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Abstract

This paper proposes a theory of free movement of goods and labor between two large economies with imperfect labor
contracts. Each country is incompletely specialized in producing two final goods that differ in their complexity of
production. The most complex good is produced by workers and managers who pair up with each other according to
an efficient matching process, where the most talented manager matches with the most talented worker. The least
complex good is produced by firms that consist of one individual. The most talented individual is defined as the one
with the highest level of optimal job training. The heart of our analysis lies in the determinants of talent
development. We show that in a world economy with two otherwise similar countries that have different
institutional quality, or/and a different system of early education, a country that has the best quality of institution,
combined with the best early educational system, will be the host country of immigrants. Under free trade and labor,
the best institutions and the best early educational system can serve as complementary sources of comparative
advantage in the most complex industries. Consequently, the host country of immigrants will export the most
complex goods produced by the most talented individuals. The economic progress of a source country will be shown
to be related to its ability to improve its quality of institutions and its early educational system. It also is shown that
individuals’ decisions to emigrate are related to the fixed costs of migration, such as language barriers. Finally,
emigration affects the income of both countries via an indirect effect on individuals” incentives to invest in their job
training and a direct effect on prices of goods.
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1. Introduction

In the modern world, a number of recent political developments have intensified the free movement of
goods and labor. According to Hatton and Williamson (2005), average industrial tariffs rates around the world
have fallen over the last half century from about 40 percent to 3 percent. Over the last thirty years the ratio of
exports of goods and services to GDP has doubled. The proportion of the world’s population that are
immigrants also has increased. The United Nations estimates that international migrants constituted 3 percent
of the world population in 2005.! The tendency toward the world liberalization of goods and labor might affect
the development of talent in each country.

We could think of talent as something that an individual develops. Individuals differ in their level of
training. Along this line, the most talented individual might be defined as the one with the highest level of job
training. In a world where national institutions mitigate moral hazard, contracts consist of wages that are
derived from a matching process, where the most talented workers pair up with the most talented managers
during the team production process. In this environment, some individuals might choose to incrementally
increase their level of training and therefore be more productive in their jobs than others. But, who are these
individuals? One might answer the above question by assuming that an individual who accumulates higher
human capital, such as, a technical, undergraduate, master, PhD, or post doctorate degree, will choose to obtain
higher level of training in her prospective job because it becomes relatively easier for her to do so, as
compared to another individual who obtains a degree of a lower level but will work in the same prospective job
as the former. But, what factors can impact an individual’s decision to go to college or to purse a higher
degree? One can argue that the economic environment; her childhood environment such as the intellectual and
financial support from her parents, relatives and friends; the culture in which she grew up; the system of
primary, secondary and high school education all could be considered as factors that can push or pull an
individual from pursuing a higher level of education, and therefore, from accumulating higher levels of human
capital. In this paper, the above factors with the exception of the economic environment factor, determine what
we call the early educational level of an individual. Consequently, individuals with higher levels of early
education will tend to pursue a higher degree because is relatively easier for them to do so.

In a perfect labor contract’ world with competitive firms that operate in complete markets, there exists
perfect information about the productivity of a worker. Therefore, the most productive firms will tend to
employ the most productive workers who, according to the above information, are the most skilled individuals.
Moreover, the most skilled individuals will seek employment in the most productive firms, or run their own
firms in order to optimize their returns to education.

However, in the real world not all sectors operate in a perfect labor contract environment. This is related to

the fact that in some sectors it might be very difficult for a manager of a firm to observe the productive efforts

1 “In 2005, the number of international migrants in the world reached almost 191 million, up from 155 million in 1990. The number of international
migrants increased by 10 million from 1990 to 1995, going from 155 to 165 million. The estimated increase was close to 12 million from 1995 to 2000 and
above 14 million from 200 to 2005.” For more details see United National: The International Migration Report (2006, p. 1).



of her employees that engage in a team project during the production process. Consequently, the manager has
perfect information about the skill level of her employers but imperfect information about their productive
efforts during the production process. Thus, a manager will tend to offer an optimal contract where workers’
wages depend on the workers’ skill levels and on the quality of national institutions because these are the only
things that she can observe perfectly. In other words, it is difficult to base the contract directly on the firm’s
output and workers’ effort levels because it may be difficult for a court to measure the above due to the
assumption of imperfect information on the worker’s productive effort levels. However, the firm’s manager is
able to measure the level of a worker’s performance. The latter is partially related to her efforts. In the same
way, the worker may be able to measure the performance of the firm that is related to a degree to its output
levels. As a result, because of the imperfect monitoring, the degree of labor contract perfectibility could be
proxied by the degree of the quality of the institutions. With imperfect contracts, the higher the quality of
institutions, the higher the effort levels exerted by a worker in the team production process. This is because the
higher the quality levels of institutions in a country, the higher the verifiability of distortion levels of a worker
and therefore the higher the levels of effort exerted by the same worker. Better national institutions provide
higher quality of the performance and verifiability measures. The quality of national institutions can be related
to the quality of the national judicial system.” The better a country’s legal establishments, the more precisely
courts can assign credit for each individual contribution to the team production process of a firm operating in
this country. In such economic environment, where some sectors operate under perfect labor contract, while
some other sectors operate under imperfect labor contract, one can raise the following question. In what sectors
will the most skilled individuals of a country seek employment?

We take the stand developed in the recent literature on institutions and international trade and assume that
the answer to this question is related to the quality of national institutions. In other words, institutions’ quality
affects the productivity only in those sectors where firms are unable to measure precisely the productive efforts
of each individual involved in their production process. Consequently, the quality of institutions in a country
will affect an individual’s decision about the industry in which she will seek employment, and the early
educational system will affect an individual’s decision about her skills’ level. All things considered, the
development of talent will depend on the quality of a country’s early educational system and its institutions.
Since countries differ in their institutions and early educational system, they will differ in their skills’
distribution of their labor force. Put differently, countries differ in their talent development because they obtain
different quality level of their institutions and early educational systems.

One of the objectives of this paper is to provide a theoretical understanding of the relationship between a
country’s early educational system and its institutions on the one hand and the development of talent on the

other. By focusing on the economic function of early educational systems and institutions, our theory offers an

2 According to Vogel (2007) the quality of national institutions can be related not only to the national judicial system but also to the national accounting
system. He argues that the more effective national accounting system, the better the reports of data on both the productivity of a firm and the contribution
of each individual involved in its production process.



explanation on the distribution of skills in the labor force of a country. Another objective of this paper is to
analyze the consequences of the endogenous talent development: first in a free trade world, such as NAFTA,
and second in a common labor market world, such as European Union. To this end, we develop a theory that
links the development of talent, as a consequence of the early educational system and institutions with its
impact on the organization of production.

This paper develops a framework with imperfect labor markets in a world with free movement of goods
and labor, which consists of two large economies. In each country there exist a large number of firms grouped
into two sectors, an agriculture sector, where only firms that consist of one individual each operate, and an
industrial sector, where only firms that are involved in team production operate. There are two final goods
produced (one good in each sector) using one factor of production, labor, that is heterogeneous in terms of
skills. The heart of our study lies in the determinants of the distribution of skill in the labor force of each
country. The latter is determined endogenously by individuals of each country. In a world with imperfect labor
contracts, the productive efforts of the workers involved in the production of the industrial good cannot be
measured perfectly. Thus, each individual involved in the production process of the industrial good has perfect
information about her own level of productive efforts, but imperfect information about the levels of productive
efforts of others. Individuals choose their level of skill subject to their early level of education and the quality
of institutions that exist in their country. Individuals with high levels of skill choose high levels of job training
in order to maximize their utilities. These types of individuals seek employment in the industrial sector. This is
related to the fact that it is easier for high skilled workers to exert high effort levels in the team production
process since they have accumulated higher level of human capital. Consequently, is more effective for them
to shirk less in the team production process. An efficient matching process takes place, within each country,
where the most talented individuals pair up with the most talented managers. The most talented individuals
enter in the industrial sector either working as workers in team production firms, or running their own firms as
managers. The least talented individuals enter in the agricultural sector, where they work as self-employed,
operating their own individualistic firms. We examine the implications of international trade when both
countries move from autarky to a free trade world. Then, we go a step further and examine the pattern of
emigration when both countries open up their labor markets between themselves in an already free trade world.

We show that in a world with two open economies under free trade and incomplete specialization, the
country with relatively higher levels of early education or quality of institutions, ceteris paribus, will have
relatively more talented individuals, and therefore, will export the industrial good and will import the
agricultural good.

In a world with free movement of goods and labor, we show that only the most talented individuals have
an incentive to emigrate towards the country with the best institutions and early educational systems. This is
related to the fact that if they are able to afford the fixed costs of emigration, such as language barriers, they
capture higher income to their level of skill in the host country of immigrants, as compared to their income in

their country of origin.



We consider certain scenarios, where the government of an origin country of immigrants could reinforce
the incentives of its citizens to accumulate skills through its ability to improve the quality of its institutions and
early educational system. In particular, we describe a scenario where the government of the origin country can
promote the development of more talented individuals in the world and simultaneously increase the income of
most of its citizens by simply improving the quality of its early educational system. The latter will increase the
intensity of talent development in the world because of emigration towards the country with the best
institutions. This in turn, causes a raise in the relative price of the agriculture good, therefore increasing the
income of all individuals who work in the agriculture sector. Since the host country is exporting the agriculture
good, most of its labor force will enjoy higher income than before as a result of the emigration of its most
talented individuals to the host country of immigrants. However, in such a scenario the government of the
origin country of immigrants will fail to achieve its goal if we relax the assumption of large economies. Thus,
in the case of small open economies, since the price of each good will not be affected by trade or immigration,
the improvement of the early educational system in the origin country of immigrants will raise only the volume
of its emigrants for sufficient low immigration costs and it will not affect the income of the individuals who
work in the agriculture sector. Consequently, the only way for the government of the origin country of
immigrants to ameliorate the income of its citizens is to encourage the development of its institutions.
Therefore, emigration influences the individuals’ income via an indirect effect on their incentives to invest in
their level of skills and a direct effect on the goods’ prices only under the assumption of large economies.

Our paper is original in four key dimensions. It provides two separate contributions to the burgeoning
literature of international trade through the involvement of institutions and endogenously determined human
capital accumulation. Also, it makes two equally distinct contributions to the recent literature on immigration
and economic development through the involvement of the quality of a country’s early educational system and
its institutions.

First, our paper contributes to the recent and burgeoning literature on institutions and international trade.
The paper argues that the quality of institutions acts as an independent source of comparative advantage in a
country, and therefore, determines the pattern of trade. This is related to the fact that institutions affect more
the productivity in certain sectors of the economy than in others. This is consistent with Acemoglu, Johnson
and Robinson (2001, 2002), Acemoglu, Antras, Helpman (2006), Costinot (2009), Cunat and Melitz (2006),
Grossman (2004), Levchenko (2007), Matsuyama (2005), Nunn (2007), and Vogel (2007). In this context, I
follow the steps of Vogel (2007) by developing a simple theoretical game in which each individual chooses her
skill level, sector of employment, training level, matching co-worker, and level of efforts and distortions.
However, my model differs from Vogel (2007) in terms of the endogeneity of individuals’ skill level. In my
framework an individual chooses her skill level, subject to the quality of institutions and her level of early
education, prior to her choice of the sector where she will seek employment. In Vogel’s model an individual’s
skill level is considered exogenous. Consequently, the endogeneity of an individual’s skill level that depends

on the interaction of institutions and the early educational system makes this paper unique in the literature.



Second, it contributes to the latest and increasing literature on international trade and allocation of talent.
Human capital accumulation and institutions act as complementary sources in the determination of
organization of production. Thus, a country with better institutions and a labor force that consists of more
talented individuals has a comparative advantage in the production of the more complex goods. This idea is
similar to Costinot (2009), Grossman and Maggi (2000), Ohnsorge and Trefler (2007), Lucas (1978), Rosen
(1981), and Murphy et al. (1991). Our paper differs considerably from the above papers, mainly in the
definition of talent. In our paper talent is defined as something that an individual develops through the
interaction of her early level of education and the quality of her country’s institutions. Thus, a distinct
contribution that this paper offers to the literature is the ability of our model to make the early educational
system of a country the sole determinant of the pattern of trade.

Third, the paper contributes to the growing literature on economics of immigration. It argues that
institutions and early educational systems can determine the pattern of labor migration. It also shows that only
the most talented individuals have an incentive to immigrate to the country with the best quality of institutions
and early educational system. In other words, only skilled individuals have incentive to emigrate and therefore
afford the emigration costs due to the existence of high differences between their earning in their country of
origin and their destination country. The latter is consistent with Abowd and Freeman (1991), Blanchard and
Katz (1992), Borjas (1987, 1992, and 1993), Freeman (1993), Jensen (1988), and Lucas (1988). Our paper
differs notably in terms of the mechanism through which the incentives of individuals to emigrate are
determined. In particular, our paper is the first paper to shed light on two separate channels, the institutions and
the early educational system, that can determine the pattern of emigration between two otherwise similar
countries.

Fourth, it contributes to the recent literature on human capital accumulation, immigration, and economic
development. Our paper shows that the volume of talented individuals increases when countries that differ in
the qualities of their early educational systems and institutions move to a world with free labor mobility. This
is somewhat related to the literature on immigration and beneficial and non-beneficial brain drain as developed
in Bhagwati et al. (1974), Beine et al. (2001, 2008), Di Maria et al. (2009), Galor et al. (1997), Miyagiwa
(1991), Mountford (1997), Stark et al. (1997, 1998), and Vidal (1998). The papers that study the theory of
brain drain argue that the emigration of skilled workers hurts the origin country of immigrants and promotes
the host country of immigrants because the existence of immigration increases the volume of skilled workers
in the host country and decreases their volume in the origin country of immigrants. On the other hand, the
papers that develop the theory of beneficial brain drain argue that the increase in the possibility of emigration
increases the volume of skilled workers in the origin country of immigrants because it increases the stock of

human capital there. Our paper is different from the above papers on the literature of brain drain since it

% The model developed in this paper assumes that the wages of unskilled workers (the less talented individuals that seek employment in the agriculture
sector) are the same in all countries (developed or developing countries). Thus, there are no economic incentives for the unskilled workers of a developing
country to immigrate in the developed country.



provides another mechanism through which the incentives of individuals on the development of their talent
increase with the existence of a common labor market. Moreover, it provides a scenario where the
government of the origin country of immigrants can increase the human capital accumulation in its country
simply by improving the early educational system or/and its quality of institutions in a common labor market
world. This also is very different with the literature of beneficial brain drain in the sense that the existence of
free movement of labor could improve the capital accumulation in the host country of immigrants, not simply
the possibility of emigration.

The rest of the paper is organized into six sections. We present the model in Section 2, where we analyze
an individual’s decision on her skill accumulation, and therefore, on her choice of the sector where she will
seek employment. Here, we describe a five-stage theoretical game in a two sector economy that produces two
goods, where labor is considered heterogeneous and is the only input. In Section 3, we analyze an individual’s
decision on her level of skills’ accumulation in a world of perfect labor contracts and competitive firms that
operate in complete markets. In Section 4, we solve the five-stage theoretical game for a symmetric subgame
perfect equilibrium in a closed economy with imperfect labor contracts. We divide this section into two main
subsections that analyze the same game, but under different contract design structures. Section 5 investigates
the pattern of trade when two large economies enter into a free trade agreement. Section 6 explores the pattern
of emigration and its effects on individuals’ income, when both countries that already enjoy free trade of goods
enter into a free common labor market. Section 7 presents conclusions. All the proofs of propositions and

corollaries are relegated to the appendixes.

2. The Model

The economy has two sectors (X and Y). In the y sector, individuals work alone. They own their own firm
where they produce a final good. Therefore each individual in the y sector will provide only productive efforts
in order to maximize her profits. For convenience, let me call this sector “the agriculture sector.”

In the x sector, production of the final good is determined as a result of a team work of a worker and a
manager. Managers are matched with workers in order to produce the final good. In this case, managers (or
firm owners) have no incentive to shirk since their final objective is to maximize the firm’s profit. Thus, they
will only provide productive efforts in order to increase the firm’s productivity. On the other hand, workers
might have an incentive to shirk, since they care about their wage and not the firm’s profits. Therefore, if a
manager is able to measure perfectly a worker’s efforts, then the worker will not have any incentive to shirk.
Thus, she will provide only productive efforts. However, if the manager is unable to identify perfectly the
worker’s efforts, then the worker might have an incentive to shirk. In this case, the worker might choose to put

forth some productive as well as some unproductive efforts. The amount of productive and unproductive effort

4 . N I . . L . .
The term talent” development, introduced in this paper, essentially is the same as the term human capital accumulation, which is used in the literature on
the brain drain.



will depend on the wage that the worker receives, but also on the degree of imperfectability of the labor
contracts. We assume that the later is related to the country’s institutions. The better the institutions in a
country, the more perfect the labor contract market, the lower the amount of unproductive efforts provided by
workers. The amount of unproductive efforts (as shown later in the paper) also will be related to the level of a
worker’s ability. This will be related to the level of skill that an individual has, which in turn is related to the
amount of training that an individual has obtained during her lifetime. The more talented, and therefore trained,
a worker is, the less the amount of unproductive efforts that she can provide for the firm. The latter intuition is
related to the relatively easiness of the more talented and trained individual to put forth productive efforts. We
refer to the X sector as the “industry sector”. Also, let me refer to the productive efforts as simply “efforts” and

the unproductive efforts as “distortions.”

Stage One Stage Two Stage Three Stage Four Stage Five
The Choice The Choice The Choice of The Choice of The Choice of effort
over Skill Level over Industry Matching Training Levels  and distortion levels

Fig. 1. The Five-Stage Game

We describe an individual’s decision on whether to work in the agriculture sector or in the industrial sector
with a five-stage game. The timing of such a decision is illustrated in fig. 1. After an individual chooses her
level of early education, she determines the sector in which she will look for employment. After determining
the sector of employment, she decides on how much education (or sector specific training) to achieve. After
the implementation of her training, she must select the production team (if any, dependent on the sector of
employment choice) that is matched with her training. At the last stage, after she gets the job, she chooses how
much effort and how much distortion to supply in her work. The above five-stage game is solved for a
symmetric, subgame-perfect equilibrium. Using this method, we first find the equilibrium effort and distortion
levels. Second, we determine the equilibrium level of training. Third, we establish the equilibrium matching of
the production teams subject to their skill levels. Fourth, we find the equilibrium level of skill that makes an
individual indifferent to the choice of the sector. Finally, we determine the equilibrium level of early
education.

The utility of an agent, which consumes C; units of the final good i, with ability (skill level) g, and with
observed and verified sector-specific training t, which supplies an amount of effort equal to a and an amount of
distortion equal to d, is given by:

U =u(Cy,Cy) — 5 (a® +d?) — itz (1)

All individuals have identical and homothetic preferences represented by the subutility function u. Let

u(Cy, Cy) = Cfcj_ﬁ and the income of an individual be I = x 4+ py, where the price of good x is considered



as numeraire and therefore the relative price of y is denoted by p. Each individual maximizes her utility

function subject to her income level. Hence, the indirect utility function is:
1 1
— _ 2 2y 2
V(a,d) = RI T (a® +d*) 24 t 2

where R = BF(1 — B)'"Fp~F. There are many competitive firms in each sector. Each firm in the agriculture
sector is characterized by the same individual production process, exerting (a) effort. On the other hand, each
firm in the industrial sector is characterized by the same production process, where the manager exerts a,y,
effort and d,,, distortion, while the worker exerts a,, effort and d,, distortion. The production functions in both
sectors exhibit constant returns to scale in regards to effort. More specifically, the production functions in both
sectors are:

y(@)=a x(ay, am) = 2\/ay,am 3)

Thus, in the agriculture sector, an individual who provides one unit of effort (a) gets in return (a) units of
final good y. In the industry sector, the final good is produced as a result of matched efforts and distortions of a
manager and a worker. In this sector, the firm’s output depends on the effort levels of both manager and
worker matched together in order to produce one unit of final good x. Here, we follow the assumption of
complementarities in the production (as indicated later by the supermodularity condition of the indirect utility
function), meaning that it is more efficient for a manager to match with a worker with the same level of
training in order to produce the final good x. Therefore a firm, which consists of a manager who exerts one unit
of effort (a,,) and one unit of distortion (d,,) matched with a worker who exerts one unit of effort (a,,) and
one unit of distortion (d,,), will produce Zm units of x.

In the fifth stage, each individual inelastically provides one unit of labor. In the agriculture sector, each
individual is a firm owner. Thus, she provides the amount of effort that maximizes firm’s profit. In the
industrial sector, we have to introduce the contract imperfection market due to imperfect monitoring. Thus, the
managers must pay the workers their income earned from their engagement in the production process. The
managers will exert the amount of effort that maximizes the firm’s profit while the workers will exert the

amount of effort that maximizes their income defined in the contract as follows:

1-6 _
K(Q, 9m> Q> dw) =ay + .8 (CI—> dw: fOT .8 € [1' qm) (4A)
K(@,a,,d,) = a, + (61_9 — 1)dW for B=qn (4B)

where g, denotes the skill level obtained by the manager, a,, and d,, respectively denote the amount of
unobservable effort and distortion of the worker paired with the manager of a firm, and finally 8 denotes the
degree of dependence of the manager’s skill level on the design of the contract. Therefore, since 6 denotes the
institutional quality of a country, the higher the institutional quality, the better the manager’s monitoring of the
worker’s distortion levels and therefore, the higher the worker’s effort. Hence, 6 € [0,1]. In other words, the

ability of the manager to observe the amount of distortions that the worker exerts in the production function is



proxied by the institutional quality of a country. It should be obvious that the closer to one the parameter 8
gets, the more important is the manager’s skill level on the contract design system. Finally, in this model, when
the labor contracts are perfectly observed, the country’s institutions also must be perfect. This coincides with
6 = 1, which means that in a world with perfect labor contracts we have: K = a,, . Therefore, the income of
the workers will be translated perfectly from their effort levels in the production process.

In the fourth stage, in the agriculture sector, each individual provides the amount of job training that
maximizes the firm’s profit. In the industrial sector, a worker decides on her optimal level of job training that
she is going to obtain, subject to her wage, which is assumed to be her entire income. The wage is determined
in the next stage from the efficient matching system between a worker and a manager. On the other hand, a
manager chooses her optimal level of job training that she is going to obtain, in order to maximize the firm’s
profit, which represents her only income. This is shown to be related to the matching system as described in
the next stage.

In the third stage (in the industrial sector), production teams are paired up between a manager and a
worker following the assumption of the complementary in production. The managers offer the contract to the
workers as defined above. The managers can observe perfectly and verify the worker’s skill level but, in the
imperfect labor contract case, are unable to perfectly observe the amount of training and effort that this worker
will put into the production process. Also, workers accept the contract after observing the manager’s skill
level. In the equilibrium with imperfect contracts, workers and managers sort themselves subject to their skill
levels. Therefore, in equilibrium contracts also are defined from this type of costless matching between
workers and managers conditional on their skill levels.

In the third stage, we find the symmetric equilibrium training after the contracts are determined in the
previous stage. The more skilled managers will be matched with the more skilled workers. Moreover, the more
skilled individuals obtain more training since it is relatively easier for them to do so; therefore, they exert more
productive efforts.

In the second stage, we determine the distribution of the labor force in a country subject to individuals’
skill level. Put differently, here we construct the labor force of a country, subject to individuals’ decisions to
join one sector in a two sector economy. The individuals can join the agriculture sector, where they create
firms operated by one individual, or they can join the industrial sector by becoming either a manager or a
worker. The individuals cannot be employed in both sectors at the same time. Thus, the labor force consists of
a continuum of individuals indexed by their skill levels denoted by g. The unskilled individuals will become
farmers and obtain less training, while the skilled individuals will create firms (that produce in teams of two),
by being a manager or a worker of a firm. Thus, each firm in the industrial sector consists of two individuals
who are self-paired with respect to their training levels.

Finally, in the first stage, we endogenize the skill level of individuals. We assume that the latter depends
on the early education level, or the early childhood, or the economic environment, or the general culture of

individuals in a country, or on all of the above denoted by y. Also, the skill level of individuals depends on the
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institutional quality of their country even before an individual determines the industry, where she will seek
employment. In this stage, we find the equilibrium level of y, which is defined as ¥ € [Vmin, Ymax]- The higher
the early education obtained by an individual, the greater her skill level and therefore the easier it is for her to
obtain higher levels of training. Thus, a country that has a better system of early education, ceteris paribus, will
have a labor force that consists of more skilled individuals. They might work in the industry sector, but this
depends on the imperfectability of the labor contract market. Therefore, this country has a comparative
advantage in the industry sector. In the same way, the country with better institutions, ceteris paribus, will
consist of more individuals who will choose to obtain more training and self-select in the matching process of
production in the industry sector. Hence, the country with better institutions has the comparative advantage in

the industry sector.
3. Perfect Labor Contracts

In this section, we describe the equilibrium that must come out in a world of perfect labor contracts and
competitive firms that operate in complete markets. This is a typical Walrasian equilibrium in a perfect
information world that consists of one country with two sectors. The workers and managers effort and
distortion levels are observable perfectly and verifiable in each industry. This corresponds to the case where
6 = 1, which implies perfect quality of institutions. Since all the individuals have perfect information of each
other skill levels, the distortion levels of each individual will be equal to zero independent of the industry, or
the position level that an individual has. Therefore, the contract that a manager assigns and a worker accepts is
related only to the effort levels that the latter will provide during the production process.

Let us first look at the y sector, where by using backward induction, we can determine the equilibrium

level of y. An individual operating in the agriculture sector endowed with t units of training and with skill level
q has homothetic preferences generated by the indirect utility: V,,(a, t,q) = Rpa — %(a2 +d?) - itz. So, in

the fifth stage we find the optimal level of efforts exerted by individuals working in the agriculture sector
subject to their training and skill levels (which in turn also depend on the early education levels as will be
shown in the stage one). Each individual’s distortion levels, in this sector, are always equal to zero d=0, since
each individual is operating her own firm. Her optimal effort levels are a = Rpt. This indicates that the
optimal levels of effort in this sector are a monotonically increasing function of the levels of training. Thus, the

indirect utility function with optimal efforts in the agriculture sector is given by:

1 1
Vy(t,9) =5 (RpY?t = 5t 5)

In the fourth stage, we determine the optimal level of efforts exerted form individuals working in the
agriculture sector subject to their skill levels. This is achieved by maximizing the training level in the indirect

utility of equation 5. Hence, optimal training levels of an individual working in the agriculture sector are

t= %(Rp)zq. The optimal levels of training of an individual working in the y sector are a linearly increasing
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function of her skill levels. Thus, the indirect utility function with optimal training of an individual working in

the agriculture sector is given by:

V(@) = 5 (Rp)'q ©
We skip the third stage in the agriculture sector since there is no team production in this sector. In order to
analyze the second and the first stage of the y sector, we first should find the optimal levels of distortion, effort,
training, and skill levels in the industrial sector.
Let’s assume that a manager endowed with t, units of training pairs up with a worker endowed with t,,
units of training in order to form a firm in the industrial sector. They will produce an efficient outcome if they

choose their effort and distortion levels in order to maximize the sum of their indirect
utilities: V. (a;, d;, ti, q;) = RI, — %(a,zn +dZ) - %(aﬁ, +d2) — itfn — itﬁ,. We start again in the

fifth stage, where we find the optimal level of efforts exerted by individuals working in the industrial sector

subject to their training and skill levels. The indirect utility of a worker is V,,(a,,,d.,, tw,qw) = RI,

i(aﬁ, +d2) — %tﬁ,. The indirect utility of a manager is V,,(a@m, dm) tm, Gm) = Rl — i(a?n +dZ) -

1 .2
—t5.
2qm m

The income of a worker is I,, = wK, where w represents the wage of a worker, which is derived from the
matching process, and K represents the contract. In this section, we are describing the case of a world with
perfect labor contracts (68 = 1). Therefore, both equations 4A and 4B now can be equal to a simpler contract
design K = a,, since 8 = 1. Hence, the income of a worker is I,, = wa,,. Substituting this in the indirect
utility of a worker, we can find her optimal effort and distortion levels, which are a,, = Rwt,, and d,, = 0.
The optimal distortion levels for the worker are equal to zero since her efforts are perfectly observed and
verified from the manager. The optimal effort levels of a worker are strictly increasing in her wage and in her

training levels. Consequently, the indirect utility of a worker with optimal effort and distortion levels is

t3

1
VW(WI tw: qw) = E (RW)ZtW - m

The income of a manager is equal to the profits () of the firm that she is operating with one worker. The

profit function is represented by the simple equation * = x — wa,, = 2,/a,,a,, — wa,,. Substituting this in the

12 1

indirect utility of a manager, we can find her optimal effort and distortion levels, which are a,, = Rwst; t},

and d,, = 0. It should be obvious that the manager will exert zero distortion levels since she wants to
maximize her profits. The manager’s optimal efforts levels are strictly increasing in her training levels,

worker’s training levels and wage. Consequently, the indirect utility of a manager with optimal effort and

21 2 2
. . . 2 t2,
distortion levels is V,,(w, t;, g,n) = R?*wst? t3, — R*w?t,, — .

In the fourth stage, we find the optimal level of training obtained from individuals working in the

industrial sector subject to their skill levels. Hence, using the indirect utility of a worker with optimal training,

11



we can establish the optimal training level of a worker that is t,, = %(RW)ZqW. The optimal level of training

for a worker is strictly increasing in her wage and her skill level. In a similar way, using the indirect utility of a

2

6 =
manager with optimal training, we can find that the optimal training level of a manager is t,, = %szqunq

3
5.
The optimal level of training for a manager is increasing in the wage, her skill level and workers skill level.

In the third stage, the optimal production team is chosen by the managers and the workers. Here, the
workers and the managers attempt to match together to form a production team. The manager supplies the
optimal efficient wage to the worker and then the worker decides on accepting the efficient wage subject to her
and her manager’s skill level. A manager maximizes her profits subject to her optimal levels of effort and
training, worker’s efficient wage, and optimal levels of effort and training. More specifically, the manager is

2 2
maximizing her profits on her post skill indirect utility A,, = Rt — 2‘1t_m - thm by designing an efficient wage

that corresponds to her optimal levels of skills. On the other hand, a worker attempts to maximize her income

levels by accepting an efficient wage that corresponds to her optimal level of skill. Thus, the worker is

2 2
Aw _ 1 et’s denote with A

2ty 2qw

optimizing her income on her optimal post skill indirect utility A,, = Ra,,w
the total post skilled level utility derived from matching a manager with skill level g, with a worker with skill
level q,,. This is described in the following equation:
A(ay dyyty) = SR @yt — 5= (afy + dB) — 5 (ad, + d3).

Substituting the optimal efforts, distortions, and training levels in the above equation can be written as:

(Rw)*
8

12 &1
A(gq;,w) = %R‘*w?q‘j,q;;1 — g, Using this equation we can determine the equilibrium, efficient wage,

1

which isw = (":—’")g for each unit of effort exerted from the manager and the worker. Therefore, the aggregate

post utility level with efficient wage can be written as:

1
Aa) =45 R*\/@maw @)

Therefore, each member of the team is maximizing (7) by choosing the right partner, where the worker’s
and manager’s levels of effort and training are known perfectly and verified in this labor market. Hence, it is
optimal for each manager to match with a worker who obtains the same skill level g,, = q,,. This result is
efficient because it satisfies the assumption of complementary in the production process. This assumption is

related to the property of the supermodularity of the post training indirect utility described in (7).
%A
0qm0qw
In the third stage, managers and workers choose the optimal amount of training. We demonstrated in the

Mathematically, the property of supermodularity is satisfied since

>0V gm qw > 0.

above paragraph that a manager will be paired with a worker who obtains the same skill level. Thus, the

indirect utility of an individual with optimal levels of effort and training and efficient wage is given by:
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1
V(@) = §R4q )

Now, we are ready to proceed with the solution of the second stage, where we can find the optimal choice
of individuals’ decisions on the selection of the industry where they will seek employment. We assumed that in
a country there are two sectors. Therefore in a closed economy, a country is producing two types of final goods
(the industrial good and the agriculture good). Comparing (6) to (8) it is easy to conclude that the indirect
utility of an individual working in each sector is equal to zero where the skill level of individuals is equal to
zero. Also, the indirect utility of (6) and (8) are a linear function of the skill levels with which an individual is
endowed. Consequently, the indirect utility of an individual working in the agriculture sector must be equal to

the indirect utility of an individual working in the industrial sector in a closed economy with two sectors. This
indicates that V,,(q) = V,(q) =V(q) or V(q) = %(Rp)“q = %R“q = p = 1. Thus, in autarky, the relative

price of the agriculture good is equal to its return on technology, which is equal to unity by the design of the
agriculture production function. So, each worker is indifferent as to what sector in which she will seek
employment. Moreover, in the industrial sector the owner of the firm is not necessarily the manager of that
firm. The worker of the firm also may be the owner of the firm; or the firm can be owned by some other third
party who pays an efficient wage to the manager and the worker of the firm. This result is related closely to the
assumption of perfectibility of the labor market. Clearly, when the product market clears, the interaction of
preferences and technologies establish the distribution of skill levels to each sector. Under these circumstances
the engagement of a country to international trade follows the comparative advantage theory according to a
simple Ricardian model for two countries that exhibit the same technologies. Therefore, the autarky relative
price of both countries that share the same production technologies in the agriculture sector is identical and is
not determined by the allocation of the skill levels within each country. As a result these countries will not
engage in international trade, but will produce the same amount of output in each sector as they did in autarky.
The perfect labor contract model gives the same results as the Grossman’s (2004) model and Vogel’s (2007)
perfect institution model.

What if we endogenize the skill level of individuals? We assume that the skill level depends on the early
education levels (y) and on the degree of perfectibility of institutions (8) of a country. Thus, in this stage, we

find the equilibrium level of y, which is defined as y € [Vmins Vimax] ¥ ¥ > 0. When p = 1, the indirect utility
of an individual working in the industrial sector with optimal levels of training is V,(q) = %R“qx. After

endogenizing the skill levels as described above, the indirect utility of an individual working in the industrial

sector, with optimal training levels, can now be written as:
1 1
Vela,y) = gR'qx - 3 ax ©)
Individuals of a country before making the decision on the selection of the sector in which they will seek
employment, choose the amount of skill level they want to achieve, subject to their early education levels.

Hence, all individuals working in the industrial sector maximize V,(q,y) over their choice of g,. The optimal
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level of skill as a function of early education is q, = %RZ\/?. This shows that the optimal skill level of all

individual in a country is a concave function of their early education levels. Consequently, the higher the early
education obtained by an individual, to a certain degree, the greater her skill level and in turn the easier it is for
her to obtain a higher level of training. Thus, a country that has higher levels of early education, before
reaching the maximum level of early education, will have a labor force allocated with more skilled individuals.
Substituting the optimal skills in the indirect utility of equation 9, we obtain the indirect utility of an
individual, working in the industrial level, with optimal skills. This can be written as:

1

) =3z Ry (10)
The indirect utility of an individual working in the agriculture sector, with optimal training levels, now can be
written as:

1 1
V(@ v) = g (Rp)*qy = gqi (11)

In a similar way to the industrial sector, individuals in the agriculture sector maximize equation 10 over

their choice of skill level. Thus, the optimal level of skills as a function of early education is g, =
% (Rp)?\/y. Therefore, analogous with the industrial sector case, in the agriculture sector, the higher the early

education (before reaching its maximum level) obtained by an individual, the greater her skill level. The higher
the relative price of the agriculture good, the higher the optimal level of skills obtained by an individual
working in the y sector. Substituting the optimal skills of an individual working in the x sector into the V,(q,y)
of equation 11, we can write the indirect utility of an individual, working in the agriculture sector, with optimal

skills as:

1 6
) = m(RP) Jr (12)
Thus, the indirect utility with optimal skill levels of an individual working in the agriculture sector is concave

. . ) 92
in her skill levels 2@ 0, Y ()
oy ay?

< 0 . In other words, the higher the levels of skills an individual working

in the agriculture sector possesses, the higher her level of satisfaction, till a certain point.

Equalizing the indirect utility of 10 with the indirect utility of 12 we can establish that V(y) = V. (y) =
3.2;7/2R6y =VO) = Flm(Rp)(’y = p = 1. Therefore, exactly like the analysis of the second stage, in
autarky, the relative price of the agriculture sector is equal to unity. Hence, when p = 1 the indirect utility of
every individual in a country, with optimal skill levels, is: V(y) = 3_2%/2R6y vy > 0. The indirect utility of an
individual with optimal skill levels is a continuous and linear increasing function of early education levels.

What about international trade? With perfect information, we get the same Ricardian trade story as
described at the end of stage two. In other words, in a two country model, if a country has a relatively better

early education system, ceteris paribus, it will not engage in international trade, even though it has a relatively
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more skilled labor force. This is related to the fact that the pattern of trade between these two countries is

independent of the allocation of skills within each country.

4. Imperfect Labor Contracts

Let us now move closer to reality and suppose that in the industrial sector, worker effort levels are not
observable and verifiable. The same stands for the output of the firms in the industrial sector. Put differently,
the labor markets are imperfect, or there exists imperfect information about workers’ efforts and distortions,
and the firm’s output. Therefore, it is difficult to base the contract directly on the firm’s output and workers’
effort and distortion levels because it may be difficult for a court to measure the above due to the assumption
of imperfect information. However, the firm’s manager is able to measure the level of a worker’s performance
that is partially related to her efforts. In the same way, the worker may be able to measure the performance of
the firm that is related to a degree to its output levels. As a result, because of the imperfect monitoring, the
managers might offer contracts as described in the third section by the equations 4A and 4B. Thus, the degree
of labor contract perfectibility is proxied by the degree of the quality of the institutions 8. With imperfect
contracts, the higher the quality of institutions (&), the higher the effort levels (a,,) put by a worker in the team
production process because the less the distortion levels (d,,) exerted by the same worker. This is because the
higher the quality levels of institutions in a country, the higher the verifiability of distortion levels of a worker
and therefore the higher the levels of effort exerted by the same worker in the industrial sector. On the other
hand, in the agriculture sector, there only exist individual firms. Thus, every individual working in this sector
is a capital owner and has no incentives whatsoever to exert any positive level of distortion in her production
process. Consequently, with imperfect labor contracts, the analysis of the last four stages is exactly the same as
the analysis with perfect labor markets in the agriculture sector. This is not true for the industrial sector. We
examine the five stages of the industrial sector with imperfect information following the same procedure as we
did with perfect information. In the subsection 4.1 we analyze the five stage game, where managers offer
contracts according to the equation 4A, while in subsection 4.2 we analyze the same five stage game, but in
this case managers offer contracts according to the equation 4B.

4.1.1 Stage 5. The Decisions on Effort and Distortion Levels

We find the optimal levels of effort and distortions exerted by individuals (workers and managers)

working in the industrial sector subject to their training and skill levels. An individual operating in the

industrial sector endowed with t; units of training and with skill level g; has homothetic preferences generated

1

2qm

by the indirect utility: V. (a;, d;, t;, q;) = RIL — %(afn +d2) — i(aﬁ, +d2) ——t2 — %t,ﬁ, . However,

now we have to distinguish between the indirect utilities of a worker and that of a manager since the latter has
no incentive to exert any levels of distortion because she cares only about maximizing the firm’s profit. With

el=9_1

imperfect information the manager’s profits are I = x —wK = x —w [aw + ( ) dw]. Hence, a manager

dm
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matched with a worker by forming a firm in the industrial sector has homothetic preferences given by the

-6_
indirect utility: Vi, (@, dymy by @) = RIF — —— (@, + d3,) — %t}n =R{x-wla, + (elq V) d, |} -

m

%(a?n +dZ) - %t}n. On the other hand, a worker matched with a manager in the production team has

homothetic preferences described by the indirect utility: V,(a,,dy, tw,qw) = RwK—Z%(afv +d2) —

1 1-6
—t% = Rw|a,, + (e

-1 _ 1 2 2y_ 1 12 .
™ = )dw] ™ (ay, + di) ™ ty - The manager and the worker choose the optimal

levels of effort and distortion by maximizing the above indirect utilities.
The optimal distortion levels for the manager are equal to zero (d,,, = 0). This is related to the fact that the
manager will exert zero distortion levels because she wants to maximize firm’s profits, which are related

positively to her effort levels.

el=9_q

. This shows that the levels of

The optimal distortion levels for the worker are d,, = Rwt,,

m

distortions decrease with an increase in 6 and an increase in gq,,,. This follows our intuition that higher levels of
quality institutions and more skilled managers will increase the verifiability of workers’ performance and
therefore give an incentive to the workers to reduce their levels of distortion.

The optimal effort levels for a worker are a,, = Rwt,,. This shows that the optimal levels of a worker’s
effort in the x sector are a monotonically increasing function of the levels of her training and her efficient
wage. It makes sense for a worker to exert higher effort levels in the team production process when her
efficient wage is higher because she might be afraid of losing her job. It also makes sense for a worker to exert
higher levels of effort in the team production when she is better trained because, in this case, it is easier for a
worker (due to relatively higher levels of training) to provide higher levels of effort as compared with her

levels of distortions.

The optimal effort levels for a manager are a,, = R(wtw)gt;_n. Thus, the higher the wage and training
levels of the worker, or/and the manager, the higher the effort levels exerted by the manager of the firm.
Substituting, the optimal distortion and effort levels of a worker into her indirect utility function, we can obtain
the indirect utility with optimal distortion and effort levels, for a worker who is employed in the industrial
sector. This is represented by:

-0 —1\*] ¢2
1 — ) [-Z 13
" <ﬁ dm ) l qw ( )

1

In an analogous way, the indirect utility with optimal distortion and effort levels for a manager who is
employed in the agriculture sector can be written as:

3 1 2 el=0 —1\*] ¢2
Vnw, ti,q;) = Eszfn(Wtw)§ — (Rw)?t,, |1+ <ﬁ o ) e (14)
m m
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4.1.2 Stage 4. The Decisions on Training Levels

In the fourth stage, managers and workers choose their optimal levels of training. Workers maximize 13

over the choice of their training. Thus, the optimal level of training for a worker who is employed in the

el=0_1

2 -
= ) ] One easily can

industrial sector, with imperfect labor contracts, is t,, :é(Rw)qu [1+(ﬁ

conclude that each worker’s optimal training level is strictly increasing in her skill levels. So, the most skilled
workers obtain the highest levels of optimal job training. This is related to the fact that it is easier for the more
skilled workers to invest more in their job training choices.

Managers maximize 14 over the choice of their training. Hence, the optimal level of training for a manager

2

27s
) ] . A manager’s

el 01

6 1
who runs her own firm in the industrial sector is t,, = %szi(qfnqﬁ,)i [1 + (ﬂ

optimal training level is increasing in her own and her employee’s skill levels. Substituting worker’s optimal
training levels into 13 we obtain the indirect utility, with optimal training levels, of a worker employed in the

industrial sector. This is described by:

o170 _ 1\? ?
H(ﬁT)l (15)

In an analogous way, the indirect utility of a manager, with optimal training levels, who runs a firm in the

1
Vu(q) = g (RW)4qw

industrial sector can be written as:

1-8 _ 1\ 2
1+ (ﬁ :> l —%(RW)‘*CIW

2

el70 _ 1\°
1+ <ﬁ — ) l (16)

4.1.3 Stage 3. The Choice of Matching

In the third stage, the optimal production team is chosen by the managers and the workers. Here, the

Gl

2 1 4

5 12
Vn(a) = gR“W 545,45,

m

workers and the managers match together by forming a firm. The manager presents the efficient wage to the
worker after observing the worker’s levels of training and the worker decides on whether to accept it by
focusing on the manager’s training levels. Since, there is imperfect information on the labor contract market,
the optimal contract that a manager will offer to a worker now is related to the quality of institutions and her
training levels. A manager (worker) maximizes her profits (income) by designing (accepting) such an efficient
wage that corresponds to her levels of training, subject to the quality of institutions that exist in a country. This
is how the efficient wage is determined in a country with imperfect information. Qualitatively, in order to find
the efficient wage, we maximize the aggregate post training utilities of a worker and a manager who work

together in a team, when they put their optimal levels of effort, distortion and training. This indirect utility is

given by:
5 ,l2p g 4 1
AW, q)) =5 R'wW S a5 — 2 (Rw) gy ¥ (17)
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We follow the work of Vogel (2007) and define ¥ = [m ,where ¥ shows the quality of the
q e

monitoring ability of a manager with skills g, in a country with quality level of institutions 6. Thus, the
higher the quality of institutions in a country, the higher the quality of the monitoring ability of a manager.

Maximizing 17 over the wage, we find that the efficient wage is:

1

w= (Z_Z)S v (18)

The efficient wage in a country with imperfect labor contracts is related positively to the manager’s quality
performance measure and to her skill level, but is negatively related to the skill level of the worker who works
with a manager in the same firm. Substituting the efficient wage 18 into 17 we get the aggregate post training
utilities of a worker matched with a manager with optimal levels of effort and distortion, and optimal efficient

wage, which is given by:

Alt) = —R‘“IJW (19)

Therefore, each member of the team is maximizing 19 by choosing the right partner, where the worker’s
and manager’s levels of effort are not perfectly known and not perfectly verified in this labor market.
However, both members of the team have perfect information on their skill levels, on the quality of the
measure performance of the manager, and on the quality of institutions in a country. Solving 19 in terms of the
efficient matching process, we find that it is optimal for each manager to match with a worker who obtains the
same level of skills: q,,, = q,, = q. This result is efficient because it satisfies the assumption of complementary
in the production process. This assumption is related to the property of the supermodularity of the post training
indirect utility described in 19. Mathematically, the property of supermodularity is satisfied in the post training

92A(q1)

m

indirect utility because > 0V g, qw > 0. This result is associated with the fact that after efficient

matching, a manager will team up with a worker who has identical skill levels with the manager.

Consequently, the efficient wage after the efficient matching process is w = ‘P%. Equalizing the indirect
utility of a worker with that of a manager implies that their skill levels also must be identical after the efficient
matching process. Substituting the manager’s and worker’s levels of training and skill, after the choice of the
efficient matching, into 15 and 16, we can obtain the indirect utility function of an individual, with optimal
efforts, distortions and training levels after the establishment of the efficient wage. This is given by the

following indirect utility:

1
Vel@) = Vin(gm) = W (aw) = gR*¥q (20)

This indirect utility is a monotonically increasing function of the quality of the measure of performance of
a manager. This means that each individual (worker or manager) working in the industrial sector gets a higher

level of satisfaction for higher quality levels of the measure of the performance of the manager, which in turn
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depends on the quality levels of the country’s institutions. In other words, the better institutions a country has,
the higher the level of satisfaction of the individuals working in the industrial sector.
4.1.4 Stage 2. The Choice over Industry

In the second stage, we find the optimal choice of individuals over the selection of the industry, where
they will seek employment. As described in the third section, in this stage we equate the indirect utility of an
individual working in the agriculture sector with the indirect utility of an individual working in the industrial
sector in a closed economy with two sectors. Combining equation 6 with equation 20 implies that an individual
is indifferent when choosing the sector where she will seek employment only in such cases when the following
is satisfied:

Y (9) = V(@) = V(@) orV(q) = 3 (Rp)*q = Vie(q) = ;R*¥q (21)

This implies that p # 1. More specifically p = ‘Pi Consequently, with imperfect information, in autarky,
the relative price of the agriculture good is related positively to the manager’s quality performance level, which
in turn is positively related to the quality levels of the country’s institutions.

Equations 6 and 20 also reveal that the indirect utility with optimal training for an individual working in
the agriculture sector is linearly increasing with her skill levels, while the indirect utility with optimal training
for an individual working in the industrial sector is increasing in her skill level. Moreover, 6 and 16 show that
the indirect utility with optimal training of an individual working in the agriculture sector is independent of the
quality of institutions in a country. On the other hand, the indirect utility with optimal training for an individual
working in the industrial sector is increasing in the quality of the performance measure of a manager and in the
quality of institutions of a country.

4.1.5 Stage 1. The Choice over Skill Level

In this stage we analyze the individual decision over their skill levels. As in the perfect information case,
we assume that the skill level depends on the early education levels (y). In the third section we found the
optimal levels of skills for an individual working in the agriculture sector. We show that for certain values of
individuals’ early educational level, the better the early educational system in a country, the higher the optimal
skill levels of individuals who will work in the agriculture sector. Also, we showed that the indirect utility with
optimal skill levels of an individual working in the agriculture sector is concave in her skill levels. In this
stage, we find the equilibrium level of y. In order to do so, we first must find the optimal level of early
education for individuals working in the industrial sector.

4.1.5.1 The Choice over Skill Level in the Industrial Sector

In the industrial sector, a type q, individual who obtains y early level of education and living in a country

with 6 quality levels of institutions, before deciding on working on the industrial sector, optimizes her levels of

skill subject to her levels of early education represented by the following indirect utility:

1 3
Vel y) = gR"Wa: — 5~ (22)
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The above indirect utility is constructed by the use of equation 20 and of course by endogenizing the levels of
skill. Individuals in x maximize V,(q,,y) over their choice of q. The optimal level of skill of individuals that
will later choose the industrial sector is:

_ 2
Los Gt3p7(e0—1) 23)
8 [qz +p2(er? — 1)?]?

As in the case of the agriculture sector, the optimal skill level of individuals who in the future will work in

1=

the x sector is increasing in y. Thus, the higher the level of early education in a country, the higher the optimal
skill levels of individuals who will work in the industrial sector. However, unlike in the agriculture sector,
there exists a positive relationship between the skill levels and country’s quality levels of its institutions. One

can easily observe from (23) that the optimal level of skill in the industrial sector also depends on the level of
early education. It can be shown that 2 e Y. > 0. This implies that in the industrial sector, individuals who obtain

high levels of early education will obtain high levels of skills or more able individuals are those who obtained
high levels of early education.
Substituting the optimal levels of skill (23) into the indirect utility function of (22) we can obtain the

indirect utility of an individual in the industrial sector with optimal skill levels. This is given by:

@) = R‘“Pqu (24)

Hence, as in the agriculture sector, the indirect utility with optimal skill levels of an individual working in

an(V)

the industrial sector is increasing with her skill levels ——== > 0; with a country’s quality level of

[7] Vx W) 2 Vx )

institutions ——=— > 0; and with the quality of the performance measure of a manager —— > 0. In other

words, the hlgher the levels of skill an individual working in the industrial sector possesses, or the better
institutions a country has, or the higher the ability of the performance measure of a manager, the higher the
individual’s level of satisfaction.
4.1.5.2 The Determination of the Equilibrium Level of Early Education
As described in the third section, in this stage we equate the indirect utility, with optimal skill levels, of an
individual working in the agriculture sector with the indirect utility, with optimal skill levels, of an individual
working in the industrial sector in a closed economy with two sectors. Combining equation 12 with equation

24 implies that the equilibrium level of early education is achieved only when V,,(y) = V,(y) or V,(y) =

[

qz+3p%(e'” 9—1)
Py

imperfect information, in autarky, the relative price of the agriculture good is related positively to the

21+/2(IJR)6\/7=VX( R‘*‘qux This implies that p® = ¥z

}. Consequently, with

manager’s quality performance level, which in turn is related positively to the quality levels of a country’s

institutions. We can summarize the above results with the use of the following three propositions.
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Proposition 1. In a closed economy with imperfect information 6 € [0,1) and B € [1, g,,):
There exists a ¥* € [Vimin Ymaxl, SUch that individuals join the industrial (agriculture) sector, if and only if
y >y <y)’

The intuition behind Proposition 1 is related to the fact that under imperfect information all individuals
have to make a choice on how much skill they will obtain, even before making the choice of the industry in
which they will seek employment. As indicated in equations 23 and 20, the higher the individuals’ early
education levels, the higher their optimal skill levels for each industry. The reason behind such a positive
relationship has to do with the existence of different incentives of individuals for skill accumulation. Thus,
individuals who have higher levels of early education have higher incentives for skill accumulation because it
is relatively easier for them to obtain more skills than individuals who possess lower early levels of education.
In few words, a country with a better early education system also will have a more skilled labor force.
Consequently, individuals who possess relatively high levels of early education will join the industrial sector.
This is because it is more effective for high skilled workers to put high effort levels in the production function
and consequently low distortion levels. Therefore, they will optimize by working in the industrial sector. Thus,
with an imperfect labor contract market, in a closed economy that obtains a labor force with more skilled
workers, there are more individuals working in the industrial sector than in the agriculture sector.

Since there is a positive relationship between individuals’ skill levels and their early education levels
independent of their choice over industry, there must exist a unique early level of education threshold.
Individuals who possess higher levels of early education than the threshold level will enter into the industrial
sector. The uniqueness of y* is determined by the relationships of optimal skill levels and early education level
as represented in equations 23 and 20. Thus, individuals with better early education levels are more satisfied
into the industrial sector, while individuals with inferior early education levels are more satisfied into the
agriculture sector. The determination of the threshold level of early education is accompanied by the following

corollary:
Corollary 1 The following inequalities hold: i) 22 < 0; and ii) £ < 0.

The intuition behind the first part of corollary one is related to the fact that better institutions will increase
the incentives of individuals to join the industrial sector since V,.(y) is increasing in the quality of institutions,
but V,(y) is independent of the institutional quality (see equations 12, 23 and 24). Following the same logic,
the second part of the above corollary shows that better institutions also will increase the quality of
performance measure of a manager in the industrial sector. Therefore more individuals will enter into the x

sector.

> See Appendix A for the proofs of Proposition 1 and Corollary 1.
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From Proposition 1 we know that individuals who obtain relatively high level of skills optimize their
efforts and distortions by working in the industrial sectors, while less skilled individuals optimize their effort
by working in the agriculture sector. However, the more skilled individuals are those with relatively high early
educational level. Therefore, all individuals with higher levels of early education than the threshold level of
early education will accumulate relatively high levels of skills. Consequently, these types of individuals work
into the industrial sector. In order to clarify this result and to give the intuition on the incentives of individuals

who enter in the industrial sector we proceed with Proposition 2:

Proposition 2. In a closed economy with imperfect labor contracts” market 6 € [0,1) and B € [1, q,,):
1) Vy=v" q.(y)isconvexiny;
2) Yy=vy, 41> q,();

3) Vy=vy', t;(y) > t,(y),wherei=[w, m].%

q e qx
d, (V)
dy (v')
H\“\ q-.l,r
Y Y

Fig. 2. Skill level as a function of early educational level

Part 1) and 2) of Proposition 2 show that in a closed economy with imperfect institutions and contracts
designed as described in equation 4A, any individual with an initial level of education greater than the
threshold level of utility (y*) accumulates a higher level of skills if she enters into the industrial sector as
compared with her level of skills if she were to enter into the agriculture sector. In our model, this statement is
obvious (as shown in Appendix B) because an individual’s level of skills is a strictly convex function of her
early educational levels for all individuals who enter into the industrial sector, X, while it is a concave function
of her early educational level for all individuals who enter into the agriculture sector, Y. We illustrate the
statements of part 1) and 2) of Proposition 2 with the help of fig. 2, where in the vertical axes we plot the

values of all individuals’ levels of skills [ g;(y*)] as a function of their initial educational level (y). An

6 See Appendix B for the proof of Proposition 2.
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individual optimizes her utility, and therefore enters into the agriculture sector only if her initial educational
level is strictly smaller than the threshold level, and enters into the industrial sector if her initial educational
level is equal or greater than the threshold level. As one can observe from fig. 2, there is a jump point in levels
of skills right at the threshold level of utility. The bold portion of the graph represents the g, function for all
y =y andthe g, function forall y > y~*, where 8 € [0,1) and € [1, q,,) and Y™ € [Vimin, Vimax]-

Part 3) of Proposition 2 states that if institutions are imperfect and contracts are designed according to the
equation 4A, any individual with more or equal early educational levels than the threshold level (y*) is more
talented in the case where she entered into the industrial sector than she would have been had she entered the
agriculture sector. This is related with our definition of talent, where the most talented individual is the one
who obtains the highest level of job-training. For all individuals, regardless of their industry choice, training is
a linear function of their skill level. However, as stated in part 10 and 2) of Proposition 2, an individual’s level
of skill is a strictly convex function in her early educational level for all individuals (with y = y*) who join the
industrial sector, and it is a strictly concave function in her early educational level for all individuals (with
y < y*) who join the agriculture sector. This indicates that individuals with greater or equal initial educational
levels than the threshold level will be more talented during their entire life, and therefore, will seek
employment in the industrial sector as compared to individuals with strictly smaller early educational level

than the threshold level, who will seek employment in the agriculture sector.

Proposition 3. In a closed economy with imperfect labor contracts’ market 6 € [0,1) and B € [1, q,,), the
income of an individual who works in the industrial sector always is strictly higher than the income of an

individual who works in the agriculture sector for all y > y*.

Assuming in a closed economy, that if institutions are imperfect and contracts are designed according to
the equation 4A, every individual’s wealth consists of her current income all of which is spent consumption
industrial and agriculture goods, x and y. Also assume that, in this closed economy, there is no borrowing and
no unemployment and an individual’s source of income comes only from her firm’s profits if she runs her
individual firm in the agriculture sector, or if she runs her team production firm in the industrial sector, and it
comes only from her wage if she works in the industrial sector. Keep in mind that an individual either could
work in the agriculture sector or in the industrial sector, but not in both. Moreover, an individual who enters
into the industrial sector either is running her own firm or working as an employer with a firm owner only in
one firm. Thus, Proposition 3 states that individuals who obtain an equal or greater early educational level than
the threshold level (y*) are strictly richer at any point in their life if they enter into the industrial sector than
they would have been had they entered the agriculture sector. This is related to the fact that these individuals

are more talented because they receive more job training if they enter into the industrial sector. Consequently,

7 See Appendix C for the proof of Proposition 3.
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their utility is equal or higher in the industrial sector as compared to that of the agriculture sector, while their
utility cost of obtaining skills, and therefore, of training is strictly higher in the industrial sector. Thus, their
income also must be strictly greater in the industrial sector than in the agriculture one.
4.2  The Five Stage Game When f = q,,,
The analysis of the perfect information case and the agriculture sector is exactly the same as before, since
in both cases K = a,,. So, let us analyze the industrial sector in the case when S8 = q,,, which implies that

under imperfect labor contracts the managers offer contracts according to equation 4B (K =a,, +

(et~ — 1)d,,). In stage 5, the indirect utility of a worker is ¥, = Rw|a,, + (7% — 1)d,,| — %(aﬁ, +
dz) — it&,, and the indirect utility of a manager is V,, = R {2 Ayam —wla, + (e — 1)d,| i(afn +
dz) — % t,zn}. From the above indirect utilities we can establish that the optimal level of effort for a worker is

a,, = Rwt,, and her optimal distortion level is d,, = Rwt,,(e*~® — 1). This indicates that the optimal levels
of a worker’s effort in the industrial sector are increasing in her levels of her training and her wage. A worker
exerts more effort in the team production process when she is better trained because it is easier for her to
provide higher levels of effort. The levels of distortions decrease with an increase in 6. The intuition is that
better institutions and more skilled managers will increase the verifiability of the workers’ performances

offering an incentive for workers to reduce their levels of distortion. The optimal levels of efforts for a

manager are a,,, = Rt?n(wtw)g, while d,,, = 0. Thus, a manager’s distortions levels are equal to zero since her
objective is to maximize the firm’s profit. A manager’s effort are increasing in hers and the worker’s training
levels and in the worker’s wage.

Substituting the equations of optimal effort and distortion levels of a worker into her indirect utility

function we obtain the following indirect utility of a worker with optimal effort and distortion levels:
1 t2

V, == (Rw)?t,, [1 +(etf — 1)2] v (25)
2 qw

Substituting the equations of optimal effort and distortion levels of a manager into her indirect utility function

we obtain the following indirect utility of a manager with optimal effort and distortion levels:

3 1 2 t2

V. ==R2t3 (wt,)3 — (Rw)?t,, [1 +(e1f — 1)2] _m (26)
2" Im

In the fourth stage workers maximize 25 over the choice of their training. The optimal level of training for

a worker who is employed in the x sector is t,, = %(RW)ZqW [1 + (e1‘9 - 1)2]. Like in the previous sector,

each worker’s optimal training level is strictly increasing in her skill level. The most skilled workers obtain the
highest levels of optimal job training.

Managers maximize 26 over the choice of their training. Hence, the optimal level of training for a manager
2
6 1 =
iS ty, = %szg(qfnqa,)g [1 + (erf - 1)2]5. Again, a manager’s optimal training level is increasing in her
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own and her employee’s skill levels. Substituting a worker’s optimal training levels into 25, we can establish

the indirect utility, with optimal training levels, of a worker employed in the industrial sector. This is described
by:

1 4 1-6 2)?
V(@) = 5 Rw)*q,, [1+ (e —1)'] @7)

In an analogous way, the indirect utility of a manager, with optimal training levels, who runs a firm in the

industrial sector can be described by:

1
5

5 12 4 2 2
Vm(a) = gR*WS a5,a5, [1+ (€170 = 1) -2 Rw)*q, 1+ (10 - 1)] (28)
In the third stage, the optimal production team is chosen by the managers and the workers following the
same matching process as described in the previous section. Now, the aggregate post skilled indirect utility for

a worker with skill g,, that matches with a manager with skill g,,, can be written as:

5 12 1 4 0 2% 1 p 212
A= RWSqhq, [1+(e1— ~1) ] 5 (Rw)*q,, [1+(e1— ~1) ] (29)

Maximizing 17 over the wage, we find that the efficient wage is: w = (Z_m)E [mr . The efficient
w e -

wage in a country with imperfect labor contracts is related positively to the manager’s skill level, but is
negatively related to the skill level of the worker who works with a manager in the same firm. Substituting the
efficient wage into 29 we get the aggregate post training utilities of a worker matched with a manager with

optimal levels of effort and distortion, and optimal efficient wage, which is given by:

A(ty) = %R‘L ng_l)zlm (30)

Analogous to the previous section, each member of the team is maximizing 30 by choosing the right
partner, where the worker’s and manager’s levels of effort are not known perfectly and not verified perfectly in
this labor market. However, both members of the team have perfect information on their skill levels, on the
quality of the measure performance of the manager, and on the quality of institutions in a country. Solving 30
in terms of the efficient matching process, we find, again, that it is optimal for each manager to match with a
worker who obtains the same level of skills: q,, = q,, = q. This result is efficient because it satisfies the
assumption of complementary in the production process. This assumption is related to the property of the
supermodularity of the post training indirect utility described in 30.

This is an important result, since now the managers offer contracts that are independent of their skill level.
Remember that, in this case, contracts are designed according to equation 4B. Therefore, one can conclude that
under the assumption of complementarily in production the most efficient worker will pair up with the most
efficient manager regardless of the initial contract design by managers of the firms.

3
! 2]4. Equalizing the indirect

The efficient wage after the efficient matching process is w = [—
1+(e1-0-1)

utility of a worker with that of a manager indicates that their skill levels also must be the same after the

25



efficient matching process. Substituting the manager’s and worker’s levels of training and skill, after the
efficient matching, into 27 and 28, we can obtain the indirect utility function of an individual, with optimal
efforts, distortions and training levels after the establishment of the efficient wage. This is given by the

following indirect utility:

1 1
Ve(q) = Vin(@m) = Vi (qw) = §R4 m} q (31)

This indirect utility is a monotonically increasing function of an individual’s skill levels. This means that

the most skilled individual (worker or manager) working in the industrial sector gets the highest level of

satisfaction. Also, the better institutions a country has (‘%‘), the higher the level of satisfaction of the

individuals working in the industrial sector.

In the second stage, we equate the indirect utility of an individual working in the agriculture sector with
the indirect utility of an individual working in the industrial sector in a closed economy with two sectors.
Combining equation 6 with equation 31 implies that an individual is indifferent when choosing the sector

where she will seek employment only when the following is satisfied:

(@) = V() = V(@) or V(@) = § (Rp)*q = (@) = 3R% | 5] (32)

1

1
2]4. Therefore, with imperfect information, in autarky, the relative price
+(e170-1)

This implies that p = L

of the agriculture good is related positively to the quality levels of country’s institutions.

In the first stage we analyze the individual’s decision over their skill levels. As demonstrated in the
previous section, we assume that the skill level depends on the early education levels (y). The analysis over the
skill level decision of individuals working in the agriculture sector again is identical with that described in the
third section. In the industrial sector, a type q,. individual who obtains y early level of education and living in a
country with 6 quality levels of institutions optimizes her levels of skill subject to her levels of early education

represented by the following indirect utility:

1, 1 q3
Ve(Gry) = gk [m] I~ 3, (33)

Individuals maximize V,(q,,y) over their choice of g. The optimal level of skill of individuals who later

will choose the industrial sector is:

_R? 14 4
=575 T+ (e -1)? 34

The optimal skill level of individuals who will work in the industrial sector is increasing in y. Thus, the

higher the level of early education in a country, the higher the optimal skill levels of individuals who will work

in the industrial sector. However, unlike in the agriculture sector, there exists a positive relationship between

skill levels and country’s quality level of its institutions (‘% > 0). The better institutions a country has, the
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more skilled individuals are part of its labor force. One can easily observe from 34 that the optimal level of

skill in the industrial sector also depends on the level of early education. This implies that in the industrial
sector, individuals who obtain high levels of early education will obtain high levels of skill(g% > 0).

Substituting the optimal levels of skill 34 into the indirect utility function of 33 we can obtain the indirect

utility of an individual in the industrial sector with optimal skill levels, which is:

3
1 1 1 1 2
%4 =—RYqy |—————= or V, = R® [ ] 35
x(V) 12 qx\/l + (el_g _ 1)2 or x(y) 24‘\/2 1 + (61_9 _ 1)2 \/? ( )
Hence, as in the agriculture sector, the indirect utility with optimal skill levels of an individual working in
the industrial sector is increasing with her skill Ievels% > 0, with her early educational Ievels% > 0, and

with a country’s quality level of institutions ‘Zlgx > 0. Thus, the higher the level of skill or early education that

an individual working in the industrial sector possesses, or the better institutions a country has, the higher is
the individual’s level of satisfaction.

Combining equation 12 with equation 35 implies that the equilibrium level of early education is achieved

only when V,(y) =V, (y) or V,(y) = ZI%HR“\/? =V (q) = %R“ [1+(T19-1)2]2 \y. This implies that

8p° = [1(—191)2]2 Consequently, with imperfect information, in autarky, the relative price of the
+(e1v-

agriculture good is related positively to a country’s quality level of its institutions. We can summarize the

above results with the use of the following three propositions.

Proposition 4. In a closed economy with imperfect information 6 € [0,1) and 8 = q,:

There exists a y* > 0, such that individuals join the industrial (agriculture) sector, if and only if y >

ys @ <y)®

The intuition behind Proposition 4 is similar to that of Proposition 1. All individuals have to make a
decision on how much skill they will obtain even before making the choice of the industry in which they will
seek employment. Thus, individuals who obtain high early educational levels have high incentives for skill
accumulation because it is relatively easier for them to obtain more skills than individuals who possess low
early educational levels. More specifically, individuals who have higher early educational levels than the
threshold level enter into the industrial sector and those with lower early educational level than the threshold
level enter into the agriculture one. Another implication of Proposition 4 is that, with imperfect labor contracts,
in a closed economy that obtains a labor force with more skilled workers as a result of a good early educational

system, there are more individuals working into the industrial sector than in the agriculture one regardless of

8 See Appendix D for the proofs of Proposition 4 and Corollary 2.
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the design of the contracts (according to our two methods of contract design as described by equations 4A and

4B). The determination of the threshold level of utility comes with Corollary 2.

Corollary 2. In a closed economy with imperfect information 6 € [0,1) and 8 = q,,, the following

inequality is always valid % <0.

Corollary 2 is stating that better institutions increase the incentives of individuals to enter into the
industrial sector regardless of the contract design. From Proposition 1 we know that all individuals with higher
levels of early education than the threshold level will accumulate higher levels of skills as compared to those
with lower levels of early education than the threshold level. In order to provide the intuition on the incentives

of individuals who enter into the industrial sector we proceed with the following Proposition:

Proposition 5. In a closed economy with an imperfect labor contract market 6 € [0,1) and B = q,,

vy >y, the inequality q,(y) > g, (y) is always true.’

M

q

L

Fig. 3. Skill level as a function of early educational level

Proposition 5 states that in a closed economy with imperfect institutions, where contracts are designed
according to equation 4B, any individual with an initial level of education greater than the threshold level of
utility (y*) accumulates a higher level of skill if she enters into the industrial sector as compared with her level
of skills if she were to enter into the agriculture sector. This statement is true (as demonstrated in Appendix E)
because an individual’s level of skill is a strictly concave function of her early educational levels for all
individuals independent of their choice over industry. However, the slope of each point of the concave function
for individuals who enter into the industrial sector is different from the slope of each point of the concave
function for individuals who enter into the agriculture sector, except for the point that corresponds to the
threshold level (y*). We illustrate Proposition 5 in fig. 3, where in the vertical axes we plot the values of the
skill levels of all individuals [ g;(y*)] as a function of their initial educational level (y). An individual

optimizes her utility and therefore enters into the agriculture sector only if her initial educational level is

? See Appendix E for the proof of Proposition 5.
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strictly smaller than the threshold level, and enters into the industrial sector if her initial educational level is
equal or greater than the threshold level. The bold portion of the graph represents the g, function for all
y =y andthe g, function forall y > y*, where 6 € [0,1) and 8 = qp,.

Comparing Proposition 5 with Proposition 2 we can conclude that the accumulation of skills for each level
of early education for individuals who enter into the industrial level is related with the design of the contracts.
More specifically, for individuals who join the industrial sector, if 8 € [1, g,,,) an individual’s level of skills is
a strictly convex function in her early educational level, while if 8 = q,, it is a strictly concave function in her

early educational level.

Proposition 6. In a closed economy with an imperfect labor contract market 6 € [0,1) and 8 = q,,, the
income of an individual who works in the industrial sector always is strictly higher than the income of an

individual who works in the agriculture sector for all y > y*.*°

The intuition behind Proposition 6 is similar to that of Proposition 1. Consequently, Proposition 6 states
that individuals who obtain equal or greater early educational levels than the threshold level (y*) are strictly
richer at any point in their life if they enter into the industrial sector than they would have been had they
entered the agriculture sector. These individuals are more talented because they receive more job training if
they enter into the industrial sector.

Comparing Proposition 6 with Proposition 3, one easily can observe that the accumulation of skills for
each level of early education, only in the case of individuals who join the industrial sector, is related with the
design of the contracts. If contracts are designed according to equation 4A, then the more skills an individual
who works in the industrial sector obtains, the richer she is going to be. This is because, in this case, an
individual’s skill level is a strictly convex function in her early educational level. However, this is not the case
if the contracts are designed according to equation 4B. This is related to the fact that an individual’s skill level
is a strictly concave function in her early educational level for all individuals who join the industrial sector. Put
differently, if 8 € [1, q,,,) there will be a much higher income inequality between an individual who enters into
the industrial sector and one who enters into the agriculture sector than the income inequality between an

individual who enters into the industrial sector and one who enters into the agriculture sector if 8 = q,,.

5. The Effects of International Trade in Two Large Economies

In this section, we examine the pattern of trade between two large countries with imperfect labor contracts.
In particular, we associate the existence of a trade pattern with the differences on the distribution of skills in
the labor force of each country. But, as we explained in the closed economy case, the allocation of skills in the

labor force of a country can be determined by the distribution of the early education levels that individuals

10 See Appendix F for the proof of Proposition 6.
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possess, and by the quality of a country’s institutions. Focusing on these two exogenous variables, ceteris
paribus, we shall be able to determine which country exports what, in a world that consists of two large
countries.

Let’s assume that there are two countries, a developed Country (H), and a developing country (O), that
have two sectors each, an agriculture sector and an industrial sector.** Also, suppose that these two countries
are exactly the same in all aspects except the quality of their institutions and the distribution of their citizens’
early education levels. Consequently, there exists a difference in the distribution of skill levels between the two
countries.

Let’s first assume that country H has institutions of identical quality, but more individuals with higher
levels of early education as compared to country O. The latter is related to the fact that H offers a better early
educational system than O. If the two countries decide to engage in free trade, we shall be able to determine
the distribution of skills of their labor force within each sector, and therefore, predict the pattern of trade. For
convenience, suppose that after trade each country is incompletely specialized in the production of both goods.

Then, Proposition 7 can be established as follows:

Proposition 7. In a developed country [developing country] with imperfect information 6 < 1 and § €
(0, q,,], where 87 = 6 and j = (0, H), there exists a unique (y*)#, [(¥*)°], such that individuals enter into
the industrial sector if and only if

1) v > ", [¥° > (y*)°]. Consequently, the assumption that y# > y? implies that the following

inequalities are always true:

2) N <N°Vvy/ >0

3) () 2 Ymmand ") < Ymax ™

Proposition 7 concludes that country H will export the industrial good to country O in exchange for
imports of the agriculture good from country O. Consequently, the main implication of proposition 7 is that it
considers the early education system of a country as a unique, independent source of comparative advantage.
This is one of the main contributions of our paper. Country H will export the industrial good as a result of
having a labor force that consists of more talented individuals (as compared to country O). This is related to
the fact that country H offers a better early educational system that produces more skilled individuals, who in
turn obtain higher levels of job training and therefore become more talented as explained by our model in the
previous sections.

Let’s now assume that H and O differ only on the quality level of their institutions, with the existence of

better institutions in the developed country. However, we keep the assumption of the existence of imperfect

™ The reason for denoting O as the developing country and H as the developed country is related to the intuition of the next section, where “O” stands for
the origin country of immigrants and “H” stands for the host country of immigrants.

12 See Appendix G for the proof of Proposition 7.
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institutions in both countries. In the remainder of this section we examine the effects of institutional
differences, in terms of their quality level, on international trade of goods and services that takes place between

two large economies in a free trade world. Thus, Proposition 8 follows:

Proposition 8. In a developed country [developing country] with imperfect information 6 < 1and 8 €
(0, q,,.], where y/ =y, there exists a unique (y*)#, [(y*)°], such that individuals enter into the industrial
sector if and only if
1) v > G, [y° > (y*)?)]. Thus, the assumption that 8 > 69 implies that the following inequalities
are always true:
2) M <EN°vy >0
3) () 2 Ymmand ") < Ymax "

The intuition behind Proposition 8 is analogous to that of Proposition 7. The only difference between these
propositions lies in the source of a country’s comparative advantage. According to Proposition 8 the source of
comparative advantage is the quality of institutions in each country. The determination of such a comparative

advantage for each country is accompanied with the following corollary:

Corollary 3. In a free trade world that consists of two large economies, with imperfect information
0 < 1andp € (0,q,,], where y/ = y and 8" > 99 the following inequalities always are true:

1) ¢ >q:(1)° vy > )

2) tM">t@° vy > "

3) LM >LW° vy > )"

Therefore, according to Proposition 8 and Corollary 3, country H will export the industrial good to country
O in exchange for imports of the agriculture good. Consequently, the main implication of Proposition 8 is that
it considers the quality of a country’s institutions as an independent source of comparative advantage. This is
another main contribution of our paper. Country H will export the industrial good as a result of having a labor
force that consists of more talented individuals (as compared to country O). This is related to the fact that
country H has better institutions as compared with country O. This fact gives more incentives to individuals of
country H to accumulate more skills, and seek employment into the industrial sector. This in turn allows them
to obtain higher levels of job training and therefore become more talented in order to gain higher income levels
as explained by our model in the previous sections.

In summary, both propositions described in this section indicate that in a free trade world that consists of

two countries, a country that has a better early educational system and better institutions exports the industrial

3 See Appendix G for the proofs of Proposition 8 and Corollary 3.
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good and imports the agriculture good. We illustrate this situation in fig. 4. In the vertical axes, we plot the
values of the relative price of the agriculture good, and in the horizontal axes we plot the values of the
production of the agriculture good in terms of the industrial good. Since we assumed that each individual in
each country has identical and homothetic preferences, then the relative demand line must be the same for both
countries. But, if we consider both countries as closed economies, then there exists two different relative
supply curves. The relative supply curve of the O country is higher than that of the H country because the labor
force of O consists of less talented workers than H. Therefore, RS° lies in the right of RS". Consequently, the
relative autarky price of the agriculture good in O is lower than the relative autarky price of the agriculture
good in H.

SH

Fig. 4. World equilibrium under free trade

According to Proposition 7 and 8, O is exporting the agriculture good to H and importing the industrial
good from H. Hence, the world relative supply curve should be to the right of RS™ and to the left of RS°.
Consequently, the world relative price of the agriculture good should be higher than the relative autarky price

of the agriculture good in O and lower than the relative autarky price of the agriculture good in H.

6. The Effects of Emigration in Two Large Economies

In this section, we investigate the pattern of labor movements in a free trade world that consists of two
large economies with imperfect labor contracts. We associate the individual’s decision to emigrate with her
income difference, subject to her skill level, which exists between her country of origin and the host country of

immigrants. We assume that there exist certain fixed costs of migration, such as language and culture barriers.
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The fixed costs are the same for every individual who decides to move permanently from one country to the
other. Let’s assume that there are no illegal immigrants in any country. Skills are considered perfectly
substitutable among individuals who obtain the exact same level of skills, but are citizens of different
countries. Suppose that these two countries exactly are the same in all aspects except the quality of their
institutions and the distribution of their citizens’ early education levels.

Let’s first assume that country H has better institutions than country O, but has identical system of early
education. Consequently, in a free trade world according to Proposition 8, H will export the industrial good to
O and O will export the agriculture good to H. If the two countries decide to engage in a free movement of
their respective labor force, we must be able to predict the pattern of immigration. For convenience, let’s keep
the assumption that after the free movement of labor between countries, each country is incompletely

specialized in the production of both goods. Then, Proposition 9 can be established as follows:

Proposition 9. Assume that countries O and H allow free movements of their labor force.
1) Incountry j = (0,H) with 8 < 1 and 8 € (0, q,,], where y/ = y and 87 > 69, there exists a unique
(y*)7, such that individuals enter into the industrial sector if and only if y/ > (y*)/.
2) (° = Ymnand )" < Vmax-
3) <N vy >0and (N > LK) vy >y".
4) Country H will be the host country of immigrants and country O will be the origin country of
immigrants only if there exists a # > y*such that I, ()" > [L.(y)° — c] V¥ > ¥ , where ¢ =costs of

immigration.**

Part 1), 2) and 3) of Proposition 9 replicate Proposition 8 and Corollary 3 but for open labor markets.
Proposition 9 reinforces the fact that considers institutions of a country as an independent source of
comparative advantage. Label 7 as the migration threshold level. The main implication of Proposition 9 is
related to part 4) that states that early educational system acts as an independent source of the establishment of
the direction of the labor movement. This is an important contribution of our paper. The intuition is that
Country H will continue to export the industrial good as a result of having an even larger labor force that
consists of more talented individuals than country O. This is related to the fact that country H has better
institutions than country O. This fact gives more incentive to individuals of country H for skill accumulation,
and makes them to seek employment into the industrial sector; as a result they become more talented in order
to gain higher income levels. Thus, individuals who have the exact same level of skills but work in different
countries obtain different levels of income. Since the quality of institutions in a closed economy is not related
to the income of individuals who work in the agriculture sector, their income will be the same independent of

their firm’s location. Consequently, there will be no migration of any individual who works in the agriculture

1 See Appendix H for the proof of Proposition 9.
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sector. On the other hand, an individual who works in the industrial sector in country H obtains a higher
income than an individual who works in the same sector in country O despite the fact that they have the same
level of skills. Therefore, all individuals of O with early educational levels (y) greater than the migration
threshold level (#) have an incentive to move to H because of the difference in income. This is represented by

Proposition 10:

Proposition 10. In a world that consists of two large economies with free movement of goods and
labor, and with imperfect information 6 < 1, and g € (0, g,,], where y/ = y and 7 > 9°.
1) Only the most talented individuals of country O will immigrate in country H.
2) There exists a ¥ that corresponds to a ¢ such that it provides incentive to some individuals, with
7<y% < (")? from O to immigrate in H in order to enter into the industrial sector. These

individuals would never have entered into the industrial sector if immigration was prohibited in H.*®

Part 2) of Proposition 10 states that because country H has better institutions, the income of an individual
who works in the industrial sector in H is strictly higher than the income of an individual who possesses an
identical skill level to the former and who works in the industrial sector in O. Thus, such an individual of
country O has an incentive to immigrate in H only if her difference of income because of immigration exceeds
the cost of immigration. This is the same intuition as in Proposition 9, but with a new ingredient in the mix, the
talent development. With the opening of the labor markets, there will be an increase in production of the
industrial good. This is related to the fact that in the free labor market world, some individuals from O [those
with 7 < 2 < (y*)? ] will immigrate in H and enter into the industrial sector. These individuals would have
joined the agriculture sector in O if countries did not allow the international free movement of labor.

Since, there is an increase in the production of the industrial good in the world, then the world relative
price of the agriculture good will increase. This in turn will increase the income of the individuals who enter
into the agriculture sector independent of their job location. We illustrate part 2) of Proposition 10 in fig. 5. We
borrow the world relative demand and supply from fig. 4. Thus, the world relative price of the agriculture good
in a world with free movement of goods but not labor is represented by p". According to Proposition 10, in a
world with free movements of goods and labor, the number of talented individuals will increase, implying a
boost in the production of the industrial good. Hence, the world relative supply curve should shift to the left of
RSY, in (p, Y/X) space, when we move in a free international labor market. Consequently, since the world
relative demand does not change, the world relative price of the agriculture good should be higher than before.
This is indicated by (p)¥ > p") in our graph. Thus, another important implication that originates from
Proposition 10 is the fact that, through the price effect, immigration increases the income of individuals who

work in the agriculture sector.

15 See Appendix H for the proofs of Proposition 10 and Corollary 4.
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Fig. 5. World equilibrium under free movement of goods and labor

Now, let’s consider the case where country H has identical quality level of institutions, but obtains more
individuals with higher levels of early education as compared to country O. The latter is related to the fact that
H offers a better early educational system than O. Therefore, in a free trade world according to Proposition 7,
H exports the industrial good to O and imports the agriculture good from O. If both countries decide to engage
in a free movement of their respective labor force, we must be able to predict the pattern of immigration, if
any. In this case, there will be no individual who will have an incentive to immigrate. The intuition is related to
the fact that there are no differences in income among individuals with identical skill levels who work in
different a location of the industrial sector because institutions are the same in both countries. Consequently,
there will be no movement of labor between both countries when they operate in a free movement of labor
world despite the fact that H has a better system of early education than O. Does this mean that the quality of
the early educational system plays no role in the development of talent through human migration? The answer
is no. We can consider a scenario where the early educational system of the developing country (O) plays a
powerful role in the development of more talent individuals in the world as a result of an open international
labor force. This is developed in the following scenario.

Let’s consider a third scenario where H has better institutions and a better early educational system than O.
In such a case, the quality of early educational system in O, the quality of institutions in H, and the costs of
immigration play crucial roles on the volume of immigrants, on the development of talent, and on the income
of individuals who work in the agriculture sector. Let’s assume that the government of the developing country
cares only about the income of the majority of its citizens. Also assume that the cost of improving the quality
of its institutions is strictly higher than the cost of improving its early educational system. According to this

scenario, the government of O can use the improvement of her early educational system as a mechanism in
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order to promote the development of talent through emigration in a world of free movement of goods and

labor, where immigration costs are low enough. This situation is described by Corollary 4.

Corollary 4.  In a world that consists of two large economies with free movement of goods and labor, and
with imperfect information 8 < 1,and g € (0, q,,], Where y# >y and 67 > 69, the government of O
ameliorates the income of most of its labor force by improving its system of early education since the latter

will encourage more emigration of its citizens towards H.

Corollary 4 states that a government of a developing country can promote the development of more
talented individuals in the world simply by improving the quality of its early educational system. The lower the
costs of immigration (c), or/and the higher the difference of the quality of institutions between the two
countries (87 — #?), the more talented individuals will emigrate from O towards H. This will increase the
intensity of talent development in the world, and also increase the efficiency of the government of O in
achieving its goal. In other words, the improvement of the early educational system will increase the relative
price of the agriculture good, increasing the income of all individuals that work in the agriculture sector. Since
O is exporting the agriculture good, most of its labor force will enjoy higher income as a result of the
emigration of its most talented individuals towards H.

One could wonder if the scenario described in Corollary 4 is valid when countries can not affect the world
price. It should be obvious to the reader that Corollary 4 fails to hold in the case of small open economies,
since the price of each good will not be affected by trade or immigration. Thus, in such a case the improvement
of the early educational system in the origin country of immigrants only will increase the volume of its
emigrants for sufficient low immigration costs and will not affect the income of the individuals who work in
the agriculture sector. Consequently, in this scenario, the only way for the government of the origin country to

ameliorate the income of its citizens is to encourage the development of its institutions.

7. Conclusions

In this paper, we have analyzed a simple general equilibrium model with imperfect labor contracts,
between two large economies that are incompletely specialized in two sectors. In the industrial sector, there
exist only firms that produce a homogeneous industrial good through a team production process. In the
agriculture sector, there exist only firms that consist of one employer, the owner, and that produce a
homogeneous agriculture good. The heart of our study lies in the determinants of skill distribution in the labor
force of each country. In our model the distribution of skills is endogenously determined by each individual
subject to her early educational level and the quality of a country’s institutions.

We have described individuals® decisions on their level of skills, and therefore, on their choice of the

sector where they will seek employment, by developing a five-stage game similar to the four-stage game
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developed in Vogel (2007). We have shown that the most talented individuals prefer to work in the industrial
sector, where the most talented workers match with the most talented managers in the team production process.
The most talented individuals have higher incentives to seek employment in the industrial sector because there
they gain a higher level of income subject to their skill level. The remaining individuals with less talent join
the agriculture sector.

Countries differ in their distribution of their labor force since their early educational system and
institutions have different quality levels. It is shown that in a free trade world, the country with the best system
of early education, or/fand quality of institutions, obtains a labor force that consists mainly of talented
individuals. Consequently, it exports the industrial good and imports the agriculture good.

In a two large economies world with free movements of goods and labor, it is shown that the country
which exports the industrial good is the host country of immigrants, while the country that exports the
agriculture good is the origin country of immigrants. Also we have demonstrated that only the most talented
individuals prefer to emigrate towards the host country because there they capture higher incomes to their level
of skill, if they can afford the fixed costs of immigration, such as language barriers.

Finally, we have shown that the economic progress of the origin country of immigrants is related to its
ability to improve its quality of institutions in order to prevent its most talented individuals from emigrating.
We have also described a scenario where the government of the origin country can promote the development
of more talented individuals in the world simply by improving the quality of its early educational system. The
latter is shown to increase the intensity of talent development in the world because of immigration. This in
turn, causes a raise in the relative price of the agriculture good, therefore increasing the income of all
individuals who work in the agriculture sector. Thus, since the host country is exporting the agriculture good,
most of its labor force will enjoy higher income as a result of the emigration of its most talented individuals
towards the host country of immigrants. Consequently, it is argued that immigration influences the individuals’
income via an indirect effect on their incentive to invest in their skill level and a direct effect on the goods’
prices.

It is fair to admit that our model has certain limitations that are related with some of our assumptions. For
instance, in our model the efficient matching process that concludes that the most talented worker pairs up with
the most talented individual relies on the assumption of complementarities in the production of the industrial
good consistent with Kremer’s O-Ring theory of production (Kremer, 1993). Consequently, our definition of
talent that the most talented individual is the one with the highest level of optimal training also depends on the
latter assumption. Thus, a possible extension of the model is to solve the five stage game developed here
under the assumption of substitutabilities in the production of the industrial good. Under this assumption it
might be optimal for the most talented managers to pair up with the least talented workers in the efficient
matching process. Another possible interesting extension of the model is to include certain spillover effects

associated with the availability of the most talented individuals in a country.
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Appendix A
In this appendix we provide the proof of Proposition 1 and Corollary 1.
Proof of Proposition 1:
Proposition 1 is proven with the help of the following two steps.
In the first step, we show that if there exists a y*, where V,(y*) = V,,(y"), then this y* is unique. In the second step, we prove the
existence of y* € [Ymins Vmaxl-
Step 1.
From equation 24 we know that V,(y) = %R‘“{qux and from equation 12 we know that V,,(y) = 321—7/2(Rp)6\/)7. Let’s assume that y*
exists. Hence, when V,.(y*) = V,(y"), there exists a y*, such that for any y > y*, V,(y*) = V,(y"), this y™ is unique.
With the help of equations 12 and 24, V,.(y*) = V,,(y™) can be written as:

23/21P2qx > RZPGW
2 [ aapr(eo-1y’
[q§+ﬁz(91'9*1)2]2 .

expression is determined from the skill level first-order condition for utility maximization in the case of an individual who works in the
industrial sector. Substituting this into the above inequality we obtain the following:

2 2(p1-6 _ 2
gl G-
o7 +F2(7 7 = D7P?

5 2 -6_1)?
Let [ = s [BX3F(E07D) o a D = pb. Then, 2> 0 and 22 = 0. This implies that the left hand side of the inequality A-1 is
[a3+82(er-0-1)°] o %

increasing in the early educational levels, while the right hand side of A-1 is constant in the early educational levels. Consequently, y* is
unique.

Step 2.

Here | start with the proof of y* < y,,4cLet’s assume that y* > ypa, . In terms of inequality A-1, this implies that V, (Vinax) >
Vyinax) Y V" € [Ymin» Vmax]- This indicates that no individual will be employed in the industrial sector, which implies that the relative
price of the agriculture good approaches zero (p — 0). This implies that y* < y,,4, - But, this contradicts our assumption that y* >
Ymax- HENCE, ¥ < yay. In an analogous way, one can show that y* > y,,;,. This concludes the proof of Proposition 1.

Proof of Corollary 1.

In order to prove both parts of corollary one we must find an expression for y*. From the proof of proposition one, we know that
q3+3p2(e?0-1)" i
———————y from equation 23.
[q§+ﬁz(91—9_1)2]

Substituting this into V,.(y*) = V,(y*) and rearranging it, we obtain an expression for y* as indicated below:

4

NN Y |2+ B2 (e - 1))

Y EE\RY) g2l + 3R — 12

i v _ (£)4 prer—0(e1=0_1) [q%_*_gﬂ?—(el*g_l)z][q%+ﬁ2(elfﬂ_1)z]7
00— |\r¥ ax’ [az+3p2(er-0 1)

* 4
i) LIAE {32 (ﬁ) i;—%} <0 VO € [0,1); B € [1, q,,). This concludes the proof of Corollary one.

We can write the optimal skill level of an individual working in the industrial sector as q, = 23% This

A-1

V(r") =V, (y*) at y* can be written as: 23/2W2q, = R?p®yfy. We also know that q, = %R‘* .

(A4-2)

<0 Ve Ee0,1);B €L qm)

v RY

Appendix B
Proof of Proposition 2.
I prove part one and part two of proposition two with the help of two lemmas. Then part three of proposition two follows.

Lemmal.v8 € [0,1) and B € [1, q,,) there exists a y(8) where g, is convex in y if and only if y > y(6).

Lemma 2.

1) Thereexists @ yo € [Vimin, Vmaxl, such that g, (v,) = qy(yo)
2) VO €[0,1)andp € [1,q,,) the following inequality is always valid: y, < y*

Proof of Lemma 1.
a2 +362(e10-1)"

We know from equation 23 that the optimal level of an individual working in the industrial sector is g, = %R“qx[ o~ )2]2 .
az+p%(et70-1

2 2 1-6_ 2 af/
Dividing both sides with g, we get: f(q,y) =1 = 1gpe axt3f7(e71) (e 12 > Y. From the implicit theorem, we know that 9ax —a i
8 [ad+p2(er0-1)" i rn
2 2(,1-0_1)2 2 2(,1-0_1)2
O _ Lpa @320 oo OF —1R%g %ﬂgy. This implies that:

W8 [akepr(er0-1)"] 90 * x[q§+ﬁz(e1-8—1)2]
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9q, gt +4q2p% (e —1)" +3p2(e? —1)" 1

Iy qx(q2 +5B%(e'~% — 1D?) 2y
This implies that the optimal skill level of an individual working in the industrial sector is increasing in her early educational level
vO € [0,1) and B € [1,qp)-

4 2p2(,1-0_1)2 2(,1-6_4\*
Let g(qy,y) = 0 = BHaxp (0 #36%e71) 1 4 \yhere 4 is a constant. Then using the implicit theorem, we know that

>0

qx(q§+5ﬁ2(e1‘9—1)2) 2y
3.9/ _ 2 _ 4 _ 2 _ 4
2 44 20202(p1-0_ 2(p1-6_ 6 4_60202(01-0_1)2_1502(p1-0_
F) qzx - ay.Then, ag _ _ Jai+1aip’(e 1) +38 (ez 1) LZ 0g _ af+11a3-9q3p%(e 1) 158 2(9 1) 1 . This implies
ay g/ﬁqx ay qx(q)zc+5[?2(el’3—l) ) 2y 0qx q%(q§+532(€1—9_1)2) 2y
that:
_ 2 _ 4 _ 2

92, 10 [q;‘; + 4q§32(el 6 _ 1) + 3ﬁz(e1 6 _ 1) ] (q,% + 532(61 6 _ 1) )

Y 45 + 11qf — 9qZF (1 — D? — 15p2(e1-0 —1)F
Hence,

8%y : 824y . _ Ble?0-1) |, 3q%+5p2(e1"0-1)° .
a7 > 0 only if g, > y(0), and % < 0 only if g, < y(8), where y(0) = o 3q§+1162(el‘9—1)2' One can easily

Be=0-1) 33q,2(+5ﬁ2(el’3—1)2
q,2(+11,82(e1‘3—1)2

9y(6)

ZOQHdF

observe that limg_,q < 0. In order to complete the proof of lemma 1, we have to show the

existence of y(6). This is done by substituting y(8) into the equation 23 of the optimal skill level of an individual working in the
industrial sector and then putting it into the indirect utility of equation 24. Therefore, V,[y(6)] exists and is strictly higher than zero.
Since, we know that the indirect utility with optimal skill levels is strictly convex in individual skill level, and since éirréy(e) =

0: ay(0)

2 2
; L <0; ‘% > 0; "’ay“; >0 only if y > y(6), while % < 0onlyify < y(8), then q, is strictly convex in y ¥y > y(8) and q,

is strictly concave in y Vy < y(8). This concludes the proof of Lemma 1.

Proof of Lemma 2

Let’s start by proofing the second part of Lemma 2. Let’s suppose that the first part of Lemma 2 is true. Then, there must exists a
Yo € [Vmins Yimaxl, such that g, (vo) = q,(yo). From equation 23 we know that the optimal skill level of an individual working in the

aZ+36%(e170-1)"
2 2
[a2+52(e1-0-1)°]
sector is q,, = L (Rp)?+fy. Hence, from setting q, equal with q,,, we can write y, as:
y 2V2 y
- 214
Lp(ey Ll -]
Vo= P\R) qila + 3p2(e T — 122

3\4 2,2 1—9_1 21* i i
”—) %M . Therefore, substituting the values
RY qx [q%+3[s’2(e1‘9—1)2]

of yo and y*, the inequality y, <y* can be written as: W* < p3, which is equivalent to W2 < p®. From A-1 (See the proof of

industrial sector is q, = 3R4qx y . We also know that the optimal skill level of an individual working in the agriculture
8

We know from equation A-2 (See the proof of Corollary one) that y* = 8(

5 2 -60_1)? 2 -0_1)? 19
roposition one), we know that at y = y* = p6 = Wi [T onee w12 o p6 can be written as: |2 g
prop p 2 p 2
[a3+p2(e0-1)" [a2+2(e1~0-1)"]
a3+3p2(e?~0-1)" 19 a3 - : s : . :
2 : - 2 : !
or[ . 2] > W% We know that ¥ = — 20D by definition. Thus, the above inequality is equivalent with the following
az+p2(er~0-1) aarprleT
inequality:
2 4 352(p1-0 — 1)? 2
az +3p%( ) az B-1)

[+ F2 e — 127~ g+ (e ? —1)?
B-1 is always valid since the left hand side is always higher than one, while the left hand side is always lower than one V6 € [0,1); B €
[1, g,,). This concludes the proof of the second part of Lemma 2.
Let us now conclude the proof of Lemma 2 by providing the proof of the first part of Lemma 2. This proof consists of two steps. In the
first step, we proof the uniqueness of y,, and in the second step we proof the existence of y,.
Step 1.
If there exists a ¥o € [Vmin, Ymaxl, SUch that g, (vo) = g, (¥,), then y, is unique. The inequality g, (v,) = q, (v,) can be written as:

@ +3pE0 - D _ 1
RGJ BTy e e T

23/2

The left hand side of the above inequality comes from skill level first-order condition of utility optimization of individuals working in the
industrial sector. The right hand side of the above inequality is the optimal skill level of an individual working in the agriculture sector.
The above inequality is equivalent with the following:
a2 +3p2(e1 ¢ — 1)?
4 + B2 — 7P =

p® (B-2)
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2 -0_1)?
M and D = p®. Then, % 5 0and 2 = 0. This indicates that the left hand side of the inequality B-2 is
[q,zc+,82(el‘3—1) ] ay oy

increasing in y, while the right hand side of B-2 is constant in y. Consequently, y, is unique.

Step2.

In order to prove the existence of y,, let’s assume that y* <y, . In terms of inequality B-2, this implies that

AxVmin) > @y Vmin) Y Yo € [Vmin» Vmax]- Hence, no individual will invest to optimize her skills in the agriculture sector. This shows

that no individual will be employed in the agriculture sector, which implies that the relative price of the agriculture sector goes to infinity

(p — ). This contradicts the assumption that y, < ymin- In an analogous way, one can show that ¥y < ¥max- This concludes the proof

of Lemma 2.

Proof of the first and the second part of Proposition 2

Now, we are ready to provide the proof of part one and two of Proposition 2. We showed that, g, is concave in y only when y < y(6).
2

My = 0. Hence, in the region where g, is concave in

[q%+ﬁz(e1—9,l)2]

[qx(y) < qy(y)], g, never intersects gq,,. In Lemma 2, we showed the existence of y, such that q,(v,) = g, (¥,). Consequently, g, must

be convex in y at y,. Moreover, we showed that q, is convex in y ¥y > y, Since, q,, is concave iny ¥y > 0, then q,, > q,, Vy > y,. We

showed in the proof of the second part of Lemma 2 that y, < y*. This implies that q, is convex iny Vy >y* and q, > q,, Yy > y". This

concludes the proof of the first and second part of proposition 2.

Proof of the third part of Proposition 2

We know that the optimal job training level of an individual working in the agriculture sector is linear to her skill level (ty =

Let L =

One can easily observe from the equation 23 that liquq(,%R“qx

%(Rp)zqy). The optimal training of an individual working in the industrial sector after the efficient matching process, where the most
skilled manager pairs up with the most skilled worker, is strictly convex in her skill level. We can prove this by recalling that the optimal

el=0_1

am

2
level of training for a worker is t,, = %(RW)ZqW [1 + (ﬁ ) ] We also know that the efficient wage after the efficient matching is

3 3
w =¥+ and that ¢ = q,, = q,. Hence the optimal level of training of a worker employed in the industrial sector is ¢t,, = %RZWqu [1 +

%ty
aq

e1=0_1\2 at,
([3 q—) ] One can easy show that: # > 0 and >0.

6 1
Recall that the optimal level of training for a manager who operates her own firm in the industrial sector is t,,, = %szi(qfnq&,)i [1 +

1-0_47\ 215
(,8 eq—l) ] . Using the same logic as we did in the above case of the worker, we can show that the optimal training of a manager
m
2

8 1-6_ 2]s
running her own firm in the industrial sector after the efficient matching process is t,, = %RZWE [1 + (,8 "’q—l) ] . One can easily

show that; ‘;tT’" > 0 and

Hence, we know that t, is strictly convex in q,, while t,, is strictly linearly increasing in g,. We proved in the first and second part of
proposition two that g, > q,, Vy > y*. Consequently, it is straightforward that t, > t,, Vy > y*. This concludes the proof of the third
part of Proposition 2.

Appendix C
Proof of Proposition 3.
We have to prove that I, (y) = I,,(y) Vy > y~. Let’s first find I,,(y) and I, (y)
In the agriculture sector we assumed that there only exist individual firms. Therefore, in the agriculture sector, the income of each
individual is equal to firm’s profit I,,(a) = pa. In the fifth stage, we found the optimal profits for a firm operating in the agriculture
sector. Substituting the optimal effort levels as indicated in the fifth stage into I,(a) we obtain I,,(t) = p?Rt. In the fourth stage we
found the optimal training levels of an individual working in the agriculture sector. Substituting it into ,(t), we can obtain I,(q) =

Ep4R3q. In the first stage we found the optimal skill level for an individual working in the agriculture sector. Substituting it into 1,,(q),

we can obtain the income of an individual working in the agriculture sector with optimal skill levels:
1
L =——p°RS c—-1
) =7 7P Jy -1

In the industrial sector we assumed that firms are created by an efficient matching process between workers and managers. We showed

that a worker’s income is determined from her wage as stated in the contract. Thus, the worker income is I,,(a) = wK = w [aw +

1-6_
(/? £ 7 1) dw]. In the fifth stage, we found the optimal effort and distortion levels exerted from a worker employed in the industrial

sector. Substituting the optimal effort and distortion levels as indicated in the fifth stage into I,,(a) we obtain I,,(t) = w?Rt,, [1 +

1-0_\21?
(,8 eq—l) ] . In the fourth stage, we determined the optimal level of training obtained by a worker employed in the industrial sector.
m
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Substituting it into I,,(t) we obtain [,,(q) = %R“qu. In the third stage, we showed that the most skilled managers match with the most
skilled workers creating firms. Hence, ¢ = q,, = q,,. This implies that I,,(q) = §R3‘Pq.

A manager’s income is determined from the profit of her firm. Therefore, I,,(a) = © = 2,/a,,a,, — R*wt,,¥~1 . Substituting the
optimal effort, distortion and training levels for a manager who runs her own firm in the industrial sector (in a analogous way with the
worker’s case as described above), we can establish that the income of a manager with optimal skill levels after the efficient matching

process is I,(q) = %R“Pq. As one can easy observe, I,(q) = I,(q) = I,(q) = §R3qu. In the first stage we determined the optimal
skill level of an individual working in the industrial sector. Substituting it into I,.(q) we can establish:
1 g% +3B%(et? -1
Ix(Y)=—R7 x : 2 (1 ] )
16 [qZ + B2(ei0 — 122"
Therefore with the help of C-1 and C-2 the inequality I, (y) = I,,(y) Vy > y* now can be written as:

P\ 182 [aF+ B30 - 1)2]4

re 8(E> <qu) [qZ + 36770 — 1)22
Since we need to show that the above inequality stands for all y > y*, we can substitute y* from equation A-2 (see the proof of
4 [agpree-n)

2
> -2 Hence, the above inequality can be written as: (l) >S134>1251>¥=
ax [q’2(+352(e1—9,1) ] ¥ ¥

(€-2)

Corollary one) that y* =8 (Rq:)

ﬁ = p2(elf - 1)2 > 0. This is always valid V8 € [0,1); 8 € [1, q,,,). This concludes the proof of Proposition 3.
Appendix D

In this appendix, we provide the proof of Proposition 4 and Corollary 2.

Proof of Proposition 4.

| follow the same strategy with the proof of Proposition 1. Thus, Proposition 4 is proven with the help of the following two steps.

In the first step, we show that if there exists a y* ,where V,(y*) = V,,(y*), then this y* is unique. In the second step, we prove the

existence of y* € (0, +0).

Step 1.

3
From equation 34 we know that V,.(y) = Z:—ﬁRG [ﬁ]z ¥ and from equation 12 we know that V,,(y) = 32;7/2(Rp)6\/]_/. Let’s
+(e1=0- .

assume that there exists y* . Hence, when V,(y*) = V,(y™), there exists a y*, such that for any y > y~, V,(y*) = 1, (y"), this y~ is
unique.
With the help of equations 12 and 34, V,(y*) = V,,(y*) can be written as:
3
1 ]z - 6 1 - D—1
1+ 0—12 =P T 1rEeo—12="? ®-=D

Let L = % ,and D = p*. Then, %> 0and 22 =0. This implies that the left hand side of the inequality D-1 is increasing in
1+(e1=9-1) ay dy

the early educational levels, while the right hand side of D-1 is constant in the early educational levels. Consequently, y* is unique.

Step 2.

Let’s assume that y* < 0 . In terms of inequality D-1, this implies that V. (0) > V;,(0) . This indicates that no individual will be employed
in the agriculture sector, which implies that the relative price of the agriculture sector goes to infinity (p — o). This contradicts the
assumption that y* < 0. This concludes the proof of proposition 4.

Proof of Corollary 2.

3
! )2]2 ¥ and from equation 12 we know that V,,(y) = 32%/2 (Rp)®+fy. Then it

From equation 34 we know that V,.(y) = ” \F [1(1791
+(e179-

5
oy y(y) o) _ )1 e 1 Z 160,16 _ ;
is obvious that 2 < 0 since =0, while —2= = {8ﬁR [1+(91‘971)2] et=%(e 1)\/}7} > 0. This concludes the proof of

Corollary 2.

Appendix E
Proof of Proposition 5.
The proof of proposition 5 requires the introduction and the proof of the following Lemma:
Lemma 3.
1)  There exists a y, € (0, +00), such that g, (vo) = q,, (o)
2) VO € [0,1),and B = qn, the following equality is satisfied y, = y

Proof of Lemma 3.
Let’s start by proving the second part of Lemma 2. Let’s suppose that the first part of Lemma 3 is true. Then, there must exists a y, €
(0, +00),, such that q,(vo) = g, (vo). From equation 34 we know that the optimal skill level of an individual working in the industrial

. R
sector is g, = Y

2
— |[————— . We also know that the optimal skill level of an individual working in the agriculture sector is
2V2 ([ 14(e1-0-1)
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1
qy = N (RP)Z\/?

. - 1

Hence, setting q,.(vo) = g, (vo) we get the following ey
! > p* E—1

1+ (e 0—1z=P (-1
Combining inequality D-1, with inequality E-1, it must be that y, = y* . This concludes the proof of the second part of Lemma 2.
Let us now, conclude the proof of Lemma 2 by providing the proof of the first part of Lemma 2. This proof consists of two steps. In the
first step, we prove the uniqueness of y,, and in the second step we proof the existence of y,.
Step 1.
If there exists a y, € (0,+00), such that q,(y,) = q,,(¥,), then y, is unique. We know form E-1 that the inequality g, (y,) = q,(vo)
can be written as :

= p*. Thus, q,(vo) = g, (y,) can be written as:

e ="

Let L = m and D = p*. Then, Z—; > 0and Z—l; = 0. This indicates that the left hand side of the inequality B-2 is increasing
+(e10-

iny, while the right hand side of E-1 is constant in y. Consequently, y, is unique.

Step2.

In order to proof the existence of y,, let’s assume that y* < 0 . In terms of inequality B-2, this implies that q,.(0) > g,(0) . Hence, no
individual will invest to optimize her skills in the agriculture sector. This shows that no individual will be employed in the agriculture
sector, which implies that the relative price of the agriculture sector goes to infinity (p — o0). This contradicts the assumption that
Yo < 0. This concludes the proof of Lemma 2.

Since we showed that y* = y,, where at y,, q,(yo) = q,(¥,), and from proposition 4 we know that individuals will enter into the
industrial sector for all y > y*, then it must be that g, (v,) > g, (y,) forall y > y*. This concludes the proof of proposition 5.

Appendix F
Proof of Proposition 6.
We have to prove that I, (y) = I,(y) Vy > y". Let’s first find I,,(y) and L,(y).
In the agriculture sector 1,,(y) is the same regardless of contract design. We know from equation C-1 that I,,(y) = ﬁipﬁRS\/}_/ (See
Appendix C).
In the industrial sector with 8 = q,,,, a worker’s income is I,,(a) = wK = w|a,, + (=% —1)d,,]. In the fifth stage, we found the
optimal effort and distortion levels exerted from a worker employed in the industrial sector. Substituting the optimal effort and distortion
levels as indicated in the fifth stage into I,,(a) we obtain I,,(t) = w?Rt,, [1 + (el“’ — 1)2]. In the fourth stage, we determined the

optimal level of training obtained by a worker employed in the industrial sector. Substituting it into I,,(t) we obtain I,(q) =

4 2
W7R3 [1 + (et - 1)2] qw- In the third stage, we showed that the most skilled managers match with the most skilled workers creating
[
1+(e1-6-1)"
A manager’s income is determined from the profits of her firm. Therefore, I,(a) =7 =2,/ana, — W[aw + (el_e - 1)dw] .
Substituting the optimal effort, distortion and training levels for a manager who runs her own firm in the industrial sector (in a analogous
way with the worker’s case as described above), we can establish that the income of a manager with optimal skill levels after the efficient

matching process is I,,(q) = %R3 ﬁ As one can easy observe, I,(q) = I,(q) = I,(q) = %R3 ﬁ In the first stage,

we determined the optimal skill level of an individual working in the industrial sector. Substituting it into I,,(q) we can establish
1 1 2
L(y) = —=R°® 7]
X(Y) 4\/5 1+ (81—9 _ 1)2 ﬁ
Therefore with the help of C-1 and F-1 the inequality I,,(y) = I,,(y) V¥ > y* can now be written as:
1

firms. Hence, ¢ = q,, = q;»- We also determined the efficient wage. Substituting them into I, (q) implies that I,,(q) = %R3

F-1

> 93
1+ 0-12-"F
The above inequality is exactly the same as the inequality D-1. Thus, for all I,(y) = I,(y) Yy >y~. This always is valid V8 €
[0,1); B = g,,. This concludes the proof of Proposition 6.

Appendix G
In this appendix, we provide the proof of propositions 7, 8 and Corollary 3.
Proof of Proposition 7.
The proof of uniqueness and existence of (y*)/, is exactly the same as the proof of uniqueness and existence of y*in a closed economy of
Proposition 1 (see the first and second steps of the proof of Proposition 1 in appendix A).

The proof of the second part of Proposition 7 is straightforward. (y*)? < (y*)? since % regardless of the country index (see equation
A-2 in the proof of Corollary 1 provided in Appendix A) . But, y* > y©, by assumption. This implies that ¢* > q° vy > (y*)# . The
argument for the existence of the latter inequality comes directly from the first and second part of Proposition 2.

Proof of the third part of Proposition 7.

Let’s start with the proof of the inequality (¥*)° = ¥pin. Assume that (y*)° < ymin. In the above paragraph we proved that (y*)? <
(y)°. This implies that (¥*)° < ¥min and (¥*)# < (y*)°. But, if both (y*)H and (y*)? are strictly lower than y,,;,, then no one enters
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into the agriculture sector, which implies that the relative price of the agriculture good (p) goes to infinity (see inequality A-1 in
Appendix A). This indicates that both (y*)# and (y*)°must be strictly higher than y,,;,. But we assumed that (¥*)° < ¥min.
Consequently, (¥*)° = Ymn. One can show that (y*)# < y,,4, following an analogous proof as the one provided above. This concludes
the proof of Proposition 7.

Proof of Proposition 8.

The proof of uniqueness and existence of (y*)/, is identical to the uniqueness and existence of y* of Proposition 1(see Appendix A).
Proof of the second part of Proposition 8.

)P < ()0 since ‘;—y; regardless of the country index (see the proof of Corollary 1 provided in Appendix A) . But, we assumed that
0" > 69 Hence, )" < (yM)°.

The proof of the third part of Proposition 8 is exactly the same as the one of the third part of proposition 7. This concludes the proof of
Proposition 8.

Proof of Corollary 3.
The proofs of all inequalities of Corollary 3 are exactly analogous with the proofs of Propositions 2 and 3 (see Appendix B and C).

Appendix H
In this appendix, we provide the proof of propositions 9, 10 and Corollary 4.
Proof of Proposition 9.
The proof of part 1 and 2 of Proposition 9 is analogous to that of Proposition 8, and the proof of part 3 of Proposition 9 is analogous to
that of Corollary 3 (see Appendix G).
The proof of part 4 of Proposition 9:
We drop the superscript (j) when necessary for notation simplicity. We first prove that y* exists. Then, we show that also there exists a ¥
such that L, ()7 > [L,()° —c] vy > 7.
The proof of the existence of y*:
We know from Proposition 1 (see Appendix A) that V,.(y) = V,(y) only if:
5 | 43 +3p2(e0 — 1)

[a2 + 20 - D22 ~
We also know that the left hand side of (H-1) is strictly increasing in y and approaches zero when y approaches zero, while the left hand
side of (H-1) is constant when y changes.
Let’s suppose that y* does not exist. This implies that the right hand side of (H-1) is strictly higher than one. This in turn implies that no
one enters into the industrial sector in each country. This means that the relative price of the agriculture good approaches zero. But, this
indicates that the right hand side of (H-1) is strictly less than one. This fact contradicts our assumption that p > 1. Thus, y* must exist.
Proof of existence of y:
Since y~ exists, then according to Proposition 3 (see Appendix C) I,.(y) = I,,(y) Yy > y*. Moreover, according to part 3 of Proposition
9 (¥)H < (y)°Vy’/ > 0 because §° < 94 and 3((9}/91?1
must also exist for low enough values of c.
We know that L ()" > L.(y)° vy > (y*)°. Since V,(y)/ is positive, then there must exist a # such that for any positive ¢, V,(j)" =
[V(#)° —c], where 7 > y*. Thus, V()" > [V,(y)° — c] Vy > 7 From Proposition 3 we know that I,(y) = I, (y) Vy > y*. Hence,
there exists a 7 such that I, (y)# > [I,(y)° —c] Vy > ¥ and I,(y) = I,(y) Vy > 7. Since country H is exporting Y and country O is

exporting X, then the individuals who obtain the highest level of income are those who work in the industrial industry from H. Thus, the
flow of labor movement will be from O to H. This completes the proof of Proposition 9.

p® (H-1)

< 0. This implies that L,(y)* > L.(y)° ¥y > (y*)°. Since y* exists, then 7

Proof of Proposition 10.

Proof of part 1) of Proposition 10:

From Proposition 9 we know that I, (y)® > [I.(y)°? — c] Vy > ¥ since 8% > 6°. Hence, only those individuals of O with y > # have an
incentive to seek employment in H. No individual who works in the agriculture sector has an incentive to emigrate in either country since

J J
L,(»H" =1,(y)° vy > 0. This is related to the fact that % =0= % = 0. Therefore, only individuals who work in the industrial
i j
sector have an incentive to emigrate in H because % >0= % > 0. However, not all individuals of O that work or will seek

employment in the industrial sector will emigrate to H. There would be some of them whose income difference because of immigration
is lower than the fixed costs of immigration. These individuals will work in the industrial sector in O. The early education level of such
individuals is y* < y? < . Hence, all individuals of O with y > ¥ will emigrate in H. These are the most talented individuals of O will

choose to emigrate in H because ;—L >0= ;T}; >0 Vy > y* and moreover Vy > .
Proof of part 2) of Proposition 10:

We know from part 3) of Proposition 9 that (y*)¥ < (y*)°. This implies that y* < (y*)°. This in turn implies that L.(y)" >
L.(y)° vy > y*. Also from part 4) of Proposition 9, we know that y* < 7 and L.(y)" > [L.(¥)° — c] Vy > 7. But, when ¢ approaches
zero then L, (y)" > L.(y)° Vy > y*, which also is true for V(y*)°. Hence, there must exist a threshold ¢ , such that L.(y)? >
[I,(¥)° — €] Vy > 7, where (y*)° < ¥ > . This completes the proof of Proposition 9.
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Proof of Corollary 4.
The proof of Corollary 4 is straightforward. In Proposition 10 we showed that I.(y)" > [L.(y)° — ¢] ¥y > 7. Then according to fig. 5
the relative price of the agriculture good increases from the world increase in production of the industrial good because of emigration of

5 2 -6_1)?
individuals of O, with y > 7 , towards H. Assuming that the following inequality Wz %2 p® is still valid after
o [a3+B%(er70-1)

j j .
immigration, then % > 0 because % > 0. Since I,,(y)) = Iy(y)” = Iy(y)o and most of the individuals who already work or

seek employment in the agriculture sector are in O and no one of them has an incentive to emigrate in H, then their income will keep
increasing as their government improves the early education system. This completes the proof of Corollary 4.

References

Abowd, J., Freeman R., 1991. eds. Immigration, trade and the labor market. Chicago: University of Chicago Press.

Acemoglu, D., Antras, P., Helpman, E., 2005. “Contracts and the division of labor.” National Bureau of Economic Research
Working Paper # 11356.

Acemoglu, D., Johnson, S., Robinson, J., 2001. “Colonial origins of comparative development: an empirical investigation.”
American Economic Review 91, pp. 1369-1401.

Acemoglu, D., Johnson, S., Robinson, J., 2002. “Reversal of fortune: geography and institutions in the making of the modern
world income distribution. Quarterly Journal of Economics 117, pp. 1231-1294.

Beine, M., Docquier, F., Rapoport, H., 2001. “Brain drain and economic growth: theory and evidence.” Journal of
Development Economics 64, pp. 275-289.

Beine, M., Docquier, F., Rapoport, H., 2008. “Brain drain and human capital formation in developing countries winners and
losers.” The Economic Journal 118, pp. 631-652.

Bhagwati, N., Hamada, K., 1974. “The brain drain, international integration of markets for professionals and unemployment: a
theoretical analysis.” Journal of Development Economics 1 (1), pp. 19-42.

Blanchard, O., Katz, L., 1992. “Regional Evolutions” Brooking Papers on Economic Activity 1, pp 21-41.

Borjas, G., 1987. “Self-selection and the earnings of immigrants.” American Economic Review 77, pp. 531-553.

Borjas, G., 1992. “National origin and the skills of immigrants in the postwar period.” In George J. Borjas and Richard B.
Freeman, eds. pp. 17-47.

Borjas, G., 1993. “Immigration policy, national origin, and immigrant skills: a comparison of Canada and the United States.” In
small differences that matter: labor markets and income maintenance in Canada and the United States. Eds: David Card and
Richard B. Freeman. Chicago IL: University of Chicago Press, pp. 21-43.

Costinot, A., 2009. “On the origins of comparative advantage.” Journal of International Economics 77 (2) pp. 255-264.

Cunat, A., Melitz, M., 2006. “Volatility, labor market flexibility and comparative advantage.” National Bureau of Economic
Research Working Paper # 13062.

Di Maria, C., Stryszowski, P., 2009. “Migration, human capital accumulation and economic development.” Journal of
Development Economics 90, pp. 306-313.

Freeman, R., 1993. “Immigration from poor to wealthy countries” experience of the United States.” European Economics
Review 37, pp. 443-451.

Galor, O., Tsiddon, D., 1997. “The distribution of human capital and economic growth.” Journal of Economic Growth 2, pp. 93-
124.

Grossman, G., 2004. “The distribution of talent and the pattern and consequences of international trade.” Journal of Political
Economy 112 (1), pp. 209-239.

Grossman, G., Maggi G., 2000. “Diversity and trade.” American Economic Review 90, pp. 1255-1275.

44



Hatton, T. J. and Williamson, J. G. (2005), Global Migration and the World Economy: Two Centuries of Policy and
Performance, Cambridge, Mass: MIT Press.

Jensen, L., 1988. “Patterns of immigration and public assistance utilization, 1970-1980.” International Migration Review, 22 (1),
pp. 51-83.

Kremer, M., 1993. “The O-Ring theory of economic development.” Quarterly Journal of Economics, 108, pp. 551-575.
Levchenko, A., 2007. “Institutional quality and international trade.” Review of Economic Studies 74 (3) pp. 791-819.

Lucas, R., 1978. “On the size distribution of business firms.” Bell Journal of Economics 9, pp 551-575.

Lucas, R., 1988. “On the mechanics of economic development.” Journal of Monetary Economics 22(1), pp. 3-42.

Matsuyama, K., 2005. “Credit market imperfections and patterns of international trade and capital flows.” Journal of the
European Economic Association 3, pp. 714-723.

Miyagiwa, K., 1991. “Scale economics in education and the brain drain problem.” International Economic Review 32, 743-759.
Mountford, A., 1997. “Can a brain drain be good for growth in the source economy?” Journal of Development Economics 53,
pp. 287-303.

Murphy, K., Shleifer, A., Vishny, R., 1991. “The allocations of talent: implications for growth.” The Quarterly Journal of
Economics, 106 pp. 503-530.

Nunn, N., 2007. “Relation-specificity, incomplete contracts, and the pattern of trade.” The Quarterly Journal of Economics, 112
(2) pp. 569-600.

Ohnsorge, F., Trefler, D., 2007. “Sorting it out: international trade and protection with heterogeneous workers.” Journal of
Political Economy 115 (5), pp. 868-892.

Rosen, S., 1981. “The Economics of Superstars.” American Economic Review 71, pp. 845-858.

Stark, O., Helmenstein, C., Prskawetz, A., 1997. “A brain gain with a brain drain.” Economics Letters 55, pp. 227-234.

Stark, O., Helmenstein, C., Prskawetz, A., 1998. “Human capital formation, human capital depletion, and migration: a blessing
or a “curse”?” Economics Letters 60, pp. 363-367.

United Nations 2006. “International Migration Levels, trends and policies.” International Migration Report 2006: A global
assessment. Part One. United Nations.

Vidal, P., 1998. “The effect of emigration on human capital formation.” Journal of Population Economics 11 (4), 589-600.

Vogel, J., 2007. “Institutions and moral hazard in open economies.” Journal of International Economics 71 pp. 495-514.

45



	Florida International University
	FIU Digital Commons
	10-2-2010

	Education, Institutions, Migration, Trade, and The Development of Talent
	Dhimitri Qirjo
	Recommended Citation


	tmp.1391025114.pdf.JuknX

