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Abstract

This paper develops and evaluates a novel mechanism through which imports of un-

skilled intermediates (offshoring) increase wages of both skilled and unskilled workers by

inducing skill-biased technology adoption and innovation in developed countries. A two-

country trade model, calibrated to U.S. manufacturing industry and trade data, shows that

an increase in offshoring of unskilled labor intensive intermediates leads to greater use of

skill-complementary capital, more product innovation, and higher levels of output, thereby

generating absolute wage gains for both skilled and unskilled workers, although increasing

the skill premium. While the employment of skilled workers increases, the total employment

of unskilled workers falls. The model additionally shows that the increase in offshoring in

U.S. industries between 1974 and 2005 could potentially generate a 17% gain in welfare. A

model with only the Heckscher-Ohlin channel, with no technology effects, yields a decline

in unskilled wages, larger increase in wage inequality, and a significantly smaller welfare gain.
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“Long before the recession, jobs and manufacturing began leaving our shores. Tech-

nology made businesses more efficient, but also made some jobs obsolete. Folks at

the top saw their incomes rise like never before, but most hard-working Americans

struggled with costs that were growing, paychecks that weren’t, and personal debt that

kept piling up...No, we will not go back to an economy weakened by outsourcing...”

— President Barack Obama, State of Union Address, January 2012

1 Introduction

The above quote from President Obama’s speech closely reflects the political and popular

sentiments surrounding offshoring1 from the United States to developing countries that grew

tenfold from 1.8% in 1974 to 19% in 2005.2 Indeed, total employment in the U.S. manufacturing

sector has shrunk. Inequality, or the skill premium, has also risen remarkably over the last three

decades, with the wage gap between college and high school graduates growing nearly 50%

(21 log points), between 1979 and 2005.3 However, is the growth in offshoring the principal

underlying cause for these trends? Does offshoring necessarily cause a decline in real wages and

employment of domestic unskilled workers or can it generate wage, employment, and welfare

gains for them? In this paper, I address these questions by developing a novel technology

channel of offshoring in the framework of a general equilibrium trade model. The model shows

that offshoring to developing countries induces capital deepening and innovation leading to

substantial wage and employment gains for both skilled and unskilled workers in the advanced

country.

Previous literature analyzing the wage and employment implications of offshoring only con-

siders the Heckscher-Ohlin (H-O) mechanism and/or assumes that imported and domestic in-

termediates are perfect substitutes. In this framework, offshoring is found to cause wages and

employment of unskilled workers to decline.4 Grossman and Rossi-Hansberg (2008), however,

show that offshoring effectively increases the productivity of unskilled workers, generating wage

and employment gains for them. The technology channel developed in this paper provides a

new mechanism by which offshoring can create substantial wage gains for unskilled workers,

1The distinction between the terms “outsourcing” and “offshoring” is blurred in the economics literature.
In this paper, “offshoring” refers to the relocation of tasks (measured as imports of intermediate goods) to a
foreign country regardless of whether the provider is external or affiliated with the firm. While this is termed as
“offshoring” by some authors, eg. Rodriguez-Clare (2010), some others, eg. Feenstra and Hanson (1996, 1999)
have previously referred to this as “outsourcing.”

2See Figure 1(a). Offshoring is measured as the value of intermediates imported from developing countries,
as a proportion of total value of intermediates used by U.S. manufacturing industries. This measure was first
proposed by Feenstra and Hanson (1996).

3Autor, Katz and Kearney (2008).
4Empirical studies find mixed results about the employment effects of offshoring. Alan Blinder (2007) predicts

that 22-29% of U.S. manufacturing and service jobs are offshorable over the next decade or two. Other empirical
studies, however, find mixed evidence of the effect of offshoring on unskilled employment. See Mankiw and
Swagel (2006) for a review.
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even beyond the productivity effect. In fact, the labor market impacts of offshoring are over-

whelmingly mediated through the technology channel (i.e., investments in skill-complementary

capital and innovation); the productivity effect suggested by Grossman and Rossi-Hansberg

(2008), and H-O effects through substitution of unskilled labor are small. A model with this

channel predicts that offshoring leads to higher wages for both skilled and unskilled workers,

and a smaller increase in the skill premium, compared to a model with only the H-O channel.

This paper also bridges the trade and labor literatures studying the factors underlying the

evolving wage and employment trends in the U.S. labor market. International economists have

linked the growth in wage inequality to the rise in offshoring, measured as imports of inter-

mediate goods, through the H-O mechanism in which imports from unskilled labor-abundant

countries substitute for unskilled workers in developed countries.5 In contrast, labor economists

find skill biased technological change (SBTC) to be the chief factor underlying the growth in

the skill premium,6 documenting a remarkable correlation between skill upgrading and the

adoption of computer-based technologies within industries. Both literatures have considered

offshoring and SBTC as distinct phenomena driving the growth in the skill premium. However,

by developing the novel technology channel, I show that SBTC is endogenous to offshoring,

and that offshoring, through this channel, creates wage and employment gains for all workers,

although amplifying the skill premium.

The technology channel is motivated by the observation that the growth in offshoring to

developing countries is accompanied by capital deepening and increasing innovation, with all

three accelerating after the mid-1990s. Figure 1(a) shows that imported intermediates, as a

share of total imports, fluctuated with a declining trend from 1974 until the mid-1990s, but

then turned sharply upwards to reach nearly 80% by 2005.7 However, offshoring to developing

countries consistently grew between 1974 and 2005. Simultaneously, the average equipment-

labor payments ratio rose from about 115 points to 420 points and the average product R&D-

sales ratio grew from 1.5% to 2.4% (corresponding to a growth in average real product R&D

expenditure from 95 million dollars to 2,800 million dollars, as shown in Figure 1(b)). The

timing suggests that these trends may be causally related. My work below demonstrates that

the growth in offshoring to developing countries induces investments in R&D and equipment,

benefiting all U.S. workers, although magnifying the skill premium and skill upgrading.

The substitution of domestic unskilled labor by imported unskilled intermediates, as pre-

dicted by the Heckscher-Ohlin theory,8 can trigger two effects, that constitute the technology

5See, for example, the empirical work of Feenstra and Hanson (1996, 1999), and the theoretical work of
Grossman and Rossi-Hansberg (2008).

6See Katz and Autor (1999), and Katz (2000) for a detailed review.
7The upturn in imports of intermediates may have been driven by the Uruguay round of trade negotiations

between the advanced and developing countries as well as by the East Asian crisis. The Uruguay round was
followed by several subsequent negotiations that liberalized trade regimes even further. The East Asian crisis of
1997-98 also led many countries to depreciate their currencies dramatically.

8Grossman and Rossi-Hansberg (2008) have provided two ways by which offshoring of unskilled tasks can
increase the skill premium - the relative price effect and the labor supply effect. First, the cost reduction
resulting from offshoring can lead to a decline in the relative price of unskilled labor-intensive goods. Second,
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Figure 1: Growth in Offshoring with Rise in Equipment & Innovationa
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aSource: U.S. Imports and Exports data, NBER-CES Manufacturing Productivity database, Input-Output
tables, Compustat. Imported intermediates in each industry are calculated by first multiplying the import
penetration ratio for each input to the total dollar value of that input used in the industry, and then aggregating
over all inputs used. Offshoring to developing countries is calculated as total intermediates imported from
developing countries relative to total value of intermediates used in U.S. industries. Payments to equipment
capital stock are measured at prices that are not adjusted for changes in quality. The payments to equipment
capital are divided by the total payments to workers for each industry. R&D for each industry is measured as
the total expenditures on product R&D of all publicly traded U.S. firms belonging to that industry. Offshoring,
equipment-labor ratio and R&D expenditure are averaged across all 459 4-digit SIC (1987) industries.

channel. First, the cost reduction from offshoring induces firms to expand their output, leading

to an increase in the skill-intensive tasks required in the production process. This increases the

demand for skilled labor and skill-complementary equipment capital (technology adoption).9

The complementarity between skilled labor and capital also magnifies the relative marginal

product of skilled labor, and hence the skill premium. Second, lower costs of production make

new products profitable, inducing product innovation. Innovation creates greater demand for

skilled workers as well as capital equipment that is complementary to these workers, once again

putting an upward pressure on the skill premium. However, offshoring-induced technology

adoption and innovation increase the overall productivity of firms, leading to higher wages and

an increase in offshoring increases the effective supply of unskilled labor in the North. Both effects reduce the
relative wages of unskilled labor. Further, Feenstra (2008) show that the cost reduction leads to an expansion of
output in the North, causing an absolute increase in the skill-intensive tasks and skilled wages.

9I use the term “technology adoption” to imply equipment capital deepening. Equipment capital (as against
structures capital) embodies technology that favors skilled workers over unskilled workers. In the SBTC literature,
an increase in the use of computers in industries, and growth in skill-complementary capital equipment, more
generally, have been taken to indicate technological change. I use the relatively conservative term, “adoption,”
since greater employment of equipment capital may not necessarily be associated with employment of equipment
that embodies superior (or different) skill-biased technology. Another, more technical, reason for this terminology
is that in the data, capital is measured at prices that are unadjusted for quality. Gordon (1990) showed that
quality-adjusted prices declined at a faster rate than unadjusted prices. This decline in quality-constant prices
may be the reason why industries may increase their employment of capital (Krusell et al.(2000)). Without
such price data, I do not have a way to distinctly identify greater employment of embodied technology from
employment of superior technology.
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employment for both skilled and unskilled workers.

I formalize these mechanisms in a two-country trade model. Monopolistically competitive

firms in the North produce differentiated final goods using skilled and unskilled intermediates,

and offshore the production of unskilled intermediates to the South. The model is similar in

spirit to a standard H-O trade model like Krugman and Venables, but with three additional

key features. First, the offshored intermediates are highly, but not perfectly, substitutable

for domestically produced unskilled intermediates.10 Second, the production function of the

monopolistically competitive firms allows for capital-skill complementarity. Third, production

of new goods, or entry of new firms, requires innovation.

Quantitative results from the model show that the tenfold growth in offshoring to developing

countries, between 1974 and 2005, has increased the skill premium in the U.S. by about 15%.

Thus, the skilled wage has increased relative to the unskilled wage. But the unskilled wage

has also increased by a remarkable 22%. The unskilled employment, however, declined by 6%.

Counterfactual experiments show that the technology channel dominates the H-O effects of

offshoring, with the latter explaining only a third of these overall changes. The model also

allows me to decompose the two parts of the technology channel. These decompositions show

that innovation and capital-skill complementarity contribute nearly equally to the overall labor

outcomes.

Finally, I show the welfare implications of the technology channel. A calibrated model

with only the H-O channel yields lower output and wages for skilled and unskilled labor than

in the model with the technology channel. The unskilled wage, in particular, is especially

lower than in the model with the technology channel, and falls when imported and domestic

intermediates are additionally made perfectly substitutable. Moreover, inequality between the

two groups is higher in the model with only the H-O channel. This indicates that through

the technology channel, offshoring creates important quantitative gains for all workers in the

North, and especially for unskilled workers.

The rest of the paper is organized as follows. Section 2 discusses the related literature.

Section 3 provides empirical evidence in support of the technology channel. Section 4 develops

a general equilibrium model that captures the H-O and technology channels that are evident in

the data. Section 5 discusses the quantitative comparative static predictions of the model, and

decomposes the distinct contributions of the channels to the skill premium and skill-upgrading.

This is followed by a comparison of the welfare implications of the models with and without

the technology channel. The last section concludes.

10This is a departure from previous literature that presumes that imported and domestic intermediates are
perfect substitutes. The reason for this difference is the empirical finding in Goel (2012) that employment of
unskilled workers increases with offshoring even when the industrial output is held fixed - a result inconsistent
with perfect substitution between imported and domestic intermediates.
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2 Contribution to Related Literature

A growing literature establishes, both theoretically and empirically, that offshoring to develop-

ing countries increases the skill premia in advanced countries (see, for example, Feenstra and

Hanson (1996, 1999), Grossman and Rossi-Hansberg (2008)). The extant studies interpret the

total impact of offshoring on the skill premium as reflective of only the H-O effects of offshoring.

But, as I show, offshoring may also increase the skill premium by inducing innovation and tech-

nology adoption. To my knowledge, this is the first study to consider the impact of offshoring

on technology adoption.

Studying the relationship between offshoring and technology adoption also contributes to

the large literature on skill biased technological change. Thus far, SBTC and offshoring have

been considered to be independent phenomena underlying the rising skill premium in the U.S.

and other advanced countries. While some economists argue that the magnitude of trade in

final goods is too small to cause the observed increase in the skill premium (see, for example,

Katz and Murphy (1992), and Berman, Bound and Griliches (1994)),11 others, such as Feenstra

and Hanson (1996, 1999) showed that imports of intermediate inputs raise the skill premium

within industries, and find that 15-40% of the growth in the skill premium is attributable to

the growing importance of trade. My paper contributes to this debate by showing that the

adoption of skill-biased technology in firms in advanced countries is reinforced by trade in

intermediates. This suggests that policies that influence the offshoring decisions of firms will

also have implications for their innovation activities and the level of embodied technology that

they use domestically.12

The evidence on the employment impact of offshoring is mixed. Theoretically, the pre-

sumption is that imported unskilled intermediates perfectly substitute for domestic unskilled

intermediates, both in H-O and Ricardian frameworks. But, as Grossman and Rossi-Hansberg

(2008) show, while the substitution of unskilled workers by imported intermediates implies a

decline in unskilled employment, the cost savings and resulting expansion in domestic output

can also increase employment of both skilled and unskilled labor. This “productivity effect,”

11Several observations have led scholars to conclude that trade is not an important factor underlying the
rising skill premia in the developed countries. Katz and Murphy (1992), and Berman, Bound and Griliches
(1994) argued that trade, by creating competition in the product markets, only leads to demand shifts between
industries. Since most of the skill-upgrading has occurred within industries, they consider the contribution of
trade small.Lawrence and Slaughter (1993) showed that the relative price of skill-intensive goods did not increase
- an observation they argued to be inconsistent with the possibility of trade increasing wage inequality. Berman,
Bound and Machin (1998) showed that the unskilled labor-abundant countries also witnessed an upsurge in
inequality. If the predictions of the Heckscher-Ohlin-Samuelson (HOS) trade model were to hold empirically,
inequality should have fallen in these countries.

12A related strand of literature analyzes consequences of trade for SBTC in developing countries. Studies
show that as developing countries increasingly liberalize their trade regimes, they import capital equipment
that embodies skill-biased technology developed in the North. This phenomenon, known as skill-biased trade,
is theoretically modeled (eg. Burstein, Cravino and Vogel (2011), Parro (2011)) and documented in several
empirical studies (eg. Robbins (1996), Chamarbagwala (2006), among others). Other channels by which trade
with advanced countries can lead to skill upgrading and rising skill-premia in developing countries have also been
analyzed. See, for example, Verhoogen (2008), and Trefler and Zhu (2005).
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has also been emphasized by Ottaviano, Peri and Wright (2011), among others. Empirically,

the results are mixed with some studies finding a small negative effect of offshoring on unskilled

employment (see, for example, Mann (2005), and Groshen, Hobijn and McConnell (2005)) and

others finding a positive effect (see, for example, Goel (2012) and Landefeld and Mataloni

(2004)). Under the technology channel presented in this paper, I show that while offshoring

induced innovation leads to increased employment of unskilled labor, skill-complementary cap-

ital deepening works to reduce it, with the net impact of the technology channel on unskilled

employment being negative.

Very few studies have analyzed how offshoring influences innovation. Glass and Saggi (2001)

argue that higher profits resulting from offshoring makes innovation affordable for firms, and

Rodriguez-Clare (2010) shows that innovation increases as the North reallocates its resources

with increased offshoring. Naghavi and Ottaviano (2008), however, argue that offshoring to the

South reduces innovation because of less information generated from production tasks. The

mechanism that I develop suggests a novel channel by which offshoring can create incentives

for firms to invest in innovative activity.

Finally, the argument that the adoption of skill-biased technology may be endogenous to off-

shoring adds to the broader literature on endogenous skill-biased technical change. Acemoglu

(1998, 2002a, 2002b) shows that the skill-bias of new technologies responds to autonomous

changes in the supply of skilled labor. The technology channel that I propose instead gen-

erates endogenous SBTC from the demand side. The increase in the production of skilled

intermediates and innovation, resulting from offshoring, generates higher demand for skilled

labor, leading to the adoption of skill-complementary (capital-embodied) technology. Another

strand of this literature explores how trade in final goods with developing countries induces

technological change in advanced countries (see, for example, the theoretical analysis Thoenig

and Verdier (2003) and the empirical work of Bloom, Draca and Van Reenen (2011)). While

these studies consider final goods-trade induced technical change, I suggest a mechanism by

which intermediate goods trade can induce technical change.

3 Empirical Evidence

In the introduction, I already showed the similarity between the trends in offshoring, equipment-

capital deepening, and R&D expenditures in U.S. manufacturing industries. Now, I present four

stylized facts that motivate the model and the technology channel developed in this paper.

3.1 Data

The data used to document these facts are combined from several sources. I provide a brief

overview of these data. More detail is available in the data appendix. U.S. manufacturing

imports and exports data (c.i.f. values) are available from the Center for International Data at

the University of California, Davis at a highly disaggregated level. The countries of origin of
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these imports have been classified by the World Bank into five groups on the basis of their per

capita income levels - High Income OECD, High Income non-OECD, Upper Middle Income,

Lower Middle Income and Low Income. I combine the high-income OECD and non-OECD

countries into the group of high-income countries. Similarly, I combine the other three groups

into the group that I refer to as low-wage (income) or developing countries. Following the

method developed by Feenstra, Romalis and Schott (2002), I aggregate these data to bring

them to level of domestic Standard Industrial Classification (1987).

I then use the direct requirement coefficients13 available from the benchmark input-output

tables (provided by the Bureau of Economic Analysis) to map U.S. imports as intermediate

inputs used in U.S. manufacturing industries. The benchmark tables are provided every five

years between 1972 and 2002. For the interim years, I linearly interpolate (extrapolate for

2003-2005) the direct requirement coefficients. Multiplying these coefficients with the output

of each industry gives me the total dollar value of each good used as an input in the production

of an industry every year. Combining these two data sources, I follow Feenstra and Hanson

(1999) to define offshoring as 1
Xjt

n∑
k=1

rjkt ∗Qjt ∗ (
ImpGkt

Qkt + Impkt − Expkt
), where rjkt is the direct

requirement coefficient in year t for commodity k used as an input in industry j, Qjt is the

output (value of shipments) of industry j, Impkt and Expkt are the total imports and exports

belonging to industry k, respectively, and Xjt is the value of non-energy materials used in

industry j.

I obtain annual data on output (shipments), employment, wages, and capital stocks in 459

four-digit manufacturing industries (classified according to the Standard Industrial Classifi-

cation, 1987) from the NBER-CES Manufacturing Industry Database (Bartelsman and Gray,

1996).14 Employees are classified as production and non-production workers. I consider non-

production workers as high skilled and production workers as low skilled.15 Nominal wage bills

for both categories of workers are provided. I use the value of shipments as the measure of out-

put of industries. The database separately provides real values of stocks of capital equipment

and structures.

Data on innovation expenditures incurred in these industries are not available in the NBER

database. Compustat is a database that provides financial statistics for all the publicly traded

firms in the United States. Among other things, these data include information on sales and

the non-federally funded R&D expenditures of these firms. I aggregate these firm level sales

and R&D expenditures to create a series of 4-digit industry level annual sales and innovation

expenditures for the sample period. According to the documentation for Compustat, the R&D

expenditures include all costs incurred to develop new products and services but excludes the

costs to improve the quality of existing products. Thus, this measure captures all expenditures

13Direct requirement coefficients are defined as the amount of a commodity required as an input to produce
one unit of output in a given industry.

14The NBER database includes variables from yearly rounds of the Annual Survey of Manufactures.
15Berman, Bound and Griliches (1994) show that the classification of workers as production/non-production

closely corresponds to the educational levels of high school and college respectively.
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made to develop new products that may be both horizontally and vertically differentiated (since

the new products may also be better in terms of quality). An alternative measure of innovation

that I use for my analysis is R&D intensity (R&D expenditure/Sales).16

In my final sample, I have panel of 459 four-digit SIC 1987 industries spanning 32 years from

1974 to 2005. All nominal values are deflated, wherever needed, using the U.S. CPI obtained

from the Bureau of Labor Statistics. The shipments of four digit industries are deflated using

the shipments deflator available in the NBER-CES manufacturing industry database.

3.2 Empirical Facts

Figure 2 shows a scatter plot of the average changes in the wage-bill ratios of non-production

to production workers against the average changes in offshoring levels in two-digit U.S. man-

ufacturing industries between 1975 and 2005. The industries are weighted by their shares in

total manufacturing wage bill of the U.S. in 2005. The larger the marker for each industry, the

larger its weight. The graph shows that the industries that witnessed the most expansion in

offshoring, like transportation, electronics, and instruments, also had the largest increases in

the wage-bill ratios. Thus, offshoring is positively associated (with a correlation of 0.7) with

the relative wage-bills of skilled to unskilled workers in U.S. manufacturing industries. This

fact is well established in the empirical literature on offshoring, and is often taken as evidence

to conclude that offshoring has a negative impact on unskilled wages and employment.

But Figure 3 shows that offshoring and real unskilled wages are in fact positively correlated,

with the correlation coefficient equal to 0.4. We again see that the industries with the maximum

increases in offshoring also increased the wages they paid to production workers the most.17 This

fact is contradictory to the conventional wisdom about the impact of offshoring on unskilled

wages, and the underlying mechanism. The H-O mechanism cannot explain a simultaneous

increase in wage inequality and the real unskilled wage18 Thus, we need to have an alternate

mechanism that can explain these two facts simultaneously. My model with the technology

channel and imperfect substitution of domestic and imported intermediates will show how

offshoring can in fact generate unskilled wage gains even as inequality increases.

Next, I present two more data facts that support the technology channel of offshoring. In

Figure 5, I show that the average changes in R&D intensity in U.S. industries are strongly

positively correlated with changes in offshoring, with the correlation being 0.5. In this graph

R&D intensity is defined as R&D expenditures divided by sales. Finally, Figure 6 reveals that

16Patents can provide another measure of innovation activity. The measure, however, may not be ideal for
two reasons. First, not all firms patent the knowledge created from their innovation efforts. Second, often the
patenting firm may sell the license for use by other firms. In such cases, the industry that the patenting firm
belongs to may not be the industry benefiting from the innovation.

17The time series trends in offshoring and wages of three groups of unskilled workers - high school dropouts,
high school graduates, and those with some years of college (see Figure 2 in Autor, Katz and Kearney (2008)) -
are also similar in that they all increased simultaneously in the late 1990s.

18Real unskilled wage, under the H-O mechanism, can increase only if the final good price decline is greater
than the decline in nominal unskilled wages. In my model, I show, instead, that because of the variety effect,
prices in fact increase.
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Figure 2: Average Changes in Offshoring and Relative Non-Production Wage Billa
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aSource: U.S. Imports and Exports data, NBER-CES Manufacturing Industry database, Input-Output tables,
World Bank Income Classification. Imported intermediates in each 4 digit industry are calculated by first
multiplying the import penetration ratio for each input to the total dollar value of that input used in the
industry, and then aggregating over all inputs used. Offshoring to developing countries is calculated as total
intermediates imported from developing countries relative to total value of intermediates used in U.S. industries.
Changes between 1975 and 2005 in offshoring and wage bill ratios in all 4 digit industries are calulated and then
averaged over 2 digit industries. To plot the scatter and to calculate the correlations, all 2 digit industries are
weighted by size, measured as the share of each industry in total manufacturing wage bill in the U.S. in 2005.

changes in offshoring are negatively correlated with the changes in the shares of equipment

capital in total output of manufacturing industries. This correlation stands at -0.5. Similarly

the correlation between changes in offshoring and skilled workers’ share in total output is also

negative. Note that if we considered a Cobb-Douglas production function where output is

produced using capital, skilled and unskilled labor, the shares of all factors of production will

stay constant. The last fact that I present here shows the need to move away from Cobb-

Douglas to an alternative production function that matches these data facts and allows for

capital-skill complementarity.

Furthermore, in a companion paper (Goel (2012), using exchange rates to construct instru-

ments for the endogenous offshoring measure, I show that an increase in offshoring induces

equipment capital deepening and higher R&D intensity, i.e., the technology effects of offshoring

are strongly supported in the empirical results. Offshoring growth also causes an increase in the

relative employment and wage-bills of non production workers. But production workers’ abso-

lute real wage-bills and employment also respond very strongly to a rise in offshoring. Moreover,

decomposing these composite labor market effects of offshoring into that due to technology ef-

fects, and that due to independent H-O substitution effects, shows that the technology effects

are the key driving force behind these labor market responses. Conditioning on the technology

variables, offshoring only has a negligible effect on these labor outcomes.
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Figure 3: Average Changes in Offshoring and Real Wages of Production Workersa
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aSource: U.S. Imports and Exports data, NBER-CES Manufacturing Industry database, Input-Output tables,
World Bank Income Classification. Imported intermediates in each 4 digit industry are calculated by first
multiplying the import penetration ratio for each input to the total dollar value of that input used in the
industry, and then aggregating over all inputs used. Offshoring to developing countries is calculated as total
intermediates imported from developing countries relative to total value of intermediates used in U.S. industries.
Changes between 1975 and 2005 in offshoring and real production wages in all 4 digit industries are calulated and
then averaged over 2 digit industries. To plot the scatter and to calculate the correlations, all 2 digit industries
are weighted by size, measured as the share of each industry in total manufacturing wage bill in the U.S. in 2005.

Thus, the empirical evidence indicates a strong technology effects of offshoring and that these

effects dominate the H-O effects leading to gains for unskilled workers in terms of employment

and wage bills, even though skilled workers benefit relatively more. I now present a model to

show how the technology channel operates and its implications for labor market outcomes and

the overall welfare.

4 Model

To formalize how the H-O and technology channels operate and influence labor markets in

advanced countries, I present a model of trade in intermediates between a developed and a

developing country. In the model, final goods in both countries are produced using intermediate

inputs. The developed country imports the unskilled intermediates from the developing country

as the latter has a comparative advantage in producing these goods. These imports serve as

substitutes for the domestically produced unskilled intermediates in the developed country.

This substitution triggers other technology effects that I will describe below.

Consider two countries: the skill-abundant “North,” and the unskilled-labor abundant

“South.” The North has three factors of production: skilled labor, unskilled labor, and cap-

10



Figure 4: Average Changes in Offshoring and Relative Non-Production Wage Billa
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aSource: U.S. Imports and Exports data, NBER-CES Manufacturing Industry database, Input-Output tables,
Compustat, World Bank Income Classification. Imported intermediates in each 4 digit industry are calculated
by first multiplying the import penetration ratio for each input to the total dollar value of that input used in
the industry, and then aggregating over all inputs used. Offshoring to developing countries is calculated as total
intermediates imported from developing countries relative to total value of intermediates used in U.S. industries.
Changes between 1975 and 2005 in offshoring and R&D intensity (R&D/Sales) in all 4 digit industries are
calulated and then averaged over 2 digit industries. To plot the scatter and to calculate the correlations, all 2
digit industries are weighted by size, measured as the share of each industry in total manufacturing wage bill in
the U.S. in 2005.

ital equipment - S, U , and K, respectively, while the South has only unskilled labor19 and

capital, denoted by U∗, and K∗, respectively. The respective factor payments are denoted by

Ws, Wu (W ∗u in the South), and R (R∗ in the South). Time periods (years) are indexed by

t ∈ { 1, 2, ..., } .

4.1 The North

Households

A representative household owns the firms and supplies capital, skilled, and unskilled labor

to these firms. It uses the composite good of the economy for consumption, investment and

the purchase of new firms. While making its decisions, the household takes Ws, Wu, and R

as given. Letting the composite good be the numeraire and assuming perfect foresight, the

household faces the following optimization problem:

19This paper focuses on the implications of offshoring for the wage distribution in the North. The South is
modeled to have homogeneous (unskilled) labor. Thus, the model does not yield any prediction for the wage
distribution in the South. In related work, I study whether and to what extent offshoring can explain the
simultaneous rise in the skill-premia in both the North and the South. That paper use a similar model, but also
allows the South to have skilled and unskilled labor.

11



Figure 5: Average Changes in Offshoring and Relative Non-Production Wage Billa
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aSource: U.S. Imports and Exports data, NBER-CES Manufacturing Industry database, Input-Output tables,
World Bank Income Classification. Imported intermediates in each 4 digit industry are calculated by first
multiplying the import penetration ratio for each input to the total dollar value of that input used in the industry,
and then aggregating over all inputs used. Offshoring to developing countries is calculated as total intermediates
imported from developing countries relative to total value of intermediates used in U.S. industries. Changes
between 1975 and 2005 in offshoring and capital shares (payments to equipment relative to gross shipments) in
all 4 digit industries are calulated and then averaged over 2 digit industries. To plot the scatter and to calculate
the correlations, all 2 digit industries are weighted by size, measured as the share of each industry in total
manufacturing wage bill in the U.S. in 2005.

Max
Ct,St,Ut,Kt+1,Nt

U =
∞∑
t=0

βt

(
log Ct − θs

S1+χs
t

1 + χs
− θu

U1+χu
t

1 + χu

)
subject to

Ct + It + vtN
E
t = WstSt +WutUt +RtKt + πtNt (4.1)

Kt+1 = (1− δK)Kt + It (4.2)

and Nt = (1− δN )Nt−1 +NE
t (4.3)

where Ct denotes consumption, It is investment, Nt is the mass of operating firms, NE
t is the

mass of new firms entering, vt is the value of the new firms, and πt denotes the profits of each

firm that accrue to the households, in period t. The discount factor is given by β ∈ (0, 1),

and δK , δN ∈ (0, 1) are the depreciation rate of capital and the exit rate of firms, respectively.

In the utility function, θs, θu > 0 are the disutility weights on skilled and unskilled labor

supply, and χs, χu ≥ 0 are the inverse Frisch elasticities of skilled and unskilled labor supply,

respectively.20 Optimization yields the following Euler and asset-pricing conditions (in addition

20This set-up is similar to Jaimovich and Floetotto (2008) in a few respects. Specifically, the utility function

12



to two consumption-leisure conditions), respectively:

1 = β

[
Ct
Ct+1

(
Rt+1 + 1− δK

)]
(4.4)

vt = πt + β(1− δN )

(
Ct
Ct+1

vt+1

)
(4.5)

Industries and Firms

There is a continuum of industries of measure one, indexed by j. The households aggregate the

industrial goods into a composite good, Y , before using it for consumption, investment, and

purchase of new firms:

Yt =

[∫ 1

0
Qt(j)

ω dj

] 1
ω

, ω < 1 (4.6)

Within each industry, there is a continuum of monopolistically competitive firms of mass Nt,

indexed by i. These firms produce differentiated goods, gt(j, i), that are aggregated over all

firms to yield the industrial good, Qt(j). Thus,

Qt(j) =

[∫ Nt

i=0
gt(j, i)

τ di

] 1
τ

, τ < 1 (4.7)

The CES aggregation helps to build the consumers’ preference for variety into the set-up of the

model. This feature, along with innovation required to produce a new product (described next)

are the key components that I use to formalize the second technology effect of offshoring - a

change in offshoring affects the number of varieties produced, and hence innovation. I assume

that each firm produces a single differentiated good. Thus, the mass of firms, Nt, in any period is

also the mass of varieties or differentiated products produced in that period.21 The differentiated

goods are produced with a CES technology using skilled and unskilled intermediate goods,

denoted xst and xut, respectively. The unskilled intermediate goods can also be offshored

(i.e., imported from the South). These imports, denoted by mut, are highly substitutable for

domestically produced unskilled intermediates. This is the key assumption that triggers the

H-O and technology effects of offshoring. Thus, the production function for the differentiated

goods is:

gt(j, i) = [λ[xut(j, i)
σ +mut(j, i)

σ]
γ
σ + (1− λ)xst(j, i)

γ ]
1
γ , λ ∈ (0, 1) , γ < 1, 0 < σ < 1 (4.8)

is similar in their model except that labor is homogeneous. The firm entry and exit process is the same.
21Again, the set-up here draws upon Jaimovich and Floetotto (2008).
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I introduce trade barriers by assuming the presence of a trade cost of offshoring. The South

exports the unskilled intermediates at price, p∗ut. However, suppose that the firm in the North

pays an ad valorem cost, d, to import these goods, so that the effective import price for the

North is (1 + d)p∗ut. The cost, d, is a real cost in terms of units of the good and can be broadly

interpreted to represent any costs associated with trade such as transport costs, tariffs, or

changes in exchange rates. A change in d constitutes an exogenous shock that triggers changes

in offshoring.

The intermediate good producing firms are perfectly competitive. Skilled intermediates are

produced using equipment capital and skilled labor, while unskilled intermediate goods are

produced using only unskilled labor:

xst = kµt s
1−µ
t , µ ∈ (0, 1) , (4.9)

xut = ut (4.10)

In this framework, capital is complementary to skilled labor. This is the key ingredient yield-

ing the first technology effect of offshoring - an increase in production of skilled intermediates

resulting from offshoring increases the demand for both skilled labor and skill-complementary

capital.

The above framework implies that the demand function for the industrial aggregate is:

Qt(j) =

(
pt(j)

Pt

) 1
ω−1

Yt (4.11)

where Pt is the price of the composite good, pt(j) is the price of industrial good j, and

Pt =

[∫ 1

0
pt(j)

ω
ω−1 dj

]ω−1
ω

(4.12)

Since I assume the composite good of the North to be the numeraire, Pt = 1. The industrial

demand for the differentiated goods produced by firms is given by:

gt(j, i) =

[
pt(j, i)

pt(j)

] 1
τ−1
[
pt(j)

Pt

] 1
ω−1

Yt (4.13)

where pt(j, i) is the price of the differentiated good, gt(j, i), and

pt(j) =

[∫ Nt

i=0
pt(j, i)

τ
τ−1di

] τ−1
τ

(4.14)

The differentiated goods producing firms optimize in two stages. In stage one, they choose

the price taking the marginal cost implied by factor prices as given. This gives us the price as

a markup ( 1τ ), over their marginal costs, MCt(j, i). In the second stage, they maximize profits,

taking the prices of intermediate goods as given. I assume that these firms exit each period
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at a constant exogenous rate δN . The skilled and unskilled intermediates producing firms also

solve the standard profit-maximization problems.

Innovation and Entry

New or existing firms enter the markets for new varieties or differentiated goods. Entry into

new markets requires innovation which in turn is carried out by skilled workers using skill-

complementary capital equipment. Innovation is performed by a representative R&D firm with

the following technology:

Ψnt = [ϕkαnt + (1− ϕ)sαnt]
1
α , α < 1 (4.15)

The innovation good firm faces the standard profit-maximization problem. To enter, ψt

units of the innovation good are bought by the new monopolistically competitive firms in any

industry at price pnt. Firms start producing in the same period as the one in which they enter.

4.2 The South

Households

There is a continuum of identical households of mass one. They face the following optimization

problem:

Max
C∗
t ,C

∗
mt,U

∗
t

U∗ =
∞∑
t=0

β∗t

(
log (C∗

ρ

t + C∗
ρ

mt)
1
ρ −∆U

U∗
1+ξ

t

1 + ξ

)
subject to

P ∗t C
∗
t + C∗mt + P ∗t I

∗
t = W ∗utU

∗
t +R∗tK

∗
t (4.16)

and K∗t+1 = (1− δ)K∗t + I∗t (4.17)

where ρ < 1 is the curvature parameter that governs the elasticity of substitution between

consumption of goods that are imported, C∗mt, and domestically produced, C∗t . The assumption

here is that imports are used only for consumption, while domestic goods produced in the South

can be used for both consumption and investment. P ∗t is the price of the final goods produced in

the South and δ is the rate of depreciation of capital. Besides the consumption-leisure tradeoff,

optimization yields the following two conditions:

P ∗t =

(
C∗t
C∗mt

)ρ−1
(4.18)

1 = β∗

[
C∗

ρ

t + C∗
ρ

mt

C∗
ρ

t+1 + C∗ρmt+1

C∗
ρ−1

t+1

C∗
ρ−1

t

] [
R∗t+1

P ∗t+1

+ 1− δ
]

(4.19)
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Firms

Perfectly competitive firms in the South produce unskilled intermediate goods and final goods.

The final goods are produced using the following technology:

Y ∗t = [X∗
ζ

hut +K∗ζt ]
1
ζ , ζ < 1 (4.20)

where X∗hut is the amount of South-produced intermediates used in the production of final goods

in the South. Intermediates are produced with a linear technology using unskilled labor. Firms

face the standard profit maximization problem.

4.3 Equilibrium

Since all households and firms are symmetric in their utility functions and technologies, re-

spectively, I focus on symmetric equilibria. Given this normalization and symmetry, I solve

for an equilibrium, which consists of: prices of intermediate goods, (put, pst, p
∗
ut), prices of

final goods, (Pt, pt(j), pt(j, i), P
∗
t ), factor prices, (Wut,Wst, Rt,W

∗
ut, R

∗
t ), price of innovation

goods, pnt, and price of firms, vt, allocations of labor, (ut, st, snt, u
∗
t ), and capital, (kt, knt),

the total supplies of labor, (Ut, St, U
∗
t ), and capital, (Kt,K

∗
t ), and quantities of intermediates,

(xst, xut, Xst, Xut, X
∗
ut, X

∗
hut), imports of intermediate goods by the North, (mut,Mut), and ex-

ports to the South, C∗mt, final goods, (Yt, Qt, gt, Y
∗
t ), and innovation goods, Ψnt, the mass of

firms, Nt, new firms, NE
t , and profits, πt, that satisfy the consumers’ optimization, firms’ profit

maximization, firm’s innovation optimality, market clearing conditions, and balanced trade.

Symmetry implies

Yt = Qt = N
1−τ
τ

t gt (4.21)

πt =

(
z − 1

z

)
gt (4.22)

The equilibrium mass of new varieties in the North is determined where the cost of innovation

is equal to the present discounted value of future profits from selling the new varieties. Since

ψt is the fixed average quantity of innovation goods required for each firm to enter, we have:

vt = pntψt (4.23)
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The market clearing conditions in the North are as follows:

Kt = Ntkt + knt (4.24)

Ut = Ntut (4.25)

St = Ntst + snt (4.26)

Xst = Ntxst (4.27)

Xut = Ntxut (4.28)

Mut = Ntmut (4.29)

The market clearing condition in the South is:

X∗ut = Mut +X∗hut (4.30)

where Mut is the quantity of intermediates exported from the South to the North. Finally, we

have the trade balance equation:

C∗mt = (1 + d)p∗utMut (4.31)

The complete system of steady state equations is provided in Appendix A. I use numerical

methods to solve for the steady states in autarky and trade. For this purpose, in the next

section, I describe the calibration of the structural parameters in the model.

4.4 Calibration of Structural Parameters

The parameter values in the baseline calibration are listed in Table 1. I focus first on the

calibration of the parameters in the North. After describing the choice of some parameters

based on previous literature, I discuss the calibration of others to the data.

Following Krusell et. al. (2000), I set the curvature parameter, γ, in the production of

gt(j, i), such that the elasticity of substitution between unskilled intermediates and skilled

intermediates is 1.67. This is higher than the substitution elasticity of 1 between capital and

skilled labor in the production of skilled intermediates. Hence, this set up allows for capital-skill

complementarity in production. Since innovation may require more high-tech or sophisticated

equipment than production tasks, I expect equipment capital to be more skill-complementary in

innovation than in production. Thus, the curvature parameter, α, in the production function for

innovation goods is set such that the elasticity of substitution between skilled labor and capital

equipment equals 0.67 (less than 1 in the production of skilled intermediates) as estimated by

Krusell et. al. (2000).

I fix τ to yield a markup of 1.225 - the average of the range of values (1.05 to 1.4) estimated
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in the literature.22 In the sensitivity analysis, I vary the value of τ such that the markup varies

over the range 1.05 to 1.4 found in previous studies. Following Jaimovich and Floetotto (2008),

the value for ω, that governs the elasticity of substitution between the industrial goods, is set

at 0.001.

According to the estimates of Kimball and Shapiro (2008), the aggregate Frisch elasticity

of labor supply is around 1. In the baseline calibration, I set the elasticities of both kinds of

labor at 1. Kimball and Shapiro (2008) also show that for more highly educated workers, the

elasticity is somewhat lower. As part of sensitivity analysis, I calibrate the elasticities of skilled

and unskilled labor such that the elasticity of skilled labor is slightly less than 1 and that of

unskilled labor is somewhat larger than 1; and their linear combination, with weights on skilled

and unskilled labor fixed at 0.7 and 0.3, respectively, is one.23

The yearly discount factor is set at the standard value of 0.96. The depreciation rate for

capital is fixed at the standard value of 8%. Krusell et. al. (2000) set the depreciation rate of

equipment capital at 0.125. I test the sensitivity of my model to this higher depreciation rate.

The exogenous exit rate of firms is set at the standard value of 10%. I test the sensitivity of

my model to this parameter value. The fixed cost of innovation, ψ, for each firm is set at 0.6

in the baseline specification. I vary the value of this parameter in the sensitivity analysis.

According to the NBER manufacturing industry data, over my sample period (1974-2005),

about 70% of the employed workers are production workers. Normalizing the total amount of

labor supply in autarky to 1, the disutility weights on the skilled and unskilled labor supplies

are calibrated to match these relative shares of non-production to production workers in the

total labor force employed in the manufacturing sector.

The weight on unskilled intermediates, λ, in the production of gt(j, i) is set at 0.465, and

the share of skilled workers, (1 − µ), in the production of skilled intermediates is set at 0.528

to match the average skill premium of 1.6 in the data in 1974, and the fact that the share of

capital in the total output is close to 0.3 (Krusell et. al. (2000)). I set the weight, ϕ, on capital

in the technology for innovation also at 0.3.

Assuming that imported unskilled intermediates are highly substitutable for domestically

produced unskilled intermediates, I set the elasticity of substitution between them at 2.5 (i.e.,

σ = 0.6) in the baseline specification. I vary this parameter in the sensitivity analysis.

For the parameters in the South, I keep the calibration close to the Northern economy, except

that the South only has unskilled labor (normalized to 1). The curvature parameter, ζ in the

production of the composite final good, the yearly discount factor, β∗, and the depreciation

rate, δ, are set at levels similar to the North - 0.5, 0.96 and 0.08 respectively. In the utility

function, the inverse Frisch elasticity of labor supply, ξ, is set at 1, as in the North. Finally, ρ,

22See Jaimovich and Floetotto (2008).
23Thus, I fix χu at 0.9091 and χs at 1.3044. The implied supply elasticities are 1.1 and 0.77, respectively for

unskilled and skilled labor.
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Table 1: Calibration

Parameter Description Value Target

North
ω Governs elasticity of substitution between

industrial goods
0.001 Jaimovich and Floe-

totto (2008)
τ Governs elasticity of substitution between

firm level goods
0.8163 Markup=1.25

λ Share of unskilled labor in production of
differentiated goods

0.465 Average skill pre-
mium=1.6

γ Governs the elasticity of substitution be-
tween skilled and unskilled intermediates

0.401 Krusell et. al. (2000)

µ Share of capital in production of skilled
intermediates

0.472 Overall share in produc-
tion=0.3

ϕ CES weight on capital in the production
of innovation goods

0.3 Overall share in total
output = 0.3

α Governs elasticity of substitution between
skilled labor and capital in production of
innovation goods

-0.495 Krusell et. al. (2000)

χL Frisch elasticity of unskilled labor supply 1 Kimball and Shapiro
(2008)

χH Frisch elasticity of skilled labor supply 1 Kimball and Shapiro
(2008)

σ Governs elasticity of substitution between
home produced and imported low-skilled
intermediates

0.6 Baseline assumption

ψ Fixed cost of entry 0.6 Baseline assumption
βN Time discount factor 0.96 Standard for annual

data
δk Depreciation rate for capital 0.08 Standard
δF Exit rate of firms 0.10 Standard

South
ρ Governs the elasticity of substitution be-

tween home produced and imported final
goods

0.4 (Close to) Armington
elasticity=1.5

ζ Share of unskilled intermediates in total
output

0.5 Close to North

ξL Frisch elasticity of unskilled labor supply 1 Kimball and Shapiro
(2008)

βS Time discount factor 0.96 Standard
δ Depreciation rate for capital 0.08 Standard
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is set at 0.4 so that the elasticity of substitution between consumption of home produced and

imported goods is 1.67.24

5 Quantitative Results

This section demonstrates the effects of an increase in offshoring using the experiment of a

reduction in trade costs. I then decompose the distinct contributions of the H-O and technology

channels (and separately of innovation and technology adoption) to the total changes in wages

and employment of skilled and unskilled workers. Next, I present normative analysis comparing

the labor market outcomes of the model with a model that only captures the H-O channel.

Lastly, I discuss the sensitivity of my results.

5.1 Comparative Statics

With this calibration, I numerically solve for steady states for various levels of the trade cost, d.

Autarky corresponds to a trade cost of infinity, and free trade corresponds to a trade cost of 0.

In the intermediate cases, trade costs are positive, with lower values of d leading to higher levels

of offshoring. According to the data, the average level of offshoring in an industry (defined as

the value of imported intermediates as a proportion of the value of all intermediates used in the

industry,
(1+d)p∗utMut

(1+d)p∗utMut+pstXst+putXut
)25 in 1974 was a negligible 0.018. By 2005, this figure had

grown to 0.19. I start with a high trade cost of 18000 so as to match the 1974 level of offshoring

(1.8%) and reduce the trade cost to 3.8 which matches the 2005 level of offshoring (19%).

The steady state values (corresponding to d = 18000 and d = 3.8) for the outcomes of

interest in the North are presented in Table 2.26 I report the values (prices multiplied by

quantities) of the outcomes of interest, wherever applicable, since I generally observe only the

dollar values of the various variables in the data. The table demonstrates that both H-O and

technology channels play a role in moving from low to high offshoring levels. According to my

mechanism, movements in both channels have implications for employment and wage outcomes.

Consider first the total effect of an increase in offshoring on skill-upgrading and the skill

premium. The skill premium, or the wages of skilled workers relative to unskilled wages, rises

by 14.5% from 1.68 to 1.92. Also, the relative employment (and supply) of skilled labor rises

by 14.4% from 0.43 to 0.49. Although the skilled wage rises more than the unskilled wage,

the unskilled wage also rises by a substantial 22%. In terms of employment, while the skilled

workers’ employment rises by 7%, that of unskilled workers falls by 6%. The increased output

per firm combined with a greater number of firms yields a higher value of the composite (and

24The elasticity of 1.67 is close to the standard value of 1.5 for the Armington elasticity of substitution between
final goods produced by different firms. Also, setting ρ = 0.4 yields a relatively elastic supply curve of unskilled
intermediates in the South. Lower values of ρ yield more inelastic supply curves.

25This measure closely corresponds to the measure of offshoring suggested by Feenstra and Hanson (1999).
26Since the paper focuses on the outcomes in the North, I do not report the steady state values for the Southern

economy. These values are available upon request.
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Table 2: Quantitative Results

Steady state with 
offshoring=1.8% 
(corresponding to 

1974)

Steady state with 
offshoring=19% 

(corresponding to 
2005)

% change in 
model

% change in the 
data

(1) (2) (3) (4)

Relative Employment of Skilled Labor 0.43 0.49 14 30
Relative Wage of Skilled Labor 1.68 1.92 15 2
Skilled Employment 0.30 0.32 7 -17
Unskilled Employment 0.70 0.66 -6 -34
Skilled Wage 0.60 0.83 40 9
Unskilled Wage 0.35 0.43 22 5
Output 0.59 0.94 60 300

Skilled Intermediates/ Unskilled 
Intermediates 0.93 1.19 27.72 n.a.

Equipment capital employed to 
produce skilled intermediates 0.11 0.16 46 n.a.

Equipment Capital 0.13 0.19 46 163
Equipment Capital/Labor 0.13 0.19 49 304
Innovation 0.08 0.12 54 2842
Varieties 1.52 1.81 19 14 (1989-2005)

Overall

H-O Channel

Technology Channel

industrial) output. Comparing these changes to the changes in the data between 1974 and

2005 shows that the growth in offshoring over this time period can explain 49% of the skill

upgrading, and 20% of the expansion in manufacturing output. The changes in wages of skilled

and unskilled workers are larger than in the data. These changes in the skilled and unskilled

wage levels in the NBER manufacturing industry database are smaller than those found for

college and high school graduates in the Current Population Survey. As for employment of

both skilled and unskilled workers, the data show a decline. This is driven by the general

shrinking of the manufacturing sector in the United States over the years.

These changes in wages and employment, and the total output, as predicted by the model,

are a result of the underlying H-O and technology channels. In the H-O channel, the imported

intermediates substitute for the domestic unskilled intermediates. There is an increase in,

skilled intermediates relative to unskilled intermediates. This prediction of the H-O channel is

evident from a comparison of the steady states. The skilled intermediates relative to unskilled

intermediates used in the industry increase by 27.7% when we move from low to high offshoring

levels. This variable does not have an empirical counterpart.

Now, consider the technology channel. Recall that this channel has two parts. First, the

skilled intermediates require skill-complementary capital in addition to skilled labor. Therefore,
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an increase in the output of these intermediates resulting from offshoring, should lead to an

increased demand for equipment capital (technology adoption). Second, I expect offshoring to

lead to a larger number of firms implying a higher level of innovation (which in turn requires

skilled labor and equipment). A comparison of the two steady states shows that the correspond-

ing variables move in directions consistent with the technology channel. Between columns (1)

and (2), the skill-complementary equipment capital employed to produce skilled intermediates

rises by 46%. The total mass of varieties rises by 20%, while innovation increases by 54%. The

two parts of the technology channel together imply substantial technology adoption resulting

from offshoring; the total value of equipment capital in the North rises from 0.128 to 0.186 -

an increase of nearly 46%. Relative to labor, equipment capital grows 49%. Comparing these

changes to the total changes in the data shows that via the technology channel, offshoring can

explain 28% of the growth in equipment capital stock and 16% of the increase in equipment-

labor ratio. The model can explain only 1.9% of the total increase in innovation expenditures

in the data. This may be because innovation in the U.S. increased for several other reasons.

Also, there could be alternative mechanisms by which offshoring can induce innovation, and I

capture only one of these mechanisms in the model. The empirical results in Goel (2012) show

that innovation responds much more strongly to offshoring.

Appendix Table B.1 shows the changes in these variables if the economy moves to free trade

(trade cost = 0). The percentage changes relative to autarky for all variables are larger than

the changes presented in Table 13. This shows that these variables move monotonically with

offshoring.

To summarize, the comparative static predictions from the model are as follows. As off-

shoring increases, via the H-O channel, we observe (1) a higher relative production of skilled

intermediates. Via the technology channel, we observe (2) a higher level of skill-complementary

capital employed to produce skilled intermediates, and (3) an increase in innovation required

to produce more varieties. These effects of offshoring lead to an increase in the both skilled

and unskilled wages (with skilled wages rising more), an increase in skilled employment and a

decline in unskilled employment, and a rise in the total output in the North.

5.2 Counterfactuals

Counterfactual experiments with the model can be used to quantify the distinct contributions

of the H-O and technology channels to relative and absolute wages of skilled and unskilled

labor. The experiments can also be used to quantify the importance of the two parts of the

technology channel.

With capital-skill complementarity, increased accumulation of capital results in an increase

in the relative marginal product of skilled relative to unskilled workers. On the other hand,

with neutral capital, increase in capital increases the marginal products of skilled and unskilled

workers equally. This has implications for the wages and employment of skilled and unskilled

workers. In the first counterfactual experiment, I eliminate capital-skill complementarity by
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making capital equally substitutable for skilled and unskilled workers. In particular, I rewrite

the production function of the monopolistically competitive firms such that capital has an

elasticity of substitution equal to one with skilled and unskilled intermediates (which in turn

are produced with linear technologies using skilled and unskilled labor, respectively).27 The

resulting percentage changes between steady states are presented in Table 3, column 2.

Offshoring creates an incentive for new firms to innovate and produce differentiated prod-

ucts. I can quantify the effect of this channel on wages and employment by shutting off any

offshoring induced increase in innovation. For this purpose, I hold the mass of varieties pro-

duced every period constant at its level in the steady state corresponding to 1974. This implies

that in response to the greater profit opportunity resulting from offshoring, firms do not pro-

duce any more new products than they did in the initial steady state. This, in turn, keeps the

level of innovation constant at its initial level. Results from this experiment are presented in

column 3 of Table 14.

Finally, I simultaneously eliminate capital-skill complementarity and hold innovation con-

stant to quantify the contribution of the technology channel. These results are presented in the

last column of Table 3.

Comparing the baseline results with the results from the counterfactual simulations sug-

gest that capital-skill complementarity and innovation contributed almost equally to the total

changes in the baseline model. With neutral capital, skill premium and the relative employ-

ment of skilled workers increase by 8%, while holding innovation constant yields a 9% increase

in both. Unskilled wages also increase similarly by 15% and 14%, respectively in the two

experiments. Shutting off capital-skill complementarity and innovation simultaneously shows

that the technology channel accounts for nearly two-thirds of the baseline changes. While in

the baseline model skill premium increases by 15%, with the technology channel shut off, skill

premium increases only by 5%. Similarly, while there is a 22% increase in the unskilled wage

in the baseline model, it increases only by 8% when the technology channel is shut off.

Note that, unskilled employment in the baseline falls by 6%, but when the technology

channel is shut off, it falls by 2 percentage points less. This is because capital-skill comple-

mentarity and innovation affect unskilled employment in opposite directions. When capital

is skill-complemetary, it is relatively more substitutable for unskilled than for skilled labor.

Given the parameterization, this elasticity is greater than 1. So, when the marginal cost of

production falls with a decline in trade cost, the firms expand output and can easily substitute

capital for unskilled labor. However, when capital is equally substitutable with both types of

labor (with elasticity equal to 1) then the firms use more unskilled intermediates and cannot

easily substitute for them using capital. Thus, unskilled employment falls by less than in the

baseline where capital is skill-complementary. On the other hand, innovation works to increase

the employment of unskilled labor. Hence, when innovation is held constant, employment of

27There are multiple ways of eliminating capital-skill complementarity, i.e., making capital equally substitutable
for skilled and unskilled labor. The method that I follow is the closest counterpart to the Heckscher-Ohlin model
that I compare the baseline model to.
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unskilled labor declines more between steady states than in the baseline model. The effect of

capital-skill complementarity is stronger than the effect of innovation so that when the two are

simultaneously shut off, the total decline in unskilled employment is less than in the baseline.

Table 3: Contribution of the Technology Channel

Baseline No Capital Skill 
Complementarity

No Increase in 
Innovation

Technology 
Channel Shut Off

Skill Premium 15 8 9 5

Employment Ratio 14 8 9 5

Unskilled Wage 22 15 14 8

Unskilled Employment -6 -3 -6 -4

Percentage Changes Between Steady States

5.3 Comparison of Labor Outcomes and Welfare with H-O Model

So far, I have presented results that suggest that the technology channel is the dominant mech-

anism underlying the positive relationship between offshoring and the skill premium. Next, I

examine the relative welfare implications of the H-O and technology channels. For this purpose,

I write an alternative model to only capture the features of the H-O channel. In particular,

there is a fixed mass of perfectly competitive firms that produce final products using a Cobb

Douglas technology that combines capital with skilled and unskilled intermediates. The skilled

(unskilled) intermediates are produced with linear technologies using only skilled (unskilled)

labor. I consider two variants of the model with only the H-O channel: in the first variant

I keep the elasticity of substitution between domestic and imported unskilled intermediates

the same as that in the baseline model, in the second variant I allow for perfect substitution

between them, consistent with the previous literature. In both variants, I calibrate the shares

of capital, and the skilled and unskilled intermediates in the output of the final products to

match the skill premium of 1.6 in the data in 1974. The model and the calibration are briefly

presented in Appendix B.

In Table 4, I compare results of these variants of the alternative model with the baseline

model with the objective of assessing the welfare implications of offshoring as seen in models

with and without the technology channel. In the first column, I present the percentage changes

in the baseline model for a few variables of interest when the economy moves from an autarky

steady state (corresponding to 1974) to the steady state in which offshoring increases to 0.19

as in 2005. In the second column I present the analogous percentage changes in the alternative

model with only the H-O channel but the same elasticity of substitution between domestic and

imported intermediates as in the baseline model. In the third column, I present the results from

24



the model with H-O channel considering imported and domestic inputs as perfect substitutes

in production.

Comparing across columns, the baseline model predicts a smaller decline in the employment

of unskilled labor than both variants of the alternative model. This result suggests that a model

with the technology channel predicts fewer job losses for unskilled workers than a model without.

This finding is broadly consistent with the empirical studies that find no significant impact of

offshoring on the employment of unskilled workers in the U.S. (see, for example, Amiti and

Wei (2005)). Total employment of labor falls by less in the baseline than in the alternative

model. Looking at the real wage changes, I find that, the baseline and model with only the H-

O channel implies an increase in both the unskilled and skilled wages, but the baseline implies

substantially larger increases (22% and 39%, respectively) than the latter model. However,

these results stand in sharp contrast to those from the variant with perfect substitution which

implies only a 12% increase in skilled wages but a decline of 8% in unskilled wages. Further,

the skill premium is lower in the baseline than in the alternative model. Finally, the baseline

model also implies substantially larger growth in output and consumption than the alternative

model.

Table 4: Comparison of Baseline and Heckscher-Ohlin Models

Full model Model with only 
H-O channel

Model with only H-O 
and perfect substitution 
between imported and 
domestic intermediates

Unskilled Employment -6 -10 -10
Skilled Employment 7 9 9
Total Employment -2 -4 -4
Unskilled Wage 22 7 -8
Skilled Wage 40 31 12
Skill Premium 15 22 22
Output 60 44 23
Consumption 30 20 2

These results suggest that although the distributional and employment consequences of off-

shoring are unfavorable to unskilled workers in the advanced countries, offshoring increases their

real wages as long as offshored inputs do not substitute perfectly for domestic inputs. And with

perfect substitution, this favorable result is reversed with unskilled wages declining as offshoring

increases. The analysis also shows that skilled workers gain both in terms of employment and

wages. Finally, an increase in offshoring is akin to a productivity increase leading to growth in

output (and, hence, consumption of households). The increases in output and consumption are

much larger with the baseline model that captures both H-O and technology channels.
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Finally, I compare the welfare implications of the baseline model with those of the H-O model

with perfect substitution between imported and domestic intermediates. For this purpose, I

use the dynamic equations of the model to calculate the transition paths. I compare the overall

welfare gains in the North from the two models taking the transitional dynamics into account.

The welfare metric that I use is the equivalent variation in consumption from a change in trade

costs, i.e. the extra consumption needed by households for them to be indifferent between the

old steady state with and transition to the new steady state. Using this metric, the baseline

model shows a substantial 17% increase in welfare. In contrast, the H-O model with perfect

substitution between imported and domestic intermediates yields only a 3% increase in welfare.

5.4 Sensitivity Analysis

I examine sensitivity of the baseline results to the values of some parameters. First, I con-

sider sensitivity to the elasticity of substitution between imported and domestically produced

unskilled intermediates. As mentioned before, the existing literature assumes perfect substi-

tutability between the two. In the baseline specification, I consider a more general framework in

which I set the elasticity at 2.5, so that the imported and domestic intermediates are highly but

not perfectly substitutable. The Armington elasticity of substitution between final products

produced by different firms is usually set around 1.5 in the business cycle literature. Arguably,

intermediate unskilled inputs are more substitutable than final products. I vary the elasticity

of substitution over the range 1.5 (σ = 0.33) to 100 (σ = 0.99), i.e., near perfect substitutes.

The results remain qualitatively similar. For values of σ higher than the baseline value of 0.6,

when the economy moves from autarky to free trade, employment and wage ratios increase

by about 19%, similar to the change in the baseline. For values of σ smaller than 0.6, I find

that the employment and wage ratios increase by less than in the baseline. For instance, when

σ = 0.4, moving from autarky to free trade, the employment and wage ratios increase by 13.7%

and 13.9% respectively, compared to around 19.5% in the baseline. At σ = 0.95, i.e., at an

elasticity of substitution of 20, unskilled workers stop gaining in terms of real wages.

Next, I briefly describe the sensitivity results for the other parameters. Krusell et. al. (2000)

set the depreciation rate for equipment capital at 0.125, higher than the standard value of 0.08

that I use in the baseline specification. The results from the model with the higher depreciation

rate of capital (=0.125) remain qualitatively similar to the baseline results. Note that moving

from autarky to free trade, this model results in similar increases in the skill premium and

relative employment of skilled workers, with both going up by about 19%, as with the baseline

model.

In the baseline calibration, I set the exogenous exit rate of firms at 0.10. The model results

are not sensitive to the value of the exit rate of firms. In particular, the employment and wage

ratios increase by similar amounts as with the baselines, moving from autarky to free trade.

The results are also not very sensitive to the cost of entry. In particular, lower values of ψ (i.e.,

cheaper entry) result in slightly larger increases in the employment and wage ratios than in the
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baseline, moving from autarky to free trade.

For the baseline calibration, I set the markup at 1.225 - the average of the range of 1.05 to

1.4. To examine the sensitivity to this value, I vary the τ to yield a markup over this range. The

results remain qualitatively similar for different values of the markup. In particular, moving

from autarky to free trade, the model results in smaller (larger) increases in the employment

and wage ratios for values of the markup lower (higher) than the baseline.

Finally, I examine sensitivity to the Frisch elasticities of unskilled and skilled labor supply,

both set at 1 in the baseline calibration. I set χu at 0.9091 and χs at 1.3044. The implied supply

elasticities are 1.1 and 0.77, respectively for unskilled and skilled labor. The linear combination

of these elasticities, with weights of 0.7 and 0.3, respectively, is 1.28 The results from the model

remain qualitatively similar. In particular, moving from autarky to free trade, the employment

ratio increases by 26.7% (more than baseline) and the skill premium increases by 12.7% (less

than baseline).

6 Conclusion

Motivated by the strong empirical support for the technology channel proposed in Goel (2012),

this paper develops a general equilibrium model to formalize the mechanism. The model shows

that a rise in offshoring to developing countries induces the adoption of skill-complementary

technology and innovation, generating real wage gains for both skilled and unskilled workers in

advanced countries. although increasing wage inequality. Results show that this channel is the

dominant mechanism underlying the effect of offshoring on the relative wages and employment of

skilled labor. Decomposition results from the model confirm the importance of this mechanism.

Normative analysis suggests that without the technology channel, the wages of both groups

of workers would be much lower, especially for unskilled workers, and the inequality between

them would be considerably more. Thus, induced technology adoption and innovation generate

quantitatively important gains for all workers. These results suggest that instead of discouraging

offshoring, policies that encourage innovation, and facilitate investment will prove helpful.

Future work will enrich the analysis by extending the model in three directions. I will

allowing for heterogeneous firms, influenced to different degrees by similar changes in trade

costs. I will model households separately as skilled and unskilled and will incorporate costs

incurred by the latter to acquiring skills explicitly. Finally, the model will include confounding

factors like declining costs of capital to examine how these factors interact with offshoring to

shape the overall labor market responses.

28This follows the estimate of Kimball and Shapiro (2008) that the overall elasticity is 1, and their observation
that the skilled labor supply may be somewhat less elastic than skilled labor supply.
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Appendices

Appendix A Data Appendix

U.S. Imports and Exports Data

The imports data for the United States are obtained from the Center for International Data at University
of California, Davis. The c.i.f. (cost, insurance, freight) values of imports are available for the years
after 1973. Thus, the first year of my sample is 1974. For years up to 1994, the Center for International
Data also provides imports data aggregated to the 4 digit domestic SIC 1972 level. I directly use these
aggregated data for the period until 1994. I concord these data at SIC 1972 to the domestic SIC
1987 classification (for uniformity with manufacturing industry data). Also, I group the imports from
various countries into two groups - imports from developed, and miports from developing countries using
the World Bank Income Classification. For the period 1995-2005, I use the disaggregated imports data.
These data are available at the level of 10 digit HS categories. Grouping the source countries as developed
and developing, I aggregate the dollar value of imports in each product category from these two sets of
countries. The next step is to aggregate these imports to the level of 4 digit industries under the SIC
1987 classification. For this purpose, I first aggregate these imports to the level of 4 digit import based
SIC 1987 and then map them into the domestic SIC 1987 classification using the procedure described in
Feenstra, Romalis and Schott (2002).
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NBER-CES Manufacturing Productivity Database

Data on 459 four digit manufacturing industries in the United States are available from the NBER web-
site. These data are available for the period 1958 to 2005 at a uniform Standard Industrial Classification
of 1987, i.e., the data are adjusted for changes in industry definitions and classifications over time. Many
of the variables are taken from the Census Bureau’s Annual Survey of Manufactures and the quinquen-
nial Census of Manufactures. The variables that I obtain from this databse include nominal values of
annual shipments, the number of non-production and production workers employed and their average
wages, nominal values of non-energy materials, real values of total capital stocks, and of equipment and
structures (calculated according to the perpetual inventory method), and the industry level price indexes
for shipments and investment.

Compustat

Compustat is a database that provides data on all publicly traded firms in the United States. From
these data, I obtain annual expenditures of public firms on research and development and their annual
sales. The R&D data include all non-federally funded expenditures of the firms in any given year for
the purpose of producing and improving their products and services. The database includes firms that
are not legally incorporated in the U.S. I drop these firms from the sample so as to retain only the
domestic firms. Each firm is identified uniquely with a GV key. The four digit SIC 1987 industry that
a firm belongs to is also provided. I aggregate the R&D expenditures incurred by all firms belonging to
the same SIC 1987 industry to create an industry level R&D measure. Similarly, I aggregate the sales
of all firms belonging to any given industry to create an industry level sales measure. R&D divided
by sales gives me a measure of R&D intensity in an industry. Some firms may belong to more than
one 4 digit SIC industry. In this case, Compustat provides only a 2 digit SIC 1987 code. I assign the
R&D expenditures of these firms to the constituent 4 digit industries using the following procedure: I
calculate the share of each constituent 4 digit industry in the total value of shipments in the broader
2 digit industry for each year. Using these shares as weights I split the R&D expenditures of the firm
over all the 4 digit industries it belongs to. Also, for a few firms, the R&D and sales data are reported
in Canadian dollars. I convert them to U.S. dollars using the exchange rates prevailing in those years.

Input-Output Tables

The Bureau of Economic Analysis provides detailed benchmark Input-Output (I-O) Accounts (make ta-
bles, use tables, and direct requirements coefficients tables) every five years. I use the direct requirement
coefficients tables provided every five years for the period 1972-2002. For 1972 and 1977, the direct
requirement coefficients were not provided. I constructed them from the use tables. The I-O industry
codes for various years are based on the Standard Industrial Classification of various years until 1992.
The I-O codes for 1997 and 2002 are based on NAICS 1997 and 2002, respectively. I concorded the I-O
codes for all the years to 4-digit SIC 1987. Direct requirement coefficients are defined as the dollar value
of an input required by an industry to produce one dollar of its output. Voigtlander (2010) shows that
these coefficients are stable across years. For this reason, and following Feenstra and Hanson (1996), I
linearly interpolate the coefficients for the interim years between each pair of years for which the bench-
mark I-O tables are available. For the period 2003-2005, I linearly extrapolate the coefficients for the
year 2002.

Other Data Sources

Penn World Tables: From this database, I obtained the annual averages of the nominal exchange
rates of the currencies of foreign countries relative to the U.S. dollar. for the period 1974 to 2005. An
increase in the exchange rate implies an appreciation of the U.S. dollar vis-a-vis the foreign currency.
World Bank Income Classification: The World Bank classifies all countries into one of five categories:
High Income: OECD, High Income: non-OECD, Upper Middle Income, Lower Middle Income and Low
Income. These classifications are uniform over the sample period 1974-2005. I obtain these classifications
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from the World Bank website. For the empirical analysis in this paper, I group upper middle income,
lower middle income and low income countries together as “developing” or “low income” countries.
High income OECD and non-OECD countries are grouped together as “advanced,” “developed,” or
“high income” countries.
Tariffs: I construct a series of average tariffs for intermediates imported in an industry using data on
the customs value of imports and the duties paid on them. I aggregate the total customs value and
total duties paid for all imported product categories belonging to a given 4 digit industry, separately
for imports from developed and developing countries. Taking the ratio of total duties to total customs
value, and multiplying by 100, provides a measure of the average tariff rate in the 4 digit industry for
each year, separately for imports from developed and developing countries. Between 1974 and 1988, the
data provide the four digit SIC 1972 industries that the imported product categories belong to. For the
years after 1988, the data provide the import based SIC 1987 industries that the products belong to.
I concord the SIC 1972 and import based SIC 1987 classifications to domestic SIC 1987 classification
using the same method as described above for the U.S. imports data. This provides me with the average
tariff rates imposed on imports belonging to all 4 digit SIC 1987 industries. To get a measure of tariffs
imposed on imported intermediates, I follow the same procedure as that used for exchange rates.
CPI: The U.S. consumer price index data are obtained from the Bureau of Labor Statistics. This price
index is used to construct a series of real prices for 4 digit industries by dividing the industry level price
index by the U.S. CPI.

Appendix B Model Appendix

Steady State Equations

The complete system of steady state equations for the model economy are presented below. First the
equations for the North:

K = (1− δK)K + I (B.1)

N = (1− δN )N +NE (B.2)

1 = β(R+ 1− δK) (B.3)

v =
π

1− β(1− δN )
(B.4)

Y = Q (B.5)

Y = N
1
τ (B.6)

g = [λ(xσu +mσ
u)

γ
σ + (1− λ)xγs ]

1
γ (B.7)

xu = u (B.8)

xs = kµs1−µ (B.9)

P = 1 (B.10)

p(j) = 1 (B.11)

p(j, i) = N
1−τ
τ (B.12)

z =
1

τ
(B.13)

pu =
p(j, i)

z
[λ(xσu +mσ

u)
γ
σ + (1− λ)xγs ]

1
γ−1λ(xσu +mσ

u)
γ
σ−1xσ−1u (B.14)
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(1 + d)p∗u =
p(j, i)

z
[λ(xσu +mσ

u)
γ
σ + (1− λ)xγs ]

1
γ−1λ(xσu +mσ

u)
γ
σ−1mσ−1

u (B.15)

ps =
p(j, i)

z
[λ(xσu +mσ

u)
γ
σ + (1− λ)xγs ]

1
γ−1(1− λ)xγ−1s (B.16)

Wu = pu (B.17)

Ws = ps(1− µ)kµs−µ (B.18)

R = psµk
µ−1s1−µ (B.19)

Ψn = [ϕkαn + (1− ϕ)sα]
1
α (B.20)

Ψn = ψNE (B.21)

Ws = pn(1− ϕ)sα−1[ϕkαn + (1− ϕ)sα]
1
α−1 (B.22)

R = pnϕk
α−1
n [ϕkαn + (1− ϕ)sα]

1
α−1 (B.23)

v = pnψ (B.24)

π = (
z − 1

z
)g (B.25)

θu = (
Wu

Lχuu ∗ C
(B.26)

θs = (
Ws

Lχss ∗ C
(B.27)

Xu = Nxu (B.28)

Mu = Nmu (B.29)

Xs = Nxs (B.30)

K = Nk + kn (B.31)

S = Ns+ sn (B.32)

U = Nu (B.33)

Y = C + I + vNE + C∗m (B.34)

The equations for the South are as follows:

K∗ = (1− δ)K∗ + I∗ (B.35)

P ∗ =

[
C∗

C∗m

]ρ−1
(B.36)

∆U∗
ξ

=
Cρ−1m W ∗u
C∗ρ + Cρm

(B.37)

1 = β∗
[
R∗

P ∗
+ 1− δ∗

]
(B.38)

Y ∗ = [X∗
ζ

hu +K∗ζ ]
1
ζ (B.39)

p∗u = P ∗[X∗
ζ

hu +K∗ζ ]
1
ζ−1X∗

ζ−1

hu (B.40)

R∗ = P ∗[X∗
ζ

hu +K∗ζ ]
1
ζ−1K∗

ζ−1

(B.41)

X∗u = U∗ (B.42)

W ∗u = p∗u (B.43)

X∗u = X∗hu +Mu (B.44)

Y ∗ = C∗ + I∗ (B.45)

C∗m = (1 + d)p∗uMu (B.46)
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Numerical Method

The steady state equations are solved numerically. The method to solve involves two inner loops and
an outer loop. The two inner loops are used to solve the systems of equations in the South and the
North, respectively. These two economies are linked through trade in intermediate and final goods. The
outer loop serves to solve for the unique set of prices and quantities in which the two economies are
simultaneously in a steady state equilibrium.

In the first inner loop, I start with an initial guess of the total quantity of intermediates exported
from the South to the North, Mu. Then, I use fixed point iteration to solve the system of equations for
the South. In the second inner loop I solve for the system of equations in the North. Fixing the value
for the trade cost, d and import price, p∗u, I provide the system with guesses for three more variables -
capital used in innovation, kn, skilled labor used in innovation, sn, and the imported intermediates used
per firm, mu. The second loop is solved using a combination of fixed point iteration and the Newton-
Raphson algorithm. With the initial guesses, I obtain the values for the other variables in the system of
equations. This leaves me with three equations that cannot provide me with closed form solutions for
the initially guessed variables. I solve these three equations using the Newton-Raphson method. The
resulting values for the three variables are again used as the initial guesses and the loop runs again until
the system converges.

In the outer loop, the systems for the North and the South are solved together. The loop for the
North yields a new value for Mu that is used as an initial guess to solve the system for the South using
the first inner loop. This provides me with a value for the price at which the intermediates are exported
to the North. This value, marked up by the trade cost - (1 + d) ∗ p∗u, serves as an initial guess for the
second loop that solves the system for the North. The outer loop runs until the systems for the North
and South converge simultaneously at a unique set of prices and quantities.

Model Results - Moving from Autarky to Free Trade

As shown in the results presented in section 3, all the variables of interest increased as offshoring
increased from 0 to 0.19. As the trade costs fall further and the economy moves to free trade, these
variables increase even more relative to autarky. This suggests that the variables of interest change
monotonically with offshoring. These results are presented in the table below.

Counterfactuals - Moving from Autarky to Free Trade

The results presented in Table B.2 show the contributions of the technology channel when the North
moves from autarky to free trade. While capital-skill complementarity explains 65% of the total increase
in the skill premium, the increase in innovation explains 22%. Suppressing the technology channel
entirely shows that the H-O channel in fact reduces the skill premium when the economy moves from
autarky to trade.

There are alternative ways of eliminating capital-skill complementarity. One can rewrite the produc-
tion function for g such that capital is neutral and interacts with a Cobb-Douglas technology with the
CES aggregate of skilled and unskilled intermediates (in turn produced linearly using only skilled and
unskilled labor, respectively). In this set up, the elasticity of substitution between capital and both kinds
of labor is equal to one. But the elasticity of substitution between skilled and unskilled intermediates is
1.67. Alternatively, I can retain the original functional form of g but rewrite the production functions
for skilled and unskilled intermediates s.t. they are both produced with Cobb-Douglas technologies
with respective labor and capital. Again in this set up, the elasticity of substitution between capital
and both kinds of labor is equal to one, and the elasticity of substitution between skilled and unskilled
intermediates is 1.67. Yet another option is that skilled and unskilled intermediates are modeled to be
produced with linear technologies using skilled and unskilled labor, respectively, but the firm’s final good
is produced with a nested CES (capital interacts through a CES technology with the CES aggregate of
intermediates). In this case, while the elasticity of substitution between skilled and unskilled intermedi-
ates is 1.67, their substitution elasticity with capital is no longer restricted to 1; it can be varied over a
reasonable range.
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Table Appendix B.1: Quantitative Results - Changes between Autarky and Free Trade

Autarky Free Trade 
(Trade cost=0)

% change relative 
to autarky

Offshoring 0 0.240

Relative Employment of Skilled Labor 0.43 0.51 19
Relative Wage of Skilled Labor 1.68 2.01 20
Skilled Employment 0.30 0.33 10
Unskilled Employment 0.70 0.64 -9
Skilled Wage 0.60 0.93 55
Unskilled Wage 0.35 0.46 31
Output 0.586 1.090 86

Skilled Intermediates/ Unskilled 
Intermediates 0.929 1.280 38

Equipment capital employed to 
produce skilled intermediates

0.109 0.179 65

Equipment Capital 0.128 0.209 64
Equipment Capital/Labor 0.128 0.215 68
Innovation 0.076 0.134 77
Varieties 1.518 1.915 26

Overall

H-O Channel

Technology Channel
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Table B.2: Counterfactual Results - Moving from Autarky and Free Trade

(A1) (A2) (A3)

Autarky Free Trade        
(Trade cost=0)

Percentage change     

Employment Ratio 0.429 0.511 19.33
Wage Ratio 1.678 2.005 19.49

(B1) (B2) (B3)

Autarky Trade with no capital 
skill complementarity Percentage change     

Employment Ratio 0.429 0.457 6.53
Wage Ratio 1.678 1.791 6.31

(C1) (C2) (C3)

Autarky
Trade with innovation 

constant at autarky 
level

Percentage change     

Employment Ratio 0.429 0.492 14.69
Wage Ratio 1.678 1.933 15.20

(D1) (D2) (D3)

Autarky
Trade with 

technology channel 
shut off

Percentage change     

Employment Ratio 0.429 0.414 -3.50
Wage Ratio 1.678 1.627 -3.04

Panel A: Baseline Model

Panel B: Counterfactual 1 (No capital skill complementarity)

Panel C: Counterfactual 2 (No increase in innovation relative to autarky)

Panel D: Counterfactual 3 (Technology Channel Shut Off)

Table B.3: Counterfactuals for Firms With Different Characteristics

Counterfactuals for Industries with Different Characteristics

Change in Offshoring from 0 (1974) to 0.19 (2005)

Total percentage 

change

% of total change 

explained by 

capital skill 

complementarity

% of total change 

explained by 

increase in 

innovation

Employment Ratio 12.40 44.95 21.50

Wage Ratio 12.12 42.35 20.19

Employment Ratio 12.38 82.55 28.53

Wage Ratio 13.65 81.19 31.57

Employment Ratio 18.89 56.73 11.20

Wage Ratio 19.42 56.23 10.92

Employment Ratio 15.12 76.49 24.44

Wage Ratio 14.99 74.24 23.68

More skill intensive (Share in production of 

skilled intermediates=0.7)

More unskilled (Share in production of 

differentiated goods=0.6)

More susbtitutable imported intermediates 

(Elasticity=7.69)

More expensive innovation (Fixed cost of 

entry=0.9)

Change in Offshoring from 0 (1974) to 0.19 (2005)
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Predictions for Industries with Different Characteristics

I consider the model’s predictions for firms with characteristics different from the baseline. I consider
firms with four specific characteristics: more skill intensive (also less capital intensive) (1 − µ = 0.7),
more unskilled intensive (λ = 0.6), domestic intermediates more substitutable for imported intermediates
( 1
1−σ = 7.69), and higher cost of innovation/entry (ψ = 0.9). I solve for the steady states corresponding

to 1974 and 2005, and do the counterfactual experiments for these industries. The results are presented
in Table B.3. In all cases, employment and wage ratios increase substantially when offshoring increases
from 0 to 0.19. While the contributions of the technology channel to these changes in the employment
and wage ratios continue to be large, the magnitudes differ across firms with different characteristics.

Alternative Model With Only H-O Channel

To compare the relative welfare implications of the models with and without the technology channel, I
write an alternative model that captures only the H-O channel and recalibrate it to the data. I briefly
describe the model and the calibration below.

I describe the economy in the North first. In every period there is a fixed mass of firms, indexed by
i ∈ (0, 1). These firms produce final products gt(i) in period t with the following technology:

gt(i) = Kt(i)
µ(Iut(i)

σ +Mut(i)
σ)

γ
σ Ist(i)

1−µ−γ (B.47)

where Kt is capital, and Iut and Ist denote unskilled and skilled intermediates that are produced by
perfectly competitive firms with linear technologies using only unskilled and skilled labor, respectively.
The final good producing firms take the rental rate on capital, Rt, and the prices, put and pst, of unskilled
and skilled intermediates, as given. The unskilled intermediates can also be offshored to the South for
a price, p∗ut. These imports are denoted by Mut. The final good and intermediate good producing firms
face the standard profit maximization problems.

The households aggregate the firm level goods into a composite (numeraire) good, Yt before using
it for consumption and investment. This aggregrate is given by:

Yt =

[∫ 1

0

gt(i)
ω di

] 1
ω

, ω < 1 (B.48)

The households solve the following problem:

Max
Ct,St,Ut,Kt+1

U =

∞∑
t=0

βt

(
log Ct − θs

S1+χs
t

1 + χs
− θu

U1+χu
t

1 + χu

)
subject to

Ct + It = WstSt +WutUt +RtKt (B.49)

Kt+1 = (1− δK)Kt + It (B.50)

While taking their decisions, households take the rental rate on capital, Rt, and the skilled and unskilled
wages, Ws and Wu, as given.

The economy for the South remains the same as before. The trade balance equation also remains
the same as in the baseline. The overall resource constraint in the North is:

Yt = Ct + It + C∗mt (B.51)
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where C∗mt is the quantity of final composite good exported to the South.
I calibrate the share, µ, of capital in the production of firms’ output at 0.3 and the share of unskilled

labor, γ, at to match the skill premium of 1.6 in the data in 1974. The rest of the parameter values are
the same as in the baseline model.
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