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Abstract

This paper aims to clarify domestic employment effects of manufacturing fragmentation

in the presence of production-related services. Based on stylized facts, the model describes

explicitly the relation between the tradability of producer services and the relocation of man-

ufacturing. The paper points medium skilled workers as the new losers of globalization.

The approach extends the Grossman and Rossi-Hansberg (2008) task framework to a three

factors model with a continuum of sectors. Producer services are introduced as location-

complementary to these stages of production that are more complex (and therefore, presum-

ably, more skill-intensive). This implies that the relocation of more complex production needs

to be accompanied by a parallel relocation of producer services. In this context, the weak

tradability of services limits delocalization of more complex stages of production. Subsequent

services trade liberalizations combined with technological advances improve the tradability of

services and allow relocation of more skill-intensive production. This relocation affects directly

more qualified (medium skilled) domestic workers.
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1 Introduction

The recent improvements in information and communication technology (ICT) combined with political

and economic reforms made trade in services possible, allowing fragmentation of ever finer and more

complex stages of production. More complex production requires usually, next to manufacturing inputs,

various additional services, so-called producer services. Manufacturing has to be organized, supervised

and coordinated already before production and usually along entire production process. Further, the more

the production process is complex (and therefore, presumably, more skill-intensive), the more services it

generally requires (Francois and Woerz, 2008). One may expect that manufacturing of computers involves

relatively more in-factory services that manufacturing of T-shirts does. The dependence of manufacturing

on services implies that relocation of more complex production remains conditional to the relocation of

services. For instance, limited services tradability may represent an obstacle to Dell to delocalize its

production to say Taiwan. Simultaneously, the same weak services tradability would not prevent Nike

from moving its T-shirt factory to Thailand. Therefore, given initial non-tradability of services, the

improvements in the technology of services offshoring enable relocation of more complex and so more

knowledge-intensive stages of production. This relocation affects directly the layers of more skilled domestic

labor.

While there is an increasing literature analyzing empirically the effect of producer services offshoring

on both, industry efficiency and domestic labor,1 little have been done on the theoretical front. Most

of the works on trade in services limits to applying the existing international trade-in-goods models to

services. Bhagwati et al. (2004) argue that there is no need for a distinctive theory of services offshoring

and so the outcomes of the phenomenon can be analyzed through existing trade-in-goods models. Several

theoretical papers emphasize the role of producer services in the relocation of manufacturing (Jones and

Kierzkowski 1990, Markusen 2005, Markusen and Strand 2009). The existing models however mostly refer

to the presence of services in a little formal way, without articulating explicitly the relationship between

the relocation of manufacturing and the relocation of accompanying it services. In addition, most of the

fragmentation models assumes that only low skill-intensive activities are tradable. Recent empirical studies

highlight however the growing importance of the relocation of medium and high skill-intensive activities

(Blinder 2007, Blinder and Krueger 2009, Baumgarten et al. 2010, Crino 2007b, Jensen and Kletzer 2008).

The improvements in tradability of services enable fragmentation of wider parts of production. This

in turn affects larger fractions of domestic labor. The nature of international trade experiences important

changes and these changes have non-negligeable implications on labor market.

The present paper aims to reconcile these changes and to capture their labor effects into a single

approach. The goal of the paper is to answer the question: how does the relocation of manufacturing affects

domestic employment when producer services are taken into account? The novelty of the proposed approach

is that it emphasizes explicitly the role of tradability of services in fragmentation of manufacturing. The

model introduces producer services as location-complementary to more complex (and, what follows, more

skill-intensive) stages of manufacturing. Such a modelization makes relocation of complex production

conditional to the relocation of services. In this context, the improvements in tradability of services

allow delocalization of more skill-intensive production, affecting directly more qualified domestic workers.

1See for instance Crino (2007a) or Francois and Hoekman (2010) for survey.
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The formalization of the complementarity between manufacturing and services enables to capture the

effects of offshoring that theoretical literature has not explicitly emphasized so far. In particular, the

approach emphasizes the effect of fragmentation on more skilled layers of domestic workers, pointing

medium skilled workers as the new losers of globalization. Including tradability of services provides an

additional explanation for the non-monotonic changes in employment in developed countries.

The paper extends Grossman and Rossi-Hansberg (2008) (GRH henceforth) trading task framework

into a large economy model with three factors of production and a continuum of industries. Producer

services tasks are introduced to the manufacturing as location-complementary to medium skill-intensive

production. Production in each industry is divided into manufacturing and conceptualization parts. The

conceptualization part involves headquarters activities, product design and various analytical occupations.

It represents a high skill-intensive composite input and uses high skilled labor as a unique factor of pro-

duction. The manufacturing part involves industrial in-factory activities. It combines low and medium

skill-intensive inputs and uses low and medium skilled labor as respective unique factors of production.

All three inputs are produced by the assembly of a continuum of either high, medium or low skill-intensive

tasks. Looking at the manufacturing, relocation of low skill-intensive production is governed uniquely by

the factor prices differential adjusted by fragmentation costs. On the other hand, production of medium

skill-intensive tasks, as relatively more complex, requires additional coordination and supervision. This

is provided by producer services tasks, a residual category regrouping various intermediate services that

are related to production. These involve mainly middle-management activities such as supervision of pro-

duction chain, coordination of assembly process, quality control. Producer services are assumed to be

location-complementary to medium skill-intensive manufacturing. They have to take place in the same

location that the production process. With the location-complementarity assumption, the relocation of

medium skill-intensive manufacturing remains conditional to the relocation of producer services. There-

fore, delocalization of each manufacturing medium task has to be accompanied by a parallel relocation of

a producer services task. This way, each pair of manufacturing and services tasks constitutes a medium

skill-intensive service-production block.

In this context, the initial improvements in ease of materials offshoring (i.e. transportation, freight

costs, tariffs on goods), conceptualized in the model as the first wave of globalization, allow relocation

of low skill-intensive tasks uniquely. Job delocalization hurts directly domestic low skilled workers. At

the same time, relocating industries make positive productivity gains on offshoring which enables them to

expand their production. The increase in production shifts industries’ labor demand for all skill groups.2

Summarizing, delocalization of low skill-intensive production clearly benefits to domestic medium and high

skilled workers. The effect on low skilled workers remains however ambiguous and it depends on the relative

magnitude of direct negative effect of job losses and positive effect of industry’s expansion. As for the relo-

cation of medium skill-intensive tasks, given the location-complementarity assumption, with the first wave

of globalization, the relocation of medium skill-intensive manufacturing remains prohibitively expensive.

Subsequent services liberalizations and improvements in ICT, i.e. the second wave of globalization, make in

turn services offshoring affordable, enabling relocation of medium manufacturing abroad. This generates

2The approach adapted here, based on Wright (2011), differs from the initial GRH framework predictions.
With the large economy assumption, falling offshoring costs causes output prices to decrease. Given fixed world
expenditure on each good, a decline in output prices shifts industries’ production induce an increase in industry
output shifting, increasing industry’s labor demand. See below.
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positive output effect for relocating industries on one hand, but hurts directly medium skilled employment

on the other. The channels influencing medium skilled employment with the second wave are analogous to

the ones affecting low skilled employment in the first wave. Relocation of medium skill-intensive production

benefits for low and high skilled employment but has ambiguous effect on employment of medium skilled.

Furthermore, the approach takes into account the heterogeneity in industries’ response to the offshoring.

The model predicts that industries using more intensively offshorable (low/medium skilled) labor will

experience larger gains with the falling cost of (manufacturing/services) offshoring.

The remainder of this paper is organized as follows. Section 2 reviews literature related to trade in

services and labor effects of offshoring. Section 3 draws general framework of manufacturing offshoring

with producer services tasks. Section 4 analyzes the employment effects of subsequent improvements in

offshoring of materials and of services. Section 5 concludes.

2 Literature Review

The present paper associates literature on the offshoring of the services with the one on the labor effect

of globalization and job polarization. The effects of the relocation of production on domestic labor have

been the object of investigation of wide body of literature. During the 1980s and the first half of 1990s,

the improvements in transportation technologies (Hummels, 1999) combined with trade liberalizations

have made material offshoring a widespread practice in the most of developed countries. The upsurge

in delocalization was accompanied by an increase in the wage inequality and skill premium. There is

now widely established consensus that these were globalization combined with skill biased technological

change (SBTC) that were the main drivers deepening wage inequality in both developed and developing

countries.3 More recently literature pointed also potential positive employment effect of fragmentation

with productivity gains from offshoring (Grossman and Rossi-Hansberg, 2008).

Coming in the mid 1990s, the rapid improvements in ICT combined with series of trade-in-services

liberalizations have made in turn relocation of services possible (UNCTAD, 2004). The novelty of services

offshoring has attracted lot of public and scholar attention as representing a threat for domestic white-

collar workers. While there is only a loose relationship between tasks tradability and their skill intensity,4

empirics suggest that, in general, these are the high-skill intensive services that are more tradable than

the low skill-intensive ones (Blinder 2007, Jensen and Kletzer 2008, Blinder and Krueger 2009, Crino,

2009b). Bhagwati et al. (2004) argue however that most of traded services are the lower skill-intensive

white collars.5 On the other hand, Baumgarten et al. (2010), Geishecker and Gorg (2008) point low and

medium skilled workers as mostly affected by services relocation.

Among services traded internationally these are the producer services that have a growing importance

(Francois and Hoekman, 2010). Producer services - the non-manufacturing input in manufacturing pro-

duction - appear as facilitators of production fragmentation, greasing the wheels of international trade

(Jones and Kierzkowski 1990, Debaere et al. 2010). Empirical evidence from both developed and develop-

3See Lemieux 2008 for survey of the literature on the wage inequality. See Bottini et al. 2008 or Crino 2007a for
the literature review on the labor effects of offshoring.

4e.g. Blinder 2007, Levy and Murnane 2004 and Leamer and Storper 2001.
5Note, that there is a growing number of high skill-intensive white collars occupations that are offshorable.

Literature points among others, computer programming, engineering, accounting or managerial consulting. See
below.
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ing countries highlights the positive effects of services offshoring on manufacturing efficiency and exports

(Amiti and Wei 2006, Francois and Woerz 2008, Hoekman and Mattoo 2008, Debaere et al. 2010, see

Francois and Hoekman 2010 for survey).6

Several authors highlight the importance of the complementarity between trade in goods and trade

in services (e.g. Markusen and Strand 2009, Lennon 2009). Francois (1990) points that services in man-

ufacturing have a coordinating role and that they allow further subdivision of tasks. What follows, an

increased tradability of services enables relocation of larger parts of production. Hummels et al. (2001)

describe "oversight and coordination of production" as an important restraining factor in vertical special-

ization. They stress that improvements in ICT "have made it easier for firms to coordinate and monitor

production in diverse locations."

The present paper refers also to the rising literature on the job polarization. While most of the empirical

analyses investigate the effects of offshoring in a standard two-factors framework, more recently studies

point the polarizing character of the labor changes in developed economies, with simultaneous growth

of the share of employment in high-skill, high-wage occupations and low-skill, low-wage occupations.7

The evidence from the US labor market (Autor et al. 2003, Autor et al. 2008, Autor and Dorn 2009)

was confirmed also for other developed countries, by Goos and Manning (2007) for the United Kingdom,

Dustmann et al. (2009) and Antonczyk et al. (2009) for Germany, Goos et al. (2010) for the E.U. countries

and Michaels et al. (2010) for the OECD countries. The paper most closely related to this one is Acemoglu

and Autor (2010) who propose a three-factor task approach to study the employment and wage effects

of offshoring. They focus however on the SBTC and they do not look at the role of producer services in

relocation of manufacturing.

3 The Model

3.1 Production Organization

The model extends the GRH (2008) trading tasks framework to a continuum of competitive manu-

facturing sectors. Industry in each sector specializes in production of a single good. Production in each

industry is divided into manufacturing (X-) and conceptualization (H-) parts. These parts are combined

through the following Cobb-Douglass function:

Y (z) = A(z)X(z)θx(z)H(z)1−θx(z), (1)

with A(z) technological parameter and θx(z) manufacturing part cost-share.8

6Amiti and Wei (2006), find a positive effect of service offshoring on productivity in U.S. manufacturing industries
between 1992 and 2000, accounting for around 11 percent of productivity growth during this period. Debaere et al.
(2010) examine the role of availability of local services in the decision of international sourcing of material inputs
using firm-level data from Ireland. They find the evidence that services indeed grease the wheels of international
commerce. Francois and Woerz (2008) analyze the role of services as inputs in manufacturing for OECD countries
and find significant and strong positive effects from increased business service openness on relatively skill-intensive
industries providing another evidence that offshoring of business services may promote the competitiveness of the
most skill and technology intensive industries. Francois and Woerz (2010) using a panel of 30 OECD countries 1994-
2004 show that imports of producer services, particularly business services, has a positive effect on manufacturing
industriesâ efficiency and exports, this effect is particularly significant for technology-intensive exports.

7See the Section 2 of Acemoglu and Autor (2010) for the overview of the labor market trends and the review of
the literature on job polarization.

8Not capitalized letters are used for the indexation.
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The conceptualization part involves headquarters activities, product design and various other analytical

occupations. It represents a high skill-intensive composite input (H-input) and uses high skilled labor (H-

labor) as a unique factor of production.

The manufacturing part involves all in-factory activities that are necessary to produce an output.

These include, e.g. module production, final assembling, quality control, packing. The production of

manufacturing part is accomplished by combining two composite inputs, low and medium skill-intensive

inputs (L- and M -inputs). It uses low and medium skilled labor (L- and M -labor) as respective unique

factors of production. The explicit distinction between L- and M -inputs in manufacturing part highlights

the fact that in-factory production does not rely uniquely on L-labor. Production process involves also

more skill-intensive manufacturing activities. It requires technicians, operators of sophisticated machines

and various other medium skilled production workers. The two manufacturing inputs are combined through

a CES production function:

X(z) =

[
δl(z)L(z)

σx(z)−1
σx(z) + (1− δl(z))M(z)

σx(z)−1
σx(z)

] σx(z)
σx(z)−1

, (2)

where 0 < δl < 1 is the sector specific share parameter and σx(z) determines the degree of substitutability

between the inputs in the manufacturing part.

Furthermore, industries differ in their technology of manufacturing production. Some industries use

M -input relatively more intensively than the others. One may expect, for instance, that computer manu-

facturing requires more medium skilled labor than the textile manufacturing. In order to capture industries

heterogeneity in the intensity of use of L- andM -inputs, I adapt Dornbusch et al. (1977) approach and order

industries according to the skill intensity of their manufacturing production, M(z)/L(z), where z ∈ [0, 1],

so that the ratio of M -tasks to L-tasks is increasing (non-decreasing) in z. Industries with higher z use

medium skilled labor more intensively.

The production of each of the composite L-, M - and H-inputs requires accomplishment of a continuum

of tradable L-, M - and H-tasks. As in the GRH, tasks are ordered by i according to their tradability,

where tasks with higher i are more difficult to offshore.9 Tasks of each type require a single factor of

production. Figure 1 above illustrates production organization of a representative industry.

Intermediate tasks of each type are assembled through constant elasticity of substitution (CES) tech-

nology. For instance, the production of L-input is:

L(z) =

[∫ 1

0

L(i)
σl−1

σl di

] σl
σl−1

. (3)

Turning to the M -input, its production, as relatively more complex, requires accomplishment of some

additional, non-manufacturing tasks. More skill-intensive manufacturing activities have to be organized,

supervised and coordinated already before the production and usually along the entire production process

(Jones and Kierzkowski 1990, Markusen 2005, Antras et al. 2006). This is ensured by producer services

tasks, a residual category regrouping intermediate services of various types. These involve mainly middle-

9Notice that tasks’ offshorability is not synonymous with their skill intensity. Evidence shows that there is only
a loose relationship between these two variables (Blinder 2007, Blinder and Krueger 2009, Blinder and Krueger
2010, Jensen and Kletzer 2008). The interest of adapting a three-factors-approach is that the task tradability varies
between skill-groups (i.e. each skill category has attributed different level of offshorability), but within groups, the
tasks are ordered according to their tradability and not their skill intensity.
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Figure 1: Production organization

management activities, such as supervision of production chain, assembly coordination, quality control.

These services may be present in manufacturing process in various ways, as upstream or downstream

activities. Producer service are assumed to be complementary to medium skill-intensive manufacturing.

By consequence, the production of M -input involves an assembly of a continuum of medium skill-intensive

manufacturing tasks (call them M̈ -tasks) and a parallel assembly of a continuum of producer services tasks

(S-tasks). These two types of M -tasks interact with each other and have to be accomplished in the same

location. In the other worlds, M̈ - and S-tasks are location-complementary,10 so that the relocation of

one unit of manufacturing M̈ -task need to be accompanied by a parallel relocation of exactly one unit of

producer services S-task.11 Both types of M -tasks are performed by M -workers, uniformly distributed

and specialized either in M̈ - or S-tasks accomplishment.

Summarizing, in order to produce one unit of M -task, a couple of M̈ -S composite tasks have to

be accomplished. I name such a couple a service-production M-block (M -block, for short). The total

production cost of M -block equals the total cost of service-production block, so the cost of performing

M̈ -task itself and the cost of accompanying services, S-task. The assembly of M -input corresponds then

to the assembly of the continuum of services-production blocks, i.e. a continuum of M̈ -S couples:

M(z) =

[∫ 1

0

M(i)
σm−1
σm di

] σm
σm−1

(4)

10In Jones and Kierzkowski (1990) model, services linking different production blocks are performed in a unique
location and serve from there all the other locations. In the model presented here, the services of this category
would rather correspond to high skill-intensive activities (see below). Markusen and Strand (2009), on the other
hand, highlight the importance of complementarities among different elements of production chain. They argue that
some of the services have to be performed in the same location where there are employed after in manufacturing.
Markusen (2005) refers to this as location specific complementarities.

11For the clarity of analysis, the approach assumes an one-to-one Leontief relation between the M̈ − S pairs of
tasks. Note however that the model could easily accommodate different, industry specific, proportions of the two
types of tasks or combine them through for instance a CES function.
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where M(i) = min
[
M̈, S

]
.12

One may argue that the production of L-tasks also requires some producer services. For the simplicity,

I assume that the amount of producer services required to the production of L-tasks equal zero. Therefore,

production of L-tasks relies only on some global H-services provided by headquarters, see below.13

As for conceptualization part, it involves high skill-intensive analytical occupations, such as head-

quarters, top-managerial activities, product design and some other global services. These global services,

accomplished in parallel of producer services, are mainly realized in the headquarters and serve for the

production at all stages and in all locations. The production of the high skill-intensive input is accom-

plished, alike the production of manufacturing inputs, by the assembly of a continuum of H-tasks combined

through a CES function. Figure 1 illustrates production organization in the manufacturing.

3.2 Localization choice - Tasks Allocation14

The model allows relocation of the manufacturing activities uniquely. High skill-intensive ac-

tivities are assumed to be non-offshorable. Industries do not relocate them either for the strategic

reasons or because it is too costly to do so.15

Manufacturing L-tasks are designed so that they all require the same unit of labor when per-

formed at home, aL. However, when offshored, their production involves additional costs, such

that production of a task i abroad requires βtl(i)al units of foreign labor, where βtl(i) > 1 and

t′l(i) > 0. The task index i captures the complexity of the task, such that a higher i corresponds to

higher offshoring cost. Thus, the marginal productivity of the low skill labor abroad equals 1
βtl(i)al

and it varies across tasks according to their offshorability. The parameter β ≥ 1, common for all

manufacturing production tasks, captures all technological and institutional costs that refers to

delocalization (i.e. transportation, shipping, tariffs in goods, cultural barriers), such that a de-

crease in β corresponds to a fall in cost of offshoring manufacturing production. Firm chooses its

geographic location optimally according to cost minimization. It will decide to offshore a L-task

only if production abroad is cheaper:

wl ≥ w∗l βtl(i),

with wl standing for domestic low skilled workers wage and w∗l for L-wage abroad. With the

assumption of perfect substitutability between the tasks of the same type (for any task, home and

foreign labor are perfect substitutes), at equilibrium, a given set of tasks is performed only in one

12Given that the M -blocks represent M̈ -S pairs, indexing industries according to the intensity of use of M -input
is synonymous with indexing them according to their services intensity.

13Alternatively, services tasks could be added also to L-production, but in the smaller proportion that in the
M -input. In such a case, industries would industries would relocate L-production despite high cost of services
delocalizaton, as long as the overall cost of relocating L−S tasks would be smaller that the cost of their production
at home.

14In what fallows, the industry index z is dropped to simplify the notation.
15Note that the model could easily accommodate the offshorability of the high skill-intensive input. Recent

evidence shows that many high-skill intensive occupation are being increasingly relocated. Literature points, among
the others, the occupations like computer programming, financial activities, consulting.
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location. Then, there is a marginal offshorable L-tasks IL, that can be determinated by:

wl = w∗l βtl(Il) (5)

such that tasks from 0 to Il will be performed abroad and these form Il to 1 will be assigned to

domestic low skilled workers.

Manufacturing M̈ -tasks, when performed at home, they all require am units of labor, on the

other hand, while offshored, they face the same type of offshoring cost as L-tasks in terms of trade

costs, transportation, etc. Thus, similarly to the L-manufacturing case, every i M̈ -task should be

offshored whenever:

wm ≥ w∗mβtm(i). (6)

Notice that the two sets of tasks has different cost structures tm and tl, the technological parameter

β is however the same for all manufacturing tasks in all sectors.

As mentioned above, with the location-complementarity assumption, the relocation of a M̈ -task

have to be accompanied by a parallel relocation of S-task. Alike for the relocation of manufacturing

tasks, a firm sending abroad service tasks i faces a task specific cost τ(i), with τ ′(i) > 0, so

that more complex and tacit producer services are more costly to offshore. Hence, firms offshore

producer services every time that their production cost abroad is lower than the domestic one16:

s ≥ s∗γτ(i) (7)

where s and s∗ are respectively domestic and foreign wage for services labor (S-labor) and γ >

1, common for all service tasks, captures technological progress in ICT and variation in trade

barriers for services, such that a technology improvement (dγ < 0) decreases the cost of services

offshoring. Notice that cost structures of both M̈ - and S-tasks, tm(i) and τ(i), have the same

index. The idea behind refers to the assumption of services-production complementarity. The

more the production of M̈ -tasks is complex (higher i), the more sophisticated services it requires.

Since the location-complementarity assumption requires each M̈ -tasks and S-tasks to be produced

in the same localization, a M̈ -task can be offshored only if corresponding to it S-tasks can be

offshored in parallel. Hence, there is a marginal offshored service-production task couple M̈ -S, Ig,

such that:

Ig = min[Im, IS ], (8)

where:

Im ⇒ wm = w∗mβtm(Im)

IS ⇒ s = s∗γτ(Is).

16Since S- and M̈ -tasks compose M -composite input through Leontief production function, and if each unit i
M̈ -production task corresponds exactly one unit i of producer services tasks. This one-to-one relation involves
that, with ψM̈ (z) and ψs(z), the unit labor requirements for M̈ - and S-tasks respectively, ψM̈ (z) = ψs(z) and
therefore

(
ψM̈ (z) + ψs(z)

)
= 2ψM̈ (z) = am(z), where am(z) stands for total labor unit requirement required for

the production of M -task.
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Thus, the improvement in technology of offshoring manufacture tasks, dβ < 0, alone, without

a parallel improvement in services offshoring, dγ < 0, cannot enable delocalization of service-

production M block (i.e. delocalization of a M̈ − S pair of tasks). Therefore, M -production will

be offshored at, either, the services S-marginal task, Is, or at the manufacturing M̈ -marginal task,

Im.17

In a perfectly competitive economy, the price of each good is less or equals the unit cost of its
production. Here, the unit cost of production of a good j equals wage paid all domestic L-, M -
and H-skilled workers and the foreign wages paid to offshore workers. Since activities are priced
at their marginal cost, the price of each L-tasks is:

pl(i) =

w
∗
l βtl(i)al for 0 ≤ i < Il

wlal for Il ≤ i < 1.

Therefore, given profit maximizing geographical tasks location, the price index for L-skill-intensive

composite manufacturing input is:

Pl = alwlΩl(Il)
18 (9)

where Ωl(Il) corresponds to GRH (2008) productivity effect from offshoring:

Ωl(Il) ≡
{∫ Il

0

[
tl(i)

tl(Il)

]1−σl
di+ (1− Il)1−σl

} 1
1−σl

. (10)

Similary, for M -input, each service-production block is priced:

pm(i) =

am(w∗mβtm(i) + s∗γτ(i)) for 0 ≤ i < Im

am(wm + s) for Ig ≤ i < 1.

Using price index, it can be rewritten:19

Pm = am[wmΩm(Ig) + sΩS(Ig)], (11)

where Ωm(Ig) and Ωs(Ig) correspond respectively to the productivity effects from offshoring M̈ -

and S-tasks.20

17If to relax the assumption of perfect complementarity between M̈−S tasks, then industries’s marginal offshorable
task, Ig , would be be obtained from: wm + s = w∗mβtm(Im) + s∗γτ(Is), Ig ∈ [Im, Is] and an industry will be able
to relocate the production of a couple of task Ig despite the weaker offshorability of one of the tasks in the pair.
See section 4.2.1 for further discussion.

18Where Pl = al

{∫ Il
0

[
w∗l βtl(i)]

1−σldi+ (1− Il)w
1−σl
l

} 1
1−σl .

19The exact price index for medium skill-intensive composite input Pm is:
Pm = am

{∫ Ig
0 [w∗mβtm(i)]1−σm di+ (1− Im)w1−σm

m

∫ Ig
0 [w∗sβtm(i)]1−σm di+ (1− Im)w1−σm

s

1
1−σm

20The respective productivity gains from relocation of medium skill-intensive M -S couples are:

Ωm(Ig) ≡
{∫ Ig

0

[
tm(i)
tm(Ig)

]1−σm
di+ (1− Ig)1−σm

} 1
1−σm and ΩS(Ig) ≡

{∫ Ig
0

[
τ(i)
τ(Ig)

]1−σm
di+ (1− Ig)1−σm

} 1
1−σm

.
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3.3 Labor demand under offshoring

The combination of (1), (2) and (3) gives the labor demand for performing i task in industry

z:

L(i, z) = Bl

(
Ph
Cx

)1−θx (Cx
Pl

)σx (pl(i)
Pl

)−σl
Y

where Bl = 1
A

(
θx

1−θx

)1−θx
δσxl , Ph = whah is the price index of the analytical composite input and

Cx to the total cost of manufacturing part (i.e. Cx = PlL + PmM).The total labor used to the

production of L-tasks in the industry z is Dl(i, z) = al(z)L(i, z) and the total demand for domestic

low skilled labor in the industry z is given by:

Dl =

∫ 1

Il

Dl(i)di = Bl

{
al(1− Il)Y

[(
Ph
Cx

)1−θx (Cx
Pl

)σx (Pl
wl

)σl]}
(12)

In an analogous way, industry’s demand functions for medium- and high-skilled workers can be

obtained. In what follows, given the colinearity of demands forM - and S-labor, the approach looks

at the overall medium-skilled labor demand without making a distinction between manufacturing

and services medium skilled workers. Notice also that at equilibrium both types of medium skilled

workers receive the same wage.

The overall demand for domestic medium skilled workers is:

Dm =

∫ 1

Ig

Dm(i)di = Bm

{
am(1− Ig)Y

[(
Ph
Cx

)1−θx (Cx
Pm

)σx (Pm
wm

)σl]}
(13)

where Bl = 1
A

(
θx

1−θx

)1−θx
δσxm .

Finally, the labor demand for high-skilled is:

Dh = Bh ahY

[(
Cx
Ph

)θx (Ph
wh

)σh]
(14)

where Bh = 1
A

(
1−θx
θx

)θx
.

4 Technological Improvements - the Two waves of globaliza-

tion

Once the main features of the model set, I study (i) the effects of improvements in off-

shoring technologies on tasks allocation and (ii) resulting from it changes in domestic labor de-

mand for different groups of workers. Improvements in offshoring are conceptualized in terms of

two waves of globalization. The first wave takes place with the fall in cost of material offshoring

11



(i.e. the cost of delocalization of manufacturing), understood as a decline in transportation cost

and reduction in trade barriers for goods (dβ < 0). Given the model assumptions, the first wave

allows relocation of L-tasks uniquely. It affects negatively domestic L-workers. A decline in the

cost of material offshoring itself cannot induce firms to relocate medium skill-intensive production

abroad. Relocation of medium manufacturing have to be accompanied by a parallel relocation

of services. Therefore, as long as the costs of offshoring services are too high, the relocation of

service-production M -blocks remains prohibitively expensive. Hence, the delocalization process of

the first wave of globalization concerns directly only L-tasks. As for the second wave, it corre-

sponds to the decline in the cost of services offshoring synonymous with the improvements in ICT

and the reductions of tariffs on services (dγ < 0). The second wave makes offshoring of services

affordable. This allows in turn relocation of services-production M -blocks (i.e. the relocation of

pairs of M̈ − S tasks). Delocalization of M -blocks has direct negative effect on domestic medium

skilled labor.

The stylization of the model in terms of the two waves of globalization is not at odd with

empirics. To what the model refers as the first wave of globalization corresponds to the progressive

decrease in transport and freight costs starting from 1970s (Hummels 1999 and 2001b) combined

with trade-in-goods liberalizations. These falls in fragmentation costs made possible delocalization

of these stages of production that were intensive in unskilled labor.21 The second wave corresponds

to the rapid improvements in ICT of the mid-1990s that were combined with series of trade-in-

services liberalizations (GATS). It has contributed to an upsurge in delocalization of more complex

production, such as the manufacturing of high-tech items.22 The first wave of globalization repre-

sented a direct threat primarily for relatively low-skilled production workers, while the second one

woke public concerns regarding more skilled (medium-skilled) production and services workers.23

Figure 2 shows the changes in transportation and communication costs from 1930 to 2000. The

continuous fall in freight and air transport costs was accompanied by a large decline in the cross-

atlantic phone call24 and, more recently, by a sharp decrease in the satellite cost which contributed

to a worldwide spread in the use of the Internet. Services trade costs, from prohibitively expensive

only two decades ago, fell very sharply to become infinitesimally small at the end of 20th century.25

Transport costs, on the other hand, while continuously decreasing along the century, they remain

non-negligible until present (Hummels 1999, Blake and Lande 1999).

In order to analyze domestic employment effects of the two waves of globalization described

above, I adapt here Wright (2011)’s approach of GRH framework. The GRH trading tasks model

highlights potential productivity gains from offshoring. These may affect positively domestic wages,
21This mainly refers to the delocalization of the production by the labor-intensive industries such as textiles,

footwear, consumer electronics.
22The second wave has also enabled relocation of activities from services sectors, such as finances, assurance,

computer programming.
23See 4.2.1 for further discussion.
24The real cost (in 1990 USD) for a three-minute telephone call from New York to London in the period 1930 to

2000 dropped by no less than 99.9 percent Busse (2003).
25See Blake and Lande 1999, Table 12.
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Figure 2: Communication and transportation costs, 1930-2000 (in 1990 USD).
Sources: World Bank (2002) and Busse (2003). Notes: 1) Average ocean freight and port charges
per short ton of import and export cargo; 2) average air transport revenue per passenger mile; 3)
cost of a three-minute telephone call from New York to London.

eventually offsetting negative direct delocalization effects.26 Wright (2011) extends GRH model

to study the effects of offshoring on domestic employment.27 He points out three channels trough

which labor may be affected by offshoring in a large economy case, namely (1) direct employ-

ment effect, (2) output effect, (3) substitution effect. (1) The improvements in material (material

and services) offshoring provoke relocation of low (medium) skill-intensive production, causing job

losses. (2) This negative effect may be however overweighted by positive productivity gains form

decrease in offshoring costs. In a large economy, falling offshoring costs cause a decline in output

prices. With fixed world expenditure on each good, declining output prices shifts production in

related industries from the demand side. The shifts in industries’ output increases labor demand

for all skill groups. The output effect will be higher, the more intensively industry uses offshorable

low/medium skilled labor. (3) Finally, the overall employment effect depend also on the substi-

tution effect between different skill-groups of labor and between domestic and foreign labor of

the same skill group. With the fall in material offshoring cost industries use progressively more

intensively tradable labor (factor substitution). But, at the same time, they tends to substitute

domestic labor with the cheaper foreign one (task substitution). In addition, with the assumption
26Rojas-Romagosa (2011) proposes a series of numerical simulation to analyze the effects of productivity gains

on wages of the GRH model. He finds that wage inequality is increasing with offshoring for almost all endowment
combination, except the case of a small, non-specialized economy.

27In Wright (2011) extension of GRH, unlike in the original model, for a large economy case, only a part of
productivity gains from offshoring is absorbed by the shifts in domestic wage while the remaining part contribute
to an increase in the industry’s output (so-called output effect). See below.
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of industries heterogeneity, it is shown that the magnitude of the effects of offshoring differs across

sectors and it depends on the intensity of use of offshorable labor by each sector.

4.1 First wave of globalization

- Improvements in offshoring of manufacturing

With the first wave of globalization, uniquely low skill activities can be relocated. Domestic

L-workers are affected negatively by the direct job losses on one hand, but they benefit from

the shifts in employment from the output effect on the other. Simultaneously, delocalization of L-

production has an indirect positive employment effect on the other two groups of domestic workers.

The section begins by studying the effect of the first wave on the labor demand for domestic

L-workers. Next, it looks at the employment effects on M - and H-workers.

4.1.1 Effect on employment of low skilled

As mentioned above, the effect of delocalization on the demand for offshorable labor can be

decomposed into three separate effects, (1) direct employment effect, (2) output effect and (3)

substitution effect.

(1) Direct employment effect. A decline in manufacturing offshoring costs induces firms to

delocalize a larger part of their L-production abroad, i.e. more L-tasks can be offshored. That has

a direct negative effect on the domestic employment. With t′l(Il) > 0: 28

dIl
dβ

= − tl(Il)

t′l(Il)β
< 0 (15)

In 12, this direct effect is represented by al(z)(1− Il). Note that the effect is increasing in the use

of offshorable low skilled labor, z.

(2) Output effect. The upsurge in L-offshoring affects also production across sectors by the

channel of the output effect. In a large economy, a decline in offshoring cost causes a decrease

in output prices. With Cobb-Douglass preferences in all countries, the world expenditure on the

output of the industry z is fixed. Thus, any decrease in the output price provokes an increase in

output from the demand side. As a result, only a fraction of the productivity gains from offshoring

will be absorbed by the wage increase, ŵl = −ηlΩ̂l(Il),29 while the remaining (1 − ηl) part will

generate increase in industry’s production.30

Appendix (A) shows that the relation between the changes in industry’s output and productivity

28Given equation 10, dΩl(Il)
dIl

= −
{

Ωl(Il)
σl tl(Il)

σl−2t′l(Il)
[∫ Il

0 tl(i)
1−σldi

]}
< 0 and dΩl(Il)

dβ
=

dΩl(Il)
dIl

dIl
dβ

> 0.
So Ωl falls with the decline in offshoring cost. This corresponds to GRH productivity effect of offshoring.

29In GRH (2008) framework, for a small open economy: ŵl = −Ω̂l(Il).

30Where (1− ηl) =

[
L

Ωl(Il)

L
Ωl(Il)

+L∗
A∗

]
and 0 < (1− ηl) < 1.
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gains from offshoring can be written as:

Ŷ (z) = −
{
θx(z)

[
θl(z)

(
ŵl + Ω̂l(Il)

)
+ θm(z)

(
ŵm + Ω̂m(Ig)

)]
+ θh(z)ŵh

}
. (16)

A marginal fall in (material/services) offshoring cost generates positive productivity gains shifting

industry production. The effect is increasing in the use of offshorable (L-/M -)labor. Hence, with

the first wave of globalization, the industries using L-labor intensively (low z) experience higher

productivity gains and so a larger increase in output. Conversely, with the second wave, these

are the industries more intensive in services (high z) that benefit the most. Since manufactured

inputs are combined through the CES production function, the productivity gains generated by

the first wave affect directly L-composite, but also indirectly M -composite, through the changes

in the input shares. Both of these effects contribute to industry output effect. Appendix (A)

demonstrates that the output effect of the first wave of globalization corresponds to:

Ŷ (z) = −(1− ηl)Ω̂l(Il)
{
θl

[
1− θl(1− σx)

σx

]
+ θm

[
θl(1− σx)

σx

]}
. (17)

(3) Substitution effect. A decline in offshoring cost affects labor demand also through the changes

in relative costs of composite inputs and tasks. Two types of substitution effect can be distin-

guished, (i) factor substitution, substitution between different factors of production and (ii) tasks

substitution, substitution between tasks using the same factor of production. These substitu-

tion effects are reflected in the subsequent terms in the squared brackets of 12. (i) The factor

substitution term,
(
Cx
Pl

)σx , corresponds to the substitution between L- and M -factors in manu-

facturing. It is non-decreasing with the extend of offshoring and its magnitude increases with the

substituability between manufacturing inputs (increasing in σx).31 In addition to the substitution

within manufacturing, the substitution between different part of production (manufacturing and

conceptualization parts) may occur. It corresponds to
(
Ph
Cx

)1−θxand it is increasing with decline of

both material and services offshoring costs.32 (ii) The task substitution effect corresponds to the

substitution between domestic and foreign tasks,
(
Pl(z)
wl

)σl , and it is decreasing in the extend of

offshoring.33 The average cost production of L-composite input falls more rapidly that the domes-

tic L-wage and industries substitute domestic labor with the foreign one. The final outcome of the

substitution effect on L-employment remains conditioned by the relative magnitude of the factor

and tasks substitution, i.e., whether the substitution toward offshorable L-labor could overweight

the substitution toward foreign L-labor.
31The speed of substitution depends on the value of σ, how much complementary/substituable the two manufac-

turing inputs are. If L- and M -inputs are perfect complements (σ = 0), there is no substitution effect as an increase
in use of L-labor causes a parallel increase in the use of M -labor.

32The part substitution effect reflects the idea that with the fall in production cost, on the long run, industries may
change their production technologies and start to use the cheaper part relatively more intensively. With

(
Ph
Clm

)θh
=(

ahwh
alwlΩl(Il)+amwlmΩm(Ig)

)θh , given decrease in denominator and no changes in the numerator, the substitution effect is
increasing in falling offshoring cost of manufacturing.

33With
d

(
Pl(z)
wl

)σl
dβ = (al(z)Ωl(Il))

σl(z)
σl

Ωl(Il)

dΩl(Il)

dβ > 0.
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The three channels through which domestic L-demand is affected by the first wave of global-

ization can be summarized in 12:

Dl = Bl

 al(1− Il)︸ ︷︷ ︸
DirectEmplEff

Y︸︷︷︸
OutputEff


(
Ph
Cx

)1−θx (Cx
Pl

)σx
︸ ︷︷ ︸

FactorSubstEff

(
Pl
wl

)σl
︸ ︷︷ ︸

TaskSubstEff




Log-differentiating 12, 15 and 17, these effects can be expressed as a function of percentage change

in the cost of relocating manufacturing:

D̂l =

{
tl(Il)

t′l(Il)(1− Il)
+
{
σl −

[
(1− σx)µ1

m + µ1
l

]
(1− ηl)

}[ Ω̂l(Il)

β̂

]}
β̂, (18)

where µ1
l = θl

[
1−θl(1−σx)

σx

]
and µ1

m = θm

[
θl(1−σx)

σx

]
.34 The first term in curly bracket represents

direct employment effect while the subsequent terms combine substitution and output effects.

The overall employment effect of the first wave of globalization on L-workers remains ambiguous.

It depends on the magnitude of the three effects described above. More precisely it depends on

whether the shifts in employment due to the output effect would offset direct job losses, for a given

level of task substitutability. For the initial relocations (Il close to zero), expected productivity

effect remains negligible, due to the envelope theorem. Further improvements and following them

delocalizations should generate larger productivity gains through the cost-savings that industries

make on the infra-marginal tasks.35

4.1.2 Effect on labor demand for the other skill groups

A decline in manufacturing offshoring cost alone affects directly only low skilled labor, but it has

also an indirect impact on the two other groups of domestic workers. As described above, offshoring

(L-)jobs causes industries expansion through the output effect. The increases in production shift

labor demand for all three groups of workers. The magnitude of the output effect for the respective

skill groups depends on the industries’ production structure, i.e., it depends on the factor cost

shares, θl, θm and θh.

The effect of the L-offshoring on H-labor is simply proportional to the size of the industry’s

output effect combined with the production share of H-input, D̂h = −
(
µ1
l + µ1

m

)
(1− ηl) Ω̂l(Il) >

0. The magnitude of the demand effect on M-labor, on the other hand, is also conditioned

by the structure of manufacturing production. More accurately, it depends on the degree of

substituability between the two manufacturing input. Demand for M-labor is decreasing with

substituability of manufacturing production (decreasing with σx). This can be seen in D̂m =

34The change in the productivity effect corresponds to Ω̂l(Il) =

[∫ Il
0

(
tl(i)

tl(Il)Ωl(Il)

)1−σl
di

]
β̂.

35Wright (2011) proposes a condition for a magnitude of the output effect ot be increasing in Il a given decline
in the offshoring cost. See Appendix of Wright (2011).
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−
[
(1− σx)µ1

l + µ1
m

]
(1− ηl) Ω̂l(Il). Intuitively, if L- and M -labor are easily substitutable, a

cheaper cost of L-production induces industries to use L-labor more intensively, lowering the de-

mand for M -labor. Conversely, in the case of complementarity of the two inputs, an increase

in the use of offshorable labor generates an increase in the use of M -labor, affecting positively

M -demand.36 Notice that the substitutability in manufacturing vary across industries (σx(z)).

In summary, with the first wave of globalization, the relocation of low skill-intensive jobs have

a positive employment effect on the skill groups non-concerned by delocalization. Both, middle

and high skilled workers, benefit form offshoring of labor-intensive production.

4.2 Second wave of globalization -

- Improvements in offshoring of services

With the second wave of globalization, relocation of services becomes affordable. This enables

delocalization of the services-production M -blocks. As discussed above, a fall in the cost of ma-

terial offshoring (the first wave) alone cannot induce industries to relocate medium skill-intensive

production. As long as the costs of accompanying producer services are too high, relocation of

service-production M -blocks remains prohibitively expensive and, what follows, only L-tasks can

be delocalized.

If the initial improvements in material offshoring of the first wave are followed by the ICT

advances and trade liberalizations in services (the second wave), relocation of services becomes

possible. This enables delocalization of the entire production-services blocks, so the delocalization

of medium skill-intensive activities. Domestic labor effects of the second wave of globalization are

analogous to these of the first wave, with direct employment, output and substitution effects.

As L-workers with the first wave, with the second wave these are the M -workers who are

affected directly by job losses. Simultaneously, the productivity gains form offshoring of M -blocks

have positive effects on all three labor groups via the output effect. Summing up, the relocation of

production of the second wave benefits to the L- and H-workers, while it has an ambiguous effect

on the M -workers.

4.2.1 The marginal offshorable M-block

Section 3.2 stresses that the marginal offshorable M̈ −S pair of tasks (M -block) is determined

through Ig = min[Im, Is]. Hence, the M -block is relocated either on the marginal M̈ - or marginal

S-task. The determination of the marginal task depends (a) on the relative magnitude of the

respective declines in cost of material and services offshoring (dβ and dγ) and (b) on the cost

structures of the two types of offshorable tasks (tm(i) and τ(i)). As discussed in the section

3.2., there exist important dissimilarities in both, the evolution and the structure of the trade
36Notice that for σx = 1 effects on M - and H-demands are symmetric and their magnitude depends uniquely on

the factor shares.
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costs patterns for goods and for services. In order to take account of these dissimilarities, (a) I

assume that the cost of services offshoring decreases more than the cost of material offshoring, i.e.

dβ < dγ.37 (b) Further, I assume that costs of material offshoring grow faster that the costs of

services offshoring (t′m(i) > τ ′(i)). This reflects the idea that the amplitude of cost variation in

material offshoring tend to be larger than the one in offshoring services. Transport cost of materials

rises rapidly with items’ size/weight and with their fragility. There might be a significant difference

between the shipping bill for transportation of textiles and the bill for transportation of heavy auto-

mobile elements or of fragile computer devices. On the other hand, if to look on the services, the

0                                   Ig                     1       task  i               
                

pm(i) 
price of a i task 

pm(i) = wmϕm= s ϕm 

pm(i)= wm*β tm(i) ϕm 

pm(i) = s*γ τ(i) ϕm 

Figure 3: Trade cost structure for M - and S-tasks offshoring

variation in their trade costs may appear relatively more moderate. The large part of trade costs

of services is related to the costs of Internet transfers and to various other communication costs

(phone-calls, video conferences). Services that are more difficult to offshore might require some

additional electronic communication devices or extra displacements between the headquarters and

the supplier. However, the costs difference between the services that are more offshorable and

these that are less offshorable remains relatively small.38 Therefore, once services tasks ordered

according to their offshorability, the curve of their relocation cost is expected to be flatter that the

cost curve of material offshoring.

Figure 3 plots trade cost curves for goods and for services. It illustrates the changes provoked

by the respective declines in costs of material and services offshoring along with the assumptions

introduced above. Such a stylization of the trade costs patterns involves that, at the beginning

of the second wave (i.e. when the fall in the cost of services offshoring are still relatively small),
37This assumption mirror the findings illustrated in the section 3.2. The continuous decline in transportation and

freight cost all along the century was accompanied by a sharp decrease in satellite cost by the end of 1970 and at
the beginning of the 1980s. (see description of Figure 2).

38For instance, the difference in trade costs between the activity of a relocated call-center and the offshored
financial services is relatively small, as satellite communication costs in both cases remains quasi the same.
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delocalization of M -blocks is constrained by high costs of services offshoring. M -block is offshored

at the marginal S-task, Ig = Is. When the trade costs of services decline more sharply (dγ < 0

large), delocalization of services becomes cheap and it is relatively cheap for all the spectrum of

M -inputs (since the τ(i) curve is relatively flat). Therefore, this is in turn the cost of material

offshoring that limits further relocation. Hence, the marginalM -block is offshored on the marginal

M̈ -task (Ig = Im).

4.2.2 Effect on employment of medium skilled

(1) Direct employment effect. A combined decline in services and materials offshoring costs

firms relocate medium skill-intensive production abroad, generating job losses for medium skilled:

dIg
dβ

= − tm(Ig)

t′m(Ig)β
< 0 (19)

dIg
dγ

= − τ(Is)

τ ′(Ig)
< 0 (20)

In 13, this direct effect is represented by am(z)(1− Ig). Note that it is increasing in the use of

medium skilled labor, i.e., increasing with z.

(2) Output effect. Alike with the first wave, the decline in the offshoring costs of the second wave

provokes a decrease in output prices, generating the output effect. The output effect represents a

fraction of productivity gains from the offshoring of M -occupations:39

Ŷ (z) = − (1− ηm) Ω̂m(Ig)

{
θm

[
1− θm(1− σx)

σx

]
+ θl

[
θm(1− σx)

σx

]}
. (21)

(3) Substitution effect. Analogously to the L-demand case, a fall in services offshoring cost

affects labor demand also through (i) factor and (ii) task substitution effects. (i) The substi-

tution effect between manufacturing factors (between L and M) corresponds to
(
Pl
Pm

) θl
1−θh , it is

non-decreasing with the extend of offshoring and its magnitude depends on the degree of substitua-

bility/complementarity between factors. (ii) The effect of task substitution between domestic and

foreign M -workers corresponds to
(
Pm(z)
wm

)σm
. The average production cost of M -composite input

falls more rapidly that the domestic M -wage.40 Firms substitute domestic labor with the foreign

one. The final outcome of the substitution effect on M -labor depends on the relative magnitude

of the factor and tasks substitution (i.e. whether the substitution toward offshorable M -labor can

overweight the substitution toward foreign M -labor).
39Where the productivity effect from relocation of medium skilled production is:

Ω̂m(Ig) =

[∫ Ig
0

(
tm(i)

tm(Ig)Ωl(Ig)

)1−σm
di

](
β̂ ∨ τ̂

)
and ̂Ωs(Ig) =

[∫ Ig
0

(
τ(i)

τ(Ig)Ωl(Ig)

)1−σm
di

](
β̂ ∨ τ̂

)
. See Appendix.

Given marginal common level of offshorable tasks condition, Ig = min[Im, Is], resulting from complementarity
assumption, the magnitude of cost savings of each of types of H-workers will be proportional to the effects of
the shifts of the parameter that improved less:

(
β̂ − γ̂

)
> 0 ⇒ dΩm

dγ = dΩm
dIg

dIg
dγ > 0 and dΩs

dγ = dΩs
dIg

dIg
dγ > 0;(

β̂ − γ̂
)
> 0⇒ dΩm

dβ = dΩm
dIg

dIg
dβ > 0 and dΩs

dβ = dΩs
dIg

dIg
dβ > 0.

40Since
d

(
Pm(z)
wm

)σm
(dβ∨dγ)

> 0.
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The three effects affecting domestic labor demand for medium skilled workers with the second

wave of globalization can be summarized in 13:

Dm = Bm

 am(1− Ig)︸ ︷︷ ︸
DirectEmplEff

Y︸︷︷︸
OutputEff


(
Ph
Clm

)θh ( Pl
Pm

) θl
1−θh

︸ ︷︷ ︸
FactorSubstEff

(
Pm(z)

wm

σm

︸ ︷︷ ︸
TaskSubstEff




D̂m =

{
tm(Ig)

t′m(Ig)(1− Ig)
+
{
σm −

[
(1− σx)µ2

l + µ2
m

]
(1− ηm)

}[ Ω̂m(Ig)

β̂

]}
β̂, 41

The equation above shows clearly the analogy in the effects of the subsequent waves of glob-

alization on the respective skill groups. As the L-workers with the first wave, with the second

wave, domestic M -labor suffer from direct job losses, but this negative effect may be offset by the

employment increase caused by the output effect. The final employment outcome for M -labor will

be also conditioned by the ease of substitution between domestic and foreign workers. The overall

employment effect on the domestic M -labor remains ambiguous and will depend on the relative

magnitude of the three effects.

4.2.3 Effect on labor demand for the other skill groups

While the relocation of M -production of the second wave of globalization affect directly only

medium skilled labor, it affects also, in an indirect way, the other two groups of workers. L-

and H-workers benefit form the M -offshoring through the output effect. The shift in the H-

labor demand is proportional to the cost share of the conceptualization part in the production:

D̂h = −
(
µ2
l + µ2

m

)
(1− ηm) Ω̂m(Ig) > 0. The effects on the L-demand depends additionally on the

degree of complementarity between the inputs in the production of the manufacturing part. The

changes in L-labor demand correspond to D̂l = −
[
(1− σx)µ2

m + µ2
l

]
(1− ηm) Ω̂m(Ig) and they

are decreasing with the σx.42

Summarizing, the second wave of globalization, has unambiguously a positive effect on the

domestic L- andH-workers through the output effect. In addition, for the L-workers the magnitude

of the output effect depends on the degree of complementarity between L- andM -in the production

of manufacturing. On the other hand, it has an ambiguous effect on the M -labor. M -workers are

affected negatively by job delocalization, but positively through the output effect.

41Alternatively: D̂m =

{
τ(Ig)

τ′(Ig)(1−Ig)
+
{
σm −

[
(1− σx)µ2

l + µ2
m

]
(1− ηm)

} [ Ω̂m(Ig)

γ̂

]}
γ̂.

42If to relax the assumption that producer services are required only in the production of M̈ -manufacturing,
and if to assume that some amount of the services is also necessary in the L-production, with the second wave of
globalization the relocated L-production should experience important productivity gains on infra-marginal tasks.
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5 Conclusion

Much of the theoretical work on trade in services and offshoring limits to applying the existing

international trade-in-goods models to services. Few models deal with interaction between the

two within a single framework. The model presented above proposes a reconciling approach.

Building on Grossman and Rossi-Hansberg (2008) framework, it introduces producer services as

location-complementary to more complex stages of manufacturing production. The improvements

in tradability of services enable delocalization of larger parts of manufacturing production. The

paper focuses on the consequences of offshoring on domestic labor market. A further subdivision of

production affects wider parts of domestic labor. In particular, the increases in the offshorability

of services enable delocalization of medium skill-intensive production.

The main aim of the present paper was to provide a more complete picture of how production

relocation may affect employment distribution in the domestic country. The approach proposes

an alternative explanation to the rising job polarization phenomenon. It points improvements in

tradability of services as a key factor shaping changes on the labor market of developed economies.

Further studies could involve the analysis of the phenomenon at the within-firm level. One of

the potentially promising tracks would be to study the effect of two waves of globalization on the

changes in the tasks content of occupations for manufacturing firms.
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Appendix

Output effect - proof 43

A starting point to demonstrate the output effect of offshoring is to look at the preferences. The as-

sumption of Cobb-Douglas preferences adapted here guarantees that the share of world expenditure

on output from the industry z is constant. Then utility function can be written as:

lnU =

∫ 1

0

α(z)lnY (z)dz,

with
∫ 1

0
α(z)dz = 1, where α(z) is the share of the world income spent on the output of the industry

z.

With total world expenditure as numeraire, in the integrated equilibrium, world sales of good

z equal world expenditure on that good:44

PY (z) [Y (z) + Y ∗(z)] = α(z). (22)

The equation above shows that a decrease in the output price combined with fixed expenditure

on z generates an increase in the output of industry z. Notice that the distribution of the output

across the countries is undetermined in 22. The specialization of production across the countries

will be determinate by cost minimization. There is a marginal industry z̄ so that the firm in the

industry z̄ will be indifferent between producing good at Home or in Foreign.45 The production

localization is therefore determinate, the industries [0, z̄) are active at Home while the industries

(z̄, 1] in Foreign.46

If to focus on the Home economy, the equation 22 can be rewritten:

Y (z) =
α(z)

PY (z)
for z ∈ [0, z̄].

Log-differentiation gives:

Ŷ (z) = −
{
θx(z)

[
θl(z)

(
ŵl + Ω̂l(Il)

)
+ θm(z)

(
ŵm + Ω̂m(Ig)

)]
+ θh(z)ŵh

}
(23)

The effective factor endowment in Home for L-labor is L
Ωl(Il)

, and in Foreign L∗

A∗ . Thus, with

43The proof presented above relies on the approach applied by Wright (2011) for a two-factors Cobb-Douglas
production technology. Wright (2011) demonstrates that in the large economy case, where both preferences and
technologies of production are Cobb-Douglas, a marginal fall in offshoring costs causes an increase in output in all
industries. He shows that the magnitude of this increase is rising in the relative use of offshorable labor.

44With integrated world economy, where foreign industries have a Hicks-neutral productivity disadvantage, A∗ >
1, there is an adjusted price equalization: wlΩl(Il) = w∗l A

∗, wmΩm(Ig) = w∗mA
∗and wh = w∗hA

∗. Then the ratio
of effective prices are the same across the countries (wlΩl(Il)/wmΩm(Ig) equals w∗l /w

∗
m, etc., and af (z) = a∗f (z),

for f = [l,m, h].
45The determination of production location is given by PY (z) = min

{
c (wl, wm, wh, z) , c

∗ (w∗l , w∗m, w∗h, z)}, with
respective Home and Foreign marginal costs, c (wl, wm, wh, z), c∗

(
w∗l , w

∗
m, w

∗
h, z
)

46Notice that industries [0, z̄) are also active at Foreign but only in the production of L and M tasks form (0, Il)
and (0, Ig) respectively. Tasks assembly takes however place at Home (i.e. "made in Home" label).
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adjusted price equalization, world factor payments for L skilled labor are:

ωl

(
L

Ωl(Il)
+
L∗

A∗

)
=

∫ 1

0

α(z)θx(z)θl(z)dz, (24)

where the world expenditure is normalized to one and ωl = wlΩl(Il). Similarily, for M - and

H-labor:

ωm

(
M

Ωm(Ig)
+
M∗

A∗

)
=

∫ 1

0

α(z)θx(z)θm(z)dz, (25)

wl

(
H +

H∗

A∗

)
=

∫ 1

0

α(z)θh(z)dz, (26)

where ωm = wmΩm(Ig).

Log-differenciating 24, 25 and 26, we obtain respectively:

ŵl = Ω̂l(Il)

[
L

Ωl(Il)

L
Ωl(Il)

+ L∗

A∗

− 1

]
+ θ̂l,

ŵm = Ω̂m(Ig)

[
M

Ωm(Ig)

M
Ωm(Ig) + M∗

A∗

− 1

]
+ θ̂m,

ŵh =

∫ 1

0
α(z) (dθh(z)) dz∫ 1

0
α(z)θh(z)dz

,

that can be re-writen as:

ŵl = −ηlΩ̂l(Il) + θ̂l,

ŵm = −ηmΩ̂m(Ig) + θ̂m,

ŵh = 0.

Given that 0 ≤ ηl ≤ 1 and 0 ≤ ηm ≤ 1,47 only the fraction of productivity gains will be absorbed

by the increase in domestic wages. This outcome corresponds to the Wright’s (2011) output

effect. Wright (2011) demonstrates the output effect of offshoring for Cobb-Douglas production

technology. In such a case, factor cost shares are constant, θ̂l = 0 and θ̂m = 0, and the output

effect always holds. In the case of CES production technology, adapted here for the production

of manufacturing part, the changes in factor cost induce industries to change their technology of

production. Changes in factor prices provoke changes in factor shares:

θ̂l = θm (1− σx) (ω̂l − ω̂m) = −θ̂m. (27)

These changes affect in turn both, factor prices and factor demand. The outcome of these changes

will depend whether the factors are substitutes or complements (i.e. whether σ >< 1, see below).

47Where ηl = −
[

L
Ωl(Il)

L
Ωl(Il)

+L∗
A∗
− 1

]
and ηl = −

[
M

Ωm(Ig)

M
Ωm(Ig)

+M∗
A∗
− 1

]
.
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Output Effect with the First Wave of Globalization

In the case of the first wave of globalization (dβ′ < 0), relocation of L-occupations uniquely

is possible. The cost savings made on the relocated L-production remain the only source of

productivity gains, Ω̂l < 0 and Ω̂m = 0. Introducting 27 into 24, we obtain:

ŵl =

[(
1− θl(1− σx)

σx

)( L
Ωl(Il)

L
Ωl(Il)

+ L∗

A∗

)
− 1

]
Ω̂l(Il). (28)

The output effect occurs if the productivity gains are not totally absorbed by the rise in wage.48

This will be the case only if the following condition holds:

[
L

Ωl(Il)

L
Ωl(Il)

+ L∗

A∗

]
<

[
σx

1− θl(1− σx)

]
.49 (29)

Further, the relocation of the L-tasks will affect indirectly domestic wages of M -workers due to

the (CES) structure of production. With the CES production function for the manufacturing part,

changes in factor prices generate changes in factor shares. These changes affect M -wage:

ŵm = −
[
θl(1− σx)

σx

] [ L
Ωl(Il)

L
Ωl(Il)

+ L∗

A∗

]
Ω̂l(Il). (30)

The effect of delocalization of L-tasks on wm will depend on the structure of the production.

More accurately, it will depend on whether L- andM -inputs are complements or substitutes in the

production process of manufacturing, (i.e. whether σx >< 1). If the two inputs are complementary

(σx < 1), the relocation of L-tasks will cause increase in demand forM -labor and shiftM -wage. In

the case of substituability of the two inputs (σx > 1), industries will tend to use offshorable L-labor

more intensively. That will affect negatively wages and labor demand for domestic M -workers.

Incorporating 28 and 30 into 16, the output effect of the first wave of globalization can be

expressed as:

Ŷ (z) = −Ω̂l(Il)

[
L

Ωl(Il)

L
Ωl(Il)

+ L∗

A∗

]{
θl

[
1− θl(1− σx)

σx

]
+ θm

[
θl(1− σx)

σx

]}
. (31)

Output Effect with the Second Wave of Globalization

With the second wave of globalization (dγ < 0), the relocation of M -blocks becomes possible.

Given initial improvements in transportation technology (dβ < 0), the improvements of the second

wave affect directly only M -labor (Ω̂l(Il) = 0).

Analogously to the first wave case, the changes in the wage of offshorable (M -)labor can be

obtained:
48In a small economy case, with exogenous good prices, ŵl = −Ω̂l(Il), so there will be no output effect and the

productivity gains are totally absorbed by the rise in domestic wage for L-workers.
49Notice that for Cobb-Douglas production technology, sigma = 1, this inequality always holds.
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ŵm =

[(
1− θm(1− σx)

σx

)( M
Ωm(Ig)

M
Ωm(Ig) + M∗

A∗

)
− 1

]
Ω̂m(Ig). (32)

There will be output effect if the productivity gains are not totally absorbed by the rise in wm.

This will be the case only if the following condition holds:

[
M

Ωm(Ig)

M
Ωm(Ig) + M∗

A∗

]
<

[
σx

1− θm(1− σx)

]
. (33)

Manufacturing L-wages will be affected indirectly by the relocation of M -tasks. Similarly to

the case of the first wave, the wage effect for L-labor will depend on the degee of complementar-

ity/substitutability between L- and M -inputs.

ŵl = −
[
θm(1− σx)

σx

][ M
Ωm(Ig)

M
Ωm(Ig) + M∗

A∗

]
Ω̂m(Ig). (34)

Finally, by introducing 32 and 34 into 16, the output effect of the second wave of globalization can

be express as:

Ŷ (z) = −Ω̂m(Ig)

[
M

Ωm(Ig)

M
Ωm(Ig) + M∗

A∗

]{
θm

[
1− θm(1− σx)

σx

]
+ θl

[
θm(1− σx)

σx

]}
. (35)
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