, k) and non-tradeable goods z € Zy = [k,1]. The marginal tradeable industry z is given
by A; = w'/w? The balanced trade condition is w!/w? = [a(2) /(1 —aN —a(z))] (L?/L'), where
ay = fk a,dz is the portion of income spent on non-tradeable goods and « ( fo a,dz is the portion of
world income spent on tradeable goods in the range [0, z]. There exists a umque (z wh /w ) with z € (0, k)
and w'!/w? > 0, that simultaneously satisfies the marginal tradeable industry condition and the balanced
trade condition.! Since p, = w'ay , for z € [0, 2], p. = w?aj , for [z, k), pl = wjajL for z € [k, 1] and

j = 1,2, the indirect utility of a worker who owns one unit of labor is v! = C' + T + f o, In ( > dz in
country 1 and v? = C+T2+f0 ayIn (A_i> dz in country 2, where Az = [a (2) / (1 — ay — a (2))] (L*/LY).

If labor mobility is not allowed, then L/ = L7. If labor mobility is allowed, mobile workers will go to
or stay in the country with higher v/. If v! > v2, then mobile workers will move from country 2 to
1, v! will decrease and v? will increase. Analogously, if v?> > v!, then mobile workers will move from
country 1 to 2, v? will decrease and v!' will increase. Therefore, and, provided that there are enough
mobile workers, they will relocate until v! = v?, which implies In (w!/w?) = — (1 — an)”! (T —T%),

where T]{, = — fk o, In <aL >dz is the average productivity of country j in the production of non-

tradeable goods. This expression determines the ratio w!/w? which makes mobile workers indifferent to
the possibility of settling in one country or the other. It depends only on the productivity differences in
the non-tradeable industries. Once we know w!/w?, we can use A; = w!/w? to determine the marginal
tradeable industry 2. Then, the balanced trade condition implies L?2/L' = A; (1 — ay — a(2)) /a (2).
The utility of a worker who owns one unit of labor is given by:

ot =0 —C—i—Tl—i—f aﬂn(j )dz—C—i—TQ—i—anzln(j >dz,

Tt is simple to verify that there exists a unique z € (0, %) that satisfies Az = [« (2) /(1 — an — a( N (L?/LY). A is
a continuous and strictly decreasing function and Ao > 0. B(z) = [a(2) /(1 —an — a(2))] (L?/L") is a continuous and
strictly increasing function, B (0) = 0 and lim._, B (z) = oo.




where (1—ay)ln(4:) = —(Ty —T%). Moreover, there will be migration to country 1
whenever L?/L' > A;(1—any —a(2))/a(2) and migration to country 2 whenever L?/L! <
A; (1 —any —a(2)) /a(2). Finally, we must verify that the distribution of mobile workers between the
countries does not violate L7 € [(1 —m) L/, L7 +mL~I ] In order to avoid such a situation, we impose
the following assumption.

Assumption 1 (continuum of goods). Labor mobility induces full wage convergence. Formally:

L24mI! > As;(1—any—a(2)) > (1-m)L?
(1—m)L? a(?) Ll+mL2’

Lemma 1 characterizes the effects of trade and labor mobility on relative wages.

where % is implicitly given by (1 — ay)In(Az) = — (T —Tx).

Lemma 1 (continuum of goods). Let T/ = —folaz In <a2 Z) dz be the average productiv-
ity of country j and assume T' > T2. Define A, = (1 —ay)In(Az) + (T]{,—T]%,), where As; =

[a(2) /(1 —an —a(2))] (L*/L") and T]J\‘, = —fklozz In (ai Z) dz is the average productivity of country
j in the production of non-tradeable goods. Suppose that assumption 2 holds. Then:

L If A, > (TH = 1T?), then v' (1,0) —v*(1,0) > v (0,0) —v*(0,0) > v (1,1) —v*(1,1) = 0.
2. If 0< A, < (T'—1T?), then v'(0,0) — v*(0,0) > v! (1,0) — v*(1,0) > v (1,1) —v*(1,1) = 0.
3. If A, <0, then v (0,0) —v?(0,0) > v! (1,1) —v%(1,1) = 0 > v! (1,0) — v2 (1,0).

Proof: Under autarky, regardless of mobile workers’ location decisions, v/ (0, A\ps) = C' + T7. Thus,
v (0,0) — v%(0,0) = T — T2, which is positive by assumption. Under free trade, if there is no labor
mobility v! (1,0) = C +T* + fgkozz In(A5/A,)dz and v? (1,0) = C + T2 + fozozz In(A,/Az)dz. Hence,
v (1,0) — 02 (1,0) = T — T% + (1 —an)In(Az). Under free trade, if there is free labor mobility
vH(1,1) = C+ T+ f;az In(A:/A,)dz and v? (1,1) = C +T? + foéaz In(A,/Az)dz. Hence v'(1,1) —
v? (1,1) = TN =T +(1 — an) In (Az). Provided that assumption 1 holds, we have In (4;) = In (w! /w?) =
-(1- 041\/)_1 (T]{, — T]%,) and, hence, v! (1,1) —v%(1,1) = 0. Simple comparisons complete the proof of
the lemma. H

As in the simple Ricardian model, under free trade, labor mobility leads to a complete convergence in
real wages. The reason for this is that mobile workers move from the poor country to the rich country until
they equalize real wages (with Assumption 1 ensuring that there are enough mobile workers to make this
happen). Trade alone has an ambiguous effect on convergence. While, under autarky, the wage difference
depends on the average productivity differential (real wages are higher in country 1 when 7' > T'2), under
free trade, it depends on the productivity differential in the marginal tradeable industry as well as on
the average productivity differential in non-tradeable industries (real wages are higher in country 1 when
A, =(1—-an)ln(4s) + (T — T%) > 0). In turn, the productivity differential in the marginal industry
(Az) is high when country 1 is relatively labor-scarce and expenditure shares in low-indexed tradeable
goods are high. Note that we can interpret A. as a measure of the productivity differential under free
trade. When it is higher than the average productivity differential, free trade induces divergence; when
it is positive but lower than the average productivity differential, free trade induces partial convergence;
and when it is negative, free trade leads to a reversal of fortune.

Proposition 1 characterizes the political equilibrium.



Proposition 1 (continuum of goods). Suppose that Assumption 1 holds, T* > T?, and A. # 0.
Then, the trade and labor mobility game has three Nash equilibrium outcomes: (i) (Ar, Aar) = (0,0); (ii)
(A1, A\nr) = (0,1); and (i) (A, \ar) = (1,0). Moreover:

1. Wk (1,0) > W4 (0,1) = Wk (0,0).

2. {WZ(1,0), W2 (0,1)} > W2 (0,0), while W& (1,0) > W2 (0,1) if and only if [5o.In(A,/As)dz >
m (Tt —T7?).

Proof: Government 1 payoffs are given by W} (0,0) = W} (0,1) = C + T, W, (1,0) = C +
T + fgkozz In(Az/A,)dz, and W, (1,1) =C+T' + fékozz In(Az/A,)dz. Government 2 payoffs are given
WE(0,0) = C + T2, Wé (0,1) = C+mT" + (1 —m) T?, W& (1,0) = C + T? + [fa.In(A./As) dz and
W& (1,1) =C+T?*+ [ja.In(A;/A;)dz. (These calculations are implicitly based on Assumption 1.)

(A7, Anr) = (0,0) is always a Nash equilibrium outcome.

(Ar,Am) = (0,1) is a Nash equilibrium outcome when W} (0,1) > WL (0,0) and W2 (0,1) >
WE(0,0). W&(0,1) = WA(0,0) = C + T, while W& (0,1) — WZ(0,0) = m (T —T?) > 0, which
is positive by assumption.

(Ar,Am) = (1,0) is a Nash equilibrium outcome when W} (1,0) > WL (0,0) and W2 (1,0)
WE(0,0). A, > A; for z € [0,z] while A, < A; for 2 € [z,k]. Then W4 (1,0) — W} (0,0)
JEa,n(Az/A,)dz > 0 and W (1,0) — WZ (0,0) = [Fa, In (A,/A) dz > 0.

(A1, Aar) = (1,1) is not a Nash equilibrium outcome (provided that A, = (1 —ay) ™ (Tx —T%)
In[(1-ay—a(z)L/a(z)L?] # 0). In order to prove this, mnote that W4 (1,1) —
WE (1,0) = [Fa.n(A:/A,) dz — [Fa,In(Az/AL) dz and WG (1,1) — W& (1,0) = [Fa.In(A,/As)dz —
Joa:In(A./Az)dz. If 2 > Zz, then A; < A; and, hence, In(A:/A.) < In(Az/A.). Therefore,
Wk (1,1) = WA (1,0) < 0. If 2 < z, then A; > A; and, hence, In(A4,/A:) < In(A,/As). Therefore,
WE(1,1) = W2 (1,0) < 0. If 2 = z, then A; = A; and, hence, W} (1,1) = W4 (1,0) and W2 (1,1) =
W& (1,0). However, 2 = Z if and only if (1 — an) fklozz In(A.)dz+In[(1—an —a(2))L/a(z) L?] =
0, i.e., whenever A_ = 0, which we rule out by assumption.

We have already proved that WE (1,0) > W4 (0,1) = W4 (0,0) and {WE(1,0),WZ(0,1)} >
WE (0,0). Finally, note that W& (1,0) — W& (0,1) = [JazIn(A./As)dz — m (T* —T?) > 0 if and
only if fozozz In(A,/Az)dz >m (T1 — T2), which completes the proof of the proposition. H

Proposition 1 (continuum of goods) is the analogous of Proposition 1 (finite set of goods) when there
is a continuum of goods. Other than free trade and free labor mobility, any other outcome is a Nash
equilibrium outcome. As in the previous section, free trade and free labor mobility are not a Nash
equilibrium outcome because workers in the rich country under free trade prefer to block labor mobility
(since the inflow of labor reduces real wages). Free trade and no labor mobility always dominates other
Nash equilibria for the rich country under autarky (country 1). The same is true for the poor country
under autarky (country 2) when [Ja.In(A./Az)dz > m (T — T?) holds. The logic behind this result
is as follows. Under autarky, labor mobility does not affect workers in country 1 because their wages
are fully determined by the aggregate productivity of the country and they will not relocate even if they
have the chance to do so. Since all workers in country 1 gain from trade, free trade and no labor mobility
dominates other equilibria for country 1. Under autarky, mobile workers in country 2 will relocate to
country 1. Compared with a situation in which there is no trade and no labor mobility, this will produce
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a gain of (T1 — T2) per mobile worker. Compared with a situation in which there is no trade and no
labor mobility, free trade will produce a gain of [;a;In(A./Az)dz for each worker in country 2. Thus,
country 2 prefers free trade and no labor mobility to autarky and free labor mobility when gains from
trade for all (mobile and immobile) workers are higher than the productivity gains for mobile workers.

A.2.3 Endogenous non-tradeable goods (iceberg trade costs)

As in the case of exogenous non-tradeable goods, consider an economy with two countries (J = 2) and

a continuum of goods (Z = [0,1]). The production functions are Q% = Lg/ajL’Z, where aJL’Z > 0 is
the unit labor requirement in industry z in country j. Let A, = a% . /alL , and assume that country
1 has a comparative advantage in lower-indexed goods. Specifically, for » € [0,1] A, is a continuously
differentiable strictly decreasing function. In contrast with the previous section, all goods are assumed to
be tradeable, but there are transportation costs. A fraction g < 1 of each good shipped from one country
to the other is lost.

Under autarky, the analysis is the same as in the previous section. Under free trade, in a trading
equilibrium, country 1 produces low-indexed goods z € [0, z1,], country 2 produces high-indexed goods z €
[Zm, 1] and both countries produce goods z € [Zr,, Zg]. Goods in the ranges [0, z1,] and [Zg, 1] are tradeable,
while goods in the range [Z1, Zy| are non-tradeable. The marginal industries 0 < zZ;, < Zg < 1 are given by
gAz, = w'/w? = Az, /g. The balanced trade condition implies w'/w? = o (z1) / (1 — a (zm))] (L?/LY),
where o (z) = fozazdz. There is a unique tuple (EL, ZH,wl/wQ) with 0 < 27, < Zy < 1 and w! /w? > 0 that
simultaneously satisfies the two marginal industry conditions and the balanced trade condition. Then, the
indirect utility of a worker who owns one unit of labor is v! = C' + T + f;Haz In (Az, /A,)dz in country 1

and v? = C+T2—|—f02Laz In (A./Az,) dz in country 2, where gAz, = [a(2) /1 — o (zg)] (L?/LY) = Az, /g
and 77 = — folozz In (ai Z) dz. If labor mobility is not allowed, then L7 = L7. If labor mobility is

allowed, mobile workers will go to or stay in the country with higher /. If v! > 2, then mobile
workers will move from country 2 to 1, v! will decrease and v? will increase. Analogously, if v? > v!,
then mobile workers will move from country 1 to 2, v? will decrease and v! will increase. Therefore,
and, provided that there are enough mobile workers, they will relocate until v! = v2, which implies:

In (z_;) = (; |:_f;faz In(A,)dz —[1 —a(2g)]ln (A;QH)] +1n g, where gA;, = w!'/w? = Az, /g. Once

a(2L)
we have determined (éL, S, wt/ w2), the balanced trade condition determines the country allocation of
mobile workers, which is given by L?/L = (w'/w?) [1 — o (25) /e (21)]. Then, indirect utilities are given
by:

1 Az
Iy :C+T1+f2Hozzln< At")dz
Finally, we must verify that the distribution of mobile workers between countries does not violate L7 €
[(1 —m) L), L7 +mL™7 ] In order to avoid such a situation, we impose the following assumption.
Assumption 1 (continuum of goods and iceberg trade costs) Labor mobility induces full

L24mIl 1—a(ty) (1—m)L2
(1—m)LT > gz, { a(éL;{ ] > TTpmiz

Lemma 1 characterizes the effects of trade and labor mobility on relative wages.

convergence. Formally:

Lemma 1 (continuum of goods and iceberg trade costs). Let T/ = —folaz In <ai Z) dz

be the average productivity of country j and assume T' > T2. Define Az, z, = a(zr)In(4z,) +



[1—a(zg)]In(As,) + Ty — T%, where gAz, = |a(z1) /1 —a(zg)] (L*/LY) = Az, /g and T]J\‘, =
f;LHaz In <aJL z) dz is the average productivity of country j in the production of non-tradeable goods.
Suppose that Assumption 1 holds. Then:

L If Az, 5, > (T = T?), then v* (1,0) — v? (1,0) > v* (0,0) — v? (0,0) > v* (1,1) —v*(1,1) = 0.
2. If 0 < Az, 5, < (T' —T?), then v! (0,0) —v? (0,0) > v! (1,0) —v*(1,0) > v (1,1) —v? (1,1) = 0.

3. If Az, z, <0, then v'(0,0) — 02 (0,0) > v (1,1) — 02 (1,1) = 0 > v! (1,0) — v%(1,0).

Proof: Under autarky, regardless of mobile workers’ location decisions, we have v/™ (0, u) = C +
AJ. Thus, vV (0,0) — v2™(0,0) = A! — A2, which is positive by assumption. Under free trade,

if there is no factor mobility, v%™ (1,0) = C + Al + f;Hozz In (Ajf) dz and v>"™ (1,0) = C + A? +

fOELozz In <£ZL> dz. Hence, v\ (1,0) — v (1,0) = f;LHozz In(A,) + In [(AgL)a(zL) (AgH)lfa(zH)}. If

there is free factor mobility, v! = C’+A1—|—f;Hozz In <%) dz and v? = C’—i—AQ—l—fO'%Lozz In <£ZL) dz. Hence,
b (1, 1) =02 (1,1) = f;LHaZ In(A,)+In [(AQL)O‘(‘%L) (AQH)l_a(ZAH)]. Provided that assumption 1 holds,

in equilibrium it must be that In {(AQL)O‘(’%L) (AQH)l_O‘(éH)} = —f;LHaZ In(A,). Therefore, v1™ (1,1) —
v®"™ (1,1) = 0. Simple comparisons complete the proof of the lemma. W

Free trade and free labor mobility lead to full convergence in real wages, and trade has an ambiguous
effect on relative wages. Trade can produce, divergence, partial convergence, or even a reversal of fortune,
depending on the values of Az, >, and (T1 — T2). Once again, we can interpret Az, >, as a measure of
the productivity differential between the countries under free trade. There are, however, two novelties.
First, since there are two marginal industries, we must average these productivity differentials. Second,
the average productivity of country j in the production of non-tradeable goods is now endogenous.

Proposition 1 characterizes the political equilibrium.

Proposition 1 (continuum of goods and iceberg trade costs). Suppose that Assumption 3
holds, T* > T? and Az, 2z, # 0. Then, the trade and labor mobility game has three Nash equilibria: (i)
(A1, Aar) = (0,0); (i) (Ap, Apr) = (0,1); and (ii) (Ap, A\yr) = (1,0). Moreover:

1. Wk(1,0) > W2 (0,1) =Wk (0,0).
2. {Wg(1,0),Wg (0, 1)} >  WE(0,0), while WE(1,0) >  WZ(0,1) if and only if

olazIn (A, /Az ) dz > m (TT —T?).

Proof: Government 1 payoffs are given by W} (0,0) = W4 (0,1) = C + AY, W} (1,0) = C + Al +
f;Haz In (A, /A.)dz, and Wi (1,1) = C + A + félHaZ In (Az,, /A,)dz. Government 2 payoffs are given
W2 (0,0) = C + A2, W2 (0,1) = C +mA + (1 —m) A2, W2(1,0) = C + A2+ [Fa.In (fL) dz and

WE(1,1)=C+ A%+ foéL o, In ( XZZL > dz. (These calculations are implicitly based on Assumption 2).

(A7, Aar) = (0,0) is always a Nash equilibrium.
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(A1, An) = (0,1) is a Nash equilibrium when W} (0,1) > W} (0,0) and W (0,1) > WE(0,0).
W& (0,1) = WL (0,0) = C+ T, while W2 (0,1) — W2 (0,0) = (T1 T?) > 0, which is positive by
assumption.

(A1, Amr) = (1,0) is a Nash equilibrium when W} (1,0) > W/ (0,0) and W2 (1 0) > W (0,0). A, >
Az, for z € [0,zr) while A, < zflgH for z € (2g, 1]. Then W4 (1,0)—W, (0,0) f ayln(Az, /A)dz >0
and W2 (1,0) — W2 (0,0) = [“Fa,In(A,/As,)dz > 0.

(Ar, Aar) = (1,1) is not a N ash equilibrium. In order to prove this, note that WG (1,1) = Wk (1,0) =
félazln Az, JAL) dz — f azIn(Az, /A.)dz and WE(1,1) — WE(1,0) = [ a.In(A;/Az)dz —
fOZLozZ In(A,/As,)dz. Since, in equilibrium, Az, = g*4;,, either 2, > z; and 73H > zg or 31 < Zg,
and Zy < Zzy, or Z;, = Zz; and 2y = zy. If 2, > Z; and 2y > Zy, then A;;:H < AgH. Thus,
W& (1,1) =W, (1,0) < 0. If 2, < zp, and 2y < Zg, then Az, > Age. Thus, Wg; (1,1) = W2 (1,0) < 0. Fi-
nally, note that 2;, = z, and 2y = Zy only if Az, 7, =In {(AEL)Q(ZL) (AgH)1 oz ] + fZHozz In(A,) =0,
which we rule out by assumption.

We have already proved that W2 (1,0) > W (0,1) = W4 (0,0) and {WZ(1,0),W2(0,1)} >
W2 (0, 0). Finally, note that WE(1,0) — W2 (0,1) = [;*azIn(A./Az)dz — m (T* —T?) > 0 if and
only if f aIln(A,/As, )dz >m (T1 2), which completes the proof of the proposition. B

Proposition 1 shows that iceberg transportation costs do not affect the political economy of trade and
labor mobility. Free trade and free labor mobility are not a Nash equilibrium. All the other outcomes
are Nash equilibria, but free trade and no labor mobility always dominate other equilibria for the rich
country under autarky (country 1), while the same is true for the poor country under autarky (country 2)
when fOZL a,ln(A,/Az )dz>m (T1 — T2) holds, i.e., when aggregate productivity differentials between
the countries are lower than the gains from trade for country 2.

A.3 Non-homothetic preferences

Consider an economy with two countries (J = {1,2}) and a continuum of tradeable goods Z = [0, c0)
indexed by z. Assume that A, = a% . /alL , is a continuously differentiable strictly increasing function,
Ap < 1 and lim,_,oc A, > 1. Each ag7ent owns 1 unit of labor and is either mobile or immobile. Goods
come in discrete units and each agent can consume a unit or no unit of each good. The utility function is
given by u (cf) fo b, d dz, where b, > 0 is the utility weight of good z and d=1if good z is consumed

and ¢l = 0 if it is not. Moreover, b, /a’ 1. is a decreasing function of z for each j.
Under autarky, all goods must be produced domestically. Hence, if good z is produced, pl = aJL7 zy)j,
where w’ is the wage rate in country j. A worker in country j tries to maximizes u (cJ ) fooob cldz

subject to [ pldldz = wi. Since b /aL is decreasing, the Worker selects ¢l = 1 for z € [0,27] and
& =0forz € (v ,oo), where #/ is the unique solution of fo a’ Zdz = 1. Therefore, the indirect utility

function of a worker in country j is v/ (0,0) = OW b.dz. If labor mobility is allowed mobile workers will
go to or stay in the country with the highest v7.

Under free trade p, = min {ai Lwl,a? Zw2}. Since A, is continuous and strictly increasing, in the

trading equilibrium country 1 produces high-indexed goods z € [Z,00) and country 2 produces low-
indexed goods z € [0,2]. The marginal industry is given by A; = w'/w?. A worker in country j tries
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to maximizes u (cj) = fooobzcédz subject to fooopzcédz = w’. Since bz/aiz is decreasing for each 7,
it must be the case that for any wl and w?, b, /p. is decreasing in z. Hence, a worker in country j
selects ¢, = 1 for z € [O,T)j] and ¢, = 0 for z € (@j,oo), where 9! and 2 are given by (assuming that
. - =1 - =2
o > z) (A5)7! Joai dz+ [[ ap dz=1= [fa} .dz+ Az [ a} .dz. The supply of good z € [0, 2] is
Q?=12% a% .- Since v/ > Z, each agent demands 1 unit of z € [0, 2], which implies that the aggregate
demand of z is C} + C? = L' + L?. Since fOELgdz = L?, we obtain fozaizdz = 1?%/ (L1 + LQ). Once
we have determined Z, relative wages are given by w'/w? = A;, while o' and v are the solutions of
1 2
[: ap.dz =1—[L*/A; (L' + L?)] and [ a} .dz = L'/A; (L' + L?), respectively. Note that v* > 2
because L/A; (L1 -+ L2) >0, ! > z if and only if A; > L?/ (L1 + L2). The indirect utility of a worker
is v/ = 0171 b.dz. If labor mobility is not allowed, then L/ = L7. If labor mobility is allowed, then
mobile workers will go to or stay in the country with the highest v/ (equivalently the highest v'). If
Az > 1, then o' > ©? and, hence, mobile workers will move from country 2 to 1. As a consequence, o'
will decrease and v? will increase. Conversely, if A; < 1, then #! > ©? and, hence, mobile workers will
move from country 1 to 2. As a consequence, v will decrease and v! will increase. Therefore, provided
that there are enough mobile workers, they will relocate until v* = v?, which implies 7' = ©? = ¥ and
A: = w!'/w? = 1. Once we have determined 2, the country-allocation of mobile workers is given by
L? = (f/l + EQ) fozaivzdz. The indi}rect utility of a worker is v! = v? = fovbzdz, where © and 2 are
implicitly given by f;ai Jdz=1— foza%’ _dz and Az = 1. Finally, we must verify that the distribution of
mobile workers between the countries does not violate L7 € [(1 —m) L/, L7 +mL~I ] This holds when

L24mI} Z 9 (1-m)L?
pfp > foaL’Zdz >

LI+I12 _ _ -
A, > fozaizdz for z € [z, zg], where z7, and zpy are given by fOZLaizdz = (1—-m)L?/ (L' + L?) and

fOZH aizdz = (EQ + mil) / (El + Ez), respectively. Thus, we impose the following assumption.

where A; = 1. We must also verify that &' > 2, which holds when

Assumption 2 (non-homothetic preferences). Labor mobility induces full wage conver-

%ﬁ? > foéaizdz > %, where A; = 1.7 MOTeovef, A, > foza%’zdz for
z € lz1,2m], where zp and zy are give by [“a3 .dz = (1—m)L?*/ (L' +L?) and [;"a} dz =
(Z_L2 + ml_ll) / (El + I_/2), respectively.
Lemma 2 characterizes the effects of trade and labor mobility on relative wages in the countries.
Lemma 2 (non-homothetic preferences). Suppose that Assumption 2 holds and ot > 02, where

fﬁj aivzdz = 1. Then:

gence. Formally:

0

ol 2
1L If Az > 1 and [, b.dz > [ b.dz, then v'(1,0) — v?(1,0) > v (0,0) — v*(0,0) > ' (1,1) —
v?(1,1) = 0.

ot o2
2. If A; > 1 and [ b.dz < [, b.dz then, v'(0,0) — v?(0,0) > v (1,0) — v*(1,0) > o' (1,1) —
v?(1,1) = 0.

3. If A; <1, then v' (0,0) —v2(0,0) > v! (1,1) —v%(1,1) = 0 > v! (1,0) — 2 (1,0).

Proof: Under autarky, the indirect utility of a worker in country j is given by v7 (0,0) = foﬁj b.dz,
where foﬁj aJL _dz = 1. Since o' > ¥ and b, > 0 for all z € Z, it must be the case that v' (0,0)—v?(0,0) =
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fg b.dz > 0. Under free trade and no labor mobility, the indirect utility of a worker in country j is given
by v/ (1,0) = foﬁjbzdz, where f;laizdz = 1— [L?*/A: (L} —i—l_Lz)], f;Qaizdz = L'/A: (L' + L?) and
“a2 dz = L?/ (L' + L?). Since b, > 0 for all z € Z, v! (1,0) — v? = ﬁlbdz>01fandonlyif
0 L,z
ot > o2 SlncefgaL dz=1-1/Az andaL >0 for all z € Z, v > v2 1fand0nly1fA > 1. We have
already seen that, under free trade and free labor mobility, the indirect utility of a worker is the same in
both countries, i.e., v! (1,1) — v?(1,1) = 0. Finally, v! (1,0) — v?(1,0) > v! (0,0) — v%(0,0) if and only
—1 ~1 =1 =2
if f;Q b,dz > f;g b,dz or, which amounts to the same thing, f;l b,dz > f;g b.dz. 1
Trade and labor mobility induce full convergence because workers move from the poor country under
free trade to the rich country under free trade until the level of well-being in the two countries is equalized.
When Az > 1, under free trade, country 1 is richer than country 2 and, hence, some workers will migrate
to country 2. Since we are assuming that country 1 is the rich country under autarky, Az > 1 implies
that free trade will no alter the countries’ relative positions. However, it is possible that free trade will

reduce or amplify the difference between the countries’ levels of well-being. Without specifying b,, it is
difficult to determine when trade will induce convergence beyond the general condition that the gains

=1 =2
from trade in the rich country must be lower than in the poor country ( fﬁvl b.dz < fﬁg b.dz).2
Proposition 2 characterizes the political equilibrium.

Proposition 2 (non-homothetic preferences). Suppose that Assumption 2 holds and ot > 92,

where foﬁj ai ,dz = 1. Then, the trade and labor mobility game has three Nash equilibrium outcomes: (i)
(A1, Aar) = (0,0); (3) (Ar, Anr) = (0,1); and (i) (Ap, Aar) = (1,0). Moreover:

1. Wk (1,0) > W4 (0,1) = Wk (0,0).

2 2 2 ' 2 2 : (02 ot
2. {W&(1,0), W& (0,1)} > WZ(0,0), while W& (1,0) > WZ (0,1) if and only if [ b.dz > m [, b.dz.

~1 ~2
Proof: Since 9! > 92 implies v! = fov b,dz > fov b.dz = v?, under autarky and free labor mobility,
all mobile workers go to or stay in country 1. Due to assumption 2, under free trade and free labor
mobility, mobile workers relocate until v! = v? = fovbzdz. The payoffs of government 1 are given by:

Wk (0,0) = WL(0,1) = foﬁlbzdz, where o' is given by foﬁlalL7zdz = 1; Wk(1,0) = foﬁlbzdz, where
o' is given byéfoga%’zdz + f;lalL’Zdz = 1; and W} (1,1) = foﬁbzdz, where © is given by f;alhzdz =
1-— foéaizdz. The payoffs of government 2 are given by: WC% (0,0) = foﬁ szdz, where 92 is given by
f062a% Jdz = 1; WC% 0,1) = mfo b.dz + (1— fo b.dz; WE(1,0) = foﬁbzdz, where ©2 is given by

foaLZdz—{—Af aLZdz—l and W} (1,1) = fobdz
()\T, ) = (0, 0) is a always a Nash equilibrium outcome.

2For example, if b, = 1/z, then there will be convergence whenever o' /3! < ©%/#?, i.e., if free trade leads to a higher
percentage increase in the range of goods consumed by the poor country than it does in the rich country. If we also specify
aiyz and a%yu we can characterize the conditions for convergence in greater detail. Let aQL’Z =1 for all z, alL’Z = v/e*
with 1 <vy<e/(e—1). Then A. =¢€*/v, o' =Inly/(y—1)], 9> =1, 2= L*/ (L' + L?), " =In[ye’/ (v (1 + z) — €7)],
v = In[e*/z], 2 = In(y), ® = In(y/2). Thus, free trade will induce convergence in real wages if and only if v < e”
and In [fyez/( (1+z)—€’)] < In[y/(y —1)]ln[ z/z ( ) < zg and z < €°/y < 1+ z for z € [z1,2zH]|, where z;, =
(1-m)L/ (L' +L?) and zz = (L* + mL") / (L* + L?
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(A7, Anr) = (0,1) is a Nash equilibrium O}lltCOIne when W(]; (0,1) > Wé (0,0) for j =1,2. Wk (0,1) =
W (0,0), while W2 (0,1) — W2 (0,0) = m 3, b.dz > 0 because b, > 0 for all z and o' > ¢°.

(Ar,Aar) = (1,0) is a Nash equilibrium outcome when W7 (1,0) > W (0,0) for j = 1,2. The
indirect utility of a worker in country 1 under autarky is v! (0,0) = foﬁl b.dz, where ¢! is given by
foﬁlalL Zdz = 1 The indirect utility of a worker in country 1 under free trade and no labor mobility is
vh(1 ( fo b dz, where v! is given by N LAz + f ap, ,dz = 1 Therefore, (Az) ™" fozaizdz +

o dz — ["al dz. This implies [~at Az Az)dz+ |, ‘ol dz=[Tal dz, which, after some simple
z L,z 0 L,z 0 L,z z YL,z 0 L,z

71 —
algebra, implies [3; alvadz = fozalL’Z [1—(A,/Az)]dz. Since A, < As for z € [0,2) and a1L7Z > 0 for all
z, it must be the case that fjaiz [1—(A,/Az)]dz > 0. Since a1L7Z > 0 for all z, fg)llalL,Zdz > 0 implies
o' > ¢!, Finally, since b, > 0 for all z, ' > o' implies W} (1,0) — W} (0,0) = fgil b.dz > 0. The indirect
utility of a worker in country 2 under autarky is v? (0,0) = o b.dz, where ¥2 is given by 52(12 dz =
0 0 YL,z
1. The indirect utility of a worker in country 2 under free trade and no labor mobility is v? (1,0) =
= ~2

fo b.dz, where ¥? is given by fo aL zdz + As f at Ldz = 1. Therefore, foza% Lz + Az [T a} Ldz =
fv aL dz This implies fo aL Zdz + f (Az/A, )aL Lz = fo aL dz, which, after some simple algebra,
implies [. Ag A a? dz = [! a dz. Since A, > A; > 0 for z > zZ and a7 , > 0 for all z, 1‘5 must be

z L,z z L,z L,z

the case that ©2 > 2. Finally, since b, > 0 for all z, ©° > 2 implies WC% (1,0) — WG (0,0) f b dz > 0.

(Ar,An) = (1,1) is not a Nash equilibrium outcome. Given L! and L2, the equlhbrlum (v1,9%,2)
is determined by f:lalL7zdz = 1- L?/A; (L' + L), f;Qaizdz = L'/A; (L' + L?), and foga%’zdz =
L?/ (L1 + LQ). Differentiating these expressions with respect to L'/ (L1 + LQ), we obtain

ot B —ALL? <0
QLY (L + L] (A:) (L' + L2)al a3
02 ALLY
— >0

O[LY/ (L' +L2)]  (A2)* (L' + L?)al a3 .

Thus, as the proportion of the labor force that decides to relocate to country 1 increases (decreases), o'
decreases (increases) and 92 increases (decreases). We have already shown that o' > o2 if and only if
As > 1. Therefore, when As > 1, if there i is free labor mobility, L' > L' and L? < L?. Then, 0! < © < 72,
which implies W (1,0) — W (1,1) = [7 b.dz > 0 and W2 (1,1) — W (1,0) = [Sb.dz > 0. Conversely,
when Az < 1, if there is free labor mobility, L' < L' and L? > L?. Then, %> < © < ©', which implies
Wk (1,1) — Wi (1,0) = f;bzdz > 0 and WE(1,0) — W& (1,1) = f?bzdz > 0. Thus, provided that
Az # 1, free trade and free labor mobility will never be a Nash equilibrium outcome.

We have already shown that W4 (1,0) > W} (0,0) = W4 (0,1) and W2 (1,0) > W} (0,0) and
WE(0,1) > WZ(0,0). The last step is to compare W2 (1,0) = f062bzdz and Wg (0,1) = mfovlbzdz +
(1—m) fov2bzdz. WE (1,0) > W2 (0,0) if and only if fg};bzdz > mfg); b.dz. This completes the proof of
the proposition. l
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A.4 Multiple countries

Consider an economy with a finite set of countries J countries, indexed by j =1, ..., J, and a continuum
of tradeable goods, Zr = [0,1] indexed by z. Assume there are no geographic barriers that limit the
mobility of tradeable goods. Let L7 and L’ be the labor endowment and the labor force of country 7,

1

respectively. Only a fraction m € [0,1] of L’ is mobile. Preferences are given by u (cJ ) [ fo ( Z) } _,

with o = (1 — p)~! > 1, for all agents in every countries. Let al 1. be the unit labor requirement of good
z in country j. The cumulative distribution function of aL , is given by Pr (ai , < a> =1- e*Tjae,
where T > 0 and € > o — 1. These distributions are independent across goods and countries.

Given ai ., if good z is produced in country j, its price will be pl = aJL ,w’, where w’ is the wage rate in

country j. Thus, if good z is produced in country j, its price distribution will be G2 (p) =Pr (pjz < p) =

. 0
i (=
1—e TJ(W) . Under autarky, all goods can only be produced domestically and, hence, the price
6
. _mi(_p
distribution of good z in country j is G (p) = 1—e TJ (wﬂ> . For the CES utility function, the exact price
1 1
, NP 1 1 1
index is given by P = [fol <pjz> dz] = UO pdGJ )] Y (TJ) o w’, where v = [F (GHT*”)] 1=o
o 1

I' is the Gamma function and 1+ 6 > o. Hence, the real wage rate in country j is w’ /P’ = (T]) o |y
or, equivalently, the indirect utility function of a worker in country j is v/ = —1In () + %ln (Tj ) As a
consequence, if migration is allowed, all mobile workers will go to or stay in the country with the highest
Ti.

Under complete free trade, consumers will buy from the less expensive producer. The lowest price
is lower than p unless each country is selling at a higher price. Therefore, the price-distribution that

J . )
consumers actually face for good z is G, (p) = 1 — H { G]( )] =1- e_zjlej(ﬁ> . The
probability that country j is the lowest cost supplier of good z is ¢ = 1 T 2 [1- G (p)] dG. (p) =

1

T’ <W’J) , where P = {fol (p2) pdz] /" (p)f dG. ( )] <Zj_1Tj (wj)f(’)ig is the exact

price index. Since there is a continuum of goods, qz is also the fraction of goods that each country

buys from j. Thus, the balanced trade conditions are given by w/L/ = QZZZ (WAL for j = 1,...,J.
1

Tk )19

1460 . ..
T LJ) . Hence, the real wage rate in country j is

Solving these equations, we obtain w” /wj = <

1
w! /P = (1)) (T7/L7) 1+ {Z (TZ) o (LY 1+9} ’ or, equivalently, the indirect utility of a worker in

country j is v/ = —In(y) + 1+_91n (ﬁ) + 1ln [ZieJ (TZ)ﬁ (Ll)#‘)} If migration is not allowed,
then L/ = L7 for all j € J. If migration is allowed and enough workers are mobile, the equilibrium
allocation of workers will be L/ = (T7/3,. /T%) (3;e,L"). Then, regardless of the location of a given
worker, the indirect utility of that worker under free trade and free labor mobility will be given by
v/ = —In(y) + %ln (Zze JTi). Finally, we must verify that the distribution of mobile workers across
countries satisfies L7 > (1 —m) L7 for all j € J, i.e., we need to impose the following assumption.

Assumption 3 (multiple countries). Complete labor mobility induces full wage convergence. For-
mally: miney {T?/ (1 —m) L'} >3, T /> e ;L%
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Lemma 3 characterizes the effects of trade and labor mobility on the relative wages.

Lemma 3 (multiple countries). Suppose that Assumption 3 holds and T7 > T*. Then:

1. If In (I_Lj/l_Lk) < (6?)_1 In (Tk/Tj), then trade induces divergence in real wages between countries j
and k, but trade and labor mobility undo the divergence, inducing complete convergence. Formally:
v7 (1,0) — 0¥ (1,0) > 7 (0,0) — 0¥ (0,0) > v/ (1,1) — ¥ (1,1) = 0.

2. If () 'In (T*/T7) < In(L7/L¥) < In(T9/T*), then trade induces convergence in real wages
between countries j and k and trade and labor mobility induce complete convergence. Formally:
v7 (0,0) — 0¥ (0,0) > 7 (1,0) — v* (1,0) > 7 (1,1) — ¥ (1,1) = 0.

3. If In (I_/j/l_',k) > In (Tj/Tk), then trade induces a reversal of fortune between countries j and k but
trade and labor mobility undo this reversal, inducing complete convergence in real wages. Formally:
v (0,0) —v* (0,0) > v7 (1,1) — vk (1,1) =0 > 7 (1,0) — v* (1,0).

Proof: Under autarky, regardless of mobile workers’ location decisions, we have v/ (0, 1) = — In () +
(1/6)InT. Thus, v7 (0,0) — v* (0,0) = 61In (T7/T*), which is positive by assumption. Under free trade,

if there is no labor mobility, v/ (1,0) = —In(y) + (14 6) ' In (T9/L7) +(1/6) In [Zz‘eJ (T’)ﬁ (L% 1%@}

Hence, v/ (1,0) — v*(1,0) = (1+6)"" [In (79/L7) —In (T*/L*)]. If there is free labor mobility and
Assumption 3 holds, v/ (1,1) = —In(y) + (1/6)In (},c;7%). Hence, v/ (1,1) — 0¥ (1,1) = 0. Simple
comparisons complete the proof of the lemma. H

Under free trade, labor mobility induces full convergence in real wages in all of the countries in the
world. The reason is that mobile workers migrate from the relatively poor countries under free trade
(those with low T%/L?) to the relatively rich countries under free trade (those with high 7%/ L*) until real
wages are the same in all locations. There is only one implicit condition behind this result: There must
be enough mobile workers in poor countries so that migration from poor to rich countries is sufficient
to fully equalize T%/L? in all countries. Assumption 3 ensures that this is the case even for the poorest
country in the world (lowest T°/L?). Formally, Assumption 3 implies that, if all the mobile workers in
the poorest country in the world decide to migrate to other countries, the real wage of a worker in that
country will be higher than in the rest of world. Trade alone has an ambiguous effect on convergence.
While, under autarky, differences in real wages depend only on relative levels of productivity (real wages
are higher in country j than in country k when 77 > T*), under free trade, they also depend on relative
labor abundance (real wages are higher in country j than in country k when 77/L7 > T*/L*). Since it
is perfectly possible that 77 > T*, but T7/L7 < T*/L*, trade can lead to a reversal of fortune if the
country with a higher aggregate level of productivity is relatively labor-abundant.

So far, we have considered polar cases, i.e., “free trade” means that all countries are allowing free
trade and “autarky” means that there is no trade at all. The same is true of our consideration of labor
mobility. However, it is possible that countries are trading only with some countries. Similarly, countries
may accept labor mobility only with a restricted group of countries. Proposition 3 characterizes the
political equilibrium when each country can decide to trade or not and can decide to allow labor mobility
or not with each other country. The only restriction that we impose is that if country i accepts free trade
(labor mobility) with country j and country j accepts free trade (labor mobility) with country k, then
country i must accept free trade (labor mobility) with country k.
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Proposition 3 (multiple countries). Suppose that assumption 3 holds and assume that T7 # T*
and TV /L7 # T*/LF for all j,k € J and j # k. Then:

1. No trade and any pattern of labor mobility policy is a Nash equilibrium outcome. Moreover, among
those equilibria, no trade and complete free labor mobility prevail over the other equilibrium outcomes
for all countries.

2. No labor mobility and any pattern of trade policy is a Nash equilibrium outcome. Moreover, among
those equilibria, no labor mobility and complete free trade prevail over the other equilibrium outcomes
for all countries.

3. Wé (1,0) > W(]; (0,1) if and only if:

L0 A
Sy (1) ()] <max@-e;{zﬂ}>
) T
In other words, if the above condition holds, for country complete free trade and no labor mobility
are better than complete free factor mobility and no trade.

4. Any pattern of trade policy other than complete autarky and any pattern of labor mobility policy
within the countries that trade with each other other than no labor mobility are not a Nash equi-
librium outcome. In particular, complete free trade and any pattern of labor mobility policy other
than no mobility are not a Nash equilibrium outcome.

Proof: No trade and any pattern of labor mobility policy is a Nash equilibrium outcome. Suppose
that no country allows free trade and consider any partition Jj; of the set of countries J. Each element
of Jys is a set of countries that allow factor mobility among them, but do not allow it with the rest of
world. Arbitrarily select j € Jy € Jpr. Since all countries are blocking trade, there is no unilateral
move by j that can induce trade. Since countries in J — Jjs do not accept labor mobility with countries
in Jps, there is no unilateral move by j that can induce labor mobility outside Jj;. Therefore, the
only relevant decision for j is about labor mobility with countries in Jj;. In fact, given that mobile
workers can move from one country to another at no cost, 7 must decide between accepting free labor
mobility with all countries in Jys or with none of them. Regardless of j’s decision, immobile workers
in country j get v/ = —In~y + (1/0)InT7. If j does not allow labor mobility, then mobile workers in j
also get v/ = —Iny+ (1/6)InT7. Conversely, if j allows labor mobility, mobile workers in j will relocate
in the richest country in Jyp;. Thus, they will get v/ = —In~y + (1/0) max;cy,, {InT"}. Since W}, =
mu?™ + (1 — m) v it follows that Wé when j allows labor mobility will be higher than or equal to Wé
when j blocks labor mobility. Finally, since j € Jp; € Jas were also selected arbitrarily, the same analysis
applies to any j € Jys € Jyr, which completes the proof that no trade and any pattern of labor mobility are
a Nash equilibrium outcome. Finally, note that WZ = —Iny+ (m/6) max;c,, {InT*} +[(1 — m) /6] In TV
is nondecreasing in Jys. Indeed, Wé is strictly increasing in Jjs for all countries except the one with
the highest 77, for which max;c Iy {ln Ti} does not change with Jj;. Thus, under complete autarky, the

pattern of labor mobility that maximizes Wé for all j € J is Jyy = J. This completes the proof of part
1.
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No labor mobility and any pattern of trade policies is a Nash equilibrium outcome. Suppose that no
country allows migration and consider any partition Jr of the set of countries J. Each element of Jp
is a set of countries that allows free trade within that group, but does not allow it with the rest of the
world. Arbitrarily select j € Jr € Jr. Since no country is offering free labor mobility, there is nothing
that country j can do to bring about labor mobility. Suppose that country j decides to trade only with

a subset Jp C Jr. Then, W = v/ = I (7) + (14 0) "' In (T9/17) + (1/6) I [, 5, (7)™ (19)7%7].

Since Wé increases with the number of countries in Jr, the best response for country j is to set Jp = Jy.
Since we have picked an arbitrary country, the same analysis applies to all j € Jr € Jp. Therefore,
complete free trade and any pattern of labor mobility policy are a Nash equilibrium outcome. Finally,

. R S S A
note that W} = —Iny + (1+ 0)'In (T9/L7) + (1/6) In [Zieh (T%) ™% (L*) 1+9] is increasing in Jr.

Thus, when there is no labor mobility, the pattern of trade that maximizes W(]; forall j € Jis Jpr = J.
This completes the proof of part 2.
‘The payoff of the government of country j under autarky and free factor mobility is given by

WZ(0,1) = —Iny + (m/0) max;cy {InT*} + [(1 —m) /6] InT, while, under complete free trade and
. P L0

no labor mobility, it is W2 (1,0) = —In~y + (1 + ) 'In (T9/L7) 4+ §1n [ZieJT (T%) ™7 (L) 1+9]. There-

1 _ 9

fore, Wg; (1,0) > W(]; (0,1) if and only if In IZiEJ(Ai) - (L;) -

A

(A7)T+6 (Lj)u_e

>mln <M> This completes

the proof of part 3.

Free trade and any pattern of labor mobility other than no mobility is not a Nash equilibrium outcome.
Assume that all countries are allowing free trade and consider any arbitrary labor mobility partition Jps
for which at least one set Jj; has more than one country. Among the countries in Jas, let j be the one
with the highest T7 /L7 ratio. Next, we show that, if country j blocks labor mobility with countries in
Jur, then Wg; increases. The utility of a worker in country j € Jy; € Jys is given by:

2] (2]

; 1 T 1 SR TR
V==l +15 ; In (E) +51n [ZZEJM (T) ™0 (L) ™0 + 3 iy, (T7) 0 (L) 10,

where L' is the labor force of country i. Let us reorder the countries in Jy; in such a way that
TY/L' > T?/L% > ... > T™ /"M  where ny = #Jy > 2 is the number of countries in Jy;. Mo-
bile worker will go to or stay in the country with the highest 77/L7. Thus, mobile workers in Jy;
will first relocate to country 1 until 7'/L' = T2/(1 —m)L? Then, they will relocate to countries
1 and 2 until T'/L' = T?/L? = T3/ (1 —m) L3. The relocation of mobile workers will end when (a)

_ Y e w il Sy
TYL ' = ... =TYL'>THY (1 —-m)L? > ... > T/ (1 —m) L™ and 37 L' = 375 L'+my M LY
(b) TY/L' = T?/L? = ... = T™ /L™ and Y ™ML} = S "™LI 1In case (a), we obtain L/ =

<Tj/Zé:1Ti) <Zé:1ﬁ+m2?ﬁ+lﬁ) for j = 1,..,0 and I/ = (1—-m) L/ for j = 1+1,..,ny. In
order for this to be the equilibrium allocation of mobile workers we must verify that L/ > (1 — m) L/ for
j=1,.,ny and TY/L' = ... =T/} > T/ (1 — m) L*Y, which holds if and only if ¢/ (1 — m) L >
Zélei/ (Zézlf/i + mZ?:”fHEi> > T/ (1 —m) LY. We must also check that there is not another
! < I for which the above condition holds. In case (b), we obtain L7 = (T77/3"™T") (3" L") for
j =1,....,np. In order for this to be the equilibrium allocation of mobile workers we must verify that
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L7 > (1 —m) L7 for j = 1,...,np, which holds if and only if 77 / (1 — m) LM > S 0M /N 0M TG Sum-
ming up, the equilibrium allocation of mobile workers is L7 = <T3/Zi:1T’> (Zi:le + mZ?:IV;JrlEi)
for j =1,..,1(Jy) and L7 = (1 —m) L7 for j =1 (Jy) + 1, ...,nar, where I (Jpr) is given by the first time

that T/ (1 —m) L' > Z T/ (Z L+ my L ) > T/ (1 —m) L™ holds .
Result 1: [ (Jpr — {1}) > 1 (Jar). Proof: It suffices to show that Zilei/ (Zézlf/i + mzyg+1ii> >
Zi‘:zTi/ (Zi‘:zf/i + mzyjf+2f/i> for each I.

R I s
Lt YL, L I Yo L+ my M L
T' + Zi:QTZ Zz oI
L'+ Y oL+ mZ?:”hzil Yoo Ll + my oL
Z’l 1TZ Z’L QTZ

Zz L+ mZ?NfHD Zz oL+ mZ’Z”{H

The first line relies on the fact that we have reordered countries in such a way that T'/L' > T?/L? >
.. >Tmm /"M The other lines are simple algebra.
Result 2: L' < L' (Jy) and L7 (Jy — {1}) > L7 (Jy) for j = 2,...,nps. Proof:

Lo
A Y jjl > i T
L > i Lt L Z L+ my i L
T! =1
N A ( Ll +m> ) > L
Zélel Zz 1 Zz 1+1
= L' (Jy) > L

The first line relies on the fact that we have reordered countries in such a way that T!/L! > %—5 > >
g:ﬁ . The last line introduces the equilibrium value of L (Jpy).

T YT T ZisT"
Lt 22:217 L! Z oL+ my L

- L' m L I i nMo T
= (ZiZQTZ) <Zi:2L’ —i—mzz‘:lﬂL) > (ZZ 1T’> (ZZ L+ m3 l+1L>
= L7 (Jy — {1}) > L7 (Jyy) for j <1 (Jar — {5})

The first line relies on the fact that we have reordered countries in such a way that T'/L' > T?/L? >
. > T™M /[" The last line introduces the equilibrium values of L7 (Jy; — {1}) and L7 (Jy) for j <
[ (Jy — {7}). Finally, for [ > I (Jp — {j}), we have L7 (Jp;) = (1 —m) L’ . Thus, it must be the case
that L7 (Jy — {1}) > (1 —m) L7 for I > 1 (Jpr — {5}).
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Result 3: v/ is decreasing in L7 and increasing in L!. Proof: v/ is given by:

vj - _hl( ) + ml (T]> * %111 |:ZZEJM (TZ) (LZ)LO + ZiEJ—JJVI (TZ) (LZ)L@

Taking the derivative of v/ with respect to L7 and L?, we obtain:

i 1 . 2]

J TI\1+6 ([J)1+6
o= e | T B
(1+6) Dicy (T (LY) e

ol 1 (T@')ﬁ (Li)l%’

7 (2
oL (14+0)L i,
Thus, v/ is decreasing in L’ and increasing in L'.

Results 1-3 imply that v! prefers to block labor mobility. Thus, under complete free trade, the richest
country in a set of countries that are allowing free labor mobility within that set prefers to deviate and
block labor mobility. This completes the proof that complete free trade and any pattern of labor mobility
policy other than no mobility is not a Nash equilibrium outcome. This result can also be used to prove
that any pattern of trade policy except complete autarky and any pattern of labor mobility policy within
the trading-partner countries other than no labor mobility is not a Nash equilibrium outcome. Take any
partition Jr and consider any arbitrary set Jr € Jpr. Then, any pattern of labor mobility within Jp
other than no mobility is not part of a Nash equilibrium outcome. The proof arises immediately from
the previous results because each Jp can be treated as a world economy with Jr countries among which
there is complete free trade. This completes the proof of part 4. B
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B Trade and labor mobility policies in factor proportions models

Appendix B presents the proofs of all the results in Section 4. Throughout Appendix B we employ the
following notation: v/ (Ar, Aar), v7™ (Ar, Aar) and v] ™ (Ap, Aar) denote the utility of a worker located in
country 7, the utility of a mobile Worker from country j and the utility of an immobile worker from country
j, respectively, under trade and labor mobility regime (Ar,Aar). WZ (Ar, Aar) = mop™ (Ar, Am) +
(I—m)oy i (A1, Anr) indicates the welfare of domestic workers in country j under trade and labor
mobility regime (Ap, Aps).

B.1 Heckscher-Ohlin economy

Consider an economy with two countries (J = 2), two tradeable goods (Z7 = {1,2}) and two factors of
production (F' and labor L). Production functions are given by Qé =T <sz>bz <L§>H)Z for z =1, 2,
with 1 > by > by > 0and T' > T?, where T7 is total factor productivity in country j. Factor endowments
in country j are (F’j, I_/j) > (0,0). All agents have the same preferences, given by u (cj) =1les <c§) az,

with o, >0 and ), 0. = 1.
Lemma 4 characterizes the equilibrium of a Heckscher-Ohlin economy under autarky.

Lemma 4 (Heckscher-Ohlin economy under autarky). Assume there is no trade in goods, i.e.,
Ar =0.

LJ
C = (01)™ (a2)?2 (by)21% (1 — by) 1700 (py)2b2 (1 — p,)220752) 4 6 = 1y + agbo.

1. Suppose there is no labor mobility, i.e., A\py = 0. Then, U]L (0,0) = CTY (%)d <E)a where

2. Suppose there is free labor mobility, i.e., Apr = 1.

(a) If % > [%r{, then L' = (L'+mL?), L* = (1-m)L? v} (0,1) =
o (154)° (ﬁ)a and v2 (0,1) = CT? (1=8)° [ﬁ]a

1 [rflbemln)” < B o< [ e < SIEREAEL s
PR ) 01)= 0.0 =0 (50 [T BT P

© If 5 < [mﬁ%@imr’ then L1 — (1—m)Ll, L2 — L2 + mLl, ol (0,1) —

o1t (158)* [ ] and o 0.1) = €72 (158)° [ 2]

[N}

_ =071\
3. If L T2 > (F ;) , then v} (0,0) > vl (0,1), while if %:—; < (%) then v? (0,0) > v2 (0,1).

21



Proof. Let pg denotes the price of good z = 1,2 in country j, 7 the return of factor F in country j
and w’ the wage rate in country j. Under autarky the equilibrium conditions in country j are:

(1= by) [(1 = bo) FI — (wd /17) by L] (1 —by) [by (w?/r?) LI — (1 — by) FV]

Li = — Lj- —
' (b — b2) (wi /17) e (b1 — by) (wl /)
gy L0 P @] b ) D) P
' (b1 — b2) 2 (b1 — b)
QO = 19 (by)Pr (1 — by B0 7 = (/1) bal
(w? /1)1 7" (by — by)
QL = T ()" (1 — byt 2L/ I = (1= by) Y
(w /19)' 7" (by — by)
. .\ by ) 1—b.
J . J J ]
P L Pl Fl
p_% B (bl)bl (1 _bl)lfbl <w_j>b1—b2
pl o (B2) (1—bg)' ™ \ 7
Q. <P{Q{ +pj2Q§) = p]szz for z=1,2
Therefore, in equilibrium, w’/r/ = (1 — &) F7/aL? and, hence, the utility of a worker in country j
is v] = (a1)™ (a2)*wi/ (pl) < %) — TIC[(1—a) /a)* (F//17)%, where & = anby + agby and
C = (al)m (012)0{2 (bl)albl ( bl a1 (l— 2)a2b2 (1 _ b2)a2(1 bg).

When there is no labor mobility, L7 = LJ. When there is free labor mobility, mobile workers locate
in the country with the highest v]. We must distinguish three possible cases.

a. Suppose that T1/T? > [F?(L'+mL?)/(1—m)F'L?". Then, v} > o? for all L' €
[(1 —m) LY L + m[?] and L? € [(1 —m) L% L? + ml_ll]. Therefore, in equilibrium, L' = (I_/1 + ml?)
and L? = (1 —m) L2 ]

b. Suppose  that  {F?(1—m)L'/[F'L?+ F'(1—m)L']}" < % <
[F? (L' +mL?) /F' (1 —m) L?]". Then, v} > v? for L' = (1 —m) L' and L? = L?+mL!, while v} <07
for L' = L' + mL? and L? = (1 — m) L?. Moreover, v} is decreasing in L7. Therefore, in equilibrium,
it must be the case that vi = v?, which implies L! = (Tl)l/a Ft (El + EQ) / [(Tl)l/a F'+ (T2)1/a FQ]
and L2 = (T2)"% F2 (DL 4 L2) / [ (T1) % FY 4 (12) /P2

c. Suppose that T'/T? < {F?(1 —m) L'/ [F'L*+ F' (1 —m) L] }&. Then, v2 > v} for all L! €
[( m) LY, LY + mLQ] and L? € [(1 —m) L% L? + ml_/l]. Therefore, in equilibrium L' = (1 —m)L!
and L? = L? + mL'. Summing up, the utility of a worker in country j under autarky and free labor
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mobility is given by:

([ ]" o1t [E2(Lm?)
Lt +mL? if 72> F1(1 m)L2
N\ @& - . 5 -6 . - i ~
. (0,1) = C 1—a (Tl)l/ IT1+(T2)1/ 72]¢ y F2(1 )L & _ T_ _ Ff(Ller%Q) a
LAY A 1112 U |\ FrFii—mIl| T2 > | TF(-m)L?
_(Tl)l/&pl_ (¢} f T_l _ F2(17m)i11 a
| | =TT W Tz FIL21 FI(1-m)L?
_(Tg)l/&pg'a _— FQ(E1+mE2) 6%
Aoz f > | o

L1112 FIL2+ FI(1—m) L1 T2 (1—m)F1L2
& .

. F2(1—m)L} @
Zf T2 < |:F1L2+F1(1_m)il:|

—a\“ r 1/a =1 | 1/& 591 ¢ _ _ a = - &
’U% (0,1) —C <]. doz) (Tl) fjl+(7T2) F2:| Zf |:7 7F2(177m)L1 ) :| < T_l < |:F2(Ll+mL2):|

(1) 2
E2+mil

Finally, note that T%/T% > (F2L'/F'L2)® implies v} (0,0) > ol (0,1), while T%/T? <
(F2LY/F'L*)® implies v? (0,0) > v% (0,1). This completes the proof of the lemma. M
Lemma 5 characterizes the equilibrium of a Heckscher-Ohlin economy under free trade.

Lemma 5 (Heckscher-Ohlin economy under free trade). Assume there is free trade in goods,
1 €., )‘T =1.

1. Let f' =T'F'/(T*F' + T?F?), I' =T'L'/ (T'L' + T?L?) and

m (ll) = w ) (ll) _ T (by —by) + b (1 —a)l!

G0 —by) &1 —b)
1 _(1—54)[)1[1 1 _Oél(bl—bg)+b2(1—5é)ll
m (F) = ”(1—b)’774(l)_ & (1—by)
1-by = 1-by
NG A )
75 (l ) - 1-by 1 1—by ) M6 (l ) - 1—by 1 1—by
"+ [spu] " a - 7+ (2B) " a -
1 1—bgy 1 1-by
azBgs \ b2 (1 _ ll)T <02321) (1 1 ) by
a1 B a1 B
07 (ll) — 1_<b 1 12> . = s (ll) _ 1511

1 1-by L 1-b
™+ (sB)" 0 - a7+ (sg)" 0 -

where Bll = (bl)bl (1 —b )1 by B12 = (bl)b2 (1 —-b )1 b B21 = (bg)bl (1 — bg)l_bl, and BQQ =
(b2)%2 (1 — bo)' ™% Then:

(a) If max {771 (ll) 72 (ll)} < f' < min{ng (ll) S M4 (ll)}, then, v% (L, Ay) =

L l—and (T2 2\ &
0 (458)° (s )
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_ az(b1—b
(b) If ns (1) < F* <5 (1Y), then, v} (1, An) = T'C | U550 } 7"—2) PO (1) =

T2C <w_2)a w2 - . . axT! (Fl) (L 1_ B aTQ( Q/TQ)LQf(Ifd)TQF'Q.

, where 7 is the unique solution to 2 (22 B (51 by)

O(21) "2 (o) [ (1) (1)) ™ [r2 (2 (12) 2]

() If ns (1Y) < F* < (1Y), then, vk (1, \ar) = - BT (B I
C(g—f)al(lbe)[Tl(Fl)bl (Ll)(lfbl)] 1 [TQ(FQ)bQ(LQ)lbe]O‘Q
(B11)*1 (B22)*2 L? ’

and v? (1,A\p) =

(d) If F* > (1Y) and F' > 6 (1), then, vl (1,Ay) = T'C (w—1>d and v (1,\y) =

a1(b1—b2) 1 y@27b CAVEFl—alwl /)t
T2C< ) e [Obfz)gﬂ] 2, where 1:—11 s the unique solution to r [((1 1/)f;1_b2((b /b 3L] =
w=/r 1—02
() (1)

Ba2

(e) If ng(ll) < ft < 772(11), then, vl (1,A\p) = TIC(%I)& and vi (L, ) =

agTQ(FQ)bl (Lz)l—bl
B11

|

b1 L2 w
T [a(w! /r! )L —(1—a) F]
(b1 =ba)(w?/r1) =P

by ag(b1—b2)
T2C [(1 bl)FZ] <L> , where 1:—11 is the unique solution to

C(82)" (1—bg) [T2(F2)" (12)' " [ (B1) "2 (£1) 772

(£) If n7 (I') < F* < g ('), then, vp, (1, Anr) = A
o1 (88) ™ [r2(F2) ()] [ ) 02) ]
(Bll)al(Bzz)a2L2
_ _ =170
@ 0 7' < m () and <o (), then, of (L) = 70 [SAR (4
b

a ) ) ) TL(F!
and v (1,A\y) = T?*C (‘:—;) , where 1:—22 is the unique solution to = (

(1—a)T2F2—a(w?/r?) T2 L2
(w2 /r2)1 =2 (b1—b2)

and v2 (1, A\p) =

2. Let ' =T'L'/ (T*L' + T*L?) and

1— &) byl!
m (1)) — L

a (5—) " (by — bo) 11+ (1 — @) bol! + & (T—) 2 (1= bo) (111

mo (1Y) = a(1—b)l" — (by —ba) g (1= 1Y) () 1

G(L=b) = (b1 —b)as (B) =)+ b (1—a) (1-11) (5)"
(%) as (1 — by)
ar (1= by) + (g—) as (1 — by)

Assume that and T* > T?2. Then:

(a) Suppose that f' > ng (F) for 1Y < I; or f1'> (l_l) for I* > 1. Then vl (1,0) > vi (1,1).
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(b) Suppose that f' < ng (F) for 1Y < I; or f!' < (l_1 for 1Y > 1. Then, vZ (1,0) > vZ (1,1).

)
(c) Suppose that f' = ng (F) for 1Y <1; or f' =mq (F) for 1Y >1; or fl € [779 (l_l) , 710 (l_l)] for
It =1. Then, v} (1,0) = vi (1,1) = v (1,0) = v (1,1).

Proof of Part 1: Under free trade the equilibrium conditions in country j are:

I’ = max b)) [(1 —b2) FI— (wj/rj) bQLj] 0
b (b1 — by) (wd /) )

L} = max (1 - b) [bl (wj/rj) LI —(1—b) Fj} 0
T (bl — b2) (wj/rj) )

Fi max{bl [(1 = by) FI — (w /) by 1] ,0} F = max{bQ [b1 (w? /r7) L7 — (1 — by) FI] ’0}

(b1 —b2) (b1 —b2)

. L b) FI— (wl i) byl
Q{:maX{TJBH( ) 7 — (/) b ,0}

(w9 /rd) =" (by — by)
by (w9 /r) L7 — (1 —by) FY 0}
(wi fri) 702 (b — by)

Q% = max {TjBQQ

F!
L

b= i (1 b , .
, — =b,17 T for z=1,2 and F/ >0and L] >0
4

_:(1_bz)Tj<

b, 1—b.
N G e ) forz=1.2and j = 1,2

Pz =2 — R - for z=1,2and j =1,
7 (bZ) - (1 - bZ) :

agp1 (Q1 + Q7F) = awp2 (Q5 + Q3)

We must consider seven possible cases.
a. ~ Suppose  that  both  countries are diversified. Then, in  equilib-
rium, L] = (1—b1) [(1 = ba) F7 — (w/r) baL?] / (by — b2) (w/r) and L; =
(1=1b2) [b1 (w/r) L7 — (1 = by) F7] / (b1 = b) (w/7) for = L2, Ff
b1 [(1—b2)Fj—(w/T‘)b2Lj] /(bl—bg) and F2J = b2 [bl (’U}/T)Lj—(].—bl)Fj]/(bl'—bQ
for j = 1,2, @ = T/Bu[(l—b)F/ — (w/r)bol7] [ (w/r)' ™" (by —by) and @)

T3 By [by (w/r) LI — (1 = by) FI] / (w/r) =% (by — by) for j = 1,2, wi/p, = (1—b.)TY (Fg/Lg')bz

~—

and ofp. = b1 (L/F) " for j o= L2 and = = 12 m/m = (Bu/Bw) (%)
and w/r = (1—a)(T'F'+T%*F?) /a(T'L'+T?L?). For this to be an equilibrium we need
(1—by) FI /) IJ < w/r < (1 —bg) FI /b7 for j = 1,2. Since by > by, we require [F1/L' > F2?/L?
and (1—b1) F1/biL' < w/r < (1—bg)F?/boL? or [F'/L' < F?/L? and (1-b)F?/011? <
w/r < (1—by) F'/boLt]. [F'/L' > F?/L? and (1—b) F'/0i L' < w/r < (1—by)F?/byL?
is equivalent to ! < f!' < min{(1—a&)bl*/a(l—b1),[a1 (b1 —bo) +ba(1—a)l'] /a(1—b2)},
while [F1/L' < F?/L? and (1-b1)F?/biL? < w/r < (1—by)F'/byL'] is equivalent
to max{(1—a)bal'/a (1l —b2),[—az(b1—by)+bi (1—@&) '] /a(l-b)} < f' < 1 where
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fI=TIFi/(T'F' + T*F?) and I = T9L7/ (T'L' + T?L?). Thus, we require

(1—54)[)2[1 —Oég(bl—bg)—i-bl (1—5&)11 =1 . (1—5&)[)1[1 aq (bl—bz)—i-bg(l—d)ll
max{ a(l—by)’ a(l—by) }<f <mm{ a(l—=b1) " a (1 —bo) }

Then, the utility of a worker in country j is vi (LAy) = (a)™ () w?/ (p1)™ (p2)** =
TiC[(1 - &) /a)® [(T'F'+T?F?) / (T'L' + TQLZ)]&. Finally, note that v} (1, Aa) > 02 (1, Apr) if and
only if T > T?2.

b.  Suppose that country 1 is specialized in good 1 and country 2 is diversified. = Then,
in equilibrium, L{ = L', L} = 0, L? = (1—1b) [(1 —b2) F? — (w?/r?) boL?] / (b1 — b) (w?/r?),
L% = (1—b2) [bl (w2/r2) L2—(1—b1)F2]/(bl—b2) (w2/r2), Fll = Fl, F21 = 07 F12 =
b1 [(1 — bg) F2 — (’wz/’l“Q) b2L2:| /(bl — bg), F22 = b2 [bl (w2/r2) L2 — (1 — bl) FZ] /(bl — bg), Q% =
TH(ED™ (L) QF = T2Bu [(1-bo) F2 = (w?/r2) boL?] / (w?/r?) " (b1~ ba), Q} = 0, QF =
A2Bay [by (w?/r2) L2 — (1= by) F2] / (w?/12)' ™" (by = b2), w'/pr = (1—by) T (FY/LN)™, rl/py =
LT (LYY ™™ w?/p, = (1=b)T?(F2/L2)", 2/p. = b.T2(L2/F2)'™™ for = = 1,2,
p2/p1 = (B11/B22) (w2/7"2)b17b2, and w?/r? is the unique solution to a7 (F‘l)b (L )1 b /Bi1 =
[aT? (w?/r?) L? — (1 — &) T?F?] / (w2/r2)1_b1 (b1 —b2). For this to be an equilibrium we need
wh/rl > w?/r? and (1—0b1) F2/biL? < w?/r? < (1—by) F?/bo L2 wh/rt > w?/r?
if and only if f!' > b (1—a)l'/a(l—by). w?/r? > (1—b) F?/b1L? if and only if
[Tl (Fl)bl (Ll)l_b1 /T? (FQ)bl (L2)1_b1} (by —b2) > (b —by), which always holds. w?/r? <

(1 —by) F?/byL? if and only if aoT! (Fl)bl (Ll)l_b1 /By < aiT? (FQ)bl (LQ) /17" Byy. Thus, we re-
quire
a1Bi1 ﬁ 1 ll IZA
b1 (1 — d) ll < fl < (angl) ( B ) !
d(l_bl) a 1 I;i a1 B ﬁ 1 %
() o+ (2p)r -
Then, the utility of a worker in country 1 is vl (1, \n) = (a1)™ (a2)*?w!/(p1)™ (p2)** =

cT' [(1 —bl)Fl/blLl] (r?/w )a2 (b1=52) and the utility of a worker in country 2 is v% (1,A\y) =
(a1)™ (a2)*? w?/ (p1)* (p2)*? = CT? (w2/r2)d. Finally, note that vi (1, A\pr) > v% (1, Apr) if and only if
T [(1—by) Fl/blLl]b1 > T2 (w2/7“2)b1. Since in this region w!/r! = (1 — b)) FY /by L > w?/r?, T > T?
implies v} (1, Aar) > v% (1, \pr)-

c. Suppose that country 1 is specialized in good 1 and country 2 is specialized in good
2. Then, in equilibrium, L% = L' L1 = 0, L2 = 0, L2 = L2 Fl1 = F1, F21 = 0,
F2 =0, F} = F2, Q) = T'(FY"(L)"™, @} = 0, @2 = 0, Q3 = T2(F?)™ (12)'",
wpy = (1—b)T(F/IN, vi/p = bT! (Ll/Fl)1 “owpe = (1 by) T2 (F2/L2)"
r2/py = byT? (LQ/FQ)l_b2 and po/p1 = aoT! (Fl)bl (Ll)l_b1 [y T? (FQ)b2 (LQ)l_b2. For this to
be an equilibrium we need (7”1)b2 (wl)lfb2 /T > (r2)b2 (11)2)1762 /T? and (rl)bl( )17b1 /T S
(r)™ (W) T2 ()" (wh) T > ()% (w?) T /T if and only if T2 (F2)" (L?)'™" /By >
@ T (FY) (L)' Jay Bia, while (r1)™ (w!)' ™" /70 < (12" (0?)'™" /T2 if and only if
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1-b1

a T? (Fz)bl (LQ)l_b1 /Bo1 < agTh (Fl)bl (Ll) /Bi1. Thus, we require

By \ ot T B 1) 5,2
1511 _ b Q1512 _ b
(BB)"a-mm L (#R)R0-n s

1-by — — 1-b 1 1-b

— 1 —
R () a-m )R (2B) R -

Then, the utility of a worker in country 1 is v} (1,An) (@)™ () wl/ (p1)® (p2)*? =

a2

C (a1 /a2)® (1 —by) [Tl (F1)” (Ll)“*bl’}‘” [T? (F2)b( 12727/ (Bi)™ (Bag)™ L and
the wutility of a worker in country O{2 is v? (1 M) = (a)™ (@) w?/ (p)™ (p2)*? =
C (anfon)™ (1= by) [T (F1)™ (L) 7] 72 (52) (£2)7)™ / (B1)™ (By)™ 12 Finally,

note that v} (1,Ap) > vf (1, A\y) if and only if 7% (1 — ') oy (1 — b1) /aa (1 — b2) > T?I*. Since in this
region I < a1 (1 —1b1) /(1 — &), T' > T? implies v} (1, Apr) > v2 (1, Ang)-

d. Suppose that country 1 is diversified and country 2 1is specialized in good
2. Then, in equilibrium, L = (1=b)[Q=bg) F* = (w'/r) baL'] / (b1 — b2) (w 1/7“ )
Ly = (1—b2)[ (w'/rY) L' — (1 = b1) FY] / (by — bg) (w!/rY), L3 = 0, L3 = L? F' =
bl [(1—62) Fl ( 1/7“ )szl] /(b1 —bg), F21 = bz [bl (wl/rl) Ll — (1—b1)F1] /(bl —bg)
F2 = 0.F} = F2, Qb = T'By [(1—by) F' — (w'/rl) boL'] / (w! /i) ™" (b — by), Q3 = 0,
Qb = TBan ()L - (b P () b, Q3 = TP (R (1)
w/p, = (1= b)) T (FY/LY", vV /p, = 0,17 (LY/FY)' " for z = 1,2, w?/py = (1 — bo) T2 (F?/L2)™,

r2/py = byT? (LQ/Fz)l_b2, pa/p1 = (B11/B22) (wl/rl)bl_bQ, and w!/r! is the unique solution

to T'[(1—a)F' —a (w'/r') L]/ (wl/rl)l_b2 (by —by) = ayT? (FQ)b (L 2)1 b2 /Bago.  For this to
be an equilibrium we need w!/r! > w?/r? and (1—by) F'/biLt < w'/rl < (1—by) F'/byLt.
wh/rl > w?/r? if and only if f1 > [oq(by—ba) +b2(1—a)l'] Ja(1—by). (1—b1)F'/bi Lt <
wh/rl it and only if an T2 (F2)™ (L2)' ™" /By < aoT' (FN)* (LY /B, w'/rt <
(1 —by) F1 /by LY if and only if [TQ (F2)™ (22)'" 1t (FY)" (Ll)l’ﬂ (b1 —b2) > (b2 —b1), which

always holds. Thus, we require

L 1—by
a1 B
pombi-brha-ar o (@) 00
= 64(1—b2) 1 1-bgy o1 Bio é ) 1—bgy
()77 + (2Be) -
Then, the utility of a worker in country 1 is Ui (L, ) = (o)™ (o)™ ,wl/(pl)oq (p2)®2 =

TIC( L/t )d and the utility of a worker in country 2 is vZ (1, Ap) = (a1)™ (a2)*? w?/ (p1)™* (p2)?
2C (w'/r )al (b1=b2) (1 —bQ)Fz/bQLZ}In. Finally, note that vl (1,A\p) > v2 (1,A\y) if and only if
T (wt/rt ) > T2 [(1—by) F’z/bgLQ]bQ. Since in this region w! /r! > w?/r? = (1 — by) F? /by L2, T' > T?
implies vl (1, A\ar) > v2 (1, \pr)-

e. Suppose that country 1 1is diversified and country 2 1is specialized in good
1. Then, in equilibrium, L} = (1—1b)[(1—b2) F* = (w'/r!)boL] / (b1 — b2) (w'/r!),
Ly = (1—=by) by (w/r) Lt = (1 =by) Ft] /(b1 —bo) (w'/rt), LY = L* L3 = 0, FI =
b1 [(1 — bg) Fl — (’U)l/’l“l) bQLl] /(b1 — b2) ,F21 = b2 [bl (wl/rl) Ll — (1 — bl) Fl] /(bl — bz),
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FRo= F% B = 0, QF = T'Bu[(1—b) Pl = (w/r)boL] / (wl/r!) " (b1 = ba), QF =

T2 (F)" (L), Q) = T'Ba (b (w!/r) L = (L =b) FT]/ (w! )T (b —ba). Q3 = 0,
wh/p. = (1=b) T (FY/L), 7 fp, = b, T (LY FD' ™% for 2 = 1,2, w?/py = (1 — b)) T2 (F2/L2)"™
r2/p1 = b T? (LQ/FQ)l_bI, p2/p1 = (Bi11/B22) (wl/rl)bl_bQ, and w!/r! is the unique so-

lution to T2 (FA)™ (L2)"™" /By, = T'[a(w'/rt) L' = (1 —a&) F'] /(b — b) (w'/rt)' ™"

For this to be an equilibrium we need w!'/r! < w?/r? and (1-by)Fl'/biL} < wl/rl <

(1—bg) F1/boLt.  wh/rl < w?/r? if and only if f1 < [by(1—a)l' —as(by —bo)] /& (1 —by).

(1—b) F'/p L' < w'/r! if and only if [T? (F2)" (£2)' ™" /1t (F)™ (LI)H’I} (b1 —by) >

(bg — b1), which always holds. wt/rt < (1—b2)F1/bgL1 if and only if f! >
—by 1-b1 b

(062321/061311)b1 (1= ) e /[(Zl) e (0421921/041311)"1 (11" bll] Thus, we require

1 1-by
B b 1\ o
(s82)" - _a b=@) —as (b —by)
by o 1-b - a(l—1b)
() o
Then, the utility of a worker in country 1 is vl (1, An) = (a1)™ (a2)®?wl/(p1)™ (p2)** =

) = (1) (a2)™ w?/ (p1)™ (p2)™ =
T?*C [(1 —bl)FQ/blLQ]b (rt/w )a2 (br=b2) Finally, note that vl (1,A\y) > v2 (1,A\p) if and only if
T! (11)1/7°1)b1 >T?[(1—by) F2/blL2] or, which is equivalent

T'C (wl/rl)d and the utility of a worker in country 2 is vZ (1, Ay

1-by

d(Tl) (L—b1) 1" — (by —bz) ag (1 = 1Y) (%)T

> T—b;
d(Tl) (1— b))l — (bl—bg)ag(gf) U (1) by (1—a) (1)

f.  Suppose that country 1 is specialized in good 2 and country 2 is good 1.  Then,
in equilibrium, L} = 0, LI = L', L? = [? [2 = 0, F! = 0, F}f = F', F} = F?%

fl

o= o0 @ = 0 @ = TEME)T @ = TE) @) @ = o
whfpy = (1—b) T (FY/LN)”, rljpy = bQTl(Ll/Fl)l_b2 wfp = (1—b1)T2(F2/L2)b1
Ppr = BTP(LA/F)T and pa/pi = aoT? (F2)M (L)1 Jan TN (FY)™ (L)
For this to be an equilibrium we mneed (r ) ( )1 b - (e )bl( )1 b JT? and
P @) s @ T ) @) T () )
lb 1-b 1-b

and only f! < (()QBQl/olen)bL (1—l) e [( ) o —{—(angl/aan)ﬁ (1—l1)T1 .
(r))" (wh)' 7" /12 < ( )2( 2)1=02 if and  only if  f! >
(0621922/061312)é (1 - ll) 1;2 / [( ) (0421922/0411912)"2 (1 -1 )lb?]- Thus, we require

o bi 1-0by o 1-by

()™ 0o ()t 0o

1—by 1-b L 1—by

1—b. 1 _
(ZI)# i <g?§?§>b2 (1—11) ® (p)Tl i <§§f§fi>b1 (1—11) 5
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(p1)* (p2)™ =

Then, the utility of a worker in country 1 is vl (1, An) = (a1)™ (a2

/
C (TQ)OH (Tl)(m (az/a1)™ (1 — bo) (Fg)albl (LQ)O“(l b1) (Fl)fmbz ( )042(1 b2) 1 (322)0‘2 Il
and the utility of a worker in country 2 is v? (1,Ay) = (aq)™ (042) w?/ (p1)™ (p2)*? =
C (TQ)al (Tl)az (1 _ bl) (al/az)ag (Fl)a2b2 (Ll)a2(1 b2) (Fg)cub ( )a1(1 bl) (Bll)al (322)042 12
Finally, note that v} (1, \n) > 02 (1,Ap) if and only if L%ag (1 —by) > oy (1 —by) L or, which is
equivalent

T2y (1 — bl) + Tlay (1 — bg)

g. Suppose that country 1 is specialized in good 2 and country 2 is diversified. = Then,
in equilibrium, L} = 0, Ly = L', L? = (1—1by) [(1 —b2) F? — (w?/r?) boL?] / (b1 — b2) (w 2/7“)
L = (1—b2)[ (w 2/7") — (1 =by) F?] /(b1 — bo) (w?/r?), F1 = 0, Fy = F F1 =
by [(1 —bg) F? — (w 2/7“ )b2L?] /(b = ba), Fy = by [by (w?/r?) L* = (1 = by) F?] / (b1 — b2), Q1 = 0,
G = T2 () P2 (wr%) 0al?]/ (u2%) 7 i), Q) = TP (1), ) =
T?Bas [by (w?/r?) I?—(l—bl)FQ}/(1112/7"2)1_1)2 (b1 —b2), w'/ps = (1—by)T! (Fl/Ll) , rlpe =
T (LY FY)' ™" w2/p, = (1=b)T?(F2/L2)", 2/p. = b.T2(L2/F2)'™" for = = 1,2,
p2/p1 = (Bi11/Ba2) (w2/r2)b1_b2, and w?/r? is the unique solution to a7 (Fl)b ( )1 b2 /By =
[(1—a)T?F? —d(wQ/TQ) TQLQ}/(wQ/TQ)l_b2 (by — by). For this to be an equilibrium it must be
the case that w!'/r! < w?/r? and (1 —b1) F?/b1 L% < w?/r? < (1 —by) F?/bo L2 wl/rl < w?/r?
if and only if f! < bg(l—a)l /a(l—bg) w?/r? > (1—-b) F?/b1L? if and only if f! <

—boy —bgy 1-b _
(a2B22/a1B12)b2 (1 —1 ) Thy / (ll) Thy —|—(042322/041312)b2 (1 —1 ) b22:|. w2/r2 < (1 —b2)F2/b2L2 if

and only if {Tl (Fl)b2 (Ll)l_b2 /T? (FQ)b2 (L2)1_b2] (b1 — b2) > ay (ba — b1), which always holds. Thus,

we need

Bo\ 3 1) 52
a2 522 2 _ by
(041312) (1 l) 2

a_b(d—al .
Oz(l—bg) A llﬁ a2 B \ b2 1—1]1 1;&
()7 + (2B2) -
Then, the utility of a worker in country 1 is vl (1,An) = (a1)™ (a2)®wl/(p1)™ (p2)** =

T'C [(1—62)F’1/b2L1]b (w?/r )al (b1=02) and the utility of a worker in country 2 is v% (1,A\y) =
(a1)™ (a2)* w?/ (p1)™* (p2)** = T?C (w?/r?)®. Finally, note that v} (1, Aar) > v3 (1, Apr) if and only if
T [(1 = by) Fl/bng]b2 > T2 (w2/r2)b2 or, which is equivalent
_ 1— @) bol!
ft> =7 S
- (;;) 2 (b — b)) I+ (1 — &) bol! + & ( )

L
2

(1—bg) (1 -1

Proof of Part 2. From part 1:
a. vl (1, \p) > v2 (1, A\py) if and only if:

s (1 — @) bol!
o (Tl/TQ)l Gy (by = b)) I + (1 — &) bol' + & (Tl/T?)% (1—by) (1 —11)
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for ' < Tlao (1 —by) / [T?0q (1 — by) + T g (1 = by)]; or

s o (TQ/Tl)bL (1= b1) 1" = (by — ba) az (1 —11) (TQ/T1)%
& (T2/TY) (1= b)) 1 = (b = by) a2 (T2/T1) 2 (1 =10+ by (1= ) (1= 1)

for 11 > Tlag (1 — bg)/ [T2a1 (1 — bl) + Tlag (1 — bg)] .
b. vi (1,Apr) < 02 (1,A\y) if and only if

(1 — @) bol!

fl< = 1
(e %1 (Tl/TQ) b2 (b1 — bg)ll (1 — 54) boll + & (Tl/TQ)g (1 — bg) (1 — ll)

for I' < Tlag (1 —by) / [T (1 — by) + Tlag (1 — by)]; or

& (T/TY) o (1= by) 1 — (b — b) an (1 — 1Y) (T/T) 0"
& (T2/TNYP (1= by) 11 — (by — bs) g (T2/T) T (1= 1) + by (1 — &) (1 — 1)

fl<

for ! > Tloéz (1 — bz)/ [T2a1 (1 — bl) + Tloéz (1 — bz)] .
c. vi (1, Ay) = v% (1, \y) if and only if

(1 — @) bol!

Jﬂ = by 1
oy (TV/T2) T2 (by — b) It + (1 — &) boll + G (T /T?)% (1 — by) (1 — 11)

for 1" < Tlao (1 —bg) / [T?01 (1 — by) + T (1 = by)]; or

& (T?/TY) 5 (1 — b)) 1 — (by — b)as (1= 1) (12/7) "

fl = 1 by
O~4(TQ/Tl)H (1—[)1)1 (bl—bg)ag(TQ/Tl) b1 (1—ll)+bl(1—a)(1—ll)

for I* > Tl ay (1 —by) / [T?n (1 — by) + Tl ag (1 — by)]; or

(1—&)byl?
1-bo 9
_ o1 (TY/T?) b2 (b1 bo) 1+ (1— a)b2l1+a(T1/T2)b2 (1=b2)(1-11)

fle Lh
(TQ/Tl)bl (1=b1)I (b1 —b2)aa (1-11) (T2 /T1) b1
1-by
a(T?/Tl)bll (1=by )t —(by—ba)ea (T2 /T1) P1 (1—11)4b1 (1—a&)(1—11)

for I} = Tloéz (1 — b2) / [T2a1 (1 — bl) + Tloéz (1 — bz)] .

Next we prove three results that will allow us to compare v% (1,0) and v% (1,1).

Result 1: ol (1,A\p) and v? (1,A\y) are continuous functions of L' and L? for any 77,
T2, F!' and F?. From a simple inspection of v} (1,Ay) and o2 (1,Ap), it is clear that,
in the interior of each of the seven regions, v} (1,Ay) and v? (1,A\p) are continuous. It
is also easy to prove that v} (1,A\y) and v%(1,\y) are continuous in the boundary of

each region. For example, the intersection _between the boundaries of regions a and b is
{5 elo,(1=b)oa/(1—a)(1—azby)], ff=0b1(1—a)l'/a(l—by)} or, which is equivalent,
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V= o (L' + L%, with ¥ = a(1—b))T*F'/ [ag (by — ba) T'F' + T?F?by (1 — @) + & (1 — b)) T?F?]
and  T'F! € [0, (arby /aabo) T?F?]. In  region  a, vl (1, ) =
T'C[(1—a)/a]” [(T1F1 T?F?) / (T'L' + T?L*)]%,  while in region b, o} (L,Ay) =
CT' [(1—by) F*/by L ] (r?/w )a2 (b= b2) where  w?/r? is  the unique solution  to
T (FHY (Y™™ /By, = [aT? (w : /r2) L2 = (1—a)T2F2] / (w?/r2)' " (by —by).  Therefore,

in the boundary we have:

T'F' + T?F?
T (L' 4+ L?) + T? (1 — ) (L' + L?)

1—a\@
lim k(1 ) = CT" < _ O‘)
Llsy(L14L2) " o

(1 —by) F*

li L, ) = vl (1, ) =CT! | ———2—r
1im UL(7 M) UL(y M) blw(Ll‘i‘LQ)

L' —y(L'+L2)~
Moreover, note that when limL1—>w(i1+E2)+ vl (1, n) = thl—w(ilJrE?)* vl (1, \n) = v} (1, Apr). Thus,
v} (1,An) is continuous at L' = ¢ (L 4+ L?).
Result 2: v} (1,Ay) is decreasing in L'/ (L'+ L?). In region a, o} (1,Ay) =

T'C[(1 - &) /&) [(T'F* + T2F?) / (T'L! + T?L%)]%, which is decreasing in L'/ (L' +L?). 1In
region b, vl (1,A\y) = CT! [(1 —by) Fl/blLl]bl (r2/w2)a2(brb2), where w?/r? is the unique solu-
tion to apT' (F1)™ (LY /By = [aT2 (w?/r?) L? — (1 — &) T2F2] / (w?/r2)" ™" (by — ba). Since
w?/r? is increasing in L'/ (L1 —|—I_/2), vl (1, ) is decreasing in L'/ (I_Ll —|—L2). In region c,
vjli, (1,)\M) _ C(al/a2)a2 (1 _ bl) [Tl (Fl)bl (Ll)(l—bl)]al [TQ (FZ)bQ (L2)1—b2}°‘2 /(Bll)al (322)a2 Ll,
which is decreasing in L'/ (L' 4 L?). In region d, ol (1,A\y) = T (wh/r! )d, where
w'/r' is  the unique solution to T'[(1-a)F'—a (w!/r!) L] /( / )17 (b —by) =
ayT? (Fz)b (L )1 b /Bas. Since w'/r! is decreasing in L'/ (L' + L?), v} (1,\y) is also decreas-
ing in L'/ (L' + L?). 1In region e, vj (1,A\y) = T'C (wl/rl)d, where wl/r is the unique solution
to aoT? (F’2)b1 (L2)17b1 /B = Tt [a (w!/r') L' — (1 — &) F] / (b1 — ba) (wl/rl)kbl. Since w!/r! is
decreasing in L'/ (L' + L?), v} (1,Ay) is also decreasing in L'/ (L* 4+ L?). In region f, v} (1,\y) =
C (an/an)™ (1= ba) [42 (F2)" (12)' 7] [t (P1)" ()77 ™/ (Bu)™ (Be)* LY, which is de-
creasing in L'/ (L'+L?). In region g, v} (1,Ay) = T'C [(1—b2)F’1/b2Ll]b2( 2/r 2)a1(brb2),
where w? /r? is the unique solution to arT! (Fl)b ( )1 b2 / Baso =
[(1 —a)T?F? - a (w2/7"2) T2L2] / (w2/r2)17b2 (by — by). Since w?/r? is decreasing in L'/ (L1 + I_L2),
v} (1,An) is also decreasing in L'/ (L' + L?). Finally, due to Result 1, v} (1,Ap) is a continuous
function and, hence, it must be decreasing in L'/ (Z_Ll + I_L2) not only in each region, but everywhere.

Result 3: Following the same steps we employed in Result 2, it is easy to
prove that % (1,A\y) is decreasing in L%/ (I_/1 + I_L2). For example, in region e,
v (L,LAy) = CT?*[(1-1by) FQ/blLQ] b (rl/wl)w(bl_b), where 1;’11 is the wunique solution to
s T? (FQ)b (L )1 "By = T (6@ (wh/rt) LY = (1= &) F*] / (b1 — bo )(wl/rl)lfbl. Since w!/r! is

increasing in L?/ (L' + L?), v? (1, A\pr) is decreasing in L?/ (L' + L2)
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From Results 1-3, if v} (1,0) > v% (1,0 1,1);
v? (1,0) > v? (1,1); and if v} (1,0) = v%( : ) then v} (1,0) = v% (1,0) = v} (1,0)
completes the proof of the lemma. W

Proposition 4 characterizes the equilibrium trade and labor mobility policies in a Heckscher-Ohlin
economy.

A N
Proposition 4 (Heckscher-Ohlin economy). Assume that T* > T2, % # [Ei 7)1 ] and
fr#L

1. Suppose that under free trade and no labor mobility the country relatively well endowed with factor
F is dwversified. Then, the trade and labor mobility game has a unique Nash equilibrium outcome:
no trade and no labor mobility.

2. Suppose that under free trade and no labor mobility the country relatively well endowed with factor
F specializes in the F-intensive good (i.e., good 1). Define:

(I, f1) € o, 11* such that:

' <1y and f*>mn (ll) when ?73( ) < fl<ns (ll)
k=1 nk(Y) < fr<nf (1Y) when ns (I) < ' <ne (1)
I'>1, and f' <mn. F) when ng ([1) < ft<m (il)
77/9 (l_l) < fl< 77]{{ (F) when 17 (fl) < fl<mg (F)

(a) If (F, fl) € K, then the trade and labor mobility game has two Nash equilibrium outcomes: (i)
no trade and no labor mobility; and (i) free trade and no labor mobility. Moreover, Wé (1,0) >
W2, (0,0) for j =1,2.

(b) If (il, fl) ¢ K, then the trade and labor mobility game has a unique Nash equilibrium outcome:
no trade and no labor mobility.

Proof:

No trade and no labor mobility is always a Nash equilibrium outcome.

Free trade and no labor mobility could be a Nash equilibrium outcome only if, under free trade and no
labor mobility, the country relatively well endowed with factor F' specializes in good 1. In order to prove
this we must consider seven possible cases. From Lemma 4 Part 1, vi (0,0) = CTY [(1 — &) /&]* (F9/L7)"
for j =1,2.

a. Suppose that max {771 (l_l) ;12 (l—l)} < f! < min {773( ) (l_l)} Then, from Lemma 5 Part
1-a, both countries are diversified and vé (1,0) =T7C[(1 - &) /d]d [(T'F'+ T?F?) / (T'L' + T2L?%)]".
Moreover, f! > [! implies W/ (0,0) = v} (0,0) > v} (1,0) = W/ (1,0), while f! < I implies W2 (0,0) =
v? (0,0) > v} (1,0) = WZ(1,0). Thus, free trade and no labor mobility is not a Nash equilibrium
outcome.

b. Suppose that ns (F) < fl < ns (ﬂ), which implies f! > I' (i.e., country 1 is relatively well
endowed with factor F). Then, from Lemma 5 Part 1-b, country 1 specializes in good 1, v} (1,0) =
T'C[(1 —bl)F’l/bll_/l]b (r?/w )a2 (b1=b2) and v? (1,0) = T%C (w?/r?)®, where w?/r? is the unique
solution to T (Fl)bl (L )1 b /Bu = [aT? (w?/r?)L*— (1 —a&)T?F?]/ (w2/r2)1_b1 (by — b2).
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Moreover W4 (1,0) = i (1,0) > 0l (0,00 = W(0,0) if and only if w?/r? <

b — p—
[(1—by) /b1] w21 5) [a/ (1 — @)]e2t1=b2) (F1/L') or, which is equivalent:

b1by
Blld (1;1)1) ag(by—b2)
q4 T 1
I <lpy= o ™
Bnd <%) ag(by—bg) NP (bl _ bg) (I?Ta) g (b1 —bg)
& b1((b1—bg))
5 —a by —bg) by ) a2(b1—b2) 71
X - B (1 - a) (43%) =) <m) !
> ) =
= (1) - b (b))
~\ (1—& % b ag(b;—b2) 71
By (1= ) (552) =0 (g ) =0 Py
by \ F3 ) L
1-by ) >2(b1~ 1-8\ a5 =
By (552) =07 (1= 1) - ay (458) =0 (by — bo) I

WE (1,0) = vf (1,0) > v, (0,0) = W (0,0) if and only if w®/r* > (1 — &) F?/a@L?, which always holds.

Thus, free trade and no labor mobility is a Nash equilibrium outcome if and only if I' <lyand f' >, (F)

c. Suppose that ns (ll) < fl < ong (ll), which implies f! > I! (i.e., country 1 is relatively

well endowed with factor F). Then, from Lemma 5 Part 1-c¢, country 1 specializes in good 1,
=1\b1 71\ (1=b1)] N =o\b2 79\ 1—b2] 2 7

ob (1,0) = C (a1 /a)* (1 = by) [T (F)" (L) T (12 (F2) (12)17%] 7/ (B)™ (B22)* LY and

aq

_ _ _ _ _ _ a2 _
W (10) = Clagfan)™ (1—b) [T (F)™ (L)) |72 (F2)" (£2) 7]/ (Bu)™ (Ba)™ L.
Moreover, W/ (1,0) = v} (1,0) > v} (0,0) = W/ (0,0) if and only if

1

1 aq —
a1 23 & L" Q| azby 1_i1 1;b2
7t () = ()" |omthre (%)’ S

_ 1=ty o L _ & a| agby _ _1-=bgy
(ll) b +<a_;) by [7(311)(}”(%)22)% (Td) :| (1—[1) bo

while W2 (1,0) = v? (1,0) > v2 (0,0) = W2 (0,0) if and only if

(ﬂ)ﬁ {M (”“)5‘] o (1-1)n"

a2 (T—b2) &

_ 1 JU S
([1)% + (g_;) b1 {(311)(;1%523)22)a2 (1754)04] a1by (1 _ [1)W

el () =

Thus, free trade and no labor mobility is a Nash equilibrium outcome if and only if (Z 1) < ft<gl (i 1).

d. Suppose that fl > 4 (ll) and f! > g (ll), which implies f! > [ (i.e., country 1 is
relatively well endowed with factor F'). Then, from Lemma 5 Part 1-d, country 1 is diversified,
vt (1,0) = TC (w!/rh)® and v? (1,0) = T2C (wl/rl)al(bﬁbﬂ [(1- bz)F2/bQI_/2:|b2, where w!/r! is the
unique solution to 7% [(1 — &) F*' — & (w!/r') L'] / (wl/rl)l_b2 (by — by) = a1 T? (FQ)b2 (Ijz)l_b2 /Baa.
Moreover, W} (0,0) = v} (0,0) > v} (1,0) = W4 (1,0) if and only w!/r! < (1 —a)F'/aL', which
always holds. Thus, free trade and no labor mobility is not a Nash equilibrium outcome.

e. Suppose that ng (il) < ff<m (Zl), which implies 1 — f! > 1 —I' (i.e., country 2 is rela-
tively well endowed with factor F'). Then, from Lemma 5 Part 1l-e, country 2 specializes in good 1,
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v} (1,0) = T'C (wt/r! )d and v? (1,0) = T?C [(1 — by) FQ/blf/Q]bl (rl/wl)w(bl_b), where w!/r! is the
unique solution to apT? (FQ)b (Z_L2) i /By = Tt [ (w'/rt) Lt — (1 — &) F'] / (b1 — by) (wl/z"l)libl.
Moreover, W4 (1,0) = vi(l 0) > vt ) = W4 (0,0) if and only if w!/r! > (1—a)F'/aLl,

(
which always holds ,0) = 2 > 02 (0,0) = WZ2(0,0) if and only if w!/r! <
VL L G
[(1—by) /b1] 5201 ) [a/ (1 - ]a2(b1 52) (F %) or, which is equivalent
- (b1 — bg) a9
Ir> le = b1by &by
Biia (1;5)1) O‘2(171 b2) <%> ag(by—bg) + (bl . bg)a
b
Bi1a (ﬂ az(bll b2) li (bl b2) L
bl((bl bg)) OéEII) b})))
_ _ 1-by | @2(b1—b2 _a | «2(b1-b2 _ 71
fr<me (') = o b2)a2( > < ) =
e - a
Bii(l—a) (1-1') +aBn ( >a2(b1 12 (A ) et

b1 (1 b1) b )

_ (bl _ b2) s (1b1b1> ag(by—b2) <%) aQ(bl b2) (1 _ Zl)

Thus, free trade and no labor mobility is a Nash equilibrium outcome_if and only if I > I, and f! < n, (il).
f. Suppose that 77 (F) < fl <o (F), which implies 1 — f! > 1 —[' (i.e., country 2 is rela-
tively well endowed with factor F'). Then, from Lemma 5 Part l-e, country 2 specializes in good

1, Ui (1,0) = C(az/an) (1 —by) {T2 (FQ)bl (l—;z)l—bl}m [Tl (Fl)bQ (E1)1—b2]a2/(311)a1 (Ba2)®™? It
and v} (1,0) = C (1= by) (ar/az)® [T2 (F2)" (L)) [0 (P (2)'77] ™/ (Bu)™ (Ba)™ L2,
Moreover, W/ (1,0) = v} (1,0) > v} (0,0) = W/ (0,0) if and only if

1

a o (1-b2) & \&| et 1-by
7l H /71 (a_i) 1 [W (Ta) } (1—?1) b1
Fr<my (1) = 1 |

S (a0 (1—by) a \¥| o 1y L
() + <a_1) B (Bxn)™2 (Ta) (1=)

while W2 (1,0) = v? (1,0) > v2 (0,0) = W2 (0,0) if and only if

1 1

(3" [ (aye] s 1 py's?

71 1;& Qs é (B11)%1(B22)*2 /1—a\& ﬁ = 1;’)2
)=+ (32)" | P () -

Thus, free trade and no labor mobility is a Nash equilibrium outcome if and only if 7 7 (l_l) < fl< ur; (F)

g. Suppose that f! < (fl) and f! <y (F) which implies 1— f! > 1 — ' (i.e., country 2 is rela-
tively well endowed with factor F'). Then, from Lemma 5 Part 1-g, country 2 is diversiﬁed, vl (1,0) =
T'C [(1 = bo) F* /by El]b (w?/r )al (b1722) and v? (1,0) = T*C (w2/r2)d, where w?/r? is the unique solu-
tion to oy T (Fl)b (L )1 b2 /B = [(1— &) T?F? — a (w?/r*) T?L?] / (11)2/7“2)1_b2 (b1 — bz). Moreover,

flzay (@)=
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WE (0,0) = v% (0,0) > v? (1,0) = W2 (1,0) if and only if w?/r? < (1 — &) F2/aL?, which always holds.
Thus, free trade and no labor mobility is not a Nash equilibrium outcome.

Free trade and free labor mobility is not a Nash equilibrium outcome. From Lemma 5 Part 2-a, if
> (1Y) for I' < I; or f1 > myo (1Y) for I > I, then WL (1,0) = v} (1,0) > v} (1,1) = W} (1,1).
Therefore, workers in country 1 prefer to block labor mobility. From Lemma 5 Part 2-b, if f1 < ng (l_l)
for I* < I; or f1 < mo (I*) for I* > 1, then W2 (1,0) = v% (1,0) > v% (1,1) = WZ(1,1). Therefore,
workers in country 2 prefer to block labor mobility. From Lemma 5 Part 2-c, if f! = nq (l_l) for I' < I;
or f1=mp (Z) for I >[ or ft € [ (1) ymo (l )] for I* =1, then, W} (1,0) = W} (1,1) = WZ (1,0) =
W2 (1,1) = v} (1,0) = v} (1,1) = 0% (1,0) = v% (1,1). Since f1 =y (I) and It < l_implies fl< 771 (M)
and f! < 77 (I'), whenever f* = ng (I') and I* < I, it must be the case that v (0,0) > v7 (1,0) = vL (1,1).
Thus, free trade and free labor mobility is not a Nash equilibrium. Since f! = 7y (l ) and [* > [ implies
that ng (P) < fl<mp (l_l) Thus, if in addition I* > I, and f! < 7, (l_l)

> + just proved that either v} (0,0) > vl (1,0) or vZ (0,0) > v} (1,0).

(L)% (1-1)+01

No trade and free labor mobility is not a Nash equilibrium outcome. From Lemma 4 Part 3, T!/T? >
(F?LY/F'L?)" implies that W} (0,0) = v} (0,0) > v} (0,1) = W} (0,1), while T /T? < (F2L'/F1L*)"
implies W (0,0) = v# (0,0) > v (0,1) = W (0,1). Thus, no trade and free labor mobility is not a Nash
equilibrium outcome.

B.2 Ricardo-Vinner specific factors economy

Consider an economy with two countries (J = 2), two tradeable goods (Zr = {1,2}) and three factors of
production (Fy, F» and labor L). Production functions are given by QL = (FZJ )b (L]Z) o for z = 1,2,
with b € (0,1). Factor endowments in country j are (F’f ,F‘Qj L7 > > (0,0,0). All agents have the same

. -\ Oz
preferences, given by u (¢/) =[],c, (c;) , with o, >0 and > 0, = 1.
Lemma 6 characterizes the equilibrium of a Ricardo-Vinner specific factors economy under autarky.

Lemma 6 (Ricardo-Vinner specific factors economy under autarky). Assume there is no
trade in goods, i.e., Ar = 0.

) ba b(1—au) — .
1. Suppose there is no labor mobility, i.e., A\py = 0. Then, v} (0,0) = C <F1]) ' (FQJ) ' /(LJ)b,
1-b
where C' = [(al)o‘l (1-— al)l_al] (1—-10).
2. Suppose there is free labor mobility, i.e., Apr = 1.

- 1y (1=1) L ;
@ 1 (5)" (8) 7 > Bl then L = (L' +mI?), T2 = (1-m) 2, v} (0,1) =

(1 )LQ’
C(F,ll)boq (Fg)b(lfoq) C(Ff)bal (F—g)b(lfal) .

(L1+mi2)b and v, (0.1) = [(1—m)i2]b
Lomit (B () N ) G i Gy o
( ) f L2+mL1 S <Fv2) (FQ) S ( )LQ’ th’en L (Ff)al(—22)1—a1+(F11)a1(F21)1—a1} Lb
F2)o1 F2 l—er(r +I2 71\ (1 1—0¢1Jr F2)o1(F2\ime
G e ond v 001) =0 (0,1) = | UL )
i 2
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1\ &1 1l (1—0:1) 1— El — — —
€1 (7)) (%) < SmL then L' = (1-m)L', L? = L*+mL}, v} (0,1) =
C’( ’ll)bal (Fg)b(lfoq) and v2 (0 1) _ C(Ff)bal (F—g)b(lfal)
[(1—m)L1]" LA (L2+mLt)’

1—a1)

@ (1—aa1) = =1\ =1\ (
3. If ?1;) ' ——%) Vs %—;, then vl (0,0) > vl (0,1), while if (F_§> ' (F_ji) <

S

, then

Proof: Let pg denotes the price of good z = 1,2 in country j, rfv the return of factor f = 1,2 and

w/ the wage rate. Under autarky, the equilibrium conditions in country j are:

—_ .\ b _ .\ b
. F ) . FJ . . )
o (5) < osocn () e
Iy Ly
o\ 1-b 1-b
. I’ . LJ . . o
pib <F_;> =r{, pib ( = ) =13, p1Q] = 1Py
1

, , ) L N o
Therefore, in equilibrium, L] = oL/, L} = wl’, pj/p) = <F2]041/Ff042>, wl/p] =
_ A\ b L _ A b
(1-0) <F1]/a1LJ) , w/py = (1-0) (FZJ/OCQL]) and, hence, the utility of a worker in coun-
. . e . . .
try 3 is v} (00) = (o)™ (a2)** w3/ (5]) "™ ()" = € (Fi/10)

a 1—ay 170
(@)™ (1=a)'™™ | " (1-p).

When there is no labor mobility, L7 = LJ. When there is free labor mobility, mobile workers locate
in the country with the highest v]. We must distinguish three possible cases.

a. Suppose that (13’1/}72)0‘1 (Fl/F‘QQ)(lfal) > (L' +mL?) /(1 —m)L? Then, vf(0,Ay) >
v? (0,Ay) for all L' € [(1—=m) L', Lt + mfﬂ and L? € [(1—m)L? L*+ mL']. Therefore, in equi-
librium, L' = (L' + mL?) and L* = (1 — m) L*.

b. Suppose that (1 —m) L/ (L2 +mL') < (Fl/F2)™ (FL/F)" ™ < (L' +mIL2) /(1 —m) L%
Then, v} (0,An) > 02 (0,Ap) for L' = (1—m)L' and L? = L? + mL', while v} (0,A\y) <
v2 (0,A\py) for L' = L' + mL? and L? = (1—-m)L?  Moreover, v} (0,\p) is decreasing
in L. Therefore, in equilibrium, it must be the case that v} (0,1) = % (0,1), which im-
plies L1/ (I +2) = (R)™ ()™ [(F)" (B3)'™ + (F)™ (F})'™] and 22/ (1' +17) =

= =0y 1— = Zoy1— 1-
(F2)™ (F3) / [(F)™ (F)' ™+ (F)™ (B ].

c. Suppose that (£} /EFZ)™ (}_721/F22)(1 o) < (1—m) L'/ (L* + mL'). Then, v7 (0, ) > v}, (0, Aar)
for all L' € [(1 —m) L', L* + mL?| and L? € [(1 —m)L? L* + mL'|. Therefore, in equilibrium L' =
(1—-m) L' and L? = L? + mL'. Summing up, the utility of a worker in country j under autarky and

a9 bai

<F2J‘/Lj>b(lial), where C' =
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free labor mobility is given by:

( P bay 2 b(l—a1) ] Iz ai 2 (1—ou) FlmE?
(rwr) (o) i (8) 7 (2) >
[/ a1\ (m1\1—a1 A2\1 (211 = —1\ —1\ (1—a _ _
ob(0,1) = ¢4 |(EE) ()T () i el < ()" (B) < Bmi
r I bay 7l b(1—au) ] Pl ai Rl (1—ou) (1—m) L}
) [ (%) (#)  <temm
P2 bay P2 b(1—au) ] I ai 2 (1—ou) ElmE?
[ (1=m P] [m} , if <F_%) F_§> = Tm)L2
[ 1\l pi\1—e1 | (@21 me)l-a1 = =1\ =1\ (1—« = =
v%(O,l):C (A1) (7)) Lli(isl) (F3) if (Ll2_.4_n;2§11 < ﬁ_%) 1(%)( I)S(Lll_tzs%z
/ F2 bay 72 b(1—a1) ' FI\ [ F} (1—a1) (1—m) L
| (moom) (7o) (%) (#)  <temm

Finally, note that (F{/F?)™ (Fy/F3 )(1_0“) > L'/L? implies v} (0,0) > vl (0,1), while L'/L? <

(FL/FH)™ (F’Ql/F’2)( 1) implies v (0,0) > v% (0,1). This completes the proof of the lemma. W
Lemma 7 characterizes the equilibrium of a Ricardo-Vinner specific factors economy under free trade.
Lemma 7 (Ricardo-Vinner specific factors economy under free trade). Assume there is free

1l 2
trade of goods, i.e., A = 1. Suppose that % > % and let
2 2

Ll
T (2 o) = - (2) @1+ Q1) - on (@34 @)

where p, is the price of good z =1, 2.

1. Suppose there is mno labor mobility, i.e., Ay = 0. Then, vi (1,0) =

1_.7b _
C () (ag)*2]? [F(;()pi%);} where BL = p® is the unique solution to BT <p2, LQE:LQ) =0.

2. Suppose there is free labor mobility, i.e., Apr = 1.

(a) If FLF}+(1—on)FEF +CVlF2F1 > L1+mL

GEDIGE: 1 then, L'=L'4+mL? L?=(1-m)L* and v} (1,1) =

1
e E — _
Clln )*?] b [ éT ] where BL p = p§ 1is the unique solution to BT (%7 Lg;:’%;) =

(b) f (L-m)L! FLE (10 FPF] +od FRF) L then, L' = o (L'+L%), L* =

(1—v) (Lt + L?), where ¢ = I Rl VFEL RE L LI vl (1,1) = 3(1,1) =
+
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PR o mI e, LU = (1-m)LY, L2 = L% + mL'and,

1 1
(Fi+F?)(F3+F3) Li+L2 7 ’
. 1_.7b
. J e \b iJ

vl (1,1) = C(en)™ (ag)™] [%] , where W = pg is the unique solution to

Ph
p (I=m)L'\ _
BT <p_27 E2+mil) -

Proof: Let p, denote the price of good z = 1,2, r; the return of factor f = 1,2, and w’ the wage
rate. Under autarky, the equilibrium conditions in country j are:

FJ b , § 2 b . .
p1(1—0) L_i =w’ =py(1—0b) L—? , LY+ Ly =1 for j=1,2
1 2

Lj 1-b Lj 1-b
pib <F—§> =r1, plb <F—§> =7 for j=1,2
1 1

aspr (Q1 + QF) = a1p2 (Q5 + Q3)

=

: i _ Lmicis [ 7 =il i mirs [#d =i
Therefore, in equilibrium, Ly = (p1/p2)? FY L7/ |Fy + (p1/p2)* F; |, Ly = F5 L7/ | Fy + (p1/p2)? ( Fy )|,
. . 1 1 _.b ) _ . 1/ b
wipy = (=0 {[F+@/p)t |/ (/e D}, wifpe = (=) {[F +@1/p2)? (F)] /17}
and pj /p2 is the unique solution to BT (pl/pg, L' (El + EQ)) = 0, where

BT(22 L) :(1—04)(12) (Q1 + Q1) — a1 (Q3 + Q3)
pe L'+ 2 Vlpp) T T e

1 1-b 1 1-b

p1)b 71 pL\b (T1 72 711

1(P1 L' _ pl (P2> L 2 (P L _ f2 (P2) (L +L7-L )
' L+ L2) | bz M \p Lt 12) 72 b o
P+ (”—;) ] 2 (;;-;) F

1-b 1-b
| (pl L > = L 5 <P1 L _ 2 (L'+ L2 - L)
2\ 71 ) — 42 1 ) 2\ 7 79 — 42 1

p2 L'+ L — b = p2 L'+ L — b =
B+ (2)" A B3+ (2)" R

In order to prove this, note that py/ps < p?!, implies BT (pl/pg,Ll/ (EI—FEQ)) < 0, while
o 17 = = b

p1/p2 > p™? implies BT (pl/pQ,Ll/ (L1 +L2)) > 0, where pA! = [F21041/F11 (1—041)] < pA? =

[Fgal/ﬁ’f (1-— al)]b. Moreover, BT (pl/pg,Ll/ (El + EQ)) is strictly increasing in pq/ps. Thus, there

exists a unique p;/py = p°¢ € (pA’l,pA’2) such that BT (pe,Ll/ (I_/l—i—l_LQ)) = 0. Therefore, in

equilibrium, the utility of a worker in country j is v} (1,Ay) = ()™ (a2)® w?/ (p1)™* (p2)** =
O [l (o)) {[F + 00 ]/ 09 1)
When there is no labor mobility, L7 = L7 and, hence, ’U%(l,O) =
Cl(ag)™ (042)0‘2]17{ _g—i—(ﬁe)%ﬁf} /(pe)% Z_;J}b, where pi/ps = p° is the unique solution to
1

BT (p1 /p2, L'/ (E + L? ) = 0. When there is free labor mobility, mobile workers locate in the
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country with the highest vi. Next, we prove three results that will allow us to characterize the

equilibrium under free labor mobility.
Result 1: p® is decreasing in L'/ (L2—|—L2). From the implicit function theorem,

. 1/ /72 . 72 _ oBT (p¢,L'/(L?+L?)) ,0BT(p¢,L'/(L*+L?))
d(p®) /d [L /(L +L,)] j D) op° T § y
that OBT (p¢, L'/ (L? + L?)) /op® > 0. OBT (p¢, L'/ (L* + L?)) Jo [L') (L* + L?)] =
(1-0)[(1— 1) p°Qf — Q3] (L* + 17)2 JL'L? > 0 if and only if (1 —a;)p°Qi > «1Q3, which
always holds because p® > pt! = [a1Fy /(1 — o) Fll]b

Result 2: v} (1,Ay) is decreasing in L'/ (L? + L?). v} (1,An) /0 [L'/ (L* + L?)] < 0 if and only
if (1/bp°) {@e)é Fly [F; +(pf)? Ff} - 041} d(p®) Jd [L) (L2 + L2)] — (I* + L2) /L' < 0, which holds
because d (p°) /d [L'/ (L? + L*)] < 0 and p® > pA1 implies (pe)% Fl >o [le + (pe)% Fll}

Result 3: v7 (1,\y) is increasing in L'/ (L? 4+ L?). v} (1,A\y) /0 [L'/ (L* + L*)] > 0 if and only
if (1/bp°) {(pe)% 2/ [F; +(p°)? Fﬂ - al} d(p°) /d [L') (L? + L?)] + (L + L2) /L2 > 0, which holds
because d (p°) /d [Ll/ (f/2 + EQ)] < 0 and p® > pA! implies (pe)% F? <o [FZQ + (pe)% Ff}

We must distinguish three possible cases.

a. Suppose  that [FLFy + (1 —oq) FEFy + an F3FY| [ (FL + F?) (F3 + F3) >
(L' 4+ mL?) /(L' + L?). Then, L' = L' + mL? and L* = (1 — m) L and, hence,

We also already proved

b
— 1 —
. FJ—{— ey Y
v (11) = Clfan)™ (o) | R
() * I
where p;1/ps = p¢ is the unique solution to BT (pl/pg,(ljl_%— miz) (7 EQ)) 0. To prove

this, from Results 2 and 3 v} (1,\p) is decreasing in L'/ (L' + L?), while v7 (1, Ap) is increasing
in L'/ (L' +L?). Thus, if [FQ (pL)b Fl] /(L' +mL?) > [FQ + (pg)? F? } /(1 —m)L? then
[ L

=

vl (1, ) > v2 (1, Ap) for all Lt € m) L', L' + mL?] and L* = [(1—m)L? L*+mL']. Note
1

that BT (p§, (L' + mL?) /(L' + L?) 0 if and only if [}7}1 (peL)% Fll] / [FQQ + (pg)? _12] =
{a=a)e5)r Al = B | / [ P2 = (1= a0) () F }} (L' +mI?) /(1 —m)L?).

Therefore, [F% + (peL)% Fll} / (L* + mL?) > {F2 + (p )% F? } /(1 —m)L? implies p% >
loq (FE+F)) /(1 —oq) (FL + Flz)]b Due to Result 1, p® is decreasing in L'/ (L'+ L?) and,
hence, p§ > p§; = [oa (FF+F))/(1— o) (F11+F12)]b if and only if L' + mL? < L', where
L' is such that BT (piw,Ll/ (Z_Ll + I_LQ)) = 0. It is easy to prove that if L'/ (I_/1 + I_LQ) =
[FLEy + (1 — o) FEFy + oan F3FY] [ (B + F?) (F) + F3), then BT (p§,, L'/ (L' + L?)) = 0. Thus,
(REL (o) PR R (R () ) > (L)) (£ E). s o
v (1, Aar) > 07 (1, Ay) for all L € [(1 —m) L', L' + mL?] and L? = [(1 —m) L* L? + mL'].

b. Suppose that (1 —m) L'/ (L' + L?) < [FLF) + (1 — 1) FEF) + aq FRFL] / (FL + FE) (Fy + F§) <

(L'4+mL?) /(L' + L?).  Then, L' = (L1 + L2) L? = (1-v)(L'+L?), where v =
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[FLFy + (1 — o) FEFy + on F3F}L] [ (F + F?) (F) + F3) and, hence,
(7 ) (5 i)
GEee

vt (1,1) =v% (1,1) = C

Moreover, the equilibrium relative price is pi/ps = p§, = [0 (F3 +F3) /(1 — o) (F} —|—F’12)]b.
It is easy to show that, when L' = 1) (El —|—I7) and L? = (1 —1) (El +E2), then, pi1/p2 = pYy
is the unique solution to BT (p1/p2,%’) = 0. Moreover, note that (1 —m)L!'/ (Z_L1+I_L2) <
[FLFy + (1 — 1) FRFS + an FSFL) ) (FL + F7) (Fy + F§) < (L'+mL?) /(L' + L)  im-
plies that L' = ¢ (L'+L*) € [1-m)L'L'+mL?] and L* = (1-¢)(L'+L* ¢
[(1—m) EQ,E2+mI_/1]. Thus, we only need to prove that, in equilibrium, the allocation of
the labor force is given by L' = ¢(E1+E2) and L? = (1-— )(f/1+f/2). From case a,
[FLEy + (1 —an) FRFy + an F3FL] [ (F} + FY) (Fy + F5) < (L'4+mL?) /(L' + L?) implies that
vl (1, ) < 02 (1,Ay) for L' = L' + mL? and L? = (1—m)L?% From case c (see bellow),
(1—-m)L'/(L*+L?) < [F'Fy+(1—ay)FfFy + o F3F )/ (F1 + F?) (F3 + F3) implies that
vl (1, ) > 2 (1,Ay) for LY = (1 - )L1 and L? = L? + mL'. From Results 2 and 3, v} (1, \p)
is decreasing in L'/ (L' + L?), while v (1,\y) is increasing in L'/ (L' + L?). Therefore, in equi-

librium, it must be the case that v} (1,1) = 2 (1,1), which implies L'/ [Fg + (pl/pQ)% Ff} =
L?/ [FQQ + (pl/pg)% 12} Since, in equilibrium, pi/ps = p$;, we have L' = 4 (El + Ez) and
L* = (1—4) (L' + L?), where ¢ = [F]'Fy + (1 — aq) FPFy + an F5FY] [ (F! + F?) (Fy + F3).

c. Suppose that [F{'Fy + (1 — 1) FEFy + on F3F| /(B + FE) (Fy + F3) < (1 —m) L'/ (L' + L?).
Then, L' = (1 —m) L' and L2 L? +mL' and, hence,

b

— 1 .

. F]—}— e \p IV

v (11) = O [fea) ()]t | )

() * L7
p1/p2 = p§ is the unique solution to BT (pl/pg,(l —m)L'/ (f/2+mf/1)) 0. To prove this,
from Results 2 and 3 wvp (1,Ay) is decreasing in L'/ (L' + L?), while v7 (1, M) is increasing
in L'/ (L*+ L?). Thus, if [F21+(pH)b Fl]/( -m)L' < [ F2 + % } 2+ mL'), then
v? (1L,Ayg) > v (L,Aym) for all L' € [(1—m)LY L'+ mL? and L2 = [(1—=m)L? L? +mL'].
1

Note that BT (p%,(1—m) L'/ (L' + I?)) = 0 if and only if [Fz + (05 11} / [Fg (pH)bpf] -

1
1

e Vs il il 2 e Ve 2

ﬂa—ao@mb1—awﬂ/h12—u—an@mb1H @

fore, [le +(p %)b F1] /(1 —m)L! < [FZQ + (p%) 12} /(L*+mL')  implies p <
[ (F3+F3) /(11— al) (F! —|—F1)]b. Due to Result 1, p® is decreasing in L'/ (L'+ L?) and,
hence, p§;, < pS; = [ (FE+F))/(1— o) (Fll—l—Fl)]b if and only if L'(1—m) > L', where
L' is such that BT (pM,Ll/( Lt 2 s we have already shown, if L!/ (L1—|-L2) =
[FLEy + (1 —an) FREy + on F5FV ]/ (F F7), then BT (pM,Ll/(L1 + L*) = 0. Thus,
|FLE} + (1 — on) FEF) 4+ an FEF} / 7)< (1—-m)L'/(L'+ L?), implies that

m) L*/L* + mL*]. There-

=

) 0. A
+FY) (Fy +
+ F?) (F3 +
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vp (1, Anr) > v} (1, Ay) for all L' € [(1 —m) L', L' + mL?] and L? = [(1—m)L? L?>+mL']. This
completes the proof of the lemma. W

Proposition 5 characterizes trade and labor mobility policies in a Ricardo-Vinner specific factors

economly.
1 2

Proposition 5 (Ricardo-Vinner specific factors economy). Assume that % > %,

2 2

A\ (RO PR} +(1—a1) FEF} +ay F2F} -
<F_12> (F—22 # Iz and (FiF2)(FLiF?) #* L2+L2 Then, the trade and labor mobility

game has two Nash equilibrium outcomes: (i) no trade and no labor mobility; and (i) free trade and no
labor mobility. Moreover, W2, (1,0) > WZ (0,0) for j =1,2.

Proof:
No trade and no labor mobility is always a Nash equilibrium outcome.
Free trade and no labor mobility is a Nash equilibrium outcome. From Lemma
. _ .\ ba _\b(l—a1) _ . .
6 Part 1, 07 (0,00 = C (FIJ) ' (F]> ' / (Lj)b or, which is equivalent, v} (0,0) =

_ 1 ay , N

C () (a2)*2] { [FQJ + (pA’J)‘l’ Ff] / (p™9) WL } where pAJ = <F2Ja1/F1]a2> . From Lemma 7 Part
) b _ - b

1, v} (1,0)=C [(al)al (1- al)l_al} {{FJ + (_e)% ] / (%) 3 LJ} where p1/pe = p© is the unique so-

lution to BT (p1/p2, L'/ (L* + L*)) = 0. v} (1,0) > v (0,0) if and only if [F% + (ﬁe)% Fll] /(]56)%1 >

1

b

_ 1 _ 21 _ ap
[FQI + (p*)? F } /( A1)T. Note that [F21 (p1/p2) Fll} / (p1/p2)™ is increasing in p;/ps when-
ever pi/pa > p'.  We have already proved that p¢ > p?!, which implies that Wé(l,O) =
vl (1,0) > vl (0,0) = WA(0,0). v2(1,0) > v2(0,0) if and only if [F§+(ﬁe)%ﬁf]/(pe)71 >
_ 1 _ a1 _ _ a
[F2 (p2)® FQ} / (p*?) " . Note that [FQQ + (pl/pg)% Ff] /(pl/pg)Tl is decreasing in pj/ps when-
ever p1/p2 < p™2. We have already proved that p° < p2, which implies that WE (1,0) = v% (1,0) >
v7 (0,0) = WE (0,0).

Free trade and free labor mobility is not a Nash equilibrium outcome. From Lemma

, . . a; _ b
7 Part 1, o) (1,0) = Clla)™ ()™ {[E + )0 K|/ )7 L} where pi/p = 5
is the wunique solution to BT (pl/pQ,El/ (I/2+E2)) = 0. From Lemma 7 Part 2-a, if

AU+ 0= PR a3 R (4 ) (FE 4 F5) > (D4 ml)/(E+12),  then
L' = L' ml? 12 = (1= m) 12 and o] (1,1) = Cl(a)™ (o))" { [F + (pi)%Fj] /) LI}

where pi/ps = pj is the unique solution to BT (pl/pQ,(le—{—mLz) ( —|—f/2)) = 0.
Wk(1,0) = vi(l,o) > v} (1,1) = WL(1,1) if and only if [FQ (p°)? f]/(ﬁe)aTlEl >
[FQ (p L)% _11} /(pL) (L1+mL2), which always holds because p¢ > p$. From Lemma 7
Part 2-b, if (1—m)L'/(L'+L?%) < [FfF21+(1—a1)F12F21+021F22F11]/(F11+F12) (F) + F3) bg
(L' +mI2) /(L' + L3), then v (1,1) = C [(an)™ (1= )" {[F + (507 F | / (05) " I/},
where L' = zp(l_LQ—i—I_/Q), L? = (1-4v) (Z_L2—|—E2) and pi/ps = p§; is the unique solu-
tion to BT (p1/p2,¥) = 0. WL(1,0) = vi(1,0) > o} (1,1) = W&(1,1) if and only if
aq 1
b (pe

[F’Ql + (]56)% Fll] /(P)® LY > [_21 + (p5y) _11} / M)Tl ¢ (L? + L*), which always holds when-
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ever ¢ > LY(I2+I2). o}(1,0) > v} (1,1) if and only if |Ff+(p)s FZ| /()% [* >
[Fg + (p?w)% Ff] /(p?M)Qb1 (1 —1) (L*+ L?), which always holds whenever ¢ < L'/(L*+ L?).
From I:emnza 77 Part 2-c, if [F}F}+ (17 —ay) F2FS + 511F22F11] / (F} + F?) (F3 + F?) <
(1-m)L'/(L* +L?), then L' = (1-m)L', L?* = L* + (1-m)L' and v} (1,1) =

(
_ _ a b
Cl(ag)™ (ag)O‘Q]b{[F] (p§ )%F} %)Tl LJ}, where pi1/ps = p§ is the unique solution to
BT (p1/p2, (1 = m Ll/(L1 L?)) = o. 5(1,0 = UL(l 0) > v?(1,1) = WZ(L,1) if and only
if [F;—l— (ﬁe)%Fl} /(p) b WL > { % 712} (L? + mL'), which always holds because
P < DYy

No trade and free labor mobility is not a Nash equilibrium outcome. From Lemma 6 Part 2-c, if
(FY/F2)™ (Fi/F2)" ) > L1/L2) then WL (0,0) = v} (0,0) > vl (0,1) = W4 (0,1) and, hence, work-
ers in country 1 prefer to block labor mobility. From Lemma 6 Part 2-c, if (Fll/Ff)al (F%/F;)(l_al) <
L'/L?, then W2 (0,0) = v% (0,0) > v? (0,1) = W2 (0,1) and, hence, workers in country 2 prefer to block
labor mobility. This completes the proof of the proposition. H

B.3 Multiple factors and non-tradeable goods

Consider an economy with two countries (J = 2), two tradeable goods (a rural good F' and manufactures
M), one non-tradeable good (services N) and three factors of production (capital K, natural resources F'

. . . .\ 1-0b . . . \b .\ 1-b
and labor L). Production functions are given by Q7. = T7. (Fj)b (K %) , Q=13 (L§w> <K1jw> ;
and Qg\, = T]{,Lgv, where T is total factor productivity in sector z = F,M,N in country j, F7 is the
quantity of natural resources employed in sector F' in country j, K: 7 is the quantity of capital employed

in sector z = F, M in country j, L? is the quantity of labor employed in sector z = M, N in country j,
and b € (0,1). Factor endowments in country j are (FJ,KJ,L]) > (0,0,0). All agents have the same

. S\ Oz
preferences, given by u (¢/) = [[,c, (cﬁ) , with o, >0 and ) 0. = 1.
Lemma 8 characterizes the equilibrium under autarky.

Lemma 8 (multiple factors and non-tradeable goods under autarky). Assume there is no
trade in goods, i.e., Ay = 0.

1. Suppose there is no labor mobility, i.e., Ay = 0. Then, in equilibrium, utilities in country j are
given by:

)

=i\ bap il (1—b)(OéF+O!]V[)
A . (I KJ
0},(0,0) = B (auy + bayy)*r T4 7 ( b7 > (f)

J 0.0) = B (1 - b) (OZF + OéM) T Fi barp 2 an+bays
’UK( ) ) - ((XN + baM)b(l—aF) K] K.] ,

j BOéFb K] (1*b)(0¢F+C|{1V1) E] an+bays
v (0,0) = (om + baM)aN+ba”f T7 <FJ > (ﬁ) ‘

_ (b)baJVI P .\ OF . QN .\ N
where B = |:(aF)baF(aF+aM)(lb>(aF+aM)] and T7 = <TI]?> <T1jw> (T]]V) ’
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2. Suppose there is free labor mobility, i.e
718

Ay = 1. Then, in equilibrium, the labor force in country

i — [(Tj) (Fj)baF (Rvj)(lfb)(aFwLaM)] m (T)*l

L

)

1
where T =% 14 [(Tk) (Fk)baF (Kk)(l_b)(aF+aM)} AT Moreover, utilities in country j = 1,2
are given by:

_ baF+(17b)(aF+a]M)
= — ap+(1-ba T
(O 1) vL (O, 1) B(OéN-i-bon) r+(1-b) M< )

)

. [B(1-b)(ar+aum)
v%( (0,1) = b(1—ar)
| (an + bayr)

N

) 1 i\ = +1 b)a 7\ antban
(TJ) ap+(1-b)oys P: " M £
Ki ’
(1-b)(ap+ap

i\ hleptan) an+bays
(Tj) aF+(11_b)aM <£> e <£_> .
FJ

T
Proof. Let pl denotes the price of good 2 = F, M, N in country j,

' | Barb

the return of factor f = F, K
in country j, w’ the wage rate in country j and vé the utility of workers in country j. Under autarky
the equilibrium conditions in country j are

b
rl, = phThb <K;/Fﬂ) ,

_ . , N\ b
e = o (0= ) (F/RE) = i (0 0) (B /8, )
o . N
=T = ot (K4 24r)
Ky + K, =K, L}, + L =17,

(1 - an) @ = an (Pp@% + 74, @ ) » ourhp @ = arw,Q

L7 = I7 (when there is no labor mobility)
vi =02, L' + L? = L = L' + L? (when there is free labor mobility)
Equilibrium  quantities: KJJM = [an/ (aF + an)] K7,
[baM/ (OéN + bOéM)] Lj, L?V = [OéN/ (OéN + bOéM)] L Q’
[0 aar/ (o + baan) | T, (19)° (7)™

Equilibrium  prices:

Kl =

lor/ (ar + o)) K7, 13, =
o/ (ar + onn)] 0 T (F9)" (K9)' ™", @)y =
and Q) = [/ (an + ban )| T4 LI

elthy = Dbar/ (ax +baan))’ (Th/T3) (L/F9)" and  pl /v,
(0)" [(an +banr) / (ap + )™ (T4,/7 ) (K5 /19) '
Equilibrium factor prices

wlfpy =

bl = |(an +bang) / (ar)” (o + o) 0| T (F/19)" (R9/L3)",
()" [(aw +banr) / (a + o)) ™ Ty (K9/L3)' ™", wd /oy Ty,
(1= b) [(ar + aur) far) Th (F1/K)",

(1=0)[b(ar+anm)/(an + ban)

| = Ti/Pr =
/Py = T3, (LK),
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e/ = (1= ) ar +aan) / (ax +baan] T (/K)o = bl (e + aan)] '™ T (K9 /),
/Py = [apb(b)b/(ap + o) (aw + baM)b} i (LJF) (R7/F)™ and vl =
lapb/ (an + ban)| T (L7 /F9).

Utilities: v’ (0, \v) = wi ] (pp)°F (pag)™™ <ng ) N

) U%{ (07 )‘M) =
j j ap an (5 \*N
o (0, 001) = 7/ ()" (pa)™ ()™ Then:

rie/ (0r)* (pan)* (ph)" and

=i\ bap = (lfb)(a}:wf»a]u)
. . FY K
v} (0,A\nr) = B (an + bon)aFJr(l*b)aM TY (Lj> < >

i
=i\ bap i\ an-+ban
: B(1-0) (afp+« . FJ 7
U]K (0, )\M) = ( )( Fb 170{M)T‘7 o = 5
(an + boyy)Pd—er) Ki Ki
; Bba
vl (0, M) = £

) 5\ (1=b)(ap+an) G\ N tbons
(an + bouyy) N Tbo TJ <K > <L ) .

)

Fi Fi
. L\ @ L\« L\ @
where B = |(0)* / (ap)*®F (ap + aM)(l_b)(aFJrO‘M)} and TV = <T1]?> <TJ{/I> . <T]JV) Y
When there is no labor mobility L7 = L7. When there is free labor mobility, vi = v%, which implies
IJ — {(Tj) (Fj)baF (R'j)(lfb)(aFwLaM)] aFFIRan (T)fl I

1

where T = >, 15 [(Tk) (Fk)baF (Kk)(l_b)(aF+aM)} artU=ten - Thys, under autarky, there are mi-
grations to country 1 if and only if (T"/T?) > (Fz/Fl)baF (KQ/Kl)(l_b)(aF+a”I) (El/EQ)aF+(
Finally, utilities under autarky and free labor mobility are:

1-b)ans

vt (0,1) =% (0,1) = B (ay + baM)ocp+(1_b)aM (

il =3

>b0¢p+(1—b)(0¢p+a’]y[)

)

(OcN + bOéM) r

. bap
]

ap+(1-b)ays I/ an-tban
KJ T

(A-v)(aptap)  _
J ap+(1-b)ays L an+ban
7 .

Lemma 9 (multiple factors and non-tradeable goods under free trade). Assume there is

=

v (0,1) = Bbap (Tj)m
F\Y (OZN + baM)aN—f—baM

Rl

This completes the proof of the lemma. W

Lemma 9 characterizes the equilibrium under free trade.
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free trade of goods, i.e., Ar = 1, and the following conditions hold: .

L' TET? F1
v (1) > 4 oo o ()’ (7).
1—

oy oottt 8]y

K2 TLT2 N fi0n Tl Il
ovor - (- an) s (F5) (5E)] VT

1. Suppose there is no labor mobility , i.e., Apy = 0. Then, in equilibrium, country 1 is diversified,
country 2 specializes in good F and (pr/prr) = P is the unique solution to BT (ﬁ,Ll) =0.
2. Suppose there is free labor mobility i.e., Ayr = 1. Assume the following condition holds.

1
N L! TLT2\bv [ FtL
=i avor (B) - (v + o) - aw) (7)) ()
p— >
<T2> anr [(L—an) b+ an]
Then, in equilibrium, country 1 is diversified, country 2 specializes in good F, pg/py = D, and LY are

given by the solution to BT (p,Ll) =0 and FM (p, Ll) = 0. Moreover, p > p and L' > L.
3. Utilities are given by:

(b)b[(lfaN)bJraN](l_b) (apm+ar) Tl (}?1) (1-b)(arr+or)
—an )70 1 afp
U}/(l,)\M): |: a N)l ] TMpM>

1 (1-b)(an+ar) TL pr
1 prTH\? 1 F
[L + (pJWTAIfI> d }

iy | TN [Ll + (e ) F

:| an+b(ap+an)

L, ) = ~
pmThy
- aTN aN+bba1V] ~ T % (ap+ap)(1-b)
1 T (T—i,) (22) {[(1 —an)b+ay] K <p—;T§1> }
(g (1, )\M) = )

—(apm+ar) 1 prTh i . (ap+ar)(1-b)
(b) b(1—an) |L +< ) 7

pMm T]\/[

) aN aptam /2 b(an+ar) K2 (1-b)(aprr+ar)
L) =170 2 Iz

V(1 Ant) = (1— 8) (1 — ) (T2)° (12)7F <p_F>O‘M ( >b(ap+aM < )

)y ()

1—ay\ N ania ]2 (I-b)(arp+anr)
) =6 () @) () (g
where if Ay = 0, L' = L' and pp/puy is the unique solution to BT (p,l_L ) = 0, while if A\yy = 1,

anN
pr/pym, and Ly are given by the solution to BT (p,Ll) =0 and FM( ,Ll) 0.

’1j|
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Proof. Under free trade equilibrium conditions are:
J iy (i i) "
e = prARD (KF/F])
. . . A\ b . . \b .
re = puTyy (U= 0) (LK) = peTh (1= 0) (F//KS) for Ly >0,
j j A% i i\ () i\ iy ()0 j
r = prly; (1 —=0) (F /KF> and <TM> (w?) (TK) > (TM> (w™) <7°K) for Ly, = 0,
w! = AT, = T (K3, /)
, o N I N B N1 b/ _\1-b .
w) = p)T%; and <T]JV[) (w?) (r] ) > (TM]> (w™) <TKJ) for L}, =0,
Ki+ K, =K/ Il + 1 =1
(1= o) PA QA = o (Pr Q5+ i Qi)
anpr (Qp +QF) = arpym (Qu + Qi) »

L7 = I’ (when there is no labor mobility),
vl =v} L' + L = L = L' + L* (when there is free labor mobility),

b .
for Lg\/[ > 0,

There are two possible cases to consider: either both countries are diversified or one country is diversified
and other specializes in good F. We focus on the second case and, without lose of generality, we assume
that country 1 is diversified and country 2 specialized in good F.

Equilibrium  quantities: Let p = P FT} /D MTAl/I . Then, K }; =
1= 1= _

(1= an) b+ an] /(1 - an) b} {(5)* FY/ L' + ()7 F'|} K, K} -
{[(1 —an)bL' — ()b aNﬁl] /o« () Fl} } K'Y/ (1—an)b, L, -
1 - L=
(1= am) bt —an ()F FY| /(1 an)b+an), Lk = [anE'+an @) FY/[(1-an)b+an],

(1—an)bL'—ay (5)b F* | T4 (K1) " B
QY = | il —, K} = K% K% = 0, I} = I* I% = O,

(1= Ybtan]?(1—an) =0 (5) =0 [lea)%Fl]

QL = T? (FQ)b(I_(Q)lfb, Q3 = 0, and Q% = T%L? For this to be an equilibrium we must
verify that country 1 exports M or, which is equivalent, that the equilibrium relative price of
F is lower under free than under autarky in country 1. Formally, (pp/py) < (p};/p}\/[)A =

{bar/ [an + ban]}’ (Th,/TH) (Ll/Fl)b. We must also verify that country 2 specializes in good
F. Formally, (T]\Q/I)_1 (w2)b (r%()l_b > (T]\l/l)_1 (wl)b (r%)l_b or, which is equivalent, (pp/py) >
(p%/p?w)s = [(1 —an)b/ay]® (T3,/T?) (L2/F2)b. Thus, we need the following condition

(o b) (Th (2N _(2h)* e (k)L (e (T (Y
ay Tp ) \F? Pir pm - \Py ay +bay ) \TL ) \F1

Note that (pr/par) < (p}m/p}u)A immediately implies L}, > 0 and K3, > 0. Also note that (p%/p?w)s <
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(p};/pjlw)A if and only if

1
Ll T1T2 b Fl
aANOF <ﬁ> > (1 —aN) (aN +baM) <T}f T]\g> <ﬁ> .
M*F

1 1
Equilibrium good prices: p]l\,/pM = (b)b {{@—an)b+an]/(1— ozN)}lfb {(pMT]%/[) b/ [(pMTJ%/I) Dl S (ppT}

and p%/pr = lan/ (1 —an)] (T2/T3) (F2/12)" (K2/12)"™". (pp/pa) = p is implicitly given by the
solution to BT (15, Ll) = 0, where

1

(1—an)' T (K)' [O‘FW (anrb+ o) (ITf)b )" Fl]

BT (p,L') = ——
anr ' 0= an) b+ an T2 ()" (R2)' |10+ ()" ) 71

(We obtain BT (p, Ll) = 0 introducing Q},, Q}, Q% into the balanced trade equation
aupr (QpF +QF) = arpy (Q)y +Q3/))- Note that BT (p,L') is strictly decreasing in p for p €

(03/030)° (/050" | s BT ((0h/p4)" £Y) < 0 and BT ((v/3,)", L') > 0 if and only if

1 1-b
b b T1T2 b LQF,I T2 L2 b
(. (0 an)b+ ' (0) fo + D0 o) ()" (55)]  (7) (%)
K? ‘

1
TLT2 \ b 3
jawar =D~ ax) -+ ) (1475) (152)]

Thus, when this condition holds BT (p, Ll) = 0 has a unique solution p € [(p%/p?\/[)s, (p}?/p}\/[)A}
Equilibrium  factor  prices: Let p = prTH/puThy. Then, w'/pr =

7l [0 /- a) ] I - amb+anl/ [L0+ @ PV (KD T afor), i =
T [0/ 0= an) |l —am) b+ an] / [+ G)0 P B (R wifpl, = Th w?pr =
e/ (1= )| TF (F2/L2)" (K*/L2)"", w?/par = [aw/ (1 = aw)| T3 (E2/L2)" (K*/L2)"" (pp/paa),
W = Th orkfor = TEHA-0) {0 amb[L+ @)F FY /(1 - an) b+ an] (0)F K1)
rl/on = T]}4(1—b){(1—@N)b[L1+(]5)%F1}/[(1—aN)b+aN]R’1}b, e
(1_aN)T}V(1_b)[L1 ()%F]/[(1—aN)b+aN]R1, r2/pp = (1-b)T%(F2/K?)",
e = (e/p)(U=BTE(FYE', vk = (—aw) (1= TRLY/K,
o = TR (- ambtan] /- an )@ K [ @) P} rhier =
(p/pa) THOA[(L = an) b+ an] / (1 = an) b} { (5 ﬁf?/[ v PNy = T

b

1 - —b
r3/pr = T3 (K*/F?)'™" r3/pa = (pp/par) VT (K?/F?)' ", and 12 /p%, = (1 - o) bT3 L2 fan F?.



an ) . o o .\ QN
v (L) = b/ (pe)* (pa)™ (ply) s and

Utilities: vi( (LAy) = 7«%/ (pr)™F (par)™™ pgv

vl (1, A\r) = wi/ (pp)*F (par)™™ <p§v) " Then:

b [(1—an)btay] -0 ] (@M For) 1) (1=b) (anrtar)
) o [( ) [((1_;\71\)])(17%] ] T! (Kl) Mtop T]%/IPM afp
vy, (1, An) = T S (-b)(omtar) TL pr
4 (23 P
pmThy

PN an+blar+anr)
prTy ) b F1:|

T! (1-0) (1= an)?] |:L1 + (pMlevI
[(1 —aN)b—l—aN] K1

)

1 _
UK (1,)‘M) = prTE \OF
<pMTzlw>

antbap N
pFTF>b

() ") e e (i

) ewton {1 ay) [pr4 (222)F P aerar) iy
N pmThy

o2\ b + = 1-b +
v% (1, Anr) = anN aptany F_2 (ap+ar) K_2 (1-b)(apm+ar) T_I% an 2 pr an
9 1— an 12 L2 T]%4 P )

e\ M [ F2 blaptan) , raNon
o) @ %)

U%( (LAm) = (1=0) (1 —an)™ (T]%)GN (T}%)O‘F"'GM (pM

1 — an \ N ]2 (1=b)(ap+anm) 12\ &N am
2 N 2\ON (m2)\F+anm PFr
) =6 () @) @) () (7) (Z)
When there is no labor mobility L/ = LJ. The required conditions for the existence of a unique

}(aMJraF)(lb)

)

equilibrium p € [(p%/p?u)s, (p}m/p}u)A} become

1
I_/l T1T2 b F_‘l
e (73) > 0 =oon o (24) (7).
M~F

1 1-b
TIT2.\% (721 T2 72\ 0
e ot on+ 0o () (58)] () (B)

1 .
T}T]%I)b (L2F1>:|

I1F?

()"

K?
[OéNaF — (1 —an) (amb+an) <T1 74
M= F
1 —
Furthermore,  v1 (1,0) > v? (1,0) if and only if (amb+an) (TH/Thy)? (p)% Fl o+
QN _
> apbL', which holds for all p €

(aab/an) [(1 —an) b+ an] (Tx/Tx) (em+er) L2
[(p%/p%)s7 (p}?/P}w)A} when

1
Lt TLT2 \ b
F) ~ (owrb+ o) (1— ) (%)

(033 [(1 — aN) b + OéN]

(1) e
X
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When the above condition holds, if allowed, workers will have an incentive to migrate from country
2 to country 1. This will increase L' and decrease L? and, hence, the conditions for the existence of a

unique equilibrium p € [(p% / p?\/l)s , (p}p / p}w)A] will continue to hold. Moreover, as L' increases, the

equilibrium p also increases. In order to prove this, we use the implicit function theorem to BT (p, Ll) =0

_ 1 1
to obtain dp/dL! = 8B8TL(f’L )/8BT(S§’L ) We have already shown that BT (p, Ll) is decreasing in p.

Thus, 0BT (p,Ll) /Op > 0. Differentiating BT (p, Ll) with respect to L' we obtain

0BT (p, Ll) B (1-— ozN)bT]%/I (f{l)l—b [anZLl + [apb + (an + apd) (1 — b)) (%)6 (p)% Fl] y
oL R Nl o, b
anr ' (1= an) b+ an T2 (72)" (R2)' |14+ ()" ) 71

Since v} (1, Apr) is decreasing in L' and pr/par, as workers move from country 2 to country 1, v} (1, Aas)
decreases. Since v% (1, \ps) is decreasing in L? and increasing in pr/pas, as workers move from country
2 to country 1, vZ (1, A\p) increases. Under labor mobility, workers will move until v} (1,1) = v% (1,1),
which implies F'M (p, Ll) = 0, where

=

L\ Garerar) 7 T} -
o [(1 = aw) b+ an] (5) L+ay (aub+an) (1) (0)F F

N

— L.

FM (p, LY = &
(v L) TL\ aatar
anapb+ oy [(1 — aN)b—i-aN] (ﬁ)

Thus, the equilibrium under free labor mobility is the solution to BT (p, Ll) =0 and FM (p,Ll) = 0.
This completes the proof of the lemma. W

Proposition 6 characterizes trade and labor mobility policies.

Proposition 6 (multiple factors and non-tradeable goods). Suppose that governments maax-
imize the welfare of domestic workers. Assume K'/K? > ki, L'F?/L?F' > Ry and TS /T% > R,
where

an [(1—an) b+ ay]’ (D)’ [aN +D(1-an)b (?QF) (ﬁg)} o (;_N) <£_>b

(I—il)lfb _

1
TET2\b ([2F1
[OCNOCF_D(l—OéN) (OéMb+OéN) (T}VIT}Q«“ T1f2
apt+(—bjays

D ap + oy aa an + bays apb
B ap an

Ko =

1
(1 —an) (an +bay) (TETZ N\
anNap T]‘l/IT%

|

1
7l TIT2 \% [ 71
x_ owor (f) — (owb +av) (1 -aw) (F74)" (55)

(Rg)arter = ot [(1—an) b+ an]
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Then, the trade and labor mobility game has only two Nash equilibrium outcomes: no trade and no labor
mobility and free trade and no labor mobility. Moreover, W}, (1,0) > W, (0,0) for j =1,2.

Proof:

No trade and no labor mobility is always a Nash equilibrium outcome.

Free trade and no labor mobility is a Nash equilibrium outcome if and only if v% (1,0) > vi (0,0) for
j=1,2. v} (1,0) > v} (0,0) if and only if

bo _F ap+(1=bays
()57 (1= )b+ o] () P (21) s
F
apt+(A=bjap  _ boap
(an + baypy)  “mter (Fl) apFap

p cxf Tlp % 1-b
PO\ MTEE | FPF il
> (B | () F

Typm
The left hand side is increasing in (pr/par). Under the conditions in the proposition, (pr/pa) <
(p%/pjlw)A = [bar/ (an + bay)]® (T, /TH) (Ll/F’l)b. Finally, when we evaluate the right hand side at
(py/ p}w)A, the inequality becomes an equality. v# (1,0) > v% (0,0) if and only if

aptay aptd=blaps _
pE o . b1 - aN)b< aM ) (an +bay) oM T3 2\°
p P mp  spten 72 )\
(OéF) oy (QN) any F

(pr/pam) > P if and only if B (p, L') > 0 or, which is equivalent,

(1) 2l (i) (6] GE) (6)
5"

1
TET2, \b ([2F
ovor =Dt + o) (55 ()|

ap ap+d=bjaps

Where D= <O{F+a1u>°‘_M an+bans aprb > 1.
afp anN

Free  trade and free labor  mobility is  not a  Nash  equilibrium  out-

AN
cole. We have already proved that when (T]{, / T]%) (earter) >
— — 1 _ —
[aNaF (LY/L2) = (anb + ay) (1 — an) (THTZ/TLTE)? (F! /F?)} Joar [(1— an)b+an], vl (1,0) >
v? (1,0) and as workers move from country 2 to country 1, v} (1, A\ps) decreases. Therefore, it must be
the case that vi (1,0) > vl (1,1).

No trade and free labor mobility is not a Nash equilibrium outcome. Suppose that

1
L' = {(Tl) (Fl)baF (Kl)(l_b)(ap+a”1)] cr¥i=-tlon (T)_lf/ > L'. Then, under no trade and
free labor mobility, workers will migrate from country 2 to country 1. Moreover vi (0,0) >

1
vl (0,1).if and only if [(Tl) (Fl)baF (Kl)(l_b)(aFJraM)} art=tes 1~ TL'. Suppose that L' =
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1
[(Tl) (Fl)baF (Kl)(l_b)(ap+aM)] *pHI=ben (T)_l L < L', then under no trade and free labor mobil-

ity, workers will migrate from country 1 to country 2. Moreover, v% (0,0) > v% (0,1).if and only if

1
[(Tl) (FQ)baF (Kl)(l_b)(ap+aM)] arti=ves TS TL'. This completes the proof of the proposition. B
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C Inducing free trade and free labor mobility

Appendix C presents the proofs of all the results in Section 5.

C.1 Increasing returns to scale

Consider an economy with two countries (J = 2), two tradeable goods (Zr = {1,2}) and one non-
tradeable good (Zy = {3}) All agents have the same preferences given by u (¢/) = > _, . In (c7>

and ] [fo pdz] , where o, € (0,1), >~ c 0. =1, p€ (0,1), 0 = (1 - p)~', and ¢ (i) indicates

the quantlty of variety ¢ € [0,n] that is consumed. The production function in sector 1 is L{ (i) =
a’ I 1Q] (i) 4 f, where L/ (i) is the labor employed in the production of variety i of good 1, Q! (i) is the
productlon of variety @ of good 1, f > 0 is the fixed cost of producing a variety of good 1. Production
functions in sectors 2 and 3 are L} = ai ,Q%, L = al 3Q§. Let A, = a%,z/alhz and assume A; > Ao,
i.e., country 1 has a comparative advantage in good 1. - A

Demands functions are CY (i) = ay (G pl (i)"Y for i € [0,n], p 1C) = apY7, piCy = asY,

where Y7 is aggregate income and G7 = { : p1 (1 )1 0} = is the exact price index for good 1, p1 (1) is the
price of variety i, pg is the price of good z and o = (1 — ,0) . Let w’ denote the wage rate. The profits
of a firm that produces variety i of good 1 are given by 71{ (1) = [pjl (1) — wjagl] Q]i (i) — w? f, which
implies that the price that maximizes proﬁts is p{ (i) =o0(0c— 1)_1 w’ ai,r Moreover, free entry implies
that in equilibrium 711 (7) = 0 and, hence, L 1(7) = of. Therefore, the labor allocation <nj , L%, Lé) is the
solution of maximizing (o — 1)p1njf/aL71 +2 a3 (piLi/aiJ subject to nfof + L)+ L} = L7 and the

wage rate is given by w’/ = max{(a — 1)p{/0a£ 1,p%/aiz,pg/a22}.

Under autarky all goods must be produc'ed domestically. Hence, p{ = w/ agla /(1—o0), pj,; = wl aiz
for z = 2,3, nfof = on L7, L= as L/ and L} = asL7. Then, the indirect utility of a worker in country j
is v/ =C+T7 + o1/ (0 — 1)]In (a1 L7/ f), where C =Y o In (o) — oy (0 — D' |:(O’)U (o — 1)(‘7_1)]

and TV = = .ez0z1n <ai Z). If labor mobility is not allowed, then L7 = LJ. Note that v’

is increasing in L/. As a consequence, if labor mobility is allowed, there are three possible situa-
tions. If T' — T? > [a1/ (o — 1)]In [(L* + mL') /(1 — m) L], then all mobile workers will go to or
stay in country 1 because, for any allocation of mobile workers to countries, we have v! > v2. If
[a1/ (0 = D)]In [(1 —=m) L?/ (L' + mL?)] < T* = T? < [a1/ (o — 1)]In [(L* + mL') /(1 — m) L'], then
there are two equilibria, in each of which all mobile workers go to or stay in only one country. Finally, if
T —T? < [/ (o — 1)]In [(1 —m) L?/ (L* + mL?)], then all mobile workers go to or stay in country 2
because v? > v! for any allocation of mobile workers to countries. The intuition is straightforward. Due
to the existence of increasing returns to scale in sector 1, under autarky the indirect utility of workers
increases in step with the labor endowment of the country (a higher labor endowment implies that more
varieties of good 1 are produced in the autarky equilibrium). As a consequence, once mobile workers start
moving to one country, the indirect utility of workers in the recipient country goes up, which reinforces
migration flows in the same direction.
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Suppose there is free trade and A; > a;L?/asL'! > As;. Then, country 1 specializes in good 1
and country 2 specializes in good 2. Thus, w! = (o — 1)]91/JalL71 = pg/alL73, w? = pg/ai1 = pg/ai?),
n'=n=(1-a3)L'/of, n? =0 and the balanced trade condition implies apw! L' = oy L?w?. Then, the

utility of a worker is given by v! = C+T!+asIn (ai72a1L2/a%72a2L1) + a1/ (o —1)]In [(1 — ag) L/ f]

in country 1 and v> = C +T? + oy In (ailang/ailalLQ) + [a1/ (0 = 1)]In [(1 — a3) L*/f] in coun-

try 2. If labor mobility is not allowed, then L/ = L7. Under free labor mobility, mobile workers
will go to or stay in the country with higher v/. Note that, although v! can be increasing or de-

creasing in L', v! — v? is always decreasing in L' and increasing in L?, as in the simple Ricardian

model. Therefore, and, provided that there is enough mobile workers, they will relocate until v! = v2,

"o
which implies L?/L' = (as/aq) (Az)=1+e2. Moreover, there will be migration to country 1 whenever

L?/LY > (a/aq) (Ag)al—f:g‘? and migration to country 2 whenever L?/L! < (ag/a) (Ag)o‘l—f:g‘?. The in-
tuition is straightforward. Under free trade, country 1 specializes in the production of good 1, the sector
that operates under increasing returns to scale. Therefore, the number of varieties of good 1 produced
in the trading equilibrium and consumed by both countries only depends on the size of country 1’s labor
force. This implies that the effect that the allocation of mobile workers has on the varieties of good 1 that
are produced affects both countries symmetrically. Finally, the distribution of mobile workers between
the countries does not violate either L7 € [(1 —m) L7, L) + ml_fj] or Ay > a1 L?/as Lt > A, provided
L2 It _—a3 72
Proposition 7 characterizes trade and labor mobility policies.

that Ay > > As.

Proposition 7 (increasing returns to scale). Suppose that:

T -T2 >

a [LQ—{—le}
o—1 (1—m)L!
aq (Z_L2 + ml_ll) - oy (1 — XMm) L?
azg(L—m) L' ~ ag (L' + ApyymL?)
Ajag (El + S\MmI?) o
o (1 — XMm) L2 ]

(65} (1 — m) I_/Q

a9 (Z_Ll + ml_LQ)
Oélfz2

(1—as) (L + AaymI?)

Al > > (A3)a;i‘?;2 > > As

In

|
aq In o—1

Then:

1. No trade and no labor mobility is a Nash equilibrium outcome.

2. No trade and partial labor mobility (A = M) is a Nash equilibrium outcome if and only if

- F13 7 - 1
A\ {Tl -T2+ L In {% } >~ n (1 — )\Mm) m ., Moreover, if no trade and partial

labor mobility is an equilibrium outcome, then Wé (0, S\M) > Wé (0,0) for j =1,2.

3. No trade and free labor mobility is a Nash equilibrium outcome if and only if

< T4 % L1 +mL2)(1—m)m
My T —T2 4 21y [M} } < (T'_T?) + oy (L'+ . More.
M { o—1 (1=Aym)L2 . ( ) o—1 (17m)i2(17,’\Mm)%
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over, if no trade and free labor mobility is an equilibrium outcome, then W(]; (0,1)

maX{Wé (0,0), W7, (0, XM)} for j=1,2.

v

Q=

4. Free trade and no labor mobility is a Nash equilibrium if and only if ( o ) (Al) 7 > wl?

a1’

5. Suppose that (L' + AymL2)® [(1 — Xyym) L2]® > max { (LY)? (£2)*, (11)? (L?)“2}, where ¢ =

s
- - ai (L'+L? ag(Az)artez (L1412 .
a—oa(o=l) - p1 1(—_) and 2 = 224 (_ ) Then, free trade and partial
o—1 ) ag ag )

a1tag(Ag)v1ta2 a1tag(Ag)v1ta2

labor mobility is a Nash equilibrium outcome, but free trade and free labor mobility is not a Nash
equilibrium outcome.

Proof:

(A7, Aar) = (0,0) is a always a Nash equilibrium outcome.

(A, Ay) = (0, S\M) is a Nash equilibrium outcome if and only if Wé (0, S\M) > W(]; (0,0) for
j =1,2. If \p = 0 and A\yy = Ay, then ag (1 —XMm) L?/as (Z_Ll +5\Mml_L2) > (Ag)ﬁ implies
that a proportion Ay;m of mobile workers in country 2 will relocate to country 1. Then W(l; (0, A M) =
vl (07 XM) and WC% (07 XM) = A\ymo! (O,XM) + (1 — XMm) v2 (07 XM), where v! (O,S\M) =C+T'+
[a1/ (0 — )] In [oq (L' + AyymL?) /f] and v? (0,A\ar) = C + T2 + [a1/ (0 — 1)] In [y (1 — Apym) L2/ f].

If \p = 0 and Ay = 0, then WZ(0,0) = 7(0,0) = C + T7 + [al/(a—l)]ln(alL]/f)
Note that W (0, ) — W4 (0,0) = [041/(0—1)] In [(L' + AyymL?) /L] > 0, while W& (0,An) —
WEZ(0,0) > 0 if and only if Ay {T"=T?+[a1/(c—1)]In[(L* + AymL?) /(1 = Aym) L%} >

—la1/(c—1)]In (1 - )\Mm) . Thus, (0, )\M) is a Nash equilibrium if and only if
Ay {T1 —T% 4 a1/ (0 —1)]In [(El + AumL?) /(1 = Apym) EQ]} > —[a1/(0c—1)|n(1— )\Mm)%

(ArsAv) = (0,1) is a Nash equilibrium outcome if and only if Wé (0,1)
max {Wé (0, Anr) ,Wé (0,0)} for j =1,2. If \p = 0 and Ay = 1, then oy (L* + mL') /oo (1 — m) L*
1)

Tl

VoIV

(Ag)aii% implies that all mobile workers will relocate to country 1. Then, Wé (0,
v!(0,1) and WZ(0,1) = mo!(0,1) + (1—-m)v*(0,1), where v'(0,1) = C +
[1/ (o —1)]In [y (L' + ml?) /f] and ©*(0,1) = C + T? + [a1/ (0 —1)]In ey (1 —m)L?/f
Note that WA (0,1) — WA (0,0) = [aa/ (0 —1)]In[(L' +mL?) /L] > W& (0, ) — WL (0,0)
[1/ (o = 1)]In [(L' + AyymL?) /L] > 0. Also note that WZ(0,1) — W2 0

‘IIQ—F I

—_
=

and only if (T'-7?%) + [a1/(c—1)]ln {(I_Ll +mL?) (1 —m)m /(1 —m)L* (1 - Aym) ] >

M AT = T? + [a1/ (0 = 1)]In [(L* + AymL?) / (1 = Aym) L?]} and WZ(0,1) — WZ(0,0) > 0

if and only if (T'-T2%) + [a1/(c—1)]ln {(El +mL?) (1 - m)% /(1—m)L?(1- XMm)%} >

0. But note that 7' — T2 + [ea/ (o —1)]In [(L* + )\MmLQ) /(L=Aym)L?] > 0

because T' — T?2 + J[ag/(0c—1)]In[(L' + )\MmLQ) /(1= Aym) L?] > T - T? +
] >

[1/ (o —1)]In [(1 — Apym) L2/ (L' + )\Mml_LQ) Thus, (0,1) is a Nash equilibrium outcome



if and only if

3|

(T" = T2) + [0/ (0 — 1)]In [(il +mL%) (1—m)w /(1 —m) L2 (1 Aym)
> Ay {T1 —T% 4 a1/ (0 —1)]In [(El + AymL?) / (1= Aym) EQ]}

| =

(A7, Anr) = (1,0) is a Nash equilibrium outcome if and only if Wé (1,0) > Wé (0,0) for j = 1,2. If
Ar = land Ay = 0, then v! (1,0) = C+T! +azIn (alL’zalf/Q/aiQangl) +lar/ (e = 1)]In [(1 — ag) L'/ f]
and v?(1,0) = C +T? + a1 In <a%’1a2f/1/a};710z1f12> + [o1/ (0 = 1)]In[(1 — ag) L'/ f]. Since there is no
labor mobility, Wé (1,0) = v7(1,0). Note that W} (1,0) — W4 (0,0) = asln (a1L72a1f/2/a%’2a2f/1) +
[a1/ (0 = 1)]In[(1 — a3) /ai] > 0, because a1 L?/asL! > As. Also note that W2 (1,0) — W2 (0,0) =
ap In <a%71a2f11/a1&1a1fj2> + 1/ (e = 1)]In[(1 —ag) L' /oy L*] > 0 if and only if ayL?/asLlt <

1

[Al (1—a3) '/ (ozg)a*l] ;, which also holds. Thus, (1,0) is a Nash equilibrium outcome.

(Ar,Av) = (1, A M) is a Nash equilibrium outcome if and only if Wé (1, A M) >
max { W7, (1,0), W5 (0, An) , W, (0,0)} for j = 1,2 I Az = 1 and Ay = Ay, then
oy (L2 +mLY) Jap (1 —m) Lt > (Ag)a;'ii? implies that a proportion Aym of mobile
workers in country 2 will relocate to country 1. Thus, Wé (1, A M) = ol (1, A M) and
Wé (1,5\4/[) = Ayymot (1,5_\M) + (1_— S\Mm) v2 (LS\M), where ol (LS\M) = g —|—_T1 +
agIn [a1L2 (1 - Avm) [Asag (LY + AyymL?) ]| + [a1/ (0 —1)]In [(_1 — 043)_(L1 + )LMmLQ) /f]
and (1 )\M) = C 4+ T° + agln [Alag (L1 + )\MmL2) Jaq L? (1 — )\Mm)] +
[/ (o —1)]In [(1 — a3) (L1 + ApmL?) /f] Note that W& (1, Ay) — WL(1,0) =
azln [L? (1 — Ayym) / (LY 4+ AyymL?) L?] + [/ (o — D] In [(LY 4+ AyymL?) /L] > 0 if and only if

(L1+>\MmL2)72(1 T = Aym) 12 > (BY) T (12)°. Also note that WA (1,An) —
W& (0, Am) = agln [a1L2 (1 = Aym) /Asag (L' + ApyymL?) ] +[a1/ (0 — 1)]In[(1 — a3) /ai] > 0 because
a1 L? (1 — )\Mm) /o ( + )\MmLQ) > As. Since we have already proved that WG (0 )\M) > WG (0,0)
and WL(1,0) > WZ&(0,0), then W& (1,Aym) = max{Wk(1,0), W (0, ), Wk (0,0)}
ifoand  only it (L4 awmI) o[- Am) I > (DTS (1),

2 N 2 . . N 1 2 Oél(l—j\wjm)i? (a1+a2)
W& (1, ) — WE(1,0) > 0 if and only if Aym{ Ty —Tx +In ca (DT anmI®) +

apln [%“”LQ)] + [/ (6 —=1)]In [W} > 0, which holds because TJ -

LY (1=Aym
T3+ In fag (L= Aym) I2/a (L4 darm )5 >0 W2 (LAw) = WE(0Aw) =
Apm (_vl (1,)\M) (O )\M)) + (1 - )\MmZ (1)2 (_1,)\1\4) — 2 (O,)\M)), where vl (1,)\M) -
o' (0, ) = a2 ln (o1 L% (1 = Aym) [Agan (LY + AymL?)] + e/ (0 = 1D]In[(1—as) /u] > 0
because % > Ay and 0?2 (1, XM) — 2 (07 XM) = o1ln {ASTL(QL(?);\IZ;ZLL)Q)] +
—a3) (LY pymL? Aras (LY +XyymL?
[Oél/ (O' - 1)] In [(1 ma()l(f)\LHSLQL )] > 0 because oy In [ 10412((1L—):’—MZ)LL2 )} > ln [(1 Oég)(%iii\MmLQ)
Wé (1,5\M) — Wé (0,0) = Aum (v1 (1,5\M) — 02 (LS\M)) + ( ( ) ) where

55



aq (1—5\Mm)i2

(a14a2)
a2 (E1+5\N1mi2) :|

vl (1,5\M) — 02 (1,5\M) =Ty —T% + ln[ > 0 and v? (1,5\M) —2(0,0) =

a%’lag(il*i’j\]\,ijQ) (lfag)(il+ﬁmi2) Alag(il+5\kjmi2)
ap ln [ ub v (1) 22 + [a1/ (6 —1)]In oI > 0 because ajln o (1) L2 >
o a1 L?
o—1 (170{3)([7/14»5\1”7)1[7/2) ’
Finally, A7y Anr) = (1,1) is mnot a Nash equilibrium outcome  when

(L' 4 AmE2) ™2 [(1 = Am) 2% > (2) 90 (£2)° if and only if WA (LAy) >
W4 (1,1). This completes the proof of the proposition. B

C.2 Extractive elites

Consider an economy with two countries (J = 2), two tradeable goods (Zr = {1,2}) and one non-
tradeable good (Zy = {3}). Production functions, endowments and preferences are as in the simple
Ricardian economy. Each of the countries is populated by two types of agents: L7 workers, each of
whom owns one unit of labor, and E7 elite members. The elite appropriates a fraction 5/ € (0,1) of
L7. A fraction 6 € (0,1) of each unit expropriated by the elite is lost in the process. After expro-
priation, each worker keeps (1 — Bl ) units of labor and each member of the elite gets 537 L7 /E7 units
of labor. The effective labor force of country j is L/ = BILI = [1 - (1- 6)] L7. Only a fraction
m € [0,1] of the labor force of each country is mobile at zero cost. The rest of the labor force and
elite members are immobile. Each government selects trade and migration policies in order to maximize
Wi — L [(lfm)vj’ii".erz.)j’m]Jr.Ej(1+<pj)vjve
G Li+Ei(1+¢7) '
immobile worker, a mobile worker and a member of the elite, respectively, and @7 € [—1, o0].
Let T7 = —> .ez0z1n <ai,z> be the productivity of country j. In order to highlight the role of the

elite, assume T' = T2 = T. Then, under autarky, the utility of a worker is v = C + T + In (1 — ﬁj)
and the utility of a member of the elite is v/ = C + T + In (647) + In (L7/E7). If labor mobility is not
allowed, then L7 = LJ. If labor mobility is allowed, then all mobile workers go to or stay in the country
with the lowest 37.

Under free trade, if A; > a1L?/asL' > A, then country j specializes in good z = j € {1,2}.
Therefore, the utility of a worker is given by v = C + T + asIn (a1B2L2/A2a2B1L1) + In (1 — 51) in
country 1 and v = C 4+ T+ aln (AlonglLl/aleLz) + In (1 — ﬁ2) in country 2, while the utility
of an elite member is given by v'¢ = C + T + asln (alBQL2/A2agBlL1) + In (551) + In (Ll/El) in
country 1 and v?>¢ = C 4+ T 4 aqln (AlagBlLl/alBQL2) + In (552) + In (L2/Ej) in country 2. If
labor mobility is not allowed, then L7 = L7. If labor mobility is allowed, mobile workers will go to
or stay in the country with the highest v/. Since v! is decreasing in L'/L? while v? is increasing in
L'/L?, if there are enough mobile workers, they will relocate until v! = v2. This implies L?/L' =

—a : 1 .
(% /oy T (Ag)al'“?;?, where IV = (1 — 7)e1+ez / [1 — 7 (1 — §)]. Moreover, there will be migration

, where v3* pb™ 93¢ are the indirect utility functions of an

— — —a3 — —
to country 1 whenever L?/L' > (apI'?/a; ') (As)*1te2 and migration to country 2 whenever L?/L! <

g
(ol /oy Th) (Az)@1tez. Finally, the distribution of mobile workers between the countries does not violate
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either L7 € [(1 —m) L, L)+ mi_j] or Ay > Oéll~12/012f/1 > Ao, provided that

1

B! o (I24mll)  (1-@\oTm e oy (1—m) 2 B!
- A _ A a1+ta —— 7 A -
( > L e (l—m) L1 ><1—51> (Ag) e " an (Lt ml?) 2(32>

In order to simplify the characterization of the political equilibrium, we also assume that

52> gl

(L' + mL?) (alfl T aul? (Ag)ali?i?>
VESEPE

A BT (1 — ﬁ1>
a3 > mln
B2 (Ag) a1+

B21?
Ay BT (Ag)ei+az

a9 In > In

a1 ln

The first inequality simply means that the elite of country 1 is less extractive than the elite of country 2,
in the sense that it appropiates a lower fraction of its labor force. The second inequality ensures that the
elite of the rich country under autarky (country 1) prefers free trade and free labor mobility to autarky
and free labor mobility. Intuitively, for the elite of country 1, when there is free labor mobility, gains
from trade prevail over the negative effect that trade liberalization has on the size of the labor force of
country 1. The third inequality states that workers in the poor country under autarky (country 2) prefer
free trade and free labor mobility to autarky and free labor mobility. Intuitively, the gains from trade
for all workers in country 2 are higher than the productivity gains under autarky for mobile workers.
Proposition 8 characterizes trade and labor mobility policies.

Proposition 8 (extractive elite). Suppose that
— — 1 —
B! o (L? + mL*') 1— B2\ oitoz a3 ay (1 —m)L? B!
— | Ay > > Ag)arter > — 5 A, [ —
<B2> YT (1= m) Lt (1—51> (4s) ag (LY +mL?) 2(32>
52 > ,81
(L' +mL?) (alfl + o (Ag)ﬁ>

(L' + L) aul!

B21?

=3 > In
A2B1F1 (Ag)a1+a2

a9 In

A BT 14!
a1 ln a3 > mln 5
B2T2 (Ag)e1tes 1-5
ey
— — —o 1(r1,72 2 aqta 71,72
Assume L?/L' # (042F2/041F1) (As)“ﬁ‘gﬁ. Let L' = ol (E'+1 )_ag and L2 = 2L (ds) M7 (L—::g,L )
onTl+apT?(Az) “1He2 a1l +asl2(A3)31Ta2

Then:

1. No trade and no labor mobility is always a Nash equilibrium outcome.
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2. Free trade and no labor mobility is always a Nash equilibrium outcome. Moreover, Wé (1,0) >

W, (0,0) for j=1,2.

3. No trade and free labor mobility is a Nash equilibrium outcome if and only if 1 4+ p? <
mL?In[(1-8)/(1— 52)]
—E?In(1-m)

4. If L?/L' > (a2F2/a1F1) (As) artes , free trade and free labor mobility is a Nash equilibrium outcome
if and only if:

L'as ln(L1§§>
(1—a9) [ .
P S |
(b) (L) (1) > (1) (12)' or (L) (12)' < (1) (13)'7" and 1462 < 6 =
L% ln<L1§§>
(Ll)oq(L2)1 ar] -
(il)al(ﬂ)l_al}

(@) (217 (2% > (LHT7) (12)*2 and 14 ¢! > ¢! =

E21n|:

5. If L?/L' < (a2F2/a1F1) (As) artas , free trade and free labor mobility is a Nash equilibrium outcome
if and only if:
(a) (L1)™ (L2 > (L)™ (227 and 14¢* > &%
) ()07 02 )7 ) o 01)") 02) < )7 ) a1 <

Proof: Note that:

Ln(1-p7)+E (14 ¢7) [In(687) +In (L7 /E7)]
Li+ B3 (14 i)

ap [1— B2 (1—6)] L2 )

WY (0, M) =C+ T +

A20[2 [1 — ,81 (1 — 6)] Ll
Llin (1—BY) + B! (1+ o) In (681 LL/EY)

" L'+ E' (144"

Ajas [1 -1 (1-6)] L1> .

Wé(l,)\M):C+T+a21n<

ar[1—p*(1-9)) L2
2In (1 - B2) + B2 (1 + ¢2) In (§82L2/ E?)
i L? + B2 (14 ¢?)

Wé(l,)\M):C—i—T—i—alln(

(A7, Anr) = (0,0) is a always a Nash equilibrium outcome. A ‘
(A, Aar) = (0,1) is a Nash equilibrium outcome if and only if W7 (1,0) > WZ (0,0), which holds

because: W (1,0) = W (0,0) = asIn (522282 ) > 0 and W (1,0) = W (0,0) = ay In (41228220} > 0

Asag Bl o1 B2L2
. 2 Bl
because ( > Ay a2L1 > As (—32 .
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(A7, Anr) = (0,1) is a Nash equilibrium outcome if and only if Wj (0,1) > Wj (0,0). W(0,1) —

B (141 In( EtmL? L2mIn +E2(1+4¢?) In(1—m) .
W (0,0) = (L1+2:71($+<p]f)1 ) > 0 and W2 (0,1) — W2 (0,0) = ( i EEQ(H@ e if and
mL?In[(1-61)/(1-5%)]

only if 1+ ¢? < iy

(Ar, Aar) = (1,1) is a Nash equilibrium outcome if and only if Wé (1,1) > max {Wé (1,0), Wé (0, 1)}
Note that

Wé<1,1>—w(g<o,1>:a21n(alBL )+ (1+e")In[L!/ (L' +mI?)]

AgagBlLl I_/l + FEl (1 + Lpl)
| LY+ mIL? E'(1+¢")In[L'/ (L' + mL?)]
> In 1 + 71 1 1
L I+ EL(1+ o))

_ L n LY +mL? =0
L'+ E1 (14 ¢1) Lt ’

_ _ 3
(L1+mL2) <a1F1+a2F2(A3) oy Fog )

where we have used that agln [ B o3 ] > In (D) or, which is

AgBlfl(Ag) altag

equivalent, that asIn <%) > In <¥) Also note that

Ay B! —L*mIn[(1-8Y /(1= +E21+¢*)In(L?/L*>(1—m
Wg(m)—wg(m):alln( ;1;%2 >+ I )/ L2+)L72(1+(902)80) (L2 L7 )
1-pt —L*mIn [(1-p8Y)/(1—8%)] + E* (14 ¢*) In(L?/L? (1 —m))
< >+ L2+ E2 (14 ¢?)
In L? ]>0

B (1+¢?) | 1- 61 E? (1+ ¢?)
_L2+E2(1+s02)mn<1—52>+L2+E2(1+¢2) {Lm—m)

where we have used that apln [LLIF;S } > mln(1 gg) or, which is equivalent, that
B2T2(Az) @1tz
_al
a1ln <7Aéf%§2§1) >mln (—}722)

Wk (1,1) =W (1,0) = ay In (55) n
E?(14¢?)In(L?/L?)
L2+ E2(1+?)

(i) Suppose L?/L' > (aol? /oy T'!) (Ag)a;(:im Then L' > L' and L% < L2 W} (1,1) — W} (1,0) > 0

) ) - el 1 (L) (12)° 17, (LAL?
and W& (1,1) — WZ(1,0) > 0 if and only if E' (1+¢')In W > aol ln<L1L2) and

_ - 71 o\1—ag
a1L?In (LQ@I) > E? (14 ¢?*)In [%} Conditions (a) and (b) in part 4 are equivalent to

EY(1+¢!) In(L!/LY)
LI4+EL(1+!)

, while W2 (1,1) = W2 (1,0) = oy 1n(§25>+

. Thus, we must consider several possible cases.

21 (LY)*1(L2)i—>
these two inequalities.
(ii) Suppose L? /L' < (col'? /oy I'Y) (Ag)a1+i2. Then L' < L' and L? > L% W} (1,1) = W4 (1,0) >0

_ =1\(1—ag) /o
and W2 (1,1) — W& (1,0) > 0 if and only if apL'In (L142> > E'(1+¢')n ) )7 hd
) ) 112 (Ll)(l—ag)(LQ)OQ

59



1\21 2\1—aq _ _
E? (1 + @2) In [%} > a;L?In (%25) Conditions (a) and (b) in part 5 are equivalent to

these inequalities. This completes the proof of the proposition. B

C.3 Citizenship for sale

Consider an economy with two countries (J = 2), two tradeable goods (Zr = {1,2}) and one non-
tradeable good (Zy = {3}). Production functions, endowments and preferences are as in the simple
Ricardian economy. Let 7/ € [0,1] be the income tax rate that country j charges to foreign mobile
workers that decide to locate in j and let T'f7 > 0 be the transfer per capita received by country j’s
workers. The government of country j selects its trade and migration policies in order to maximize
Wé = mvi’m +(1—m) v%im subject to T f/L7 = 77 max {Lj — I, O}, government j’s budget constraint.
Trade policy is Ay € {0,1}, where Ay = 1 indicates that both countries accept free trade and Ay = 0
that at least one country refuses to trade. Migration policy is Ay € {0,(1,7)} with 7 € [0, 1], where
Ay = 0 indicates that at least one country does not accept free labor mobility and A\y; = (1,7) indicates
that both countries accept labor mobility with the recipient country charging a proportional income tax
7 € [0,1] to foreign mobile workers. A }

Under autarky, all goods must be produced domestically. Hence, pl = w/ ajL7 L for z € Z =1{1,2,3}.
If labor mobility is not allowed, then v7#™ (0,0) = v»™ (0,0) = C + T and, hence, W7 (0,0) = mv?™ +
(1 — m)v?"™ = C+T7. If labor mobility is allowed, then v/i™ = C+T7+In [1 + 77 max {Lj — I, O} /I_Lj],
where 77 € [0, 1] is the income tax changed by country j to immigrants. Mobile workers in country 1
strictly prefer to locate in country 1 if and only if 7' 4In [1 + 7l max {Ll — L', O} /I_Ll] > T?+1In (1 — 7-2).
Since T' > T2 and 77 € [0,1] for j = 1,2, this inequality always holds. Thus, mobile workers in country
1 always prefer to locate in country 1. Mobile workers in country 2 prefer to locate in country 1 if and
only if 7! 4 In (1 — 7'1) >T?+1n [1 + 72 max {L2 —L?, O} /EQ}. Since L? < L?, this inequality becomes
T' +1n (1 — 7'1) > T?2. Therefore, if T + In (1 — 7'1) > T2 then L' = L' + mL? and L? = (1 —m) L?,
while if 71 + In (1 —7'1) < T?, then L' = L' and L? = L?. Hence, W(l; (O, (1,7’1)) = C+ T+
In[1+7' (L' = L) /L' and W (0, (1,71)) = m [C + max {T" +1In (1 — 7') ,T?}|+(1 —m) (C +T?).
Finally, note that W/ (O, (1,7'1)) adopts a maximum for 7! = 7 =1 — ¢~ (T1=12)_ Thuys, WE(0,(1,7) =
C+T'+In[1+(1- e_(Tl_TQ)) mL?/L'] and WE (0,(1,7)) = C + T2

Suppose there is free trade. Provided that A; > oy L?/asL! > Aj, country j specializes in good

z = j € {1,2}. Thus, in equilibrium, p; = wlalLl, p2 = w2a%2, ph = wjaig and the balanced
trade condition is asw'L' = ajw?L?. Therefore, v! = C + T' + ayln (041L2/A2(XQL1) and 1?2 =

C+T?+ayIn (Ajap L' Jaq L?). If labor mobility is not allowed, then v (1,0) = o™ (1,0) = W' (1,0) =
C+T'+aln (g L?/Asas L) and v*™™ (1,0) = v*™ (1,0) = W2 (1,0) = C+T?+ay In (Ayas Lt Joy L?).
If labor mobility is allowed, the indirect utility of an immobile worker who owns one unit of la-
bor in country 1 (2) is o' = C + T' + asln (yL?/Asa9L") + In[1 + 7' max {L' — L',0} /L]
(v*¥"™ = C +T? + arIn (Ajag Lt fay L?) + In [1 + 72 max {L? — L?,0} /L?]). Mobile workers in country
1 prefer to locate in country 1 if and only if w!/ (wlai?))% > w? (1-7%)/ <w2a%73) *In equi-
librium, apw!'L' = oqw?L?, which implies that mobile workers in country 1 strictly prefer to locate
1 —a _ _ —o3
in country 1 if and only if ayL?/asLlt > (1 —72)T-es (Ag)ﬁ. If a1L?/aplt > (Ag)lfass, then

1 —« _ _
o L?Joo Lt > (1 —72)1-es (Ag)ﬁ holds whenever L?/L' > L?/L'. Thus, in equilibrium, it must
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be the case all mobile workers in country 1 locate in country 1, i.e., L' > L' and L? < L?. Mobile work-

s [e%:)

ers in country 2 prefer to locate in country 2 if and only if w?/ (wQa%B) > w! (1 — 7'1) / <w1ai73) .

In equilibrium, apw'L! = a;w?L?, which implies that mobile workers in country 2 prefer to locate

1

in country 2 if and only if a;L?/asLt g (Az)1-os a5 /(1 — 71)1=e3 . Therefore, we must distinguish two

_ _ - —3 _1

possible cases. If ayL?/apLl! < (Ag)l—% J(1—7 )1—a3, then ayL?/asl! < (Ag)l_o‘33 /(1 —=7t)T=es
holds for all L' > L' and L? < L?. Then, in equilibrium, L' = L! and L? = L?. If all_LQ/aQI_/l

—a 1 _ - —o3 1

(Ag)ﬁ /(1 =71, then ayL?/asL! > (A3)1—a33 J (=T > ay(1- )L2/a2 (L' + mLQ)

and, hence, the allocation of mobile workers is such that ajL?/apLl! = (A3)1*a3 /(1 —7'1)1*‘13,

which implies L' = ¢( 1) (E1+f/2) and L? = [1—1/)( 1)] (El—i—f/Q), where 1/)(7'1) =

1 - - _

o (1—71)T e/ [al (1—7)Tes 3 + ag (A3) ™ as] Thus, if 7! < 7 =1— (ang/alLQ)l “(A3)”*%, then

We (1, (1,71) = C+ T +agln [ (1= ¢ (7)) fAzas¢ (r1)] +In [L+ 72 (¢ (71) (L' + L2) — L) /L]

and W2( ( T )) = C+T?+ a;ln [Alagl/}( )/a1 (1—1/1(7'1))], while if 71 > 7, then

Wi (1, (1,7h)) = WE(1,0) = C+ T + azln (e L? /Agoszl) and W& (1,(1,71)) = WA (1,0) =

C + T2 + aqln (Alang/ozle). Note that WG( ,(1,7’ )) adopts a maximum for 7! = 7% =

_o(+1 Qa2 V(LI LL2) 1
arg maXg< i<z { [1 L )} [1 —i-le( )(LEJ{L )-L }} Finally, we prove that 7 > 0 and find suffi-

P(rh)
cient conditions under which 7* < 7. Take the derivative of Wcl, (1, (1, Tl)) with respect to 71.

WE(L(LT)) _ a () (14 12) [1 - i | -
ort S (l—ag)(1—1h) * (1 —71) LY + 71y (r1) (L + L2)

Evaluating this derivative at 7! = 0 we obtain:

aWé (17 (177—1 = 0)) (6%) + Oéli2 — Q9 (Ag)% El

1 ~ (1= —ag
or (1—as) o1 + ag (Ag)Tos | L1

If a1 L2 /oLt > (Ag) T3, then OWE (1, (1,71 = 0)) /dr! > 0, which implies that 7* > 0. Evaluating
OWE (1, (1,71)) /ot at 7! = 7 we obtain:
oWE(L (Lt =7) (B +I%)ay— 7L
or! - (1-ag) (1-7) (L' + L?)

1

—Q

1-agz 3
} > (Ag)'-es. Thus,

= T2 (171,72 a
Note that oW}, (1, (1,7'1 = 7")) /Ot < 0 if and only if (g;g) [L (LL;FL Joz

g
whenever < > (As)'-e3, it must be the case that 7 < 7.

ag L1 L2
Proposition 9 characterizes trade and labor mobility policies.

1
ot [w(vm)m T
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a1 I,2+mf,1 2 >3
ag(lfm)il) orfT > (Ag)ertez >

Proposition 9 (citizenship for sale). Suppose that A; >

a1 (1-m)L? 1 2 .
ca(Lmi?) > Ag and T > T=. Then:

1. (i) Neither trade nor labor mobility; (ii) no trade and immigration fee 7 =1 —e~T1=12) > 0; and
(iii) free trade and no labor mobility are always Nash equilibrium outcomes. Moreover:

a) {W&(1,0), W4 (0,(1,7))} > Wk (0,0) while Wk (1,0) > WL (0, (1,7)) if and only if

arL? \*? - L'+ #mL?
AQO{QEl le

(b) W& (1,0) > W& (0,(1,7)) = W& (0.0).

«a A(IA+I2) Tt
2. (iv) Free trade and immigration fee 7" = arg maxo<,<sr { [17@0(7)} ’ [1 +TM]} >0

is a Nash equilibrium outcome if and only if

[al (1—1 (7’*))} L' ++mL?
agln |[—————— = —
At (17) LY+ 7% (¢ (7%) (L' + L?) — L)
Aray (77) } 1 2
opln | ———————— | >mmax{ln(1 —7%)+T7" —T=,0
e =) }
_ ar(1-m)t/ts = _ 71 72)y1-as —as .
where Y (1) = A= g (Ay) T and 7 =1— (oL /a1 L?) (A3)~**. Moreover:
(a) W& (1,(1,7%)) > WG(l 0) > WG (0 0) and WG(L(LT*)) > WE(0,(1,7)).
1
- F2_(Fl.T T—a —a _ _ _
() If (g;gf) [L (L4 )a ] P (Ag)ﬁ, then 7 < 7, L' = ¢ (r*) (L' + L2) > L! and
Wé(l,(l %)) > W] (1,0) for j =1,2.
Proof:
(A, Aar) = (0,0) is always a Nash equilibrium outcome.

0,0)
(A, An) = (0,(1,7)) with 7 = 1 — e~ (T1772) is a Nash equilibrium outcome. We have already
proved that W (0,(1,7)) > W} (07 (1,7'1)) for all 7! # 7. Also note that W} (0,(1,7)) = C+T' +
In[1+4 (1—e M=)y mL2/LY > Wk (0,0) = C + T Finally, W2 (0, (1,7)) = W2 (0,0).

(A, A) = (0, (1,71)), with 71 # # is not a Nash equilibrium outcome because Wi (0, (1,7)) >
WA (0. (1.7)).

(A, Anr) = (1,0) is a Nash equilibrium outcome because WG (1,0) = C+T '+ In (a1 L? /Azas L) >
W& (0,0) and WA (1,0) = C + T2 + oy In (Ayag Lt fan L?) > WE (0,0

We have already proved that W} (0,(1,7)) > Wl (0,0), W (1,0
WE (0,(1,7)) = W& (0,0). Finally, note that W¢, (1,0) > W¢ (0, (1,
(L1 + ?mLQ) /L', which completes the proof of part 1.

)-
,0) > W4 (0,0), and W (1, 0) >
)

(
7)) if and only if (a1L2/A2a2L1)
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7*)) could be a Nash equilibrium outcome. We have already proved that
W (1, (1,7Y)) for all 78 € [0,1], with strict inequality if 7' # 7*. Since for
1 2 7, WG (1, (1,7’ )) = WG(l,O), we have W(l; (1,(1,7%)) > W(l;(l,()) > W(l; (0,0). W(l;(l,(l,T*)) >

LY + #mIL?
LY+ 7* (1/) (%) (El + EQ) — I/l)

and we have already proved that Wi (0,(1,7)) > W& (0, (1,
C + T? + a;In[Ajag (7%) Jaq (1 — 9 (17))] > W2 (1,0) =
¥ (7)) (1 = (7)) > L'/L?. We have already proved that
CH+m [T +In(1—7%)]+ (1 —m)T?if 7* < 7 and W (0, (1,7%))
if 7% < 7, then, W2 (1, (1,7*)) > WA (0, (1,7%)) if and only if

) for all 71 # 7. (l( ) =
+ T2 4+ a;ln [Alosz /ozlL ] ecause
(1,0) = W& (0,0). WE0,(1,7) =

:Wé( 0) = C’+T21f7' Thus,

-
c
WE

Aragy (77) ] x 1 _ g2
agln| ———————|>m|n(l-7)+T" =T
o | 2 b= |
while if 7% > 7, then W2 (1, (1,7%)) > WZ (0, (1,7%)) if and only if ay In [Ajasy) (7%) /o (1 — 4 (7%))] > 0,
which always holds.

Therefore, (Ar, Aar) = (0, (1,7%)) is a Nash equilibrium outcome if and only if

oo ln [al (1—v (T*))] In LY + #mIL?
25 Azany () L'+ (¢ (r*) (L + L) — L)
Arag (17) ] 1_ g2
apln | ———————— | >mmax{In(1—-7")+T" —T%0
Gy tad=r9 }
()\T,)\M) = (1,(1,7")) with 7! # 7* is not a Nash equilibrium outcome because Wi (1, (1,7%)) >
We (L (L)
We have already proved that when (Ar,Ap) = (0,(1,7%)) is a Nash equilibrium outcome,

WAL (7)) > WA (10) > W2 (0,0, WA (L. (L") W (0. (1,7)), and W2 (1, (1,7°)) > W2 (1,0).

= T2_([147]2 T—ag —a
Also note that if (311;2) [L (LijL )QQ] ’ > (Ag) '~ 0‘33 then 7% < 7 and, hence, W4 (1,(1,7%)) >

o L1
Wk (1, (1,7) = WL (1,0) and W2 (1,(1,7%)) > WA (1,(1,7)) = WA (1,0). Finally, we have also proved
that W2 (1,0) > W§ (0, (1,7)) = W2 (0,0), which completes the proof of part 2. W
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