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Abstract

In the decade following the Mexico-U.S. trade integration, the manufacturing skill premium
rose by almost 60 percent in Mexico and by only 12 percent in the U.S. Standard trade theory
predicts that when countries with different levels of skilled labor integrate, the skill premium
should fall - not rise - in the skill-scarce country. In this paper, I reconcile theory and data
by building a model in which intermediate goods are produced using rented technology. After
integration, producers in Mexico begin to rent technologies from the United States, which are
more advanced and, hence, more skill-intensive. This has two effects: The skill premium in
Mexico rises due to adoption of the more advanced technology and the skill premium in the
U.S. rises due to increased investment in this technology, which is driven by the increased
marginal return on technology arising from its adoption in Mexico. The mechanism is sup-
ported by industry-level evidence: Mexican industries which are integrated into the U.S. sup-
ply chain have higher skill premia than their non-integrated counterparts. The calibrated model
can account for about two-thirds of the increase in the skill premium in each country.
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1 Introduction

Standard trade theory has stark predictions for how factor prices should respond to trade integration
between a skill-scarce and a skill-abundant country. In particular, models that are based on the
Heckscher-Ohlin (henceforth H-O) theory predict that the ratio of wages paid to skilled versus
unskilled workers (the skill premium) should rise in the skill-abundant country and fall in the
skill-scarce country when the two countries open to trade with one another. A puzzle that has
arisen in the context of this prediction is that when integrating with the world economy, many
skill-scarce countries instead experience rising skill premia. Mexico is the canonical example of a
country whose skill premium not only rose, but rose by much more than that of its more-developed
counterpart, the United States, during the period in which Mexico opened its borders to trade with
the United States. These observations have led many researchers to conclude that skill-biased
technological change (SBTC), not increased openness to trade, has driven changes in developing

economies’ skill premia.

In this paper, I argue that trade liberalization, by stimulating investment in skill-biased tech-
nologies and facilitating cross-border adoption of these technologies, plays an important role in
explaining the aforementioned facts. I modify a standard trade model to include trade in technol-
ogy, which occurs through the integration of supply chains across borders. I use the case of the
Mexican trade liberalization and integration into the supply chain of American companies to ex-
plore the impact that technological transfer, which takes place as a part of this integration, has upon
the wages of workers in Mexico and the United States. I calibrate the model using surveys of the
Mexican and the U.S. manufacturing sectors and I find that a reduction in barriers to trade in goods
and technology can account for about two-thirds of the observed increase in the skill premium in
both Mexico and the United States.

To support my quantitative analysis, I provide empirical evidence at the industry-level that
indicates that Mexican industries which trade more with the United States have higher skill premia
on average and have greater increases in their skill premia in the late 1980s than their non-trading
counterparts. This analysis suggests that trade connections are an important determinant of skill
premia and that supply chains could be channels through which technology is transferred. While
I do not have direct information about connections between the Mexican plants and the firms
that they are supplying in the United States, I show that trade between the two countries rose

dramatically over the course of the late 1980s and early 1990s. Moreover, intra-industry trade



began to dominate Mexican-U.S. trade during the mid-1980s and has continued to do so ever
since. I show that the use of intermediate imports is an important predictor of the skill premium,
indicating that supply chain relationships play an important role in determining the skill premium

in a given industry.

In order to assess the quantitative importance of supply chains on the skill premium, I adapt
a standard trade model to allow for trade liberalization to increase both trade in goods and trade
in ideas. I model “ideas” as technology capital, similar to the model in McGrattan and Prescott
(2009), but I allow for technology capital to be rented from final goods producers, who own and
invest in the stock of technology capital, to intermediate goods producers, who use it. I model trade
liberalization as a reduction both in tariffs on goods and in taxes on flows of royalties. I discipline

my exercise using manufacturing data from Mexico and the United States.

My model differs from those in the existing literature by incorporating two key ingredients.
First, I allow for skill-biased technology to be endogenously accumulated by permitting firms to
invest in a stock of technology that is assumed to be skill-augmenting. I consider final goods
producers who own and invest in technology capital. Intermediate suppliers rent this technology
capital in order to produce an intermediate product that will be a component of the final good.
Consider for the moment a two country world in which both countries are in autarky. When the
countries open to trade, the final goods producer does not need to open a plant in the foreign country
in order to use his technology capital there. Instead, he can rent his technology to an intermediate
goods producer that is already operating in the foreign country. This, in turn, increases the marginal
product of a unit of technology capital since now it can be used by additional intermediate goods
producers. It is key that technology capital is non-rivalrous so that using it in multiple locations
actually increases its marginal productivity. Opening to trade, therefore, increases the return to
technology capital, as in McGrattan and Prescott (2009). Firms respond to these increased returns
to their technology capital by investing more. I refer to this as the “investment channel,” and it
is the main channel that drives the increase in the skill premium seen in the United States. This
is consistent with recent empirical work in Goel (2012) which provides evidence that firms in
the United States respond to increased trade opportunities by increasing spending on innovation.
Moreover, it is consistent with extant literature which has found that the rise in the skill premium
in the United States is driven primarily by technological change. Note that this does not mean that
opening to trade plays no role in increasing the skill premium, but rather, that its role manifests as

an increase in technology, driven by increased returns to investment in that technology.

Second, I allow technology capital to be rented across borders. 1 provide industry-level evi-
dence that royalties paid as a percentage of output in Mexico co-varies positively with the skill-

premium, meaning that industries that use more rented technologies are those that have larger skill



premia; I take this as evidence of transfer of technology. Allowing for technology to be transferred
through rental is the key to having the skill premium rise in both countries because it causes the
skill premium to rise in the United States via the investment channel, as discussed above, and it
causes the skill premium to rise in Mexico by what I will call the “adoption channel.” The “adop-
tion channel” arises when intermediate goods producing firms in one country begin to produce for
the supply chain of the final goods producer in the other and, therefore, adopt the technology of the
final goods producer in the foreign country. In the model, intermediate goods producers in Mexico
choose to adopt U.S. technology and supply U.S. final goods producers much more than vice versa.
This is because, in the initial steady state, U.S. technology is much more productive than Mexican
technology. Therefore, the adoption channel is the dominant force driving the increase in the skill

premium in Mexico.

In my calibrated model, I find that moving from an autarkic steady state to a free trade steady
state induces a skill premium increase of 39 percent in Mexico and 8 percent in the United States.
This accounts for about two-thirds of the observed rise in both the Mexican skill premium and in

the skill premium in the United States.

The adoption channel is key to obtaining these results. If I shut down the firm’s ability to trade
technology, under my baseline calibration, results show the standard Stolper-Samuelson effect,
with Mexico’s skill premium declining and that of the United States increasing. The Stolper-
Samuelson effect is offset, in part, by the investment channel. I include two sectors in the model
- one that is skilled-labor intensive and one that is unskilled-labor intensive - in order to allow
for this type of effect, but both sectors use skill-augmenting technology capital. Opening to trade
allows countries to specialize in the sector in which they have a comparative advantage, which in
turn increases the return to the factors of production, thus inducing firms to invest more in the skill-
augmenting technology in that sector. This raises the return to skilled workers for all countries,
reducing the decline in the skill premium in Mexico. The big gain in the Mexican skill premium
comes, however, through the rental of advanced technology from the United States. In the model,
there is an initial jump in the skill premium in Mexico as U.S. technology becomes available to
Mexican firms. This results from the sudden inflow of this technology into Mexico, which occurs
when the distortion on royalties is reduced and the price of renting the U.S. technology falls as a

consequence.

My quantitative results are disciplined by manufacturing data for the United States and Mexico.
Because my interest lies primarily in how the skill premium changed in the two countries, I target
the level of the skill premium in the initial period. I use aggregated industry data from Mexico
on royalty payments to pin down the parameter that governs the importance of technology capital

in production. In particular, I match royalty payments as a percentage of payroll payments in



the period before trade liberalization. I use 1985 as the “pre-reform” period; as I will document
below, the majority of Mexican trade reforms began in 1986. I also set the relative productivity of
the manufacturing sectors in the two countries and the relative supply of skilled workers in each
country in 1985 to match the data. In order to see how trade reform impacts the skill premium, I
then conduct an experiment where I lower tariffs on goods and taxes on royalties. While I am able
to directly observe the reduction in tariffs that occurred in the data, I am not able to observe directly
a measure of the distortions on royalty payments. This is because things such as the protection
of intellectual property would have a strong impact on a firm’s willingness to rent proprietary
information to other firms and these protections changed substantially over the period of interest.
Therefore, I conduct the extreme experiment whereby I set initial distortions sufficiently high that
there is no trade in technology and then I lower these distortions to zero. I then analyze how
the results would change if I were to set the distortionary tax on royalties to some intermediate
level. I find that opening to trade in both technology and goods increases the skill premium in both
countries. I am able to decompose this change in the skill premium and attribute most of the rise in
the skill premium in Mexico to the adoption channel and almost all of the rise in the United States

to the investment channel.

Contribution to Related Literature

There is a large body of literature dealing with the rise of the skill premium in the United States, and
a somewhat smaller literature on the rise of the skill premium in Mexico. Studies such as Feenstra
and Hanson (1996), Feenstra and Hanson (1997), and Grossman and Rossi-Hansberg (2008) have
shown that increasing imports of intermediate goods from less-developed countries can increase
skill premia in advanced economies. For a useful summary of articles that have explored the
behavior of the skill premium of developing countries as they open to trade, see Goldberg and
Pavcnik (2007).

The papers that are most closely related to my own are Feenstra and Hanson’s 1996 empirical
and theoretical work on the importance of foreign direct investment (FDI) in Mexico and Bustos’
2011 exploration of skill upgrading in Argentina following their accession to MERCOSUR. Em-
pirically, the Feenstra and Hanson show that regions with a higher proportion of inward FDI from
the United States have greater increases in the relative demand for skilled labor. Furthermore, they
build a theoretical model which rationalizes this prediction; capital is complementary with skilled
labor, and as capital flows from the United States to Mexico via foreign direct investment, demand
for skilled labor rises in Mexico. The Mexican subsidiary of the multinational in Mexico produces

a less-skilled intermediate which is then substituted for less-skilled workers in the United States.



Thus, the relative demand for unskilled workers falls in the United States as well. I see my paper
as a complement to their work. At the aggregate level, flows of foreign direct investment between
Mexico and the United States did not rise substantially until the mid-1990s. Moreover, the majority
of growth in both maquiladora' establishments and employment came after the North American
Free Trade Agreement (NAFTA) (GAO, 2005), and, as such, post-dates the observed growth in the
skill premium in Mexico. I focus on the transfer of technology through non-ownership channels
precisely because trade increases substantially before NAFTA but direct investment does not. I
provide evidence that supply chains are an important channel through which technology is trans-
ferred. The mechanism proposed in their paper is also similar to what I propose. However, in their
setup, the investment channel that I describe is not present. This is because the type of capital they
consider is physical capital, which can be only used in one location at a time. I, instead, consider
technology capital which can be used in multiple locations at once. Therefore, once a firm has
more than one location in which to use its technology, it has an increased incentive to invest in it.
This is the primary driver of the increase of the skill premium in the United States in my model,
whereas in the Feenstra and Hanson model, the increase in the skill premium in the United States

is primarily driven by Stolper-Samuelson effects.

In Bustos (2011), the author analyzes firm-level panel data covering the period of Argentinian
trade liberalization with Brazil and documents that there is a steep increase in the demand for skill
in Argentina following said liberalization, which is driven primarily by skill-upgrading within
firms. She further finds that exporters engage in upgrading activities more quickly than non-
exporters and that this skill-upgrading is accompanied by investments in new technologies. She
then presents a modified Meltiz model that can rationalize these observations through a mechanism
that is similar but distinct from the one that I consider here. In Bustos’ model, there is a fixed cost
to exporting, as well as a fixed cost to operating a technology that is both more productive and
more skill intensive than the alternative. The fixed cost set-up causes there to be a cut-off level of
productivity above which firms will choose to both export and use the better, more skill intensive
technology. Thus, the main driver of skill-grading in this model operates through the standard
Melitz logic: a reduction in tariffs causes the per-unit profit of exported goods to increase, thus
reducing the cut-off level of productivity needed to export and upgrade to the better technology.
Therefore, more firms export and operate this advanced technology after the trade liberalization.
There is a similar observation as a result of trade liberalization in my model; however, my model
differs both in terms of the key assumption and the implications for the impact of a trade liberal-
ization. First, the key assumption in my model is that there is a stock of technology, which grows

through investments made by the final goods producer and is rented to the intermediate goods

'manufacturing plants in the free trade zone



producer that will produce a part for the owner of that particular technology. The producer of
an intermediate variety, i.e. a part used to produce the final good, is allowed to produce for the
final goods producer in each country but must operate the technology from the country of the final
goods producer in order to do so. A trade liberalization impacts the intermediate goods producer
by making the part that they produce less expensive for the foreign final goods producer, thus in-
ducing them to produce more parts for the foreign final goods producer. Because they are forced to
use the technology of the foreign goods producer in order to produce a part for this supply chain,
the domestic firm will become more skill-intensive if the foreign technology is skill augmenting
and there is a larger stock of technology capital in the foreign country. This, in turn, will cause the
domestic skill premium to increase. Moreover, because the technology capital that I consider is
non-rivalrous, the fact that the foreign final goods producer’s technology is now being used more
intensively means that there is a greater return to investing in that technology, thus causing them to
increase investment and therefore the stock of this skill-augmenting technology. The adoption of
foreign technologies thus induces an increase in skill intensity in both countries. The asymmetry
of the two countries is one of the primary drivers of the greater increase in the skill premium in the
less skill-abundant country; the stock of technology capital in the skill-abundant country is much
larger and, therefore, when the skill-scarce country begins to produce for the supply chain of the
skill-abundant one, the skill premium in the skill-scarce country will increase dramatically. This
asymmetric response will not occur in the framework proposed by Bustos and so, while her model
can generate increasing skill premia in both countries, it is ill-equipped to explain why Mexico’s

skill premium increased by so much more than that of the United States.

I also contribute to the emerging literature on the interaction between trade, technology, and
inequality. My work completments papers such as Acemoglu (2009), Acemoglu, Gancia, and
Zilibotti (2012), and Burstein and Vogel (2010), which all address the idea that trade and tech-
nological innovation are linked. Acemoglu (2009) and Acemoglu, Gancia, and Zilibotti (2012)
both build theoretical models in which globalization, in the form of trade or offshoring, can induce
skill-biased technical change through increasing the price of skill-intensive goods and, hence, the
profitability of investing in the technologies that are needed in order to produce these goods. The
logic which supports the increase in skill-biased technology in these papers is the same as the one
that I present here: trade makes it such that investing in these technologies is more profitable.
Moreover, the driver of the increasing skill premia in less developed countries in these models is
the same as the one considered here: technologies that are more skill-biased are adopted by the
less developed countries. My paper adds to these two by proposing a mechanism by which these
technologies may be adopted by firm in the less developed countries and, in doing so, provides a
way to understand why skill premia in less developed countries do not follow identical patterns

following trade liberalizations with advanced countries. Burstein and Vogel (2010) build a quan-
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titative multi-country model in which trade induces reallocation within economies towards more
productive and skill-intensive firms. This model is able to generate increasing skill premia in all
countries following a reduction in tariffs. My model differs from the one considered by Burstein
and Vogel in that a firm’s productivity is determined by their stock of technology capital used for
production in my model while it is the result of an exogenous draw in theirs. Both models feature
endogenous increases in productivity, as in their model, firms with lower productivity draws are
forced to shut down following a trade liberalization due to increased foreign competition. How-
ever, in my model, final goods producers must choose to invest in this technology in order for
its stock to increase. This choice lends itself to consider the case of vertically integrated supply
chains, while the set up in Burstein and Vogel (2010) does not lend itself as readily to considering
how parts producers interact with the final goods producer for which they are part of the supply

chain.

This paper is also related to the literature that has explored the impact of globalization on
Mexican labor markets. A number of studies (for example, see Esquivel and Rodriguez-Lopez,
2003; Harrison and Hanson, 1999; and Robertson, 2004) explore this question using the Stolper-
Samuelson theorem as their basis, and find the correlation between changes in output prices and
wages at the industry level to be very low. The conclusion from this strand of literature was that
skill-biased technological change, and not trade, was responsible for the observed increase in the
skill premium. Verhoogen (2008) explores both overall increase in inequality and the between-
plant inequality in Mexico and hypothesizes that exporting opportunities increase wage dispersion
across plants due to quality upgrading. Riano (2009) builds a model in which SBTC is embodied
in capital equipment and measures the effect of increasing imports of capital equipment upon the
skill premium in Mexico. The idea in his paper is similar to what I model here, but importantly,
the capital that is traded in my model is technology capital or “ideas.” The non-rivalrous nature
of technology capital creates an environment such that even as the capital begins to be used in
Mexico, firms in the United States have an incentive to invest more in it. In fact, it is because the

ideas are being used in an additional location that their marginal product increases.

Also related to this paper is the literature on the skill premia in developing countries. Ripoll
(2005) builds a model in which the skill premium in the developing country responds non-monotonically
to trade liberalization and depends heavily on the initial conditions in the economy. Trefler and
Zhu (2005) show that those countries with the largest increase in skill premia following a trade
liberalization are those which export relatively more skill-intensive goods, and they build a model
akin to Feenstra and Hanson (1996), but allowing the “South” to catch up to the technology of the
“North” instead of receiving FDI flows. They do not propose a mechanism for how this catch-

up occurs. Burstein, Cravino, and Vogel (2013) and Parro (2013) each propose capital-embodied



technology as an avenue by which skill-biased technological change crosses borders. 1 contribute
to this literature by proposing an alternative way that this technology is accumulated and then

transmitted from one country to the next, and I provide evidence of my hypothesis.

The paper is organized as follows: In Section 2, I provide brief background information on the
trade liberalization experience in Mexico in the late 1980s; in Section 3, I provide evidence for the
importance of trade linkages for the skill premium: Section 4 contains my model and its theoretical

analysis; Section 6 contains my calibration and results; and Section 7 concludes.

2 Background: Trade Reform in Mexico

This section briefly describes the liberalization policies that were implemented in Mexico in the
mid-1980s and examines the special case of one auto plant within Mexico as an example of how

trade induces technology transfer.

2.1 Mexico’s Trade Liberalization

During the 1950s, Mexico began to pursue a set of policies based on the theory of import substi-
tution. As such, during this time, Mexico became one of the most closed economies in the world,
with more than 90 percent of its domestic production subject to import licenses by 1985. Import
licenses are commonly viewed as the main source of restricted trade flows (Kehoe, 1995, TenKate
1992), though, in practice, Mexico utilized three instruments to restrict these flows: (i) ad-velorum
tariffs, (i1) official minimum prices for custom valuation, and (iii) quantitative restrictions such
as quotas and the aforementioned import licenses. As a result of the balance of payments crisis
in 1982, the Mexican government decided to pursue a large-scale liberalization of the Mexican

economy, including a massive trade liberalization (apertura), in order to restart economic growth.

In 1985, the Mexican government undertook a number of structural reforms, including reducing
the import license coverage from 92 percent to 47 percent between June and December of that year.
Many of these reforms were requirements of the debt restructuring agreement that Mexico entered
with its international creditors in the wake of the debt crisis in the early 1980s. The government
continued to phase out import licenses over the course of the decade, with the coverage falling
to 23 percent in 1988 and 19 percent in 1989. Most of the remaining import licenses covered
agricultural and petroleum refining products. Over the same period, ad-velorum tariffs fell as well.
In 1985, the maximum tariff was 100 percent; only a year later, in 1986, it was reduced to 50

percent. By 1987, the maximum tariff was 20 percent and the production-weighted average tariff



was 11 percent (Esquivel and Tornell, 1995).

Mexico also entered into trade negotiations with the United States in 1987, which culminated in
a four-part understanding known as the “Framework of Principles and Procedures for Consultation
Regarding Trade and Investment Relations” or the “Bilateral Accord.” This Accord was the first-
ever formal bilateral agreement governing commercial relations between the two countries, and it
included a statement of principles, a mechanism for consultations, an agreement on data exchange,
and an Immediate Action Agenda. The Immediate Action Agenda was the start of negotiations on
a number of matters, including technology transfer. In particular, Mexico was interested in obtain-
ing help from developed nations to develop its intellectual property rights protection laws so that
technological transfer from companies in the United States would be more forthcoming. Mexico
argued that access to new technologies was of utmost importance and was a necessary component
to any improved trade arrangement between the two countries (DuMars, 1991). The recognition of
intellectual property rights was an important step to allowing for transfer of technology between

the two countries.

During this period, the government also began to loosen its restrictions on foreign ownership;
however, the process was slower to change than other policies, and significant restrictions remained
in place for the next decade. In particular, foreign companies were not allowed to acquire existing
Mexican firms without submitting to a lengthy approval process. Establishing a new foreign-owned
business was somewhat easier, but only if the business fit certain criteria, which included a require-
ment that the business have at least a non-negative net export balance over the first three years of its
existence. Maquiladora firms were exceptions to these rules, but the process for obtaining a license
establishing a firm as a maquiladora was viewed as relatively cumbersome until the process was
reformed in December of 1989. However, to the extent that foreign ownership was allowed, this

also served as a channel for technological transfer across the two countries.

In 1992, the Mexican government signed an agreement to enter into the North American Free
Trade Agreement (NAFTA) with the United States and Canada on January 1, 1994. As part of
NAFTA, all remaining tariffs on goods traded between the two countries would be phased out over
the next decade. Moreover, the three countries agreed to abide by the intellectual property rights
laws of the United States. Contrary to commonly held beliefs, the trade liberalization that took
place during the 1980s was more substantial and impactful than NAFTA. By the time that NAFTA
was signed, approximately 95% all of imports into Mexico from the U.S. were subject to import
tariffs of 20% or less and 80% of imports into the U.S. from Mexico were subject to tariffs of 5%

or less. This stands in stark contrast to the 100% import tariffs that were common in 1985.



2.2 Trade and Technology Transfer: A Case Study of an Auto Plant

As an example of the transfer of technology capital, I now turn to a case study of one company’s
vertical integration of its supply chain, including a plant in Northern Mexico, conducted by Shaiken
and Herzenberg (1987). This particular plant was partially owned by an undisclosed American
auto manufacturer to make engines and engine parts for cars that would be exported, in keeping
with Mexican regulations that required that a large proportion of output from foreign owned plants
be produced for export. The case study consists of interviews with both production and non-
production workers and it directly compares the Mexican plant with its U.S. counterpart, in terms
of production techniques, technology used, management practices, and quality and quantity of
output. The Mexican plant was a brand new facility, which utilized some of the most advanced
production technologies available at the time of its construction and it was built to compete wtih
the most successful engine plants in the world.

The study finds that the Mexican plant was able to achieve efficiency that was comparable to
that of the U.S. plant, due in large part to its utilitzation of technology capital that was the same
across the two locations. The company invested significant resources in training the workers to
operate state of the art machinery and to manage according to the company’s best management
practices. The case study details how supply chains served as a way to transfer blueprints for the
production of parts, technology embedded in intermediate parts and in machines, best practices for
efficient production, and organizational capital, such as worker training programs. These types of
technology capital impacted production and non-production workers differentially. One place that
this is evident is in the worker trainign programs implemented by the company. Non-production
workers, such as technicians, had to require many skills that were not part of their previous skill-set.
In order to do so, there were task certification programs, in-plant and on-the-job training programs
and apprenticeships, and even trips to the tool suppliers in the United States, all to ensure that the
technicians understood how to maintain the plant. Production workers also received training, but

to a lesser extent.
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Figure 1: Production Line Layouts
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Another example of the transfer of technology capital is the modification of the production
line layout. Figure (1a) shows the standard layout for a production line, where each circle with a
cross in it represents a worker and each rounded solid box is a machine that needs to be operated.
Figure (1b) displays the new layout used by the company. As can be seen by examining the
areas enclosed with the dotted blue lines, in the standard layout each worker is in charge of two
machines, whereas in the new layout, each worker is in charge of three machines. This changes
the mix of workers necessary in the plant; because now each production worker is operating more
machines, all else equal, fewer production workers are required. However, because this may lead
to more breakdowns on the line, there are more technicians (non-production workers) required.
This technology augments the skilled non-production workers and substitutes for the unskilled
production workers. This case study serves to highlight the role of integrated supply chains in

transfering skill-augmenting technology capital across borders.

3 Evidence on Skill Premia and Trade

3.1 Data Description

Data for Mexico’s manufacturing sector comes from INEGI (Instituto Nacional de Estadistica
v Geografia), Mexico’s national statistics bureau. I gather aggregate skill premium data from
the EIA (Encuesta Industrial Anual), which is an annual survey of manufacturers which covers
about 80 percent of the manufacturing sector. Aggregate data from 1980 through 2004 is publicly
available on INEGI’s website. I gather data on production and non-production employees and
payments to these two groups and construct the skill premium as the ratio of non-production wages
to production wages, as is standard in the literature. Industry-level data is available by request for
years 1984 through 1994, and plant-level data is available from 1984 through 1990. The plant-
level data includes information on imports and exports by plant for the years 1986 to 1990. This
information was gathered in a special survey conducted by the World Bank. For a more detailed
description of the plant-level data, see Tybout and Westbrook (1995).

Data for the U.S. manufacturing sector is obtained from the NBER-CES Manufacturing Pro-
ductivity Database (Bartelsman and Gray, 1996). This data is available from 1959 through 2010.
Again, the database provides information on production and non-production employees, as well as

payments to each group. I then construct the skill premium as the ratio of non-production wages
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to production wages. I compare the manufacturing skill premium to the ratio of college to non-
college wages, which I compute using the Current Population Survey (CPS). I obtain the March
CPS from Integrated Public Use Microdata Series, Current Population Survey (IPUMS CPS) at
the Minnesota Population Center. I then compute the ratio of wages for working age people with

some college and above to those with no college, and call this the “college premium.”

Aggregate trade data for Mexico is obtained from the World Bank World Development Indica-
tors Database (WDI). I gather information on imports, exports, and gross domestic product, as well
as subsets of the trade data. In particular, I examine merchandise trade, merchandise trade with
advanced economies, and trade in manufactures. Each variable gathered is expressed in millions
of U.S. dollars. I then express each trade variable as a percentage of gross value added in manu-
facturing. I cross reference these trade data with data from the NBER’s U.S. imports and exports
database, 1972-1994, (Feenstra 1996, 1997) to verify that the majority of the increase in Mexico’s
trade was with the United States.

Information on intermediate imports is gathered from the Organization for Economic Cooper-
ation and Development’s (OECD) Structural Analysis (STAN) Database. This database provides
total bilateral imports and exports, as well as intermediate bilateral imports and exports, between
the U.S. and Mexico for years 1990 through 2010 for broad industries. I match this data (1990-

1994) with the industry-level data for Mexican manufacturing for the same broad sectors.

3.2 SKkill Premia in Mexico and the United States

In what follows, I will use the term “skill premium” to mean the ratio of the wages of non-
production workers to the wages of production workers, as is typical in the literature that examines
the skill premium in developing countries. Amiti and Cameron (2011) use data that includes edu-
cational attainment and production/non-production status of workers in Indonesian manufacturing
for several years and they show that the production/non-production breakdown is a good proxy for
skill or educational attainment. Therefore, I will focus my analysis on this measure of the skill
premium. In Mexico, the skill premium was stable with non-production wages being about twice
as high as production wages during the late 1970s and early 1980s, but began to rise around 1986.
It grew for the next decade and peaked with non-production wages being about 3.1 times higher
than production wages in 1996. This can be seen in Figure 2a. The U.S. experienced similar timing
in the rise of the same variable. Note that the college premium, measured as the ratio of college to
non-college wages, began to rise earlier in the 1980s. The college premium is the measure which
is frequently the concentration of papers dealing only with the United States, but I will concen-

trate on comparable measures of the skill premium in this paper. As can be seen in Figure 2a, the
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manufacturing skill premium in the United States also began to rise in the mid-1980s.
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Figure 2: Skill Premia in U.S. and Mexico

Figure 2a also shows that the skill premium in Mexico was substantially higher than that in the
United States and rose by much more over the period of interest. Figure 2b shows that the timing of
the increases in the two skill premia largely coincided. It also highlights that the increase in Mexico
was substantially bigger than that in the United States. In particular, over the course of the decade
from 1986 to 1996, the skill premium in Mexico rose by about 60%, while the skill premium in the
United States rose by about 10 to 15%.2The timing and magnitude of the increase in the college
premium is similar to that of the manufacturing skill premium, though the manufacturing skill

premium does not exhibit the same drop as the college premium in the 1970s.

2 Again, the measure of the skill premium is different from the one that is often cited in the literature concerning
the rise of inequality in the United States.
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Figure 3: Manufacturing Skill Premium and College Premium in U.S.

Figure 3 shows how the college premium and the manufacturing skill premium move together
in the United States. I measure the college premium as the ratio of wages of those with at least
one year of college to those with no college education. As is well known, the college premium fell
over the course of the 1970s as the supply of college-educated workers grew. During this period,
the manufacturing skill premium remained flat. If you disregard the education premium drop that
occurred over the 1970s, the panels of figure 3 show that the timing of the rise in the education
and manufacturing skill premium largely coincide. In particular, when I normalize the college
premium to 1 in 1970 (as in the second panel of the figure), it can be seen that the two series begin
to rise above their long-run trend at about the same time, and by 2000 they had risen by roughly
the same amount. The rise in the skill and education premia from 1985 to 2000 is roughly 12
percent. Therefore, the skill premium in Mexico rose by about four times as much as its American
counterpart from 1986 to 2000.

3.3 Increase of Manufacturing Trade

In this section, I show that the increase in the skill premium in Mexico largely coincides with an
increase in manufacturing trade. Figure 4a shows Mexican imports and exports of manufactured
goods as a percentage of total value added in manufacturing. We can see that trade in manufactured
goods began to rise in the mid-1980s and continued to rise through the early 2000s. This timing

is consistent with the growth of the skill premium in Mexican manufacturing documented above.
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Notably, the growth in exports and imports begins well before the implementation of the North
American Free Trade Agreement (NAFTA).
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Figure 4: Mexican Manufacturing Trade

Figure 4b documents the percent of merchandise trade that was taking place with high-income
countries. The solid lines represent the total amount of merchandise imports (blue) and exports
(red) as a percentage of value added and the dotted lines show the merchandise trade occurring with
high-income OECD countries. I use this measure because I do not have an accurate measure of
trade in manufactured goods with high-income countries, but I do have a measure of trade in mer-
chandise goods with high-income countries. Merchandise trade consists almost entirely of trade
in manufactured products, especially in the later periods. I use aggregated data from the NBER’s
import and export database to verify that this trade is predominantly with the United States. This
figure is meant to illustrate that Mexico’s trade liberalization in the 1980s predominantly increased
its trade with the United States, a more-developed country. This means that according to a standard
H-O model, we should expect to see a falling skill premium in Mexico. If Mexico had opened to
more skill-scarce countries during this period, one might anticipate that its skill premium would
rise, but since it was increasing trade predominantly with the United States, the opposite should be

true.

3.4 Evidence that Supply Chains Matter

In order to explore how trade integration impacts the skill premium, I match the industry-level data
on manufacturing wages and employment to trade data from the OECD STAN database. I have

information on intermediate imports, intermediate exports, total imports, and total exports for 20
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industries from 1990 to 1994. I match this information to the information on the skill premium
for the same broad industries. I then examine the relationship between imports of intermediates
as a fraction of output, exports as a fraction of output, royalty payments, and the skill premia by
industry. In order to do this, I first estimate the following equation, where i indexes the industry

and ¢ indexes the year:

Royalties Exports
ﬂ%ZﬁmHﬁ(—%r—> +&( ﬁ, > +Y+Ni+ &y
it it
Variable SP;; SP;;
n @
Constant 1.894***  2.749***
(0.027)  (0.149)
Royaities 1.220%%  2.230"**
it . :
(0.116)  (1.154)
Exports. 0.308"*  0.413***
it
(0.095) (0.243)
Industry Fixed Effects? No Yes
Time Fixed Effects? Yes Yes
R? 0.064 0.200

Table 1: Regression Results
* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level

Table 1 reflects that this estimation mimics what other authors have found. In particular, ex-
porting is associated with increasing skill premia when we do not consider other sources of vari-
ation. Moreover, royalties are positively correlated with increasing skill premia, indicating that
those industries that make large payments for technology rental (as a percentage of output) have,
on average, higher skill premia. In order to test whether integration into supply chains is an im-
portant determinant of the skill premium, I include both imports of intermediates and exports of

intermediates and estimate the following equation.

Exports Imports
+&( ) +&( ) + %+ nitE
t it it

Y Y Y

L

Rovyalties
SP. = o+ B (y—)

From Table 2, we can see that including intermediate imports negates the effects of exporting.
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In particular, the coefficient on exporting becomes negative, which is in line with the Stolper-
Samuelson predictions, whereas the coefficient on intermediate imports is positive, statistically
significant, and large. So, exporting in the absence of intermediate imports is associated with low

skill premia and importing of intermediate inputs is associated with high skill premia.

Variable SP; SP;,
(1) (2)
Constant 2.783**  2.695"**
(0.030) (0.151)
Royouies 1.4517  2.518*
(0.118) (1.157)
B —1.251"*  —0.305
(0.378) (0.369)
fmgons 2549 1.378"
(0.317) (0.532)
Industry Fixed Effects? No Yes
Time Fixed Effects? Yes Yes
R? 0.075 0.200

Table 2: Regression Results
* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level

I interpret these results as indicating that supply chains are an important determinant of skill
premia. In light of this evidence, I build a model in which importing plays a role in determining
the skill premium. I am going to think of this as importing “ideas” or technology. Those plants that
export intermediate goods are going to need to use imported ideas in order to produce intermediate
goods for the final goods producer in the other country. I will have two sectors: one which is
high-skill-intensive and on which is low-skill intensive. The two sectors are important to allow
for the existence of standard Stolper-Samuelson effects. There will be a single market for each
type of labor, so all plants will experience the same increase in the skill premium, but the increase
in the skill premium in Mexico will be driven by the the sector which integrates into the supply
chain of the United States and shares the technology of the U.S. final goods producers. One sector
will not integrate into the supply chain of the other country, though there will be trade in the final
goods produced by both sectors, and this will produce the standard Stolper-Samuelson effect. The
relative importance of technology in production will determine the size of the increase of the skill

premium.
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4 The Model Environment

My model economy features two countries, Mexico (denoted by M) and the United States (denoted
by U), and I industries, indexed by i. In each country and industry, there is a tradeable final good
produced by perfectly competitive firms. This final good is a CES aggregate of a continuum of
varieties, some of which are produced domestically and some of which are imported and subject to
a iceberg transportation cost. The final good can be used either for consumption or for investment
in the stock of technology capital, which is used in production of the intermediate varieties. The
production of these varieties requires skilled and unskilled labor, as well as the afroementioned
technology capital. The producer of an individual variety is a monopolistic competitor and may
produce that variety for a domestic final goods producer and for a foreign final goods producer
at the same time, meaning that they may operate two different technologies within a single firm.
I will refer to the operation of different technologies within a single variety as production lines
within that variety or firm. Aggregate labor of each type is inelastically supplied and is immobile
across countries, thought it is perfectly mobile across industries and production lines. I will allow
certain parameters to vary across industries but the producers of varieties within an industry will

be identical, due primarily to data constraints. I now provide details of the model environment.

Final Goods Producers

In each industry and each country, there are perfectly competitive producers of a tradeable final
good which seek to maximize the infinite sum of discounted dividends. The final good in country
k and industry i is denoted Yj; and is composed of a CES aggregation of intermediate varieties
ykji(®@), where the variety is denoted by @ and the country of origin for that particular variety is
indexed by j. The final goods producer owns and invests in a stock of technology capital, Z;,
which it rents to the producers of the intermediate varieties of which its final good is composed. It
earns returns ry;and ry j;from renting its technology capital to domestic and foreign producers of
intermediate varieties, respectively. To economize on notation, I will suppress the time subscript.

These final goods producers in country k € {U,M} and industry i solve the following problem:

max ), PiDyi )
t=0

S.t.
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Dy = Yki—lki+Zki(rkki+rkji)—/Qiji(a’)iji(w)dw 2

1

i = Zi—(1-8)Zy 3)

1/p
Yi = { /Q 'yij,‘(w)Pdw} )

where ﬁis the elasticity of substitution between varieties within each sector. A variety @ is
country specific and final producer will purchase varieties from both countries, substituting towards

more domestic varieties if the cost of foreign intermediates is higher.

Technology Capital: Investment and Rental

The technology capital that I consider, Z;;, can be thought of as a stock of ideas, blueprints, or
production techniques and, as such, is non-rivalrous in nature. These production techniques are
the ones that are necessary in order to make an intermediate part for the final product so when the
final goods producer begins to purchase more intermediates from foreign producers, the foreign
producer will have to rent more of this technology capital in order to produce these parts. This
causes the rate of return on technology capital to increase for the final goods producer, thus induc-
ing them to increase investment in it. Moreover, the rental of technology capital in order to produce
the appropriate part for the foreign final goods producer is the channel by which this technology
capital will be transferred across borders.

I assume that this technology is high skill augmenting and low skill saving. This assumption
is based on the large literature that shows that technological advancements since the early 1980s
have favored high skill workers. I extend this observation to technology capital, assuming that
production techniques have changed the mix of high and low skill workers. The extent to which
this is true in the model will depend on parameter values, which will be discussed in detail in what

follows.

Production of Varieties

The intermediate goods producer that produces intermediate variety ® for industry i in country k
can produce both for the domestic market (k) and for the foreign market (). He chooses output for
the domestic market (y;(®)), output for the foreign market (y jki(w)), skilled labor to produce for
the domestic market (A (®)), skilled labor to produce for the foreign market (/;;(®)), unskilled
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labor to produce for the domestic market (/;;(@)), unskilled labor to produce for the foreign market
(! jki(a))), and amount of domestic and foreign technology (Z;,Z;;) to maximize profits, taking the
inverse demand function, wages (wkH ,wi), and the rental rates for technology (rj;, rxxi) as given.
The first subscript refers to the country for which the intermediate variety is produced and the
second refers to the country in which production takes place. The producer of the intermediate
good must use the technology of the supply chain that they are supplying in order to produce the

variety for that firm.

max p’,’;,(, )yﬂa-(w)—thjki(w)—Wiljki(w)—zjirjkﬂfki ®)
je{umy ik
S.t.
ot T
yiki(®) = { <Z/ffh,k, > +(1-6) lji(w) o vje{U.M} (6)
i p—l .
yiki(®) = (pﬂ}(.. >> Yji vje{U,M} ()
i

where ¢ > 0 is the elasticity of substitution between high and low skilled labor. The skill-intensity
of production will be jointly governed by a € (0,1) and 6; € (0,1) , as will be discussed in more
detail below. Ay > 0 is the level of country-specific total factor productivity (TFP) and Pj; is the
cost of the final good produced in industry 7 in country j, the country for whose supply chain the
intermediate variety is being produced. There are two wedges on the production, Tj; and ‘Cjk,
which are both equal to one if the variety is produced for the domestic final goods producer (j = k)
and greater than one otherwise (j # k). The first of these is an iceberg trade cost on goods and
the second can be thought of as an implicit tax on the use of foreign technology. This implicit
tax is a stand-in for imperfect intellectual property protection. As detailed in Section 2, part of
the liberalization between the United States and Mexico was the adoption of stricter protection of

intellectual property by Mexican firms; ”L']Z.k is included in order to capture this feature.

Aggregation and Market Clearing

Final output in each industry i must equal world demand for consumption and investment from

that industry

Y Y = ) [aitI] Viel, (®)

keU.M keU.M
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and total output for each variety @ must in each industry i must equal its world demand

Yiki (@) +yjri(@) = ygki(w)+fjkiygji(w)' )

Labor market clearing in each country requires that the labor used to produce all varieties in country
k for the domestic production line and for the foreign production line across all industries i is equal

to the aggregate inelastic supply of high and low skilled labor respectively

H, = Z hkkz ) +hji()) do (10)
iel

Ly = Z lkkz )+ Liri(0)) do. (1)
i€l

Recall that a firm producing variety @ may produce both for the domestic production line (i (®))
and for the foreign one (y ji;(®)).

Equilibrium

An equilibrium of the world economy is a set of prices Py;, pji(®); wages wkH , w’,;; rental rates for

technology capital ry;; demand for labor £ i (@), (®); quantities demanded yz ﬁ(w); demand
for consumption and investment cg;,i;; and quantities produced Yy;,y jxi(®) that satisfy, in each
country: dividend maximization by the final goods producer (Equations (1) through (4)); profit
maximization by the intermediate goods producers (Equations (5) through (7)); utility maximiza-
tion by the consumer (Equations (17) and (18) in the Appendix); and goods, labor, and bond market
clearing conditions (Equations (8) through (11) and Equation (19) in the Appendix).

5 Skill Premium

The skill premium in Country k in this model can be expressed as

H aafl =1
Wy 6; Zji) ° (hjki) °
— = (l—«a 12
w ( )1— 0; (hjki Ljki (12



where I denote by 4 ji; and [j; the equilibrium choices for high and low skilled labor that are made
by all firms in industry i producing in country k for the supply chain of country j. Recall that
producers of all varieties @ in a particular industry are identical so their equilibirum choices will
be the same; therefore, I suppress the notation indicating the variety. Because labor is perfectly

mobile across all industries, wages will equalize across industries and this equation will hold for

o—1

. . . . Zi\% o .
every industry i. In the expression above, we can think of the term (ﬁ) ? as representing
J

-1
the relative demand for high-skill labor and (7’—:’) ? as representing the relative supply of labor
Jki
in industry i. The demand will be affected by the amount of technology being utilized in a given

country and industry and the supply will be subject to the normal Stolper-Samuelson forces.

In what follows, for simplicity, I will consider only two industries i € {1,2} with Industry 1 being
relatively high-skill intensive and Industry 2 being relatively low-skill intensive (8; > 6,). The
results and logic will extend to the multi-industry case.

Standard H-O

Suppose for the moment that o = 0. In this case, technology capital is not used at all in production

and the expression for the skill premium simplifies to

-1

@ _ 0; (hjki)“ (13)
Wk 1—9,' ljki

which is equivalent to the skill premium in the standard H-O model and the logic from the 2x2x2
H-O model follows. Meixco is relatively abundant in low-skill labor while the United States is
relatively abundant in high-skill labor. Therefore, absent any role for technology, i.e. & = 0, when
countries are in autarky, the relative wages are completely determined by the aggregate supply of
factors in the country and the skill premium will be higher in Mexico. Once the countries open
to trade, because it’s relatively less expensive to make the low-skill intensive good in Mexico,
the low-skill abundant country, Mexcio will move towards specializing in producing goods from
Industry 2. Likewise, the United States will move towards specializing in the production of goods
for Industry 1 since it is less expensive to produce that good in the United States than in Mexico.
If both countries were to completely specialize in the producing their respective goods, meaning

that the entire labor force would be dedicated to production in that industry, the skill premia in the
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United States and Mexico would become

H 2
Yoo o) (@) (14)
w 1-6, \ Ly

H 6, [(Hy\<
e (B 15)
Wy 1— 92 LM

Because there would have been some portion of the labor force producing for each industry in
autarky in order to satisfy demand for both goods, the movement to specialization drives the skill
premium down in the United States and up in Mexico. 3 This is true even in the case of incomplete
specialization, as the result is driven by the facts that 6; > 6, and that a greater proportion of the
labor force being dedicated to the high-skill intensive industry in the United States and a greater
proportion of the labor force working in the low-skill intensive industry in Mexico after trade

liberalization.

Role of Technology Capital

Now, if o > 0, technology capital will be a necessary part of the production process, the skill
premium will be expressed as in Equation (12), and the relative demand for labor will therefore
be affected by technology capital. In order to understand how the skill premium is impacted by a
trade liberalization, first note that if ¢ > 1 and Zj; increases following liberalization, then the skill
premium will increase, all else equal. Therefore, an increase in technology capital may offset or
completely overturn the pressure on the skill premium that arises due to labor reallocation across
industries. Moreover, the increased availability of more productive technology due to a decrease

in trade barriers will decrease the incentive for labor to reallocate across industries.

There are two forces that may cause technology capital in the world to increase. The first is what
I refer to as the “adoption channel” whereby Mexican producers upgrade to using the more skill-
intensive technology of the U.S. final goods producers in order to produce for their supply chain.
This occurs as the tariff on the intermediate good produced for the U.S. (7j;) falls or the distortion
to the use of the U.S. technology capital (’L']Z.kl.) falls. A reduction in either distortion results in the
Mexican intermediate goods producer shifting towards producing more for the U.S. final goods

producer than they did pre-liberalization.

The second force is what I refer to as the “investment channel,” which is the increase in invest-

ment in technology capital by the final goods producer that will occur as a result of an increase

3See appendix for details.
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in the rental rate for that technology. As barriers to trade fall, the technology of the United States
will begin to be used more intensively in Mexico as discussed above. This increases the return to
investing in that technology for the American final goods producers. All else equal, these produc-
ers will increase investment in their technology capital. This is a secondary driver of increased
technology in Mexico and the primary driver of increased technology in the United States.I will
explore each of these pieces through some simple comparative statics. I will provide the intuition

in what follows, while details can be found the the appendix.

Adoption Channel

In order to see how the adoption channel operates, suppose for the moment that there is only one
industry, i, so high and low skilled laborers are fully employed therein and there is no reallocative
pressure from the H-O mechanism discussed above. Changes both to the tariff, 7j;, and to the
distortion to the use of foreign technology capital, ‘L']Z.kl., will contribute to the adoption channel.
Suppose first that there is a reduction in the tariff on the good and consider the problem of the
final goods producer in the United States (Equations 1 through 4). Because the intermediate goods
producers are monopolistic competitors, they will charge a constant mark-up over marginal cost,

H  H .
C(Wk y Wi »’”kkiarjki) :

H  H
Piki = PTiwc(Wi , Wi, Tikis Tjki)

When the tariff falls, all else equal, the effective price paid by the final goods producer for the
Mexican intermediate will also fall, therefore increasing the amount that the U.S. final goods pro-
ducer demands from the Mexican intermediate firm. In order to meet this demand, the Mexican
intermediate goods producer must rent more of the U.S. technology capital, Z;;, and allocate more
labor to producing for the U.S. production line, which is more skill intensive (Zy; > Zy;) since
the autarkic levels of technology capital will be determined by the skill level in country. This re-
allocation towards producing for the U.S. final good will, therefore, increase the skill premium in

Mexico.

To see the second way in which the adoption channel might be activated, consider the inter-
mediate goods producer’s problem in Mexico (Equations 5 through 7) and suppose that there is
a reducion in the distortion to foreign technology capital. The intermediate goods producer is
effectively paying a tax on his use of foreign technology capital, Zy;. As the distortion on that
technology capital falls, it becomes less costly for him to produce for the foreign final goods pro-

ducer. Therefore, all else equal, he will reallocate resources toward that production line. This will
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again cause the producer to adopt more U.S. technology capital, thus affecting the skill premium

as before.

Investment Channel

In order to understand the investment channel, consider the expression for the rental rate for the

U.S. technology (Zy;) being used in Mexico by an intermediate goods producer for Industry i

pjki(®)

Tiki = pG,-oc A] [9, (Z/gh}];a> o + (1 — 9»[5 Zki o hjki c (16)

where
R S
T = TyTjki

As can be seen in Equation (16), the tariff on the good and the tax on technology capital serve
to reduce the return to renting technology across borders. Therefore, as either of these distor-
tions decrease, the return to investing in the technology capital increases, thus increasing the U.S.
final goods producer’s investment. The key assumption here is that the technology capital is non-
rivalrous and so the total return to investing in it is equal to the sum of the return in each country.
All else equal, the domestic return will be unaffected by the reduction of the trade distortions,
while the foreign return will increase. This means that the total return increases, incentivizing the

final goods producer to increase the stock of technology capital.

6 Calibration and Quantitative Results

I now turn to the calibration of the model and the implications of the calibrated model for the
key observations in both countries. Additionally, I discuss sensitivity of the results to the selected

calibration.

6.1 Calibration

I now calibrate the model to quantify the extent to which it can account for the increase in the skill

premia. Table 3 details the fixed parameter values chosen, as well as the source for these parameter
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selections.

Parameter Value Source
B 0.96 Annual return on risk-free bonds
p,0 0.63 Trade literature
0j 0.08 McGrattan & Prescott
Ap 0.25 Relative value-added per worker in 1985

Hy 0.28  CPS - Fraction of Population with Some College 1985
Hy 0.09 ENOE - Fraction of Population with Some College 1985
Ly 0.72 CPS - Fraction of Population with No College 1985
Ly 0.91 ENOE - Fraction of Population with No College 1985

Table 3: Fixed Parameter Values

Some of these parameters deserve discussion. In particular, I calculate the relative total factor
productivity (TFP) in Mexico (Ap) to be 0.25. Note that I normalize TFP in the United States to
be 1. I then calculate the relative value added per worker in the manufacturing sector in Mexico in
1985. I choose the manufacturing sector instead of the overall economy because my skill premium
data pertains to the manufacturing sector only. For the relative supply of high-skilled workers, I
use the household surveys that are available for both countries. The data analog to high-skilled
workers are non-production employees. Since these are defined to be managers and technicians,
I look at individuals with some college. This includes individuals with technical training. I do
not want to rely on the ratio of non-production to production employees in manufacturing because
this is an equilibrium outcome which is reflective of the skill intensity of manufacturing. While
both countries have similar ratios of non-production to production employees in manufacturing,
the ratio of college to non-college individuals differs substantially across the two. I utilize this
difference in order to rationalize the large observed difference in initial skill premia. The rate of
time discounting (f3) and the substitutibility of intermediate goods (p, @) are taken directly from
the literature. The model unit of time is one year. Although changing these parameters would
affect the initial calibration, they do not impact the qualitative results in terms of changes in skill
premia. Moreover, the initial calibration is not particularly sensitive to these parameter choices.
As in McGrattan and Prescott (2009),  is not separately identified from o; the parameters jointly
determine the return to technology capital. T am going to hold fixed 6 and conduct sensitivity
analysis on  but it should be noted that each value of & is dependent upon the associated rate of

depreciation, §.

The most important parameters for the results are technology capital’s share of income (o) and
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Parameter Value Interpretation

% 1.41 Relative Skill Intensity of the Sectors
a 0.39 Technology Capital’s Share
o 1.98 Elasticity of Substitution between H & L

Table 4: Calibrated Parameters

the elasticity of substitution between high- and low-skill labor (o). Also important is the ratio of
the factor share parameters in the production function <%> which determines how relatively skill
intensive each sector is. In order to pin these parameters down, I match three moments in the data:
(1) the ratio of royalties to payroll in Mexico in 1985; (2) the Mexican skill premium in 1985; and
(3) the U.S. skill premium in 1985. I match the parameters via the general method of moments

(GMM).

Moment Data Model

Ratio of Royalties to Payroll - Mexico 1985 0.055 0.058
Skill Premium - Mexico 1985 203 2.03
Skill Premium - U.S. 1985 1.42 142

Table 5: Target Moments

Table 4 shows the parameter values resulting from the calibration exercise and Table 5 displays
the targeted moments in the data and the model’s fit with them. As Table 5 shows, the model hits
the target moments. The estimated elasticity of substitution between high- and low-skill labor is
in keeping with estimates from the literature, though it is on the high side of the acceptable range.
I assume that the elasticity of substitution is the same across countries. Likewise, I assume that
technology’s share of income is the same across countries. I do this for two reasons. The first is that
I have data on royalty payments only for Mexican manufacturing. Because royalty payments over
payroll is the obvious data analog to technology’s share of income, I want to match this moment
precisely in order to discipline . In the absence of royalty data, I have no way of pinning down
this parameter. The second reason is that these two parameters (¢, o) are the parameters to which
my model results are most sensitive. I do not want the difference in production functions to be
driving the results. I will conduct sensitivity analysis to the choice of these variables but will not

allow them to vary across countries.
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6.2 Results

I now conduct an experiment in which I move the countries from the fully closed economy (au-
tarky) to the one with no barriers to trade or technology flow (7, 7, = 0). This is the extreme case
and will serve as an an upper bound on the extent to which the increase in the skill premia can be

accounted for by the proposed mechanism.

Closed Trade in Goods & Technology %A
Data Model Data Model Data Model
Mexico 2.03 2.03 3.1 2.8 504 394
US. 142 138 1.6 1.5 11.0 8.0

Table 6: Results - Autarky to Free Trade

As Table 6 shows, the model is able to capture over two thirds of the rise in the skill premium
in Mexico and in the skill premium in the United States. For contrast, in Table 7, I report the rise
in the skill premium that occurs in the model without technology capital (¢ = 0), which is the
H-O analog. Here, I use the same values for @y, @, and & as in the model with technology capital
and simply set o = 0. This implies that the initial steady state will not match the target moments,
so I only report the percent change between the closed and open steady states, not the levels.
In this case, the Stolper-Samuelson effect is present for Mexico; the skill premium in Mexico in
the open economy is 10% lower than it is in autarky. You will notice that, perhaps surprisingly,
the increase in the skill premium in the United States is smaller in the world without technology
capital. This means that the Stolper-Samuelson effects are not the main driver of the increase in
the skill premium in the United States. There are two reasons for this. First, is the investment
channel that I explored above serves to increase the skill premium. Second, the Stolper-Samuelson
effects are not as strong here as they would be in the most basic H-O model. This is because, here,
intermediate inputs are relative complements, and in the most basic H-O model, there are only two
goods which are substitutes for one another. Therefore, when industries integrate, the intermediate
inputs from the two countries are relative complements and so there is a tendency for demand for
the factors of production to move in the same direction in the two countries. This implies that the
fact that Sector Y integrates is, in part, responsible for the skill premia moving in the same direction
in both countries. In the absence of technology capital, however, the increased (world) supply of
unskilled workers dominates and the skill premium falls. There are parameter values for which the
skill premium rises in the United States and falls in Mexico. However, the skill premium in the

United States never rises as much as it would in a world in which goods are gross substitutes.

28



%A
Data Model
WithZ NoZ
Mexico 504 394 —-9.78
U.S. 11.0 8.0 1.00

Table 7: Results - Baseline Model vs H-O Analog

Figure 5a shows the fit of the skill premium in the model relative to the data and its transition
path from one steady state to the next. The red lines correspond to Mexico and the blue lines
correspond to the United States. Consider first the output for Mexico. The line with circular
markers denotes the data and the solid line corresponds to my baseline model. Notice that, while
the baseline model features a smooth transition between the autarkic steady state and the free trade
steady state, the initial jump in the skill premium in the first period is pronounced. This is due to the
fact that there is no cost to the producers of the intermediate goods for switching from producing
for the Mexican supply chain, which uses the Mexican technology capital, Zy ,, to producing for
the American supply chain, which uses the U.S. technology, Zy ,. Because the more advanced
technology becomes immediately adopted, there is a large initial jump in the skill premium. This
is the adoption channel at play. The rest of the increase in the skill premium is driven by the
investment channel. As the U.S. invests more and more into the stock of U.S. technology capital,
Zy y, Mexican firms continue to adopt this technology. This additional adoption would not happen,
however, if the U.S. were not investing additional resources into Zy . For contrast, I have also
included the results for the world without technology capital (setting o = O but keeping all other
parameter values fixed at the calibrated values), which is the basic H-O model. This is represented
by the red dashed line for Mexico. Notice that in the absence of technology capital, the skill
premium falls immediately. This is because there are no dynamics in the basic H-O model and so
the model transitions immediately to the new steady state, where Mexican firms specialize entirely
in the production of the unskilled-intensive good, or the good produced in Sector X. The new
steady state in the H-O world features a falling skill premium in Mexico, just as standard trade
theory predicts.

Now, I turn my attention to the results for the United States, which are denoted by the blue
lines. Again, the line with circular markers is the data, the solid line is the result of the baseline
model, and the dashed line is the result of the basic H-O analog using the calibrated parameter
values from the baseline model. We can see in Figure 5a that my baseline model also increases

the skill premium in the United State by more than the H-O analog. This is precisely because of
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the investment channel. In the basic H-O setup, there is an immediate jump in the skill premium
due to specialization. Because firms can switch immediately to production of the good in which
they have the comparative advantage and there is no dynamic accumulation of any sort of capital
(technology or otherwise), the transition from one steady state to the next is immediate. In the
model with technology capital, however, there is a slower transition to the new steady state, while
the stock of technology capital is being accumulated to its new steady state level. As the Mexican
firms adopt more and more of the U.S. technology capital, the return to investing in this technology
capital continues to increase. Therefore, the U.S. final goods producer will continue to invest in
additional technology capital until the marginal return on that investment is maximized, which
occurs once all of the Mexican firms that will switch to producing for the American supply chain
have completed their transition. We see this as a gradual transition from the initial closed economy

steady state to the one in which supply chains are integrated across countries.

Figure 6 displays the results of the model for imports to and exports from Mexico as a frac-
tion of the value added in manufacturing. In the model, all output is manufacturing output, so
the closest data analog is manufacturing imports and exports over value added in manufacturing.
Recall that the model does not fully incorporate the back and forth trade that is inherent in sup-
ply chain relationships. Therefore, it is natural that the model would underestimate imports and
over-estimate exports, since it is not accounting for some of the re-importation that occurs via the
supply chain and it is, therefore, over counting the value-added of the exported goods. Exports
increase to about 12% of value added in the data and to about 16% of value added in the model,
while imports increase to about 12% of value added in the data and to about 4% of value added in
the model.
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I now turn to the fit of the model with shifts in employment from one sector to the next. In order
to compare this measure to the data, I will have to decide which industries belong in the integrated
sector (Sector Y) and which belong in the non-integrated sector (Sector X). The choice of these
industries is not obvious because every industry in Mexico imports some inputs and exports some
goods. I do not have data directly linking Mexican firms to their American counterparts, so I cannot
directly measure the percentage of firms that are actually part of the U.S. supply chain in the data.
Therefore, I instead define the industries using skill-intensity. I have assumed in the model that
the integrated sector is the more skill-intensive of the two. Therefore, I use those industries with
skill-intensities that are above average to be those industries that are in Sector Y. Figure 7 displays
the data (solid line) versus the baseline model and the H-O analog. As expected, in the H-O
model, employment in the integrated (skill-intensive) sector falls as Mexico begins to specialize
in production of the unskilled-intensive good. In the baseline model, as in the data, employment
in the integrated (skill-intensive) sector rises. There is a greater rise in employment in Sector Y
in the model than in the data, which may be attributed to the fact that much of the specialization
that occurs after trade liberalization occurs within, not across industries (see Goldberg & Pavcnik,
2007). I have abstracted from heterogeneity across firms within a given sector. Therefore, one
would expect to see more intra-industry shifting of employment in the model than in the data.
Ideally, I would be able to identify firms as having integrated or not, but this observation is not

available in the data.

Recall that the experiment above is for the extreme case of complete autarky to fully open
economies. This may not be a bad exercise to do because in the early 1980s, Mexico was one of

the most closed economies in the world and by the late 1990s, it was one of the most open and in
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many ways was almost completely integrated into the U.S. market. Notably, full adoption of the
intellectual property rights laws of the United States was part of the NAFTA agreement, though
Mexico began to adopt these laws as early as 1989 (DuMars, 1991). I view this adoption as one
of the important reduction in distortions that occurred to allow supply chains to integrate and final

goods producers to share technology with their intermediate goods producers.

In Figure 8, I show the sensitivity of my results to the proposed change in 7,. Recall that moving
from autarky to free trade is essentially moving from a high level of distortions to no distortions
(T, = oo to 7, = 0). Figure 8 shows how my results would change in a less extreme case. Notice that
if these distortions are sufficiently high (7, > 3) the Mexican intermediate goods producing firms
choose to specialize in producing intermediates for Mexican final goods producers using Mexican
technology. If the change in this distortion is sufficiently small, there are no changes in the skill
premium due to the “investment channel” in the United States. This is because sufficiently small
amounts of U.S. technology are adopted so that the return on technology capital does not change.
This, in turn, reduces the firm’s incentive to increase investment, thus eliminating the investment
channel. As discussed above, the skill premium may rise as a result of integration of supply chains,

depending on the relative complementarity of intermediate goods.

6.3 Sensitivity Analysis

The most important parameter for determining the change in the skill premium is @, as it governs

the importance of technology in production and its complementarity with high-skilled labor. Figure
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Figure 9: Sensitivity of Change in Skill Premium to Technological Parameters

Notice that when o is very close to zero, the Stolper-Samuelson effect dominates and the
skill premium in Mexico actually falls as Mexico integrates with the United States. However, as
o approaches one, the Stolper-Samuelson effect is no longer important and trade in technology
dominates.

Also important for determining the change in the skill premium is ¢, which dictates how sub-
stitutable skilled and unskilled labor are. Figure 9b shows the sensitivity of the change in the skill
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premium to this variable. Estimates in the data for o range between 1.4 and about 2, so I show that
range of value for o on the x-axis of figure 9b. In Figure 9b, we see that if skilled and unskilled
labor are more substitutable, the change in the skill premium is greater in the open economy than
if the two types of labor are less substitutable, though the results are not particularly sensitive to
this value. Figure 10 shows how the results change when o and o jointly change. As both pa-
rameters increase, the change in the skill premium in response to a trade liberalization increases.
These parameters cannot be estimated individually from the data, but have to be determined jointly
from the calibration procedure. As seen in Figures 9a and 9b, the results for the change in the skill
premium are much more sensitive to the value of «, though the value of ¢ is important matching

the initial levels of the skill premia.
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Also of interest is the relative productivity of the trade partner, Ay;. Although this can be
directly calculated from the data and so its value is not in question here, it may be of interest
so that we can think about how the model would operate when the trade integration is between
two countries that are more similar in terms of their initial productivities. In Figure 11, I show
how the results change for different levels of productivity. Moreover, in figure 11 if the coun-
tries have greater differences in their productivity, trade increases the skill premium in Mexico by
much more. This exercise gives implications of the model for the impact of trade in technology
between two countries with similar productivities. In particular, if two advanced economies, such
as Canada and the United States, were to engage in trade in technology, it would be far less likely
that Canada would adopt the technology of the United States to the same extent that Mexico did.
The investment channel would still be at work, however, and so there could be a modest rise in the
skill level of technology capital in each country, depending on how much of the American tech-

nology was used in Canada and vice versa. The increased marginal return to technology capital of
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the final goods producer in the U.S. depends on the Canadian intermediate goods producing firms’
willingness to switch from producing for the domestic final goods producer to producing for the
American final goods producer. Because the two countries would have initial stocks of technology
capital that would be similar, it is unlikely that the return to investing in the technology would
change substantially after liberalization. This is broadly consistent with the data on the Canadian
manufacturing skill premium following NAFTA. The skill premium in Canada rose by an amount

similar to the increase in the skill premium in the U.S.
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Figure 11: Sensitivity of Changes in Skill Premium to Ay,

The sensitivity analysis suggests that even for values of o and o which are lower than the
calibrated values, the model can deliver growth in the skill premium of the sort that we observed
over the late 1980s and early 1990s in Mexico. Notice that the sensitivity analysis was all done with
respect to changes in the Mexican skill premium. A robust feature of the model is that it delivers
a relatively larger increase in the skill premium in Mexico than in the United States, which is a
feature that other models of the skill premium lack. The disproportionate rise of the skill premium
that occurs in Mexico arises because Mexican intermediate goods producers begin to produce for
the supply chain of the U.S. final goods producers, and hence, adopt of these firms. There is an
investment effect on the skill premium in both countries, but the majority of the increase in the

skill premium in Mexico will come from the adoption of the American technology.

7 Conclusion

In this paper, I have shown that integration of supply chains is an important channel by which
technology may be shared across countries and, thus, is an important determinant of the impact

that a trade liberalization has upon relative wages. The theoretical model that I use to generate
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predictions for the changes in the skill premia following a trade liberalization is a standard two-
country trade model, modified to include technology capital which can be traded across countries.
I conclude that, once we consider the trade in technology that inherently occurs as part of inte-
grated supply chains, the increase in the skill premia in both the United States and Mexico, with a
disproportionate increase in the Mexican skill premium, is not a puzzle. The model predicts that,
while the skill premium rises in both countries, it rises in Mexico by much more than the skill pre-
mium in the United States. I have provided evidence of supply chain linkages, as well as evidence
that these linkages are important predictors of technological transfer and increasing skill premia. I
have further shown that the patterns observed empirically are quantitatively consistent with those

predicted by this theory.

My model embeds the standard Heckscher-Ohlin forces and when I shut down the importance
of technology in production, I find the standard prediction of a falling skill premium in the Mexico
and a rising skill premium in the United States. Allowing for trade in technology overturns this
result because it allows for technology adoption in Mexico to spur increases in investment in that
same technology in the United States. A key reason that this was possible in the case of Mexico is
Mexico’s adherence to U.S. intellectual protection laws, which decreased the distortions to using
American technology in Mexico. This has implications for other trade relationships and liberal-
izations. Perhaps the reason that we do not observe such large increases in the skill premium in
other developing countries as they open to trade is that trade in technology is hindered by the lack
of intellectual property protection in those countries. In future work, I to plan micro-found the dis-
tortion to the use of U.S. technology in Mexico and then to extend the analysis to other countries
whose skill premia rose following trade liberalizations, such as Chile and Colombia, but by much
more modest amounts than the increase observed in Mexico. As a first pass, it is evident that these
countries conduct far less intra-industry trade with the developed world than Mexico does, which

indicates that their firms are far less integrated into the supply chains of the advanced economies.

The framework developed here can be extended along a number of dimensions. An interesting
avenue for future research would be to model the strategic interaction between the final goods
producer and the intermediate goods producer which gives rise to the distortion on the use of
technology capital in the foreign country, 7,. Better understanding of this relationship will provide
a framework to explore the disparate responses to trade liberalization across countries. Another
possible extension would be to allow for heterogeneity in some exogenous productivity at the
firm-level. Burstein and Vogel (2010) show that reallocation across firms can have an impact on
inequality. Allowing for this feature in my current framework would allow me to use more of
the plant-level data to test the accuracy of the model. Moreover, it would allow me to study how

technology capital gets allocated across intermediate goods producers in Mexico and, therefore,
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how this contributes to cross-plant variation in wages and the skill premium. A third extension is
to model the costs to the worker of changing sectors. This will create cross-industry variation in

wages and the skill premium, again allowing for more external checks of the theory.

This paper provides a model for beginning to think about technological transfer and the impact
that this transfer has both upon countries that adopt it and upon the firms who invest in it. I have
demonstrated that technological transfer can play an important role in determining the skill premia
of countries that liberalize to one another. An interesting issue that remains is identifying the
reasons that technological transfer occurs to a greater or lesser extent when certain countries open

to trade and the implications that this has for inequality.
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Appendix

Additional Model Details

Households

Households in country k choose a consumption bundle {c};c; and bond holdings (b;) to solve the

following problem:

max ) B' ) log(cu) (17
t=0 i
S.t.
Y Piicki+ by = Wil Hy+wiLi+ (1+ )b+ Y Dy (18)

In a given country, the households are identical and so in a closed economy, no bonds will be
traded. Across countries, the endowment of high-skilled and low-skilled labor varies. In addition
to the market clearing conditions laid out in the text, there will also be a bond market that must

clear:

Ybe =0 (19)
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