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Why trade liberalizations increase the skill premium? To explain this empirical
evidence that is in contrast with the conventional theory of Heckscher-Ohlin, I build
up a general equilibrium micro-founded heterogeneous-firm model of international trade
where firms make decisions on their division of labor, and firms’ skill-intensities are
endogenously determined. I show why the exporters are generally more productive and
skill intensive and how trade cost reductions induce more productive firms to choose a
higher degree of labor specialization, become more skill intensive and start to export. I
further demonstrate how such internal horizontal organizational changes, after a trade
cost reduction, can directly increase aggregate skill intensity and the relative demand
for skilled workers, resulting in higher skill premium in a general equilibrium setting.
Lastly, T calibrate this model to the Mexican data to quantify the rise in the skill

premium in the period its trade liberalization 198571993. (JEL: F12, L.22, J3)

*Department of Economics, Sharif University of Technology (madanizadeh@sharif.edu). This paper was
part of my dissertation in the University of Chicago. I am grateful to Samuel Kortum (my adviser), Thomas
Chaney (my co-adviser), Ralph Ossa (my co-adviser), Nancy Stokey and Kerem Cosar for their support
and advices. I also thank Robert Lucas, Fernando Alvarez, Robert Shimer, Gary Becker, Harald Uhlig,
Oleg Itskhoki, Lorenzo Caliendo and Jon Vogel for their helpful comments. I also thank all the participants
of the International Trade workshop and the Capital theory workshop at the Economics Department of
the University of Chicago, participants of the Midwest Economic Association, and the HAND Research
Foundation conferences for their suggestions. Finally I thank the Department of Economics at University of
Chicago for the generous Fellowships.



1 Introduction

In the last two decades of the 20th century, many countries implemented trade liberalization
policies which opened them up to the international markets. Such policies were most notable
in Latin American countries as well as in India. Conventional theories of international
trade such as Stopler-Samuelson’s theorem have stressed that free trade would lead to a
greater degree of equality in a developing country, as low-skilled labor would be given the
opportunity to attain a higher level of welfare as it is exposed to larger market in which
its comparative advantage can be realized. However, as evidence shows, the skill premium,
which is defined as the relative wage of the high skilled and low skilled workers has risen
in the past decades following the trade liberalizations in those countries which implemented
such policies. As is shown in Table 1, developing countries have experienced increases in
skill premiums after their openings to trade. Recent literature has tried to identify various
mechanisms to explain this phenomenon, ranging aspects from the role of intermediate goods,
skill-biased technological change, capital flows, and immigration.

In this paper, by extending the model in Madanizadeh (2017) and Chaney and Ossa
(2013), I develop and quantify a micro-founded model of international trade with endoge-
nous skill intensities at the firm level, and show how opening to trade can raise skill pre-
mium in an economy through endogenous decisions on specialization at the firm level, and
within-industry reallocations of labor. In this new framework, consistent with the empirical
findings', I show how international trade induces firms to increase the level of worker spe-
cialization? and become more skill intensive; and how it increases the relative labor demand
of high skilled workers vs. low skilled ones, since there is more gain in specializing the high
skilled workers. Taking the supply of workers fixed in the economy, the relative wage of high

vs low skilled workers may increase as the relative demand has increased.

!See Goldberg and Pavenik (2007) and Pavnick (2007) as a survey on the literature about international
trade and inequality.

2See Monte (2011) and Caliendo et al. (2015) for the effect of international trade on the organization of
firms.



In this framework, a firm decides about the structure of its division of labor. Basically, the
firm chooses how many divisions of specialization it needs, how many tasks a worker should
perform in a division, and how it can coordinate different divisions in order to produce the
output. In particular, a firm designs its organization and assign its workers to different
imperfect substitute groups, performing different tasks. More groups means more division of
labor and specialization, thus more gains. Also the less substitute the groups are, the higher
gain the firm enjoys from this specialization. Here, I assume that the skilled workers are
generally less substitutable with each other giving an advantage towards their specialization.
This means that the difference between high and low skilled workers is that the skilled
workers’” gain from specialization is more than low skilled ones’.

On the other hand, in order to coordinate and set up the groups, the firm should pay
some "Fixed Specialization Costs" such as capital purchases and/or training, coordination or
monitoring costs. These costs create a trade-off, as having more groups gives a productivity
gain to the firm at the cost of paying the "Fixed Specialization Costs". This trade-off
generates an economy of scale based on the firm’s desire to meet its production demand.
Consequently, two variables positively affect the optimal degree of specialization: 1.) the
scale of a firm 2.) the productivity of a firm. As such, an increase in the production demand
or in the firm’s productivity would induce the firm to increase the number of its specialized
groups, resulting in an increase in labor productivity and becoming more skill-intensive;
thus, an increase in the output demand induces a firm to expand and demand relatively
more skilled workers. I look at the reallocation of high and low-skilled workers within the
industry as an outcome of a firm’s optimal decision on its division of labor and horizontal
organizational expansion.

As mentioned before, skilled workers have a higher productivity gain from their special-
ization; therefore, a firm benefits more from specializing them. This gap in the productivity
gain generates a shift toward the specialization of higher skilled workers. Thus, an increase

in a firm’s production demand or an increase in its productivity leads to the firm’s decision



Table 1: Changes in the skill premium in developing countries

Country  ASKill premium Period Definition of Skill Premium

Mexico 68% 87-93 University education to primary education
Colombia 15% 86-98 University education to primary education
Argentina 20% 92-98 University education no complete education
India 13% 87-99 University education to primary education
Brazil 10% 90’s University education no complete education/men

Note: Changes in the skill premium in developing countries in the periods of trade liberalization.
Source: Goldberg and Pavenik (2007)

to specialize its skilled workers to a higher extent. This biased expansion consequently in-

creases a firm’s relative labor demand (the ratio the demand for high skilled vs low skilled

workers).

International trade, through a reduction in trade costs, introduces a rise in demand.
This new demand induces the more productive firms to export; thus, old and new exporters
restructure to not only become more specialized, but also more skill intensive®. With reduc-
tion in trade costs, a larger number of productive firms and exporters endogenously decide
to become more skill intensive, and demand a larger number of high-skilled workers relative
to low-skilled ones. This horizontal organizational expansion, specially in the new exporters,
increases the proportion of more skill intensive firms in the industry. Such organizational
changes in the above mentioned firms result in a reallocation of high-skilled workers within
the industry toward the exporters. I show how these changes can result in a rise in the
aggregate relative demand of high-skilled, relative to low-skilled labor, and consequently a

rise in their relative wages.

In contrast to the above mentioned mechanism, another mechanism is active in general
equilibrium,too. As discussed above, the horizontal organizational expansion of an exporter

actually reduces it marginal cost, and hence its price. This implies a reduction in the industry

3Using French data, Caliendo and Rossi-Hansberg (2012) show that exporting firms have higher layers
of hierarchy in their organisations. Also Bustos (2011) uses Argentinian data and show after trade costs
reductions, new firm adopt higher and more skill intensive technologies.
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aggregate price. This drop in prices will push down the domestic aggregate demand; creating
a force which decreases the aggregate relative labor demand. In general equilibrium, this
new channel competes with the previous one which would have raised the aggregate relative
labor demand.

Interestingly, I find that trade liberalization initially increases and then decreases the skill
premium. In general equilibrium, I show that a full transition of trade liberalization from
autarky to free trade initially induces a rise, followed by a fall in the skill premium. Starting
from Autarky, a reduction in trade costs would make the first channel (the increase in the
extensive margin of more skill intensive firms) dominate. Therefore, the industry aggregate
skill intensity increases; and thus, it raises the skill premium. As the transition shifts toward
free trade, the second force comes to gain momentum and eventually it comes to dominate
the former at some point. The result of these forces is a drop in the industry aggregate
relative labor demand which diminishes the skill premium. Thus, the skill premium starts
to drop.

A by-product of the described model is the introduction of a new channel for the gains
from international trade*. As previously described, trade integration increases the exporters’
degree of specialization which raises their overall labor productivity; hence, leading to a rise
in the aggregate productivity of the whole industry. The increase in aggregate productivity
would translate to a reduction in aggregate prices and increases in real wages; thus making
this mechanism a new source of gain from trade.

To show the model’s results quantitatively, I calibrate the model to the data from Mexico
as a developing country by matching some moments of the model with the Mexican data. 1
match the fraction of exporters, export share of sales, skill premium and the average number
of employees per firm from data to the predictions of the model to calibrate the primitive
parameters of the model. Then I analyze several counterfactual scenarios to find out how

much of the increase in the skill premium in a trade liberalization period can be elucidate

4See Chaney and Ossa (2013) as a closely related work.



by my model. I find that 10% of the rise of the skill premium in Mexico from 1985-1993 can
be explained by this model through changes in the bilateral iceberg trade costs. I also study
the counterfactual policies of changing fixed exporting cost, foreign aggregate demand and
relative supply of high-skilled labor.

Finally, I analyze some comparative statics of changes in fundamental parameters of
the model: gains from specialization and fixed specialization costs. I show that an in-
crease/decrease in the gain from specialization of high/low-skilled workers or a decrease in
the fixed cost of specialization for the high-skilled workers can increase the skill premium;
although they have different implications on the extensive and intensive margins of trade.

Related Literature: In contrast to conventional theories, skill premium has risen in the
last decades following the worldwide trade liberalizations, even the developing countries. As
an example, Goldberg and Pavcnik (2007) document this fact by surveying the literature on
the trade liberalization effects on different measures of inequality. Haltiwanger et al. (2004)
looks into Latin American countries to document the effects of trade liberalization on the
skill premium. Revenga (1997), Hanson and Harrison (1999), and Feliciano (2001) study the
Mexican economy in this regard. Attanasio et al. (2004) show this fact for Colombia; and
also Currie and Harrison (1997) studies the Morocco’s liberalization period while Topalova
(2010) investigates the liberalization period in India. Wacziarg and Wallack (2004) study a
cross-country analysis to show the same fact.

As surveyed in Acemoglu and Autor (2011), there is an attempt to find mechanisms on
why the traditional Stolper-Samuelson effect is not observed. Feenstra and Hanson (1996)
show that developed countries out-source intermediate production into developing countries
with cheaper labor. These productions demand high-skilled workers in the developing coun-
tries. Thus demand for skill rises in the developing countries too, inducing a rise in the skill
premium.

From a different point of view, Krusell et al. (2000), Stokey (1996), Parro (2013) and

Burstein et al. (2013), Cragg and Epelbaum (1996) argues that capital has a higher com-



plementarity with the skilled workers; thus the growth in capital flows towards developing
countries imposes higher demand for the skilled workers. Therefore, we should observe a rise
in the skill premium in these countries too.

Many researchers like Burstein and Vogel (2017) argue that the technology is skill-biased;
thus, opening to trade, which reduces the barriers, increases the measured productivity and
increases the demand especially for the exporters, increase the demand for the skilled workers
inducing a large rise in their relative wages. Attanasio, Goldberg and Pavcnik (2007) findings
show that in Mexico, even low-skill intensity industries have been skill biased in technological
advancements. Also exporting is a skill-biased activity; therefore the rise in trade due to
reduction in trade costs affects the relative skill demand. In this regard, Acemoglu (2003)
introduces a model of endogenous technological change to explain the increase in the wage
premium.

On the other hand, there is part of the literature about the higher skill intensity in
exporters, like Bustos (2011). Wood (1995) and Thoenig and Verdier (2003) show that
trade induces more R&D in exporters. Matsuyama (2007) argues that export sectors are
inherently more skill intensive and the rise in trade would raise the demand for high skilled
workers. Helpman et al. (2010) show the more productive firms and exporters are better in
screening their workers which results in a bias for high skilled workers in exporters, inducing
a reallocation of labor toward exporters after trade opening within an industry. The other
view is the "quality upgrading" in the exporters of the developing countries as in Verhoogen
(2008) and Frias et al. (2009). Demand for quality translates to higher demand for skilled
workers, resulting in a higher skill premium.

This paper extends the model in Madanizadeh (2017), and develops a new mechanism
complementary to the "skill-biased technology" mechanism for describing the skill premium
through the lens of labor division and endogenous firm organization. First, my model is
close to Bustos (2011) which shows that more productive firms and exporters upgrade their

skill-biased technologies and become more skill intensive. In contrast, this paper constructs



a micro-founded model for the endogenous skill intensity as an organizational decision of
a firm, similar to Caliendo et al. (2015). My model is more particularly focused on the
within-firm organizational decisions rather than a technology selection.

Second, my work is related to Harrigan and Reshef (2011), Burstein et al. (2013) and
Burstein and Vogel (2017) which employ a skill-biased production technology with inherently
correlated productivity and skill intensity at the firm level. Therefore, trade will result in
the survival of more productive firms and thus the more skill-intensive ones. Thus, a direct
consequence would be higher skill intensity in the industry, resulting in an increase in the
skill premium due to the rise in the aggregate demand for skill. But, in my model, all the
changes happen endogenously inside the firm due to a rise in the output demand or a rise
in an unbiased firm’s productivity. In other words, I make this skill-biased technology to
be endogenous and firm dependent, in contrast to Burstein and Vogel (2017). In my paper,
it is the firm that decides about the organization of the firm and the level of specialization
towards skilled workers. Moreover, the level of bias depends on the firm productivity and also
the firm’s demand. Higher productive firms and firms with higher demand choose to have
a firm which is more biased towards high-skilled workers, in contrast to Burstein and Vogel
(2017) where it is only the firm’s productivity that determines the level of bias exogenously.
In that paper, the firm’s demand which is very important when one talks about international
trade, has no role in the organization of the firm and no role in the skill-bias effect.

On the other hand, starting from Adam Smith (1776), there is a large literature about the
productivity gains from labor division. To show the distributional effects of international
trade, this paper constructs a micro-founded model of labor division and it is related to
Acemoglu and Autor (2011) and Costinot (2009), as they study the patterns of specialization
and comparative advantage across tasks.

Finally, this paper is connected to Caliendo and Rossi-Hansberg (2012), Caliendo et al.
(2015) where they study the role of organization and the number of layers in a firm and how

international trade can affect it. They show that reducing trade costs and the increase in



demand will induce firms, especially the exporters, to increase the number of organizational
layers and expand. In my paper, I focus on the distributional effects of trade on firms’s hor-
izontal organization and its labor division. Caliendo and Rossi-Hansberg’s model represents
a vertical organization in a firm whereas my model is discussing a horizontal expansion of
the firm. In other words, yet the firm may have the same number of layers, but in each layer
there might be more or less division of labor. Also, the wage differences are coming from
differences of high skilled versus low-skilled substitutability which is a result of the gain from
specialization.

The rest of the paper is organized in the following order. In section 2, I present the Model
and solve for the equilibrium allocation. In section 3, I show the quantitative analysis and

discuss the results of the model. In section 4, I conclude.

2 Model

In this paper, I propose a hetereogenous firm model of international trade where imperfect
substitute workers work in specialized groups to produce a good. There is a return in having
workers in specialized divisions and a return in increasing the number of divisions. On
the other hand, there is a cost in generating a new division; thus there is a trade-off in
generating more labor divisions because. These costs could include training, coordination,
or monitoring costs. The return from having more specialized workers in more divisions
is realized in an increase in the firm’s productivity. I use this production framework to
investigate its aggregate implication for the the effect of trade liberalization on the rise in
the skill premium in a general equilibrium setting. In this section, I describe my model’s

components and present its analytical solution for the equilibrium allocations.



2.1 Households

The general setup is similar to the Heckscher-Ohlin type model and to the Krugman’s
and Melitz’s heterogeneous firms model with the monopolistic competition framework in
a small open economy setting. The country has L and H number of low-skilled and
high-skilled workers, respectively. The representative household in country i € {h, f}
supplies both types of labor and has constant elasticity of substitution (CES) preferences
(as in Spence-Dixit-Stiglitz) over the consumption ¢; (4;) of differentiated varieties, which

are produced by a continuum of producers with productivity A; in country j, such that

ool o1
Ui = (o [, 06 (A9) 7 MydF (4y))
The total measure of active sellers/producers of country j selling in country ¢ is M;;
and F (A) is the cumulative distribution function of productivity which is similar in both

countries. Parameter o is the elasticity of substitution between the differentiated varieties.

Trade is balanced; therefore, the representative household has the following budget constraint

/ dijpj (Aj) ¢ (Aj) Mi;dF (Aj) = X; =wr L +wgH +11

j=h.t A

with X; and II as the total expenditure and the total profit of the firms in the home country.
Wages for the labor of type k (= H or L) are w;,. Therefore, the demand for good A,
in country i is ¢; (A;) = (dipij (A;))"7 (P71 X;) where p;; (A;) is the price of the variety
produced by the a firm with productivity A; in country j selling in i. Parameter d;; is

the variable iceberg trade cost of exporting goods from j to ¢ (Obviously d; = 1). Lastly,

1

1

P, = (Zj_hj M;; fAj pi; (A7 dF (Aj)) 7 is the aggregate price index.

2.2 Market Structure

For notational simplicity, I drop the country and firm subscripts. The Market structure is
the same as in Krugman (1980) so that each firm sells its differentiated good monopolistically

in the market. Because of SDS preferences, the demand elasticity is constant and equals o.
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Thus, for a producer at home with productivity A, its total production demand is

y(A)=Dp(A)~° (1)

where D is a "demand indicator" for a producer at home, such that D = P°~ !X for a
domestic producer and D = P°71X + d}_"Df for an exporter, where D; is the aggregate
demand from abroad (since we are assuming home as a small open economy; thus, the
aggregate demand is given). Since the firm sells its unique variety as a monopoly in the
market, it sets its price a constant markup m = -%zover marginal cost. Therefore p (A) =

mxmc(A).

2.3 Production

As in a Melitz-type framework, firms are heterogenous in their productivity in this model.
They pay a sunk entry cost to draw a random productivity A from cumulative distribution
function F'(A). I assume that the firms enter the home market and produce with no fixed
operational cost, after observing their own productivity level. To enter the international
market they need to pay an extra fixed exporting cost and export.

A firm should hire both high skilled and low skilled workers (k = H, L). For each worker
type k, the firm specializes its worker of type k in S, number of groups. It forms them
by paying a fixed cost for each group, named fixed specialization cost. Within type k,
workers are imperfect substitutes with each other with the elasticity of substitution p,. Also
workers of type H, L are imperfect substitutes of each other with elasticity p. We assume that
1 < p < pyg < p; meaning that low-skilled workers are more easily substituted with each
other than the high skilled workers. It also means that we are assuming a higher workers
substitutability within each type than across types. Basically, the specialization fixed cost

represents any costs like training, coordinating or monitoring costs. Therefore the firm’s
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problem is:

SH SL
cy) = min > (wuNui+ fu) + Y (wuNp;+ f)  (2)
Ska{NH,i}izlmsH7{NL,j}j:1mSL i=1 j=1

P
PH p—1 L p=1 -1

SH 11\ PH-1 T St L1\ PL-1 e
st.Y = A (Z NH,Z.”H> + (Z NLJ.’JL)
i=1 Jj=1

where for k € {H, K}, wy is the wage for group k and Ny ; is the number of high skilled
workers in group ¢ which contains some high-skilled tasks. Ny, ; is also defined accordingly. In
Appendix C., I present a micro-foundation for this theory of labor specialization to explain
the endogenous changes at the firm-level and also the aggregate skill-intensities. Finally,
note that if p;; = p; = oo and fy = fr, = 0, this problem becomes equivalent to a standard
simple Heckscher-Ohlin type model with no optimization on the firm’s organization.

Due to symmetry, the firm’s organization setup problem simplifies to

cy) = min Z (wi Ny, + fuSk) (3)

Sk Ni}._
{Sk:Nikem 1 WL

) e=1 , =1\ 71
st Y = A((S}}HlNH> +(55L1NL> )

I call this problem the firm’s organizational problem. This means that a firm has a

CES production function where the productivities of each type of labor is proportional to
Sk, which would be determined endogenously. The firm faces a trade-off between paying a
fixed cost and increasing the productivity of its workers through increasing the number of
specialization groups.

Given S} s , the first-order conditions of the firm’s problem results that demand for type k

1
p—1 p—1

— - 1-p
labor is Ny = LS5/ (%) ” where W = <Zk:HL S,f’“lwkl;_p> is the wage index. Since

W

pr > p > 1, then W is decreasing in Sj. Define Oy = w; N} as the cost of labor of type k
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and C = >« Ck as the total labor cost. Therefore, the total labor cost equals C = W% and

is decreasing in Sj.

2.3.1 Firm’s Organizational Problem

Now I turn to solving the firm’s organizational problem which is choosing the optimum
Sk. The firm faces a trade-off between paying a fixed cost of specialization (f;) and taking
advantage of higher productivity and lower marginal labor cost through higher levels of
specialization.

Assumption: For tractability and without loss of generality, I assume that S; is a
continuous variable, rather than a discrete one.

With this assumption, from the firm’s cost minimization problem, one gets that the

condition for the optimum choice of the number of specialization groups is:

; B _WVZ
Gk - 9S, A
N——

inal f
marginal cost o marginal benefit of

increasing S increasing S

To solve for Sj,s, first one needs to solve for W*, the solution to the following fixed-point

W = ( > o (”AV)) (@)

_p=1
where g, = <(pk -1) fsz’“l) "*7" _Then the optimum number of specialization groups

problem:

_ P —1
are Sy (V) = 257 (YVX*[)) """ and the optimum labor demand is
- el
1 YW?*P\ re=r
Np(Y)=— 5
0= o (C) )

Since py < py., therefore Zﬁ—:; > Zi—:;, which means that the effect of production level Y has
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a greater effect on Sy (Y) and Ny (V) than Sp (Y') and Np (Y').Thus, relative specialization
and relative labor demand if high vs low skilled workers would be increasing in Y. The
following lemma summarizes the results of the firm’s optimal decision on its division of

labor.

Lemma 1 For a given Y , the firm optimally chooses the optimal level of specialization and
its labor demand such that
(a) The optimum degree of specialization for labor of type k, Sk (Y), is increasing in Y

and decreasing in fi.

(b) The relative specialization of high vs. low-skilled labor, ‘?L{ 8:)) , 18 increasing in Y .
(¢) The relative labor demand of high-skilled vs. low-skilled workers (skill intensity),
]]\\?Z 8;)) , 18 increasing in Y .

(d) The marginal cost of producing Y, mc(Y), and aggregate wage index W* are both

decreasing i Y.

Proof. See Appendix B. m

This lemma shows that a firm with higher production demand chooses to invest on its
organizational expansion and increase its division of labor for each type, be more specialized
in each type of labor, thus increasing its labor productivity, and decreasing its marginal
cost. Moreover, a firm with higher production demand invests more in specialization of
its high-skilled workers since there is more gain in their division of labor (py; < p.); it
becomes relatively more specialized in favor of the high skilled workers; and becomes more
skill intensive.

To better understand how the firm behaves, I look at the log-linearized form of the results.

Details can be found in Appendix B. We find that

AS, (V) = B (1) (AY = A4)
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and

Ame(Y) = —(CAY + (1 —¢) AA) (6)

where AX = dlog X is the percentage change in X; thus ﬁ—)z( = gllzi)zf
p—1
-1

~1

X with respect to 7; ( = (p+ = 1% > such that ¢, = % = Sk
k on—p

share of type k labor. Obviously 0 < ( < %.

is the elasticity of

(%)1_’) is the cost

Equation (6) shows how total production positively affects S, and negatively affects
marginal cost through the specialization channel. It is evident from the definition of { that
higher gains from specialization (lower p,) lead to higher effects of total production on the

marginal costs. For the relative labor demand and relative skill specialization, I get

Cu\ _ (52 _(pr—pu)lp—1) 3
A(@)‘A(s) (or—p) (=) L P BY — A4 ")

Since p; > py > p > 1land ¢ < %, I conclude that relative labor demand and relative
specialization are also positively correlated with production demand, meaning that higher
production level leads to more skill intensity.

Lastly, note that in the special case of p; = p; = co and f, = fr, = 0 ones get ( = 0
and the model converges to the standard model and total production has no effect on the

marginal cost.

2.3.2 Profit Maximization

As in any Krugman type framework, a firm sells its good monopolistically in the market.

Since the demand elasticity is constant, the firm prices its good with a constant markup

g

m = =% over marginal costs®. To solve for the optimum level of production Y and price

p, I use the firm demand equation (1) which in results in solving the following fixed-point

problem:

g —

Y = ( ? 1mc(Y))_UD (8)

¢ is the elasticity of substitution between different varieties.
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Marginal Cost and marginal Revenues
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Figure 1: Effect of change in the Aggregate Demand on marginal revenue and marginal cost of a
firm at different production level

Therefore, given the demand indicator D, a firm with productivity A chooses the optimum
level of production and price Y (A, D) and p (A, D). It was shown in Lemma 1 that the
marginal cost is decreasing in Y'; thus, the firm’s price is decreasing in Y, too. Figure 1
shows this feature. Any increase in the firm’s production demand D shifts the marginal

revenue curve to the right, inducing a reduction in the firm’s price.

Lemma 2 If p;, > py > p >0 > 1, then
(a) The firm’s optimum action exists and output and prices are positive and finite.
(b) The firm’s total production Y is increasing in A and D, and it is decreasing in f.
(c) The firm’s price p is decreasing in A and D, and it is increasing in fy.
(d) The optimum degree of specialization (DoS) ,Sk, is increasing in A and D and de-

creasing in f.
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(e) The optimum relative DoS (S—i’) s increasing i A and D, decreasing in fy, and
increasing in fr.

(f) The relative demand of high vs. low skilled (%—f) is increasing in A and D, decreasing
in fg, and increasing in fr.

(9) The firm’s optimum revenue R (A, D), is the solution to the following fized-point

problem:

R=—"-3% ¢ 9)

o—1
k=H,L

1

where Cy, = gi (mpDvilARffj) s 15 the cost of labor of type k.

Proof. See Appendix B. m

As expected from Krugman-Melitz type models, more productive firms have lower prices
(quality adjusted) and higher productions, revenues and profits. In contrast to these conven-
tional models, what is new here is that between two firms with the same productivity A, the
one with higher demand D has a lower price. This efficiency gain is the result of the economy
of scale that exists in the firm’s organizational expansion. Firms with higher demands are
more horizontally expanded in their organization and have higher degrees of specialization
for each type, decreasing their marginal costs, thus also their prices. Also it can easily be
shown that the firm’s revenue and output increases more than one to one with respect to
production demand D which is again due to the productivity gain from specialization and
horizontal expansion. This analysis shows another margin of gain from the economy of scale;
I call it the "within-firm margin".

On the other hand, because the high-skilled workers gain more from specialization, a
firm benefits by specializing them, relatively more than it does so by specializing the low-
skilled workers. Thus, an increase in the firm’s productivity has a biased effect in labor
demand toward high-skilled workers. So if productivity increases, the relative demand for
high-skilled workers vs. low-skilled workers increases. Such a biased effect is consistent with

data where we observe that the skill intensity of a firm has positive correlation with the firm’s
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Revenue vs Productivity: r =3 Skill Intensity vs Productivity
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Figure 2: Revenue and Skill intensity (g—’;) vs. Productivity

productivity as in Harrigan and Reshef (2011) and Bustos (2011). This feature does not exist
in conventional models since there is no endogenous process of changes in the skill intensity.
The biased effect arises from the notion that a firm can make a decision on its horizontal
organizational expansion and its labor intensity. This choice gives a more-productive firm
the opportunity to raise its skill intensity. Therefore, this model generates an endogenous
process for biased technological change.

Figure 2 shows how firms’ revenues and skill intensities are related to productivity for
a given value of D. This figure clearly illustrates that both revenue and skill intensity are
increasing in productivity as expected from the above proposition. Moreover, lower values
of py, which is equivalent to higher specialization gains for high-skilled workers, generates
greater effects on the level and growth rate for productivity and skill intensity.

Now, to have a better understanding of how different decision variables (R, Y, p, Ny, N,

Sy, Sr) move with productivity and demand indicator parameters A and D, again I look at
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Figure 3: Skill Intensity (g—’z) vs. Revenue for diferent values of py (elasticity of substitution
within high skilled workers).

the log-linearized form of the model. As mentioned above, the monopoly faces the demand
curve showing that its total production is a function of price, thus AY = —cAp+AD. On the
other hand, its optimum decision on price leads to a constant markup over the marginal costs,
which depends also on the total production, thus Ap = Ame = — ((AY + (1 — () AA), as
was shown in 6. Therefore, there is another feedback loop here that has been shown in
equation (8).

By solving this fixed-point problem, I find:

AY:<01_C)AA+< ! >AD (10)

1—0( 1—o0(

and
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Ap = — (11__(72) AA— (1 _CJ<> AD (11)

Hence, the effect of productivity on price is greater than a linear relationship as in a
typical Krugman-Melitz type model. The same analogy is true for the production. The effect
of productivity on output is also greater than the one in the Krugman-Melitz-type model
which is . The maximum absolute effects of productivity on output and price are Jg and
Z_;i, respectively®. On the other hand, equations (10) and (11) clearly show the negative
effect of demand (A D) on prices and also a relationship of more than one-to-one for total
production, since 1—;04 > 1. All of these greater effects, which are not in standard theories,
are coming through the channel of within-firm margin of adjustment in the organizational

expansion and gains from endogenous labor specialization

Lastly, using (7) results in

2(6) -2 (5) - G| ()2 (e

>0 >0 >0

which clearly show that increases in either productivity or demand would raise the relative
labor demands and the relative specialization. The reason is that A (g—’z) =A (%—f) +
A (Z—’Lf) meaning that for a given variation in wages, the relative labor demand is equivalent

to relative total costs of hiring.

2.4 Market Entry, Aggregation and Partial Equilibrium

There is a measure M, of potential firms that pay a sunk entry cost f. to draw a produc-
tivity level A with cumulative distribution function F'(A) = Pr (A > A). Again, following
Melitz (2003) and Chaney (2008), I assume a Pareto distribution with parameter § and min-

imum productivity level A such that F'(A4) = (%)_9. To guarantee the convergence in the

6Q; 1 1—¢ -1
Since 0 < (< o, Tget 1 < - < =

>
q
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Figure 4: Distribution of revenues (Left) and skill intensities (Right) of firms with Pareto distrib-

ution productivity.

aggregation, the following condition should hold:

(p-D)(o-1)

Assumption: 0 > n = p

Figure 4 shows how the distributions of revenues and skill intensities would look like, for
a given level of demand indicator D.

Without loss of generality, we assume that after observing the productivity A, a firm does
not need to pay an operational fixed cost to enter the domestic market, therefore, all the
potential firms enter. Also the firm can pay a fixed exporting cost f, to export, if it can earn
more profit from exporting. This means that a firm exports if Il (A, D + Dy)—I1 (A4, D) > f,
where D and Dy are the demand indicators for home and the foreign market. Since the
countries are the same and there is an ice-berg trade cost d, then D; = d'~7D.

The entry conditions result that more-productive firms can only enter the export market;
defining export productivity thresholds A,, such that firms with productivity higher than

A, only enter the export market. It is easy to show that the negative effect of demand D
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Figure 5: Relative Specialization, Skill intensity, and Prices of firms vs. their Productivity.

and the positive effects of trade barriers (d and f,) on the entry and export thresholds. A,
and A, are decreasing in D, since, profits are increasing in productivity A and production
demand D; therefore, as in the Melitz model, an increase in demand induces more firms to
pay fixed costs to operate or to export.

Figure 5 shows how firms with different productivities decide about their prices, outputs,
skill intensities, entries, and export activities. As shown in the previous section, the relative
labor demand is increasing in productivity A and demand indicator D. Thus more-productive
firms choose to be more skill-intensive and demand more high-skilled workers relative to low-
skilled ones. Also, because very productive firms decide to enter the foreign market and face
a larger demand, they decide to be more specialized and also become more skill-intensive
because of higher production demand. Therefore, they have more organizationally expanded

firms, charge lower prices and choose to be much more skill-intensive than non-exporters.
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Skill Intensity vs. Productivity
Before and after liberalization
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Figure 6: Effect of lowering trade barrier on the relative labor demand in a partial equilibrium
setting.

Note that this new framework also shows a new source for the gain from international
trade. Lowering trade costs induces the exporter to re-organize to a more specialized firm and
become more productive. Therefore, a reduction in trade costs affects aggregate productivity
through a new margin, other than the intensive and extensive margin of trade; I call it
"within-firm margin".

As discussed above, this within-firm margin is a new source for generating an endogenous
skilled bias technological change and a new source of gains in aggregate productivity and
welfare. Also along with the intensive and extensive margins of trade, it is a new margin
in the gravity equation where it allows firms to expand their organization and become more
productive.

The predictions of the model regarding the reallocations of labor within industries are
consistent also with the empirical work. Many empirical works have shown that more-
productive firms and exporters are more skill-intensive and they have increased their skill-

intensity after trade openness. Also, it is a robust feature of the data that the skill premium
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has increased after trade liberalizations”.

3 Quantitative Analysis

In this section, I analyze the models aggregate implications by employing it to the study of
the Mexican trade liberalization during the period of 1985-1993. The motivating empirical
fact of this paper is the puzzle in the rise of the skill premium in developing countries after
opening to trade; and these countries are mostly small economies. They face a large market
when they begin to trade, and this increase in demand is the most relevant force in raising
the skill intensity of the new exporters, through labor specialization, and driving up the
relative demand for skilled workers, hence boosting the skill premium. Therefore I analyze
the implications of the model in a small open-economy context to investigate the effects of
trade liberalization on the skill premium changes.

To do so, I calibrate my model to the Mexican data in 1993 borrowed from the firm
level data statistics provided by Verhoogen (2008) and Frias et al. (2009). I then analyze
quantitatively the effect of some counterfactual trade policies on the skill premium and
compare the results of the simulated model with the data. For robustness check, I present
some comparative static analysis to show how the model’s responses vary by changes in some
of the model’s fundamental parameters.

In Appendix D, I first present a background study about the trade liberalization in Mexico
during the years 1985-1993. Then I present how to numerically solve for the equilibrium in
a small open economy context given the parameters of the model. I then use the Simulated
Method of Moments to calibrate the parameters to the Mexican data.

In what follows, I briefly state how to use the model in a small open economy framework
and leave the details to Appendix D. Then, I simulate the model to solve for the equilib-
rium allocations. Finally, I impose different counterfactual policy reforms to the model and

simulate it again to study how the economy responds to such policies in comparison to the

"See Goldberg and Pavnick (2007) for a survey on the literature.
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actual data. More importantly, I look at the model’s responses for the percentage changes

in the skill premium, real wages, and aggregate welfare followed by these policies.

3.1 Setup

In a small open-economy context, the trading partners of a small open economy are large
enough such that the home country cannot affect the prices and wages in the foreign economy.
I take the foreign aggregate demand (Dy), the marginal cost of production of foreigners (py) ,
and the measure of foreign exporters (M.; normalized to 1) as given exogenously, so that
any changes in the home country cannot affect them. As mentioned before, there is free entry
with endogenous measure M, of potential entrants at home. I also assume that the fixed
costs are paid in terms of high- and low-skilled labor evenly®such that f, = M and
fo= w For the fixed cost of specialization, I assume that the skill type k € {H, L}
uses labor of the same type. Lastly, for simplicity and without loss of generality, I have
assumed that there are no operational fixed costs (f, = 0)°. Therefore all the potential
firms would produce at least in the home market. A firm enters the export market, if
(A, D+ Dy) — (A, D) > f,. This condition pins down the threshold A, enabling firms
with productivity A > A, to export. It also solves for the fraction of exporters p,, given
demand D and wages wy and wy,. I continue with the assumption of Pareto distribution for
the firms’ productivities.

To solve for the equilibrium allocation, I first take all the parameters as given and show
how to find the allocations and prices. Then, I calibrate some of the parameters using the
existing literature. I then match some moments of the model to the actual available data
and estimate the rest of the parameters. All the details are in Appendix D. Finally, I take

the parameters and simulate the model under some actual and counterfactual changes in the

parameters.

8The results are robust to changes in these assumptions.
9The results are robust to changes in these assumptions.
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3.2 Counterfactual Policy Analysis

In appendix D, I have used Mexican data and calibrated the small open economy version
of the model. In this section, I use the calibrated model and analyze some counterfactual
policies to study responses of the model on the skill premium, welfare effects and some
important endogenous variables. First of all, I look at the policy of changes in the bilateral
trade costs to see how much the model can predict changes in the skill premium, compared
to the actual data. I then study the effects of counterfactual policies of changing the
fixed export costs, foreign aggregate demand and relative labor supply. In these policy
experiments, I look at some variables of interest including the skill premium and aggregate
welfare to show how much deviation from calibrated economy this model can generate. And
lastly, in Appendix D, I run comparative statics on some critical parameters of interest
such as py,p; and fj(fixed specialization cost of high-skilled) and show the qualitatively

robustness of the model.

3.2.1 Bilateral Trade Costs

Changes in bilateral trade costs affect the trade patterns, wages, and the skill premium
through different channels. First of all, it is typical in Melitz-type models that reducing these
costs reduces the import prices, increasing the import competition and lowering the aggregate
price index where home producers find lower demand as a result of higher competition from
abroad.

On the other hand, reducing bilateral trade costs lowers the marginal cost of exporting,
increasing the demand for some firms. Old exporters would export more because of the
increase in their demands. More importantly, some non-exporters find it optimal to start
exporting since the extra profit from exporting now dominates the export fixed costs. Thus
both the old and new exporters face higher demand, inducing the to increase their level
of labor specialization to become more productive and more skill-intensive. This change

in the within-firm margin and in the extensive margin would lower the aggregate price
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index, because some firms are more productive and also there are more and cheaper varieties
available for the consumers.

As explained in the previous sections, the former contraction for non-exporters and the
latter expansion for exporters would induce firms to change their horizontal organizational
expansions. Lower demand for domestic producers leads them to contract their organiza-
tion, and according to the explained mechanisms in the model, they choose to become less
skill-intensive. In contrast, exporters, and especially the new exporters, would expand their
organization and become more skill-intensive, increasing their demand for high-skilled work-
ers. In the aggregate, for higher levels of trade costs, the second effect is dominant, increasing
the overall relative demand for high-skilled workers. Thus the skill premium would rise.

To analyze the effect of the Mexican liberalization period of 1985-1993, I calibrate the
model to Mexican data in 1993, which is before NAFTA and the peso devaluation; thus these
two events have no effect on the data for 1993. Then instead of analyzing the behavior of the
model in a counterfactual policy of going to autarky, I run a policy experiment of increasing
the bilateral trade costs to match the model with the level of trade in 1985. I show how
much of the actual skill premium and other variables in the data of 1985 can be explained
by the model.

As it is explained in the case study in Appendix D, tariffs were reduced to an average of
11%, from 23.5%, from 1985 to 1993. Also there were many other non-Tariff barriers, such
as import licenses, which were largely removed during this period. This means that to study
the effect of a bilateral trade liberalization, relying only on the tariff data in 1985 would be
misleading. If T increase the bilateral trade costs by 12.5%, equivalent to actual change in
the tariff rates from 1985 to 1993, the model’s response should be far enough from what has
actually happened.

Thus, in my policy experiment, I allow the bilateral iceberg trade costs to vary so that
the fraction of exporters match with what the actual data are. The model would then be

more comparable to the effects of the actual liberalization policy. In this method, I can also
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Table 2: Simulation Results

Parameter Benchmark Counterfactual
Bilateral iceberg cost 1.11 2.04
Fraction of Exporters 3 1
Skill Premium 2.8 2.73
Aggregate welfare .038 .037
Total expenditure .012 011
Aggregate price index .305 .293
High-skilled real wage .069 .066
Low-skilled real wage .025 .024
Total export/Total production 126 .045
Revenue of exporters/non-exporters 6.15 10.2
Emp. of high-skilled in exporters/non-exporters 2.4e+04 177
Emp. of low-skilled in exporters/non-exporters 2.17 1.86
H/L of marginal exporters/non-exporter 24.2 1.69
Average Emp. in exporters 421 735
Average Emp. in non-exporters 109 131

Note: Summary of the matched and simulated moments in the benchmark case (calibrated to
data for the year 1993) and the counterfactual scenario where trade costs are larger such that the
fraction of exporters matches with the actual data in year 1985.

compute the trade costs equivalent to non-tariff changes in barriers. Table 2 presents the
outputs of the model in a benchmark (calibrated economy) case and in the case of changes
in the bilateral trade costs so that the fraction of exporters changes to 10%, from 30.0%, to
match the actual data in 1985. Table 2 shows that reducing the fraction of exporters to 10%
can be achieved by increasing the bilateral iceberg trade costs to 2.04, which is equivalent to
a 80.5 (2.04 — 1.11 — .125 = 0.805) percentage-point increase in the non-tariff barriers. This
policy of raising the barriers decreases the skill premium from 2.80 to 2.73. The average
skill premium in 1985 was around 2.0; thus the model can explain around 10% of the actual
change.

The export share of sales for exporters reduces to 8.44%, from 17.4%, while the total
export to total production declines from 12.6% to 4.5% which are comparable to the real

data. Total sales was decreased by 7.7%.
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Figure 7: Effects of simulated changes in bilateral iceberg trade costs on the skill premium, aggre-
gate welfare, fraction of exporters and aggregate prices

Also, as expected, the real wages of high- and low-skilled workers increase, although the
increase is larger for the high-skilled workers. The other interesting result from this table is
the relative skill intensity (H/L) of marginal exporters versus the marginal non-exporters.
Increasing the trade costs has reduced this ratio. In other words, trade liberalization dra-
matically increases the skill intensity of exporters relative to non exporters.

Lastly, I study a continuum of counterfactual policies by changing the bilateral trade
costs so that the fraction of exporters changes to 90%, from 10%. Figure 7 presents the
behavior of the model for this analysis. Sweeping this trade cost to a high value from a low

value shows that the skill premium initially increases; then it starts to drop with more trade
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openings. Another interesting observation is the huge rate of change in the extensive margin
of firms’ entries for low values of trade costs. It is evident from the lower panel that reducing

trade costs below 1.1 increases the fraction of exporters by a large amount.

3.2.2 Fixed Export Costs

In this section, I study the counterfactual policy of changing the fixed exporting costs rather
than the variable trade costs. Lowering fixed exporting costs makes exporting profitable for
some non-exporting firms, creating incentives for them to export. Thus, the entry threshold
for exporting goes down and new exporters enter the new market. Hence, these new exporters
expand their organizations since they face the larger foreign markets, and they become more
skill-intensive and more productive, allowing them to reduce their prices. Therefore in a
partial equilibrium, it is expected that the aggregate price index declines and aggregate
productivity goes up.

On the other hand, in general equilibrium, the increase in the aggregate productivity
pushes up the demand for both types of workers, thus increasing their wages. This increase
has an asymmetrical effect on the relative labor demand, since the effect of w; on the demand
for labor of type k£ depends on the parameter p,. The lower this parameter the higher is the
effect of change in wy. Since the gains from specialization of high-skilled workers is higher
than that of the low-skilled ones, thus p; < p;. Therefore the increase in the high-skilled
workers’” wage has a more significant negative effect on a firm’s demand for high-skilled
workers. Firms, except the non-exporters, find labor costs more expensive, especially for
high-skilled workers. Therefore their marginal costs go up, and they charge higher prices
than before. Because of this general equilibrium effect, the aggregate price index would go
up. Also, as a result of the asymmetrical effect of wages on relative demand, aggregate
relative labor demand goes down, reducing the skill premium.

Figure 8 shows the behavior of the skill intensity in response to changes in fixed export

costs. Although the skill premium has declined, the aggregate productivity and aggregate
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welfare increase because of the presence of the new more-productive exporters with lower

prices. Therefore, such a policy can reduce income inequality while it increases aggregate

productivity and welfare.

The decrease in the skill premium after lowering fixed export costs illustrates that dif-
ferent trade liberalization policies have different consequences in regard to inequality. As it
was shown previously, lowering bilateral trade costs initiated more channels, resulting in a

rise in the skill premium; but a decline in the fixed export costs initiates only a channel that

0.025

results in the decline in the skill premium.
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Figure 9: Effects of simulated changes in Foreign Demand Indicator on the skill premium, aggregate
welfare, fraction of exporters and aggregate prices.

3.2.3 Foreign Aggregate Demand

In this section, I study the counterfactual experiment of changes in the total aggregate
demand from foreign countries. This is equivalent to a unilateral trade-cost reduction by
the trade partners. Figure 9 shows how the calibrated economy would change if aggregate
foreign demand D; changes. As it is expected, higher D; would raise the revenue and
variable profit of the exporters in addition to inducing more firms to start exporting through
making it more profitable. The rise in the aggregate demand for the new exporters induces
more expansion in exporters; raising their skill-intensity through the channels discussed in
the theory section. Thus the aggregate skill-intensity can go up through this channel.

On the other hand, as explained in the previous subsection, the effect of wages on the

relative labor demand is asymmetric. Higher values of real wages pushes the aggregate
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relative labor demand down, lowering the skill premium. Therefore as trade expands through
exposition to a larger foreign market, the skill premium tends to go down through this
channel. However, the former channel dominates the latter when the aggregate demand is
low; hence the skill premium goes up, as shown in Figure 9. But after a threshold, the second
channel dominates the first one, imposing the skill premium to go down. Thus opening up
a country to a larger market generates gains in aggregate productivity and non-monotone
consequences on income inequality.

Figure 10 shows these distributional changes. It presents the distribution of firms’ skill
intensity, prices, total revenue and labor productivity (Revenue/Total Employment) versus
the firms’ productivities. It shows how these distributions vary from the benchmark cali-
brated economy to the simulated counterfactual economy by increasing the foreign aggregate
demand. It is evident in the figure that the skill-intensity of larger firms increases compared
to those of smaller ones. The relative skill intensity of marginal exporters and marginal
non-exporters changes dramatically because of huge change in the demand for exporters and

its effect on their skill intensity and their horizontal organizational expansion.

3.2.4 Labor Supply

I conclude the analysis by studying changes in the relative supply of high-skilled workers
versus low-skilled ones. As one expects, increases in the relative supply should push down
the skill premium. On the other hand, as expected, aggregate productivity would be higher
with higher relative supply, since relatively there are more productive workers in the econ-
omy. These results are reflected in Figure 11 which shows a unilateral reduction in the skill

premium with the increase in the ratio of high-/low-skilled workers.
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Figure 10: Relative skill intensities, prices, revenues and labor productivities of firms vs. their pro-
ductivity in the benchmark economy and the counterfactual economy with higher foreign aggregate
demand.
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4 Conclusion

In this paper, I have introduced a new model of skill specialization that can explain several
stylized facts about the distributional effects and the labor market effects of international
trade. The most important one is that it proposes a new mechanism for explaining the
increase in the skill premium in developing countries after trade liberalization. By modeling
the internal firm organization, I introduced a channel through which trade affects the skill
premium through firms’ re-organizational decisions about their labor divisions and degrees
of specialization of their high- and low-skilled workers.

By introducing a model where a firm can specialize its workers into different divisions
of labor and then optimize the degree of specialization, I found that the more-productive
firms choose to specialize more and to demand relatively more skilled labor; becoming more
skill intensive. Also, I show that for exporters, there’s a jump in the degree of specialization,
relative labor demand, and level of production and sales. An increase in the product demand
will also result in more specialization and will induce a reduction in the marginal cost of
production.

After a productivity or demand shock, more skilled workers reallocate to more productive
firms. Therefore opening up to trade will initially induce more productive firms to enter the
foreign markets and expand their degrees of specializations and their demands for high-skilled
labor. This would generate an increase in the relative demand for high-skilled workers, which
will result in an increase in the skill premium.

I could also find that an unbiased change in a firm’s productivity results in change in the
average degree of specialization, and therefore a biased change in relative demand for skilled
workers and consequently a biased labor productivity change. This skill-biased technological
change will induce also an increase in the skill premium.

I calibrate the model to Mexican data, to quantitatively measure the effects of this new
mechanism by analyzing the Mexican liberalization period of 1985-1993. I run counterfactual

policy experiments of changes in the bilateral trade costs to find how much of the actual
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skill premium and other variables in the data can be explained by the model. I find that
this model can explain 10% of the rise in the skill premium in this period in Mexico. I
also run other policy scenarios to investigate the effects on the skill premium and aggregate
productivity through the new mechanism developed in this paper.

In summary, this paper has linked the within-firm organizational decisions to the aggregate-
skill premium changes in the economy. This new within-firm margin motivates more firm-
level empirical work in the future, studying the effects of trade openness on firms’ horizontal
expansions in their organizations. It also motivates studying the links that connect these
expansions with a reallocation of high-skilled workers to the exporters and more-productive
firms . Furthermore, a small multi-country general equilibrium quantitative analysis would
be another venue to quantify the extent of the model in explaining the changes in the skill
premium. This can be well performed after having sophisticated estimations of the primitive

parameters of the model, which itself is an agenda for future work.
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A Microfoundation for the firm’s production

Each firm produces a good which constitutes performing a measure-one continuum of com-

plementary tasks ¢ € [0,1]. The total performed task t is y (¢), and Y, the total output of
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the good is a CES aggregate of the performed tasks; such that

Y:A</01y(t)6;1 dt)jl (12)

where ¢ < 1 is the elasticity of substitution between the tasks and A is the total factor

productivity of the firm. In an extreme case, tasks are perfect complements (¢ = 0) and we
have a Leontief production function over the tasks. Task ¢ is performed only by labor so
that n () amount of labor with productivity a () will perform « (t) n (¢) of task t. There are
two types of workers with different productivities to perform the tasks: High-skilled (H) and
low-skilled (L) workers with wages wy and wy, respectively. Workers are identical within
the type, and they can perform any tasks in the set (0,1). For each type of worker, k = H
or L, the firm defines Sy, number of specialization groups, assigns a set of tasks 74 C [0, 1]
(for s € {1,...5x}) and Ny, number of workers to each group and pays a fixed specialization
cost fj for every group.

A worker’s productivity depends on the measure of tasks assigned to him. His produc-
tivity is higher if fewer tasks are assigned to him, since the worker can concentrate and
specialize more on performing each task. Therefore productivity oy s (t) of a worker of type
k (= H or L) in specialization group s € {1,...S;} is a decreasing function of the measure
of the tasks assigned to the worker; i.e., it depends on the size T}, = |7 s| of the subset
T1,s that ¢ belongs to. Therefore, the aggregate productivity of each type of worker increases
with the number of groups since there are fewer tasks per group; this productivity gain thus
induces a firm to increase the number of specialization groups with narrow measures of tasks
assigned to each group. So the trade-off in this horizontal expansion of the firm is between
the gain from specialization and the fixed costs of forming each group. Figure 12 illustrates
this framework.

+

1
. . . I Tk _ .
For simplicity, I take ay s (t) = ags =1}, * T ™, where T} s = |74 4| is the measure

of tasks in group s, t € 71 and T}, = Zfﬁ 1 Tk s is the total measure of tasks assigned to
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workers of type k (Obviously, Ty + Ty = 1). In this productivity function, r, > 0 is a
parameter that shows the gain that workers get from focusing on narrower tasks; i.e. one
percent decrease in the measure of assigned tasks to type k, increases their productivity by
rr percent. The term T,; i shows the productivity loss regarding the coordination costs
in assigning the tasks to workers of type k.

The main difference between a high-skilled and a low-skilled worker is the difference in

their gains from specialization. Basically, I assume
TH 2 TL (13)

meaning that the specialization of a high-skilled worker generates more gain than that of a
low-skilled worker. Intuitively, high-skilled workers gain more if they are assigned to perform
fewer tasks, concentrating more on each task and enjoying the benefits of their increasing
returns of human capital.

Note that in this model, in contrast to Acemoglu and Autor (2011) and Costinot (2009), I
am adopting no comparative advantage that workers of different types may have in perform-
ing the tasks. Basically, I am assuming that in performing each task, workers of each type
are different only in their productivity and their gains from concentration, and it does not
matter which task they perform. In a more general model, the comparative advantage can
be included by introducing a profile of productivity over tasks for each type as in Acemoglu
and Autor (2011). However, I do not use this notion to keep the model simple so that it can

deliver the concept of labor specialization .

Summarizing the above discussions, the firm’s problem for producing ¥ amount of output
is to minimize costs by optimally choosing the number of specialization groups for each type,
assigning tasks to each group, and employing workers for that group. Therefore the firm’s

conditional cost function is as follows:
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y(t)=a(t).n(t)

|
: B L -

tasks

T

a(t) is decreasing in the size of the assigned tasks (|t])

Cut-off

T,: Low Skilled T,: High Skilled

0 T 1

Sort tasks so that task in (0,T7) is performed by low skilled workers and the rest with high skilled ones

Figure 12: Illustration of the Task based model. (Top) Labor productivity of the assigned tasks.
(Bottom) Assignment of tasks to low and high skilled workers.

cCy) = i Ny + fiS 14
(v) Sk’ng}gwk;“(wk b+ fiSi) (14)
1 . =1
s.t. Y = (/ y(t) = dt) where vy (¢ |t6m5 Z Qg sTk s (
0 k=H,L
Sk
Ni = Y Ni, fork=H,L where Ny, = / N (t) dt
s=1 tE€ETL s

Lemma 3 (a) Measure zero of tasks is performed with more than one type of labor; also
measure zero of tasks is assigned to more than one specialization group.

(b) For each type of worker, specialization groups have the same sizes (Tys = Ty = A
for any s,s'" € {1...S}); the number of workers in each group are the same (Nps = Ny = 5
for each s&s' € {1...5y}); and firm assigns the same amount of labor to each task (ngs (t) =
ngs (t') = ]C\F[Tk = %’; for any t,t' € Ty ).

(c) High-skilled and low-skilled workers are imperfect substitutes with elasticity of substi-
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tution greater than one.

Proof. See Appendix B. =

Basically the lemma shows that in the firm’s optimal decision, it would not assign a
positive measure of tasks to more than one group or to more than one type of worker!’
Also, within each type of worker, the same amount of labor are assigned to each task and
specialization groups have the same sizes and number of workers.

Since Ty and T}, are determined endogenously by the firm, the high-skilled and low-
skilled workers turn out to be imperfect substitutes with each other!!. The idea is that if
the measure of assigned tasks Ty and T}, are fixed, the elasticity of substitution between
high- and low-skilled workers is ¢ < 1. But since the firm optimizes over Ty and T, an
increase in the skill premium (relative wage of high vs. low skilled) would decrease the
measure of assigned tasks to the high-skilled workers (7p) and increase that of low-skilled
ones (717), implying less demand for the high-skilled vs. low-skilled workers. Also, because
of this change in the measure of assigned tasks, the average productivity of high-skilled
workers would increase relative to that of low-skilled workers, implying more reduction in
the demand for high-skilled workers. This is true because of the complementarity between
the tasks. These two forces together are enough to imply a large effect on the relative demand
for high- vs. low-skilled workers, resulting in a more than one to one change for the relative
demand, and making high- and low-skilled workers imperfect substitutes with elasticity of

substitution greater than one. More interestingly, it has been shown that the parameter ¢

10Note that tasks at the boundaries of the groups and types can be performed twice, but they have a
measure zero and will not change any of the results that follow.

e—1
—€ —TH g"H
. : . : ATy M8
HRelative demand of high- vs. low-skilled workers is %—’Z = (?TIZ) (AHT’iLSHL> %I where
L

AT, ™S is the productivity per task of type k worker and TH is the relative assigned tasks which is
an endogenoub variable. Given Sk, a firm optimally chooses the boundary task T3 &T;* so that the rel-

TH
ative productivities per task are equalized with the relative wages; i.e. % = Z’}—;’.Thls implies
L
71 * *
%H = (wH ) lTr‘f with T*L an increasing function of . Therefore the elasticity of substitution be-
L wr

tween the high and low skﬂled is greater than 1.
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disappears in this elasticity of substitution; because the substitution effect cancels out the

productivity effect, resulting in the elimination of ¢.

Proposition 4 The firm’s cost minimization problem in the above micro founded model,
—-re o _1_
with the specific productivity function oy s (t) = ags = (%) T, " (fork=H,L), is

equivalent to the following problem.:

Sk, Nk}
{Sk k}k,H,L k=H,L

st Y = A(((Sn)" Ni)'7 + (S M) )

if pp =1+ % > p > 1, where p is the elasticity of substitution between high and low-skilled

workers.

Proof. See Appendix B. m

This proposition simplifies the above micro-founded problem into a simple firm cost
minimization problem with CES production function with endogenous productivity of type
k labor. It shows that a firm achieves a higher productivity if it increases the number of
specialization groups (Si) by paying a fixed cost for each group (f); generating a new margin
for the firm. Resulting from the trade-off between the gain in productivity from increasing
the degree of specialization and paying the fixed cost of specialization, the firm would choose
a unique optimum degree of specialization for each type of workers.

On the other hand, since the gain from focusing on narrower tasks is higher for the
high-skilled workers (rg > rr), the productivity gain from specialization is higher for the
high-skilled workers; thus p; < p; . This difference is crucial in determining the difference
between high- and low-skilled workers. As I show in the next section, the difference in the
gain from specialization is the key driving force for the difference in relative labor demand.

Finally, note that taking ry = r, = 0 and fyg = f; = 0 shuts down the gain from
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specialization and the problem becomes equivalent to a simple Heckscher-Ohlin-Krugman-

Melitz type model with no optimization on the firm’s organization.

B Proofs for the Micro-Foundation of the Production
Process

Proof of Lemma 3 :

(a) This lemma means that in the optimal allocation of tasks and labor, the firm assigns
each task to only one specialization group and to only one type of workers'?. If a positive
measure of tasks 7 is performed with two types of labor or two different specialization groups,
say s; and so, then the firm can remove these tasks 7 from s; and assign them to only to
s9. Reducing the measure of tasks to s; would increase the productivity of this group (since
they get higher productivities) and increase the overall productivity; therefore, it reduces
the total costs.

(b,c) Using part (a) of the lemma, we can sort the tasks by the types of workers and
the assigned specialization groups. I sort it such that the tasks in [0,7™) are performed
with the low-skill workers L and task in [T, 1) are performed with high-skilled workers H.
Thus, T, = T* and Ty = 1 — T*. Also, the tasks within each type is sorted according to the
index of their specialization groups s = 1,..5 or s = 1...Sy. After such a sorting, we can
easily realize that the solution regarding the size of the groups and employment levels are

all unique. Here, I break the firm’s decision into four steps:

1. For each worker of type k, given the boundary task 7™, the total number of specializa-
tion groups Sy and the task assignments {7 s}, the firm optimally chooses the number
of workers for each specialization group; i.e. the firm solves for ny  (¢) for each group

s in type k given {7y s} &Sk, T*.

12Note that the tasks at the boundaries of the groups and types, can be performed twice, but they have
a measure zero and doesn’t change any results that follow.
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To do so, the firm optimally chooses ny ; () such that it is the same for all the tasks

Nk,s
Tk,s

within the specialization group; i.e. ngs(t) = , since productivity of workers

within the specialization group is the same for each task. Also, since the production
function is CES on the output tasks, it’s easy to show that the relative demand for

each specialization group is inversely related to the measure of the tasks of that group,

New _ (Tk,s )(Tmig)

such that N Ty

, where Ny ¢ is the total number of workers of type
k assigned to group s and T, is the measure of tasks in specialization group 7 .
Remember that we assumed a functional form for the productivity such that oy s (1) =

T,;””Tk,s_rk where r = /ﬁ > 0.

. Given Sy and 7™, the firm optimally chooses the task assignments {7} .

To do so, the firm optimally chooses the task assignments {7 s} such that the measure
of tasks of specialization groups are all the same within each type, due to the symmetric
that exist in the productivity of workers across the specialization groups and within
the skill type. Thus T}, s = T, ¢ = g—z, where T, = T* and Ty = 1 — T*. This implies
that: Ny, = ]g—]’;, Ng.s (1) = ]%]—:, Y. = Tk_(Hi)S};’“Nk. Also it turns out that the relative

demand of high vs. low-skilled workers is:

NL a wr, TETSZL TL

where T, "S;"* is the average productivity per task of type k = H,L workers.

. Given S, the firm optimally chooses the boundary task 7. In other words, the
firm decides what tasks to be performed by low-skilled workers (and the rest being

performed by high-skilled workers).

This happens when the relative productivities per tasks are equalized with the relative
wages; 1.e.
TI;TS;{H . wy
TE TSZL - wri,

(16)
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.This implies that

TH o S;IH wr, %
TL N SZL .U}H

thus N
NH ([ WH _(H_;) SHT (17)

NL a wr, STTL

L

Equation (16) implies that the elasticity of substitution between the high and low-
skilled is p = 1 + % > 1. Also, note that the parameter ¢ disappears in this allocation.
Finally, it is easy to show that similar results about the elasticity of substitution can
be found (azig > 1) if we assume a general productivity function.

wr

4. The firm optimally chooses Sy for each type k.

Proof of Proposition 4:

As shown in the previous lemma, following relationships can be found:

ap = Tk_TS;k

I
Il
Z|F
|
VR
gk
—
=
eE
—
<l

therefore

o = wi "

Now let’s define C), = wy N the cost of labor k, C = ok C,, total cost of labor, and

Y, = “ the cost share of labor of type k. Therefore

<')l|w !



thus

1
1—¢

o <2k: (w’“TTNkali)lj
: <; (%Tv ;>1> L
- e (5)

1—¢

= CT"

since ), T}, = 1. Hence

(=)

This means that after optimizing over the task assignments and optimum labor demand

assignment, the micro-founded model simplifies to the following problem:

C(Y) =minY ( S (%ﬁ>i>r+ > feSh (18)

k=H,L k=H,L
On the other hand, the canonical model in (15) can be simplified by optimizing over Ny,

first. First order conditions of this simplified problem with respect to Nyand Ny result in

which is exactly the same as (17). For a given set of {S;}, we can solve for Ny and Ny, and
_ 1-p\ T
get C => wNy =Y (Zk: oL (;”Ti) ) " This means that the canonical problem in
’ k

(15) simplifies to




which is equivalent to (18) if p=1+1 > 1.

C Canonical Model

C.1 Proofs of lemmas, propositions and corollaries

Proof of Lemma 1:
For a given Sy, the first order conditions of the firm’s conditional cost minimization

problem with respect to Ny and Ny imply that the labor demand for type k is:

= S () e

where the aggregate wage index equals

1
1-p I=p\ T-»
= Wy wrp,
W = ; + ; (20)
pp—1 pr—1
S Sy
thus:
p—1
pp—1, 1=p
cost share of type k labor = = g pﬁl
Zk’:H,L Wy Ny P =1 1—p
Zk’:H,L Sp Wy

In the next step, I find the first order conditions with respect to Si. I get:

Pr—1

L WPw Y N\ e
% = <<pk —) ka> (21

Note that from (20) we know that the wage index W is also a function of S;. Therefore,
we are facing a fixed-point problem. Using (21) for £ = H, L and combining them we find

that the wage index W is the solution to the following problem:

(2 07)

k=H,L
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where

gk = (p, = 1) frug*™ (23)

RHS of (22) is decreasing in X; thus, W is decreasing in % .Moreover I define Q =

Therefore () is the solution to the following equation:

@m @)

RHS of (24) is increasing in +-; thus, () is increasing in A This definition of () helps us

to solve for the optimum degree of specialization S;. We can rewrite (21) as

5 w}i p Pp
t <(/)k —1) fi Q>
g;_d’kQ%

(e — 1) fx

where ¢, =

is increasing in ¥ and ¢, > 0; thus S}, is increasing 1n . Moreover,
since ry > rp = py < pp = ¢y > ¢;. Therefore the relative specialization is also increasing

in Z’ since:

5 (THwH_ >¢H
H fu & &
e —%Q H—PL

SL (rkw >
f
After finding Sy, I can now solve for the labor demand by plugging Sy back into (19).
Then I get:

—1 1—
wka == QS]:k Wy, P

thus f.S, = wk + which means that the specialization cost of labor of type k is proportional
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to the cost of labor of type k with ratio of p, — 1.

Similar to relative specialization, we get relative labor demand as

¢r—1
w H wfp(ﬁH
NH _ ((PHl)fH> H Q¢H_¢L
NL ( wy, )¢L1 w—P¢L
(p—Dfr L

which is increasing in 7 since @ is.

Finally, the marginal cost is

OC(Y,{Sk})

me (Y; A) 5y

w
A

which is decreasing in both Y and A since W is decreasing in Y and A.

Proof of lemma 2:

In the monopolistic market structure we have ¥ = p~?D and the firm sets prices at

g

p = =%zmc (y) . Therefore by using the definition of Q* I get:
D\* o 1 [AQ*\7
p—(?> —a_lz<y> (25)

po

Y = <" - 1) " Dt AT Qe (26)

o

Q=

thus

Since ) is also a function of Y, we have a fixed-point problem here, too. Manipulating the

equations, it turns out that @ (A, D) solves:

a(p=1) g=1 1 -n
S () -
k NG ~~ 7
si:Cost share of type k labor

where g = ((pp — 1) fo) ™ w,:(p_l)¢k. Thus, @ (A, D) is increasing in A and D. If the
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assumption p, > p > o > 1 holds, then second order conditions hold and hence, the solution
exist.
Also by using the equation for p, it turns out that p (A, D) is the solution to the following

equation:

1= Z gt PP DOk AP D)y (p=0)dpto—1
k

since ¢, —1 > 0,(p— 1) ¢, > 0and (p — o) ¢, + 0 —1 > 0, thus p is decreasing in D and A.
Next, by using (25) and (26) I can solve for the total revenue as well. Revenue R would

also be a solution to an equation similar to above ones. But we can also represent it as:
_plo=1) 1 n 1-o
R(A, D) =m " (Da—lA) Q (A, D)rv (28)

where 7 = (p_;)_#. Using this representation and using the relationship of p,Y and R, it

is easy to show that:

Y (A, D) = m #% D% A7 Q (A, D)re (29)
p(A,D) = miaD 77 A= Q (A, D)7 (30)
o(p—1)
p=o A, D)%
nA,p) = S = 9:Q (A, D) (31)
B M
where
(pr, —1) (0 —1)
Ny =
Pr—0
—1)(oc—1
o (p—1) (o )>O_1
p—0

Moreover, using the labor demand equation in the last lemma, I can solve for the cost of

labor of each type, as well. It turns out that:

C (A, D) = wp Ny (A, D) = g,Q (A, D)™ (32)
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thus the relative labor demand would be

Ny (A, D) wr gu

_ A, D Pu—%1
Ny (A, D)  wy gL Qf )

—

which is increasing in A and D since @ (A, D) is increasing in A and D and ¢ — ¢, > 0.
From the previous lemma it turns out that the specialization for each type of labor would

be

Sy (A4, D) = M (33)

(e — 1) fr

Since () is increasing in A and D, hence, the specialization level is increasing in A and

D as well. Also, the relative specialization would be

g

SH (A7D) _ (pH_Ii)fH
g

) (pL_Ll)fL
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which is increasing in A and D since ¢y — ¢, > 0.

Finally Combining (28) and (27) results in (9).

Lemma 5 (a) Elasticity of Q wrt D is ( = % = where s 1s the cost share

1
12250, ok

PE—P
of type k.
(b) Elasticity of Q wrt A is % =(c—1)C.
(c)0<(<1

Proof. (a) Using the definition of @ (A, D), I take the elasticity from both sides of the
equation (27) and I get:

o(p—1) o— -
1=, mf—iangd’ﬁpfi (DollA)

g
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sk :Cost share of type k labor
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thus

AQ _ =
AD stk(%*‘;—_;)
_ p—1
o= 1+(p—0) >, skt
1

1L =9 T
T karp

(b) wrt A, we get

Ozzk:sk<(gbk+a_l)AQ—nAD)

p—0o
thus
AQ
Aq = (0=1¢
: -1 —1
(c) since ¢, > 1, hence >, spd, > >, sp = 1. Thus U—1+(p—pU)Zk o S U—lﬁ—(p—a) = 1.
p—1

Finally since all the terms in are positive, then ¢ > 0. m

o—1+(p=0) 2k 5k P

Lemma 6 (a)Output, price and revenue have following elasticities with respect to demand

idicator D:

0
- AD p—0c p—o0
< A ey
- AD Op—a p—0
AR ¢ o—
1 < — =1 —1 <1
- AD -1 -0 = +p—0
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(b) Output, price and revenue have following elasticities with respect to productivity A:

Ap oc—1 oc—1
1 < — =11 1— <1
< -x <+p_a( O)_ o

AY o—1 o—1
< — = — <
0 < X7 <1+p_0(1 C))0_<1+p_0>0

:<1+J_1(1—g)> (c—1) < <1+U_1>(0—1)

p—0 p—0

S
I
IN
l>‘l>
|

Proof. These results are straightforward using the previous lemma and equations (30),(29)

and (28).

for example, from p = mP—%DW—%AVZ—%Q (A, D)P—%, we can get

Ap 1 N 1 AQ

AD — p—o p—0oAD
_ ol
=
AlsosinceO§C§1,then0§—§—g§p%

The rest are proved the same. m

Lemma 7 If py — p,p; — o0 and f; — 0 then

Q= ((p=1) fu)wy "

Proof. In this limiting case ¢;; — oo and ¢; — 1. Without loss of generality, I consider the
convergence such that (p, — 1) fr — 1. Therefore g, — wg(” - Thus, the equation that

solves for () would be simplified to

ofs
Q —(p—1) a(p=1) o—1 1 -n
]_ = — ]_ T + p—o pra Da—lA
((p=1) fu) (((Pl)fH)wl({;)> wy m < )

(1) fryule D COTVETEES to any number other than 1, then RHS would explode or
pP—L)iH )Wy
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converges to zero. Hence

therefore
Q= ((p=1) fin)wig"
also
( 0 >¢H 2 (=1 fayulp ) T (D a)" — g
((p=1) fu) wif ™ (p—1) fu
.

C.2 Log Linearization

To better understand how the firm behaves, I look at the linearized form of the results. Let’s

define AX = dlog X as the percentage change in X and ﬁ—)Z( = gll?)i )Z( to be the elasticity of

X with respect to Z. For given S}s, log-linearizing the first order condition with respect to

variations in Y and A results in

_ 1
AC, = AY — AA + pAW + pp -AS) (34)
. —
and
T Yy,
AW = — AS 35
In the organizational problem of the firm, choosing optimum S, results in fi.S, = %;
thus
1 _
AS), = AC), = Zk p (AY — AA + pAY) (36)
. —

So from (35) and (36), AS), depends on AW and vice versa, generating a feedback loop
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that is equivalent to the fixed-point problem (4). Solving the fixed-point problem results in

AW* = —C (AY — AA)

and
—1
AS,(Y) =222 (1 - ¢p) (AY — AA)
P — P
and
Amc(Y) = —(CAY + (1 — () AA) (37)
— 2k pZEP 1
Whereczmaﬂd OSCS;
PE—P

Equation (37) shows how total production positively affects Sy and negatively affects
marginal cost through the specialization channel which shows up in a single term (. It is
evident from the definition of ¢ that higher gains from specialization (lower p, ) lead to higher
effects of total production on the marginal costs.

For the relative labor demand and relative skill specialization, I get

Cu\ _ Su :(PL_pH)(P_l) _ _
A(CL>_A(SL> (pL—p)(pH—p)(l PHAY =AY .

Since p; > py > p > 1and ¢ < %, I conclude that relative labor demand and relative
specialization are positively correlated with production demand.

Lastly, note that in the Lower Boundary Case, where the gains from specialization are
completely shut down by setting p; = p; = oo, I get ( = 0. In this case, by shutting down
the gains from labor specialization, the model converges to the standard Krugman-Melitz
type model and total production has no effect on marginal cost. On the other hand, in the
Upper Boundary Case where the relative gains from specialization is maximum by setting

pg = p and p; = oo, I get ( = % which is its maximum possible value. The effect of

production on marginal cost is at the maximum level in this case.
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D Details of Data and Quantitative Analysis

D.1 Background on Mexico’s Trade Reform

From 1980 to 2000, Mexico faced several major economic and trade reforms. Over this pe-
riod, the export and import rates increased to 31.4% and 33.25, from 10.7% and 13.0% |,
respectively. There were five major trade liberalization reforms in the 1980’s: Maquilado-
ras liberalization (1983), Unilateral trade liberalization (WTO entry) and peso devaluation
(50%) in 1985-87, FDI liberalization (1989), and Immigration reforms. Other than trade
reforms, it also experienced Privatization, Labor Market, and Deregulation reforms as well.
In the 1990’s joining NAFTA and a large peso devaluations in 1994-1997 were two major
changes to Mexican economic policies. NAFTA happened in the January of 1994, lower-
ing many trade barriers among Mexico, the U.S. and Canada. In late 1994, the peso was
devaluated about 80%; inducing a GDP free fall in constant prices by 6.5% as reported in
Verhoogen 2008. Unemployment rose sharply to 6.9%, from 3.2%, (World Bank public data),
and low-skilled workers’ wages dropped over a year’s duration to $0.90 an hour, from $1.50
an hour (Verhoogen 2008).

Over the period from 1985-1993 (pre-NAFTA), Mexico implemented large tariff and non-
tariff barrier reductions. After four decades of import substitution industrialization, Mexico
joined GATT/WTO in 1985. Maximum effective tariffs in manufacturing have been 80%
prior to its joining the GATT. The average tariff was reduced to 11% in 1993, from 23.5% in
198513, and the share of manufacturing production subject to import licenses also dropped
to 23.2%, from 92% (Harrison and Honson 1999).

Reforms in the years from 1985 to 1993 have affected workers disproportionately. Gold-
berg and Pavcnik (2007) report that from the 1980s until the mid-1990s, all measures of
inequality, such as the skill premium, relative wages of white collar/blue collar employees,

90-10 log wage differentials, Gini of log wages. and Income Inequality (Gini), have increased.

13The maximum tariff before NAFTA was as low as 20% (Robertson 2004)
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Table 3: Average real wages of Mexican workers

Education level 1987 1993 | Change
Primary 0.56 0.60 | 0.08
Secondary 0.72 083 |0.15
Postsecondary 1.11 1.86 | 0.68
Note: Average wages (1987 pesos) of Mexican workers with different levels of education
in 1987 and 1993 (almost before and after the reforms)
Source: Cragg and Epelbaum (1996)

Cragg and Epelbaum (1996) document that the average wage of workers with postsecondary
education relative to those with primary education have increased approximately 68%. Ac-
cording to Verhoogen (2004), the 90/10 percentile wage ratio of white-collar vs., blue-collar
workers increased to 2.7 in 1993, from 2.0 in 1988 . Also. the average relative wage of
white-collar /blue-collar workers increased to 2.54 in 1990, from 1.93 in 1984 (Hanson and
Harrison (1999)). In the same period, white-collar real wages in pesos changed to 70.46 per
hour, from 62.12, while the blue-collar real wages changed to 27.69. from 32.19.

Although total employment increased 7% in both groups, relative employment was rather
stable at 0.43 during these years. Robertson (2000) reports that the relative wage of non-
production workers has increased to 2.6 in 1994, from 2.3 in 1986, and then it declined to
1.7 in 1999. Also, their 90-10 log wage differential increased to 1.29, from 1.24, in 1994, and
then dropped to 1.21 in 2000. Moreover, Hanson and Harrison (1999) find that the share
of white-collar workers is higher in exporting firms than in non-exporting firms, which is
another support for our theory. On the other hand, as Verhoogen (2004) documents, the
total and within-industry variances of log real plant-level average hourly wages were rather
stable from 1984 to 1993, showing that most changes in the skill premium attributes this
to changes in the average payments across industries and plants. Figure 13 shows the wage
inequalities during the reform years. Table 3 shows their average wages as they relate to

different levels of education.
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Figure 13: Wage inequality in Mexico during the reforms from 1984-2001. Source: Verhoogen
(2008)

D.2 Calibration

The contribution of the paper is about the elasticities of substitution within a worker type;
thus I first discuss about the calibration of these crucial parameters. In the literature, most
of the works are concentrated on estimating the elasticity of substitution between skilled
and unskilled labor such as Katz and Murphy (1992) whose estimate is 1.41. Krusell et al.
(2000) estimate it to be 1.67. Ciccone and Peri (2005) estimate this elasticity of substitution
to be 1.5. Blankenau and Cassou (2011) found 1.396 to be a good estimate. Stock et al.
(2002) have a preferable number of 1.5 for the longrun elasticity of substitution. Last but
the least, Behar (2010) has a very nice work which concludes an estimate of 2 for developing
countries.

As the notion of elasticity of substitution within type is a rather a new concept in the
literature, there is not quantitative measure in the literature for it and thus they should be
identified using some micro data or using simulations. But fortunately there are some notions
that support the idea of elasticity of substitution within types. Mollick (2011), in a very nice

work shows that the elasticity of substitution between high and low skilled depends on how
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we define the skilled worker. This paper finds that for the “college educated” definition of
skilled worker the estimates vary between 2.00 to 3.21; but for the “secondary-completed”
definition the estimates vary from 3.53 to 4.07 and for the “primary-completed” definition
the estimates are between 6.25 to 12.66. Similarly, Psacharopoulos and Hinchliffe (1972) has
shown estimates of 2.2, 4.8 and 50 for different definitions sorted from higher threshold to
lower thresholds as the definition of education. This analysis tell us that the substitution
elasticity is lower with higher thresholds and the possibility of switching between the two
types is less likely. In other words and in the context of my paper, their analysis supports the
idea that substitution among higher levels of education is harder; in contrast, substitution
among lower skilled workers is easier.

As they these two papers find higher values for lower thresholds, it means that the
substitution of very low skilled and medium skilled workers are higher when we compare
medium skilled worker with very high skilled workers. Basically, their estimates can give me
some upper and lower bounds for the calibration process. Specifically, as the upper bound
for the college educated definition is 3.21 in Mollick (2011), I set py; = 3.21 as it should be a
lower bound for the elasticity of substitution among high skilled since workers within a type
are more substitutable than across type. Also as the number 6.25 is the lower estimate for
the elasticity substitution for the lowest threshold, it can be a good lower bound for p; as the
low skilled workers are more substitutable among themselves relative to high skilled ones.
So in order to be conservative in my analysis, I choose 3.21 and 6.25 for the two parameters
of py and p; respectively. For the elasticity of substitution between high skilled and low
skilled workers, the literature shows different values as I discussed above and a conservative

number for analysis can be p = 2. By the way, in my analysis, I simulate for different values
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of these parameters and show how robust the results are'*,'?.

To calibrate the rest of the model, I take some of the conventional parameters from the
literature. For other variables, I match the related moments to the available data from micro
level analysis in the literature. Table 4 shows the summary of the calibrated parameters to
the data using the literature.

I take 0 = 2.5 close to the average elasticity of substitution across goods. I calibrate

6 =5 close to the preferred estimated value in the trade literature as Bernard et al. (2003).

I use Verhoogen (2008) on Mexican data in 1993 for the white-collar employment share and

Nu
Ng+Np

set = 31%. For the variable trade costs d, I use Verhoogen (2008) to set the average
tariff rates of Mexico on manufacturing in 1993 to 11%; so I set d = 1.11. With the purpose
of price normalization, I set the foreign aggregate prices and measure of foreigner exporters
tol (pf=1,M;=1).

To calibrate the fixed specialization costs, I use the O*NET data from BLS on the average
months of "on-the-job-training" for each occupation. Based on the average needed education,
I categorize the occupations as high-skilled or low-skilled, based on the average required

education for that occupation. If the average is greater than or equal to "college graduate"

I call it a "high-skilled occupation" and the rest "low-skilled occupation," I then take the

4One could estimate these parameters if there were enough micro level data as well. According to (5),
the labor demand for each type of workers in a firm depends on Y/A with an elasticity that depends on
p and pg for K = H or L. Also (25) and (26) show that output Y and price p, both depend on A, the
firm’s productivity, and the demand indicator D, which is the same for all the domestic producers (in an
industry). Therefore, by using the firm level data for Y, p, Ly, L, One can use NLLS estimation and match
these variables in the data with the model and identify p, py and p;. Briefly, by assuming that Demand
indicator D is the same for doemstic producers within an industry, matching data on Y and p would identify
p and also it gives us an estimate of A; for each domestic producer ¢; since the term D appears as a fixed
constant term for domestic producers and it disappears when we take differences of log(Y") or log(p) for the
firm ¢ with that of a benchmark firm indexed by firmg. Then, for each K = H or L, the difference of the
log(Lg) for firm 4 and firmg, depends only on the log-difference of Y;/A; with a coefficient that depends on
p and pg. This means that matching log(Ng ;) —log(Nk o) can identify py. In other words, equations (5),
(25) and (26) can identify py, p;, and p.

15 Another way to identify pj is to use a calibrated value for p from the literature and the use equation
(5) to identify py, p;, using the same procedure mentioned above. Basically, we use (26) to calculate A; and
use it in (5) to identify py, p; by differencing the log values for two domestic producers. In other words,
differencing between two domestic producers’ labor demand helps us to get rid of fixed effect terms which
depend on the industry level measures and thus the elasticities of substitutions can be identified.
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Table 4: Calibration Results

Parameter Calibrated Value Description

p 3.2 Elasticity of substitution across H,L

P 3.3 Specialization gain parameter of high-skilled
or, 6 Specialization gain parameter of low-skilled
o 2.5 Goods elasticity of substitution

0 ) Ex-post firm sale heterogeneity param.

Df 1 Foreign aggregate price

Ny/N 0.31 white collar fraction of employment

N 1 Total employment

fu/fr 1.61 Relative fixed specialization costs

fu 0.068 high-skilled fixed specialization costs

Note: Calibration of fundamental parameters and variables of the Model

average over the months of "on-the-job-training" for each high- or low-skilled occupation
and set J}—*Il to be the ratio of these two averages. To calibrate fy,I use Caliendo and Rossi-
Hansberg (2012) finding that 11% of the industry is involved with the teaching activity. I

use the rest of the variables in the matching-moment part.

Now to identify and calibrate four parameters, fm,Df, f. and f3 (relative productivity
parameter of high-skilled vs. low-skilled workers.!9), T match four moments of the model
with the actual data. I use the statistics from Verhoogen (2004) which covers around 3000
Mexican manufacturing firms in 1993. First, I match the fraction of exporters to 30% to
identify f,. Then I match export share of sales to 17.43% to identify D;. Next, I match the
skill premium (average relative wage of white collars vs. blue collars) to 2.80 to calibrate /3
and I match the average number of employees per firm Mie with 240.8, to identify f.. Table
5 shows the results of this matching. Our matching is just identified and all the moments
were fully fitted with their counterpart values. Having all the parameters calibrated and
estimated, I use the algorithm of the previous section to solve for the equilibrium in the

counterfactual economy to see how the model responds to different policies.

16Tn the theory section, I took this to be one. But here I allow it to be different than one and I calibrate
it.
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Table 5: Matching moments results: Mexico

Description Parameter Matched Value
Fixed export cost fa 9.0e — 03

Foreign demand indicator Dy 4.4e — 04
Relative skill intensity 6] 3.84

Fixed sunk entry cost f. 0.036

Note: Estimation results for the fundamental parameters of the Model by matching the simulated
moments to the ones in the data for Mexico in 1993.

D.3 Equilibrium Allocations in the small open economy case

In this section, I concentrate on the general case of the model in a small open-economy
setting. The reason is that the motivating empirical fact for this paper is the puzzle in
the rise of the skill premium in developing countries after the opening of trade, and these
countries are mostly small economies. They face a large market when they begin to trade,
and this increase in demand is the most relevant force in raising the skill intensity of the
new exporters, through labor specialization, and driving up the relative demand for skilled
workers, hence boosting the skill premium.

In a small open-economy context, the trading country is large enough such that the
home country cannot affect the prices and wages in the foreign country. I take the foreign
aggregate demand (D r=F; X f), the marginal cost of production of foreigners (py), and
the measure of foreign exporters (M.; = 1) as given exogenously, so that any changes in the
home country cannot affect them. As before, there is free entry with endogenous measure
M, of potential entrants at home. I also assume that the fixed costs are paid in terms of
high- and low-skilled labor evenly!'”such that f. = M and f, = M For the
fixed cost of specialization, I assume that skill type k£ uses labor of the same type. Lastly,
for simplicity and without loss of generality, I assume that there are no operational fixed

costs (f, = 0). Therefore all the potential firms would produce at least in the home market.

'"The results are qualitatively robust to changes in these assumptions.
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Figure 14: Distribution of revenues (Left) and skill intensities (Right) of firms with Pareto distri-
bution productivity.
Because of the assumption of zero operational costs, every firm enters, and p, = 0. A firm
enters the export market, if I1 (A, D + Dy) —II (A, D) > f,. This condition pins down the
threshold A, enabling firms with productivity A > A, to export. It also solves for the
fraction of exporters i, given demand D and wages wy and wry,.

In this section, I present the aggregate behavior of the economy and equilibrium allo-
cations in general and I continue with the assumption of Pareto distribution for the firms’
productivities. It turns out that revenue and skill intensity have a distribution similar to the

one in Figure 14.

As mentioned in lemma 2, revenue R (A, D) of a firm with productivity A is the solution
to (9). Therefore the aggregate revenue equals R (D; Dy) = M, ((1 — p,) Ra + p1,R.) where

Ry(D) = gxE [R(A,D)| A< A,] and R, (D; Dy) = gxE [R(A,D + Dy)| A > A,] are the
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average revenue of non-exporters and exporters respectively. Since for each firm, price p is

such that p = (@) 7 which can be shown that it is a decreasing function in A and

D. Therefore the aggregate price index is the solution to the fixed-point problem

1

Rd (D) Rm (D —+ dl_an) 1— 1-0o
P = (Me ((1 — [ty + p, + (dgpy) —°
D D+ d'=oD;

where D = P72 X. The left-hand side is linearly increasing in P. It can easily be shown that
the right-hand side is decreasing in P. Therefore the price index has a unique solution . In
partial equilibrium, where wages, aggregate expenditure, and measure of entrants is given,
one can solve numerically for price index. It is easy to show that any comparative statics
that increases the RHS would increase P.

Similar to the Upper Boundary Case, reducing trade costs affects the aggregate price
index through different channels. Reducing dy, the importing trade costs, reduces the price
of the imported goods, reducing the aggregate price index. A decrease in exporting trade
costs d increases the exporting firms’ demands, increasing their degree of specialization,
and therefore their labor productivity. So it decreases the exporters’ prices, reducing the
aggregate price index. Also, a reduction in d affects the aggregate price index tremendously
through the extensive margin. Since a decrease in d increases the foreign demand, it moti-
vates many non-exporters to specialize and to expand their organizations to become more
productive and export. Therefore they also reduce their prices.

Note that the reduction in the aggregate price pushes the aggregate home demand down.
Therefore, domestic producers would face lower aggregate demand after trade cost reduc-
tions. New exporters face a larger demand from the export market while old exporters’
aggregate demand may increase or decrease. The reason for this is that from one side they
face the Direct Channel of reduction in d, and at the same time they face the Indirect Chan-
nel of reduction in aggregate prices and hence reduction in aggregate demand. Similar to the

Upper Boundary Case, it can be shown that a reduction in trade costs raises the aggregate
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demand initially, but decreases it after a certain threshold.

Also recall that the cost of labor of type k equals

PE—1

Ck (A,D) = Gk (mpDollAR (147 D)gf_i) PL—P

Therefore the aggregate cost of type k labor for production (excluding those costs re-
lated to the fixed costs of specialization, entry or exporting) can be simplified to C) =
M, ((1 — [y) Cha + uxC_’km), where C}4 and Cy, are the average labor demands of domestic
producers and exporters, respectively!®.

Non-monotonic behavior of aggregate demand, with respect to trade costs for the old
exporters and the negative correlation of trade costs and aggregate demand for domestic
producer have generated a non-monotonic behavior of aggregate relative labor demand in
regard to trade costs in the whole industry. It is shown numerically that reducing trade costs
from autarky toward free trade would increase aggregate relative labor demand initially but
it may result in a decrease after a certain threshold.

For the general equilibrium analysis, three more conditions would determine all the allo-
cations and prices endogenously and pin down wages wy and wy, measure M, of potential
firms and aggregate expenditure X: Labor markets clearing, balanced trade, and aggregate

zero profit:

B8Cha = g E [Ck (A,D)| A< f_ll.] and Cly = g F [C’k (A, D+ Dy¢)| A> f_ll.]
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P

(Low-skilled labor market) wyL = ,0 1Me ((1 —p1,) Cra + ,umC_'LI) +
. —
(Mewa_e + Me,ug;wam) /2
(High-skilled labor market) wyH = ) Pr 1Me ((1 — ) Crg + NmCHx) +
=
(Mewae + Meﬂdmefm) /2
o _ _
(Aggregate zero profit) 0 = Z (a 1 pkpi 1) (1 = ) Cha + . Cha)

k
“Hy (wH]Fx +wL.]Fac) /2 - (whfe +wae) /2

(Balanced trade) X = wyH +wrL

Note that since I have taken the foreign supply price as the numéraire and set it equal
to 1, I need to solve for both wages and home aggregate price.

As discussed earlier, in partial equilibrium a reduction in trade costs reduces the aggregate
price index. However, the aggregate demand initially increases, but then it decreases because
of the Indirect Channel. Therefore the aggregate skill intensity may go up first and then
come down.

In general equilibrium, beside the Direct and Indirect Channels, there is a third channel
that affects the aggregate demand and aggregate skill intensity; name it Wage Channel.
Basically, high-skilled and low-skilled wages have asymmetrical effects on the labor demand,
since the gains from specialization of workers of different types are different (py; < p;).
Therefore when high-skilled wages are large enough, firms find it more expensive to employ
more high-skilled; therefore they tend to employ more low-skilled workers. Hence, a large
reduction in trade costs affects wages such that it may lead firms to decrease their skill
intensity as a result of this channel. Consequently, the skill premium may go down with
trade liberalization. These three channels have been discussed in the numerical section of
this paper in more detail. I conclude that in the general equilibrium, by reducing trade costs,

the skill premium initially rises and then it falls.
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D.4 Algorithm to Solve for the Equilibrium

To solve for the equilibrium allocation, I first take all the parameters as given and show
how to find the allocations and prices. Then I calibrate some of the parameters using the
existing literature. I then match some moments of the model to the actual available data
and estimate the rest of the parameters. Finally, I take the parameters and simulate the
model under some actual and counterfactual changes in the parameters.

The following algorithm solves for the equilibrium allocation numerically and by simula-

tion:

1. Take all the parameters o, 0, p,, p, 3, fx, Dy = dl_"P)i’_le,pf, My =1 as given.

2. Take N random draws u; : 2 = 1...N from uniform distribution and construct random
sample productivity variables A, Given parameter 6 by setting A, = u~'/%. Sort firms
by their productivities so that Monte Carlo simulation in simulating their behavior can

be faster. These variables will be fixed throughout the process.
3. Guess a value for p, (Fraction of exporters)
4. Mark fraction p, of the most productive firms (those with highest A,) as exporters.

5. Solve the fixed-point problem 7' (¢*) = ¢* for ¢ = (wy,wr, D, M,.) . Define T () as

(a) For random sample u, set D,, = D+ Dy if u is an exporter; otherwise set D, = D.

(b) For each random productivity A, solve for the sufficient variable

o(p=1) o bt =L
Qul =) _me= gu"Qu" "
k

1
where v, = DJ ' A,
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(c) Find the profit of the firm A, by

Ch )
a2 if non-exporter
ma)=] g (39)

Chou I :
Dokt —wnfs  if exporter

where Cy,, = g Q%

(d) Set
M,
w) = ML, mean(C', ,,) (40)
Ly
% MemH r r
wy = =7 * mean(Ch,y) + Mewp fo + Mept,w fo (41)
H
K* = P'X (42)

where X = ), w;L;, and

1

—plo— o—1 1-0o 1—0o
P = <(dpx)l_a + Me * Imean (m P(fal) Di*a AZQ50)> .

(e) Set T(gp) - (w;:ﬂwzk?K*)

6. Set dIl = II,,, — 1,4 where I, is the profit of the least productive exporter (lowest A,
among exporters) and I1,4 is the profit of the most productive non-exporter (highest

A, among non-exporters. ).

7. Do a grid search on p, to find ¢* such that dII > 0 and that it is the minimum possible

amount.

Given the model parameters, the above algorithm can solve for the equilibrium allocation.
To set the model parameters, I calibrate some parameters using the data in the literature
and for others, I match some moments of the model to the actual data. Then, for the
counterfactual analysis, I need to change the model parameters and solve for the equilibrium

again.
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To do so, I use a shortcut in the above algorithm. Since I have data on the fraction of
exporters both in the calibration and the counterfactual world, I set u, to the value from
data; but in step 7 I solve for the policy instrument or the other matching moments values.

Thus steps 5, 6, and 7 simplify to

T(¢)— ¢
e Solve dIl =0

moments

This means that I solve for the equilibrium, policy instrument and/or parameters of
moments-matching, all at the same time. This algorithm speeds up the process of simulation

and analysis dramatically.

D.5 Comparative Statics

In this section, I keep the policy variables unchanged, but deviate from the calibrated econ-
omy by changing some important parameters of the models. I show some comparative statics
for changes in py,p;, and fy (fixed-specialization cost of high-skilled workers). I show how
changes in these variables affect the calibrated economy and also the simulated economy in
the counterfactual world. In my counterfactual analysis, I vary these parameters so that the
extensive margin of trade becomes equal to 40%. Then I can compare the responsiveness of
the model in regard to changes in these variables, especially the trade-related ones.

As it has been shown in the theoretical section, parameters p; and p; are inversely
related to the gains from labor specialization. Also, it was shown that their distance from
each other enhances the model’s power in changing the skill intensity at the firm and industry
levels. And I also showed that maximum gains are attained when p; goes to infinity and py
is close to p (the elasticity of substitution between high- and low-skilled workers). Table 6
shows how changes in p; would change the skill premium, intensive and extensive margins
of trade, and aggregate welfare . Higher p,; means that high-skilled workers gain less from

concentration and focus on more tasks. Thus their productivity would be lower, inducing
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Table 6: Comparative Statics

Benchmark (1) (2 (3)
py - High-skilled spec. param. 3.3 3.65
pr, - Low-skilled spec. param. 6 3.82
frn : Fixed Specialization cost of High-skilled .068 0.296
Skill premium 2.80 2.71 2.5 1.79
Fraction of exporters .30 40 40 40
Export share of total production 12.6% 12.8% 13.8% 14.0%
Change in Agg. Welfare 1.3% 3% 22.6%

Note: This table demonstrates how changes in the calibrated values of py, p; and fy (the first
three rows) affect the predicted moments (rows 4-6) with the data in 1993 and the changes in the
predicted increase in the aggregate welfare before and after trade liberalization of 1985-1993 in
Mexico (row 7).
firms to invest less in their specializations. The firm’s level of labor specialization and of
organizational expansion (in favor of high-skilled workers) decreases. This would lower a
firm’s skill intensity and its productivity. In the aggregate, since all firms are facing the

same changes, total aggregate skill intensity and aggregate productivity would go down.
Comparative static results regarding changes in p; have been reflected in the third column
of Table 6. Lower p; means that the gain from specialization of low-skilled workers is more.
Therefore a firm invests more in their specialization, and thus its skill-intensity decreases.
Overall skill intensity and relative skill demand decreases; thus the skill premium goes down.
It is clear that the effect of changes in p; on the extensive margin of trade is lower than py;.
It is needed to have a large change in p; to increase the extensive margin of trade to 40% in

contrast to a small change in p;, which can generate the same results.

Then, I analyze the effect of changes in the fixed specialization costs of high-skilled
workers fy. When this cost rises, a firm invests less in the specialization of high-skilled
workers, decreasing its skill intensity and labor productivity. Thus, it is expected to have
lower skill premium and lower aggregate welfare. Column four of Table 6 reflects these

results.
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Figure 15: Simulated predicted changes (decrease) in skill premium before and after the trade
liberalization period (1985-1993 in Mexico) with different values py and p;.



In the next step, I vary both fundamental parameters p; and p;, calibrate and simulate
the model repeatedly to investigate how much the counterfactual skill premium would change
when one makes different choices for these two fundamental parameters. The reason is that
these two parameters cannot be calibrated easily using standard and available micro data;
thus this comparative statics would show robustness of the results and the extent of the model
in predicting the changes in the skill premium. Figure 15 shows the amount of decreases in
the skill premium if I reduce the fraction of exporters from 30% to 10% (counterfactual of
going from 1993 to 1985) by changing the bilateral trade costs. As expected, the maximum
reduction in the skill premium happens when p; is at its minimum and p; is at its maximum
possible value. Also the effectiveness of the model in explaining the changes in the skill
premium increases as the two parameters are further from each other; the effectiveness

disappears if these two values are the same.
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