Trade and Variety-Skill Complementarity:
A Simple Theoretical Resolution of Trade-Wage Inequality Anomaly

(Job Market Paper)

Yoshinori Kurokawa"
Department of Economics, University of Minnesota
January 15, 2007

The Stolper-Samuelson theorem predicts that the relative wage of high-skilled labor
will increase in the high-skill abundant U.S. but decrease in low-skill abundant Mexico
after trade liberalization, while data show that the skill premium began to rise in both
countries in the late 1980s. This paper presents a simple theoretical resolution of this
“trade-wage inequality anomaly.” The resolution is a straightforward application of
well-known variety trade models. Intra-industry trade increases the variety of
intermediate goods used by the final good. If the varieties and high skill are
complements, the skill premium rises in both countries. This linking of intra-industry
trade to wage inequality is consistent with evidence. Our numerical experiments show
that increased intra-industry trade can account for much of the increase in U.S. and

Mexican skill premium for a reasonable parameterization of the model. (JEL F12, F16)

* Department of Economics, University of Minnesota, Minneapolis, MN 55455, kyoshi@econ.umn.edu. | am very grateful to my
advisor Tim Kehoe for his helpful suggestions and guidance, Professors Cristina Arellano, Michele Boldrin, Terry Roe, and Pedro
Amaral for their comments, and the seminar participants at the Trade and Development Workshop and at the Federal Reserve Bank
of Minneapolis for their comments. | wish to thank Professors Michihiro Ohyama, Katsuhito Iwai, Yoshimasa Shirai, and Koichi
Hamada for their comments and encouragement. | also thank Kim Strain and Andrew Cassey for their careful correction of my
English and Professors Gordon H. Hanson and Daniel Chiquiar for their help with Mexican data. However, the remaining errors are

exclusively mine.



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." 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.® 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.



discrepancy between the model and data.*

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
show 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.”

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.°

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 the price of 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 1V. 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



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 the 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. Feenstra and 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.’

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.® Daron

Acemoglu (2003) shows that trade “induces” skill-biased technological change in the

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.



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.’

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

in Section V.

. 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.

The technology is then given by the following constant returns to scale production

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.



function:

y- {( [oxya ) o }

where y is the output of final good, x(j) and H are the demand for differentiated
intermediate good j and high skill, the total number of variety is n, and 0< p <1.
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, that is, the
elasticity of substitution between the varieties and high skill is given by
o= 1/(1— £)<1. We define this case & <0 (o <1) as the case where the varieties and
the high skill are complements.*°

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.*? 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:
. 1 . .
()= Jmaxt(i)- 1,0, ¥

where I(j) is the demand for low skill to produce each variety j, f isthe 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:

u(c) =c,
where ¢ 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 Bertrand pricing rules give the same results in this model with a continuum of intermediate goods.

12 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.



p,c=wW'H® +w"L®,
where p, is the price of the final good, w" is the wage for the high skill, and w" is
the wage for the low skill. H*® is the supply of high skill for the final sector, and L°
is the supply of low skill for the intermediate sector, which can include the high skill.
Weassume 0<H®<H, L<L®<L+H,and H*+L°=H +L.
The feasibility conditions for high-skilled labor and low-skilled labor are:

H=HS,

[1()di=1.

B. Explicit Solutions and the Autarky Equilibrium

We explicitly solve our model. First, we derive the solutions in the intermediate
goods sector.*®

Given an arbitrary n, each producer of a variety facing the indirect demand by the
final good sector maximizes the profit p(j)x(j)—w"bx(j)-w"f where p(j) is the
price of intermediate good j. By using the symmetry x(j): X , each variety’s output

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

Lb g/(l—g) -l
| S-S 7 TS
p,n " p
_w'bh .
p= , V.
P

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
p=w"'b/p, and the zero profit condition px—-bx—f =0 gives the output X of

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

ﬁ(b7+ f): L®, gives the number of varieties . Thus, the price p and output X of

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

13 More detailed solutions in the intermediate goods sector are shown in Appendix A.



p= . Vi,
Yo,
= fpo .
X = 1] vjl
b(1-p)
S
= L (1f_p)

We next derive the solutions in the final good sector.**
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 X =(_|'0n x(j)'”dj)l/pand its price p,, and we can show
desired results more easily.
The profit of the final good sector now becomes:
p,(X* +H* )} —p X —w'H.

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

price of X is:

n o, L e
D, :(J'O p(J)p/(p 1)djj _

By symmetry p(j)= P, this becomes:
P, = nle-/e D,
where p=w"b/p.
Dividing both sides by w, gives:

(1) Px — nle-rp

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:
X+w'H
y = Px .
Py

14 More detailed solutions in the final good sector are shown in Appendix B.



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

CwiHS +wh L
Py

The final good market clearing y =c and the feasible condition for the high skill

C

H=H?® then give:
whL®
Px .

) X =

Third, we solve for the relative wage of high-skilled to low-skilled labor W”/WL :

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

(KJH _ Px
H St

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

labor w" /w" is given by:

WH B & & L_S 1-¢
®) F_(WL](HSJ '

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
£ le . . .
curve of the final good: y-= [(WL L/px) + H‘E]1 which is given by

y = (X “+H 5)”5 and (2). On the other hand, the supply of labor for each sector, H*

and L°, 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 w" /w", 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 H® =H and L° =L . 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.

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 L° =L before trade, cannot fall below this L after trade. This implies that

the number of varieties produced within each country, which is given by
n=L(1-p)/f 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, p,, now becomes:

n . 1) . ng+n, . N (o)1 p
b= ([P [ olip )

By the symmetry p(j)=p, for je[0,n,] and p(j)=p, for je[n,n +n,],
this becomes:

_ _ _ 1)\l p
Px, = (nl plp/(p & +n, pzp/(p 1))

where P, =w'b/p and p, =wib/p.

Dividing both sides by w, gives:

pl(p-1)\ (P P
: p W, b
(1) *=n, + nz(—ij =.
W Wy P

Thus we see that the trading level of le/WlL given by (1)’ becomes lower than

the autarky level pxl/wlL :ﬁl("’l)/" b/p given by (1) since the coefficient of b/p

becomes smaller dueto n, >n, and (p-1)/p <0.



Second, from (2) we see that X, increases after trade since p,, / w, decreases

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

(1/£)-1 1.
15) H,”" increases for

product of high-skilled labor given by MPH, :(Xf +H
any H,. 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 H, before trade, does not increase, this
implies that the real wage of high skill w," / p,, increases.

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

high skill are complements, the relative wage of high skill w;’ /wlL —the skill
premium—increases after trade. This is because (pxl/wf)g increases and

(LS /HS)™, whichis (T, /H,)™ 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

H’ =H, and L =L, respectively. Hence, the number of varieties produced within

country 1 after trade remains at the autarky level n, =L (1 p)/f .

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 n. to n, +n,, the sum of the
autarky levels, in each country i, i=1,2. This causes pXi/wiL to decline and thus
causes X, to increase in both countries. Consequently, the demand for high skill shifts
upward, thus increasing the real wage of high skill w/" / p,, in both countries (Figure

4). Moreover, since the varieties and high skill are complements, the decrease in
py,/wS also increases the relative wage of high skill w/wS —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 m =L (1-p)/ f in each country i, i=1,2, the

10



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

n,/m, = L, /L, . This implies that the rate of increase in , is smaller in a country with

the larger size of L., and, therefore, the rate of decrease in pXi/WiL is also smaller as
can be seen in (1)’. Hence, the rise in the relative wage of high skill w. /WiL is smaller

in a country with the larger size of L, as can be seen in (3)."

Second, if £=0 (o =1), 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

w /w" s not affected by the decrease in Py; /WiL and therefore does not change

after trade in either country.

D. Economic Reasons for the Results

Before going to Section Il, 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

15 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.

11



after trade. Now the final good market clearings y =c in each country i, i=12,

before trade are given by:

Since w/" / p,; = MPH,, this becomes the following:

L

Y, = MPH, - H, + .
pyi

As we have seen, the marginal product of high skill increases in each country i,
i =1,2, after trade. For the same reason, the output of final good also increases in each
country after trade.
- & T £ (1/5)*1_5—1 & e \Me .
Since MPH, :(Xi +H, ) H,”" and v, :(Xi +H, ) , it can be shown
that the rate of increase in MPH, is greater than the rate of increase in y, since

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

the final good market clearing condition y, = MPH, -H, +w /p,; - L,

imply that the
rate of increase in MPH, should be greater than the rate of change in w; / Pyi- IN
other words, the rate of increase in the real wage of high skill w," / p,; is greater than

the rate of change in the real wage of low skill w; / p,i - Thus the relative wage of

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

1. 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

12



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.
The data are 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 (I1T) 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 T index.

The U.S.-Mexican manufacturing 11T index is a weighted average over SITC 3-digit
manufacturing industries. 1T index for industry i is defined by the following
Grubel-Lloyd index:

X =M
—m forindustry i,

where X, and M, 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 follows™:
X% M|
1-=—.
Zi (XI +M i )
The data are obtained from the OECD International Trade by Commodities Statistics
(ITCS) and the OECD Structural Analysis (STAN).

16 It is possible to relate our model to the work by Herbert G. Grubel and Peter J. Lloyd (1975). We can express their 11T index in

terms of the solutions in our model. In fact, the IIT index in our model is simply one.

13



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.

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.’

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

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

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 show 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 w /p,,
should be smaller than the rate of increase in MPH, since ¢ <0. This implies that

w; /p, can rise (but it should rise less than MPH,), and, therefore, the price of

L
i

high-skill intensive final good relative to the low-skill wage, pyi/w can decline.

Here, let us recall that the price of the low-skill intensive variety relative to the low-skill
wage, P, /WiL , is constant at b/p 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. Thus the rise in the relative wage of high skill can happen without

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

I11. 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

18 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.

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

n=L({1-p)/f, without an increase in variety trade and thus can cause an increase in

the demand for the high skill.#

A. Model with Tariffs

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

I =us,mex, imposes iceberg tariffs z; 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 «, 0 <« <1, into the production function of the final good:
Ve

Nus FNimex R . elp ¢ .
y, :{auo X(j)ipdj) +(1-a)H, } , 1=Us,mex.
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:

H p/(p-1) L \~/p-D)
@ M AT L )t

s(p-1)/p

mex L

— 1-¢
Lus
( qUS ] ’

Wllj'S a f P W,
e(p-1)/p
/(p-1) L \~/p-1) — 1-s
wh B B p B W B [
(5) r|r_1ex _ l-« (1 10) (E] Lus ((14_ Tmex) IiJS ] + Lmex ( mex j .
Winex o f P Winex H e

U.S.-Mexican intra-industry trade (11T) is now given by?:

20 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.

21 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.

22 We note that in our model the volume of trade is equivalent to the volume of 1T since in the model all trade is intra-industry
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LwiD, @z, ) Lo Ws, D (4 2 )7

(6) us " "us Tmex mex " "mex —us

— = +—= = ,
LUS (WLIJ_S /W;EX )+ L (1 + TUS )p/(p_l) LLIS (1 + Tmex )p/(p_l) + Lmex (Wr;ex /Wllj_S )

mex

mex

where the balance of trade requires the following equality:

Lwil L+, )Y L W L.(+7

(7) us " "us —mex _ mex " " mex Tus mex

Eus (WLIJ_S /Wr;ex )+ E (1+ Tus )p/(,o—l) B Eus (1+ 7 mex )p/(,o—l) + E (WL /Wllj_s ) .

mex mex mex

)p/ (p-1)

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

T LT p/(p-1)
(8) 2 — LUS WUS Lmex (:l;+ TUS ) /( _l) .
LUS (WLIJ_S /err_lex >+ L (1 + Z-US )p g

mex

U.S. GDP is now given by:

(9) WHH, +whiL

us —us *

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

Eus Emex (l + Ty )P/(P—l) o T
10) T (WS /Why )+ Do 47, )0 s/ e+ L

mex

where w! /wL, 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.?

We first give appropriate values to some parameters. The value of p=0.83
(=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 b=10 and f =100, 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 L, and H,, i=us,mex, are constructed from the OECD STAN, the

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

calibrate L,, so that the ratio L, /L,, matches with the observed ratio

mex

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

L
mex Lmex

WLII_SELIS /W
trade (7) holds at w’, /w- =1 in each year under our choice of parameters. We also

so that the ratio H__ /L matches with the observed ratio.”*

mex

calibrate H_

X

We then perform our numerical experiments with the following method.

Step 1: We choose the value of &.

Step 2: We calibrate our model to 1994 data. We set the values of tariffs 7., and
Theioos @Nd o 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 w) /w.  =1.
Step 3: We “backcast” to 1987. We set the values of tariffs 7, .., and 7, .4, 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 11T to U.S. manufacturing GDP, satisfying the

balance of trade (7) in 1987 at w), /w}, =1 aswell.

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 ¢ =-1
(0=0.5). The data for the U.S. and Mexican relative wages and the ratio of
U.S.-Mexican manufacturing IIT to U.S. manufacturing GDP are extracts 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 1T to U.S. manufacturing GDP increases
by 158.2 percent as the corresponding data do. As a result, U.S. relative wage increases
by 6.8 percent from 1987 to 1994 while the data show the 9.2 percent increase, and

Mexican relative wage increases by 34.2 percent while the data show the 43.6 percent

24 U.S. endowments are: Hg1og7 = 6707.6, Lyg087 =12242.7, Hys1gas = 62743, Lig1094 =11845.3 (in thousands of workers).
Mexican endowments are: H e, 1087 = 94.6, Liex1087 = 2225, Hiex1004 = 210.0 , Lexages = 481.2 , Which satisfy:

Lus1087 / Lmex 1087 =55.03, Lys1994 / Limex.1994 = 24.61, Hpex 1087 / Lmex 1087 = 0-425, Hinex 1094 / Limex 1004 =0.436 .
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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.
Unlike Krugman’s (1995, 2000) criticism, we have here seen that U.S.-Mexican
manufacturing I1T, 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.?

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 ¢ and p. We present some
calculations for a variety of ¢ and p.

Table 3-a reports the results of numerical experiments in which &=-0.5

(0=066) and ¢=-15 (o=0.4) with p=0.83 unchanged, respectively. The

25 We note that the 10.6 percent decrease in f is equivalent to the 10.6 percent increase in the number of firms,

n=L(L-p)/f , ineach country.
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results indicate that a more negative value of &—a smaller elasticity of substitution
between the varieties and high skill, ¢ —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

p=0.7 and p=0.9 with ¢=-1 unchanged, respectively. The results indicate that
a change in the value of o —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 | 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 Il 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 111 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 show a rising wage inequality across countries, and, therefore, most economists

have rejected increased trade as an explanation of increased wage inequality. However,
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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
the increase in inequality.?

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

26 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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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
needed in order to analyze the movements of the Mexican skill premium after the
NAFTA.
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Appendix
A. Intermediate Goods

Step 1: Given arbitrary n, derive the indirect demand and MR = MC and find x(j)
and p(j).
1: Derive the indirect demand of intermediate good | .

From the problem of the final good, we get:
. &)1 .
p(i)=p, ﬂ( Joxtiya ) +H f}( | (iya) " iy
Yo

2:MR =MC.

The differentiated intermediate goods sector is monopolistically competitive with
Cournot pricing rules.

Solve the following problem:

max p(j (i) —wbx(j)-w" f .

The first order condition w.rt. x(j) is given by:

N, P Weht n, o \EPH N\ p-l
mKLXUYm] +Hﬂ (LXOY@] (i) =w'b.

3:Find x(j) and p(j).

By using the symmetry x(j)= X, we get:

Lb g/(l—a) -l
S| S-S 2 TS
p,n " p
o w'bh .
p= , V.
P

Step 2: Zero profit condition pXx-bX—f =0 with p=w"b/p gives the following
output X of each variety:

fp
b(1-p)
With X = fp/b(1- p), the labor market clearing in the intermediate goods sector,

X = . V.

n(bx + f)=L°, gives the number of varieties, N :
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L°(-p)
f

n=

B. Final Good

n 1/ p
Define a new good X =(IO x(j)pdj) and its price p, . Then the profit of the

final good sector becomes:
p, (X +H* " —p X —wHH.
This new good X shows the constant returns to scale with varieties x(j), and,

therefore, we have the following equality:
p X = [ p(i)x(i)di-

Step 1: p,.

By solving the following cost minimization problem for the good X, we can find
n (p-1)/ p
that the price of X is p, :Uo P(j)p/(p_l)dj) .
min [ p(j)x(j)dj
n 1/ p
Np o
st UO x(j) dj) > X.

Define the Lagrangian L:
n - - - n - - l/p
= e+ A (i) x|
Then the first order condition w.r.t. x(j) gives:
N o e NN
ﬂ(LXO)dﬂ = [, p(ix(i)di-
Since p, X :J'OH p(j)x(j)dj, this implies A is equivalent to p, . By solving for

A, we get:

no, RN Ve 0
ﬂ=px=(Lp0V“”mj -
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Step2: X.
Since the technology of the final good shows the constant returns to scale with
and H, we have the following equality:
y = Px X +w"H |
Py
On the other hand, the demand for the final good is given by:
C=W”HS +whL® |

Py

Hence, the final good market clearing y=c and H =H?® give:

Py X =w"L®.
Thus X s given by:
LS
2) X = w-L
Px

Step 3: w" /w".
The first order conditions w.r.t. X and H for the final sector are given by:

(1/5)-1

pyé(X€+H5) X = py,

1lle

pyé(X“ng)(

(ﬁ}ﬂ _ Px
H wh

H

HSH e _

These give the following:

By solving for w" with (2)and H=H®, w

! . WLLS 1-¢
w :pX Hs

The relative wage of high-skilled labor w" /w" is then given by:

wh (YY)
®) F_(WLJ[HSJ '

is given by:
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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

w" /WL given by (3) is greater than one before trade. Thus the high skill and low skill

each do their own task, letting H® =H and L° =L . In this appendix, we briefly
analyze the other case in which the relative wage w" /w" 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 w" /w" 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 w" /w" 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

H
us !

Definition: An equilibrium is prices P, ., Pymes P(i). §€[0ng +n], W

17 us

Wﬂex ! WI.IJ-S ! WI'IT_'IEX ! and quantltles CUS ! CI’T'IEX ! yUS ! ymex ! X(J)US ! X(j)mex ! X(J)’
je[o’nus+nmex]’ HUS’ HI'T'IEX’ I(j)’ jE[O’nUS+ntX]’ HLISS’ HI’?'IEX' LiS’ L?T'IEX' and

the number of firms in the intermediate sectors n,, n,., given iceberg tariffs 7

us?

and 7., such that

mex !

1. Final good: Given p,;, p(j),and w',
yi, X(j),,and H, solve
(@) U.S.

max Py, Yo = [ POt = [ p(iNL+ £, (i), o — Wi H,

us
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Ve

Ny +N el
st v = [0 ) |

0
(b) Mexico

max pymex Yimex — Ion“s p(J )(1 * Tnex )X(J )mex dJ - I e p(J )X( J )mex dJ - er:ex H mex

Nus

elp

Ve
S’t7 ymex = {a(‘[onus-#nmex X(J )mexp dJ) + (1_ a)H mexg :| ’
2. Intermediate goods: Given w.",
x(j) solves

@Us. jefon,]

max p(i)x(j)—wibx(j)-wg f
x(j

where X(j)=X(j),. + @+ 7 X(J ) ex

(b) Mexican je[n,,n, +n__ ]|

max P(J)X(5) = WrebX(1) = Wiey f
x(j

where x(j)= 1+ 7, )X(j)y + X(J),ey ;

3. Consumer: Given p,;, w,and w;,
¢, H®, L solve
(@) U.S.
maxc,

o Hgs LS
S’t7 py,LISCUS - WLIS HUS +WUS LUS’

(b) Mexico

maxc,,,

s,t, pyy,m,xcmexzwH HS +wh LS :

mex mex mex —mex

4. Market clearing:

CUS = yLIS ' Cmex = ymex’
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X(D)s + @+ T XD =X(J) for je[On, ],
(1 7 XD + XD = x(J) for e [n,n, +np, ],

HUS:HUSS’ HmEX:HS

mex !

[1(3)di = L5, for jefo,n,],

mex]'

Ji (1) = L for e [nan,, +n
Remarks:

1. @+ 7,0 X(J)pex» §€[0,n,], means that the imports of a U.S. variety by the
Mexican final good, and (1+ 7, )X(j),, J € [Nys Ny + Ny ], Means that the imports of

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

canuse only x(j), and x(j),. asinput, respectively.

us mex

2. We focuson w' /w- >1,thus H® =H, and L’ =L, i=us,mex.

Solutions
Intermediate Goods
Introducing tariffs doe not change the solutions in the intermediate goods sector.
By the symmetry p(j)=p, for je[on,] and p(j)=p,. for
jeln..n,+n..], the price and output of each variety and the number of varieties in

each country are now given by:

L L
EUS:M for je[o,n,], ﬁmexzw’”—“b for je[n,.n,+n..]
0

us? " us

mex]’

for je[n,,n,+n

Final Good

The profit of the final good sector now becomes:
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pyi(axf +(1—a)Hi“")U£ — Py X, —W'H,, i=us,mex.
By solving the cost minimization problem for the good X, we can find that the
price of X ineach country is:

Ns /. 1) - Nys +Ninex . o A\l
pfoUo p(i)"dj + [ ((1+Tus)p(1))p/(”l)dj) ,

us

TN e
DXmeﬁUo (@4 7 )R ()Y i+ [ () ”dj) .

Je[n +nmex]’

us? nUS

(p-1)

e )(P—l)’ ’

pX us (nus ﬁuspl + nmex ((1 T Tys )ﬁmex

P, ) = el
px mex (nus ((l+ Tmex)pus )P/(p g + nmex pmexp/(p 1))'0 e .

The good X ineach country is now given by:

Ly L 1
X = Wus Lus X _ Wmex I-mex
us ' mex '
pX us pX mex

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

by:
H &y — 1-¢

Wus — l-« pX us Lus
W o (wy ) (Hy)
H &y — 1-¢

Wmex — l-a pX mex Lmex

WII;EX a WI’IT_'IeX Hmex

By substituting p,,, n;, and p,, i=us, mex, the equilibrium relative wages are

rewritten as follow:

s(p-1)/p
H p/(p-1) Lo \~/p-D) — N\l
. L L
@ Yo 1ol Wp)DY e (g, )Y L
Wus a f p WUS HUS

s(p-1)/p
_ (p-1) — 1-¢
WH _ _ P/(p l) - WL ol o L
(5) Tex _ l-« {(1 p) (B] Lus (1+ Tmex) Lus + Lmex mex .
Winex a f P Winex H mex
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Trade and GDP

Trade

Stepl: Balance of trade.
The balance of trade—U.S. exports = U.S. imports (or Mexican imports = Mexican

exports)—is given by the following:

ﬁLIS EUS (1 + Tmex )Xus,mex = ﬁI'I’ll‘,‘X ﬁmex (l + z-LIS )Xmex,us !

where (1+7,, )X means that the imports of a U.S. variety by the Mexican final

US, mex

good, and (1+7, )X means that the imports of a Mexican variety by the U.S. final

mex, us
good.

The ratio of U.S. exports to imports (or the ratio of Mexican imports to exports) is
then given by:

(1 + Tmex )Xus,mex _ ﬁmex Emex

(1 + TUS )Xmex,us ﬁUS EUS

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:

X = (1+ Ty )j/(p Sy X = (1+ T )]/(p )

mex,us us,us ? us,mex

X

mex mex,mex *

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:

(1 + 7, )(1+ Ty )]/(p Dy Ny Pus

us,us

(l+ Tmex )Xus,mex ﬁmex ﬁmex .
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:

(1 + z-us )Xmex,us _ ﬁus 5us
(1+ z-mex )(1+ Tmex )1/('0_1) Xmex,mex ﬁmex ﬁmex
Thus by substituting n, and p,, i=us, mex, 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:

30



us us /(1+ Tmex) us mex — LUSWUS/Lmex mex 1+ 7, )P/(P—l) '

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

Mexican variety by Mexico also becomes:
- - _ p/ p-1)
(1+ 7’-US )Xmex,us /Xmex,mex LUS WUS (1+ Tmex /Lmex mex "
We see that a reduction in 7, and 7, increases the share of Mexico in a U.S.

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:

nLIS pUS (1+ Tmex )XLIS mex + nmex pmex (1+ 7'-US )Xmex,us "

From Step 3, this becomes:

N N Lmemeex (1 + TUS )p/(pil) — LUS WUS (1 + Tmex )p/(pil) v
Nys Pys p/(p- ) M ex pmex — o/ (p= 1) — mex *
LUS WUS + Lmex Wmex (1 + z-US ) LUS WUS (1 + rmex ) Lmex mex
By substituting n,, p;, and X, i=us,mex, the U.S.-Mexican trade is given by:
(6) LUS WUS Lmex (1 + TUS )p/(p_l) Lmex Wmex LUS (1 + rmex ) /(p_l)

U ( /Wmex )+ Lmex (1+ TUS )p/(p_l) . El.IS (1+ Tmex )p/(p 1 + Lmex( mex /WUS )

where the balance of trade requires the following equality:

LwoLl, @+z, )Y oW L L+ 7, )

(7) us " "us Tmex us _ mex " "mex Tus mex

L ( /Wmex )+ Lmex (1+ TUS )p/(pil) B EUS (1+ Tmex )p/(p l) + Lmex( mex /WUS)
Thus from (6) and (7), the U.S.-Mexican IIT is simply given by:

o/(p-1)
(8) 2 LUS WUS LmeX (1 + TUS )

Lo (Wi /Wi )+ L L2, 0

We note that in our model trade refers to intra-industry trade (11T).

GDP

By the equality P, . Vi = PyuCu = Wi Hy + Wi Ly, U.S. GDP is given by:

us —us?

9) wHH, +wiL

us —us *
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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 Materiak 10 0 - Food and Live Animals 8
4 2 - Crude Materials, Inedible, except Fuels 9 6 - Manufactured Goods Classified Chiefly by Materiali 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 Qils, 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 Materiak 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 Materiali 7
5 0 - Food and Live Animals 6 0 - Food and Live Animals 6
6 9 - Commaodities & 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

1987 1994  Change

Data (Figures 5-a and 5-b)

Manuf. IIT/U.S. Manf. GDP 0.018 0.046 158.2%
Manuf. 1IT/Mex. Manf. GDP 0.502 0.755 50.4%
U.S. Skill Premium 1.630 1.780 9.2%
Mex. Skill Premium 2.020 2.900 43.6%

¢=-1,=083a=0.55
Tysa087 = 0.09, 75 1994 = 0.01, 7, 1097 = 0.73,7 5 1004 = 0.18

Manuf. lIT/U.S. Manf. GDP 0.015 0.038 158.2%
Manuf. lIT/Mex. Manf. GDP 0.912 0.924 1.4%
U.S. Skill Premium 1.667 1.780 6.8%
Mex. Skill Premium 1.678 2.252 34.2%

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

1987 1994  Change

Data (Figures 5-a and 5-b)

Manuf. lIT/U.S. Manf. GDP 0.018 0.046 158.2%
Manuf. 1IT/Mex. Manf. GDP 0.502 0.755 50.4%
U.S. Skill Premium 1.630 1.780 9.2%
Mex. Skill Premium 2.020 2.900 43.6%

&€= _1’p - 083’a = 055’ f1987 = 111821 f1994 = 100
Tys1087 = 0.05,7 ¢ 1994 = 0.01, 7 0, 1057 = 0.73, 7 ey 1004 = 0.18

Manuf. IIT/U.S. Manf. GDP 0.015 0.038 158.2%
Manuf. 1IT/Mex. Manf. GDP 0.920 0.924 0.4%
U.S. Skill Premium 1.630 1.780 9.2%
Mex. SKill Premium 1.641 2.252 37.2%
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Table 3-a. Results for Numerical Experiments with Different ¢

1987 1994  Change
Data (Figures 5-a and 5-b)
Manuf. lIT/U.S. Manf. GDP 0.018 0.046 158.2%
Manuf. 1IT/Mex. Manf. GDP 0.502 0.755 50.4%
U.S. Skill Premium 1.630 1.780 9.2%
Mex. Skill Premium 2.020 2.900 43.6%
e=-1p=0.83a=0.55
Tysa087 = 0.09, 75 1994 = 0.01, 7, 1087 = 0.73,7 5 1004 = 0.18
Manuf. lIT/U.S. Manf. GDP 0.015 0.038 158.2%
Manuf. lIT/Mex. Manf. GDP 0.912 0.924 1.4%
U.S. Skill Premium 1.667 1.780 6.8%
Mex. Skill Premium 1.678 2.252 34.2%
£=-05,=0.83,a =053
Tysa087 = 0.09, 75 1994 = 0.0L, 7,y 1087 = 0.72,7 1, 199, = 0.18
Manuf. IIT/U.S. Manf. GDP 0.015 0.088 158.2%
Manuf. IIT/Mex. Manf. GDP 0.864 0.934 8.1%
U.S. Skill Premium 1.694 1.780 5.1%
Mex. Skill Premium 1.935 2.206 14.0%
e=-15p=0.83a=0.57
Tus10s7 = 0.05,7 g 1994 = 0.0L,7 ) 1667 = 0.74,7 1004 = 0.18
Manuf. IIT/U.S. Manf. GDP 0.015 0.038 158.2%
Manuf. 1IT/Mex. Manf. GDP 0.960 0.915 -4.7%
U.S. Skill Premium 1.640 1.780 8.5%
Mex. Skill Premium 1.448 2.299 58.7%
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Table 3-b. Results for Numerical Experiments with Different p

1987 1994  Change
Data (Figures 5-a and 5-b)
Manuf. lIT/U.S. Manf. GDP 0.018 0.046 158.2%
Manuf. 1IT/Mex. Manf. GDP 0.502 0.755 50.4%
U.S. Skill Premium 1.630 1.780 9.2%
Mex. Skill Premium 2.020 2.900 43.6%
e=-1,p=0.83,a=055
Tusa0er = 0.0, 7 1994 = 0.01,7 1, 107 = 0.73, 7 100 = 0.18
Manuf. lIT/U.S. Manf. GDP 0.015 0.038 158.2%
Manuf. 1IT/Mex. Manf. GDP 0.912 0.924 1.4%
U.S. Skill Premium 1.667 1.780 6.8%
Mex. SKill Premium 1.678 2.252 34.2%
e=-1p=07a=0.93
Tysa087 = 0.09, 7 g 190 = 0.0L, 7y 1957 = 2.06, 7, 100, = 0.22
Manuf. IIT/U.S. Manf. GDP 0.015 0.039 158.2%
Manuf. lIT/Mex. Manf. GDP 1.129 0.963 -14.6%
U.S. Skill Premium 1.670 1.780 6.6%
Mex. Skill Premium 0.990 2.179 120.0%
e=-1Lp=09a=034
Tysa0s7 = 0.03, 70 1904 = 0.01, 7 0, 1057 = 0.38, 7 0 190, = 0.14
Manuf. lIT/U.S. Manf. GDP 0.014 0.037 158.2%
Manuf. 1IT/Mex. Manf. GDP 0.800 0.876 9.5%
U.S. Skill Premium 1.666 1.780 6.9%
Mex. 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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Percent of U.S. GDP

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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L, L

Figure 3-a. Autarky Equilibrium with w" /w" >1

The autarky equilibrium is achieved at A,
and the slope at Ais w" /w" >1.

The high skill and low skill each do their
own task.

\\\NH/WL >1

H H, HS

Figure 3-b. Autarky Equilibrium with w" /w" =1

y The autarky equilibrium is achieved at C
between Aand B, and w" /w" =1.

Part of the high skill denoted by H, is
doing the low-skill task.

\*WH/WL =1

I
|
T
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Figure 4. Labor Market for High-Skilled Labor

In BOTH Countries
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Figure 5-a. U.S.-Mexican Manufacturing I1'T and U.S. Relative Wage
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Source: Author’s calculations based on the OECD ITCS and STAN and the ASM.

Figure 5-b. U.S.-Mexican Manufacturing 11T and Mexican Relative Wage
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Source: Author’s calculations based on the OECD ITCS and STAN and the EIM.
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