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Abstract 

This paper constructs a simple two-sector, competitive trade model with heterogeneous labor and considers two 
countries’ differences in both diversities and means of human capital distributions. We prove that the 
distributions differences affect the comparative advantage through two channels including “the diversity effect” 
and “the mean effect”. When the diversity effect dominates the mean effect, the country will have comparative 
advantages in the S-sector, and hence will lead to an expansion in the S-sector, vice versa.  
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1. Introduction 

In recent years, the effects of heterogeneous human capital on the industrial structure and the pattern of trade 
(POT) of an economy have received considerable attention. Some earlier theoretical studies, for example, Roy 
(1951), Heckman and Sedlacek (1985) and Heckman and Honoré (1990), explore the relationship between 
heterogeneous workers and industrial structure. In addition, in order to account for the observation that a large 
volume of international trade takes place between rich countries with similar technologies and endowments, in 
their pioneering work, Grossman and Maggi (2000) argue that the distribution of human capital can matter for 
the pattern of comparative advantage and industrial structure. (Note 1) 

The recent literature exploring the impact of heterogeneous human capital on trade includes Ishikawa (1996), 
Grossman and Maggi (2000), Grossman (2004), Bougheas and Riezman (2007), and Ohnsorge and Trefler 
(2007). First, Ishikawa (1996) stresses the role of aggregate human capital endowments in affecting comparative 
advantage and industrial structure. Although Ishikawa investigates the relationship between the distribution of 
human capital and trade, he ignores the effects of diversity of human capital on trade.  

Next, Grossman and Maggi (2000) and Grossman (2004) prove that a country with less diverse human capital 
will have comparative advantage in passenger cars, industrial equipment and chemicals, produced by a 
supermodular technology (or by teams). In contrast, a country with a more diverse human capital will have 
comparative advantage in software and financial services produced by a submodular technology (or by 
individual efforts). Bougheas and Riezman (2007) demonstrate that the POT between two countries with 
identical aggregate human capital endowments depends on the properties of the distribution of human capital. 
Ohnsorge and Trefler (2007) consider each worker bringing two skills to the workplace (e.g., quantitative and 
communication skills) and point out that the second moments of the distributions of skills can affect comparative 
advantage. In sum, they argue that diversity of human capital plays an important role in determining the POT and 
industrial structure. 

Whether the immigration policy will affect the pattern of comparative advantage and industrial structure of an 
economy or not is an interesting and important issue. Intuitively, government immigration policies will lead to a 
change in the distribution of human capital, which in turn will determine the POT and industrial structure.  
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Table 1. Industrial Composition in Singapore, 1991 & 2001 

Industrial Composition (%) 1991 2001 Change (%) 
Manufacturing 28.2 18.8 - 33.3 
Commerce 22.7 21.1 - 7.0 
Transport and Communication 10.0 11.1 + 10.0 
Financial and Business Services 10.7 17.2 + 37.8 
Community and Personal Services 21.1 24.7 + 14.6 
Others 7.3 7.1 - 2.7 

Source: MOM (2002) and Frost and Chiu (2003). 

 

There is prominent evidence illustrating the impact of the immigration policy on the pattern of comparative 
advantage and industrial structure. Singapore successful immigration policies alter not only industrial structure 
but also the pattern of comparative advantage, and then improve Singapore’s economic development. Table 1 
reveals Singapore’s industrial composition in 1991 and 2001. It is not difficult to find that Singapore’s industrial 
structure has been translated from being based on the manufacturing sector to the financial and personal services 
sectors. Namely, two sectors referring to financial and business services along with community and personal 
services have grown significantly in the 1990s. In addition, many empirical studies show that, in Singapore, the 
volume of services trade has also increased rapidly in the 1990s, for example, Blomqvist (2004), Kee (2009) and 
Wong et al. (2009). At the same time, we observe that Singapore’s main economic strategy is based on attracting 
foreign skilled labor. To reach this goal, Singapore government liberalizes the immigration policies, as addressed 
by Yeoh (2007). Table 2 shows Singapore’s foreign workers and indicates that those increase rapidly from 
248,000 foreign workers constituting 16.1% of the total labor force in 1990 to 612,200 foreign workers 
constituting 29.2% of the total labor force in 2000. Furthermore, Piper (2004) and Yeoh (2007) offer further that 
about 112,200 of these foreign workers fall under the category of skilled labor in 2000, that is, skilled workers 
account for 18.3% (which is equal to 112,200/612,200) of Singapore’s total foreign workers. More specification, 
we observe that Singapore’s immigration policies alter the distribution of human capital (Table 2), and then lead 
to a change in the POT and industrial structure. As mentioned earlier, the industrial structure has translated from 
manufacturing sector using a supermodular technology (or by teams) to financial and personal services produced 
by a submodular technology (or by individual efforts). Therefore, this paper will provide an alternative 
explanation for the Singapore case addressed above. 

 
Table 2. Foreign Workers in Singapore  

Year Total Labor Force Foreign Workers Percent of Total Labor Force 

1990 1,537,000 248,000 16.1% 

2000 2,094,800 612,200 29.2% 

Source: see Yeoh (2007). 

 
The existing literature ignores the impact of both aggregate human capital endowments and diversity on the 
pattern of comparative advantage and industrial structure. As a complement to the literature, we will construct a 
simple two-sector, competitive trade model with heterogeneous labor and consider two countries’ differences in 
both diversities and means of human capital distributions. We prove that the distributions differences affect the 
comparative advantage and industrial structure through two channels. The first is “the diversity effect” whereby 
an increase in the diversity of human capital leads to an expansion in the submodular sector, and hence gives the 
economy more comparative advantages in the submodular goods. The second is “the mean effect” whereby a rise 
in the mean of human capital leads to an expansion in the supermodular sector, and hence gives the economy 
more comparative advantages in the supermodular goods. Building on these results, we are able to generate new 
predictions on the pattern of comparative advantage and industrial structure.  

The remainder of this paper is organized as follow. Section 2 establishes the theoretical model. Section 3 
analyzes the impact of the distribution differences in human capital on the comparative advantage. Section 4 
concludes the paper. 

2. The Model   

The setup of this paper closely follows the trade model of Grossman and Maggi (2000), with heterogeneous 
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human capital.  

2.1 The Setup of Model 

Consider the economy comprising two small open countries, A and B, each with a fixed amount of workers 
(denoted by Lj, },{ BAj ). Each worker is endowed with a fixed level of talent t which is assumed to be 

heterogeneous and perfectly observable to all the workers. Assume that the distribution of talent t is a uniform 
distribution with probability density function )(tj  in country j as shown below: (Note 2) 
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jjj btt  . Obviously, the variables jtmin  and jtmax  are the minimum and 

maximum talent levels respectively and jt  is the average talent level. The variable bj represents the diversity of 
talent. The larger the variable bj is, the more diverse the distribution will be. 

Suppose that both countries are similar in their production technologies and that there are two sectors in each 
country, sector C with supermodular technology and sector S with submodular technology. The production 
process for each sector involves two tasks, x and v. The tasks are indivisible and each task is performed by 
exactly one worker. For simplicity, we let the production function of sector C be },min{),( vxvxC ttttF  , where 

the task x (task v) is performed by a worker with talent tx (talent tv), which implies that a pair of workers 
performs complementary tasks. Similarly, for simplicity, we assume that the production function of sector S is 

},max{),( vxvxS ttttF  , which indicates that the talent of the superior worker fully dominates the effective output 

and the workers toil on substitutive tasks. (Note 3) 

In equilibrium, the C sector employs workers with similar abilities, i.e., “skill-clustering”, and the S sector 
attracts the most-talented and least-talented workers, i.e., “cross-matching”, as proved by Grossman and Maggi 
(2000). We define that, in the C sector, the variables jt̂  and )ˆ( jj tm = jj tt ˆ2   represent the talent levels of the 

least-talented and most-talented workers respectively. Consequently, total outputs of good C and good S (denoted 
by j

CY  and j
SY  respectively) can be obtained as follows: 
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By combining equations (1) with (2) and eliminating the variable jt̂ , we can derive the production possibility 
frontier of country j as shown below: 
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Hence, the marginal rate of transformation (MRTj) can be calculated as follows: 
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Assume that preferences in the countries A and B are identical and homothetic. Therefore, the competitive, 
free-trade equilibrium maximizes the national aggregate output at a given terms of trade, p, which represents the 
relative price of good C. 

2.2 Free Trade Equilibrium 

In free-trade equilibrium, the equilibrium condition (p=MRTj) holds and then substituting equation (4) into the 
equilibrium condition can get: 
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By substituting equation (5) into equation (3), we obtain: 
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From equations (5) and (6), we can find the relative equilibrium output of country j as shown below: 
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From equation (7), we find that, in addition to p, the factors affecting the relative equilibrium output include bj 

and jt . That is to say, the talent distribution differences including bj and jt  can affect the relative equilibrium 
output and then matter for the comparative advantage. Therefore, before proceeding any further, it would be 

helpful to discuss the economic intuition of the talent diversity (bj) and mean ( jt ) from the aspect of 
comparative advantage. Obviously, a larger value of bj represents more diversity of the talent distribution, and 
hence gives the economy more comparative advantages in the S-sector, called the diversity effect by Grossman 

and Maggi (2000). On the contrary, since the mean ( jt ) represents the average talent level, the greater the mean 
is, the more the total talent employed in the C-sector is, implying more comparative advantage in the C-sector, 
called the mean effect hereafter. (Note 4) 

3. Comparative Advantage 

In this section, we will explore how the diversity effect and the mean effect affect the pattern of comparative 
advantage and industrial structure. For this purpose, suppose that the relationship of the diversities of talent 
between countries A and B is BA bb   and 0 . In addition, we also assume that the relationship of the 
average talent levels of countries A and B is BA tt   and 0 . Obviously, the variable   can capture the 

diversity effect and the variable   can capture the mean effect. Therefore, from equation (7), we can obtain the 

relative equilibrium outputs of countries A and B as follows: 
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Equation (8) shows that whether country A’s equilibrium output ratio of S with respect to C is larger than that of 
country B or not depends on both the diversity effect ( ) and the mean effect (  ). The results will be derived 

under three cases: (1)   , (2)    and (3)   .  

Case 1:    

Obviously, Case 1 implies that the diversity effect is larger than the mean effect. From equation (8), we have: 
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Equation (9) indicates that country A’s equilibrium output ratio of S with respect to C is larger than that of 
country B, and thus induces higher comparative advantage in S-sector for country A. While the diversity effect is 
shown in the literature to be better for the S-sector than for the C-sector, we prove that if the diversity effect 
dominates the mean effect, the economy will have comparative advantages in the S-sector, and hence will lead to 
an expansion in the S-sector. 

Case 2:    

Case 2 reveals that the diversity effect is smaller than the mean effect. Again, from equation (8), we get: 
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Equation (10) proves that the relative equilibrium output of country A is smaller than that of country B, and 
hence leads to higher comparative advantage in C-sector for country A. Namely, if the mean effect dominates the 
diversity effect, the economy will have comparative advantages in the C-sector, and then the C-sector will 
expand. 

Case 3:    
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Finally, Case 3 implies that the diversity effect is equal to the mean effect. From equation (8), we obtain: 
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Equation (11) shows that country A’s equilibrium output ratio of S with respect to C is equal to that of country B. 
That is to say, if the diversity effect is equal to the mean effect, then the differences of talent distribution will not 
affect the pattern of comparative advantage and industrial structure.  

As analyzed earlier, we claim that the impact of the talent distribution differences in human capital on the 
comparative advantage and industrial structure depends on not only the diversity effect but also the mean effect. 
In sum, the results including Case 1, Case 2 and Case 3 can be summarized as below: 

Proposition 1. When the diversity effect dominates the mean effect, the country will have comparative 
advantages in the S-sector. On the contrary, when the mean effect dominates the diversity effect, the country will 
have comparative advantages in the C-sector. Finally, if the diversity effect is equal to the mean effect, then the 
pattern of comparative advantage will be unaltered. 

4. Conclusion 

This paper sets up a simple two-sector, competitive trade model with heterogeneous labor to explore the impact 
of the differences of human capital distributions on the POT and industrial structure. We prove that the effects of 
the distributions differences on the pattern of comparative advantage and industrial structure depend on not only 
the diversity effect but also the mean effect. If the diversity effect dominates the mean effect, the economy will 
have comparative advantages in the S-sector, and hence will lead to an expansion in the S-sector, vice versa.   

Immigration policy implications can be drawn from our results. Government immigration policy will alter the 
distribution of human capital. The distributions differences will affect the comparative advantage and industrial 
structure through two channels including the diversity effect and the mean effect. Therefore, Singapore’s 
immigration policies attracting foreign skilled labor generate the result that the diversity effect dominates the 
mean effect, which in turn lead to an expansion in the financial and business services sector (i.e., the S-sector).  
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Notes 

Note 1. The other theoretical papers, for example, Krugman (1979), Brander (1981), Davis (1995), and Costinot 
(2009), have also explained the observation. 

Note 2. The similar specification of the probability density function can also be seen in Lee (2009). 

Note 3. For the implications of the supermodular and submodular technologies, please also see Milgrom and 
Roberts (1990), Kremer (1993), Grossman and Maggi (2000) and Das (2005). 

Note 4. Bougheas and Riezman (2007) point out that the mean of human capital distribution can be viewed as 
the aggregate endowment of human capital. 

 

 


