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Abstract

We explore the impact that the renegotiation of NAFTA would have on both high- and low-
skilled workers in the United States. We build a multi-country general equilibrium trade model
with vertically integrated supply chains and trade in both intermediate goods and the technolo-
gies necessary to produce them. The technologies used to produce intermediate goods are
assumed to be non-rivalrous and skill-augmenting. We find the freer trade generally increases
inequality through increased investment in the skill-augmenting technology, but a reduction in

trade with Mexico does little to offset the existing inequality in the United States.
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1 Introduction

The North American Free Trade Agreement (NAFTA) became the subject of much focus and
concern in the 2016 Presidential campaign. Then Presidential-candidate Trump made claims that
NAFTA was a deal that “hurt American workers” and made illusions to the idea that economic
inequality had increased a result of the increased trade with Mexico that followed the signing of
the 1994 deal with Canada and Mexico. He further suggested that renegotiating the deal would
serve to reverse some of these losses experienced by American workers. In this paper, we explore
these claims, examining the reversal of the NAFTA in a multi-country general equilibrium trade
model in order to assess the extent to which high- and low-skilled workers will be impacted by a
re-negotiation of the trade deal. We build upon Waddle (2017) in order to explore several policy
alternatives and their impacts on employment and relative wages of high- and low-skilled workers.
We find that, although re-negotiating NAFTA would reduce trade with Mexico, it does little to
reverse inequality in the United States. These results depend crucially on our assumed policy
alternatives. In particular, our results depend on our assumptions about tariffs between the United
States and Canada in the post-NAFTA era, as well as our assumptions about the U.S.’s tariffs with

the rest of the developing world, including China.

A key component of the model is the use of a non-rivalrous technology in the production of
intermediate goods. Because this technology is assumed to be non-rivalrous and necessary to the
production of the traded intermediate good, increased trade which results from decreased tariffs
will cause an increase in investment in this technology. The logic is as follows: a non-rivalrous
technology, such as a blueprint, can be used by multiple users at once without reducing its useful.
Therefore, when they are more users of that blueprint, its effective productivity increases and
therefore, the incentive to invest in that technology is increased. This causes an increase in the
overall stock of these technologies, or ideas. We assume that technologies are skill-augmenting
and serve as substitutes for unskilled workers. There is a large literature that argues that recent
technological advances are complementary with high-skilled workers, while replacing low-skilled
ones. We take this as given and explore the interaction of trade with this observation. We build on
the model in Waddle (2017) and consider a world with five countries: the United States, Canada,
Mexico, other advanced countries, and other developing countries. We want to capture the idea
that there are countries which could substitute for either Mexico (a developing country) or Canada

(an advanced economy) in the production chain of any American country.



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 our own are Feenstra and Hanson’s 1996 empirical
and theoretical work on the importance of foreign direct investment (FDI) in Mexico, Acemolgu’s
2009 theoretical exploration of linkages between trade and technological upgrading, and Burstein
and Vogel’s 2017 quantitative analysis of a particular mechanism linking trade and technology.
Empirically, 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. We
see our 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. We focus on the transfer of technology through
non-ownership channels precisely because trade increases substantially before NAFTA but direct
investment does not. We provide evidence that supply chains are an important channel through
which technology is transferred. The mechanism proposed in their paper is also similar to what we
propose. However, in their setup, the investment channel that we 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. We, 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 our 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.
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We contribute to the emerging literature on the interaction between trade, technology, and
inequality. Our work complements papers such as Acemoglu (2009), Acemoglu, Gancia, and
Zilibotti (2012), and Burstein and Vogel (2017), 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 We 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. Our 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 (2017) build a quan-
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. Our 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 our 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 our 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 (2017) 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.

More generally, we contribute to a literature that examines the trade linkages between develop-
ing and developed countries and how these impact technological adoption and therefore the skill
premium.Bustos (2011), the author analyzes firm-level panel data covering the period of Argen-
tinian 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 mech-

anism that is similar but distinct from the one that we 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 pro-
ductive 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 in-
crease, 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 lib-
eralization. There is a similar observation as a result of trade liberalization in our model; however,
our model differs both in terms of the key assumption and the implications for the impact of a trade
liberalization. First, the key assumption in our 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 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 we 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.This paper is also re-
lated 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 we model here, but importantly, the capital that is traded in
our 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 addi-
tional location that their marginal product increases. 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. We contribute to this literature by proposing an
alternative way that this technology is accumulated and then transmitted from one country to the

next, and We provide evidence of our hypothesis.

The paper is organized as follows: In Section 2, we provide brief background information on
the North American Free Trade Area; in Section 3, we provide a summary of changes in inequality
and evidence for the importance of trade linkages for the skill premium: Section 4 contains our
model and its theoretical analysis; Section 5 provides an analysis of the model and describes its

theoretical predictions; Section 6 presents a quantitative exercise; and Section 7 concludes.

2 History of NAFTA and U.S. Trade

This section briefly describes the policies that were implemented in the United States as a result
of the trade negotiations that began in the mid-1800s. The North American Free Trade Agreement
(NAFTA) was proposed in the late 1980s with a central goal of reducing trade costs, increasing
business investments, and helping North American countries be more competitive on the global
scale. Ronald Regan was the first U.S. President to propose a common market between the coun-

tries, in part to remain competitive with the development of a European common market and in part



in response to increased manufacutring competition coming from Japan. President George H.W.
Bush began negotiation of the free trade agreement with Canada, but this was quickly replaced by
negotiations on a trilateral agreement between the U.S., Mexico, and Canada that began in 1991.
In 1992, George H.W. Bush, Meixcan President Carlos Salinas de Gortari, and Canadian Prime
Minister Brian Mulroney signed the trilateral agreement. In 1993, the legislatures of the three
countries ratified it and in December of 1993, President Bill Clinton signed it into law. It entered

into force on January 1, 1994.

Several important trade liberalizations between the countries precede NAFTA. In the 1980’s,
Mexico joined the General Agreement on Trade and Tariffs (GATT) and embarked on a large-scale
unilateral trade liberalization whereby tariffs on U.S. goods dropped from an average ad-velorum
tariff of 25% in 1986 to an average ad-velorum tariff of 10% in 1989. Moreover, Mexico moved to
substantially reform their system of restrictive import quotas. Similarly, in 1989, Canada and the
United States signed a free trade agreement which eliminated tariffs, reduced many non-tariff bar-
riers, and implemented a mechanism to arbitrate trade disputes. NAFTA built upon the Canadian-
U.S. agreement and augmented it with provisions dealing with intellectual property, environmental
protections, and established teh CANAMEX Corridor for road transport between Canada and Mex-
ico. Additionally, it granted the signatories Most Favored Nation (MFN) status, eliminated barriers
to trade, facilitated cross-border movement of goods and services, and had as its stated goals the
promotion of fair competition and increasing investment opportunities. Changes in tariffs and
other industry protections were phased in, with the slowest implementation being in agricultural

products.

There is disagreement as to the size and scope of the effects of NAFTA. Opponents claim that
it has destroyed manufacutring jobs and put downward pressure on the wages of the less skilled
by encouraging multinational corporations to move production overseas. Proponents claim that it
has reduced prices for consumers, boosted U.S. exports, and created jobs as a result. Economic
data and analysis are mixed, with the most recent analyses finding limited impact on wages and
employment at the local level (see, for example, Hakobyan and McLaren 2016). In what follows,
we will initially take the level of inequality in 2008 as given and will then analyze the impact that
rolling back the NAFTA provisions has upon that measure. We choose 2008 in order to avoid the

impact of the financial crisis upon wage inequality.



3 Evidence on Skill Premia and Trade

In this section, we present first information on the patterns of skill premia for the United States and
Mexico both preceding and following NAFTA. We then provide evidence of technological transfer
through supply chains.

3.1 Skill Premia in Mexico and the United States

In what follows, we 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 1a. 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 we will concen-
trate on comparable measures of the skill premium in this paper. As can be seen in Figure 1a, the

manufacturing skill premium in the United States also began to rise in the mid-1980s.
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Figure 1: Skill Premia in U.S. and Mexico



Inequality for the United States has been rising since the early to mid-1980s, with an increase
after the inception of NAFTA. We will use the skill premium as our measure of inequality in order
to examine whether the reversal of NAFTA will be able to decrease the observed inequality in the
United States.

3.2 Evidence of Technology Transfer Due to Trade: A Case Study of an Auto
Plant

As an example of the transfer of technology capital, we 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 with

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 utilization 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 training 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.

Another example of the transfer of technology capital is the modification of the production

line layout. Figure (2a) shows the standard layout for a production line, where each circle with a



i

D
C—(3
oo o © @
C )
o ©
]

]
o o ® ‘ @
C— 1
(a) Standard (b) Modified

Figure 2: Production Line Layouts

cross in it represents a worker and each rounded solid box is a machine that needs to be operated.
Figure (2b) 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

transferring skill-augmenting technology capital across borders.

4 The Model Environment

Our model economy features two countries, Mexico (denoted by M) and the United States (denoted
by U), and [ 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 aforementioned
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. We
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. We will allow

9



certain parameters to vary across industries but the producers of varieties within an industry will

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

Final Goods Producers

In each industry and each country, there are perfectly competitive producers of a non-tradeable
final good which seek to maximize the infinite sum of discounted dividends. The final good in
country k and industry i is denoted Y;; and is composed of a CES aggregation of intermediate
varieties yy;;(®), 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,
Zii, 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, we will suppress the time subscript.

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

max ) FyiDy; (1)
t=0
S.t.
Dii = Yii—Ii+Zii (regi+ riji) — / Prji(@)yiji(@)do )
i = Zy—(1-8)Zy (3)
. 1/p
Vi = [/kaji(w)pdw] “4)

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 we 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
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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.

We 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. We 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 (j). He chooses output for
the domestic market (yi;(@)), output for the foreign market (y jx;(®)), skilled labor to produce for
the domestic market (/4;(®)), skilled labor to produce for the foreign market (% jki(a))), unskilled
labor to produce for the domestic market (/;;(®)), unskilled labor to produce for the foreign market
(ljxi(®)), and amount of domestic and foreign technology (Z;,Z;;) to maximize profits, taking the
inverse demand function, wages (wf ,w%), and the rental rates for technology (7, rix;) 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.

p.k. a)
max J l.(‘ )yjki(w) —thjki((o) —W%ljki((l)) _Zjirjkifjki (5)
je{umy ki
S.t.
o-1 o]
yiki(@) = Ag [91' <Z})§h};§a(w)> +(1=6) Lji(w) o vie{Uu,M} (6)
(@)\ 7
piki(®)\ P .
y(@) — (,,;) ) vi  Wje{u.m) ™
j
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where o > 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 i in country j, the country for whose supply chain the
intermediate variety is being produced. There are two wedges on the production, Tj; and T;k,
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; sz'k is included in order to capture this feature.

Aggregation and Market Clearing

Final output in each industry i and each country k£ must equal domestic demand for consumption

and investment from that industry

Yo = cp+1 Viel, keUM 8

and total output for each variety w 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/ (hkk[(w>+hjki(a)))d0) (10)
icl/Q;

Ly = Z/ (i (@) + Ui (@) do. (11)
iclJ €

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

An equilibrium of the world economy is a set of prices Py;, pxji(®); wages wkH , wi; rental rates for
technology capital ryj;; demand for labor & ji;(®), [ (®); quantities demanded yz ji(a)); demand
for consumption and investment cy;,i;; and quantities produced Yy;,y jx;(®) 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 £ in this model can be expressed as

H =1 =1
W 9,‘ Zji) c (hjki) c
—* = (1-a il 12
wh ( )1_91' (hjki Ljki (12

where we denote by & j; 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 equilibrium choices will
be the same; therefore, we 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

%
every industry i. In the expression above, we can think of the term <hz—’kl> as representing
Jki
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, we 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.
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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

@ = i(@)a (13)

Wé 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. Mexico 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, Mexico 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

United States and Mexico would become

H H %
v O (_U> (14)
w 1-61 \ Ly

H 2 Hy\ o
W_y _ 2 (_M) (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. 2 This is true even in the case of incomplete
specialization, as the result is driven by the facts that 8; > 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.

2See appendix for details.
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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 o > 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
we 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’jkl.) 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 per-liberalization.

The second force is what we 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
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. We
will explore each of these pieces through some simple comparative statics. We 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, 7, 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. ;» 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,
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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, Zy;, 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 reduction 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
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

Pk(w) B UT_I % o—1 a(o(';l)_] (lfagcfl)
ri = pOia =T A, {91' (Zena) “ +(—ag | 7,7y, (16)

where
T = Ttk
As can be seen in Equation (16), the tariff on the good and the tax on technology capital serve
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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 Quantitative Exercise

We now turn to a simple quantiative exercise to assess the impact of an increase in tariffs on
key observations for the U.S. and Mexico. In this exercise, we assume only two countries: the
U.S. and Mexico, and assume that relations with Canada will remain the same. The use of only
two countries is not innocuous, as in equilibrium there may be substantial shifting between low-
skill trade partners for U.S. producers. In particular, one can imagine that if the U.S. decreases
trade with Mexico, it may then rely more heavily on China in order to produce intermediate parts.
Furthermore, we assume only two industries in this exercise for simplicity. This assumption does

not affect the analysis greatly, though it does simplify computation substantially.

6.1 Parameterization

We now parameterize the model in order to quantify the impact that a change in tariffs will have
upon the skill premia. Table 1 details the fixed parameter values chosen, as well as the source for

these parameter selections.

Some of these parameters deserve discussion. In particular, we calculate the relative total factor
productivity (TFP) in Mexico (Ay) to be 0.25. Note that we normalize TFP in the United States to
be 1. We then calculate the relative value added per worker in the manufacturing sector in Mexico
in 2008. We choose the manufacturing sector instead of the overall economy because our skill
premium data pertains to the manufacturing sector only. For the relative supply of high-skilled
workers, we 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, we look at individuals with some college. This includes individuals with tech-
nical training. We 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 employ-
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Parameter Value Source

B 0.96 Annual return on risk-free bonds

p 0.63 Trade literature

0j 0.08 McGrattan & Prescott
Ap 0.25 Relative value-added per worker in 2008

Hy 0.28  CPS - Fraction of Population with Some College 2008
Hy 0.09 ENOE - Fraction of Population with Some College 2008
Ly 0.72 CPS - Fraction of Population with No College 2008

Ly 0.91 ENOE - Fraction of Population with No College 2008

Table 1: Fixed Parameter Values

ees in manufacturing, the ratio of college to non-college individuals differs substantially across the
two. We utilize this difference in order to rationalize the large observed difference in initial skill
premia. The rate of time discounting () 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), 0 is not separately identified from a; the
parameters jointly determine the return to technology capital. For the rest of the parameters, we

follow Waddle (2017), setting the parameter values equal to those chosen to match the pre-NAFTA

period.
Parameter Value Interpretation
% 1.10 Relative Skill Intensity of the Sectors
a 0.15 Technology Capital’s Share
(o] 1.64  Elasticity of Substitution between H & L

Table 2: Calibrated Parameters

The most important parameters for the results are technology capital’s share of income () and
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 (g—;) which determines how relatively skill
intensive each sector is. In order to pin these parameters down, we match three moments in the

data: (1) the ratio of royalties to payroll in Mexico in 2008; (2) the Mexican skill premium in 2008;
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and (3) the U.S. skill premium in 2008, following Waddle (2017). We matches the parameters via
the general method of moments (GMM).

Moment Data Model
Ratio of Royalties to Payroll - Mexico 2008 0.07  0.07
Skill Premium - Mexico 2008 2.83 3.01
Skill Premium - U.S. 2008 1.77  1.58

Table 3: Target Moments

Table 2 shows the parameter values resulting from our calibration exercise and Table 3 displays
the targeted moments in the data and the model’s fit with them. As Table 3 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.
We assume that the elasticity of substitution is the same across countries. Likewise, we assume
that technology’s share of income is the same across countries. We do this for two reasons. The
first is that we 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, we want to
match this moment precisely in order to discipline . In the absence of royalty data, we have no
way of pinning down this parameter. The second reason is that these two parameters (o, o) are
the parameters to which our model results are most sensitive. We do not want the difference in
production functions to be driving the results. The model has difficulty in matching both the initial
skill premium in Mexico and the initial skill premium in the United States. This is in part because
of our choice to keep the parameters governing these two data points the same across countries.
In the data, the skill premium in the United States is higher than one might expect, given the large
proportion of the population that is considered “skilled.” In Mexico, the opposite is true — the
skill premium is lower than one might expect in 2008, given the derth of skilled workers in that
country. Therefore, holding the parameters the same across the two countries creates a difficulty
for the model to match both moments. However, we will take the baseline as given and calculate

the percent change in the skill premia in both countries relative to their baseline.

6.2 Quantitative Results

First, we explore what happened when the U.S. and Mexico opened to one another, for comparison,
replicating the results in Waddle (2017) and using the calibration therein. Figure 3a shows the

fit of the skill premium in the model relative to the data and its transition path from the steady
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state in which the U.S. and Mexico were totoally closed to one another to the totally free-trade
equilibrium. 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; y, 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 = 0 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.
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Figure 3: Data vs. Model - Skill Premia

Now, we turn our 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

20



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 3a 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
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.

Our calibration was conducted assuming free trade between the United States and Mexico. We
now conduct an experiment in which bilateral tariffs increase by 10%. Table 4 shows the results
of this experiment. As can be seen, the change in tariffs effects the skill premium very little: the
skill premium decreases by 1 percent in Mexico and by 0.5 percent in the United States. This is
because an increase in tariffs does not impact the investment decision of firms very much and the
skill premium is largely determined by the stock of technology capital used in production. Part
of the liberalization that accompanied NAFTA was the implementation of IP protection laws that
allowed U.S. final goods producers to use their technology in Mexico without fear that it would be
illegally used without royalties being paid. Increasing tariffs does not serve to increase the wedge
on use of foreign technology capital. Recall from the intermediate goods producers’ problem
that there were two wedges on the production of goods for the foreign final goods producer: a
tariff on intermediate goods and a distortion to the use of foreign capital. For the purposes of this
exercise, we have assumed that the latter wedge does not change when NAFTA is repealed in the
model. Therefore, the decision of the final goods producer to invest in the technology capital is
not changed by much and so they continue to invest in their non-rivalrous technology. Because
the skill premium is largely determined by this factor, there is little impact on the skill premium

overall.
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Closed %A

Data Model Model
Mexico 2.83 3.01 1
U.S. 1.77 1.58 0.5

Table 4: Results - Increase Tariffs by 10%
7 Conclusion

In this paper, we explore the impact that increasing tariffs to their pre-NAFTA levels would have
upon skill premia in the United States and in Mexico. We show theoretically that, while tariffs
have an impact on the investment decision of the final goods producer, they are only part of the
story in determining the overall investment in technology capital. A modest increase in tariffs
from 0% to 10% produces very little change in the decision making of the final goods producer in
our quantitative exercise. Therefore, there is little change in inequality resulting from this policy
change. It is possible that if we were to take into account additional countries, these results would
be further weakened. In particular, if China were to improve its intellectual property laws in order
to increase U.S. production therein, we would expect to see the skilll premium continuing to rise in
the United States. Likewise, further opening between the U.S. and other advanced countries might
produce similar results. We find that, although trade has an impact on the level of technology
maintained by a final goods producer, that technology itself is primarily responsible for changes in
the skill premium. Moreover, similar to what has been found in the extant trade literature, modest
changes in tariffs produce only small changes in production and investment activities. Therefore,
we should not expect that withdrawing from NAFTA will reverse the steady increase in wage
inequality that has characterized the last 30 years. Withdrawing from the world economy will
not increase employment and wages of lower skilled workers sufficiently to justify the deleterious

effects of this poilcy.
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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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