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Abstract

We develop a two-country labor search model in which a multinational firm engages in
production sharing by hiring both domestic and foreign labor in order to produce. The key
innovation is the sequential nature of wage bargaining which allows the multinational to use
the possibility of shifting production overseas as part of its outside option in wage negotiations.
Within this environment, we derive a model-based estimate of the aggregate effect of the threat
of offshoring on global wages and labor market allocations. We find that while the threat of
offshoring lowers wages by as much as 6.5 percent in the source country, this lower wage reduces
the unemployment rate by 4.5 percentage points. In constrast, the threat of offshoring raises
wages in the recipient country by 7.5 percent leading to an increase in the unemployment rate
of 2.75 percentage points. Consumption is higher in both countries. All told, households in the
source country experience welfare gain of 1.6 percent of steady state consumption as a result
of the threat of offshoring, while households in the recipient county experience a welfare loss of
0.15 percent.
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1 Introduction

Does the threat of offshoring have an important effect on wages and employment? Judging by the
amount of media attention devoted to the impact of offshoring on the US labor market, the popular

¢

perception suggests the answer is “yes". ' Moreover, anecdotal evidence supports this perception.
In September 2010, Sergio Marchionne, the CEO of the Italian automaker Fiat explicitly threatened
to pull all production out of Italy and offshore it to lower cost plants located in Serbia and Poland
if unions did not accept major concessions in labor negotiations. 2 The threat was apparently
credible as unions eventually gave in to many of the concessions. In some sense this outsome is not
surprising. Intuitively, in an environment of increased globalization the increased ease with which
multinational firms can move production plants offshore should strengthen the outside options of
these firms in wage negotiations.

As appealing as this argument may seem, standard models of international macroeconomics
are ill-suited to provide a rigorous answer regarding the importance of offshoring for labor market
outcomes. In standard models labor markets are assumed to be perfectly competitive and wages
are determined in spot markets. Fear that a firm may relocate a job abroad simply doesn’t enter
into the wage determination process in those models. Yet, as the Fiat gamble clearly demonstrates,
one channel through which offshoring may have an important impact on wages, stressed in Rodrik
(1997), for example, is via the associated loss in workers’ bargaining power and the decline in
economic rent that accrues to them. In a recent attempt to quantify this channel, Blinder (2009)
estimates that offshorability in the services sector, that is, the characteristics of a job that makes
it more likely to be offshored, may lower wages by up to 14 percent for the service jobs most at
risk of being moved abroad, a sizeable number. However, this estimate is not derived from a fully
articulated general equilibrium modeling framework.

This is precisely the purpose of this paper. In order to analyze the effect of the threat of
offshoring on wages and labor market allocations, we develop a relatively standard open economy
model in which the labor market is subject to search frictions a la Mortensen/Pissarides in which
firms and workers bargaining over wages. Wage bargaining is essential to modeling the threat of
offshoring. In our framework, firms need to post vacancies to fill job openings, but can do so either
in the domestic or foreign markets. Since firms operate both domestic and foreign plants, offshoring

in our model captures an intra-firm production-sharing activity whereby the parent company is able

YA recent AP poll shows that nearly 70 percent of Americans think offshoring hurts the US economy. Not
surprisingly, this sentiment has worked its way into the political arena. Mankiw and Swagel (2005) called offshoring
the single most important, and least understood, economic issue for the 2004 US presidential campaign. Most recently,
in late 2010, the Obama administration proposed legislation, the Creating American Jobs and End Offshoring Act,

that would impose a direct tax on firms that are engaged in offshoring domestic jobs.
2 “Fiat: Marchionne’s gamble”, Financial Times, Sept. 29, 2010.



to shift production from the domestic country to its foreign affiliates.

Within this environment, we model the threat of offshoring by introducing a sequential matching
problem where firms first post vacancies in the domestic market (the day market), but have the
outside option of waiting to subsequently fill the vacancies with foreign workers (the night market).
We show that as a result of these sequential labor markets, the ability of the firm to exercise the
outside option of offshoring production is taken into account in the wage bargaining process and,
ceteris paribus, lowers negotiated domestic wages. In contrast, the downward effect of offshoring on
wages disappears if we assume that the domestic and foreign labor markets clear simultaneously.
To isolate the effect of the threat of offshoring on labor market conditions, we can therefore look at
the difference in equilibrium prices and allocations between the sequential and simultaneous labor
market structures.

Our main result is that the threat of offshoring production can put significant downward pressure
on wages in the source country. In out benchmark calibration, the possibility that jobs may be
offshored lowers domestic wages by roughly 5 percent compared to a world in which firms and
workers do not internalize this outside option in the bargaining process. But, as a result of the
fall in wages, employement also rises substantially, increasing 3.5 percent. For the foreign country,
the recipient of offshored jobs, we find a quantitatively larger effect on wages, with the threat of
offshoring raising wages nearly 8 percent. All told, the welfare costs of the threat of offshoring for
in both the source and recipient countries is estimated to be about 1-1/2 percent of steady state
consumption. This estimate is an order of magnatude larger than typical estimates of the welfare
costs of business cycle fluctuations.

Our paper adds to a young literature that builds on Davidson, Martin, and Matusz (1988) by
embedding labor market search frictions into open economy models (see, e.g., Helpman and Itskhoki
(forthcoming), Helpman, Itskhoki, and Redding (forthcoming), Boz, Durdu, and Li (2009), Dutt,
Mitra, and Ranjan (2009), and Mitra and Ranjan (2010)). Much of this work has concentrated on
the impact of labor market frictions on trade flows, although Mitra and Ranjan (2010) explicitly
considers offshoring. Our work, like Felbermayr, Prat, and Schmerer (2010), differs in that it focuses
instead on wage formation. In particular, what is unique about our work is that by concentrating
specifically on the impact of the threat of offshoring on wage negotiation outcomes we are able
to provide a model-based answer to a policy-relevant question that has thus far proved largely
elusive. To this end, our model is also related to the earlier work of Borjas and Ramey (1995) who
studied the impact of trade on firms’ rent, wages, and employment in a model in which firms and
unions bargain over pay and the number of workers employed. Finally, our results complement the
perviously mentioned empirical findings of Blinder (2009) who classifies the offshorability of jobs

and its impact on wages and employment.



The idea that the value of outside options is important in wage negotiations has recently been
challenged by Hall and Milgrom (2008). They argue that threatening to walk away from the
negotiating table once a match has been formed is not credible. Instead, the more credible threat
is to extend bargaining: job-seekers’ best option is to try to hold on for a better deal, while firms
should delay negotiations as long as possible. This approach to wage bargaining lowers the influence
of outside options on negotiated outcomes and is useful for solving the well known Shimer (2006)
puzzle in dynamic labor search models. However, in the case of the firms’ ability to move production
offshore, the value of offshoring may be so high that the threat of terminating employment becomes
credible as demonstrated by Fiat’s threat to Italian workers. Moreover, Lachowska (2010) presents
empirical evidence using Swedish data that, in fact, outside options are important in the wage
formation process.

The remainder of this paper is organized as follows. The next section presents some facts
about the global activities of U.S. multinational firms. We then present the model. Section 4
describes the baseline calibration and presents the main results. In Section 5 we examine how the
threat of offshoring influences the response of global wages and labor market allocations to a trade

liberalization. Finally, Section 6 concludes.

2 U.S. Multinationals’ Operations

We start our analysis by reviewing the extent of U.S. multinational firms’ global activities using
the Bureau of Economic Analysis’ annual survey of U.S. multinational companies and their foreign
affiliates. The BEA’s statistics are derived from the universe of U.S. parents companies and their
foreign affiliates operating in all industries and provide a very comprehensive look at the operations
of multinational companies around the world. In this section, we will concentrate on the operations
of non-bank multinational companies and their majority-owned foreign affiliates.

Figure 1 shows the evolution of U.S. multinationals’ foreign employees as a share of their em-
ployment in the United States over the past two decades. Since 1990, that share rose roughly 60
percent, with the increase in U.S. multinationals’ employment in developing Asia and Latin Amer-
ica accounting for about half the increase in total foreign employment. Clearly, U.S. multinational
firms have shifted a sizeable part of their operations abroad.

Many reasons certainly underlie this trend, from a drop in trade and communications costs to
difference in taxation and regulation across countries. But, as shown in Figure 2, the differential in
real labor compensation between U.S. parent companies and their foreign affiliates may have also
provided a strong incentive for multinational to increase their foreign employment. For instance,
in 2007, the average compensation of employees at foreign affiliates was about 33 percent less than

employees at parent companies in the United States, with the differential being even larger for



managers and professionals. Employees at foreign affiliates located in developing Asia or Latin
America were paid sharply less, earning about only one third of U.S. employees’ compensation.

Differences in productivity could account for the differential in real labor compensation across
location of activities. Moreover, the tasks performed by U.S. and foreign employees may be sub-
stantially different and warrant different levels of pay, even within similar categories of employees
(e.g., managers and professionals). However, abstracting from those differences, disparity in labor
market institutions across countries could account for the gap in labor compensation. For instance,
the OECD index of employment protection places the United States as the most flexible labor
market and Brazil, India, or Mexico as one of those most protected. Our model will emphasize this
aspect of the data as a source of offshoring.

Finally, operations of foreign affiliates have also risen in importance as a source of income for
U.S. multinationals. Figure 4 shows that while net income from foreign affiliates accounted for less
than 35 percent of U.S. parent companies’ net income in 1985, it rose briskly in importance and,

by 2007, even surpassed the income derived from activities in the U.S market.

3 The Model

We extend the textbook Pissarides (2000) labor search model to a two country setting. The key
innovation is to introduce international production sharing into the model in such a way that it
allows the opportunity to move production internationally to act as an outside option in wage
negotiations. It is through this outside option that we introduce the threat effect of offshoring on

global wages and labor market allocations.

3.1 Households

There is a continuum of identical households in both the Home and Foreign economy. The rep-
resentative household in each country consists of a continuum of measure one of family members.
During a given time period, each member of the household either works, is actively searching for
a job, or is out of the labor force enjoying leisure. Individuals in the Home country search for
jobs with domestic firms while individuals in the Foreign country optimally allocate search activ-
ity across two separate labor markets: one for domestic and one for offshored jobs, respectively.
We rule out on-the-job search and assume that total household income in each country is divided
evenly amongst all individuals, so each individual within a country has the same consumption. This
later assumption follows Andolfatto (1996) and Merz (1995) and is common in general equilibrium
search-theoretic models of labor markets.

Aggregate consumption in the Home country is measured by a composite consumption index



that is a CES aggregate of both a domestic and foreign final good
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where the parameter A € (0,1) governs the share of the Home final good in the composite con-
sumption index and ¢ > 0 is the constant elasticity of substitution between the Home and Foreign
final good, cp ¢ and cpy, respectively. There exists an identical consumption index denoting For-
eign aggregate consumption, c;, which aggregates Foreign consumption of the Home and Foreign
produced final goods, ¢}y, and ¢, respectively.

We normalize py; = 1, so that all goods are valued in terms of the Home produced final good.
With this normalization, the aggregate consumption-based price index in the Home country is given
by

pr = ()\ +(1- A)p;{;O) o (2)

where pg; is the price of imports from the Foreign country relative to the price of domestically
produced goods. Equivalently, pr; is the terms of trade for the Home country.

Demand functions for the Home and Foreign final consumption goods are given by

1\ ¢ ~
CHt = A <) cterp = (1= A) <th) Ct, (3)
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An atomistic individual in the representative household is engaged in one of three activities:
work, actively searching for employment, or enjoying leisure. In terms of notation, let s; denote the
time spent searching by agents in the Home country to achieve the desired level of employment with
the domestic firm, n;. An individual searching in the market for domestic jobs successfully finds
employment with a domestic firm with probability kp(6;), where ; is a measure of labor market
tightness for the Home labor market defined below.

The utility of the representative household is given by

Ey Z B [ulce) — h (1 — kn(0e)) st + ny)] (4)
=0

We assume that households can purchase state-contingent bonds ;11 that are traded interna-
tionally, so that asset markets are complete. The household chooses sequences of consumption, real
bond holdings, and search activity to maximize lifetime utility subject to an infinite sequence of

flow budget constraints

pect + /Pbt,t+1bt+1 = wing + (1 — kp(0r))sex + by + di (5)

where: p; is the aggregate price index in the Home country; w; is the real wage paid to a worker in

the Home country; yis the unemployment benefit that accures to individuals actively searching for



employment; py ¢+1 is the price of an asset that pays one unit of the domestic consumption good
in a particular state of nature at time ¢ + 1; finally, d; denotes the dividend paid to households by
intermediate goods producing firms.

The household also faces perceived laws of motion for the number of jobs at domestic firms.

ne = (1 — pp)ng—1 + sekn(04) (6)

The probability that a searching individual will be matched in a job operated by the domestic
intermediate goods producing firm is kp(6;), which in turn depends on labor market tightness.
Labor market tightness is defined as 6; = vy, 4/s:, where vp,; is the number of vacancies posted
by domestic intermediate goods producing firm in the Home labor market. Finally, with fixed
probability p, = pf +(1—p?)p}, which is known to both households and firms, an existing domestic
job in the Home country is terminated at the beginning of period ¢. Termination may occur as a
result of an existing job becoming obsolete, which occurs with probability p?. Alternatively, even
if a job remains operable separation may occur with probability pj.

As shown in Appendix 7, the first order conditions on ¢; and b;41 can be manipulated into a

standard consumption Euler equation

u'(ct) = By (cr41) (7)

Dot t+1

which defines the one period ahead stochastic discount factor, Z;, 1, = Bu/(ciy1) /v (¢r), with which
firms, in equilibrium, discount flow profits.
Combining the first order conditions on s; and n; yields an optimal search condition in the labor

market for domestic intermediate goods production

millfpe) w - L _
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In equation 8 the variable ;11 denotes the shadow value on the household’s beginning-of-period
t+ 1 employment stock in domestic, n;. Additionally, out of convenience we have used the notation
Lfpe = (1 — kp(6:))s¢ + ny to denote labor force participation.

The Foreign household problem is similar but involves allocating search activity across two
distinct labor markets: the one for domestic jobs and the one for offshored jobs. In terms of
notation, let s?t denote search activity in the market for domestic jobs in the Foreign country,
n}vt, and let slt denote search activity in the market for offshored jobs, ”Z,t' Optimization on the
part of the Foreign household will yields an analogue to equation 7 as well as two optimal search
conditions—one for each labor market—analogous to equation ?7?7. Details for the solution of the

Foreign household’s optimization problem are given in Appendix 7.



3.2 Production

Firms in the Home country are multinationals in the sense that they engage in international pro-
duction sharing. In contrast, firms in the Foreign country only produce domestically. Regardless
of where physical production takes place, firms in either country must pay a sunk cost to create
a job opening.? Once an opening is created, it must then be filled with a worker, which requires
posting a vacancy in a frictional labor market. Firms in the Foreign country only post vacancies
domestically, while the Home multinational posts vacancies both at Home as well as abroad. We
assume that the multinational in the Home country respects local labor market institutions and

pay workers a domestic currency wage when engaging in offshore production activity.

3.2.1 The Home Multinational Firm

The multinational firm in the Home country produces output, denoted y;, using both domestic
and foreign labor and sells that output in perfectly competitive goods markets both at home and
abroad. The multinational chooses sequences of vacancy postings in each of the two distinctive
labor markets to hit a target level of employment both domestically and abroad. The goal is to
maximize discounted lifetime profits subject to the production technology and the respective laws

of motion for employment.
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Where the probability that a job posting will be matched with a Home worker in the domestic
labor market and a Foreign worker employed in a job offshored from the Home country is given by
ky(Ont) and ky(0} ), respectively. The parameters v, and v} denote the vacancy posting cost in
the Home and Foreign market, respectively. As mentioned above, the wage paid to Foreign workers
is paid in units of the foreign currency, so the intermediate goods producing firm must internalize
movements in the real exchange rate in making its optimal offshoring decision. The multinational
must pay an iceburg cost, 7, in order to produce abroad. Finally, note that vacancy postings in the
Foreign labor market, U;;,,t’ are a drain on real resources in the Home country. In other words, the
real exchange rate is assumed to not factor into the cost of posting vacancies, although conceivably

it could.

$This aspect of the model builds on Fujita and Ramey (2006).



As shown in Appendix 8, the first order conditions on vy ; and nj+ can be manipulated into a
vacancy posting condition necessary to fill an operable, vacant domestic job. The vacancy posting

condition is given by

Th Th }
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Similarly, the vacancy posting condition for filling vacant, operable offshored jobs can be ob-

= ztf14 — wpt + (1 — p) B [Et—Ht (12)

tained by manipulating the first order conditions on v; , and nZJ; can be manipulated into
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The vacancy posting conditions simply say that, at the optimal choice, once a position is created
the cost incurred by the firm to post vacancies in order to fill the vacant position is equated to the
discounted expected value of profits from the match. This condition is a free-entry condition in the

posting of vacancies.

3.2.2 The Foreign Firm

The firm in the Foreign country produces output, denoted y;, using only domestic labor. In order
to do so it chooses sequences of vacancy postings to hit a target level of domestic employment. The
goal is to maximize discounted lifetime profits subject to the production technology and the law of

motion for domestic employment.
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where the probability that a job posting will be matched with a Foreign worker in the domestic
labor market is given by kf(927t) and 'y;‘c denotes the vacancy posting cost in the Foreign labor
market.

The vacancy posting condition for the Foreign firm is given by

*
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3.3 Wage Determination

The wage paid in any given job is determined in via Nash bargain between a matched worker and

firm pair. The equilibrium of the economy has a total of three wages: two paid by the multinational



paid to domestic and offshore workers, respectively, and one paid by the Foreign firm to domestic
workers.

In terms of notation, for the Home household let W; denote the value of a domestic job and
let U; denote the value of the outside option, unemployment. For the Home multinational, let Jj, ;
denote the value of a domestic operable job and let V}; denote the value of the outside option,
unemployment. Hence, the value of a domestic job to the Home household is given by SH = W, —U;
and the value to the Home multinational is given by SE,t = Jut — Vit The analogous variables in
for the Foreign domestic labor market are given by W}“’t, U }"t, J}k,w VJZ'j ;» defining the surpluses SF’IE,
and S’f‘]’; for the Foreign household and the firm, respectively. Finally, the value of an offshored job
to the Foreign household is given by W,f,t while the outside option is denoted U;:,t, giving rise to
the value of an offshored job S;‘E For the Home multinational, the value of an offshored job is
denoted Jy; while the outside option is given by V;;, defining the surplus SEt. A key thing to note
is that the outside option of walking away from a domestic labor market match potentially differs
from the outside option of walking away from an international labor market match.

Two alternative economies are considered. In both firms engage in offshoring activity; instead,
what differentiates the two economies is whether or not the possibility of engaging in an international
employment relationship can be used as an outside option (threat) in domestic wage negotiations
(or vice versa). We discuss this more in the following two subsections describing the economy with

sequential versus simultaneous wage bargaining, respectively.

3.3.1 Simultaneous Wage Bargaining (No Threat of Offshoring)

We begin with an economy in which bargaining in the market for domestic jobs occurs simultane-
ously with bargaining in the market for offshored jobs. In this setup, the simultaneous nature of
wage negotiations implies that the participation in the market for offshored (domestic) jobs does
not factor into the outside option of firms and workers engaged in domestic (international) wage
negotiations.

Under simulataneous bargaining, the wage for domestic workers employed by the multinational

in the Home country is given by

why = (I—=n)x +n(zefre+7) (17)
+(1 = p)Ey [Etﬂ\t (77(1 - k;];t)sg,tﬂ —(I=n)(1- kf)sflﬂ)}

The wage for domestic workers employed by the Foreign firm is given by

wiy = (=0 )" +0 (=l +77) (18)
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Finally, the wage for Foreign workers employed in an offshored job by the Home multinational

is given by
why = (L =A)x"+ Ae(zefor +77) (19)
+(1—p")Ey [Et+1|t (At( kht)sf t+1> — (1 = Ay (( — ki)Sy t+1>}
where A = T=n(i= (17/7(1_7)%)) is a bargaining weight that is a function of the real exchange rate.

The general structure of all the Nash wage solutions under simultaneous bargaining is that the
wage is a weighted average of the marginal productivity of an additional worker and the outside
option of the worker. With regard to outside options under simultaneous bargaining, if the worker
walks away from a match he/she receives the unemployment benefit, whereas if the firm walks away
from a match it receives the value of an unfilled vacancy, which as shown in section 3.4 is driven

to the sunk cost of creating the position in the first place through free entry.

3.3.2 Sequential Wage Bargaining (Threat of Offshoring)

The threat of offshoring is modeled through the introduction of a sequential bargaining problem
whereby, in any given period, bargaining in purely domestic employment relationships (ie, domestic
workers matched with domestic firms) occurs prior to bargaining in international employment
relationships (ie, domestic firms matched with foreign workers). Thus, if a searching firm (worker)
fails to match in the market for domestic employment there is always the possibility of subsequently
making a match in the market for offshored jobs within the same period. In this setup, both sides
of the search market take into account the possibility of entering into an employment relationship
with a foreign worker (firm) in the respective outside option that enters into wage negotiations.
Under sequential bargaining, the wage for domestic employment relationships in the Home

country is given by

whe = (L—n)x+n(mrezfie+v+ (1-kj)ve) (20)
+(1 = p)Ex [Et+1|t (77(1 - kﬁt)sgt—‘rl —(L=n)(1 -k t)St+1)]

—nB(1 - p*)Ei [Et+1|t( kh t)k'h St t+1]

The wage for domestic workers employed by the Foreign firm is given by

wiy = (L= )X+ + ) (21)
HO= B [Z (170 = KD — (=) (1= KEDSEL)
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Finally, the wage for Foreign workers employed in an offshored job by the Home multinational

is given by
wpy = (1= A)X" + Au(2efor +77) (22)
(1= p") B [Bpue (Bl = K5)SEeir) = S0 (0= 80 (1 - BSIELL )|
3.4 Free Entry Conditions

The number of job openings created in both the Home and Foreign labor markets is pinned down
by a free entry condition which drives the value of an unfilled vacancy to the creation cost. The

free entry condition in the Home domestic labor market is given by
Vit =I'ne; (23)

where: V},; is the value of an unfilled domestic vacancy to the Home multinational; I' is the fixed
cost of creating a domestic job opening; and ne; is the number of doemstic openings.

Similarly, the free entry condition into the Foreign labor market for offshored jobs is given by
Ve =Tnej (24)
Finally, the free entry condition into the Foreign labor market for domestic jobs is given by

Vi, =T"ne}, (25)

3.5 Matching Technology

Matches between unemployed individuals searching for jobs and firms searching to fill vacancies are
formed according to a matching technology. There are three distinct labor markets in this model
and each one requires its own matching function. All take a similar form.

Letting m(s¢, vp¢) denote matches between the Home intermediate goods producing firm and

Home workers, the evolution of total domestic employment in the Home country is given by
ne = (1= pp)ne—1 + m(se, vnz) (26)

Using similar notation, the evolution of matches between Foreign workers employed by Foreign
firms is given by

Wpe = (L= pp)ng, 1 +m(sys, viy) (27)

Finally, the evolution of offshored jobs from the Home country is given by

n;kz,t =(1- P?)n7b7t—1 + m(SZ,t, Uﬁt) (28)
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3.6 Equilibrium

Taking as given the trade costs, 7, a private sector equilibrium is made up of the endogenous

)
x+ 1 Prt * * * * * * * * * *
PTOCesses Cy, Cfy 3oy —pits Wiy Wi s Wiy Sty 8] s Sy Ous 03,45 0F 45 Mt Mg Whpr ML M€ 4, NEF 4 2,

zy, q¢ that satisfy: the risk sharing arrangement

u'(ct)
u*(cy)

qr = (29)

the definitions of the price indexes in the Home and Foreign country (2 equations); optimal search
behavior on the part of both the Home and Foreign household, represented by equation (??) for the
Home household as well as its Foreign counterparts (3 equations); the optimality conditions for both
final and intermediate goods producing firms in both the Home and Foreign countries, represented
by (12) and (??) for the Home firms as well as its Foreign counterpart (3 equations); the free
entry conditions, given by equations XX through YY; the wage equations, given by equations XX
through YY; the laws of motion for employment, given by (26) through (28); and the exogenous

process for technology in each country;
2t = P21+ 0 (30)

% = P51t o (31)

Finally, we have the resource constraints for each of the two countries, which are given below

for the Home and Foreign country, respectively.

2z f(ng, nh7t) =\ }; ¢t + ” ¢ | +v0nt + 7 vp e + ey + Inej, ng, 4 (32)
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22 f ) = (1= N) <t> (0 +7)a) e+ c) +470f, +qupe + Tnegmy,  (33)
t

All told, the system is 22 equations in 22 unknowns.

4 Quantitative Analysis

In this section, we derive a model-based estimate of the quantitative magnitude of the effect that the
threat of offshoring has on global wages and labor market allocations. We begin with a description

of the baseline parameterization and then present the main results.

4.1 Calibration

The parameter values used in the baseline model are summarized in Table 1. The Home country
is calibrated to US data, where the existing labor search literature acts as a guide on parameter

values. The calibration of the Foreign economy is, however, more contentious.

13



Our general strategy is to parameterize the Foreign economy by introducing three primary
sources of asymmetry into the model. First, as discussed in section 3.2 we assume the production
structure is asymmetric in that the multinational only exists in the Home country. This implies
that all offshoring activity originates in the Home country and flows to the Foreign recipient and is
intended to capture the simple idea that the US is a much larger source of offshoring activity then
it is a recipient. Second, we assume that labor force participation is higher in the Home country
than is the case in the Foreign country and that this difference reflects an asymmetry in preferences
over leisure. Finally, we introduce asymmetry in labor markets institutions by imposing relatively
larger labor market frictions in the Foreign economy. This third assumption is intended to capture
the commonly held perception that US labor markets are more dynamic and flexible relative to
much of the rest of the world.

Production. The functional form of the production function of the Home-based multinational
is a CES aggregate of domestic and offshored labor

1

== (ond + 1 i)’

We assume 9 = 0, so that production is a Cobb-Douglas aggregate of (imperfectly substitutable)
domestic and offshored labor. The share of domestic labor input in final production of the multi-
national is set to a = 0.90, about the same value as was used in Burstein, Kurz, and Tesar (2007).

In contrast, Foreign production is assumed to be linear in domestic labor only, y} = 2/ n},t. Thus,
the first key source of asymmetry in the model comes from the fact that offshoring is assumed to
run North-South only.

With regard to technology, we assume that the level of aggregate technology is symmetric across
the two countries, so that z = z* = 1. This contrasts with much of the literature on offshoring
in which technological differences are the primary source of offshoring activity. Nonetheless, we
impose this assumption in order to highlight the role of labor market institutions in driving the
(intensive) offshoring decision and, hence, the main results in the paper.

Preferences. The model is calibrated to quarterly data, so we set the subjective discount
factor to 8 = 8* = 0.99, yielding an annual real interest rate of about 4 percent.

The functional form for instantaneous utility is standard

1) = 1=t = (34)
where the risk aversion parameter is set to 0 = ¢* = 2 for both the Home and Foreign household,
consistent with much of the existing literature.

For the subutility function over participation, we introduce asymmetry to reflect differences in

long run labor force participation rates observed across countries. We calibrate the Home country
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Table 1: Baseline Calibration

Home Country Foreign Country
Parameter  Value Description Value  Parameter
Production
z 1 Steady state technology 1 z*

0 Elasticity of substitution between domestic and offshored labor
0.90 Share of domestic labor in multinational production
Preferences
B8 0.99 Discount factor 0.99 B*
o 2 Risk aversion 2 o*
L 0.18 Elasticity of participation 0.18 v
K 42.5 Scale parameter for subutility of leisure 58.0 K*
¢ 0.5 Elasticity of substitution between Home and Foreign goods 0.5 ¢*
A 0.88 Share of Home goods in consumption basket 0.69 A*

Labor Market

13 0.50 Elasticity of matching function 0.50 &*
n 0.50 Worker’s bargaining power 0.25 n*
P 0.025 Job destruction rate 0.025 p*
P 0.52 Matching efficiency 0.38 Y =5
r 0.348 Fixed entry cost 0.348 >
Yh 2.18 Vacancy posting cost in domestic labor market 4.47 A/;‘p
Vacancy posting cost in offshored labor market 3.57 7
X 0.265 Unemployment benefit 0.137 x*
Trade Costs
T 0 Iceburg cost

to US data; specifically, we set ¢ = 0.18 following Arseneau and Chugh (2008) who showed that this
value for the elasticity of labor force participation with respect to the real wage delivers participation
dynamics over the business cycle that match the U.S. data. Similarly, the scale parameter is set
to kK = 42.5 to deliver a steady-state participation rate of 66 percent in the US. For the Foreign
country, we maintain a symmetric elasticity of participation, :* = (.18, under the assumption that
the business cycle dynamics of participation do not differ much across countries. However, we
introduce asymmetry into the scale parameter in order to deliver a lower participation rate in the
Foreign country than in the US. We set k* = 58 to deliver a steady-state participation rate of 59.2
percent, which is the average in annual Mexican data (1980 to 2008) taken from the World Bank
World Development Indictors (WDI).

The elasticity of substitution between Home and Foreign goods in the final consumption basket
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is symmetric across countries and set to ( = (* = 0.5. With regard to the weights of domestic and
foreign goods in the final consumption good, A and A* are chosen so that the import to GDP ratio
is 12 and 26 percent in the Home and Foreign country, respectively. These numbers correspond to
the average share of imports in GDP for the US and Mexico (1980 to 2010), respectively, taken
from Haver Analytics.

Labor Markets. As mentioned above, our strategy for calibrating the labor markets hinges on
the idea that the US labor market is relatively flexible relative compared to foreign labor markets.
Hence, we calibrate the Home labor market to US data and then introduce asymmetries into the
calibration of the Foreign labor market designed to capture the fact that there are greater frictions
in the Foreign country. Cross-country asymmetries not withstanding, we will assume throughout
that labor markets within a country are parameterized symmetrically.

For each of the segmented labor markets (one in the Home country and two in the Foreign

country) we assume a Cobb-Douglas matching function of the following general form:
m(se, vr) = Ysiup °

For the Home country, the elasticity of matches with respect to unemployed job seekers is set to
& = 0.50, which is in the midpoint of estimates typically used in the literature and is in line with
results reported in Petrongolo and Pissarides (2001). Following much of the existing literature, we
impose symmetry between the elasticity of the matching function and the Home worker’s bargaining
power, so that n = 0.5. The job separation rate in the Home country is set to p;, = 0.025, in
line with Shimer (2005) who calculates the average duration of a job to be two-and-a-half years.
Matching efficiency in the Home country, b = 0.52, is chosen so that the quarterly job-filling rate
of a vacancy is 90 percent, in line with Andolfatto (1990). We set the cost of posting a vacancy
to target a steady state level of market tightness in the home country of 6; = 0.3 which is a
touch below the the measure obtained from JOLTS data. The resulting value is ~;, = 2.18. The
entry cost is given by I' = 0.348. Finally, we calibrate the worker’s outside option in the Home
country to 40 percent of the wages of employed individuals in the Home household, implying a
value of x = 0.27. The resulting implied aggregate unemployment rate for the Home country in
our baseline calibration is roughly 6 percent.

For Foreign country, there is little in the way of data to guide us in calibrating the labor market
of the countries to which the U.S. primarily offshores. In light of this our strategy is as follows. We
impose cross-country symmetry in the matching elasticity parameter, so £* = £ = 0.5, the average
duration of a job, so that p* = p* = 0.025, and the job filling probabilities, so that ’y;‘c = 4.47
and v} = 3.57 implying k}c*,t = kf*,t = 0.9. As in the Home country, the entry cost is given by
I'™ = 0.348. We then introduce asymmetry aimed at capturing the general perception that that

the countries to which the US offshores have labor markets that are more frictional.
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First, workers in the Foreign country are assumed to have less bargaining power in wage nego-
tiations relative to US workers, so that n* = 0.25. Next, we calibrate matching efficiency in the
market for domestic and offshore jobs to hit an unemployment rate of 12 percent, the average level
of Mexican unemployment using data from the WDI. The resulting values are ¢j = w; = 0.38.
Finally, we assume that the US is more generous in its provision of unemployment benefits relative
to a country such as Mexico. Accordingly we calibrate x* to a replacement rate of 20 percent of
the wages of employed individuals. The resulting value is x* = 0.14.

Trade Costs. We assume that there are no trade costs in the baseline calibration, so that

7 = 7% = 0. Section 5 examines how a change in trade costs interacts with the threat of offshoring.

4.2 Main Result

The main results are presented in Table 3. For each variable of interest, the first two columns of
numbers present steady state prices and allocations for the economy in which offshoring is used as
a threat in wage negotiations for the Home and Foreign country, respectively. The third and fourth
columns present similar numbers for the economy in which outsourcing is not used as a threat.
Finally, the last two columns in the table show the percentage difference in each variable when
moving from the “no threat” to the “threat” economy.

There are two things that stand out about the baseline economy in which offshoring is used as
a threat in wage negotiations. First, there are differences in wages across countries despite the fact
that the two counties have similar levels of steady state technology. In particular, when converted
into common currency units, workers in the country with the country with relatively smaller labor
market frictions—the Home country in the Baseline calibration—earn a wage that is roughly 25
percent higher (wp/(qw} ) = 1.25). While a higher wage paid by multinationals for domestic
relative to offshored workers is qualitatively consistent with data from the BLS, quantitatively our
estimate is smaller than that observed in the actual data. (The data show that domestic workers
earn four times the wage of foreign workers in offshored jobs.) Thus, there is room for improvement
in the model along this dimension.

Intuitively, the reason for this is relatively-straight forward when the fact that job creation
itself is a fundamental part of the production technology is taken into account.* Thus, despite
similarities across the two countries in the technology for transforming labor input into the final
good, owing to the smaller labor market frictions the Home country is more efficient at generating
labor matches in the first place. In this sense, the Home country enjoys a technological advantage

in transforming leisure into final output, hence it’s workers enjoy a higher wage.

*This point is made clearly in Arseneau and Chugh (2009), in which the authors define a search-based notion of

the marginal rate of transformation in a general equilibrium search model.
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Table 2: Main Results

Threat of Offshoring No Threat of Offshoring Pct. Change

Home Foreign Home Foreign Home Foreign

Aggregate Variables

w 0.6624 0.6832 0.7034 0.6317 —6.19 7.54
c 0.3868 0.4401 0.3836 0.4384 0.82 0.37
LFP 0.6600 0.5900 0.6645 0.5861 —0.45 0.39
UE 0.0551 0.1160 0.0974 0.0884 —4.23 2.76

Sector-specific Variables

wp, 0.6624 0.6832 0.7034 0.6248 —6.48 8.55
wy 0.6832 0.6328 7.38
Sp, 0.0520 0.0125 0.0797 0.0085 —53.43 32.57
sf 0.0690 0.0567 17.75
Up, 0.0173 0.0022 0.0104 0.0030 39.71 —34.40
v 0.0123 0.0160 —30.89
np 0.6236 0.0802 0.5998 0.0764 3.82 4.80
ny 0.4413 0.4579 —3.76

International Relative Prices

ToT 1.2286 0.8139 1.2382 0.8076 —0.78 0.77
q 0.7727 0.7727 0.7657 0.7657 0.91 0.91

The second thing to notice is that the Home country enjoys a terms of trade advantage over the
Foreign country. This owes in part to home bias in the utility function for domestically produced
goods, but it also reflects differences in real labor market frictions across the two countries.

We turn now to the main results of the paper concerning the effect of the threat of offshoring
on global wages and labor market allocations. As shown in the two right-hand columns in the top
panel of the table, there is an asymmetric effect on aggregate wages across the two countries.” The
treat of offshoring depresses the aggregate wage in the source country by roughly 6-1/4 percent,
while it boosts aggregate wages in the recipient country by about 7-1/2 percent.

In terms of thinking about implications for global labor market allocations, households in the
Home country respond to the lower wage by reducing labor force participation. In contrast, the
multinational firm redirects search activity toward the domestic labor market in order to take
advantage of the lower wage. Hence, domestic job creation increases. The end result is that the
drop in labor force participation is primarily accommodated by movements from search activity

into leisure so that the unemployment rate declines. Our baseline estimate reveals that the threat of

’The aggregate wage is an average of the wages in the market for domestic and offshored jobs, weighted by the

relative size of each labor market in aggregate employment.
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offshoring reduces aggregate unemployment in the source country by about 4-1/4 percentage points
relative to an economy in which the threat of offshoring does not factor into wage negotiations.
Despite the lower wage, the increase in employment boosts household income allowing consumption
in the Home country to rise by about 3/4 percent.

For the recipient country, the higher wage induces more labor force participation on the part of
the Foreign household and reduces search activity of both the multinational and the Foreign firm.
Accordingly, job creation in the Foreign economy declines pushing the unemployment rate up 2-3/4
percentage points. Increases from the higher wage more than offsets the loss in household income
from higher unemployment, resulting in a modest increase in consumption.

In summary, the response of global wages to the threat of offshoring in our model confirms
general intuition: the wages of workers in the source country fall while the wages of workers in
the recipient country rise. However, the results with respect to global labor market allocations are
less intuitive. We find that, contrary to popular opinion, the threat of offshoring actually boosts

employment it the source country and reduces employment in the recipient country.

4.3 Welfare Costs

We measure the welfare costs of exploiting the threat of offshoring in wage negotiations as the
percent increase in steady state consumption that the household would require in order to be as
well off in utility terms as under the allocation that obtains when offshoring cannot be used as
a threat in wage negotiations. In order to do this, however, we need to account for distortions
introduced into the labor markets across the two countries given our calibration. We do this by
first calculating the welfare costs associated with the allocations that prevail under the threat of
offshoring relative to the socially efficient allocation. We then calculate the welfare costs associated
with the allocations that prevail in absence of the threat of offshoring again relative to the socially
efficient allocation and then subtract the two. The resulting measure reveals the percent of steady
state consumption that the representative agent requires in order to be indifferent to whether or
not the threat of offshoring is used in wage negotiations, controlling for any fundamental distortions
introduced through the choice of calibrated parameters.

In terms of notation, for the Home country let U be utility for the Home household under
the reference allocation — that is, the allocation that obtains in the solution to the social planners
problem. Let ¢m¢ot and [fpTmet denote allocations that obtain in the “threat” economy. Our
measure of the welfare cost of the allocation under the threat of offshoring relative to the allocations

Threat

under the social planners problem is given by w , which is implicitly defined as that which

solves the following

w ((1 + wThreat/loo)cTh’reat’ lprhreat> _ fj

19



Thus, wT?¢% can interpreted as the percent increase in steady state consumption that would be
required to make the Home household exactly indifferent to the allocation that prevails when the
threat of offshoring is used in wage negotiations and the socially efficient allocation. A similar
equation defines the welfare cost, w*T"¢e for the Foreign household.

Similarly, let ¢NoThreat and [ fpNoThreat denote allocations that obtain in the “no threat” econ-
omy. Our measure of the welfare cost of the allocation in absence of the threat of offshoring is

NoThreat

given by w , which is implicitly defined as that which solves the following

w <(1 + wNoThreat/loo)cNoThreat, lproThTeat> _ [7-

A similar equation defines the welfare cost, w*NeThreat for the Foreign household.
Our measure of the welfare cost of the threat of offshoring is then defined for the Home household

Threat __ wNoThreat

as: w = w . Similarly,we define the welfare cost for the Foreign household in a

similar manner as w* = w*7hreat _ y¥NoThreat,

Under the baseline calibration, we find w = —1.6 and w* = 0.15. In other words, the Home
household is actually better off in a welfare sense as a result of the threat of offshoring being used
by the multinational in domestic wage negotiations. In contrast, the Foreign household is worse

off—the Foreign household is willing to give up nearly 1/4 percent of steady state consumption.

5 Trade Liberalization and The Threat of Offshoring

In this section we examine how the threat of offshoring influences the response of wages and labor
market allocations to a trade liberalization. Our trade liberalization comes in the form of a 10
percent decrease in the trade costs. In order to isolate the effect of the threat of offshoring we first
analyze the effects of a trade liberalization assuming that offshoring cannot be used as an outside
option in wage negotiations and then analyze the effects of a trade liberalization assuming that it
can be used as an outside option. A comparison of the two sets of results isolates the effect of the
threat of offshoring alone.

Results are presented in the table below. The first two columns present the percent change in
steady state allocations as a result of a trade liberalization under the assumption that offshoring
is not used as an outside option in wage negotiations. The last two columns present the same
information under the assumption that offshoring can be used as an outside option.

In general, a trade liberalization raises wages in both countries regardless of whether or not
offshoring is used as a threat. However, the increase in wages tends to be larger in the presence
of the threat of offshoring. Thus, the threat of offshoring appears to amplify the increase in wages
that occurs as a result of a trade liberalization. In contrast, it appears to dampen—at least in the

Home country—the response of employment.
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Table 3: Trade liberalization

% A in SS Allocations
No Threat of Offshoring Threat of Offshoring

Home Foreign Home Foreign

Aggregate Variables

w 1.37 4.49 1.68 4.57

c —0.07 0.85 0.03 0.87
LFP 0.18 0.31 0.18 0.31
UE -0.13 —0.32 0.01 —-0.33

International Relative Prices

ToT —-3.20 3.31 —-3.29 3.38
q —1.81 —1.81 —1.66 —1.66

6 Conclusion

We developed a two-country labor search model to assess the role of the threat of offshoring for
global wages and labor market allocations. Our model features a multinational firm in the Home
country that operates both domestic and foreign production plants, so that the parent company
can shift production from the domestic country to foreign affiliates. Foreign firms produce only
domestically. Regardless of where it produces, each firm must hire labor in a frictional labor market;
labor market frictions, in turn, give rise to an explicit role for bargaining in the wage formation
process. We exploit this feature of the model to assess how the threat of offshoring influences wage
formation and the resulting implications for global labor market allocations. To model the threat
of offshoring we allow for a sequential bargaining problem in which bargaining over the wage in the
market for domestic labor relationships takes place prior to bargaining over the wage in offshored
jobs. In this sequential setup, multinational firms exploit the outside option of walking away from
a match and instead shifting production across boarders to influence the bargained wage.

Our main finding is that the threat of offshoring has a quantitatively large effect both on global
wages as well as global labor market allocations that generate significant welfare effects in both
countries. Specifically, we find that the use of the threat of offshoring in wage negotiations depresses
bargained wages in the source country and boosts bargained wages in the recipient country relative
to an outcome in which the threat of offshoring is not used as an outside option in wage negotiations.
While consumption is higher in both countries, the lower bargained wage reduces unemployment
in the source country. In contrast, the higher bargained wage raises unemployment in the recipient
country. All told, households in the source country experience welfare gain of 1.6 percent of steady

state consumption as a result of the threat of offshoring, while households in the recipient county
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experience a welfare loss of 0.15 percent.
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7 Details of the Household Problem

We describe the details of the Home household and the Foreign household in the following two

subsections.

7.1 Home Households

The household in the Home country searches in a domestic labor market for jobs operated domes-
tically by the multinational. The Home household’s problem is to choose sequences of ¢, byy1, s,

and n;41 to maximize:

Bo > A" [uler) = b (1= K"(61))s +mns)] (35)
=0
subject to:
¢t + /pbt7t+1bt+1 = wpgne + (1= k"(00))sex + by + dy (36)
npe = (1= p)npi—1 + sik™(0;) (37)

Let A\; denote the multiplier on the budget constraint and d; denote the multiplier on the law

of motion for domestic jobs. The first order conditions with respect to ¢, bs11, s¢, and ngyqare:

u’(ct) - >\t =0 (38)
—AtPott+1 + BE A1 =0 (39)
—h;(l — k‘h<9t)) + At(l — kh(et))x + 5tkh(0t) =0 (40)
—hé + )\t'wt — 515 + B(l - P)Et5t+1 =0 (41)
Combining equations 38 and 39 yields a standard consumption Euler equation
U/(Ct) = 6 Etu/(cH_l) (42)
Pbt,t+1
In order to derive the optimal search conditions, solve equation 40 for d; to get
1—k"(0y)
0 = ———— [h} — xA 43
t k" (0,) (R = XAd] (43)
We can now put this and use the fact that A\; = u} to rewrite the FOC on n; as
1— kRO
hi(t) [hg - X)‘t] = )\twt — hé + B(]. - P)Et5t+1 (44)
k" (6:)
Solving this expression for the marginal rate of substitution h'(lfp;)/u'(ct) gives
W(lfp)  n u'(c41) O h
= k" (0 1-pE 1-— k(6 45
’U,/(Ct) ( t) Wt+6( p) t U,(Ct) U,(Ct+1) +( ( t))X ( )

which is equation ?? in the main text.
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7.2 Foreign Households

The household in the Foreign country searches in two differentiated labor markets: one for jobs

operated by domestic firms and one for offshored jobs operated by the Home multinational. The

Foreign household’s problem is to choose sequences of ¢f, by, s} 4, 5 874 44, and nyy g to

maximize:
Bo Y 8 [uw(ef) = b (1= K (05.0)sh0 + (L= K (07.0)57, + miy + 1) |
t=0

subject to:

(46)

CI"‘/pbt,tHb:H = (whnp Wi nye) + [(1 — K ht))She + (1= k*f(e},t))s?,t} X" +b; +dy (47)

nZ,t =(1- p*)nZ,H + Sz,tk*h( Zt)
”},t = (1 - P*)”?t—l + 3},tk*h( ;t)
The household efficiency conditions are given by

1

Pbtt+1

u(cf) =B

Em*’(c??ﬂ)

h*(Lfp}) h | u'(cfyq) Onir1 ] h
U*I(C?) ( h,t) -wh,t + /B( P ) t U*/(C?) u*/(ct_;'_]_) + ( ( h,t))X

and

BSDE) _

) — kg5) [+ 01 - ) PO BN )Y

U*I(Cfﬂ) 5}7t+1 ]
u¥(ct) u(ciq) /|
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8 Details of the Firm Problem

We describe the details of the Home multinational firm and the Foreign firm in the following two

subsections.

8.1 The Home Multinational

The multinational firm in the Home country uses both domestic and foreign labor to produce
through the production function f(n 4, n;‘l’t). When the multinational offshores production to the
foreign country it must incur an iceburg cost, (1 —7), where 0 < 7 < 1 is the fraction of production
abroad that is lost in transforming it into the final good.

In this setup, the multinational chooses sequences of vacancy postings in each of the two distinc-
tive labor markets to hit a target level of production domestically and abroad in order to maximize
discounted lifetime profits subject to the production technology and the respective laws of motion
for employment. We assume that Home multinational deflates profits by the domestic CPI, p;, in

the Home country and pj, in the Foreign country.

(o]
i = Zﬁtré [ };: ztf (nhgs i) — whenhe — @1+ T)wp g — Yot — 7V vp, (53)
t=0
subject to:
nhe = (1= p")nng—1 + vnihk’ (Ons) (54)
n??,t =(1- p*w)n’ﬁ,t_l + v;ﬁ,tkf((??l,t) (55)

Associate the multipliers p, ;, and pj, , to the production function and the domestic and foreign
employment constraints, respectively. The first-order conditions with respect to vy, ¢, 1.4, v;;’t, n;,tv

and p; ¢, respectively, are

v
S 56
/’Lht kf(ah,t) ( )
tine = zefre(mags nh ) — i + BE: [Zigape(1— p%) g1 (57)

« v
. (58)

ot 2 h,t)

ph e = ztfor(nngny ) — (L4 1)wh  + BE; B (1 — p™ ) pfy 441) (59)

Combining the optimality conditions 7?7 and 56 yields the job creation condition for the

creation of domestic jobs,

’Y _ * _ _ X ) 7
Bt ~ i) e 20 =8 e ()| o0

)
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Similarly, combining the optimality conditions 77 and 58 yields the optimal off-shoring con-

= 7"
Sl (kf( Z,t—&-l))] (61)

The firm in the Foreign country uses only domestic labor to produce through the production

dition,
*

fﬁyi* = zifou(nng ) — @1+ 7wy, + B(1 — p™) Ey
k1(05+)

8.2 The Foreign Firm

function f (n}t) The foreign firm chooses sequences of vacancy postings in the domestic labor
market to hit a target level of production in order to maximize discounted lifetime profits subject
to the production technology and the law of motion for domestic employment. We assume that

foreign firm deflates profits by the domestic CPI, pj.

> A p*t
* 2 * * * * ok
1 = Zﬁt)\*i {*th(nf,t) Wy Npr — 7 VUry (62)
=0 70 LDt
subject to:
n},t =(1- p*z)n},tfl + U},tkf(g?,t) (63)

The foreign firms job creation curve is given by

*

e = 2 fua(nhy) —wh, + B — o) Ey
K1 (07,)

= 7
= —_ 4
t+1|t (k;f(g;,t+1)>] (6 )
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9 Sequential Wage Bargaining

9.1 Value Functions
9.1.1 Households

Let W¢ be the value to a worker of a domestic job and let U be the value of unemployment.

Define the value of a domestic job to a domestic worker, Wy, as

h'(l !
Wi = wp — u(’(Z))t) + BE; UJ,C(Z;) (1= p)Wiy1 + pUgy1)

which says that the value of work in the domestic job market is the wage the worker earns from
supplying domestic labor to the domestic firm net of the disutility of labor effort plus the continu-
ation value of being in an employment relationship with a domestic firm. The continuation value
takes into account the fact that the job may or may not survive exogenous job destruction in order
to continue producing tomorrow. If the job does survive it brings in continuation value W1, but
if it does not the worker will receive continuation value Uy, 1, which is the value of unemployment
at the beginning of period ¢t + 1.

Define the value of unemployment in the beginning of the period, Uy, as

U= = S0 [M2 (1 00 Wasa + (1= K001 - ) Vs

which says that with probability k" (#;) the worker gets a job today. If he does get a job today he

receives the unemployment benefit and suffers disutility of search, before getting the continuation
value of the job tomorrow, provided it survives to produce. On the other hand, if the worker doesn’t
get a job today, he gets the continuation value of unemployment tomorrow.

The definitions of the value functions for the Foreign worker are a bit different due to the
sequential nature of search. Let Wk ¢ be the value to a worker of a domestic job and let U;t be
the value of not making a match in the marker for domestic jobs. Define the value of a domestic

job to a domestic worker, W§,, as

U/(CIH)

u'(c})

. . Pfpi)
We =wp, — W + BE;

which has a similar interpretation as above.

(1= p" )Wieir + p*U;‘,t+1):|

Define the value of unsuccessful search in the market for domestic jobs, U;t, as

Uy = k" ( .t) <X* N W + OB [% (% P IYWigiq + p*U?,t+1):|>
b (- #050) (1BIUR + (- usB) (v - SR 4 o |Gy )
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where 1[SB] is an indicator variable that takes on the value of one if there is sequential bargaining
and is zero under simultaneous bargaining. Notice that under sequential bargaining if the foreign
worker looses a job at the beginning of the period he/she can immediately begin searching in the
market for domestic jobs at the beginning of the next period and therefore get the value of search
in the offshore labor market.

Let Wﬁ,t be the value to a Foreign worker of a job with the multinational firm and let Uit be
the value of unsuccessful search in the market for offshored jobs. Define the value of an offshored
job to a Foreign worker, Wik;,w as
W (Lfp7) w'(ctyy)

uw/(cf) w'(cf)

Finally, define the value of unsuccessful search in the market for offshored jobs, Ufht, as

Wi, =l 1 8E, [ ((1— p"YWieas + 5 (LSBIUZ oy + (1 - 1[SB]>U;,t+1))]

Une = xS0 oy s [ (- W)
+ (1 -(1- p*)kh(é’?l,t)) BE; [uu(/i;) (1[SBJUf ¢4 + (1 - 1[SB])U;<1,1:+1)]

Under sequential bargaining the Foreign household can use the possibility of finding work with
the multinational firm as a threat in negotiating wages with the domestic firm. With simultaneous

bargaining this outside option is shut down.

9.1.2 Firms

Let Jpn ¢ be the value to the multinational firm of a domestic worker and let Vy, ¢ be the value of

an unfilled vacancy opened by the multinational in the domestic job market. Define Jy, ; as

U’(Ctﬂ)

u/(cr)

which says that the value of a domestic job is equal to the additional revenue the firms gets from

Jnt = zfi(nne, np ) — whe + BE: (1= p)Intr1 +pVhir) (65)

additional production net of the wage that the firm must pay the additional worker. The firm also
gets a continuation value from the formation of a job, which yields production tomorrow if the job
survives. If it doesn’t, then the firm gets the continuation value of the vacancy posting tomorrow.

Define the value of an unfilled match, Vi ¢, as

!
Vit = —v+k/(0h,)BE; [UU(,C(Z;) (1= p)Ine+1 + th,tJrl)}

+ (1 — k! (eh,t)) <1[SB]Vf,t + (1 — 1[SB]) BE; [“Zlvh,m])

The value of a vacancy is the posting cost plus the continuation value of a matched vacancy provided

it survives to produce in the next period weighted by the probability that the match is made. If the
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match does not survive, the unfilled vacancy continues to have value. Moreover, under sequential
bargaining, a vacancy that is unfilled in the market for domestic workers can be posted in the
Foreign labor market.

Let J¢ ¢ be the value of an offshore worker to the multinational firm. Define the value to a firm

of an offshored job as

Jey = th2(”h,t7”7;,t) —q(1 +T)U’Z,t
© BE, [“;f,‘gg;) (1= )T + 5 (USB]Viep + (1 1[SB)) vf,m))}
Define the value of an unfilled vacancy posted in the Foreign labor market, V¢, as
Vee = o 0005 | (1 )Tre)
b (1= 0 07,0) 55 | ") (QUSBIViues + (1~ 105B) Vee)

Let Jt be the value of domestic worker to the foreign firm defined as

M, /%

* * * * Uy 1)

Jf,t = % fl(nf,t) —wpyt BE; ut“)
L Yt

((1 =P ) Ife41 + p*VF,t+1):|
Finally, define the value to a Foreign firm of an unfilled vacancy in the foreign labor market as

uf;’; 1)
ug*)

Vie = —7 +BE [ ((1 — P*)kf(ej‘,t)-];tJrl) + (11— (1~ p*))kf(g},t)v?,t—o—l:l

9.2 Surplus With Simultaneous Bargaining, (1[SB| = 0)
9.2.1 Households
Define the surplus of a match to a Home worker as SP = W — Uy, which in is given by the following

expression regardless of sequential or simultaneous bargaining

u(Coe1)
u'(ct)

In contrast, the definitions of the surpluses for Foreign workers is dependant on whether labor

SP=wp; —x+B8(1—pE (1 — k" (0n.0)Se1

markets clear sequentially or simultaneously. When 1[SB| = 0 the expressions for the surplus of a
domestic, SF},; = WF,t — U;t, and an international labor market relationship, S;;ht = W;‘l’t — U*h,u

are defined respectively as

Sf,}‘: =wy; — X + B(1—p*)Ey 71/(7;; (1- kh(ef,t))sf,l;-i-l]
t

and

Shl,lt =why — X +B(1—p")Ey 7@/(?’;; (1- kh(eh,t))shl,ltJﬂ]
t
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9.2.2 Firms

When 1[SB] = 0 the expressions for the surplus of a domestic, Sfl;,t =Jnt — Vht, and an interna-

tional labor market relationship, Sgt = Jgt — Vi, are defined respectively as

St = 2ufi(nnge.niy) — why + v+ BE < u((ztct)l) (1= & (0n)) (1 P)an,t+1>

and

St = a1 falino i) — a1+ 7hune+ 9" 4 98| (0 k(070)(1 - )85 ]

In contrast, the definition of the surplus of a domestic labor market relationship to the Foreign

firm is given by the following expression regardless of sequential or simultaneous bargaining

Sk = 4 ) — #4880 10,000 - )87
t

9.3 Surplus Under Sequential Bargaining, (1[SB] = 1)
9.3.1 Households

Under sequential bargaining, the surpluses of the Foreign household change to reflect the sequential
nature of search. However, as mentioned above, the surplus of a domestic job for the Home
household, Slﬁ,t does not change from what was reported above.

In order to derive an expression for the surplus of a domestic employment relationship to the

Foreign household, Sft, substitute U;l,t directly into the expression for UF,t to get

* * h;f*) u:ﬁil) *\ 1.h / n* * h(n* * *
Uie = X' - #, + BE, [ iy (0= 0RO ) Wi+ (1= K051 = ) Uk )
)
v om M ) (1-84070) K058
t
where S”‘ht = Ws, U;,t is the value to the Foreign worker of working in a domestic job net of

the value of searchlng in the market for offshored jobs. We can subtract the above expression from
the definition for Wg , to derive a recursive expressions for the surplus of a domestic employment

relationship.

S8 = wjo — "+ 80— 08 [ 0007 (870 - 07,8 )]

We follow a similar methodology to derive the following expression for the surplus of an inter-

national employment relationship to the Foreign household, S*hh,c to get

Sih =wh, — X"+ 81— p")E,

ul (C;‘/k+1) h( n* *h
20U ke ,)S
U (Ct) ( ( h,t)) fh,t+1
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Finally, we need a recursive expression for to define the surplus of an international employment

relationship relative to searching in the domestic labor market.

St = wla ~ "+ 80— 0B [ (1 (0= RO ) Sihs (07088

9.3.2 Firms

Under sequential bargaining, the surpluses of the multinational change to reflect the sequential
nature of search. However, as mentioned above, the surplus of a domestic job for the Foreign firm,
SFJ‘; does not change from what was reported above.

In order to derive an expression for the surplus of a domestic employment relationship to the

multinational, SE,t, substitute V¢ ¢ directly into the expression for Vy, ¢ to get

Vht = —7— (1 - k?f(eh,t)> v*
+ BE; [u;f,c(:)l) (k;f(am)(l —p)Jn 1 + (1 — kT (Oh0) (1 — P)) Vh,t+1):|
w080 (16 000) K 6. 05h,

where th’t = J¢t — Vhy is the value to the multinational of employing a domestic worker net of
the value of searching in the market for offshored jobs. We can subtract the above definition from

Jh,t to derive a recursive expressions for the surplus of a domestic employment relationship.

She = zfilnng,nh,) —wpg+v+ (1 - kf(Qh,t)> v*

# 85| " S0 1 000) (- PShass = MO0~ S

We follow a similar methodology to derive the following expression for the surplus of an inter-

national employment relationship to the multinational, Sg ¢ to get

u'(cri1)
w'(ct)

Finally, we need to define the surplus of an offshored job relative to hiring a domestic worker

to do the job.

SE, = 21 folmn ) — a1+ Thwh, -4+ B(1— p*)E [ (1 -k ;;msfh,m}

Stlf‘h,t = zitfo(nne,np ) — @1+ 7wy, + 77

. BB [uizl ((1 — ") (1 - (1- kf(Qh,t))kf(HZ,t)) SELHI —(1— p)kf(Qh,t)SEh,t+1>]

These continuation values will help in expressing the Nash wage solution in the next section.
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9.4 Nash Bargaining Under Simultaneous Bargaining, (1[SB] = 0)

The Nash bargaining rule is

N of
Shy = S
h,t 1—1 h,t

Begin by plugging in the solution for Sﬁt on the left-hand side.

Wt — x4 80— 9B, | L) gaig, st | = st
) ’U/(Ct) ) b+ 1_,'7 ,t

Next, we can substitute in for Sfl ¢ on the right hand side and solve the resulting expression for

wp; to get
whe = (L =n)x+1(z2fi(nngenh ) +7)
+ 03 = | M (1 b (0,0)8 0]
- a-ms - | 0 O)Shn)

The analogous wage expression for the foreign worker in a foreign job would be

wiy = (L= +0" (5 flnf,) +77)

+ "Bl —p")E

U/(CIH) f(n* *f
) (1 I (0%,))S
w (ct) ( ( f,t)) ft+1

u/(c;‘,k+1) h ( n* xh
Sl (- kh(0%,))S
U (Ct) ( ( f,t)) f.t+1

Finally, for the wage paid to Foreigners working for the multinational, the bargaining rule is

- (1=7")B(1 - p")E;

*
*h — n Sf
ht 1 — ,'7* ft+1

To solve for the wage, begin by plugging in the solution for S’flht on the left-hand side.

* * * U;j_l)
why — X"+ B —p")EL | —5;
ug*)

*

* n
(1= KOS ) = 1S (66)

Ui

We can substitute in the definition for S?t on the right hand side and derive the following expression

for the wage.

S S s v R ey gy s py A GO 2l
77* * U/(Ct+1) f(n* f
+1 _ 77* (1 _ (1 + T)Qt)ﬁ(l —Pp )Et |: u’(ct) (1 —k ( h,t)) Sf,t+1:|
1- T’* * UI(CIH) h ( n* xh
- 1_ 77* (1 — (1 + T)qt)/g(l -p )Et ’U,/(C:) (1 —k ( h,t))sf,t] (67)
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9.5 Nash Bargaining Under Sequential Bargaining, (1[SB| = 1)

Similar algebra to the subsection above yields an expression for the domestic wage paid by the

multinational to Home workers wy, ; to get

whe = (L=m)x+n (thl(nh 6 M) + 7+ (1 = kf(eh,t))7*>
c
+ (1= e | 0 10,0880
c
- (1-=n)B(1—pE; (, t+1) (1- khwh,t))sﬁ,t—&-l
w'(ct)
. u'(c
— 01— ) | 0 k0,007,851
W (c)
The analogous wage expression for the foreign worker in a foreign job is
wiy = L=n" ) +0" (5 Ailn) +77)
* * U (ctJrl) f
1—p"E 1—k sit
+ 776( p) t 'U,,(Ct) ( ( )) ft+1
* * U (ct+l) h
- (1- 1—p"E 1—k Sih
(1= 7)8(1 - ") t<u<ct) (1= K" (67,)S7hn
8- ) L) (1 g o, s
=B P | R0 RO 0708 (68)
t
Finally, the wage paid by the multinational to Foreign workers employed in offshored jobs is
* 1 - 77* * 77* *
= - -
R T e L e (e e Py A
n* . u'(cer1) ¥
+ 1—-p"E : 1—k(0 S
= (-( —i—T)qt)/B( p*)E; o) < ( h,t)> fht+1]
1—n* " (Ct+1) h
— 1—p"E ; 1—k Sih 69
1—77*(1—(1+T)Qt)ﬁ( p) t U(Ct) ( ( )) fh,t+1 ( )

9.6 Solving the System

All told, the wage system {wp, ¢, w}, ;, w},} is a function of: (1.) Slﬁ,tv the surplus to Home workers of
having a domestic job net of the value of unemployment; (2.) Slitv the surplus to the multinational
of having a domestic employee working in a job net of the value of an unfilled vacancy in the
domestic labor market; (3.) S;ft, the surplus to the Foreign firm of having a domestic worker net of
the value of an unfilled vacancy; (4.) S;}é, the surplus to Foreign workers of having a domestic job
net of the value of search in the market for domestic jobs; (5.) S;‘-ﬁt, the surplus to Foreign workers
of having an offshored job net of the value of search in the market for domestic jobs; and (6.) S?h,t’
the surplus to the multinational of offshoring a job net of the value of an unfilled vacancy in the

market for domestic jobs.
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10 Social Planner’s Problem

The social planner chooses sequences of {cg ¢, cr ¢, C*H7t, C*Et, Nt n;t, n?t, Shts s;;t, 3?,1&7 Un,t v;';t, v;‘c’t}
to maximize an equally weighted average of discounted lifetime Home and Foreign utility subject
to the laws of motion for the respective employment stocks and the resource constraint. The social

planners problem is

Eo 3520 B8 (u(c(eme,cr)) — b ((sht — m(Sht, Vnt)) + Nat) (70)

Fu (C*(c*H,t, c*F,t>) — (s}, — M (s}, 05 ) + (85, — m* (8%, 000) + 0, +05,) (71)

subject to:
e = (1= pg)nne—1 +m(sn,t, Vi) (72)
e = (L= pg)ng, 1+ m*(sge Vne 1) (73)
”;,t =(1- P;)n},t—l + m*(s;‘c,t, v;t) (74)
zof (e, nGs) = e + Cirg + YUng (75)
z f (”Zt) =Crt+ C*F,t + ’V*U;kz,t + V*Uﬁt (76)

Let and Tp,, T;‘L’t, T?t, Wy, Uy be the multipliers on the three laws of motion for the em-
ployment stocks and the aggregate global resource constraints for the Home and Foreign countries,

respectively. The resulting first order conditions are:

ou (c(cm, cryt))

Dot =, (77)
du (C(;IC{;’; Cht)) =0 (78)
ou* (¢ (€l cin))

5, =V, (79)

o (¢ Cnern)
o, =V (80)
—hy + The — B = p") Thppr + 2ef1(nng, ny) Ve =0 (81)
—h" +Th = Box (1= p™) T i1 + 27 fo(nn g, ) ¥y = 0 (82)
—ht X, = B = p )Y+ 2 (0}, T =0 (83)
—h;(l — Ms(Sn,t,Vne)) + Thims(Sne, vhe) =0 (84)
—h* (1= m3(sh 4, V5 ) + Thmi(sh 07 ) = 0 (85)
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—hy" (1 —mg (G, vpe)) + Tpami(shev5,) =0
—hymy, (s, vne) + Lhimo(She, vng) — Y¥e =0
—h my (84 Vht) + Ly (84 Vhe) — 7 Ve =0

—hy (8% 0p) + Tpame (s v5e) =7 U =0
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Figure 1. Foreign Employment of US Multinationals
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Figure 2. Average Compensation :
US Parents and Foreign Affiliates
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Source: Bureau of Economic Analysis, U.S. Direct Investment Abroad: Operations of U.S. Parent COmpanies and Their Foreign
Affiliates, 2007.




Figure 3. OECD Index of Employment Protection
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Figure 4. Net Income from U.S. Foreign Affiliates
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