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Abstract

I develop a two-sector model of trade in �nal goods and intermediate tasks (services). Goods

di�er in skill intensity and tasks di�er in tradability. A country with high �nal goods productivity

and abundant skilled labor relative to the rest of the world is shown to have incentives to import

(o�shore) both skilled and unskilled tasks that are greater for the latter. Consequently, given identical

tradability schedules, more unskilled than skilled tasks are imported in equilibrium. With putty-clay

technology for tasks that locks workers into occupations in the short run but allows retraining in

the long run, transition from the non-o�shoring to the o�shoring equilibrium yields employment

and real wage e�ects in line with the young empirical literature on service o�shoring: both e�ects

increase from negative to positive as tradeability declines, with the switches from negative to positive

occurring at a higher level of tradeability for skilled than unskilled tasks. More productive countries

will have more losers because they o�shore more tasks.
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1 Introduction And Motivation

The Information and Communication Technologies (ICT) revolution has allowed for the output of previ-

ously non-tradable labor tasks to be delivered electronically from overseas. The possibility of delivering

output electronically has reduced the o�shoring costs of the labor tasks, leading to the abupt service o�-

shoring increase documented by Amiti and Wei [3][4], Crino [9], and Tre�er [30]. The service o�shoring

boom has received increasing attention in the media and from academic research in recent years.1

Researchers disagree about which characteristics of a task determine its propensity to be o�shored.

Ultimately, the answer to this debate will determine the natures of the jobs and the income that are or

will potentially be lost to service o�shoring. I develop a service o�shoring model that serves as a basis to

investigate wage and employment impacts for a country with high �nal goods productivity and abundant

skilled labor relative to the rest of the world. I consider two sectors that have di�erent skill-intensities

and conceptualize production in terms of tasks that have di�erent tradability. In modeling tradability, I

follow Grossman and Rossi-Hansberg [15] (henceforth GRH); I consider o�shoring costs that are common

to all tasks, which I denote with a shift-parameter, and o�shoring costs that are speci�c to the tasks,

which I denote with a tradability index.2In this setup a task's propensity to be o�shored depends on two

labor dimensions, skill intensity and tradability.3

I identify a cuto� traded task for each skill intensity, below which tasks are o�shored due to low

tradability costs and above which tasks are produced domestically. The cuto� traded tasks are di�erent

for skilled and unskilled labor, with more of the latter tasks imported. In generating a greater cuto�

task for unskilled labor, I rely on a standard factor proportion argument: the skilled relative wage is

lower in the skill-abundant country and therefore �rms will o�shore more unskilled tasks.4In contrast, the

explanation of GRH for di�erent skilled and unskilled cuto�s is based on a potential correlation between

o�shoring costs and skill groups (di�erent shift parameters across skill groups).5

The two labor dimensions are not just important for o�shoring propensity; they also determine the

wage response of a task. In generating wage responses, I rely on the putty-clay assumption under which

knowledge is task-speci�c and thus the labor putty that hardens into task-clay is immobile. The ICT

shock then shifts the demands for tasks, impacting only wages in the short-run. Because the extent

of the demand shifts varies depending on the tradability of the tasks, the wages of tasks with di�erent

1For the U.S., Mankiw and Swagel [14] show that service o�shoring received much political and media attention in the
presidential elections of 2004.

2Production in the two GRH sectors involves a continuum of H tasks, intensive in skilled labor, and L tasks, intensive
in unskilled labor.

3Blinder [8] builds a subjective index of tradability based on whether occupations require face-to-face interaction. Jensen
and Kletzer de�ne tradeable occupations as those that are geographically concentrated.

4A large literature relates o�shoring to the skill dimension of labor. See Bhagwati et al. [7], Deardor� [13], Tre�er [29],
Kohler [22] and Basco [11] for some examples of this literature.

5The empirical literature remains divided about whether such a correlation between skill intensity and tradability exists.
Whereas Blinder [8] �nds little or no correlation between o�shorability and skill intensity, Jensen and Kletzer [19] �nd that
workers in tradable sectors have higher skills.
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tradability will respond di�erently to the ICT shock. Unlike GRH, my model then predicts that winners

are not fully determined by skill-level, which re�ects the intuitive idea that although radiologists and

physicians spend the same time at school, they should not be equally a�ected by service o�shoring.

Furthermore, skill-levels are still relevant for determining wages in my model. Along this line, I show

that service o�shoring creates more losers among unskilled workers and more winners among skilled

employees.

The wage results of my model �nd some empirical support in an emerging literature, which suggests

that both tradabilty and skill intensity are relevant for explaining wage changes. Hummels et al. [17]

study the impact of o�shoring on Danish wages for the 1995-2006 period. Employing matched worker-

�rm data, the authors show that o�shoring tends to increase the high-skilled wage and decrease the

low-skilled wage. Hummels et al. �nd that workers whose occupations involve routine tasks (more

tradable tasks) su�er from larger wage falls. Crino [10] also highlights the relevance of the two labor

dimensions for determining wage responses. The author �nds that changes in occupational wages are

positively correlated with changes in occupational employment, even after controlling for variations in

the occupational supply (given Crino's results on employment described below, this correlation indicates

that wages have increased in skilled low-tradability occupations ).

Although service o�shoring harms the low-tradability tasks, not every worker ful�lling a traded task

is harmed by o�shoring. The reason is that, as in GRH, service o�shoring increases the productivity of

domestic �rms and therefore increases the demand for labor and domestic wages in my model. I also

identify an o�shoring e�ect that reduces domestic wages that I already described, which I call the foreign

competition e�ect. The productivity and foreign competition e�ects yield an innovative result in my

model: some workers bene�t from service o�shoring, even though tasks of their type are o�shored.

Perceiving a higher wage in the non-o�shored tasks, some workers in my model quit the o�shored

tasks, driving the employment responses. These workers must undergo a retraining process to acquire

additional speci�c knowledge and thereby switch to the non-o�shored tasks. Retraining entails time and

monetary costs, so that only workers whose gains are su�ciently large will retrain. My model allows

retraining abilities to di�er across workers. However, when linking retraining decisions to employment

responses, I assume that the retraining abilities are identically distributed across tasks (this assumption

requires that workers do not expect the ICT revolution). Under this assumption, retraining decisions

and thus employment responses only di�er across tasks because service o�shoring harms workers' wages

by di�erent amounts. Workers ful�lling more o�shorable tasks are harmed more and thus are more

willing to retrain and bene�t from a larger wage increase. Therefore, retraining is more frequent in

more o�shorable tasks. It follows that, unlike GRH, my model yields di�erent employment responses

within the set o�shored tasks. Moreover, these employment responses vary smoothly with respect to the
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tradability of the tasks because the wage decrease caused by service o�shoring decreases smoothly with

the tradability index.

This paper also contributes to the literature on service o�shoring through comparative statics exer-

cises that yield cross-sectional predictions for countries with di�erent characteristics. In particular, the

paper compares o�shoring e�ects across countries with di�erent degrees of technological advantage (more

productive) and di�erent levels of trade isolation (higher transport costs on goods). The comparative

statics show that isolation magni�es the asymmetry of the o�shoring e�ect across skill groups. In other

words, there are more skilled winners and more unskilled losers in countries with higher trade costs.

Moreover, these countries o�shore more unskilled tasks but fewer skilled tasks than nations that are

more open to trade (in goods). The comparative statics also show that a higher productivity in �nal

goods raises wages but creates more losers and more tasks o�shored due to service o�shoring. The key

to this result is that technological advantage is not diminished by importing tasks.

The smoothness of the employment responses makes the predictions of this model more easily testable

from an empirical perspective. The employment results of this paper connect to the most recent advances

of a still young empirical literature, particularly to Crino (2010). Crino jointly investigates the roles of

skill intensity and tradability by studying the e�ect of service o�shoring on the U.S. white-collar popu-

lation with a sample composed of 112 occupations and of 144 industries for the 1997-2006 period. The

author lets service o�shoring act as a shifter in his formulation of occupational-demands and estimates

elasticities with respect to the shifter. Crino �nds that the positive elasticities are concentrated among

skilled occupations and that the negative elasticities are concentrated among unskilled occupations. Fur-

thermore, he constructs a tradability index based on job characteristics and estimates the probability of

�nding a positive employment response. This probability increases with an occupation's skill intensity,

given o�shorability, and decreases with its tradability index, given skill intensity. In section 5, I show

that this paper rationalizes the empirical evidence provided by Crino. Hence, this paper also contributes

to the literature by yielding employment responses that are appropiate for the use of further empirical

research and by rationalizing existing results.

To isolate the e�ects of service o�shoring, I simulate the ICT revolution with an abrupt reduction in

the o�shoring costs of the tasks, which divides my analysis into two regimes. The �rst regime represents

the pre-revolution period, and the second regime represents the period after ICT shock. I present the �rst

regime in section 2, in which I allow only for trade in goods. In section 3, I allow for trade in tasks and

obtain o�shoring results and wage responses at the task level. I introduce the retraining model in section

4, and I use this model along with the wage responses to obtain employment results. I summarize the

employment results and compare them to some of the literature's empirical �ndings in section 5. Section

6 concludes and Appendix 1 proposes a discussion about the new role of public policy in an ICT-world.
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2 Trade In Goods

I develop a task-based model of two goods and two factors. I use the model to study the pre-revolution

period, in which o�shoring costs are su�ciently high that �rms do not import tasks. Therefore, countries

only trade goods and �rms only decide on how much of each domestically produced task to purchase.

Domestic workers decide which task to ful�ll.

2.1 Model Setup

I consider two world regions: home and the rest of the world. The variables that refer to the rest of

the world are identi�ed by a superscript asterisk (*). Skilled and unskilled workers are distributed over

continuums whose lengths are are Ls and Lu, respectively. Home is a relatively skill-abundant country,

which is formally stated as follows:

(1)
Ls
Lu

>
L∗s
L∗u

The two �nal goods are a skill-intensive product denoted by Ys and an unskill-intensive product

denoted by Yu. I focus on the case in which Home exports the skill-intensive good. This is the most

empirically appealing case and the prediction of a two-good two-factor model from any textbook.

Home is a small country with a Hicks neutral technological advantage. As a small country, the home

country does not a�ect either good prices or foreign wages, which I then take as exogenous. Therefore,

domestic wages, which are the endogenous variables, are expressed in terms of goods prices and foreign

wages in equilibrium. Appendix 2 shows that if the home country were a large country, domestic wages

could be written in terms of factor endowments, technologies, and the measure of transportation costs

that I introduce below.

I conceptualize the production process in terms of tasks, which are of two types: skilled tasks and

unskilled tasks. I follow GRH and assume that tasks performed using a given labor-type require similar

amounts of that labor. In particular, I assume that skilled tasks require a unit of skilled labor and that

unskilled tasks require a unit of unskilled labor. The tasks are speci�c-factors: skilled tasks are only used

to produce Ys and unskilled tasks are only used to produce Yu. I normalize the measure of both skilled

tasks and unskilled tasks to 1 like GRH. Technologies are given by the Cobb-Douglas functions used in

Acemoglu et al. (2007)[2] and thus summarized by the following expressions:
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(2)Ys = Ae
´ 1
0 ln(zi,s)di (3)Yu = Ae

´ 1
0 ln(zi,u)di

(4)Y ∗s = e
´ 1
0 ln(z∗i,s)di (5)Y ∗u = e

´ 1
0 ln(z∗i,u)di

where i is an index of tasks, zi,j denotes the amount of task i ε [0, 1] used in the production of good

and A > 1 denotes the home country's Hicks-neutral technological parameter. Note that the j-skilled

tasks enter symmetrically in the production functions. Therefore, output is maximized as labor is equally

distributed across tasks. Note also that the outputs are de�ned only if every single task is used.

The goods market is perfectly competitive, and trade costs, which are of the Samuelson-Bergson

iceberg type (1952)[28], apply to both goods. In particular, for one unit of a product to arrive in the

other region, τ (τ > 1) must be shipped.

2.2 Goods Trade Equilibrium

The goods trade equilibrium is characterized by wages sequences {wi,j}j ε [s,u]
i ε [0,1] that ful�ll two sets of

requirements: clearing of the task-markets and the zero-pro�t conditions.

Let me begin with market clearing of the task-markets. The output-constrained demands for tasks

result from cost-minimization. Given the technology presented in equations (2)-(4), �rms minimize costs

and derive the following demands:

(6) zdi,j = (
e
´ 1
0 ln(wi,j)di

Awi,j
)Yj Y j ε [s, u] ; Y i ε [0, 1]

(7) zd ∗i,j = ( e
´1
0 ln(w∗i,j)di

w∗i,j
)Y ∗j Y j ε [s, u] ; Y i ε [0, 1]

where zdi,j is the output-constrained demand for task i in sector j, and wi,j is the price of that task. Note

that the output-constrained demands are symmetric across the j-skilled tasks, which results from the

symmetry in the production function that I mentioned above. This symmetry gives no demand-driven

reasons for prices to be di�erent in equilibrium; only if the supply of tasks were di�erent could their

prices di�er in equilibrium. Furthermore, note that the output-constrained demand for task i in sector

j is zero only when its price wi,j goes to in�nite. This property guarantees that every task is used in

equilibrium.

Consider the supply of tasks. A worker is able to perform any of the tasks at her skill level. Of these

tasks, every worker prefers to supply the task(s) with the highest wage. Therefore, as long as a task does
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not have the highest wage, no worker will want to supply the task. More formally, if i′j indicates the

j-skilled task with the strictly highest wage, the supply of any task ij ε [0, 1] ij 6= i′j will be equal to zero.

Using the output-contrained demands and the supply of tasks, I next characterize the equilibrium.

A wage sequence {wi,j}j ε [s,u]
i ε [0,1] that clears the task-markets is such that all the j-intensive tasks have

the same price. In other words, any sequence for which there is a j-skilled task(s) i′j with a strictly

higher wage is not at an equilibrium.6More formally, if a sequence of wages clears the task-markets, this

sequence is characterized by the following equations:

(8)wi,s = ws Y i ε [0, 1] wi,u = wu Y i ε [0, 1]

(9)w∗i,s = w∗s Y i ε [0, 1] w∗i,u = w∗u Y i ε [0, 1]

Equations (8) and (9) show the price-conditions under which the task markets clear. Plugging these

conditions in the demands displayed in (6) and (7), I obtain the quantity of each task produced in

equilibrium. These quantities are written as follows:

(10) zi,s = Ls Y i ε [0, 1] zi,u = Lu Y i ε [0, 1]

(11) z∗i,s = L∗s Y iε [0, 1] z∗i,u = L∗u Y i ε [0, 1]

Equations (10) and (11) state that both skilled and unskilled labor are evenly allocated across tasks.

If the world were perpetually well-described by this �rst regime, these allocations would also be the

Pareto e�cient allocations because they maximize output. In particular, when labor is evenly allocated

across tasks, output in each industry is given by the following expressions:

(12)Y 1
s = ALs (13)Y 1

u = ALu

(14)Y 1 ∗
s = L∗s (15)Y 1 ∗

u = L∗u

where Y 1
j is the equilibrium output of good j in the �rst regime. Note in equations (12)-(15) that the

production of each good is determined by countries' technologies and labor endowments of the speci�c

factor. Furthermore, the two world-regions produce both goods so that incomplete specialization takes

place in equilibrium.

6Appendix 2 shows this result.
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Equations (8)-(15) de�ne market clearing in the task markets. These equations, along with the zero-

pro�t conditions, yield domestic wages in equilibrium. I next approach the zero-pro�t conditions. Under

incomplete specialization, pro�ts are zero when the e�ective price of each good equals its unit cost of

production. Moreover, because the production functions displayed above summarize CRS technologies,

the unit cost of production equal the marginal costs. These marginal costs are summarized by the

following expressions:

(16)MCj =
e
´ 1
0 ln(wi,,j)di

A
Y j ε [s, u] ; Y i ε [0, 1]

(17)MC∗j = e
´ 1
0 ln(w∗i,j)di Y j ε [s, u] ; Y i ε [0, 1]

where MCj denotes the unit cost of production in sector j. The expressions displayed in (16) and (17)

are readily simpli�ed by imposing clearing in the task markets. Let me impose the price conditions under

which task markets clear in equations (16) and (17). I then obtain the following expressions:

(16′)MCj =
wj
A

Y j ε [s, u] ; Y i ε [0, 1]

(17′)MC∗j = w∗j Y j ε [s, u] ; Y i ε [0, 1]

The last step in setting the zero-pro�t conditions is to equalize the unit costs displayed above to the

e�ective price of the goods in each world region. The zero-pro�t condition are the written as follows:

(18) pT =
ws
A

(19) τ =
wu
A

(20) pT τ = w∗s (21) 1 = w∗u

where pT denotes the equilibrium relative price of the skill-intensive good, τ is the iceberg cost measure

and the number 1 denotes that the price of the unskill-intensive good has been chosen as the numeraire.

Equations (18)-(21) state that the e�ective price of the unskill-intensive good will be greater in the home

country than in the rest of the world. This result is due to the existence of transport costs and the fact

that the home country is a net importer of the unskill-intensive good.

Let me now rearrange equations (18)-(21) to display the relative wages by skill group. I will use these

relative wages to address the e�ects of the ICT revolution in the next section. Rearranging equations

(18)-(21) yields:
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(22)
ws
w∗s

=
A

τ
(23)

wu
w∗u

= Aτ

The Home-to-foreign relative wages increase with Home's technological advantage for both skilled

and unskilled labor (with the Hicks neutral technological parameter). Furthermore, if this advantage is

su�ciently large, �rms will �nd it pro�table to o�shore tasks from the rest of the world. Notice also

that transportation costs have a varying impact on relative wages across regions. This statement is more

formally written as follows:

(23)
ws
wu

=
1
τ2

(
w∗s
w∗u

) <
w∗s
w∗u

Equation (23) shows that the skilled relative wage is lower for the home country than it is for the

rest of the world. Transport costs do not allow trade in goods to equalize relative wages: these relative

wages re�ect di�erences in factor proportions and the home country's comparative advantage in the skill-

intensive good. This non relative wage equalization across countries is the driving force in this model;

because the skilled relative wage is lower for the home country, the impact of service o�shoring will be

heterogeneous across skill groups.

There is empirical evidence suggesting that skilled relative wages are lower in more technologically

advanced (productive) nations. Psacharopulos [25] is the most comprehensive survey regarding di�er-

ences in schoooling returns for the period preceding the ICT revolution.7Employing di�erent comparable

measures of schooling returns, among which there are skilled relative wages, the author �nds that these

returns are lower for the developed countries. Acemoglu [1] takes Psacharopulos' sample and shows that

the skill-abundant countries have lower skilled relative wages.

Furthermore, other factor proportion models have emphasized the link between non-relative wage

equalization and asymmetric o�shoring e�ects. Deardor�'s paper [13] is one example of these models.

The author sets a one-product model and shows that if �rms o�shore production activities, relative wages

will not equalize across countries. Unlike Deardor�, I conceptualize production in terms of tasks and thus

choose a �ner level of dissagregation for my model. My argument for justifying non-relative wage equal-

ization is simpler than Deardor�'s argument but still relasitic and empirically founded. Furthermore,

the emphasis on the implications of service o�shoring is stronger in my model.

7Note that schooling returns are not always measured as skill premia. However, as noted by the author, Psacharopulos
(2002) the di�erence between the two represents a minor problem. Furthermore, since data quality is an issue and there are
not many studies on di�erences in relative wages across developing and developed countries, I here refer to Psacharopulos
(2002), which is the most comprehensive survey on the topic.
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3 Trade In Goods And Tasks

I represent the ICT revolution with a fall in the costs of o�shoring tasks. This fall gives place to

the second regime of the model, in which o�shoring costs become su�ciently low that �rms decide to

import tasks. I solve for domestic wages in equilibrium and compare these wages to those found in the

previous section. The comparison yields the wage responses to service o�shoring, which I use, along with

the retraining model, to obtain the employment results.

3.1 Model Setup

In the previous section, the �rms' only choice was to decide the amount of each task to purchase. In this

section, �rms also decide on which tasks to o�shore. I let o�shoring costs di�er across tasks and determine

a cuto� traded task, which I call I. Like GRH, I order tasks in each continuum so that o�shoring costs

are non-decreasing and a task's o�shoring costs are indexed by i. These costs are expressed in terms

of foreign labor requirements: a �rm that performs task i abroad requires βt(i) units of foreign labor,

where the β parameter denotes the GRH shift parameter .

I model the ICT revolution as a discrete decrease in the β parameter value, which reduces o�shoring

costs unevenly across tasks. Therefore, only some of the tasks will be o�shored in equilibrium under the

assumptions that I display below; task i will be o�shored if and only if its o�shoring costs are lower than

those of the cuto� traded task. In other words, task i will be o�shored if and only if i < I.

To rule out the uninteresting case in which all tasks are imported, I assume that t(.) is monotonic and

�su�ciently increasing.� This function is assumed to be twice continuously di�erentiable, which simpli�es

the exposition. I make an additional assumption to ensure that at least some skilled tasks are o�shored.

This condition guarantees that the �rst regime relative wage for skilled workers is su�ciently large. In

particular, I make the following assumption:

(24)
A

τ
> βt(0)

Assumption (24) has a straightforward interpretation: the technological advantage of the home coun-

try must be su�ciently large. When this advantage is su�ciently large, the �rst regime skilled wage is

su�ciently great that domestic �rms �nd it pro�table to o�shore skilled labor.
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3.2 Goods and Tasks Trade Equilibrium

As in the previous section, the equilibrium is characterized by wage sequences {wi,j}j ε [s,u]
i ε [0,1] that clear the

task markets and ful�ll the zero-pro�t conditions. However, because �rms must decide on which tasks

to o�shore, an equilibrium sequence must ful�ll an additional condition in this section: the task prices

implied by the sequence must be such that the cuto� traded tasks are cost minimizing.

Let me �rst consider the cost minimizing condition. For this purpose, I determine a di�erent cuto�

for each skill group. There is a cuto� Is that divides the continuum of skilled tasks into o�shored tasks

and non-o�shored tasks. There is also a cuto� Iu that divides the continuum of unskilled tasks into

o�shored tasks and non-o�shored tasks. Consider two observations regarding these cuto�s.

First, I allow the cuto�s to di�er across skill groups and show that the equilibrium cuto�s are di�erent

in the next section. Second, the cuto�s do not distinguish between domestically-produced tasks and

foreign-produced tasks. Because of the putty-clay assumption, all tasks are domestically-produced so

that the cuto� tasks distinguish between imported and non-imported tasks. Kambourov and Manovskii

(2009)[21] provide empirical support for the putty-clay assumption. The authors �nd evidence for the

speci�city of human capital and relate this speci�city to the wage changes of the 1969-1997 period in

a di�erent paper (Kambourov and Manovskii[20]). Ritter (2008)[27] takes Kambourov and Manovskii's

sample and �nds that human capital is more speci�c in potentially tradable tasks.

Let me now return to the cost-minimizing choice of the cuto� traded tasks. Using equation (16), the

�rms' choices of the cuto�s are summarized by the following equations:

(25)MinJs MCs(Js) =
e[1−Js]ln(wnt,s)+

´ Js
0 ln(w∗sβt(i))di

A

(26)MinJu MCu(Ju) =
e[1−Ju]ln(wnt,u)+

´ Ju
0 ln(w∗uβt(i))di

A

where Jj denotes a choice of the j's skill group cuto�, w∗jβt(i) is i task's e�ective importing price, and

wnt,j is the price of any non-traded task. Notice in (25) and (26) that I impose the same price to all

non-o�shored tasks with the same skill intensity. Furthermore, I set the wage of each o�shored task to

its e�ective importing price. As I show below, wages must ful�ll these conditions so that the markets of

tasks clear in equilibrium.

The minimization problems presented in (25) and (26) yield straight-forward o�shoring rules. These

rules are displayed in the following equations:
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−import task i if and only if w∗sβt(i) < wnt,s

−import task i if and only if w∗uβt(i) < wnt,u

Domestic �rms o�shore a task i if and only if importing this task reduces the marginal cost. Importing

task i reduces the marginal cost if the importing price of the task is lower than its price in the domestic

market wnt,j . Based on the o�shoring rules displayed above, I obtain equilibrium conditions for the

cuto�s:

(27)wnt,s = w∗sβt(Is) wnt,u = w∗uβt(Iu)

where Is and Iu are the skilled and the unskilled labor cuto�s in equilibrium, respectively. Equation (27)

is a relationship between the price of the non-o�shored tasks and the cuto� traded tasks. This Equation

states that �rms must be indi�erent between o�shoring and purchasing the equilibrium cuto� task in

the domestic market. This equilibrium relationship, along with the zero-pro�t conditions that I address

below, will determine the cuto�s traded tasks and the price for the non-o�shored tasks.

Let me now turn to the second equilibrium condition: clearing in the domestic markets of tasks. The

equilibrium employment level for an o�shored task i′j 's is given by its inelastic supply and is equal to Lj

like in the �rst regime. The equilibrium wage of the task is given by its e�ective importing price. For

wages greater than w∗jβt(i
′
j), the demand for the task equals zero, so there is an excess supply. For wages

lower than w∗jβt(i
′
j), the demand for the task is greater than the �rst regime demand and thus there is an

excess demand.8This reasoning remains valid for any o�shored task, independent of its o�shoring costs.

Therefore, the equilibrium wages of any imported task equal its e�ective import price, which con�rms

that the assumptions made in our discussion of the optimal o�shoring rules are correct.

I address now equilibrium in the domestic market of a non-o�shored task i′′j . Its employment level

in equilibrium is given by the inelastic supply, as with o�shored tasks. However, i′′j 's equilibrium wage

must be lower than its import price; otherwise, �rms may prefer to import the task. In particular, the

equilibrium wage is given by the �rst regime demands for the tasks.9Therefore, i′′j 's equilibrium wage

is independent of its o�shoring costs. This reasoning remains valid for any non-o�shored task so that

the equilibrium wage of any of these tasks is independent of o�shoring costs. Furthermore, due to the

symmetry in the production function, the equilibrium wage is the same for all non-o�shored tasks. This

�nding con�rms that the assumptions made in our discussion of the optimal o�shoring rules are correct.

8Note that w∗j βt(i
′
j) is lower than the �rst regime's price of the task. Therefore, for wages lower than w∗j βt(i

′
j), the

demand for the task is greater than the �rst regime demand, which implies an excess demand. Hence, the equilibrium wage
is given by its importing price

9As I show below, the demands for the tasks muts be evaluated at the output level of the second regime.
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Finally, let me address the last equilibrium requirement: the zero-pro�t conditions. These conditions

yield the second relationship between the price of the non-o�shored tasks and the cuto� traded tasks in

equilibrium. As in the previous section, �rms make zero-pro�ts when unit production costs equal the

e�ective prices of the goods. For unit costs, I use equations (25) and (26). For domestic prices, I use

the small-country assumption. Because the home country is a small country and does not a�ect either

good prices or foreign wages, equations (20) and (21) are still valid in this second regime. Setting the

zero-pro�t condition yields

(30)
w∗s
τ

=
e[1−Js]ln(wnt,s)+

´ Js
0 ln(w∗sβt(i))di

A

(31) τw∗u =
e[1−Ju]ln(wnt,u)+

´ Ju
0 ln(w∗uβt(i))di

A

Equations (30) and (31) implicitly de�ne all vectors (Jj , wnt,j) that ful�ll the zero-pro�t conditions.

Let me manipulate these equations to solve for the price of the non-o�shored task. Manipulating equations

(30) and (31), I obtain the following:

(30′)wnt,s(Js) = e[ln(w∗s )+
ln(A

τ
)−Jsln(β)−

´Js
0 ln(t(i))di

1−Js ]

(31′)wnt,u(Ju) = e[ln(w∗u)+
ln(Aτ)−Juln(β)−

´Ju
0 ln(t(i))di

1−Ju ]

Equation (30') states that the price of a non-o�shored skilled task depends on the home country's

technological advantage, the transport cost measure, the GRH shift parameter, and the choice of the

cuto� task Js. Equation (31') is the corresponding equation for the price of unskilled tasks.

Note in (30') that the price of the non-o�shored tasks decreases with any parameter change that

reduces the unit production cost, holding the cuto� constant. Without loss of generality, consider a

decrease in the unit production cost caused by a rise in the home country's Hicks parameter. As the

home country becomes more productive, the price of the non-o�shored tasks must rise so that the

marginal cost returns to its original value. Only when the marginal cost returns to its original value, the

zero-pro�t condition is restored.

Equation (30') returns the price of the non-o�shored tasks that ful�lls the zero-pro�ts conditions for

any cuto� choice Js. I refer to this price as the �zero-pro�t wage� throughout the rest of the paper. Note

in (30') that the zero-pro�t wage collapses to its �rst regime value when the cuto� choice equals zero.

Speci�cally, the zero-pro�t wage collapses to the skilled wage implied by equations (18) and (20).
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3.3 O�shoring And Wage Implications

I solve for the prices of the non-o�shored tasks and the equilibrium cuto�s. For this purpose, I

use the two equilibrium relationships between the endogenous variables: the optimal o�shoring rules

derived in (27) and the zero-pro�ts conditions displayed in equations (30') and (31'). To obtain the

wage schedule for the domestic economy, I will plug the equilibrium values of these endogenous variables

into equations (28) and (29), the task-market clearing conditions. Next, I will run comparative statics

that yield empirically testable cross-sectional predictions for countries with a di�erent TFP level and a

di�erent trade costs parmeter.

3.3.1 O�shoring Implications And Empirically Testable Predictions

Figure 1 depicts the equilibrium for the particular case of a strictly convex o�shoring cost function.10The

solid and slightly weighted convex curve represents this function for the �rst regime. The vertical intercept

of the curve is β0t(0), which denotes the o�shoring costs of the task that is cheapest to o�shore. As the

ICT revolution hits the economy, β goes from β0 to β1 (β1 < β0), and the o�shoring cost curve shifts

downward. The new convex curve is more heavily weighted and represents the second regime. In the

following, I refer to this curve as �the o�shoring costs curve.�

In Figure 1 the square-dotted curve depicts equation (31') when iceberg costs are given by τ0. This

curve shows the relationship between the zero-pro�t-to-foreign wage ratio
wnt,u(Ju)

w∗u
and the cuto� choice

Ju. The vertical intercept of the curve is the Home-to-Foreign unskilled relative wage of the �rst regime.

The circle-dotted curve shows the corresponding relationship for skilled labor, derived by equation (30').

The equilibrium is given by market clearing in the task markets and the ful�llment of the zero-pro�ts

conditions and the optimal o�shoring rules. For unskilled labor, this equilibrium lies at the intersection

of the square-dotted and the o�shoring cost curves −Ju = Iτ
0

u −, as I show in Appendix 4. Equivalently,

the equilibrium for skilled labor is given by the intersection of the circle-dotted and the o�shoring cost

curves. Note that the cuto� traded task is greater for unskilled labor than it for skilled labor −Iτ0

u > Iτ
0

s −

; therefore, the home country o�shores more unskilled tasks than skilled tasks. Hence, this model claims

that skill intensity is relevant to de�ning the propensity of a task to be o�shored.

Note in Figure 1 that the cuto� traded tasks di�er because the vertical intercepts of the square- and

the circle-dotted curves are di�erent.11In other words, the cuto� traded tasks di�er because the relative

wages from the �rst regime do not equalize across countries (and therefore neither the vertical intercepts,

which represent the Home-to-Foreign relative wages for the two skill groups). The logic behind this

result is as follows: because the home country is skill-abundant, its unskilled relative wage from the

10We do not require this second derivative to be positive over the whole range of tasks; however, it gets easy to expose
the economic e�ects triggered by service o�shoring in this case.

11Appendix 4 proves this result.
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�rst regime is greater than its skilled relative wage. Therefore, �rms �nd it more pro�table to o�shore

unskilled labor and import a relatively larger set of unskilled tasks. In other words, the home country's

skill abundance explains why relative factor prices do not equalize and, ultimately, why the the cuto�

traded tasks di�er across skill groups. Hence, this model uses a factor proportion argument to generate

asymmetry in the cuto� traded tasks. The model makes this argument without neglecting the role of

tradability and thereby reconciles GRH's model with factor proportion setups.

Figure 1. Figure 2.

Cuto�s for the case of low trade costs. Cuto�s for the case of high trade costs.

Figure 2 depicts the equilibrium for the case of a higher trade costs parameter, denoted with τ1

(τ1 > τ0). Let me now compare Figures 1 and 2 with the goal of assesing the impact of a trade costs

increase. As trade costs increase, the square-dotted curve shifts upward, and the circle-dotted line shifts

downward. The trade costs increase then enlarges the set of unskilled o�shored tasks and shrinks the

set of skilled tasks.12The intuition for this result goes as follows: the trade costs increase exacerbates

the impact of the home country's skill abundance on relative factor prices. Speci�cally, higher trade

costs reduce the domestic relative wage for the skilled group and increase the domestic relative wage for

the unskilled group. The trade costs increase then makes it more pro�table to o�shore unskilled labor

and therefore the di�erence between the cuto� traded tasks increases. Hence, this model predicts that

countries with higher trade costs will o�shore more unskilled tasks and fewer skilled tasks.

The link between trade costs and relative wages was the highlight of other papers in the literature.

For example, Redding and Schott (2003)[26] show that countries located further from global economic

activity have a lower skill premium. The intuition for this result could be found via the Stolper�Samuelson

theorem because increased remoteness has the same e�ect as a reduction in the relative price of the skill-

intensive good.13This intuition is also behind the decrease in the �rst regime skilled relative wage for

12See Appendix 4 for a proof of this result.
13The author showed this result for the case in which manufactured goods were relatively skill intensive and face relatively

large trade costs.
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the home country in my model. However, I argue that a lower skilled relative wage has a second order

e�ect for skilled workers due to service o�shoring. In other words, remoteness bene�ts skilled workers

regarding service o�shoring e�ects.

Note that a rise in the β parameter moves the economy away from service o�shoring and back to the

�rst regime.14This model then predicts that countries with higher o�shoring costs import smaller sets

of both skilled and unskilled tasks. Consider now an increase in the Hicks parameter. Because a higher

productivity in �nal goods increases domestic wages, service o�shoring becomes more pro�table and thus

�rms import larger sets of tasks. Hence, this model predicts that more productive countries will o�shore

more tasks. This prediction, like that referring to changes in the trade cost measure, is testable and can

be confronted with applicable data.

3.3.2 Wage Impacts And Testable Implications

In order to draw intuition on the wage impacts of service o�shoring, let me introduce the productivity

and foreign competition e�ects. O�shoring allows �rms to hire cheaper labor and thus reduces �rms'

costs, or equivalently, o�shoring increases �rms' productivity. The productivity increase expands output

and therefore increases the demand for domestic labor. Consequently, the productivity e�ect tends to

increase domestic wages.15 16On ther hand, o�shoring increases the exposure to foreign competition.

Because �rms can purchase an o�shored task at its e�ective importing price, the equilibrium wage of

this task cannot be greater than its import price. In other words, service o�shoring prevents the wages

of the o�shored tasks from being greater. Let me call this negative o�shoring e�ect on domestic wages

the foreign competition e�ect.

The productivity and foreign competition e�ects determine the skilled losers and the skilled winners

from service o�shoring, depicted in Figure 3. In this �gure, the square-dotted curves denote the wage

schedule for skilled workers, and the horizontal line indicates their �rst regime wage. The intersection

between these two curves, indicated by a point and a solid vertical line, can be used to identify the

indi�erent skilled task ihs . Workers ful�lling this task receive the same wage in the �rst and second

regimes. Figure 4 displays the corresponding information for unskilled workers.

Let me distinguish between three regions in Figures 3 and 4. The �rst region is located further right

and refers to the workers ful�lling non-traded tasks. Service o�shoring increases the wage of these workers

because of the productivity e�ect; not surprisingly, workers whose tasks are not o�shored bene�t from

14See Appendix 4 for the proof.
15The productivity e�ect can be seen in Figure 1. Consider the case of unskilled labor and low trade costs in this �gure.

Over the set of tasks located to the left of the equilibrium −Ju < Iτ
0
u − the zero-pro�t price of a non-o�shored task is

greater than its e�ective import price; thus, �rms save money and reduce their marginal costs by o�shoring these tasks.
16Heshmati (2003)[16], Olsen (2006)[24] and Amiti and Wei (2009)[4] are examples of papers that approach this e�ect

from an empirical perspective.
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service o�shoring.

The second region refers to workers employed in o�shored tasks whose o�shoring costs are relatively

low; they are located further to the left in Figures 3 and 4. Service o�shoring harms these workers through

the foreign competition e�ect. Notice that the foreign competition e�ect does not act homogeneously

across tasks: the cheaper it is to o�shore a worker's task, the more she su�ers from service o�shoring. This

result is intuitive because, as I noted in the introduction, physicians and radiologists are not expected

to be equally a�ected by service o�shoring. This paper then illustrates the e�ect of foreign competition

di�erently from GRH, in which foreign competition is isomorphich to a domestic labor supply increase

and thus harms all workers to the same extent.

Figure 3. Figure 4.

Wage schedule for skilled workers. Wage schedule for unskilled workers.

Let me consider the third region, which concerns workers employed in o�shored tasks with relatively

high o�shoring costs. These workers are located to the left of the equilibrium cuto� traded tasks.

Unexpectedly, these workers bene�t from service o�shoring even though tasks of their type are o�shored.

Workers employed in o�shored tasks with relatively high o�shoring costs bene�t from the productivity

e�ect more than they su�er from the foreign competition e�ect. Note the di�erence with respect to GRH,

in which all workers with the same skill level either bene�t or su�er from service o�shoring. Workers

from the third regions of Figures 3 and 4 are represented in Figure 5, which displays the market for an

o�shored task i′j bene�ting from o�shoring, and the market for a non-o�shored task.

In Figure 5 the �rst regime equilibrium wage for both tasks −w1
j− lies at the intersection of the

inelastic supply and demand, denoted by z1(Y 1
j ) and indicated by a solid line. The second regime

demand for the o�shored task, denoted by Z2
i′j

(Y 2
j ), is represented by square dotted curves. Note that

the third chunk of this demand results from the shift in z1(Y 1
j ) due to the production increase generated

by the productivity e�ect −Y 2
j > Y 1

j -.

The non-o�shored task does not su�er from the foreign competition e�ect, then this e�ect is the
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di�erence between its wage and the wage of the o�shored task. The di�erence between the �rst and the

second regime wages for the non-o�hored task (the vertical distance between w1
j and wnt,j) yields the

productivity e�ect (tagged as Prod). As shown in Figure 2, the productivity e�ect is stronger than the

foreign competition e�ect, then the workers who are completing task i′j gain from service o�shoring.

Let me now return to Figures 3 and 4 to compare the wage schedules for unskilled and skilled workers.

The proportion of �loser tasks� is greater for unskilled labor than it is for skilled labor.17Furthermore,

Figures 3 and 4 yield the intuitive result that �unskilled losers� lose more than �skilled losers� in terms of

wage ratios, given o�shoring costs; given two workers with di�erent skill-levels, the unskilled worker will

have a lower second-to-�rst regime wage ratio. Hence, this model claims that the ICT revolution more

strongly harms unskilled workers despite the fact that losers are not fully determined by skill-levels.

Figure 5.

Productivity and Foreign Competition e�ects.

Finally, let me investigate the e�ects of a trade cost increase on the sets of winners and losers from

trade. As noted above, a trade cost increase reduces the �rst regime Home-to-foreign wage for skilled

labor and increases this wage for unskilled labor. Figures 6 and 7 represent these changes with an increase

in the foreign skilled wage and a decrease in the foreign unskilled wage. The trade cost increase reduces

the ratio of non-o�shored-to-foreign wage (and the non-o�shoted-to-�rst-regime wage ratio) for skilled

labor and increases this ratio for unskilled labor. These changes are depicted in Figures 6 and 7 with

shifts of the wages for the non-o�shored tasks.

Note in Figures 6 and 7 that the trade cost increase creates new �skilled winners� and new �unskilled

losers.� Higher trade costs emphasize the relative skill abundance of the home country. The trade cost

increase reduces the �rst regime skilled relative wage, which makes foreign competition less intense for

skilled workers but more intense for unskilled employees. Therefore, the trade cost increase reduces the

number of losers among skilled workers but increases this amount among unskilled workers. Hence, the

17I show this result in Appendix 5.
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model predicts that skilled workers from countries facing higher trade costs will be less likely to lose from

service o�shoring.

Let me now compare countries with di�erent values for the GRH shift parameter. As noted above,

an increase in this parameter moves the economy back to the �rst regime so that foreign competition

becomes less intense for both skilled and unskilled workers. Therefore, countries that are more isolated

in terms of service o�shoring should have fewer losers, independent of the skill-level considered. On the

other hand, if the GRH shift parameter goes to zero, all tasks in the economy will be o�shored in the

same amount. In this two-good in�nite-input economy, the wage of every j-skilled task will equal the

wage perceived by the j-skilled workers in the rest of the world. In other words, as the GRH parameter

becomes zero, there is factor price equalization across regions. In terms of the theory of lenses developed

by Deardor� [12], the factor price equalization (FPE) region becomes the entire factor space when beta

equals zero.

Consider di�erences across countries with a di�erent �nal goods productivity. An increase in the

Hicks neutral raises the home country's wages of the �rst regime but intensi�es competition for both

skill groups. Therefore, a higher �nal goods productivity enlarges the set of losers for both unskilled

and skilled labor. Hence, this model predicts that a worker from a skill-abundant country with a higher

�nal goods productivity is more likely to lose from service o�shoring. The key to this result is that

technological advantage is not diminished by importing tasks.18

Figure 6. Figure 7.
Trade costs increase and skilled wages. Trade costs increase and unskilled wages.

In conclusion, the comparison between the �rst and second regimes shows that both skill intensity

and tradability are relevant to the determination of whether a task is o�shored. Furthermore, the two

labor dimensions are relevant for assessment of losers from the ICT revolution.

18Appendix 4 provides proofs of these predictions and the prediction regarding changes in the trade cost measure.
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4 The Retraining Process

I have showed that service o�shoring creates wage di�erences across tasks that have the same skill

intensity. Workers employed in low-paid tasks then have incentives for ful�lling a di�erent task. Because

knowledge is task-speci�c, these workers must undergo a retraining process that I model in this section.

The retraining model yields the employment responses to service o�shoring: employment will increase

for the non-o�shored tasks and it will decrease for the tasks in which at least one worker retrains.

Workers make two retraining decisions. First, they decide whether to invest in retraining or maintain

their current task. On the one hand, retraining allows workers to get a non-traded job and bene�t from

a wage increase. On the other hand, retraining entails costs and thus it forces retrainees to give up part

of their incomes. Second, retrainees make decisions regarding their retraining plans. They decide the

duration of their retraining programs, R, and the number of retraining hours per period, ht.

Worker heterogeneity will generate di�erent retraining decisions. A worker's retraining decisions will

depend on her pre-ICT revolution task, which will determine the value of retraining for her: the higher

the di�erence between the worker's wage and the wage of a non-o�shored task, the more willing she

will be to retrain. Therefore, only workers whose tasks have su�ciently low wages will make the human

capital investment.

Furthermore, workers within the same pre-ICT revolution task may di�er in their ability to retrain.

I assume that the retraining productivities of the Lj workers ful�lling j-skilled task i are distributed

according to a c.d.f. gij(.) with support (aij , āij), where gij(a
h) indicates the proportion of workers

whose productivity is lower than ah. I assume that individuals are identically distributed across tasks;

then aij = a ; āij = ā and gij(.) = g(.) Y j ε(s, u) Y i ε(0, 1) and Y ah ε(a, ā). The assumption of equal

distributions across tasks is consistent with the characteristics of my setup: perfect competition in which

labor returns equal the marginal productivity of labor and agents do not expect the ICT shock.

Without loss of generality, I assume that workers' work lives equal T periods. Furthermore, to simplify

the decision-making process, I follow Ben-Porath's (1967)[6] seminal paper on human capital investment.

In particular, I make the same assumptions as Ben-Porath, which are as follows:

1. Individual utility is not a function of activities involving time as an input.

2. An amount of time per period, normalized to 1, is allocated to activities producing earnings and retraining.

3. Complete asset markets: borrowing and lending takes place at a constant rate r.

Under these assumptions, workers base their retraining decisions on their lifetime income. Therefore,

a worker retrains if and only if the discounted value of her lifetime income is greater under the retraining

option than it is under the non-retraining option. I will not address the retraining-non retraining decision

for now and will instead analyze workers' optimal retraining programs. The decision to retrain will follow

from this analysis: workers making long-term plans will prefer to avoid retraining and maintain their
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task.

When designing their programs, workers choose the sequence {ht}Rt=0 and duration R that maximize

their lifetime income under the retraining option. In particular, a worker completing the j-skilled task i

whose retraining productivity is ah maximizes the following expression:

(32)Max{
ha
h t
i,j

}Rah
i,j

t=0
;Ra

h
i,j

Ia
h,Ret
i,j =

Ra
h

i,jˆ

0

(1− ha
h t
i,j )[w∗jβt(i)]e

−rtdt+

T̂

Ra
h
i,j

wnt,je
−rtdt

where Ia
h,Ret
i,j is the worker's lifetime income under the retraining option, ha

h t
i,j is her amount of retraining

hours in period t and Ra
h

i,j is the amount of periods the worker chooses for her retraining plan. Equation

(32) shows the trade-o� faced by the retrainee when allocating the �xed amount of time per period. As

the worker allocates more of her time to retraining, she accelerates the retraining process. However, she

must then spend fewer hours at work−(1− hah ti,j )−, which reduces her labor income for that period.

I conceptualize the retraining process with a C.E.S. learning production function, which allows me

to represent two features of the learning process. First, the C.E.S. technology illustrates that knowledge

is better assimilated when spread over time, so that �crammers� must spend more hours to obtain the

same retraining results. Second, this technology illustrates that retrainees become tired after a long

learning session and therefore are less productive at retraining in a given period. Retrainees complete

their learning process as they �produce� θ e�ective retraining hours. Therefore, the worker mentioned

above maximizes equation (33) subject to the following constraint:

(33) θ = Qi,j = ah

[´ Rahi,j
0

(ha
h t
i,j )ρdt

] 1
ρ

where Qi,j indicates the worker's number of e�ective hours and ρ < 1 is a parameter of the production

function, which measures the sensitivity of the learning process to the length of the retraining program.

The e�ciency of the learning process increases with the duration of the retraining program, which

represents the �cramming assumption.� The marginal productivity of hours is decreasing for a given

period t, which represents that students become tired after a long session.

When building her plan, the worker faces a time-constraint limiting the retraining duration: no

retraining program can last more than T periods, the length of any worker's lifetime. I abstract from

this constraint when solving the optimization problem, but I impose it to the unconstrained solution

displayed below. Given these considerations, the optimal sequence
{
ha

h t
i,j

}Rahi,j
t=0

is characterized by the

following �rst order conditions:
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(34)λa
h ∗
i,j =

w∗jβt(i)
ah

[(
1− ρ
rρ

)(eR
ah

i,j ( rρ
1−ρ ) − 1)]−( 1−ρ

ρ )

(35)ha
h t∗

i,j =
θ

ah
[(

1− ρ
rρ

)(eR
ah

i,j ( rρ
1−ρ ) − 1)]−

1
ρ e

rt
1−ρ

Equation (34) displays the cost of the marginal e�ective retraining hour λa
h ∗
i,j . Due to the �cramming

assumption� this cost decreases as the length of the retraining process increases. The logic of this

argument is as follows: the longer the plan duration, the fewer the total amount of hours the worker

spends on retraining. Equation (35) displays the optimal duration in terms of the number of hours for a

given period t. To �nd this duration in equilibrium, let me plug equation (35) into the lifetime income

de�nition displayed in (32). I then obtain an expression that depends only on Ra
h

i,j . Maximizing this

expression yields the following choice:

(36) e−rR
ah

i,j [wnt,j − w∗jβt(i)] =
θw∗jβt(i)

ah
r

1
ρ [

1− ρ
ρ

]−[ 1−ρ
ρ ]eR

ah

i,j [ rρ1−ρ ][eR
ah

i,j [ rρ1−ρ ] − 1]−
1
ρ

Equation (36) illustrates the trade-o� faced by a retrainee when choosing the duration of her plan.

The LHS of the equation shows the disadvantages of a long retraining process. When the plan duration

increases by one period, the worker begins her new higher income task one period later. She then bene�ts

from a higher wage during one fewer period. The RHS of the equation shows the advantage of a long

retraining plan. As the duration increases by one period, the marginal cost of e�ective retraining falls

and thus the worker gives up less income.

There are workers who design such long retraining plans that their lengths cannot be found using

equation (36). For these workers, the marginal bene�t from increasing the plan is greater than the

marginal cost at any Ra
h

i,j εR. Therefore, if these workers lived an in�nite number of years, they would

design perpetual retraining programs. Because perpetual programs are not feasible, I force these workers

to design T-period retraining plans. As shown in Appendix 6, this strategy is optimally conditional on

choosing the retraining option. More formally, I impose the following condition:

(37) Ra
h ∗
i,j = T if :

wnt,j
w∗jβt(i)

< 1 +
θ

ah
r

1
ρ [

1− ρ
ρ

]−[ 1−ρ
ρ ]

Equation (37) de�nes the set of workers whose plan length does not solve equation (36). As noted

above, I set these lengths to T. Notice in equation (37) that the inequality becomes less restrictive as

the i index rises. Therefore, employees in this set tend to work in o�shored tasks with high o�shoring
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costs. In addition, the inequality becomes less restrictive as the zero-pro�t-to-foreign wage ratio falls.

Because this ratio is lower for the skilled workers, the proportion of tasks in the set is greater for skilled

labor.19For now, let me exclude the set de�ned in (37) and concentrate on the rest of the workers. These

workers' plan lengths are obtained from equation (36) and are written as follows:

(38) if : −[ 1−ρ
rρ ]Ln[1− r[ ρ

1−ρ ]1−ρ

[ āθ [
wnt,j
w∗
j
βt(i)−1]]ρ

] = Ba
h

i,j ≤ T Ra
h ∗
i,j = Ba

h

i,j

Otherwise Ra
h ∗
i,j = T

Statement (38) is composed of two lines. The �rst line corresponds to workers whose retraining pro-

grams are shorter than their lifetime. The lengths of these workers' programs depend on their retraining

productivity and their pre-ICT revolution task. More speci�cally, more productive workers design short

retraining plans. Furthermore, unskilled workers and employees in tasks with low o�shoring costs �nish

their retraining processes more rapidly. The reason is that these workers bene�t from a higher wage

increase in switching to non-o�shored. Therefore their marginal loss for designing a long retraining plan

is greater and they prefer to �nish retraining earlier.

The second line in statement (38) corresponds to workers whose retraining plans are longer than their

lifetimes. Here, there is a higher proportion of skilled tasks, and employees tend to work in tasks with

high o�shoring costs. The lengths of these workers' retraining programs are not feasible, even though

they can be found using equation (36). Consequently, I impose these programs to last T periods, which,

as shown in Appendix 5, is these workers' best strategy conditional upon their choosing the retraining

option.

Let me now turn to the retraining-non-retraining decision. As noted above, workers retrain if and

only if their lifetime income is greater under the retraining option than it is under the non-retraining

option. A worker's lifetime income under retraining is de�ned by equations (37)-(38), which I use to

calculate the income di�erence for the two options. For the worker mentioned above, this di�erence is as

follows:

(39) Ia
h,Ret
i,j − Ia

h,NoRet
i,j = [

wnt,j − w∗jβt(i)
r

][e−R
ah ∗
i,j [ r

1−ρ ] − e−rT ]

where Ia
h,NoRet
i,j is the worker's lifetime income under the non-retraining option. From equation (39), we

know that this worker will retrain if and only if :

19Because
wnt,s
w∗s

<
wnt,u
w∗u

, as shown in the previous section.

23



(40)Ra
h ∗
i,j < T [1− ρ]

A worker will retrain only if the duration of her optimal retraining plan conditional on retraining

is su�ciently small. Therefore, retrainees tend to work in tasks with low o�shoring costs. For these

workers, retraining is pro�table because their �after-retraining lifetime� is su�ciently long for them to

recover their human capital investment. Moreover, notice that workers whose programs are forced to last

T periods and who are employed in tasks with high o�shoring costs choose not to retrain.

Furthermore, equation (40) states that the proportion of tasks in which at least one worker retrains

is higher for unskilled tasks. To explain this result, I will derive the condition under which there is

retraining in an task. There is retraining in the j-skilled task i if at least the most productive workers

make the human capital investment. More formally, this statement is written as follows:

(41)Rā ∗i,j ≤ T [1− ρ]

If equation (41) is not ful�lled, there is no retraining in this task. Furthermore, because the length

of a retraining plan increases smoothly with the o�shoring cost of tasks, equation (41) implicitly de�nes

the j-cuto�s under which there is retraining. I refer to these cuto�s as �retraining cuto�s�, which can be

found using the following expression:

(42)Rā ∗Īj = T [1− ρ]

where Īj is the j-skilled retraining cuto� task. As shown in Appendix 6, the retraining cuto�s increase

with the zero-pro�t-to-foreign wage ratio. The logic is as follows: an increase in the zero-pro�t-to-

foreign wage ratio makes retraining more pro�table, so workers retrain in a larger proportion of tasks.

Furthermore, because the zero-pro�t to foreign wage ratio is greater for unskilled workers, the set of tasks

in which at least one worker retrains is greater for unskilled labor.

5 Predictions Of The Model And Empirical Evidence

I use the retraining cuto� tasks derived in the last section to study the employment predictions of the

model. I show how these predictions relate to the empirical evidence presented in the introduction and

to the wage results derived in section 3. The relationship between the employment and the wage results

is consistent with recent empirical �ndings.

Figure 8 summarizes the predictions of the model. As noted in previous sections, service o�shoring

creates a labor reallocation. The tasks in which employment increases because of the labor reallocation
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are determined by the cuto� traded tasks. In Figure 8, these tasks are indicated by the square dotted

lines located further right on the continuums labeled �Employment.� Figure 8 shows that employment

decreases in the more o�shorable tasks, which is consistent with the arguments made by the authors that

emphasize the tradability dimension of labor. Note that the set of tasks with a positive employment

response is larger for the skilled tasks, which is represented in Figure 8 by a larger square dotted line on

the upper continuum. In other words, this paper predicts that the two labor dimensions are relevant for

understanding the employment e�ects of service o�shoring. This result is consistent with the empirical

evidence provided by Crino. My model predicts that employment responses are more likely to be positive

in skilled occupations, given o�shorability.20Furthermore, the model predicts that employment responses

are more likely to be positive in less o�shorable tasks, given skill intensity. These are the empirical

�ndings provided by Crino.

The set of tasks in which employment falls due to service o�shoring is determined by the retraining

cuto� tasks. In Figure 8 these tasks are indicated by solid lines with di�erent weights. The proportion

of tasks losing employment is greater for the unskilled tasks because the retraining cuto� is greater for

unskilled labor. This result matches the evidence presented by Crino because the negative employment

responses are concentrated among the unskilled tasks. Note also that for some tasks there are not

any lines in Figure 8. These tasks are those for which the retraining gains are not su�ciently large

and therefore the tasks for which no worker retrains. Because no worker retrains in these tasks, their

employment level remains the same.

In addition, the paper makes predictions about the magnitude of the employment changes. The

magnitude of the employment changes are expressed in rates of change and indicated by di�erent weights

in Figure 8. As we move left on the continuums, the lines become heavier weighted: easily o�shorable

tasks have higher rates of employment losses. The proof for this result is given by equation (40). Note in

this equation that the proportion of workers ful�lling the inequality decreases with the o�shoring costs

of the tasks. Furthermore, this proportion is greater for unskilled labor, given two tasks with the same

o�shoring costs. Hence, this model predicts that the rates of employment losses are greater for unskilled

tasks, given o�shoring costs. These predictions are empirically testable and then open an avenue for

further empirical research.

Let me make a �nal comment on the employment predictions. As noted in the last section, the model

bases these predictions on di�erent retraining lengths across heterogeneous workers. In this regard, it is

important to note that the di�erent lengths of retraining yield a gradual adjustment to new employment

levels. Furthermore, a gradual adjustment toward the new employment levels is intuitive and seems fairly

realistic.

20This statement requires a mapping between tasks and occupations. Because the statement refers to occupations with
the same tradability, any mapping would con�rm the result.
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Figure 8 depicts the wage predictions of the model, as well. This Figure shows that the unskilled

tasks are more likely to have losers. In addition, Figure 8 replicates the results displayed in section 3:

unskilled losers lose more than skilled losers, given o�shorability. However, losers and winners are not

fully determined by skill group: employees su�ering from wage losses work in the low-o�shoring costs

tasks. The model is consistent with Hummels et al.'s evidence because it argues that both tradability and

skill intensity determine an occupation's wage response. Because the model generates positive correlation

between wages and employment changes it matches the empirical evidence provided by Crino.

Figure 8.

Summary of results for low trade costs.

Consider now the cross-sectional predictions for countries with di�erent characteristics derived in

Section 3. As shown in Section 3, countries with high trade costs o�shore a larger set of unskilled

tasks and a smaller set of skilled tasks. Therefore, the model predicts that countries facing higher trade

costs have a smaller (larger) set of skilled (unskilled) tasks in which employment increases. Moreover,

a trade costs increase reduces the zero-pro�t-to-foreign wage ratio for skilled labor and raises this ratio

for unskilled labor. The retraining cuto�s are increasing in these ratios, then this model predicts that

countries with higher trade costs in goods have a smaller set of skilled tasks and a larger set of unskilled

tasks losing employment. Finally, countries that have a higher GR-H parameter are closer to the �rst

regime's situation and more advanced technological nations are closer to the second regime.
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6 Concluding Remarks And Lines For Further Research

International competition used to occur between �rms from di�erent countries and sectors of di�erent

skill intensity.Trade liberalization then created winners and losers from trade by skill-level so that theory

and empirics focused on the skill dimension of labor. Standard trade theory emphasized the Stolper-

Samuelson theorem, and the empirical literature related trade to skill-premium behavior.

The ICT revolution has reduced communication and coordination costs changing the nature of in-

ternational competition. International competition seems to be occurring now at a much �ner level of

disaggregation, causing job characteristics other than skill intensity to have important roles. We would

expect tradability to have an important role because labor tasks are of varying natures; tasks di�er in

their degrees of complexity, their requirements of personal interaction, their levels of routines, and the

di�culties of their instructions to be understood by foreign workers.Therefore, we would expect the ICT

revolution to have a varying impact on o�shoring costs and thus on the wages and on the employment

of these tasks.The novelty in this paper (and the main di�erence with respect to GRH) is that trade-

ability plays a central role in the determination of wages and employment responses. Tradeability seems

intuitively relevant and has been highlighted by several authors.21

This paper shows that the e�ect of service o�shoring depends on tradability and thus varies within

skill groups. More o�shorable tasks are easier to substitute with foreign labor and thus their wages and

employment are more likely to fall due to service o�shoring. Therefore, more o�shorable tasks are more

likley to be harmed by service o�shoring. On other hand, service o�shoring bene�ts domestic workers

because its impact is isomorphic to an increase in the productivity of domestic �rms. Because domes-

tic �rms hire cheaper labor, their production expands and their demand for domestic labor increases.

Consequently, even though o�shoring harms more o�shorable tasks, not every o�shored task loses from

service o�shoring. Although the paper emphasizes tradability, its �ndings are consistent with the stan-

dard trade theory because it yields employment and wage responses that also depend on skill intensity.

Skilled workers are more likely to bene�t and unskilled workers are more likely to lose due to service

o�shoring.

Furthermore, the paper provides the empirical work with a guide for further research. Although

several authors have emphasized tradability, there are still few paper to check if tradability predicts

o�shoring. The model I develop proposes further investigation on the characteristics of a task that

determine its propensity to be o�shored. The cross-sectional predictions for countries with di�erent

characteristics proposed in this paper provide additional lines for further empirical work. Later empir-

ical research could address these predictions using applicable data. Testing these predictions requires

datasets with �ne levels of disaggregation not available in the past; however, more labor market data

21Van Welsum and Vickery [31], Baldwin [5], Blinder [8], Jensen and Kletzer [18], and Crino [10] are examples of empirical
studies that highlight the importance of tradability.
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have recently become available for developed countries. On the other hand, data availability represents

a major constraint hampering investigations of the e�ects of the ICT revolution on developing countries.

Apropos of developing countries, it would be particularly interesting to investigate if their wage behavior

follows the logic proposed in this paper. Following the logic of this paper, the ICT revolution might

have increased service exports and thus the wages of more o�shorable tasks in countries like India or

China. Therefore, the ICT revolution might have given these countries a great opportunity for developing

their economies. Ultimately, this is empirical question, which will hopefully have an answer when data

becomes more available.

This paper also opens up a line of research linking expectations of the ICT revolution and ex-ante

outcomes. This link has not been explored and is of great importance given that the ICT revolution

occurred in the 1990s. This decade was a period of frequent economic change and rapid information �ow,

in which workers most likely formed expectations on the shock. Thus, it would be interesting to study

how a decentralized mechanism can generate di�erent ex-ante outcomes in a framework augmented with

expectations. Finally, the paper encourages research of the role of public policy in the context of an ICT

revolution. Many questions remain to be answered regarding this role. I give a �rst step in this direction

in Appendix 1, in which I show that a well-infromed government that anticipates the shock is able to

generate a Pareto improving allocation across tasks. However, my Appendix does not consider assymetric

information between the government and the workers, which is a realistic aspect to be considered. An

interesting avenue for further research then concerns the implications of asymmetric information between

policy makers and other economic agents.
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7 Appendices

• APPENDIX 1.

This section links expectations regarding the ICT shock to ex-ante outcomes. Here, I do not fully

characterize the equilibrium of an o�shoring model with forward-looking agents. Moreover, deriving such

an equilibrium might require a large departure from this setup. This paper provides a simple benchmark,

describing some channels through which expectations and ex-ante outcomes are connected. Therefore, I

use this benchmark to study public policy implications for a well-informed, forward-looking government.

Several authors argue that the ICT revolution requires a change in the direction of public policy in

terms of two dimensions: educational policy and welfare programs. Regarding educational policy, these

authors claim that providing more traditional education is not the right answer. In particular, Krugman

(2011)[23] argues that college degrees do not guarantee good jobs, and Blinder (2009) claims that a

college degree �may no longer be a panacea.�22 According to these authors, educational policy should

instead provide students with high retraining skills and the knowledge necessary to ful�ll hardly-tradeable

tasks.23 This paper shows that retraining skills are relevant and that hardly tradeable-tasks have the

highest returns.

As for welfare programs, these authors claim that public policy should provide a safety net and

seriously engage in retraining programs. In this section, I follow Baldwin, who argues that public policy

should protect workers rather than sectors, and consider a worker-speci�c transfer system. Furthermore,

I follow Blinder, who proposes improvements to federal job training programs, and search for a transfer

system that improves the e�ciency of the retraining process. Hence, I make an e�ciency argument for

a welfare program.

In this section, I study the transfer system used by the well-informed forward-looking government.

In particular, I analyze the labor allocations that this government aims to implement. Among the

feasible allocations, the Pareto e�cient allocations maximize aggregate lifetime income, given tasks' total

employment levels.24 In other words, a transfer system allows the government to sort workers across tasks

such that aggregate income is maximized. I next search for necessary conditions governing the sorting of

workers so that the allocations are Pareto e�cient. Even more importantly, these allocations represent

Pareto improvements with respect to the market-induced allocations displayed in Section 3.

We are now ready to explore the analytics. For the purpose of �nding the lifetime income-maximizing

allocation, let me distinguish two sets of tasks. First, consider the set of tasks in which workers do not

retrain. In this set, there are non-o�shored tasks. Furthermore, there are o�shored tasks because some

of these tasks are associated with perpetual retraining plans independent of worker productivity. In

22Along these lines, Baldwin (2006)[5]does not think that governments should prepare students for more analytic jobs.
23By retraining skills I refer to the ��exibility� mentioned by these authors.
24By feasible allocations, I mean allocations that can be implemented through the transfer system
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particular, consider workers' lifetime incomes in this set. These lifetime incomes are written as follows:

(42) Ia
h,NoRet
i,j =

wnt,j
r

[1− e−rT ] Y i ≥ Ij Y j ε (s, u)

(43) Ia
h,NoRet
i,j =

w∗jβt(i)
r

[1− e−rT ] Y i ≤ Ij with no retraining Y j ε (s, u)

Equation (42) refers to a worker employed in a non-o�shored area, and equation (43) refers to a

worker employed in an o�shored area in which no worker retrains. Note that these workers' incomes do

not depend on their retraining productivities.

Second, consider the set of tasks composed by the rest of the tasks, the ones in which at least one

worker retrains. This set is non-empty because the government allows some retraining when maximizing

aggregate income. 25 The lifetime income of any of these retrainees is written as follows:

(43) Ia
h,Ret
i,j =

w∗βt(i)
r

− wnt
r
e−rT + [

wnt,j − w∗jβt(i)
r

]e−R
ah ∗
i,j [ r

1−ρ ]

Y i ≤ Ij with retraining Y j ε (s, u)

Notice in equation (43) that
dIa

h,Ret
i,j

dah
> 0: a retrainee's lifetime income rises with her retraining

productivity because higher productivity reduces the duration of her plan. Therefore, worker incomes

are a�ected by retraining productivities in the second set of tasks. Because incomes are not a�ected

by productivities in the �rst set, a Pareto-improving policy is possible. In particular, the government

can increase aggregate lifetime income by assigning high-productivity retraining workers to the set of

retraining tasks and low-productivity retraining workers to the set of non-retraining tasks. More formally,

let me state the following:

Characterization: If a labor allocation is Pareto e�cient, the workers with the lowest productivities

are assigned to the tasks in which retraining does not occur. Furthermore, allocations in which these

workers are assigned to non-o�shored tasks and tasks with perpetual plans are weakly Pareto e�cient

allocations.

Notice that moving from the Section 3 allocation to a Pareto e�cient allocation a�ects redistribution.

In particular, some of the workers with most productive retraining behavior are worse o� because they

are taken from non-o�shored to o�shored tasks. However, the transfer system allows the government to

compensate these workers. In particular, the government should collect taxes from the least productive

workers and transfer some of the tax revenue to the most productive employees.

25The reason being that workers retrain only if retraining increases their lifetime incomes.
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Note that the characterization displayed above does not require any assumptions. However, the char-

acterization does not govern the sorting of workers across the tasks in which retraining takes place. In

the following, I address this issue. I investigate the conditions under which high-productivity workers

should be assigned to tasks in which retraining tends to occur more often. Such tasks have large wage dif-

ferentials. I refer to this property as �the decreasing monotone property� because productivity decreases

as we move towards high-i tasks in these allocations. On the one hand, a government implementing

these allocations raises retraining productivity in low-i-tasks, which induces a fall in the program lengths

associated with these tasks.26 On the other hand, this policy induces a decrease in productivity and an

increase in plan duration in high-i-tasks. Therefore, the productivity relocation is income-maximizing if

the income increase for the low-i tasks more than compensates for the income loss for the high i tasks.

In other words, a decreasing monotone allocation is lifetime income-maximizing when
dIa

h,Ret
i,j

dahdi
< 0 .27

Appendix 7 shows that this condition holds if and only if :

(44)σ =
1
ρ
>

wnt,j
w∗jβt(0)

where σ measures the sensitivity of a worker's retraining expenditure to the length of his retraining plan.

As understood from the learning production function displayed in (33), the sensitivity of this worker's

retraining expenditure increases with this measure. Equation (44) ensures that the induced income

increase in the lowest-i tasks is su�ciently large. This �nding holds if the expenditures of workers

employed in these tasks and thus their lifetime incomes are su�ciently sensitive to R. In particular,

higher sensitivity provides more con�dence that the income increase induced by a lower Ri,j in the low-i

tasks more than compensates for the income decrease induced by a higher Ri,j in the high-i tasks.

Finally, let me comment on the transfer system that would implement the allocations mentioned in

this section. This system has two goals: to ensure that every agent is better o� and to incentivize workers

to sort into the desired tasks. In this respect, the transfer system is suitable for broader application. For

instance, an unemployment insurance system would ful�ll the same goals if properly tailored. Therefore,

a government that is able to determine worker productivities could tailor the system and generate Pareto

improvements. An interesting question is how asymmetric information alters the e�ciency of public

policy in this context. As noted in the conclusion, this is a direction for further research.

• APPENDIX 2.

This Appendix shows that when Home is a large country, Home's wage rates can be solved in terms

of countries' labor endowments, technologies and the transportation cost measure.When Home is a large

26With respect to the allocation in Section 3.
27-induced by a lower plan duration-
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country, the relative price of the skill-intensive good must equate Home's excess supply to foreign's excess

demand augmented by the transport cost measure. If consumers have identical Cobb-Douglas preferences,

and considering countries' supplies given in equations (12)−(15), this market-clearing condition is written

as follows:

ALs − α
I

pT
= τ [α

I∗

τpT
− L∗s]

where I = A[pTLs + τLu] and I∗ = [τpTL∗s + L∗u] are countries' incomes under (17) − (20) and

balanced trade.

Then the relative price that solves for market clearing is:

pT = [
α

1− α
][
AτLu + L∗u
ALs + τL∗S

]

; therefore:

ws = A[
α

1− α
][
AτLu + L∗u
ALs + τL∗S

]

and

wu = Aτ

• APPENDIX 3.

This appendix shows that all j-skilled tasks must have the same price in equilibrium. If there were at

least one task i′j with a strictly higher price in equilibrium, the supply of the remaining tasks would be

zero. However, no demand for a task is zero, unless its price goes to in�nite. Moreover, the price of tasks

ij 6= i′j cannot go to in�nite, as there is at least one task i′j with a larger price i. Consequently, there

cannot be any task i′j with a strictly higher price in equilibrium: all tasks must have the same price.
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• APPENDIX 4.

This Appendix show that the equilibrium of the equilibrium is given by the intersection of the curves

in Figure 1. Furthermore, this Appendix shows that if ws
w∗s

< wu
w∗u

, then I∗u > I∗s . First, evaluate the

expression
wnt,j(Jj)
w∗j βt(Jj)

in both sectors at Iu:

wnt,u(Iu)
w∗uβt(Iu) = e[

ln(wu
w∗u

)−ln(β)−
´ Iu
0 ln(t(i))

1−Iu −ln(t(Iu))] = 1 > wnt,s(Iu)
w∗sβt(Iu) = e[

ln(ws
w∗s

)−ln(β)−
´ Iu
0 ln(t(i))

1−Iu −ln(t(Iu))]

where the inequality for the low-skilled case comes from the de�nition of equilibrium and the inequality

from ws
w∗s

< wu
w∗u

.

It follows from the inequality that I∗u 6= I∗s , then either I∗u > I∗s or I
∗
u < I∗s . To �nd this out, take the

derivative of
wnt,s(Js)
w∗sβt(Js)

with respect to Js and �nd:

wnt,s(Js)
w∗sβt(Js)

[
ln(

wnt,s(Js)
w∗sβt(Js) )

1−Js − t′(Js)
t(Js)

]

The former term in the square brackets is negative when evaluated at at Iu because
wnt,s(Iu)
w∗sβt(Iu) < 1.

Furthermore, since t′(Js) is strictly positive, the second term is negative, as well. Therefore, we have that
∂[
wnt,s(Js)
w∗sβt(Js) ]

∂Js
‖Js=Iu < 0. This shows that

wnt,s(Js)
w∗sβt(Js)

decreases for any Js > Iu; therefore, the equilibrium

cannot be in this region.

Let me now prove the comparative statics results. By the implicit function theorem, we have:

∂Ij
∂τ = −

 ∂[
wnt,,j(Jj)
w∗sβt(Jj) ]

∂τ


‖Jj=Ij ∂[

wnt,,j(Jj)
w∗sβt(Jj) ]

∂Jj


‖Jj=Ij

First, note that

(
∂[
wnt,,j(Jj)
w∗sβt(Jj) ]

∂Jj

)
‖Jj=Ij

< 0

Furthermore,

(
∂[
wnt,,s(Js)
w∗sβt(Js) ]

∂τ

)
‖Js=Is

< 0 and

(
∂[
wnt,,u(Ju)
w∗sβt(Ju) ]

∂τ

)
‖Ju=Iu

< 0 proves the result on trade costs.

Moreover,

(
∂[
wnt,,j(Jj)
w∗sβt(Jj) ]

∂A

)
‖Jj=Ij

> 0 and

(
∂[
wnt,,j(Jj)
w∗sβt(Jj) ]

∂β

)
‖Jj=Ij

< 0 proves the rest of results.
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Finally, let me approach the equilibrium. Task-markets clear if all non-o�shored tasks perceive the

same wage and the wage of every o�shored task equals its e�ective importing price. I depart from task-

markets clearing in Figure 1 Equilibrium then requires two additional conditions: optimal o�shoring

behavior and zero pro�ts. There is only one Point at which these conditions are jointly ful�lled. This

point is the intersection of the o�shoring costs and square dotted curves, denoted by Iu. Let me draw

intuition on this equilibrium, for which I distinguish two regions in Figure 4.

Consider the region given by cuto� choices such that Ju < Iu. The square dotted curve is upward

sloping and concave. Furthermore, the curve lies above the o�shoring costs curve, which implies that the

inequality wnt,u(Ju) > w∗uβ0t(Ju) holds over the whole region. Therefore, the optimal o�shoring rule is

not satis�ed for any Ju such that Ju < Iu and none of these choices is an equilibrium. In other words,

o�shoring costs are greater than �zero-pro�t wages� for any of these tasks, so �rms have incentives to

o�shore these tasks. By doing so, companies make savings that reduce their marginal costs.

Several papers argue that o�shoring creates domestic savings or, equivalently, increases �rms' pro-

ductivity. Hence, �rms' marginal savings are positive and decreasing over this region.

Finally, consider the region de�ned by cuto� choices Ju such that Ju > Iu. As Figure 4. shows,

the square dotted curve is downward sloping. If �rms choose any of these tasks as their equilibrium

cuto�, companies' �disavings� cause marginal costs to increase. This marginal costs rise induces a fall

in the zero-pro�ts wage, so that the zero-pro�ts condition is restored. Furthermore, since the inequality

wnt,u(Ju) < w∗uβ0t(Ju) holds for any of these tasks, the optimal o�shoring rules are not ful�lled over this

region either.

Firms' optimal o�shoring rules are only full�lled at Ju = Iu: for cuto�s lower than Iu, they have

incentives for moving to the right and, for cuto�s greater than Iu, they have incentives for moving to the

left.

This proves the result.

• APPENDIX 5.

This Appendix shows that there are more winners and fewer losers for the high-skilled case. The

worker h employed in task i and sector j who earns the same wage rate with respect to the �rst regime

is de�ned as follows:

w∗jβt(i
h
j ) = wj ⇐⇒ wj

w∗j
= βt(ihj )

Since we have that ws
w∗s

< wu
w∗u

, then ihs < ihu, there are more losers among the low-skilled workers.

Furthermore, note that the relative wage on the LHS of the equation displayed above decreases with
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trade costs for skilled labor and increases for unskilled labor. This proves the results displayed in Figure

3 and 4.

• APPENDIX 6.

This Appendix shows that the best strategy for workers whose retraining programs are longer than

T periods in the unconstrained problem is to set the duration to T . Consider the F.O.C. displayed in

(36). The marginal net bene�t from increasing the duration of the program is:

θw∗jβt(i)
ah

r
1
ρ [

1− ρ
ρ

]−( 1−ρ
ρ )[1− e−R

ah

i,j ( r
1−ρ ) − 1]−

1
ρ − e−rR

ah

i,j [wnt,j − w∗jβt(i)]

The two terms
θw∗j βt(i)

ah
r

1
ρ [ 1−ρ

ρ ]−( 1−ρ
ρ )[1−e−R

ah

i,j ( r
1−ρ )−1]−

1
ρ and e−rR

ah

i,j [wnt,j−w∗jβt(i)] are monoton-

ically decreasing in Ra
h

i,j . Therefore, the marginal net bene�t from enlarging the plan longer is positive

for Ra
h

i,j < Ra
h ∗
i,j . Hence, the worker can keep enlarging the program and obtain a higher utility while

Ra
h

i,j < T < Ra
h ∗
i,j .

• APPENDIX 7.

This appendix derives thej-skilled retraining cuto� task. Using equations (38) and (41), the j-skill

retraining cuto� task solves the following:

−[ 1−ρ
rρ ]Ln[1− r[ ρ

1−ρ ]1−ρ

[ āθ [
wnt,j
w∗
j
βt(i)−1]]ρ

] = T [1− ρ]

; therefore:

îj = t′([wnt,jw∗j β
][ [ āθ [1+eTrρ]]

1
ρ

[ āθ [1+eTrρ]]
1
ρ+[r[ ρ

1−ρ ]1−ρ]
1
ρ

])

• APPENDIX 8.
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This Appendix shows that the increase in a worker's lifetime income induced by a higher productivity

decreases with i, under condition (44). Taking derivatives, one obtains the following:

dIa
h,Ret
i,j

dahdi
=

ρ

(
(w∗jβt(i)− wnt,j)rρ− (1− ρ)(w∗jβt(i)− wnt,jρ)[ ahρ

θ(1−ρ) [ wnt,j
w∗j βt(i)

− 1]]ρ − r[ ρ
1−ρ ]1−ρ

[ āθ [
wnt,j
w∗
j
βt(i)−1]]ρ

)
e−R

ah ∗
i,j [ r

1−ρ ]

w∗jβ
(
rρ− (1− ρ)(wβt(i)− wnt,jρ)[ ahρ

θ(1−ρ) [ wnt,j
w∗j βt(i)

− 1]]ρ
)2

If condition condition (44) holds, this expression is negative for every i.
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