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One of the most well documented empirical facts in recent U.S. economic history is 

that, as Figure 1 shows, the relative wage of high-skilled to low-skilled labor began to 

rise in the late 1980s, and this fact was observed in Mexico as well.1 As can be seen, 

these two countries showed a surprising similar timing of the rise in relative wage. 

One traditional explanation for this rising wage inequality is based on technological 

change. A sharp decline in equipment prices in the 1980s led to an increase in the 

demand for high-skilled workers, who were complements for this equipment, and a 

decline in the demand for low-skilled workers, who were substitutes (Per Krusell et al., 

2000).2 This technology-based explanation is consistent with the decline in the price of 

high-tech goods and the increase in the wage inequality both in the U.S. and in Mexico. 

A second explanation for the rising wage inequality is based on trade. The U.S. 

import of low-skill intensive goods from Mexico causes the relative demand for U.S. 

low-skilled workers to decline, and, therefore, the relative wage of low-skilled to 

high-skilled workers declines.3 This trade-based explanation has often been criticized 

due to the small volume of trade. Paul R. Krugman (1995, 2000) provides a theoretical 

argument to explain why the small volume of trade in the U.S. makes it unlikely that 

trade can account for the change in wages. 

However, as Figure 2 shows, U.S.-Mexican trade (as a percent of U.S. GDP) has 

been dramatically increasing along with the rise in relative wage since the late 1980s. 

Hence, we can no longer ignore the effect of trade on the recent increase in skill 

premium in wages. However, this poses a serious theoretical challenge. This is because 

the previous trade-based explanations, the standard H-O (Heckscher-Ohlin) model and 

its applications (Robert C. Feenstra and Gordon H. Hanson, 2003), demonstrate a 

                                                  
1 We calculate the U.S. relative wage during the period 1980-1994 on the basis of the U.S. Annual Survey of Manufactures (ASM). 

On the other hand, we calculate the Mexican relative wage on the basis of the Mexican Monthly Industrial Survey (EIM) by means 

of the following method. We first calculate the average monthly wage of non-production relative to production labor. The annual 

average is then produced by averaging this monthly relative wage. We note that we have used non-production and production 

workers as an index for high-skilled and low-skilled workers in the U.S. and Mexican manufacturing industries. We follow Eli 

Berman et al. (1994) who show that the non-production and production classification (as well as the white- and blue-collar 

classification) works well as a division of the labor force by skill. 

2 Lawrence F. Katz and David H. Autor (1999) and Eli Berman et al (1998) also relate technological change to wage inequality. 

3 Many papers relate trade to wage inequality in the U.S. George J. Borjas and Valerie A. Ramey (1994), for example, show how 

trade volumes can be linked to wage inequality in the U.S. There are also many papers focusing on Mexico. Gordon H. Hanson and 

Ann Harrison (1999) and Ana Revenga (1997) link changes in Mexican wage inequality to changes in trade policy. 
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discrepancy between the model and data.4 

The Stolper-Samuelson theorem of the H-O model predicts that the relative wage of 

high-skilled to low-skilled labor will increase in the high-skill abundant U.S. but 

decrease in low-skill abundant Mexico after trade liberalization. These models thus 

generate a positive relationship between the trade and wage inequality in the U.S. but 

generate a negative relationship in Mexico. On the other hand, as we have seen, the data 

shows that the trade and skill premium began to rise in both countries in the late 1980s, 

and thus generated a positive relationship between the trade and wage inequality in both 

countries. This is a “trade-wage inequality anomaly.”5 

This paper presents a simple theoretical resolution of this trade-wage inequality 

anomaly on the basis of a trade model consistent with data. Our resolution is based on a 

straightforward application of well-known variety trade models. The standard variety 

trade models with monopolistic competition (Krugman, 1979; Avinash Dixit and Victor 

Norman, 1980; Wilfred J. Ethier, 1982) say that the variety of goods, which consumers 

can consume or producers can use, increases in both countries after trade, and, therefore, 

their utility or production increases. Let us emphasize again that they say something 

increases in both countries after trade. 

Upon application of their logic, we show that the intra-industry trade in 

differentiated intermediate goods increases the variety of intermediate goods used by 

the final good in both countries. The increased variety of inputs then can mean the 

increased variety of tasks to be handled and thus corresponds to higher demand for 

high-skilled labor. Through this variety-skill complementarity, the relative wage of high 

skill—the skill premium—rises in both countries. Thus the trade-wage inequality 

anomaly is eliminated in our model.6 

                                                  
4 Feenstra and Hanson (2003) interpret the standard H-O model as the model of trade in two intermediate goods which are 

high-skill and low-skill intensive. It is shown that the decline in low-skill intensive imported input causes the fall in the relative 

wage of low skill. They define the import of low-skill intensive input as the “outsourcing.” Their model displays that the price of 

domestic final good relative to the price of imported input rises, which is consistent with U.S. data during the 1980s. 

5 The focus of this paper is on the discrepancy between the standard H-O model and the data since the late 1980s until 1994, when 

the North America Free Trade Agreement (NAFTA) was enacted. We should also consider whether this discrepancy remained or not 

after the NAFTA. Unfortunately, the movements of the Mexican skill premium after the NAFTA are unclear as will be discussed in 

Section IV. This problem is outside of the scope of this paper; however, further investigation is needed. 

6 Elias Dinopoulos et al. (2002) also link intra-industry trade to wage inequality. Their model, however, modifies the standard 

one-sector variety trade model by introducing quasi-homothetic preferences for varieties and non-homothetic technology in the 
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This linking of the intra-industry trade to the wage inequality is consistent with 

available empirical evidence. The intra-industry trade between the U.S. and Mexico was 

extensive, and the correlation between the U.S.-Mexican intra-industry trade and the 

relative wage of high-skilled labor was high, over 0.98, in both U.S. and Mexican 

manufacturing industries during the period 1980-1994. The variety-skill 

complementarity is an innocuous assumption as shown by the facts about U.S. 

production organization, and the movements of the relative price of high-skill intensive 

good and the relative wage of high skill are also consistent with the observations in the 

U.S. 

Thus the evidence presented above supports our hypothesis that trade—in particular, 

intra-industry trade—is one of possible causes for the rising wage inequality across 

countries along with technological change. 

We then quantitatively test our hypothesis. For a reasonable parameterization of the 

model, our numerical experiments show that increased intra-industry trade is capable of 

explaining much of the increase in skill premium in both U.S. and Mexican 

manufacturing industries from 1987 to 1994. 

Of course, some economists have also been successful in eliminating the anomaly 

on the basis of trade models. One major explanation is based on foreign direct 

investment. Robert C. Feenstra and Gordon H. Hanson (1996) show that foreign direct 

investment shifts production activities from the North to the South—an endogenous 

transfer of technology—and thus increases the North’s outsourcing the low-skill 

intensive goods to the South, and these goods are high-skill intensive goods by the 

South standards.7 

A second major explanation is based on the Schumpeterian mechanism. Elias 

Dinopoulos and Paul Segerstrom (1999) show that trade increases the relative price of 

innovation (the reward for innovation relative to the current level of R&D difficulty), 

thus encouraging high-skill intensive R&D investment in each country. 8  Daron 

                                                                                                                                                  
production of each variety, thus relating an increase in the output of each variety—not an increase in the number of variety—to an 

increase in the relative demand for high-skilled labor by each variety. 

7 Susan C. Zhu and Daniel Trefler (2005) also show a mechanism closely related to this mechanism by Feenstra and Hanson 

(1996). 

8 Dinopoulos and Segerstrom (1999) show that a contemporaneous correlation between an index of the relative price of innovation 

and an index of the U.S. skill premium was 0.80 during the period 1963-1989.  
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Acemoglu (2003) shows that trade “induces” skill-biased technological change in the 

U.S., and this improved technology can be transferred to other countries by spillover 

effects. Thus these explanations also demonstrate the rise in the relative wage of 

high-skilled labor across the countries.9 

Compared to these past studies, this paper is successful in formulating a simpler 

trade model without introducing any foreign direct investment or dynamic 

Schumpeterian mechanism. Thus we can now show in a simpler way that increased 

trade is a possible explanation of increased wage inequality across countries. 

The rest of this paper is organized as follows. In Section I, we formulate a very 

simple model of trade in differentiated intermediate goods, and we show that our model 

can eliminate the trade-wage inequality anomaly. In Section III, we present our 

numerical experiments. Finally, we summarize main results and mention future research 

in Section IV. 

 
I. Model 

 
In this section, we first formulate our model. Second, we explicitly solve the model 

and show that trade can increase the skill premium in both countries, thus eliminating 

the trade-wage inequality anomaly. Finally, we mention some economic reasons for the 

derived results. 

 
A. Ingredients of the Model 

 
Consider an economy with a final good sector and an intermediate goods sector. 

There are two types of skills: high-skilled and low-skilled labor. Their endowments are 

given by H  and L , respectively. These skills differ in that the high-skilled labor can 

do both high-skill and low-skill tasks while the low-skilled labor can do only a low-skill 

task. As will be shown later, this excludes the possibility that the relative wage of 

high-skilled to low-skilled labor is less than one in equilibrium. 

The production side is as follows. The final good sector is perfectly competitive and 

non-traded. It uses a continuum of differentiated intermediate goods and the high skill. 
                                                  
9 Acemoglu (2003) might not be successful in explaining the fact that the U.S. and Mexico showed the surprisingly similar timing 

of the rise in skill premium. This is because the rise in skill premium in Mexico should be driven by the spillover effects in his 

model but this spillover process usually takes many years. 
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The technology is then given by the following constant returns to scale production 

function: 

( )
ε

ε
ρε

ρ
/1/

0 ⎥
⎦

⎤
⎢
⎣

⎡
+⎟

⎠
⎞⎜

⎝
⎛= ∫ Hdjjxy

n
, 

where y  is the output of final good, ( )jx  and H  are the demand for differentiated 

intermediate good j  and high skill, the total number of variety is n , and 10 << ρ . 

In our model, handling a variety of inputs is represented as handling a variety of tasks 

and thus corresponds to a high-skill task. We thus assume that 0<ε , that is, the 

elasticity of substitution between the varieties and high skill is given by 

( ) 11/1 <−= εσ . We define this case 0<ε  ( 1<σ ) as the case where the varieties and 

the high skill are complements.10 

On the other hand, the differentiated intermediate goods sector is monopolistically 

competitive. Firms are symmetric and follow Cournot pricing rules. There is also free 

entry and exit. The intermediate goods can be traded.11 Each variety does not require 

handling a variety of inputs and thus can use the low-skill. The technology of each 

variety is then given by the following increasing returns to scale production function: 

( ) ( )[ ]0 ,max1 fjl
b

jx −⎟
⎠
⎞

⎜
⎝
⎛= , j∀ , 

where ( )jl  is the demand for low skill to produce each variety j , f  is the fixed cost 

in terms of low skill, and b  is the unit low-skill requirement. We note that the high 

skill can also do this low-skill task. 

The demand side is as follows. For simplicity, we focus on a representative 

consumer who has the endowments of high skill and low skill: H  and L . He or she 

consumes the final good. His or her utility function is given by: 

ccu =)( , 

where c  is the quantity of the final good he or she consumes. His or her budget 

constraint is given by: 
                                                  
10 In some papers, the number of inputs plays a role in a related way. Olivier Blanchard and Michael Kremer (1997) define the 

index of complexity which relates the increased number of inputs to more complexity in production processes. Kremer (1993) 

shows that higher skill workers will use more complex technologies that incorporate more tasks. 

11 Trade in these differentiated goods is interpreted as intra-industry trade (Dixit and Norman, 1980; Ethier, 1982). Thus in the 

following discussion, the word “trade” refers to intra-industry trade. 
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SLSH
y LwHwcp += , 

where yp  is the price of the final good, Hw  is the wage for the high skill, and Lw  is 

the wage for the low skill. SH  is the supply of high skill for the final sector, and SL  

is the supply of low skill for the intermediate sector, which can include the high skill. 

We assume HH S ≤≤0 , HLLL S +≤≤ , and LHLH SS +=+ . 

   The feasibility conditions for high-skilled labor and low-skilled labor are: 

SHH =  and ( ) Sn
Ldjjl =∫0 . 

 
B. Explicit Solutions and the Autarky Equilibrium 

 
We explicitly solve our model. First, we derive the solutions in the intermediate 

goods sector.12 

Given an arbitrary n , each producer of a variety facing the indirect demand by the 

final good sector maximizes the profit ( ) ( ) ( ) fwjbxwjxjp LL −−  where ( )jp  is the 

price of intermediate good j . By using the symmetry ( ) xjx = , each variety’s output 

x  and price p  corresponding to this n  can be given by: 

( )

( )

Hn
np

bwx
y

L
ε

ρε

εε

ρε ρ

/1

/

1/

1/

−−

− ⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
= , j∀ , 

ρ
bwp

L

= , j∀ . 

Since the price does not depend on the number of varieties n , the price when the 

profit of each variety becomes zero by the free entry and exit is also given by 

ρ/bwp L= , and the zero profit condition 0=−− fxbxp  gives the output x  of 

each variety. The equality of labor demand and supply in intermediate goods sector, 

( ) SLfxbn =+ , gives the number of varieties n . Thus, the price p  and output x  of 

each variety and the number of varieties n  are given by: 

ρ
bwp

L

= , j∀ , 

                                                  
12 More detailed solutions in the intermediate goods sector are shown in Appendix A. 
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( )ρ
ρ
−

=
1b
fx  , j∀ , 

( )
f

Ln
S ρ−

=
1 . 

We next derive the solutions in the final good sector.13 

In our model with the CES production function, it is not difficult to obtain an 

explicit solution for the demand for each variety by the final good sector, but we solve 

the maximization problem for the final good sector by means of the following short-cut 

method. Define a new good ( )
ρ

ρ
/1

0
⎟
⎠
⎞⎜

⎝
⎛= ∫ djjxX

n
and its price Xp , and we can show 

desired results more easily.  

The profit of the final good sector now becomes: 

( ) HwXpHXp H
Xy −−+

εεε /1 . 

First, by solving the cost minimization problem for the good X , we find that the 

price of X  is: 

(1)                     ( ) ( )
( ) ρρ

ρρ
/1

0

1
−

− ⎟
⎠
⎞⎜

⎝
⎛= ∫ djjpp

n

X . 

By symmetry ( ) pjp = , (1) becomes: 
( ) pnpX

ρρ /1−= . 

Second, we solve for X . Since the technology of the final good shows the constant 

returns to scale with X  and H , we have the following equality: 

y

H
X

p
HwXpy +

= . 

On the other hand, the demand for the final good is given by: 

y

SLSH

p
LwHwc +

= . 

The final good market clearing cy =  and the feasible condition for the high skill 
SHH =  then give: 

                                                  
13 More detailed solutions in the final good sector are shown in Appendix B. 
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(2)                            
X

SL

p
LwX = . 

Third, we solve for the relative wage of high-skilled to low-skilled labor LH ww . 

The first order conditions with respect to X  and H  for the final sector give: 

H
X

w
p

H
X

=⎟
⎠
⎞

⎜
⎝
⎛

−1ε

. 

By using (2) and SHH = , in autarky equilibrium the relative wage of high-skilled 

labor LH ww  is given by: 

(3)                        
εε −

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛=

1

S

S

L
X

L

H

H
L

w
p

w
w . 

This autarky equilibrium is represented in Figures 3-a and 3-b. The demand for high 

skill and low skill by the production side, H and L , is represented by the isoquant 

curve of the final good: ( )[ ] ε
εε /1 

 HpLwy X
L +=  which is given by 

( ) εεε /1HXy +=  and (2). On the other hand, the supply of labor for each sector, SH  

and SL , is represented by AB. The autarky equilibrium is then achieved at A in Figure 

3-a or C in Figure 3-b, and thus the relative wage of high skill LH ww , given by the 

slope of the isoquant curve, is greater than or equal to one before trade. 

Since the focus of this paper is on the skill premium, in the following main text we 

concentrate on the interesting case as shown in Figure 3-a, in which the relative wage of 

high skill given by (3) is greater than one. Thus the high skill and low skill each do their 

own task, letting HH S =  and LLS = . In Appendix C, we briefly analyze the case as 

shown Figure 3-b, in which the relative wage of high skill given by (3) is one and the 

high skill is doing both high-skill and low-skill tasks. 

 
C. Trade Equilibrium and the Elimination of Trade-Wage Inequality Anomaly 

 
Consider two countries: country 1 and country 2. They have identical technologies 

and preferences. They can be different in their endowments of high-skilled and 

low-skilled labor. We assume that the relative wage of high-skilled to low-skilled labor 

is greater than one in both countries before trade as shown in Figure 3-a.  
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From the derived solutions in the intermediate goods, we easily get the following 

information. The output x  of each variety is not changed before and after trade in 

intermediate goods, and the supply of labor for the intermediate goods sector, which is 

given by LLS =  before trade, cannot fall below this L  after trade. This implies that 

the number of varieties produced within each country, which is given by 

( ) fLn ρ−= 1  before trade, does not decrease after trade. Thus the total number of 

varieties, which is available to the final sector after trade, surely increases since it is 

given by the sum of the number of varieties produced within each country after trade.  

Given this information, we show the following results. Here, let us focus only on 

country 1. 

First, (1) now becomes: 

( ) ( ) ( ) ( )
( ) ρρ

ρρρρ
/1

1

0

1
1

21

1

1
−+ −− ⎟

⎠
⎞⎜

⎝
⎛ += ∫∫ djjpdjjpp

nn

n

n

X . 

By the symmetry ( ) 1pjp =  for [ ]1,0 nj∈  and ( ) 2pjp =  for [ ]211 , nnnj +∈ , 

this 1Xp  becomes: 

( ) ( )( )( ) ρρρρρρ /11/
22

1/
111

−−− += pnpnpX , 

where ρbwp L
11 =  and ρbwp L

22 = .  

Dividing both sides by Lw1  gives: 

(1)’            
( ) ( )

ρ

ρρρρ
b

w
w

nn
w
p

L

L

L
X

/11/

1

2
21

1

1

−−

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+= . 

Thus we see that the trading level of L
X wp 11  given by (1)’ becomes lower than 

the autarky level ( ) ρρρ bnwp L
X

1
111

−=  since the coefficient of ρb  is smaller due 

to 11 nn ≥  and ( ) 01 <− ρρ . 

Second, from (2) we see that 1X  increases after trade since L
X wp 11  decreases 

and SL1 , which is 1L  before trade, does not decrease. This implies that the marginal 

product of high-skilled labor given by ( )( ) 1
1

1/1

111
−−

+= εεεε HHXMPH  increases for 

any 1H . That is, the demand for high skill by the final good shifts upward. Since the 

supply of high skill for the final good, which is 1H  before trade, does not increase, this 
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implies that the real wage of high skill 
11 / y

H pw  increases.  

Finally, from (3) we see that since 0<ε  ( 1<σ ), that is, since the varieties and 

high skill are complements, the relative wage of high skill LH ww 11 —the skill 

premium—increases after trade. This is because ( )εL
X wp 11  increases and 

( ) ε−1
11
SS HL , which is ( ) ε−1

11 HL  before trade, does not decrease.  

Thus it follows that the high skill and low skill each do their own task after trade as 

well. That is, the supply of labor for the final and intermediate sectors remains at 

11 HH S =  and 11 LLS = , respectively. Hence, the number of varieties produced within 

country 1 after trade remains at the autarky level ( ) fLn ρ−= 111 . 

We note that the above results are also obtained in country 2. Hence, we get the 

following results. 

The intra-industry trade in intermediate goods causes the total number of varieties 

available to the final good sector to simply increase from in  to 21 nn + , the sum of the 

autarky levels, in each country i , 2, 1=i . This causes L
iiX wp  to decline and thus 

causes iX  to increase in both countries. Consequently, the demand for high skill shifts 

upward, thus increasing the real wage of high skill 
iy

H
i pw /  in both countries (Figure 

4). Moreover, since the varieties and high skill are complements, the decrease in 
L
iiX wp  also increases the relative wage of high skill L

i
H
i ww —the skill 

premium—in both countries. Thus the trade-wage inequality anomaly has been 

eliminated in our model. 

Let us derive more implications from the above argument. First, since the number of 

varieties before trade is given by fLn ii /)1( ρ−=  in each country i , 2, 1=i , the 

ratio of the number of varieties produced within each country before trade is given by 

2121 LLnn = . This implies that the rate of increase in in  is smaller in a country with 

the larger size of iL , and, therefore, the rate of decrease in L
iiX wp  is also smaller as 

can be seen in (1)’. Hence, the rise in the relative wage of high skill L
i

H
i ww  is smaller 
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in a country with the larger size of iL  as can be seen in (3).14 

Second, if 0=ε  ( 1=σ ), that is, if the production function of the final good is 

given by the Cobb-Douglas function, from (3) we see that the relative wage of high skill 
L
i

H
i ww  is not affected by the decrease in L

iiX wp  and therefore does not change 

after trade in either country. 

 
D. Economic Reasons for the Results 

 
Before going to Section II, we need to consider economic reasons for some of the 

results which have been shown in I-C on the basis of the explicit solutions to the model. 

First, we explain the economic reason why the good X  increases after trade, that is, 

why the MPH  increases after trade. 

As we have seen, the activities in the intermediate goods sector never change at all 

in each country after trade. Some changes, however, do occur after trade. The number of 

varieties used by the final good sector increases, while the input quantity of each variety 

used by the final good sector decreases in each country since each variety is shared by 

two countries. 

Can the effect of increase in the number of varieties be canceled by the effect of 

decrease in the input quantity of each variety? The answer is No. This is because the 

effect of increase in the number of varieties is greater than the effect of decrease in the 

input quantity of each variety. This is the crucial effect in the variety trade models 

which Ethier (1982) called the “international returns to scale.” That is, the increased 

number of inputs translates into higher productivity. Thus the good X  increases after 

trade, that is, the MPH  increases after trade. 

We next explain the economic reason why the relative wage of high skill can rise 

after trade. Now the final good market clearings cy =  in each country i , 2,1=i , 

before trade are given by: 

iy

i
L
ii

H
i

i p
LwHw

y
+

= . 

                                                  
14 In fact, this prediction is consistent with the following observations: The number of production workers in manufacturing 

industries was much greater in the U.S. than in Mexico during the period 1980-1994. As shown in Figure 1, the U.S. skill premium 

increased by 12.5 percent from 1980 to 1994, while the Mexican skill premium increased by 48.9 percent. 
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Since iyi
H
i MPHpw =/ , this becomes the following: 

i
yi

L
i

iii L
p
w

HMPHy +⋅= . 

As we have seen, the marginal product of high skill increases in each country i , 

2, 1=i , after trade. For the same reason, the output of final good also increases in each 

country after trade.  

Since ( ) ( ) 11/1 

i
−−

+= εεεε
iii HHXMPH  and ( ) εεε /1 

i ii HXy += , it can be shown 

that the rate of increase in iMPH  is greater than the rate of increase in iy  since 

0<ε , that is, since the varieties and high skill are complements. This relationship and 

the final good market clearing condition iyi
L
iiii LpwHMPHy ⋅+⋅= /  imply that the 

rate of increase in iMPH  should be greater than the rate of change in yi
L
i pw / . In 

other words, the rate of increase in the real wage of high skill yi
H

i pw /  is greater than 

the rate of change in the real wage of low skill yi
L
i pw /  . Thus the relative wage of 

high skill can increase in each country i , 2, 1=i . 

 
II. Evidence 

 
   In this section, we show that the idea presented in this paper is consistent with 

available empirical evidence, and that the movements of the relative price of high-skill 

intensive good and the relative wage of high-skilled labor are consistent with the 

observations. 

 
A. Intra-industry Trade and the Relative Wage of High-Skilled Labor 

 
Let us recall the idea presented in this paper. We have linked the intra-industry trade 

in differentiated varieties to the wage inequality through the variety-skill 

complementarity. Hence, the main implications of the model are that the intra-industry 

trade should be extensive and should be positively correlated with the relative wage of 

high-skilled to low-skilled labor, and that the varieties and high-skilled labor should be 

complements. 

Table 1 lists the U.S. exports to and U.S. imports from Mexico in 1985 and 1994. 
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The data is obtained from the International Trade Administration. As can be seen, in 

1985 three SITC product categories (6, 7, and 8) appear in the top five in both lists, and 

machinery and transport equipment is 49 percent of U.S. export to and 29 percent of 

U.S. import from Mexico. As can also be seen, in 1994 four SITC product categories (0, 

6, 7, and 8) appear in the top five in both lists, and machinery and transport equipment 

is 47 percent of U.S. export to and 54 percent of U.S. import from Mexico. This 

indicates that intra-industry trade (IIT) between the U.S. and Mexico was extensive in 

1985, around when these two countries showed a surprisingly similar timing in the rise 

in skill premium. This extensiveness of intra-industry trade became stronger in 1994. 

Figures 5-a and 5-b then plot the U.S.-Mexican manufacturing IIT (as a percent of 

U.S. manufacturing GDP) and the relative wage of high-skilled to low-skilled labor in 

U.S. and Mexican manufacturing industries during the period 1980-1994, respectively. 

This U.S.-Mexican manufacturing IIT is defined by multiplying the U.S.-Mexican 

manufacturing trade and the U.S.-Mexican manufacturing IIT index. 

The U.S.-Mexican manufacturing IIT index is a weighted average over SITC 3-digit 

manufacturing industries. IIT index for industry i  is defined by the following 

Grubel-Lloyd index: 

( ) i
MX
MX

ii

ii industry for   1
+

−
− , 

where iX  and iM  represent export and import of industry i . In order to find this 

index for a country, we compute a weighted average over all the industries as follows15: 

( )∑
∑

+

−
−

i ii

i ii

MX
MX

1 . 

The data is obtained from the OECD International Trade by Commodities Statistics 

(ITCS) and the OECD Structural Analysis (STAN).  

On the other hand, the average annual wage of non-production relative to production 

workers is used as an index for this relative wage of high-skilled to low-skilled labor in 

U.S. and Mexican manufacturing industries. The source of data for the U.S. and 

Mexican relative wage is the same as for Figure 1. 

                                                  
15 It is possible to relate our model to the work by Herbert G. Grubel and Peter J. Lloyd (1975). We can express their IIT index in 

terms of the solutions in our model. In fact, the IIT index in our model is simply one. 
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As can be seen, the U.S.-Mexican IIT and the relative wage of high-skilled labor 

showed surprisingly similar movements in both U.S. and Mexican manufacturing 

industries during the period 1980-1994. In fact, the correlation between the 

U.S.-Mexican IIT and the relative wage of high skill was high: it was 0.983 and 0.986 in 

U.S. and Mexican manufacturing industries, respectively. 

Thus the linking of the intra-industry trade to the relative wage of high skill is 

consistent with this evidence in both U.S and Mexican manufacturing industries. 

 
B. Variety-Skill Complementarity 

 
In our model, we have represented the variety of inputs as the variety of tasks which 

workers need to handle. Thus it is plausible to assume that the increased variety of 

inputs—the increased variety of tasks to be handled—translates into higher demand for 

high-skilled workers. In fact, this assumption of variety-skill complementarity is 

consistent with the facts about U.S. production organization. 

During the first half of the 20th century, the spread of mass production, which is 

characterized by Ford’s factories, led to the larger size of manufacturing plants. On the 

other hand, during the second half of the century, flexible machine tools have allowed 

plants to operate at a smaller scale. The organization of production has changed from 

mass production with a traditional assembly line to smaller customized batches, thus 

making the size of plants smaller.16  

Workers on the assembly line have a single routine task to perform; however, 

workers in each batch are no longer as highly specialized in a single routine task. Each 

batch is highly customizable and requires a worker who can handle a wide variety of 

tasks depending on the custom features of the batch. The change in the production 

organization therefore affected the number of tasks and therefore affected the 

importance of skills. As the tasks shifted from a single routine task to a wide variety of 

tasks, the required skill shifted from low skill to high skill. Thus the varieties and high 

skill have been complements in the history of U.S. production.17 

 

                                                  
16 Paul Milgrom and John Roberts (1990) present the empirical facts on a change in the size of U.S. manufacturing plants. 

17 Matthew F. Mitchell (2001) relates a plant size to skills, and he shows how much the change in the plant size can account for the 

movement in the skill premium over the century.  
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C. Relative Price of High-Skill Intensive Good 
 

The standard H-O model predicts the same direction of movement of the relative 

price of high-skill intensive good and the relative wage of high-skilled labor since the 

rise in the relative wage of high skill should be driven by the rise in the relative price of 

high-skill intensive good in the high-skill abundant U.S. However, data shows that the 

relative price of high-skill intensive good was declining or constant during the 1980s 

while the relative wage of high skill was increasing in the U.S. (Robert Lawrence and 

Matthew J. Slaughter, 1993). 

Our model demonstrates price movement consistent with this observed fact whereas 

the H-O model cannot. In I-D, it has been shown that the rate of change in yi
L
i pw /  

should be smaller than the rate of increase in iMPH  since 0<ε . This implies that 

yi
L
i pw /  can rise (but it should rise less than iMPH ), and, therefore, the price of 

high-skill intensive final good relative to the low-skill wage, L
iyi wp , can decline. 

Here, let us recall that the price of the low-skill intensive variety relative to the low-skill 

wage, L
ii wp , is constant at ρb  before and after trade. Hence, the relative price of 

high-skill to low-skill intensive goods can decline while the relative wage of high skill 

rises, letting 0<ε . Thus the rise in the relative wage of high skill can happen without 

the rise in the relative price of high-skill intensive good.18 

 
III. Numerical Experiments 

 
We have shown that trade—in particular, intra-industry trade—can theoretically 

cause the increase in skill premium in two countries, and that our model is consistent 

with available empirical evidence. This section quantitatively tests this hypothesis, that 

is, we show how much the increase in variety trade can account for the increase in skill 

premium in U.S. and Mexican manufacturing industries without technological change 

for a reasonable parameterization of the model. 

An increase in variety trade is here represented as a tariff reduction, for a tariff 

                                                  
18 We note that the price of final good can be constant or increase if 0<<ε . 
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reduction in each country can mean that each country can use more foreign varieties.19 

Technological change, on the other hand, is here represented as a decrease in fixed cost 

f , for a decrease in f  can cause an increase in the number of varieties, 

( ) fLn ρ−= 1 , without an increase in variety trade and thus can cause an increase in 

the demand for the high skill.20 

 
A. Model with Tariffs 

 
We introduce tariffs into our simple model and assume that each county i , 

mexusi ,= , imposes iceberg tariffs iτ  on imports from the other country, that is, the 

import quantity of a foreign variety is equal to the sum of the input quantity of the 

foreign variety used by the final good and the iceberg tariffs. We also introduce the 

share parameter α , 10 << α , into the production function of the final good: 

( ) ( )
ε

ε
ρε

ρ αα
1/

0
1 ⎥

⎦

⎤
⎢
⎣

⎡
−+⎟

⎠
⎞⎜

⎝
⎛= ∫

+

i

nn

ii Hdjjxy mexus , mexusi ,= . 

We note that the definition of an equilibrium with tariffs and all the derivations of 

equations below are shown in Appendix D. 

The relative wages of high skill are now given by: 
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U.S.-Mexican intra-industry trade (IIT) is now given by21: 

(6)    
( ) ( )

( ) ( ) ( )
( ) ( )

( ) ( ) ( )L
us

L
mexmexmexus

mexus
L
mexmex

usmex
L
mex

L
usus
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L
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++

+
+
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+
−

−

−

−
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1

1
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1
1

1
1

ρρ
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ρρ

ρρ

τ
τ

τ
τ

, 

 
                                                  
19 In Section I, we have looked at the movement from autarky to trade in order to show our idea in the simplest way. However, we 

here begin with trade equilibrium in order to compare our model with actual trade data. 

20 We note that in our model “technological change” refers to non-trade-based technological change which can occur without trade, 

although it is possible to interpret the increased number of inputs due to trade as trade-based technological change. 

21 We note that in our model the volume of trade is equivalent to the volume of IIT since in the model all trade is intra-industry 

trade. 
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where the balance of trade requires the following equality: 

(7)    
( ) ( )

( ) ( ) ( )
( ) ( )

( ) ( ) ( )L
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Thus from (6) and (7), the U.S.-Mexican IIT is simply given by: 

(8)                      
( ) ( )

( ) ( ) ( )1
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U.S. GDP is now given by: 

(9)                          us
L
usus

H
us LwHw + . 

Thus (8) and (9) give the ratio of the U.S.-Mexican IIT to U.S. GDP by: 

(10)              
( ) ( )
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where L
us

H
us ww is given by (4). 

 
B. Numerical Experiments: Intra-Industry Trade and the Skill Premium 

 
We test our model by calibrating it to 1994 data and then “backcasting” to 1987 to 

see what changes in U.S. and Mexican skill premium between 1987 and 1994 are 

predicted by the model.22 

We first give appropriate values to some parameters. The value of 833.0=ρ  

(=1/1.2) is chosen so that the markups charged by each variety is 20 percent, which is 

consistent with evidence in OECD countries presented by Joaquim O. Martins et al. 

(1996). We normalize 10=b  and 100=f , the choice of which leaves our results 

(percent changes in skill premium) unchanged. We note that by keeping f  constant 

from 1987 to 1994, we assume that no technological change occurs. The labor 

endowments iL  and iH , mexusi ,= , are constructed from the OECD STAN, the 

ASM, and the EIM data. U.S. endowments are first chosen from the data. We then 

calibrate mexL  so that the ratio mexus LL matches with the observed ratio 

mex
L
mexus

L
us LwLw  in each year. This is because, as will be shown later, the balance of 

                                                  
22 Due to data constraint, we use data since 1987. It is, however, fortunate that Mexico acceded to the General Agreement on 

Tariffs and Trade (GATT) in 1986, and it agreed to a major liberalization of bilateral trade relations with the U.S. in 1987. 
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trade (7) holds at 1=L
mex

L
us ww  in each year under our choice of parameters. We also 

calibrate mexH  so that the ratio mexmex LH /  matches with the observed ratio.23 

We then perform our numerical experiments with the following method.  

 
Step 1: We choose the value of ε . 

Step 2: We calibrate our model to 1994 data. We set the values of tariffs 1994,usτ  and 

1994,mexτ  and α  so that U.S. relative wage in 1994 given by (4) matches with the 

corresponding data, satisfying the balance of trade (7) in 1994 at 1=L
mex

L
us ww . 

Step 3: We “backcast” to 1987. We set the values of tariffs 1987,usτ  and 1987,mexτ  so that 

the change in (10) between 1987 and 1994 is the same as the observed change in the 

ratio of U.S.-Mexican manufacturing IIT to U.S. manufacturing GDP, satisfying the 

balance of trade (7) in 1987 at 1=L
mex

L
us ww  as well. 

Step 4: We calculate how much the U.S. and Mexican relative wages (4) and (5) 

increase from 1987 to 1994. 

 
Table 2-a reports results of our benchmark numerical experiments in which 

0.1−=ε  ( 5.0=σ ). The data for the U.S. and Mexican relative wages and the ratio of 

U.S.-Mexican manufacturing IIT to U.S. manufacturing GDP is an extract from Figures 

5-a and 5-b. 

As can be seen, U.S. relative wage in 1994 is the same as the observed data, 1.780, 

and the ratio of U.S.-Mexican manufacturing IIT to U.S. manufacturing GDP increases 

by 158.2 percent as the corresponding data does. As a result, U.S. relative wage 

increases by 6.8 percent from 1987 to 1994 while the data shows the 9.2 percent 

increase, and Mexican relative wage increases by 34.2 percent while the data shows the 

43.6 percent increase. 

Thus the results indicate that increased intra-industry trade accounts for 73.8 percent 

of the change in U.S. skill premium and accounts for 78.5 percent of the change in 

Mexican skill premium in the manufacturing industries during the period 1987-1994. 
                                                  
23 U.S. endowments are: 6707.6,1987, =usH , 12242.71987, =usL , 6274.31994, =usH  11845.31994, =usL (in thousands of workers). 
Mexican endowments are: , 94.61987, =mexH , 222.51987, =mexL ,  210.01994, =mexH  481.21994, =mexL , which satisfy: 

,03.55/ 1987,1987, =mexus LL ,61.24/ 1994,1994, =mexus LL ,425.0/ 1987,1987, =mexmex LH 436.0/ 1994,1994, =mexmex LH . 
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Unlike Krugman’s (1995, 2000) criticism, we have here seen that U.S.-Mexican 

manufacturing IIT, which is a small fraction of U.S. manufacturing GDP, can account 

for much of the increase in wage inequality. 

We note, however, that U.S.-Mexican manufacturing IIT is not small from the 

Mexican view point. In fact, U.S.-Mexican manufacturing IIT as a fraction of Mexican 

manufacturing GDP was 50.2 percent in 1987 and 75.5 percent in 1994 as shown in the 

table. The table also shows the corresponding results in the model, but the results are far 

from the data in terms of the percent change. This is because much of the fluctuations in 

the trade to GDP ratio in Mexico were caused by fluctuations in GDP and in the real 

exchange rate. Our model cannot capture these fluctuations. 

Table 2-b reports the results of numerical experiments in which the reduction in 

f —technological change—occurs together with the tariff reduction from 1987 to 1994. 

The results indicate that if f  decreases by 10.6 percent together with the same tariff 

reduction as in the previous benchmark experiments, then it can cause U.S. skill 

premium to increase by the same as data and can account for 85.4 percent of the 

increase in Mexican skill premium.24 

Thus the results indicate that trade and technological change are complementary to 

each other in that they both can make contributions to increased skill premium in both 

countries. 

 
C. Sensitivity Analysis 

 
The results obviously depend on the values of ε  and ρ . We present some 

calculations for a variety of ε  and ρ . 

Table 3-a reports the results of numerical experiments in which 5.0−=ε  

( 666.0=σ ) and 5.1−=ε  ( 4.0=σ ) with  833.0=ρ  unchanged, respectively. The 

results indicate that a more negative value of ε —a smaller elasticity of substitution 

between the varieties and high skill, σ —is accompanied by a larger change in skill 

premium in both countries. 

The final set of results reported in Table 3-b are for numerical experiments in which 
                                                  
24  We note that the 10.6 percent decrease in f  is equivalent to the 10.6 percent increase in the number of firms, 

( ) fLn ρ−= 1 , in each country. 
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7.0=ρ  and 9.0=ρ  with 0.1−=ε  unchanged, respectively. The results indicate 

that a change in the value of ρ —the elasticity of substitution between varieties—has 

larger effects on skill premium in a smaller country, Mexico. 

 
IV. Conclusion and Future Research 

 
The main purpose of this paper has been to eliminate the trade-wage inequality 

anomaly with a much simpler trade model consistent with empirical evidence. 

Section I has presented a simple theoretical resolution of the anomaly. We have 

shown that the intra-industry trade increases the variety of intermediate goods used by 

the final good in both countries; as a result, since the varieties and high skill are 

complements, the skill premium rises in both countries after trade. Thus intra-industry 

trade can stimulate variety-skill complementarity. 

Section II has shown that our model is consistent with empirical evidence. The 

U.S.-Mexican intra-industry trade was extensive, and the correlation between the 

U.S.-Mexican IIT and the relative wage of high-skilled labor was high, over 0.98, in 

both U.S. and Mexican manufacturing industries during the period 1980-1994. The 

variety-skill complementarity is an innocuous assumption as shown by the facts about 

U.S. production organization, and the rise in the relative wage of high skill can happen 

without the rise in the relative price of high-skill intensive good, which is also 

consistent with the observed fact in the U.S. 

Section III has quantitatively tested our hypothesis. Our numerical experiments have 

shown that increased intra-industry trade is capable of explaining much of the increase 

in skill premium in both U.S. and Mexican manufacturing industries from 1987 to 1994 

for a reasonable parameterization of the model. 

It is true that the standard H-O model and its applications are inconsistent with data 

which shows a rising wage inequality across countries, and, therefore, most economists 

have rejected increased trade as an explanation of increased wage inequality. However, 

we can now show in a simple way that trade—in, particular, intra-industry trade—is a 

possible explanation of increased wage inequality across countries. We note that the 

result that trade can theoretically increase wage inequality is not necessarily negative, 

for our model shows that the real wage of both high skill and low skill can rise despite 
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the increase in inequality.25 

Of course, room for future research still exists. First, this paper has hypothesized in 

a very simple form that one of the possible causes for the rising wage inequality across 

countries is intra-industry trade and the variety-skill complementarity. Formulating a 

more general version of the model and quantitatively testing it is consequently the next 

step. This is because (a) not all trade is intra-industry trade, (b) much of output is 

services, which is largely non-traded but ignored in this paper, (c) capital is also ignored 

in this paper, and (d) trade is not balanced in data. In another paper, we shall calibrate a 

static applied general equilibrium model, which can resolve problems (a)-(d), to U.S. 

and Mexican input-output matrices in order to show how much of the rise in wage 

inequality is accounted for by the intra-industry trade under the assumption of 

variety-skill complementarity. 

Second, we can analyze the relationship between competition policies and wage 

inequality. In our model, the change in the number of varieties is related to wage 

inequality. This implies that government can affect wage inequality by entry policies 

which adjust the number of firms. Third, our model has been applied to the problems of 

trade between the U.S. and Mexico, but we can also directly apply it to the problems of 

intra-trade among EU nations. 

Finally, the focus of this paper has been on the elimination of the discrepancy 

between the standard H-O model and the data since the late 1980s until 1994, when the 

NAFTA was enacted. We should next consider whether this discrepancy remained or not 

after 1994. Unfortunately, the movements of the Mexican skill premium after 1994 are 

unclear. Raymond Robertson (2004) argues that the skill premium in Mexico 

significantly declined from 1994 to 1998 on the basis of the Mexican Industrial Census. 

Unlike the observations before 1994, this finding seems consistent with the predictions 

of the Stolper-Samuelson theorem. However, it can also be shown on the basis of the 

Mexican Monthly Industrial Survey (EIM) that the Mexican skill premium actually 

increased over the same period. Robertson (2004) and the EIM thus show movements in 

the opposite direction over the period 1994-1998, whereas both show a rising trend 

since the late 1980s until 1994. It would seem, therefore, that further investigation is 
                                                  
25 In fact, the real wage of non-production labor has increased, and, further, the real wage of production workers have slightly 

increased since the 1980s. 
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needed in order to analyze the movements of the Mexican skill premium after the 

NAFTA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 23

Appendix 
 

A. Intermediate Goods 
 
Step 1: Given arbitrary n , derive the indirect demand and MCMR =  and find ( )jx  

and ( )jp . 

1: Derive the indirect demand of intermediate good j . 

From the problem of the final good, we get: 
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2: MCMR = . 

The differentiated intermediate goods sector is monopolistically competitive with 

Cournot pricing rules. 

Solve the following problem:  
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The first order condition w.r.t. ( )jx  is given by: 
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3: Find ( )jx  and ( )jp . 

By using the symmetry ( ) xjx = , we get: 
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Step 2: Zero profit condition 0=−− fxbxp  with ρ/bwp L=  gives the following 

output x  of each variety: 

( )ρ
ρ
−

=
1b
fx  , j∀ . 

With )1(/ ρρ −= bfx , the labor market clearing in the intermediate goods sector, 

( ) SLfxbn =+ , gives the number of varieties, n : 
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( )
f
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=
1 . 

 
B. Final Good 

 

Define a new good ( )
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and its price Xp . Then the profit of the 

final good sector becomes: 
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This new good X  shows the constant returns to scale with varieties ( )jx , and, 

therefore, we have the following equality: 
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Step 1: Xp . 

By solving the following cost minimization problem for the good X , we can find 
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Define the Lagrangian L : 
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Then the first order condition w.r.t. ( )jx  gives: 
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Since ( ) ( )∫=
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X djjxjpXp
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, this implies λ  is equivalent to Xp . By solving for 

λ , we get: 

(1)                    ( ) ( )
( ) ρρ

ρρλ
/1

0

1
−

− ⎟
⎠
⎞⎜

⎝
⎛== ∫ djjpp

n

X . 

 



 25

Step 2: X . 

Since the technology of the final good shows the constant returns to scale with X  

and H , we have the following equality: 

y

H
X

p
HwXpy +

= . 

On the other hand, the demand for the final good is given by: 

y

SLSH

p
LwHwc +

= . 

Hence, the final good market clearing cy =  and SHH =  give: 
SL

X LwXp = . 

Thus X  is given by: 

(2)                            
X

SL

p
LwX =

.
 

Step 3: LH ww . 

The first order conditions w.r.t. X  and H  for the final sector are given by: 

( )( )
Xy pXHXp =+ −− 11/11 εεεε ε

ε
, 

( )( ) H
y wHHXp =+ −− 11/11 εεεε ε
ε

. 

These give the following: 

H
X

w
p

H
X

=⎟
⎠
⎞

⎜
⎝
⎛

−1ε

. 

By solving for Hw  with (2) and SHH = , Hw  is given by: 
ε

ε
−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

1

S

SL

X
H

H
Lwpw

.
 

The relative wage of high-skilled labor LH ww  is then given by: 

(3)                        
εε −

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛=

1

S

S

L
X

L

H

H
L

w
p

w
w . 
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C. The Movement of High-Skilled Labor 
 

In Section I, we have focused on the interesting case in which the relative wage 
LH ww  given by (3) is greater than one before trade. Thus the high skill and low skill 

each do their own task, letting HH S =  and LLS = . In this appendix, we briefly 

analyze the other case in which the relative wage LH ww  given by (3) is one and the 

high skill is doing both high-skill and low-skill tasks before trade. 

In the autarky equilibrium as shown in Figure 3-b, the relative wage LH ww  given 

by (3) is one at C, and part of high skill is doing the low-skill task in the intermediate 

goods sector. This movement of high skill from A to C maximizes the output of final 

good, that is, the consumer’s utility. 

As we have seen in I-C, the case as shown in Figure 3-a let us conclude that the skill 

premium rises after trade. On the other hand, if it is one before trade as shown in Figure 

3-b, it can be shown that the relative wage LH ww  rises or remains after trade, and, in 

any case, the number of varieties used by the final good surely increases. 

 
D. Model with Tariffs 

 
Equilibrium 

 
Definition: An equilibrium is prices usyp , , mexyp , , ( )jp , [ ]mexus nnj +∈ ,0 , H

usw , 

H
mexw , L

usw , L
mexw , and quantities usc , mexc , usy , mexy , ( )usjx , ( )mexjx , ( )jx , 

[ ]mexus nnj +∈ ,0 , usH , mexH , ( )jl , [ ]mexus nnj +∈ ,0 , S
usH , S

mexH , S
usL , S

mexL , and 

the number of firms in the intermediate sectors usn , mexn , given iceberg tariffs usτ  

and mexτ , such that 

 
1. Final good: Given yip , ( )jp , and H

iw ,  

iy , ( )usjx , and iH  solve 

(a) U.S.    

( ) ( ) ( )( ) ( ) us
H
us

nn

n usus

n

ususyus Hwdjjxjpdjjxjpyp mexus

us

us −+−− ∫∫
+

τ1 max
0
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s,t, ( ) ( )
ε

ε
ρε

ρ αα
1/

0
1 ⎥

⎦

⎤
⎢
⎣

⎡
−+⎟

⎠
⎞⎜

⎝
⎛= ∫

+

us

nn

usus Hdjjxy mexus , 

(b) Mexico 

( )( ) ( ) ( ) ( ) mex
H
mex

nn

n mex

n

mexmexmexymex Hwdjjxjpdjjxjpyp mexus

us

us −−+− ∫∫
+

0
1 max τ  

s,t, ( ) ( )
ε

ε
ρε

ρ αα
1/

0
1 ⎥

⎦

⎤
⎢
⎣

⎡
−+⎟

⎠
⎞⎜

⎝
⎛= ∫

+

mex

nn

mexmex Hdjjxy mexus ; 

 
2. Intermediate goods: Given L

iw , 

( )jx  solves 

(a) U.S. [ ]usnj ,0∈  

( )
( ) ( ) ( ) fwjbxwjxjp L

us
L
usjx

−− max ,  

where ( ) ( ) ( ) ( )mexmexus jxjxjx τ++= 1 , 

(b) Mexican [ ]mexusus nnnj +∈ ,  

 
( )

( ) ( ) ( ) fwjbxwjxjp L
mex

L
mexjx

−− max ,  

where ( ) ( ) ( ) ( )mexusus jxjxjx ++= τ1 ; 

 
3. Consumer: Given iyp , , H

iw , and L
iw ,  

ic , S
iH , S

iL  solve 

(a) U.S. 

uscmax  

S
us

L
us

S
us

H
usususy LwHwcpts +=,,, , 

(b) Mexico 

mexcmax  

S
mex

L
mex

S
mex

H
mexmexmexy LwHwcpts +=,,, ; 

 
4. Market clearing: 

usus yc = , mexmex yc = , 
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( ) ( ) ( ) ( )jxjxjx mexmexus =++ τ1  for [ ]usnj ,0∈ , 

( ) ( ) ( ) ( )jxjxjx mexusus =++τ1  for [ ]mexusus nnnj +∈ , , 

S
usus HH = , S

mexmex HH = , 

( ) S
us

n
Ldjjlus =∫0  for [ ]usnj ,0∈ , 

( ) S
mex

nn

n
Ldjjlmexus

us

=∫
+

 for [ ]mexusus nnnj +∈ , . 

 
Remarks: 

1. ( ) ( )mexmex jxτ+1 , [ ]usnj ,0∈ , means that the imports of a U.S. variety by the 

Mexican final good, and ( ) ( )usus jxτ+1 , [ ]mexusus nnnj +∈ , , means that the imports of 

a Mexican variety by the U.S. final good. We note that the U.S. and Mexican final good 

can use only ( )usjx  and ( )mexjx  as input, respectively. 

2. We focus on 1>L
i

H
i ww , thus i

S
i HH =  and i

S
i LL = , mexusi ,= . 

 
Solutions 

 
Intermediate Goods 

 
Introducing tariffs doe not change the solutions in the intermediate goods sector. 

By the symmetry ( ) uspjp =  for [ ]usnj ,0∈  and ( ) mexpjp =  for 

[ ]mexusus nnnj +∈ , , the price and output of each variety and the number of varieties in 

each country are now given by: 

ρ
bw

p
L
us

us =  for [ ]usnj ,0∈ , 
ρ

bw
p

L
mex

mex =  for [ ]mexusus nnnj +∈ , , 

( )ρ
ρ
−

=
1b
fxus  for [ ]usnj ,0∈ , ( )ρ

ρ
−

=
1b
fxmex  for [ ]mexusus nnnj +∈ , , 

( )
f

L
n us

us
ρ−

=
1

, 
( )
f

L
n mex

mex
ρ−

=
1

. 

 
Final Good 

 
The profit of the final good sector now becomes: 
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( )( ) i
H
iiXiiiyi HwXpHXp −−−+

εεε αα
/1

1 , mexusi ,= . 

By solving the cost minimization problem for the good X , we can find that the 

price of X  in each country is: 

( ) ( ) ( ) ( )( ) ( )
( ) ρρ

ρρρρ τ
/1

1

0

1 1
−+ −− ⎟

⎠
⎞⎜

⎝
⎛ ++= ∫∫ djjpdjjpp mexus

us

us nn

n us

n

usX , 

( ) ( )( ) ( ) ( ) ( )
( ) ρρ

ρρρρτ
/1

1

0

11
−+ −− ⎟

⎠
⎞⎜

⎝
⎛ ++= ∫∫ djjpdjjpp mexus

us

us nn

n

n

mexmexX . 

By the symmetry ( ) uspjp =  for [ ]usnj ,0∈  and ( ) mexpjp = Xp  for 

[ ]mexusus nnnj +∈ , , 

( ) ( )( ) ( )( )( ) ρρρρρρ τ
/11/1/ 1

−−− ++= mexusmexusususX pnpnp , 

( )( ) ( ) ( )( )( ) ρρρρρρτ
/11/1/1

−−− ++= mexmexusmexusmexX pnpnp . 

The good X  in each country is now given by:  

usX

us
L
us

us p
LwX = , 

mexX

mex
L
mex

mex p
LwX = . 

   The relative wage of high-skilled to low-skilled labor in each country is now given 

by: 
εε

α
α

−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛−
=

1
1

us

us
L
us

usX
L
us

H
us

H
L

w
p

w
w

and 
εε

α
α

−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛−
=

1
1

mex

mex
L
mex

mexX
L
mex

H
mex

H
L

w
p

w
w

. 

By substituting Xip , in , and ip , mexusi ,= , the equilibrium relative wages are 

rewritten as follow: 

(4) ( ) ( )

( )
( ) ( )

ε
ρρερρρρ

τ
ρ

ρ
α
α

−
−

−−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++⎟⎟

⎠

⎞
⎜⎜
⎝

⎛−−
=

1
111

111

us

us
L
us

L
mex

usmexusL
us

H
us

H
L

w
w

LLb
fw

w
 

(5) ( ) ( )

( )
( ) ( )

ε
ρρερρρρ

τ
ρ

ρ
α
α

−
−

−−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛−−
=

1
111

111

mex

mex
mexL

mex

L
us

mexusL
mex

H
mex

H
L

L
w
w

Lb
fw

w
. 

 
Trade and GDP 

 
Trade 

 
Step1: Balance of trade. 

The balance of trade—U.S. exports = U.S. imports (or Mexican imports = Mexican 
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exports)—is given by the following: 

( ) ( ) usmexusmexmexmexusmexusus xpnxpn ,, 11 ττ +=+ , 

where ( )
mexusmex x ,1 τ+  means that the imports of a U.S. variety by the Mexican final 

good, and ( )
usmexus x ,1 τ+  means that the imports of a Mexican variety by the U.S. final 

good. 

The ratio of U.S. exports to imports (or the ratio of Mexican imports to exports) is 

then given by: 

( )
( ) usus

mexmex

usmexus

mexusmex

pn
pn

x
x

=
+

+

,

,

1
1

τ
τ

. 

 
Step 2: The first order conditions for each variety by the final good. 

The first order conditions for each variety by the final good give: 

( ) ( )
ususususmex xx ,

11
, 1 −+= ρτ , ( ) ( )

mexmexmexmexus xx ,
11

, 1 −+= ρτ . 

 
Step 3: The ratio of each country’s share in each variety. 

From Steps 1 and 2, the ratio of the demand for a U.S. variety by the U.S. to the 

demand for a U.S. variety by Mexico is given by: 

( )( ) ( )

( ) mexmex

usus

mexusmex

usususus

pn
pn

x
x

=
+

++ −

,

,
11

1
11
τ
ττ ρ

. 

Similarly, the ratio of the demand for a Mexican variety by the U.S. to the demand 

for a Mexican variety by Mexico is given by: 

 
( )

( )( ) ( )
mexmex

usus

mexmexmexmex

usmexus

pn
pn

x
x

=
++

+
−

,
11

,

11
1

ρττ

τ
. 

Thus by substituting in  and ip , mexusi ,= , the ratio of the demand for a U.S. 

variety by the U.S. to the demand for a U.S. variety by Mexico becomes: 

( ) ( ) ( )1
,, 11 −+=+ ρρττ us

L
mexmex

L
ususmexusmexusus wLwLxx . 

The ratio of the demand for a Mexican variety by the U.S. to the demand for a 

Mexican variety by Mexico also becomes:  

( ) ( ) ( ) L
mexmexmex

L
ususmexmexusmexus wLwLxx 1

,, 11 −+=+ ρρττ . 

   We see that a reduction in usτ  and mexτ  increases the share of Mexico in a U.S. 
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variety and the share of U.S. in a Mexican variety. 

 
Step 4: Trade. 

U.S.-Mexican trade is represented as the sum of U.S. exports and imports: 

( ) ( ) usmexusmexmexmexusmexusus xpnxpn ,, 11 ττ +++ . 

From Step 3, this becomes: 

( ) ( )

( ) ( )
( ) ( )

( ) ( ) mexL
mexmexmex

L
usus

mex
L
usus

mexmexus
us

L
mexmex

L
usus

us
L
mexmex

usus x
wLwL

wL
pnx

wLwL
wL

pn
++

+
+

++

+
−

−

−

−

1

1

1

1

1
1

1
1

ρρ

ρρ

ρρ

ρρ

τ
τ

τ
τ

. 

By substituting in , ip  and ix , mexusi ,= , the U.S.-Mexican trade is given by: 

(6)    
( ) ( )

( ) ( ) ( )
( ) ( )

( ) ( ) ( )L
us

L
mexmexmexus

mexus
L
mexmex

usmex
L
mex

L
usus

usmex
L
usus

wwLL
LwL

LwwL
LwL
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+
+
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+
−

−

−

−

1

1

1

1

1
1

1
1

ρρ

ρρ

ρρ

ρρ

τ
τ

τ
τ

, 

where the balance of trade requires the following equality: 

(7)    
( ) ( )

( ) ( ) ( )
( ) ( )

( ) ( ) ( )L
us

L
mexmexmexus

mexus
L
mexmex

usmex
L
mex

L
usus

usmex
L
usus

wwLL
LwL

LwwL
LwL
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+
=
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+
−

−

−

−

1

1

1

1

1
1

1
1

ρρ

ρρ

ρρ

ρρ

τ
τ

τ
τ

. 

Thus from (6) and (7), the U.S.-Mexican IIT is simply given by: 

(8)                      
( ) ( )

( ) ( ) ( )1

1

1
1

2 −

−

++

+
ρρ

ρρ

τ
τ

usmex
L
mex

L
usus

usmex
L
usus

LwwL
LwL

. 

We note that in our model trade refers to intra-industry trade (IIT). 

 
GDP 

 
By the equality us

L
usus

H
usususyususy LwHwcpyp +== ,, , U.S. GDP is given by: 

(9)                          us
L
usus

H
us LwHw + . 

 
 

 

 

 

 



 32

REFERENCES 
 
Acemoglu, Daron. “Patterns of Skill Premia.” Review of Economic Studies, 2003, 70(2), 

pp. 199-203. 

Bergoeing, Raphael and Timothy J. Kehoe. “Trade Theory and Trade Facts.” Federal 

Reserve Bank of Minneapolis Research Department Staff Report No. 284, 2003. 

Berman, Eli; Bound, John and Zvi Griliches. “Changes in the Demand for Skilled 

Labor within U.S. Manufacturing: Evidence from the Annual Survey of 

Manufactures.” Quarterly Journal of Economics, 1994, 109(2), pp. 367-97. 

Berman, Eli; Bound, John and Stephen Machin. “Implications of Skill-Biased 

Technological Change: International Evidence.” Quarterly Journal of Economics, 

1998, 113(4), pp. 1245-1279. 

Blanchard, Olivier and Michael Kremer. “Disorganization.” Quarterly Journal of 

Economics, 1997, 112(4), pp. 1091-1126. 

Borjas, George J. and Valerie A. Ramey. “Time Series Evidence on the Sources of 

Trends in Wage Inequality.” American Economic Review (Papers and Proceedings), 

1994, 84(2), pp. 10-16. 

Cañas, Jesus and Roberto Coronado. “U.S.-Mexico Trade: Are We Still Connected?” 

Federal Reserve Bank of Dallas El Paso Branch, Business Frontier, Issue No. 3, 2004. 

Dinopoulos, Elias and Paul Segerstrom. “A Schumpeterian Model of Protection and 

Relative Wages.” American Economic Review, 1999, 89(3), pp. 450-473. 

Dinopoulos, Elias; Syropoulos, Costas and Bin Xu. “Intra-Industry Trade and 

Wage-Income Inequality.” Mimeo, University of Florida, 2002. 

Dixit, Avinash and Victor Norman. Theory of International Trade. Cambridge, 

England: Cambridge University Press, 1980. 

Dixit, Avinash and Joseph E. Stiglitz. “Monopolistic Competition and Optimum 

Product Diversity.” American Economic Review, 1977, 67(3), pp. 297-308. 

Ethier, Wilfred J. “National and International Returns to Scale in the Modern Theory 

of International Trade.” American Economic Review, 1982, 72(3), pp. 389-405. 

Feenstra, Robert C. and Gordon H. Hanson. “Foreign Investment, Outsourcing and 

Relative Wages,” in Robert C. Feenstra, Gene M. Grossman and Douglas A. Irwin, 

eds., The Political Economy of Trade Policy: Papers in Honor of Jagdish Bhagwati. 



 33

Cambridge, MA: MIT Press, 1996, pp. 89-127. 

Feenstra, Robert C. and Gordon H. Hanson. “Global Production Sharing and Rising 

Inequality: A Survey of Trade and Wages,” in Kwan Choi and James Harrigan, eds., 

Handbook of International Trade. Oxford: Basil Blackwell, 2003, pp. 146-187. 

Gonzalez, Jorge G. and Alejandro Velez. “An Empirical Estimation of the Level of 

Intra-Industry Trade Between Mexico and the United States,” in Khosrow Fatemi, ed., 

North American Free Trade Agreement: Opportunities and Challenges. New York: 

St. Martin’s Press, 1993, pp. 161-172. 

Grubel, Herbert G. and Peter J. Lloyd. Intra-Industry Trade: The Theory and 

Measurement of International Trade in Differentiated Products. New York: John 

Wiley and Sons, 1975. 

Hanson, Gordon H. and Ann Harrison. “Trade Liberalization and Wage Inequality in 

Mexico.” Industrial and Labor Relations Review, 1999, 52(2), pp. 271-288. 

Katz, Lawrence F. and David H. Autor. “Change in the Wage Structure and Earnings 

Inequality,” in Orley Ashtenfelter and David Card, eds., Handbook of Labor 

Economics. Vol. 3A. Amsterdam: North-Holland, 1999, pp. 1463-1555. 

Kremer, Michael. “The O-Ring Theory of Economic Development.” Quarterly Journal 

of Economics, 1993, 108(3), pp. 551-575. 

Krugman, Paul R. “Increasing Returns, Monopolistic Competition, and International 

Trade.” Journal of International Economics, 1979, 9(4), pp. 469-479. 

Krugman, Paul R. “Growing World Trade: Causes and Consequences.” Brooking 

Paper on Economic Activity, 1995, 1995(1), pp. 327-362.  

Krugman, Paul R. “Technology, Trade and Factor Prices.” Journal of International 

Economics, 2000, 50(1), pp. 51-72. 

Krusell, Per; Ohanian, Lee E.; Rios-Rull, Jose-Victor and Giovanni L. Violante. 

“Capital-Skill Comlementarity and Inequality: A Macroeconomic Analysis.” 

Econometrica, 2000, 68(5), pp. 129-154. 

Lawrence, Robert and Matthew J. Slaughter. “International Trade and American 

Wages in the 1980s: Giant Sucking Sound or Small Hiccup?” Brookings Papers on 

Economic Activity: Microeconomics, 1993, 1993(2), pp. 161-226. 

Martins, Joaquim O.; Scarpetta, Stefano and Dirk Pilat. “Mark-Up Ratios in 

Manufacturing Industries: Estimates for 14 OECD Countries." OECD Economics 



 34

Department Working Paper No. 162, 1996. 

Milgrom, Paul and John Roberts. “The Economics of Modern Manufacturing: 

Technology, Strategy, and Organization.” American Economic Review, 1990, 80(3), 

pp. 511-528. 

Mitchell, Matthew F. “Specialization and the Skill Premium in the 20th Century.” 

Federal Reserve Bank of Minneapolis Research Department Staff Report No. 290, 

2001. 

Revenga, Ana. “Employment and Wage Effects of Trade Liberalization: The Case of 

Mexican Manufacturing.” Journal of Labor Economics, 1997, 15(3), pp. 20-43. 

Robertson, Raymond. “Relative Prices and Wage Inequality: Evidence from Mexico.” 

Journal of International Economics, 2004, 64(2), pp. 387-409. 

Zhu, Susan C. and Daniel Trefler. “Trade and Inequality in Developing Countries: A 

General Equilibrium Analysis.” Journal of International Economics, 2005, 65(1), pp. 

21-48. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 35

Table 1. U.S. Exports to and Imports from Mexico in 1985 and 1994 
 

1985 
U.S. Exports to Mexico U.S. Imports from Mexico

Rank SITC category Percent SITC category Percent
1 7 - Machinery and Transport Equipment 49 3 - Mineral Fuels, Lubricants and Related Materials 41
2 5 - Chemicals and Related Products 11 7 - Machinery and Transport Equipment 29
3 6 - Manufactured Goods Classified Chiefly by Material 10 0 - Food and Live Animals 8
4 2 - Crude Materials, Inedible, except Fuels 9 6 - Manufactured Goods Classified Chiefly by Material 6
5 8 - Miscellaneous Manufactured Articles 7 8 - Miscellaneous Manufactured Articles 6
6 0 - Food and Live Animals 7 5 - Chemicals and Related Products 3
7 3 - Mineral Fuels, Lubricants and Related Materials 4 9 - Commodities & Transact not Class Elsewhere 3
8 9 - Commodities & Transact not Class Elsewhere 3 2 - Crude Materials, Inedible, except Fuels 2
9 4 - Animal and Vegetable Oils, Fats and Waxes 1 1 - Beverages and Tobacco 1
10 1 - Beverages and Tobacco 0 4 - Animal and Vegetable Oils, Fats and Waxes 0

Total 100 Total 100  
 
 

1994 
U.S. Exports to Mexico U.S. Imports from Mexico

Rank SITC category Percent SITC category Percent
1 7 - Machinery and Transport Equipment 47 7 - Machinery and Transport Equipment 54
2 6 - Manufactured Goods Classified Chiefly by Material 13 8 - Miscellaneous Manufactured Articles 14
3 8 - Miscellaneous Manufactured Articles 13 3 - Mineral Fuels, Lubricants and Related Materials 10
4 5 - Chemicals and Related Products 9 6 - Manufactured Goods Classified Chiefly by Material 7
5 0 - Food and Live Animals 6 0 - Food and Live Animals 6
6 9 - Commodities & Transact not Class Elsewhere 4 9 - Commodities & Transact not Class Elsewhere 4
7 2 - Crude Materials, Inedible, except Fuels 4 5 - Chemicals and Related Products 2
8 3 - Mineral Fuels, Lubricants and Related Materials 2 2 - Crude Materials, Inedible, except Fuels 2
9 4 - Animal and Vegetable Oils, Fats and Waxes 0 1 - Beverages and Tobacco 1
10 1 - Beverages and Tobacco 0 4 - Animal and Vegetable Oils, Fats and Waxes 0

Total 100 Total 100  
 
 

Source: The International Trade Administration. 
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Table 2-a. Results for Benchmark Numerical Experiments 
 

 
 

Table 2-b. Results for Benchmark Numerical Experiments 
with Technological Change 

 
    1987 1994  Change
Data (Figures 5-a and 5-b)     

  Manuf. IIT/U.S. Manf. GDP  0.018  0.046  158.2%
  Manuf. IIT/Mex. Manf. GDP 0.502 0.755 50.4%
  U.S. Skill Premium 1.630 1.780 9.2%
  Mexican Skill Premium 2.020 2.900 43.6%
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  Manuf. IIT/U.S. Manf. GDP 0.015 0.038 158.2%
  Manuf. IIT/Mex. Manf. GDP 0.920 0.924 0.4%
  U.S. Skill Premium 1.630 1.780 9.2%
  Mexican Skill Premium 1.641 2.252 37.2%

 
 
 
 
 
 
 
 
 

    1987 1994 Change
Data (Figures 5-a and 5-b)     

  Manuf. IIT/U.S. Manf. GDP  0.018  0.046  158.2%
  Manuf. IIT/Mex. Manf. GDP 0.502 0.755 50.4%
  U.S. Skill Premium 1.630 1.780 9.2%
  Mexican Skill Premium 2.020 2.900 43.6%
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  Manuf. IIT/U.S. Manf. GDP 0.015 0.038 158.2%
  Manuf. IIT/Mex. Manf. GDP 0.912 0.924 1.4%
  U.S. Skill Premium 1.667 1.780 6.8%
  Mexican Skill Premium 1.678 2.252 34.2%
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Table 3-a. Results for Numerical Experiments with Different ε  
 

    1987 1994 Change 
Data (Figures 5-a and 5-b)     

  Manuf. IIT/U.S. Manf. GDP  0.018  0.046  158.2%
 Manuf. IIT/Mex. Manf. GDP 0.502 0.755 50.4%
  U.S. Skill Premium 1.630 1.780 9.2%
  Mexican Skill Premium 2.020 2.900 43.6%
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mexmexusus ττττ
αρε

    

  Manuf. IIT/U.S. Manf. GDP 0.015 0.038 158.2%
 Manuf. IIT/Mex. Manf. GDP 0.912 0.924 1.4%
  U.S. Skill Premium 1.667 1.780 6.8%
  Mexican Skill Premium 1.678 2.252 34.2%
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mexmexusus ττττ
αρε

      

  Manuf. IIT/U.S. Manf. GDP 0.015 0.038 158.2%
 Manuf. IIT/Mex. Manf. GDP 0.864 0.934 8.1%
  U.S. Skill Premium 1.694 1.780 5.1%
  Mexican Skill Premium 1.935 2.206 14.0%
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mexmexusus ττττ
αρε

      

  Manuf. IIT/U.S. Manf. GDP 0.015 0.038 158.2%
 Manuf. IIT/Mex. Manf. GDP 0.960 0.915 -4.7%
  U.S. Skill Premium 1.640 1.780 8.5%
  Mexican Skill Premium 1.448 2.299 58.7%
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Table 3-b. Results for Numerical Experiments with Different ρ  
 

    1987 1994 Change 
Data (Figures 5-a and 5-b)     

  Manuf. IIT/U.S. Manf. GDP  0.018  0.046  158.2%
 Manuf. IIT/Mex. Manf. GDP 0.502 0.755 50.4%
  U.S. Skill Premium 1.630 1.780 9.2%
  Mexican Skill Premium 2.020 2.900 43.6%
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  Manuf. IIT/U.S. Manf. GDP 0.015 0.038 158.2%
 Manuf. IIT/Mex. Manf. GDP 0.912 0.924 1.4%
  U.S. Skill Premium 1.667 1.780 6.8%
  Mexican Skill Premium 1.678 2.252 34.2%
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  Manuf. IIT/U.S. Manf. GDP 0.015 0.039 158.2%
 Manuf. IIT/Mex. Manf. GDP 1.129 0.963 -14.6%
  U.S. Skill Premium 1.670 1.780 6.6%
  Mexican Skill Premium 0.990 2.179 120.0%
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mexmexusus ττττ
αρε

    

  Manuf. IIT/U.S. Manf. GDP 0.014 0.037 158.2%
 Manuf. IIT/Mex. Manf. GDP 0.800 0.876 9.5%
  U.S. Skill Premium 1.666 1.780 6.9%
  Mexican Skill Premium 2.066 2.320 12.3%
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Figure 1. Relative Wage of High-Skilled to Low-Skilled Labor  
in U.S. and Mexican Manufacturing Industries 
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Source: Author’s calculations based on the ASM and the EIM. 
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Figure 2. U.S.-Mexican Trade as Percent of U.S. GDP 
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Note: U.S.-Mexican trade is defined by the sum of U.S. exports to and  
U.S. imports from Mexico. 

Source: Author’s calculations based on the International Trade  
Administration and the Bureau of Economic Analysis. 
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Figure 3-a. Autarky Equilibrium with 1>LH ww  

 
 

Figure 3-b. Autarky Equilibrium with 1=LH ww  
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Demand for high skill  
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Figure 4. Labor Market for High-Skilled Labor 
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Figure 5-a. U.S.-Mexican IIT and Relative Wage of High-Skilled Labor 
in U.S. Manufacturing Industries 
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Source: Author’s calculations based on the OECD ITCS and STAN and the ASM. 
 
 
Figure 5-b. U.S.-Mexican IIT and Relative Wage of High-Skilled Labor 

in Mexican Manufacturing Industries 
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Source: Author’s calculations based on the OECD ITCS and STAN and the EIM. 

 


