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1 Introduction

We set out to analyze the implications of the o¤shoring of low-skill activities on the

labor market while allowing for an endogenous adjustment of educational skills. We

draw on the previous literature of matching models like Albrecht and Vroman (2002),

Rogerson et al. (2005), and Davidson et al. (2008), and also on our recent contribution

about the potential compensating mechanisms to deal with the o¤shoring phenomenon

(Agnese and Hromcová, 2016).

For the present paper we propose a matching model with endogenous skill require-

ments where employers create both high and low-skill vacancies and where the distri-

bution of skill requirements across these vacancies is endogenous, as is the schooling

decision of workers. This decision will be based on the wage di¤erential between high

and low-skill jobs. In general, low-skill workers are better o¤ the greater the fraction of

low-skill vacancies and �rms with low-skill requirements are better o¤ the greater the

fraction of low-skill job candidates.

We adapt and extend the model in Albrecht and Vroman (2002) to the case of low-

skill o¤shoring. In here, though, we interpret a lowering of low-skill productivity as a

result of higher intensity in low-skill o¤shoring activities. Moreover, we endogenize the

schooling decision of workers faced with the �o¤shoring threat�. In order to come to

grips with this we carry out a comparative statics and welfare analysis.

As in Albrecht and Vroman (2002) two equilibria will be discussed: the equilibrium

with cross-skill matching (CSM) and the equilibrium with ex post segmentation (EPS).

CSM is reached when high-skill workers and low-skill vacancies are matched, whereas

EPS is what follows when these potential matches do not meet.

In order to produce a measure of low-skill o¤shoring we rely on an intermediate

imports index as proposed by Feenstra and Hanson (1996). The rationale is that the

higher the volume of intermediate trade the higher the o¤shoring intensity, as inputs

previously produced in the home country are now being imported back from low-wage

countries. To get an idea of the natural adjustment of workers to the o¤shoring phe-

nomenon and to competition and globalization in general we present data for a group of

highly developed countries. Figure 1 shows, with a few exceptions, a positive relation-

ship between low-skill o¤shoring and the fraction of high-skill workers in the countries�

populations.1

Accordingly, our analysis below will highlight this mechanism while considering

two broad skills (low and high) and also the di¤erent costs associated with the work-

ers� educational choice. As we will see, this self-adjusting mechanism will not play

1O¤shoring and education data were jointly available for a limited number of developed countries,
namely: Austria, Belgium, Denmark, Finland, France, Germany, Great Britain, Italy, Japan, the
Netherlands, Poland, Portugal, Spain, Sweden and the US.
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out completely� in other words, pre-o¤shoring welfare levels are not fully restored by

simply endogenizing the educational decision of workers. For this reason, we aim at

restoring welfare by increasing the opportunity cost of staying low-skill. This we do

by introducing an incentive that lowers the cost of acquiring skills (e.g. grants or on-

the-job training). We also study the e¤ect of economic growth on the skill decision of

workers and �nd, quite as expected, that growth unambiguously leads to a higher share

of high-skill workers and a higher overall welfare level.

Figure 1: O¤shoring trends and high-skill shares, 5-year averages

Source for o¤shoring index (vertical axis) is OECD Input-Output Database (2012), for skill levels

(horizontal axis) is OECD Education GPS, Chapter A (2012). Note: low-skill is below secondary and

post-secondary levels and high is tertiary (OECD); moreover, the data point pairs correspond to the

o¤shoring index for mid-1990�s and education level for 2000 and the o¤shoring index for mid-2000�s

and education level for 2011.

Labor market �exibility, in turn, is suggested as the complementary policy to bring

welfare back to its original level, as already discussed in earlier works (see Agnese and

Hromcová, 2016, and Jung and Mercenier, 2014). In particular, we contend that it

would only take a minor reduction of what we refer to as vacancy costs (e.g. �ring and

hiring costs) to take the economy back to previous welfare levels. In fact, allowing for

a further rollback can drastically change things for the better in terms of welfare.

The remainder of the paper is organized as follows. The model, its main properties,

and the possible types of equilibria are discussed in section 2. We brie�y outline the

strategy for the solution of the model in section 3. The welfare e¤ects of o¤shoring and

the endogenous adjustment of workers in terms of education are studied in section 4.

Final remarks are summarized in section 5.
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2 Model

Our model is closely related to Albrecht and Vroman (2002). Here we also consider two

types of agents: workers and �rms.2

Workers are in�nitely lived and of measure one. They are characterized by their

position in the distribution of the cost of skills acquisition, measured by the consumption

goods. Each worker is indexed by x; his opportunity cost of remaining low-skill, raging

from 0 to 1. Workers who acquire skills will have, potentially, higher productivity levels

(high-skill) than workers who do not (low-skill). The cost of acquiring skills is described

by a monotonic function, cost(x); which satis�es

dcost(x)
dx

< 0 and cost(1) = 0:

The worker whose opportunity cost of remaining low-skill is the highest, the one indexed

by x = 1; becomes high-skill at zero cost, whereas the cost for the worker with x = 0 is

the largest.3

Workers are assumed to be risk neutral and thus they maximize their expected

lifetime discounted net income, net wages, or net unemployment bene�ts (in case a

worker decides to become high-skill, the cost is discounted directly from the income).

Consumption is equal to the expected net income in each period, so saving is not

possible. After the skill decision is taken, a fraction q of workers remains low-skill, L;

and the rest are high-skill, H:

There is free entry for �rms and each �rm employs one worker when active. A

vacancy can be opened at an exogenous cost c � notice that c includes the hiring

costs, but also the �ring costs that �rms will potentially face in the future. Firms

place vacancies of both skill types. A fraction � of vacancies is low-skill and a fraction

1 � � is high-skill and their distribution is endogenous. Firms maximize their lifetime
discounted pro�ts. Further, if a �rm hires a worker to occupy a low-skill vacancy the

level of output is yL, if it hires a worker to �ll a high-skill vacancy then the level of

output is yH : High-skill �rms are more productive than their low-skill counterparts,

thus yH > yL:

A high-skill worker is allowed to take both types of jobs, whereas a low-skill worker

can only �ll a vacancy that corresponds to his type. If a worker of any type is employed,

he gets a wage corresponding to the type of vacancy and the type of skills he has. A

2A description of how the model works for one type of worker can be found in Rogerson et al.
(2005) and Williamson (2010).

3The skill acquisition process can be compared to the so called learning-or-doing model. In the model
of Lucas (1988) agents have to dedicate each period a fraction of their available time to schooling. Here
they devote a fraction of their resources to schooling-training, not time, as all their available time is
devoted either to working or being idle.
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worker of type L (H) working in a job of type L (H) will get a wage wL (wH): A

worker of type H working in an L type job will get wL(H): Wages earned by high-skill

mismatched workers will be usually higher than wages of low-skill workers matched

correctly with a low-skill job, hence wH > wL(H) > wL: If a worker is unemployed he

is entitled to an exogenously given unemployment bene�t b, and any worker can refuse

the job if his reservation wage is not met. Moreover, jobs are lost at an exogenous rate

�.

Firms and workers meet according to a matching technology M(u; v) where u rep-

resents unemployed workers (unemployment rate) and v vacancies. In this process an

endogenously determined fraction 
 of unemployed workers will be low-skill. In ad-

dition, arrival of jobs to workers happens at a rate M(u;v)
u

and arrival of workers to

employers at a rate M(u;v)
v
: If we de�ne market tightness as � = v

u
, we can rewrite the

job arrival rate to workers as m(1; v
u
) = m(�) and the workers�arrival rate to �rms as

M(u;v)
u
v
u

= m(�)
�
= z(�).

If the match succeeds, the employed worker�s expected lifetime utility isWL; WL(H)(x)

orWH(x), and the active �rm�s expected lifetime pro�ts are Ji; i = L; H or L(H); where

i = L stands for a match between a low-skill worker and a low-technology �rm, i = H

is a match between a high-skill worker and a high-technology �rm, and i = L(H)

is the case where a high-skill worker matches with a low-skill �rm. The utility of a

worker with ability x comes from earning the wage wL when low-skill, and the net wage

wH � cost(x) or wL(H) � cost(x) when high-skill. All low-skill workers have the same
utility, whereas the high-skill workers�utility depends on the cost of acquiring skills.

The �rm�s pro�ts stem from the di¤erence between production and incurred costs, to

wit, wages and search, that is yi � wi � c:
As in Okazawa (2013), the skill choice of workers depends on the comparison between

its cost and the wage di¤erential between low and high-skill workers. The worker whose

cost of skill acquisition is cost(x) chooses to be high-skill if the wage gap is higher than

the cost, i.e.4

wH � wL > cost(x); (1)

the worker on the threshold will be indi¤erent to remain low-skill or to become high-skill

wH � wL = cost(x�): (2)

Therefore, all workers with 0 < x < x� will be low-skill and the ones with x� � x > 1
will become high-skill. That implies that the fraction of the labor force that remains

4In the CSM equilibrium the worker may still end up with a low-skill job, but we argue that the
goal of education is to end up in a high-skill job.
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low-skill, q; will be determined by the threshold value x�; i.e.

q = x�: (3)

Both workers and �rms take into account that the match can be broken with proba-

bility �: If the match does not succeed, an unemployed worker�s expected lifetime utility

is UL or UH(x); and the expected lifetime pro�ts of a vacant �rm are Vj; j = L or H: In

this case the low-skill worker�s utility comes from earning the unemployment bene�ts

b, which turn into b� cost(x) for high-skill workers. The �rm�s (negative) pro�ts come
from �nancing a vacancy, �c (hiring and �ring costs mainly): A new match between
workers and �rms can occur with probabilities that depend on the matching process.

We thus have that Wi(x) stands for the value of working and Uj(x) for the value

of unemployment, while Ji stands for the value of the job and Vj for the value of the

vacancy of the corresponding type. There is something to bargain over if the value of

working is higher than the value of unemployment,WH(x) > UH(x); WL(H)(x) > UH(x)

and WL > UL; and when the value of the job is higher than the value of the vacancy,

JH > VH ; JL(H) > VL and JL > VL: Wages are set to maximize the weighted surplus of

workers and �rms in a Nash bargaining process

max
fwig

[Wi(wi; x)� Uj(x)]� [Ji(yi � wi � c)� Vj]1�� (4)

where the weighting parameter � represents the bargaining power of workers.

Utility and pro�t maximization problems will be characterized by Bellman equa-

tions. In what follows we describe the possible equilibria and their corresponding Bell-

man equations.

2.1 Steady state equilibrium

Workers may experience spells of employment and unemployment. When the �ow of

workers into and out of each employment state coincide, the steady-state equilibrium

is achieved. In the steady state, low-skill workers that were working,

EL = q � 
u; (5)

and lose their jobs, equal the low-skill unemployed, q �EL; that �nd a job (right hand
side)

�EL = p
W
L (q � EL) ; (6)
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while high-skill workers that were working,

EH = 1� q � (1� 
)u; (7)

and lose their jobs, equal the high-skill unemployed, 1� q � EH ; that �nd a job (right
hand side)

�EH = p
W
H (1� q � EH) ; (8)

where pWL and pWH are the probabilities to �nd a job for low and high-skill workers,

respectively (and � is the probability of the break of the match).5

In the described setup two types of equilibria may be realized: the equilibrium

with cross skill matching (CSM) and the equilibrium with ex post segmentation (EPS).

CSM occurs when high-skill workers and low-skill vacancies match, while EPS takes

place when these potential matches do not meet, i.e. high-skill workers only work in

high-skill jobs. The type of equilibria achieved depends on the expectations of high-skill

workers about the labor market and their willingness to accept a low-skill job. Figure

2 shows the model�s possible matches and payo¤s.

Figure 2: Possible matches and equilibria

If the conditions of low-skill workers worsen because of o¤shoring we expect a

stronger pull towards the EPS equilibrium as more individuals will choose to become

5Remember that there are q low-skill workers in the labor force and � low-skill jobs being o¤ered.
Also, a fraction 
 of unemployed is low-skill, and high-skill workers can take both types of jobs and
both types of jobs meet workers at the same rate.
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high-skill� they will, in e¤ect, turn down job o¤ers and avoid the skill mismatch of the

CSM equilibrium (see Agnese and Hromcová, 2016).

2.1.1 Cross Skill Matching equilibrium

Let us describe the equilibrium equations when high-skill workers are willing to take

low-skill jobs and low-skill �rms can a¤ord to pay them.

The probability that a low-skill worker will match with a low-skill �rm is

pWL = �m(�); (9)

and the probability that a high-skill worker will match with either a low or high-skill

�rm is �
pWH
�CSM

= m(�): (10)

By rewriting (6) and (8), and using (5), (7), (9) and (10), we get the expressions for the

unemployment rate and the fraction of low-skill vacancies (as in Albrecht and Vroman,

2002)

uCSM =
� (1� q)

m(�) (1� 
) + � (1� 
) ; (11)

�CSM =
(1� 
) qm(�) + � (q � 
)

m(�)
 (1� q) : (12)

Problem of the worker When the match between a worker and a �rm is successful,

the worker gets the utility which corresponds to the skill level of the �rm that employs

him. The following Bellman equations state that the discounted value of working (left-

hand side) must be equal to the �ow of net income (�rst item on the right hand side) and

the expected loss from changing the employment status (second item on the right-hand

side)

rWL = wL � �(WL � UL); (13)

rWH(x) = [wH � cost(x)]� � [WH(x)� UH(x)] ; (14)

rWL(H)(x) =
�
wL(H) � cost(x)

�
� �

�
WL(H)(x)� UH(x)

�
(15)

where r is the discount rate. Subscripts L andH characterize low and high-skill workers,

respectively, matched in the corresponding �rms, and L(H) stands for high-skill workers

mismatched in low-skill jobs. Notice that high-skill workers working for either high or

low-skill �rms must incur in education costs.

The analogous equations for the unsuccessful match hold: the discounted value of

being unemployed must be equal to the �ow of net income (net unemployment bene�ts)
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and the expected gain from �nding a job

rUL = b+ �m(�) (WL � UL) ; (16)

rUH(x) = [b� cost(x)] +m(�)[�WL(H)(x) + (1� �)WH(x)� UH(x)]: (17)

Problem of the �rm When the match is successful the Bellman equations for the

active �rms take the following form

rJL = (yL � wL � c)� � (JL � VL) ; (18)

rJH = (yH � wH � c)� � (JH � VH) ; (19)

rJL(H) =
�
yL � wL(H) � c

�
� �[JL(H) � VL] (20)

where the discounted value of the job must be equal to the �ow of pro�ts earned by

the active �rm and the expected loss from changing the labor market status (becoming

inactive). The corresponding Bellman equations for the inactive �rms are

rVL = �c+ z(�)
�

JL + (1� 
)JL(H) � VL

�
; (21)

rVH = �c+ z(�)(1� 
) (JH � VH) (22)

where the discounted value of the vacancy must be equal to the �ow of income lost

by maintaining the vacancy open and the expected gain from switching to the active

status. There is free entry into the market, and new �rms enter while the value of the

vacancy is positive. No more �rms enter when the value of the vacancy decreases to

zero; the free entry condition can be then expressed as

VL = 0 and VH = 0: (23)

Wage setting Wages for each type of match can be obtained by processing (13)-(15),

(18)-(20), and (23), and by plugging them into (4)

wL = �(yL � c) + (1� �) rUL; (24)

wH = �(yH � c) + (1� �) [cost(x) + rUH(x)] ; (25)

wL(H) = �(yL � c) + (1� �) [cost(x) + rUH(x)] : (26)

Notice that the wage of a mismatched worker, wL(H); is lower than the one of a correctly

matched high-skill worker, wH ; because of the former�s lower productivity. Notice also

that the wage of a mismatched worker, wL(H); is higher than the wage of a correctly

matched low-skill worker, wL� this is so because high-skill workers have better em-

ployment options if they become unemployed, and the �rm must compensate for this

9



fact.6 ;7

The condition for the CSM equilibrium to exist is that matches between high-skill

workers and low-skill jobs do take place. This happens when 8

yL � c > cost(x) + rUH(x): (27)

De�nition 1 In the Cross Skill Matching (CSM) steady-state equilibrium, the follow-
ing must hold:

(i) workers�Bellman equations (13), (14), (15), (16) and (17),

(ii) �rms�Bellman equations (18), (19), (20), (21) and (22),

(iii) Nash bargaining conditions (24), (25) and (26),

(iv) education decision condition (2),

(v) steady state conditions (6), (8), (9), and (10),

(vi) free entry conditions (23) and

(vii) CSM equilibrium condition (27).9

We evaluate separately the unemployment rates of both types of workers, the low-

skill unemployment rate

uL =

u

q

and the high-skill unemployment rate

uH =
(1� 
)u
1� q :

In the CSM steady-state equilibrium the aggregate level of output is 10

6Maximizing (4), one gets the following �rst order condition

� W 0
i (wi; x) [Ji(yi � wi � c)� Vj ] + (1� �) J 0i(yi � wi � c) [Wi(wi; x)� Uj(x)] = 0;

i = L; L(H); H; j = L;H:

Using (13)-(15), (18)-(20) and their derivatives, together with the free entry condition (23), we get the
expressions for the corresponding wages.

7The expression [cost(x) + rUH(x)] is constant for all x and is provided in Appendix 1, together
with the expression for rUL:

8Conditions JL(H) > VL and WL(H)(x) > UH(x) must hold. As VL = 0; the value of the job JL(H)
must be positive. Whether the value of working when mismatched is greater than the value of being
unempoyed can be checked by processing the corresponding Bellman equations.

9For the set of exogenous parameters fb; c; r; yL; yH;�; �; x;m(�); z(�); cost(�)g the equlibrium con-
ditions determine the set of endogenous values

�
x�; q; u; v; EL; EH ; JL; JH ; JL(H); UL; UH(x); VL;

VH ;WL;WH(x);WL(H)(x); 
; �; �
	
:

10Each worker employed in a low-skill �rm produces yL and each worker employed in a high-skill
�rm produces yH .
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Y CSM = ELyL + �EHyL + (1� �)EHyH :

Given that we are interested in measuring welfare, we evaluate the expected lifetime

utility of the average low-skill worker (which are all alike), 
CSML ; and that of the

average high-skill worker (which di¤er due to the incurred skill cost), 
CSMH ; as follows


CSML =
ELWL + (q � EL)UL

q
;


CSMH =
�EHWL(H)(x) + (1� �)EHWH(x) + (1� q � EH)UH(x)

1� q

where variables with bars are the average values,

WH(x) =
1

1� x�
Z 1

x�
WH(x)dx; (28)

WL(H)(x) =
1

1� x�
Z 1

x�
WL(H)(x)dx (29)

and

UH(x) =
1

1� x�
Z 1

x�
UH(x)dx: (30)

The overall welfare 
CSM is the weighted sum of the two,


CSM = q
CSML + (1� q) 
CSMH :

2.1.2 Ex Post Segmentation equilibrium

Let us now describe the equilibrium equations when high-skill workers are only matching

with high-skill �rms.

The probability that a low-skill worker will match with a low-skill �rm does not

change, so equation (9) still holds, but the probability of matching for a high-skill

worker is now lower, �
pWH
�EPS

= (1� �)m(�); (31)

as these workers do not apply to low-skill vacancies anymore. The implied unemploy-

ment rate and the fraction of low-skill vacancies are, respectively

uEPS =
� (
 + q � 2
q)


 (1� 
) [m(�) + 2�] ; (32)

�EPS =
(1� 
) qm (�) + � (q � 
)
m (�) (
 + q � 2
q) : (33)
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Problem of the worker The Bellman equations that characterize the employed

workers are (13) and (14), and the corresponding equations for unemployed workers are

(16) and

rUH = [b� cost(x)] + (1� �)m(�) (WH � UH) : (34)

Problem of the �rm The Bellman equations for the active �rm are (18) and (19),

and for the inactive �rm are

rVL = �c+ z(�)
 (JL � VL) (35)

and (22).11 The zero vacancy condition (23) must also hold.

Wage setting Wages are determined by (24) and (25).

Finally, the condition for EPS equilibrium to exist is that high-skill workers are

matching only with high-skill jobs

yL � c � cost(x) + rUH(x): (36)

De�nition 2 In the Ex Post Segmentation (EPS) steady-state equilibrium, the follow-
ing must hold:

(i) workers�Bellman equations (13), (14), (16) and (34),

(ii) �rms�Bellman equations (18), (19), (35) and (22),

(iii) Nash bargaining conditions (24) and (25),

(iv) education decision condition (2),

(v) steady state conditions (6), (8), (9) and (31),

(vi) zero vacancy value conditions (23) and

(vii) EPS equilibrium condition (36).

Under the EPS steady-state equilibrium the aggregate level of output is

Y EPS = ELyL + EHyH

and the welfare equations of the average low-skill and high-skill workers, 
EPSL and


EPSH ; are


EPSL =
ELWL + (q � EL)UL

q
; and


EPSH =
EHWH(x) + (1� q � EH)UH(x)

1� q
11Notice that equations (34) and (35) now show that high-skill unemployed workers are only taking

high-skill jobs, and low-skill �rms are ony hiring low-skill workers.
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where WH(x) and UH(x) are de�ned in (28) and (30). The overall welfare 
EPS is the

weighted sum of the two, as before.

3 Solving the model

The model can be solved numerically. In order to do so we need to specify the matching

and skill acquisition functions. We assume that the matching function has a Cobb-

Douglas form,

M(u; v) = 2
p
uv;

which implies that the job arrival rate to workers in terms of market tightness is

m(�) = 2
p
� (37)

and the workers�arrival rate to �rms is

z(�) =
2p
�
: (38)

We express the cost of acquiring skills as

cost(x) = � (1� x)a (39)

where a � 1 and � > 0: Notice that the function cost(x) ful�lls the conditions required
in section 2� it is decreasing and the individual indexed by x = 1 will have an in�nite

opportunity cost of remaining low-skill, thus he will always become high-skill. Lower

values of a imply a more homogeneous distribution of individuals with respect to the

cost of skill acquisition, higher values indicate higher inequality. Parameter � measures

the dispersion between the extremes of the distribution.

Using the Bellman equations for the expected lifetime utility of a vacant �rm, (21)

and (22) for the CSM equilibrium, and (35) and (22) for the EPS equilibrium, and the

free entry condition (23), we obtain the following

when VL = 0; c = z(�)
�

JL + (1� 
)JL(H)

�
; (40)

when VH = 0; c = z(�)(1� 
)JH (41)

for the CSM equilibrium, and

when VL = 0; c = z(�)
JL; (42)

when VH = 0; c = z(�)(1� 
)JH (43)
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for the EPS equilibrium. Combining all the corresponding equilibrium equations we

obtain the combinations of 
 and �; or 
 = fVL=0(�); for which (40) or (42) hold, and

the combinations of 
 and �; or 
 = fVH=0(�); for which (41) or (43) hold, too. In

general, for 
 2 (0; 1); 
 = fVL=0(�) is increasing and 
 = fVH=0(�) is decreasing. The
intersection of the two loci determines the fraction of low-skill unemployed 
 and the

market tightness �. Once these two values are known, the solution of the model can

be obtained by using the corresponding equilibrium conditions. More details on the

described functions can be found in Appendix 1.

4 Comparative statics

O¤shoring can be seen as a source of skill-biased technical change. In the context of

our analysis this will be modeled as a fall in the productivity level of low-skill workers.

In other words, the increase of o¤shoring means a reduction in the value of the output

produced by low-skill workers. We parametrize our model accordingly and then proceed

to study the e¤ects of o¤shoring.

4.1 Parametrization

We use the baseline parameters as in Albrecht and Vroman (2002): the rate at which

the employment relationship is broken is � = 0:2; meaning that jobs last on average 5

years, agents discount the future at a constant rate r = 0:05; and the bargaining power

of workers is the same as that of the �rms, � = 0:5: Further, the output produced by

high-skill workers in a high-skill �rm is assumed to be yH = 1:2:The baseline value of

the output in a low-skill �rm is yL = 1; a value that leads to a CSM equilibrium. The

unemployment bene�t amounts to about 15% of previously perceived wages, or b = 0:1:

Moreover, the cost of opening a vacancy is around 32% of total output, or c = 0:3;

and leads to an unemployment rate of 7%. We take the quadratic form for the cost of

acquiring skills, equation (39), by setting a = 2; also, the value of the parameter � is

such that in the initial (CSM) equilibrium about 2=3 of the labor force remains low-skill

and approximately 1=3 becomes high-skill, or � = 0:93.

4.2 The e¤ects of o¤shoring

When simulating the e¤ects of o¤shoring we allow for a widening of the productivity gap

between high and low-skill workers. We can see in Figure 3 the e¤ects of an increasing

productivity gap on the wage gap (vertical axis) for di¤erent skill combinations of the

labor force (horizontal axis), while at the same time we compare these to the cost of

14



skill acquisition (long continuous line).12

By allowing for o¤shoring, or what is the same in our model, by letting yL go down,

we can see how the wage gap becomes bigger. This is depicted by a set of curves in

Figure 3 with the higher indicating the bigger the productivity and wage gaps. At the

same time, more people will decide to become high-skill, pushing q down or to the left

on the horizontal axis� notice that this also has a bearing on the wage gap, as seen

by the negative slope of the curves, which are descriptive of the combinations wage

gap�skill composition (q). A higher payo¤� or a higher wage gap in our context� will

induce more workers to acquire training (see Burdett and Smith, 2002). However, it

is also understood that poor matching prospects for potential high-skill workers under

the CSM equilibrium can reduce the rate of return on skill acquisition.13

Figure 3: Wage gap and skill composition under CSM and EPS

Note: Relationship between the productivity gap (yH=1.2, yL: in the legend) and the wage gap for di¤erent skill

combinations (q ) and under di¤erent equilibria, CSM and EPS, contrasted with the cost of acquiring skills.

In our parametrization, the CSM equilibrium ceases to exist for larger productivity

gaps and for higher shares of high-skill population (smaller q). As o¤shoring widens

the wage gap, the fraction of low-skill workers will also drop and a switch from CSM

to EPS will eventually take place. Both equilibria can coexist for some values of the

parameters.14 The larger the productivity gap becomes the lower the share of low-skill

vacancies � that will open in the end. Table 1 summarizes our results.

12Notice that from (24)-(26) and (48)-(50) we have that lower productivity leads to lower wages.
13Note that the CSM curves in Figure 3 are low and to the right and the EPS curves are high and

to the left, as the latter o¤ers better matching prospects for those getting better skills.
14In our parametrization this happens for the productivity gap in the range of 22%� 27%.
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Panel #1 in Table 1 shows, for the CSM equilibrium, the cases in which o¤shoring

destroys about 10%, 20% and 40% of low-skill jobs (second to fourth rows under �,

respectively). Notice that this e¤ect corresponds to the increase in the share of high-

skill workers (decrease in q), as high-skill wages increase and entice workers into higher

productivity levels. On the other hand, the wages of low-skill workers drop more than

their productivity, and the pro�ts of low-skill �rms go up (contrary to the high-skill

ones) and prevent a more considerable drop of low-skill vacancies �. The unemployment

rate of both types of workers increases, having a quite negative e¤ect on the performance

of the whole economy as seen by the drop in total output Y:

In particular, the welfare e¤ects of o¤shoring are signi�cantly negative for workers

who remain low-skill, 
L, and total welfare is also much decreased as the possibility of

ending up in a low-skill job can make the skill-acquisition rather costly. In other words,

even when some workers will choose to acquire skills and thus will become highly skilled,

it does not necessarily follow that the job match will be the correct one.

Panel #3 in Table 1 shows the o¤shoring e¤ects under the EPS equilibrium� be

aware that the CSM equilibrium does not exist for low values of yL: What we observe

here is that as we widen the productivity gap (e.g. o¤shoring) and the economy moves

into the EPS equilibrium the unemployment rate makes quite a jump, both for low and

high-skill workers alike. The speed at which low-skill jobs (�) are destroyed, as the

productivity gap opens further on, is now less relevant as most workers have already

matched with their corresponding skills. As one would expect, low-skill wages are

lower and high-skill wages are higher now than under CSM. Even when the overall

unemployment rate increases sharply, a larger share of high-skill workers under EPS

can now prevent the signi�cant drop in total output as experienced under the CSM

equilibrium.

Not surprisingly, the welfare e¤ects fall heavily on low-skill workers. Moreover, the

welfare of the average high-skill worker, 
H ; is decreasing with o¤shoring, whereas

the one corresponding to the best positioned high-skill individual (x = 1); 
H(1); is

increasing with it. However, the welfare level of high-skill workers is now remarkably

higher than in the CSM equilibrium. This is due to the fact that, under EPS, high-

skill workers are more likely to �nd a high-skill job� in other words, the rewards that

come with specialization and education are more likely to materialize. Total welfare is

reduced as before as o¤shoring falls predominantly on the waning low-skill workforce.

To sum up, we conclude that for both equilibria the workers�reaction to o¤shoring in

terms of skills acquisition (a lower q) is not enough to compensate for the initial welfare

loss. In turn, the next exercise aims at showing how total welfare can be improved by

helping workers through the skill acquisition process. This can be achieved, for example,

by increasing the opportunity cost of staying low-skill through grants or speci�c on-the-
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job training. For this purpose we rewrite the skill acquisition cost function, equation

(39), as

cost(x) = � (1� x)a � �:

Parameter �; when positive, can be interpreted as the size of the grant or speci�c

training program. Assuming that schooling institutions and �rms can provide for this

in a �xed quantity to all workers, then such mechanism could foster an increase in the

fraction of workers ready to become high-skill owing to a prospective increase in the

wage gap. In our example � is set to 50% of the average cost of acquiring skills under

the corresponding o¤shoring shock.15

Panel #2 (panel #4) of Table 1 shows the results for the CSM (EPS) equilibrium

with a given � (see last column in Table 1). When comparing this to our previous results

in panel #1 (panel #3), we observe that, for both types of equilibria, changing the

cost of staying low-skill through � causes higher unemployment for low-skill workers�

whereas the one for high-skill workers remains the same (or slightly decreases). Lower

costs of skill upgrading lead to a higher share of high-skill workers (a lower q) while

making the economy redirect its resources towards this sector. This, eventually, results

in higher wages and a higher welfare level for high-skill workers and, consequently, a

higher total welfare. Such a mechanism would also bolster the EPS equilibrium� notice

that, unlike in panel #1, the CSM fails to exist for big productivity gaps (panel #2).16

Appendix 2 shows how the model behaves for several other functional forms of the

skill acquisition cost. For example, in the case of a linear cost function the cost of

skill acquisition is rather high while welfare is low, but the adjustment to o¤shoring

is very �exible and, as q decreases, the economy performs e¢ ciently with many highly

productive workers. Higher non-linearity of the cost, instead, makes the adjustment to

o¤shoring more rigid, but the skill procurement is cheap and results in better welfare

outcomes.

4.3 O¤shoring, skill distribution, and growth

In the following exercise we turn our attention to the e¤ect of growth on the endogenous

skill decision within the context of o¤shoring. The natural implication of growth is

that a higher fraction of workers will decide to become high-skill through education

or training programs as wages will eventually rise� notice that this would make for

15The size of � chosen modi�es the initial opportunity cost of staying low-skill. When we set it to
50% of the previous average cost, we have that � = 0:0197 for the o¤shoring shock with yL = 0:99 in
the CSM equilibrium, and � = 0:0515 for the o¤shoring shock with yL = 0:88 in the EPS equilibrium.
See Table 1 for other possible values.
16Di¤erent policies can in�uence the kind of equilibrium we may expect (see the discussion in

Okazawa, 2013).
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an increasing opportunity cost of remaining low-skill.17 This is consistent with the

evidence pointing in the direction of o¤shoring-displaced workers being more prone to

using training programs that lead to a faster reemployment pace (see Hummels et al.,

2013).

Growth can set in motion a whole chain of events within a country. One unam-

biguous change of a growing economy is higher real wages for all, notwithstanding the

increasing wage gap. Figure 4 shows the e¤ects of o¤shoring and growth put together

for both equilibria, CSM and EPS. The vertical axis indicates the productivity gap (e.g.

o¤shoring) while the horizontal ones show the share of low-skill workers, q (left-hand

�gure) and welfare, 
 (right-hand �gure). Allowing for growth then, or what is the

same, increasing the productivity level of both types of workers (see parameters on leg-

ends), leads to two things: �rst, a shift to the left of all the functions on the left-hand

�gure, and second, a shift to the right on the right-hand �gure.

Figure 4: E¤ect of growth and o¤shoring on the skill distribution and welfare

Skill distribution Welfare

Note: Relationship between the productivity gap and the wage gap for di¤erent skill combinations (q) and di¤erent welfare

levels, under the two equilibria, CSM and EPS.

Hence, for a given productivity gap, higher growth (0, 1, 2 and 3%, as displayed on

the graphs) leads to lower q (or a higher share of high skill-workers) and considerably

higher welfare levels 
. Notice that increasing the productivity gap (o¤shoring), that is,

moving along the functions in both �gures, causes an important increase in the fraction

of high-skill workers (which experiments a jump at the point of the switch between the

two equilibria) and at the same time a substantial reduction of welfare, as indicated

by the slopes of these functions. We can see, however, that the welfare loss due to

17Interestingly, Blinder (2006) points out that education may not be the answer to o¤shoring as the
critical divide in terms of what is o¤shorable and not does not go well with the traditional distinction
between high and low-skill jobs.
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o¤shoring may be compensated by the increase in productivity that comes with the

switch from CSM to EPS, where the welfare loss due to o¤shoring is not as important

as in the CSM equilibrium.18

4.4 O¤shoring, welfare, and labor �exibility

Welfare and inequality concerns over the o¤shoring phenomenon are not new to the lit-

erature, although the relation to labor markets and their resilience is less evident.19 We

turn now to a policy experiment that, in our view, could potentially restore the econ-

omy to pre-o¤shoring welfare levels. As we have shown in another place (Agnese and

Hromcová, 2016), increased labor market �exibility can signi�cantly help in achieving

this result (see also Jung and Mercenier, 2014).

In the next few lines we will focus our attention on the EPS equilibrium as we expect,

in general, a stronger pull in this direction.20 Let us consider a sizable productivity gap

as to produce the desired EPS equilibrium, as shown in the �rst row of Table 2. As

seen in the second row, allowing for a wider productivity gap (�rst column) leads to

lower welfare levels (last column). However, bringing the economy�s welfare back to

original levels, as shown in the row labeled as c
# , calls for a small reduction of 6.6% in

the vacancy costs (c). Notice that this will not only restore welfare (
) and output (Y ),

but it will also increase low and high-skill wages (wL and wH), at least when compared

with the o¤shoring row.

Table 2: O¤shoring, welfare, and labor �exibility, EPS equilibrium

EPS eq. yL c q � u uL uH wL wH Y 


Baseline 0.940 0.30 0.49 0.43 0.139 0.157 0.122 0.554 0.797 0.93 11.18

O¤shoring 0.880 0.30 0.42 0.37 0.142 0.182 0.113 0.490 0.803 0.92 10.74

Flexibility increased after o¤shoring

c
# 0.880 0.28 0.42 0.37 0.135 0.172 0.108 0.515 0.825 0.93 11.18

c10%# 0.880 0.27 0.42 0.37 0.131 0.167 0.105 0.525 0.836 0.93 11.40

c20%# 0.880 0.24 0.42 0.37 0.120 0.152 0.097 0.556 0.869 0.94 12.09

Notes: O¤shoring is a decrease in yL and �exibility stands for a reduction of the vacancy costs c.

Notice however that if we were to allow for a more drastic drop in the vacancy

expenditures, as shown in rows c10%# and c20%# , the e¤ects on welfare and on the low-skill

18This can be seen on the right-hand side of Figure 4 by comparing the same welfare level over
di¤erent productivity gaps (moving vertically upwards for a given welfare level).
19See, among others, Ebenstein et al. (2014), Görg and Görlich (2015), Hummels et al. (2013), and

the earlier contributions by Feenstra and Hanson (1996, 1997, and 1999).
20The EPS can be seen as a more e¢ cient equilibrium where resources (e.g. labor) are used more

according to their intrinsic characteristics (e.g. skills). Besides, the CSM equilibrium does not exist
when the productivity gap is made su¢ ciently large.
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wage and unemployment �gures will be more pronounced. For instance, with a drop

in c of the order of 10% (c10%# ) after o¤shoring has taken its toll on the economy, total

welfare would still be higher than in the baseline situation. Beyond that, with a 20%

drop in c low-skill unemployment and wages �gures would still be better than originally.

Finally, a drop in the productivity of low-skill workers implies that the vacancy

cost becomes relatively more expensive for low-technology �rms. In numbers we have

that, prior to o¤shoring, vacancy costs were 32% of low-skill productivity, and when

yL = 0:88 the vacancy costs (still at c = 0:3 in the second row) are 34% of low-skill

productivity. By making c0

y0L

�
c0

Y 0

�
closer to the original c

yL

�
c
Y

�
, the labor market is

made more �exible� e.g. opening a vacancy is cheaper and the labor market can better

serve the economy.

5 Final remarks

We have used a matching model to carry out a quantitative analysis of the e¤ects of low-

skill o¤shoring on labor market outcomes while allowing for an endogenous adjustment

of skills. We have shown that o¤shoring has, in general, negative e¤ects on the welfare

of workers, especially low-skill ones, and that their endogenous adjustment by way of

higher education cannot completely o¤set the welfare loss.

In the light of these results we suggest increased labor market �exibility as a way to

mitigate the adverse e¤ects of o¤shoring. In particular, by slightly reducing �ring and

hiring costs� what we referred to as vacancy costs in the text, or c� it is possible to re-

store welfare to its pre-o¤shoring level. If costs are slashed even more, then the positive

e¤ects could be remarkable. Notice that these results are consistent with our previous

research where the welfare-improving mechanism unleashed by increased �exibility has

been proven to be very e¤ective in a similar context (see Agnese and Hromcová, 2016).

Also, higher levels of economic growth along with higher wages will eventually help

workers make the educational adjustment. For that reason it is paramount that coun-

tries, especially in the times we are in, will not depart from the traditional growth

policies with a focus on work, productivity, and savings.
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Appendix
Appendix 1. Solving for Equilibrium
Free entry conditions (40) and (41), and (42) and (43) can be rewritten using(18)-(20)

and (13)-(15) as

when VL = 0; c = z(�)

�


(1� �) (yL � c� rUL)

r + �
+ (44)

(1� 
)(1� �) fyL � c� [cost(x) + rUH(x)]g
r + �

�
;

when VH = 0; c = z(�)(1� 
)(1� �) fyH � c� [cost(x) + rUH(x)]g
r + �

(45)

for CSM equilibrium, and as

when VL = 0; c = z(�)

(1� �) (yL � c� rUL)

r + �
; (46)

when VH = 0; c = z(�)(1� 
)(1� �) fyH � c� [cost(x)� rUH(x)]g
r + �

(47)

for EPS equilibrium, where

rUL =
b (r + �) + ��m(�) (yL � c)

r + � + ��m(�)
(48)

for both equilibria,

cost(x) + rUH(x) =
b (r + �) + �m(�) [� (yL � c) + (1� �) (yH � c)]

r + � + �m(�)
(49)

in CSM equilibrium and

cost(x) + rUH(x) =
b (r + �) + � (1� �)m(�) (yH � c)

r + � + (1� �) �m(�) (50)

in EPS equilibrium. These last expressions can be obtained by rewriting (16), (17)

and (34) using (18)-(20), (13)-(15) and (24)-(26). The expression for � is given by (12)

and (33) for CSM and EPS, respectively. We can see that we have the system of two

equations, (44) and (45) for CSM, and (46) and (47) for EPS, with two unknowns, which

is nonlinear, and can deliver multiple solutions for general parameter values. However,

given that parameters as 
 and � are restricted, 0 < 
 < 1; 0 < � < 1; multiple

solutions are not found in our exercise.
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Appendix 2. Alternative cost functions
To study the e¤ect of the shape of the skill acquisition cost we check the results

under alternative speci�cations in Table A. The shapes of the cost functions under

consideration are highlighted in Figure A. By increasing the grade of the polynomial in

(39), that is, a higher parameter a; we get a highly polarized population: those workers

who have a very high opportunity cost of remaining low-skill on the one hand and those

who have not on the other. For instance, the linear cost function makes the economy

highly reactive to o¤shoring, as workers are more �exible and ready to acquire new

skills. Notice that for this exercise we only focus on the EPS equilibrium because it

is the most likely scenario. Indeed, if individuals are made to pay a cost to become

high-skill they will be less likely to accept low-skill jobs.

Notice that workers will make the decision to pursue higher levels of education based

on the high-low-skill wage gap. It seems that, with the exception of the linear cost

speci�cation, and to some extent the quadratic one in our main exercise, those who are

low-skill will not be easily attracted to schooling and, eventually, higher productivity

and wage levels. Our view is that either the market or the current legislation are

not making it possible for workers to e¤ectively get the desired job, or else that formal

education is not adequately training students for the needs of their potential employers.

Figure A: Alternative skill acquisition cost functions

Note: Skill acquisition cost function, di¤erent speci�cations: linear, �(1� x) to 10th degree polynomial, �(1� x)10.

25



T
ab
le
A
:
E
¤
ec
ts
of
o¤
sh
or
in
g:
d
i¤
er
en
t
co
st
s,
E
P
S
eq
u
il
ib
ri
u
m

lin
ea
r
co
st

y L
q

�
u

u
L

u
H

w
L

w
H

Y





L



H



H
(1
)

O
¤
sh
or
in
g

0.
94
0

0.
49

0.
43

0.
13
9

0.
15
7

0.
12
2

0.
55
4

0.
79
7

0.
93

10
.7
7

09
.6
6

11
.8
2

14
.2
5

0.
90
0

0.
37

0.
33

0.
13
7

0.
19
2

0.
10
6

0.
50
7

0.
80
8

0.
95

10
.5
3

08
.5
8

11
.6
5

14
.6
6

0.
88
0

0.
30

0.
28

0.
13
5

0.
21
6

0.
09
9

0.
48
2

0.
81
4

0.
96

10
.4
6

07
.9
9

11
.5
4

14
.8
5

cu
bi
c
co
st

y L
q

�
u

u
L

u
H

w
L

w
H

Y





L



H



H
(1
)

O
¤
sh
or
in
g

0.
94
0

0.
49

0.
43

0.
13
9

0.
15
7

0.
12
2

0.
55
4

0.
79
7

0.
93

11
.3
9

09
.6
6

13
.0
3

14
.2
5

0.
90
0

0.
46

0.
40

0.
14
1

0.
16
9

0.
11
8

0.
51
6

0.
80
0

0.
92

11
.0
7

08
.9
1

12
.9
3

14
.3
5

0.
88
0

0.
45

0.
38

0.
14
2

0.
17
6

0.
11
6

0.
49
7

0.
80
1

0.
91

10
.9
2

08
.5
4

12
.8
7

14
.3
9

qu
ar
ti
c
co
st

y L
q

�
u

u
L

u
H

w
L

w
H

Y





L



H



H
(1
)

O
¤
sh
or
in
g

0.
94
0

0.
49

0.
43

0.
13
9

0.
15
7

0.
12
2

0.
55
4

0.
79
7

0.
93

11
.5
1

09
.6
6

13
.2
8

14
.2
5

0.
90
0

0.
47

0.
40

0.
14
2

0.
16
8

0.
11
9

0.
51
6

0.
79
9

0.
91

11
.1
9

08
.9
3

13
.1
9

14
.3
2

0.
88
0

0.
46

0.
39

0.
14
3

0.
17
4

0.
11
8

0.
49
7

0.
80
0

0.
91

11
.0
4

08
.5
7

13
.1
5

14
.3
6

de
ci
c
co
st

y L
q

�
u

u
L

u
H

w
L

w
H

Y





L



H



H
(1
)

O
¤
sh
or
in
g

0.
94
0

0.
49

0.
43

0.
13
9

0.
15
7

0.
12
2

0.
55
4

0.
79
7

0.
93

11
.7
8

09
.6
6

13
.8
1

14
.2
5

0.
90
0

0.
48

0.
41

0.
14
2

0.
16
5

0.
12
1

0.
51
7

0.
79
8

0.
91

11
.4
6

08
.9
7

13
.7
7

14
.2
8

0.
88
0

0.
48

0.
40

0.
14
4

0.
17
0

0.
12
0

0.
49
9

0.
79
8

0.
90

11
.3
0

08
.6
2

13
.7
5

14
.2
9

N
ot
es
:
L
in
ea
r
co
st
,
a=
1,
cu
b
ic
co
st
,
a=
3,
qu
ar
ti
c
co
st
,
a=
4,
d
ec
ic
co
st
,
a=
10
;
�
is
se
t
to
ge
t
q
=
0:
48
9
in
al
l
ca
se
s
w
it
h
y L
=
0:
94
.

26


