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Abstract

A simple model of offshoring, which depicts offshmyy as ‘shadow migration,” permits
straightforward derivation of necessary and sudfiticonditions for the effects on wages,
prices, production and trade. We show that offstgprequires modification of the four
classic international trade theorems, so econoantis who ignore offshoring might reject
the Heckscher-Ohlin theorem when a properly spatiersion held in the data. We also
show that offshoring is an independent source ofgarative advantage and can lead to
intra-industry trade in a Walrasian setting. Thedelos extended to allow for two-way
offshoring between similar nations, and to allowrwnopolistic competition.

1. INTRODUCTION

The fragmentation and offshoring of production msses has been an important phenomenon for
many years (Hummels, Ishii, and Yi 2001), haviraytstd in earnest in the mid-1980s in East Asia and
across the US-Mexico border. Ando and Kimura (2G0%) Urata (2001), for example, document the
linked rise of foreign direct investment, offshajjrand parts and components trade by Japanese firms
in East Asia. In North America, the 1980s saw tlhdespread emergence of ‘twin plants’ (one on
either side of the US-Mexico border) under the Miagiora programme (Dallas Fed 2002, Feenstra
and Hanson 1996). More recently, offshoring haeapifrom the manufacturing to the service sector
(Amiti and Wei 2005).

The observed empirical effects of offshoring do sibeasily with simple partial equilibrium models
that view one job shifted overseas as one job Fastexample, in both the US and Japanese cases, th
widespread offshoring of manufacturing jobs thatted in the mid-1980s was not accompanied by a
general decline in manufacturing employment uhtl kate 1990s (Debande 2006). Likewise, two
recent studies of micro data find that expansioamployment in affiliates in low income countries
raises the skill intensity of domestic productiseg Head and Ries 2002 on Japanese data and
Geishecker and Gorg 2004 on German data). Undelistaeuch effects requires a general
equilibrium framework where wages, prices, productnd trade patterns adjust to offshoring.
Responding to this need, some of the world’s brasieteconomists have put forth general equilibrium
models of offshoring/fragmentation. As we argué¢hia sequel, these models can be viewed as a
collection of insightful special cases. In additiamany of them have a complex structure that forced
their authors to rely on numerical simulationsttady their equilibrium properties.

! We thank seminars participants at the Nationalensity of Singapore (September 2006), Hitotsubbistiversity
(December 2006), the Paris School of Economicu@gn2007), and Oxford (February 2006) for commesspecially
Pol Antras, Christopher Bliss, Jota Ishikawa, Rone¥, Taiji Furusawa, Marc Melitz, Jim MarkusentelP@&leary, Volker
Nocke, Thierry Verdier, David Vines, and Adrian Wso We especially thank Gene Grossman and Estatissi-R
Hansberg for comments on early drafts in Septerdb@6 and November 2006.
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Our model

The purpose of our paper is to present a simplesirafcbffshoring that enables us to develop
necessary and sufficient conditions for signingwlagye, price, production and trade effects of
offshoring in source and host countries. Our basatodel finds firms in all sectors unbundling the
production process and putting fragments of it abrm take advantage of low-cost foreign factors of
production. Importantly, our model avoids the atialgomplexity of multi-cone models and factor-
intensity reversals. Non-factor-price-equalisagousts under free trade due to Hicks-neutral
technological differences among nations. Despierdéisultingeffective factor price equalisation,
offshoring by the technologically advanced nat®rast-saving since offshoring firms can take their
superior technology with them when they shift prtikn abroad. Since neither nation is specialised
in production, our baseline model can be studigtienfamiliar setting of Jones (1965) and thisvado
us to consider a wide range of effects includirggithpact of offshoring on the four theorem of
Heckscher-Ohlin trade theory. In particular, wewhbat offshoring leads to intra-industry tradeain
perfectly competitive, Heckscher-Ohlin-like settizigd that offshoring is, by itself, a source of
comparative advantage. The general equilibriunderces on production, prices and wages are
shown to be ambiguous in general and we charaetdvésfactors that lead the ambiguity to resolve
itself in one direction or the other. Importantlye find that the factor owners of the offshoringiom
are typically better off as a result of fragmemat{controlling for terms of trade effects).

We work with two main variants of the basic modelthe first, which we call the service-task case
(mostly for terminological convenience), all offsbd production is re-imported to the Home nation.
In the second, which we call the goods-task casa] sales are possible in the sense that offshore
production units can supply Foreign firms as wslHobme firms. In the goods-task case, the gains
from offshoring are shared between nations anafaeithin nations, while in the service-task case
Foreign wages are unaffected by offshoring (aparmfpossible terms of trade effects).

Finally, we provide two simple model extensionse Tinst allows for two-way intra-industry
offshoring — an important extension since the Istgaporters and exporters of offshored services ar
the United States and other large OECD countriesitifand Wei 2005). The second allows for
offshoring in a monopolistic competition model whdine notion of a firm is better defined than iinis
the Walrasian setting (but comparison with the fdackscher-Ohlin (HO) theorems is less evident).

The literature

Early on, Heckscher-Ohlin theory saw a number oftidoutions that incorporated trade in
intermediate goods (see Batra and Casas 1973, mbdP77, and Dixit and Grossman 1982), but
the most commonly cited reference in the offshdfragmentation literature is Jones and Kierzkowski
(1990). The Jones-Kierzkowski paper crystallisegittsight that fragmentation/offshoring can be
thought of as technological progress and thus shioellexpected — as per Jones (1965) — to have
complex effects. This line of modelling — whichlindes Jones and Marjit (1992), Arndt (1997, 1999),
Jones and Findlay (2000, 2001), Jones and Kierzkicd898, 2000), and Jones, Kierzkowski and
Leonard (2002) — is based on verbal and diagrancraatlysis (typically of small open economies)
that assumes fragmentation occurs in only one saatbin one direction. See Francois (1990a,bsc) fo
formal, general-equilibrium modelling of the cehtraechanism in the Jones-Kierzkowski
fragmentation story — the way in which the libesation of service links can promote the
fragmentation of production blocRs.

The general equilibrium impact of Jones-Kierzkowsagmentation varies according to the special
case considered, with cases varying along threa diaiensions: the factor intensity of the sectat th

2 This assumption follows the Section 3.2 model in$83man and Rossi-Hansberg (2006b), August 20G6over

% Francois (1990c) explicitly considers the imp&obfishoring on the factor price equalization set.
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is fragmented, the factor intensity of the prodéss is offshored, and the offshoring nation’s tieta
endowment. The Jones and Kierzkowski (1998) diagratit analysis yields examples that suggest
two important insights — what might be called tlerfes ambiguity” and the “anti-Stolper-Samuelson
possibility.” Using a pair of special cases, Jomed Kierzkowski (1998) argue that workers whose
jobs are “lost” to offshoring may see their wages in one case, but fall in the otféFhe “anti-
Stolper-Samuelson” insight, which stems from viggdragmentation as technological progress, notes
that freer offshoring/fragmentation — unlike fré'de in goods — need not produce winners anddoser
among factor owners.

Contributions that study the price, wage, produrctiad trade effects of offshoring in explicit
mathematical models include Deardorff (1989a, Bnables (1999), Kohler (2004a), Markusen
(2005), and Grossman and Rossi-Hansberg (200Gd&b¥e papers present a gallery of special cases
that firmly establish the ambiguous sign of theegahequilibrium price, production, trade and facto
price effects. A linchpin issue facing all genaxglilibrium models in this literature is the questof
how offshoring can be cost-saving when internalitra@e in goods naturally leads to factor price
equalisation. To address this issue, these papeisiwmodels marked by non-factor price
equalisation. Since non-factor price equalisatygically prevents utilisation of the elegant Jones
(1965) tools, the analysis in these papers is quiteplex. Most of these authors also assume that
offshoring/fragmentation occurs in only one seetod only in one direction (to keep the analysis
manageable).

Deardorff (1989a,b) studies fragmentation in a eaofexplicit models using graphical analysis. The
main formal analysis, however, concerns a HO ggttihere cost-saving offshoring occurs since
nations’ endowments are assumed to lie in diffed&rdrsification cones. Deardorff (1989a) argues
that fragmentation/offshoring may or may not fogéator price convergence. Working with Lerner-
Pearce diagrammatic analysis of a general modalfwagmentation in a single sector, he notes “if
you accept this argument, then such a move toveetif price equality is not at all assured. It
depends crucially on ... the factor intensities baftthe fragments and of the original technology.
There are many possibilities, including that refatiactor prices move in the same direction in both
countries and that they both move either togethéurther apart. (p. 14)” Necessary and sufficient
conditions are not established. He then movespbaitxmathematical analysis using a 2-nation, 2-
factor, many-good, multi-cone HO model with Cobbt@tas tastes and technology. He derives
explicit expressions for relative factor priceghe two nations, showing that the wage ratios depen
upon the national capital-labour ratios and natieraghted average of the factor intensity of
produced goods. Fragmentation changes the lattecan thus lead to a convergence or divergence of
relative factor prices (no expressions are giverte level of factor prices). The paper concluioles
noting that “the effects on relative factor prigeshe countries where the fragmentation takeseplac
depend fairly systematically on the factor inteasibf the fragments, as well as that of the oabin
technology. What matters, however, is how thestfantensities compare to the average intensities
of processes in use in each country before fragatient not their intensities compared to all goods
produced globally.” Necessary and sufficient caods for relative factor price convergence are not
derived but are implicit in the expressions.

Venables (1999) works with a standard 2x2x2 HO rhadd generates non-factor-price equalisation
with a factor intensity reversal. Nations can thasge different factor prices without being spesidi

* Referring to a HO model with capital and labownels and Kierzkowski (1998, p. 373) write: “the rfeathat if
international trade causes a nation to lose a ptamuactivity which is intensive in the use of taln, it will cause the
wage to fall, need not be true — especially foatreély capital-abundant nations.”

® Jones and Kierzkowski (1998, p. 380) write: “Buée here the prognosis for a nation’s labour supplyd not be
gloomy, since such fragmentation tends as wellddwdike technical progress in raising the retumsll factors.”
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in production. As in the Jones-Kierzkowski traditidragmentation occurs in only one industry and
offshoring occurs in only one direction (the labmtensive segment is offshored to the labour
abundant nation). Using numerical simulations aacher-Pearce diagrammatic analysis, he concludes
that “production fragmentation does not necesséerdy to convergence of factor prices,” and provide
examples of both cases without developing necessatsufficient conditions. The paper goes on to
note that “fragmentation may change factor prigesianging the composition of Home exports, as
well as imports” and that “it is possible to geriersome curious cases in which it is the relatively
capital intensive industry, not the labour inteesivhich leaves Home for Foreign,” (curious since
Home is capital-rich).

Kohler (2004a) works with a specific factors modblere fragmentation can only occur in one sector.
Discussion of the source of non-factor price eadilbn is avoided by assuming a small open
economy where all goods prices and Foreign wagesranutably fixed (in the Jones-Kierzkowski
tradition). The focus of the analysis is on theasio the specific capital that moves offshore nvhe
fragmentation occurs, and the overall welfare ¢ffen the small open economy.

Markusen (2005) works with a 2x2x2 HO model wheme sector fragments, and he, like Deardorff,
generates non-factor-price equalisation by assuth@dwo nation are in different diversification
cones (i.e. their endowments are so differentttiet produce no goods in common in equilibrium).
Analytic results with multi-cone models are diffic(due to the inequality constraints), so the pape
studies offshoring/fragmentation via numerical dmtions based on the complementary slackness
approach. Fragmentation is assumed to occur iKifiéntensive sector and the offshored segment is
assumed to be of middling skill-intensity. Offshngyitherefore tends to increase the relative demand
for skilled labour — and thus the skill premiurm-bioth nations, but terms of trade effects can —
depending upon the nations’ relative sizes — reviinis direct effect. One of the numerical simalasi
even shows the possibility of both factors losimghie offshoring nation (necessary and sufficient
conditions are not established). Another simulasibows an anti-Stolper-Samuelson result whereby
the skilled workers in the unskilled-labour-richtioa gain from offshoring in an absolute sense, but
they gain less than their fellow unskilled workeévarkusen (2005) points out the limitation of the
analysis: “In spite of doing countless runs of tinigdel, | cannot guarantee that there are not other
possibilities and, of course, reordering the faattnsities will change the results. What | canisa
that it is easy to find ranges of parameters teaegate these results, but we should all regard
suggestive and not definitive.” The paper goesoosirhulate four other models that vary in terms of
the number of factors, the substitutability of @astin various sectors, and the factor-intensitihef
offshored process and offshoring sector. The palpses by noting “I view the paper as listing a
number of plausible and empirically-relevant wafysodelling the offshoring of white-collar
services.... Unfortunately, it is hard to offer robasnclusions.”

Kohler (2004b) works with a small open economy weheagmentation/offshoring can only happen in
one sector. He departs from other models, howaveising a radically different production structure
— that of Dixit and Grossman (1982) where final d@ooduction involves of continuum of
intermediate stages, each of which requires cagitdllabour. The production stages are strict
complements in that producing the final good resgigach one to be performed in fixed proportions.
At the cost of additional assumptions on the cpitansity of upstream versus downstream stages of
production, the Dixit-Grossman production structyiedds a very simple characterisation of the
endogenous range of stages that are offshored givexogenously specified range of offshoring
costs for each stage of production. The focus ®ahalysis is on establishing a ‘generalised factor
price frontier’ that takes account of the shiftdhe range of stages that are offshored when poices
offshoring costs change exogenously. When pricaagé, he shows that offshoring can heighten or
dampen the magnification aspect of the Stolper-®soun effects. He also shows that cheaper
offshoring produces more offshoring and this ramel®wers factor prices according to the relative
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factor intensity of the two sectors and the fragm@ffshored. No formal results are presented on
production and trade effects.

More recently, Grossman and Rossi-Hansberg (20p6aGiRH for short — present a formal model
where the wage effects of offshoring are unambigu@RH (2006a), for example, highlights the case
where offshoring unambiguously raises the wagearkers whose jobs are offshored (controlling for
terms of trade effects). The unambiguous effedtiien by the fact that offshoring acts a
technological progress — what they call the praditgteffect. Grossman and Rossi-Hansberg (2006b)
explore the issues in greater depth, confirminguteembiguous productivity effect on wages in
certain cases. GRH also identify an anti-Stolpen&ealson effect. As they argue (using ‘trade insask
as a synonym for offshoring): “reductions in thetoof trading tasks can generate shared gaindlfor a
domestic factors, in contrast to the distributioc@hflict that typically results from reductionstime

cost of trading goods. (GRH 2006b, abstract)” GRékpnt an array of models to illustrate their
findings, but the common core of their models isahnological specification akin to the Dixit and
Grossman (1982) model. Unlike Kohler (2004b), hogrethe stages (called ‘tasks’) require only
unskilled labourI(-tasks) or only skilled labouH¢tasks). Substitution between tha¢ask andH-task
continuums is possible, buttasks are strict complements in that producinditie good requires

each task to be performed in fixed proportions;séme holds foH-tasks.

Organisation of paper

The next section, Section 2, presents a simpli&model and briefly lays out the four standard
trade theorems in order to fix ideas and introduziation. The next section presents our model of
offshoring, characterises the equilibrium, and thleows how offshoring requires a modification of
the four standard trade theorems. Section 3 presemtextensions. The final section presents our
concluding remarks.

2. TRADE IN GOODS IN A MODIFIED HO MODEL

To introduce our notation and normalisations, weogiuce the familiar 2x2x2 HO model and
demonstrate the four theorems. The model assuntesations, Home and Foreign, two final goods,
andY, and two primary factors, human capitd) @nd labourl(). Tastes are homothetic and identical
across nations; Foreign is relatively abundantiyosved with labour antl is theK-intensive good:
KY>KX; KYE&’ KX E& (1)

Ay A x

wherex is the capital intensity of sectoand the Leontied;;’s employ the standard factor- and sector-
subscript notation.

Home is assumed to be technologically superionénHicks-neutral sense (Davis 1995, Trefler 1993).
Specifically, all Foreign unit input requirements &> 1 times higher than Home’s. Singg= )g;

(“*" indicates Foreign variables), (1) also holds foreign technology. Note that the Hicks-neutral
technology differences do not give rise to Ricandi@otives for trade in our model. Indeed, we can
mechanically transform the model into a standardrif@lel by defining Foreign factor supplies in
‘effective units’, i.e. dividing-* andK* by the technological-inferiority-factgr

In autarky, the Home or Foreign equilibriums arareleterised by two pricing equations, two
employment equations and a market clearing comdifibie pricing equations in the two nations %re:

® In general, these should be inequalities; we gselities since we assume that parameters aretisathoth nations’
production structures are diversified at the settevel with free trade, i.e. they share a diferation cone. This requires
them to have sufficiently similar endowment ratiosa way that we formalise in the sequel.
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B H R P ]

whereX is numerairep denotes the price &f wandr are the rewards for unskilled labol) @nd
skilled labour K), respectively (‘T’ indicates the matrix transppsehe employment equations are:

m:Am &j:”{m ®)

Market-clearing conditions for Home and Foreigminarky, and the world (with free trade) are:

pY _ aE Py aB pY"  aE"
X (@A-a)E’ X*  (1-a)B’ X" (1-a)E"

(4)

with Cobb-Douglas preferencesg s Y's expenditure share). Tligs are GDP (expenditure) in terms
of the numerairé.

2.1. Free trade in goods and the 4 theorems
Assuming neither nation specialises, (2) and (8)dyihe equilibrium wages and outputs:

e [l Rl (] e

Autarky and free trade equilibrium factor pricesiieh follow from (5) and (4), are:

Autarky: p=a/(l—cr) (/(Y—k)’ -_all-a) (KY —k*)
ay lay k-Ky ay lay KKy 6)
Trade: p:a/(l—a) oK )

a,x /aLY \ZW_KX

where the lower-cadés are national endowment ratios, ile= K /L andk* = K*/ I* andk" is the
world capital-labour ratio measured in effectivétsimamelyk® = (K + K¥ ) /(L + ¥/ }) . We use “~”
to denote factor supplies measured in effectivésuithe non-specialisation regularity conditione- i
Ky <k*< k" <k< k, —implies that all endogenous variables are pasih equilibrium.

The Factor Price Equalisation (FPE) theorem sthatgsfree trade equalises factor prices
internationally by equalising goods prices. Here BPE theorem holds but for ‘effective’ units of

factors, i.e. counting an hour of Foreign laboui@gimes an hour of Home labour. From (5), the
international ratio of wages in terms of the nurirers y.

The Heckscher-Ohlin (HO) theorem states that tlaively L-rich nation exports the-intensive
good and imports thk€-intensive good. Home imports ¥f using (5) and (6), are:

al , k—-Kk"
:—( =
a x k —Ky

My ) (7)

" Specifically, preferences are given by X*“Y? andE=X+pY=wL+rK in Home, with an isomorphic definition f&"*.

The loss of generality that results from assumisgexific functional form for preferences is mdrart compensated by
the two following facts: first, this assumptionnist necessary to generate any of our general semgarding the effects on
factor prices and production patterns. Secondloiva us to derive explicit closed-form solutiorss £quilibrium terms-of-
trade and trade volumes; the qualitative effectald/oemain unchanged if we allowed for general httratic preferences.
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whereMy is our notation for Home imports & Since the denominator is positive (the world’s
endowment is within the diversification cone), Hommports the_-intensive good if and only if its
capital-labour endowment ratio exceeds the woedfsctive capital-labour endowment ratio. This
demonstrates the Heckscher-Ohlin theorem since tratince implies that the value of Home’s
exports ofY equals Mx.

The Stolper-Samuelson theorem is a partial eqiulbresult p is exogenous) that connects goods
and factor prices; a rise in the price of Kxntensive good raisasmore than proportionally and
lowersw. This can be seen from log differentiation of sadution forw andr in (5):

dw/w: -p <0 dr/r: p
dp/p ay/ay-p ~ dp/p p-a,la,

This means thatrises more than proportionally withandw actually falls, so qualitatively the and
r changes are like real wage changes. (The ineqsfitilow from our factor intensity assumptions as
usual.)

>1 (8)

The Rybczynski theorem is a partial equilibriumutegp is exogenous) which states, in its simple

form, that a rise in a nation’s endowment.ahises its production of tHeintensive good more than

proportionally and lowers its production of theatlgood. Log differentiating (5):

dX/X _ &k -1 dY/’yY _ -k
du/L -k dL/L k-«

<0 9

3. A SIMPLE MODEL OF THE OFFSHORING

This section modifies the HO model to allow forsbfbring/fragmentation. We model the production
of X as involving three “tasks” labelletll, X2 andX3, which can be thought of segments of the
production process (in which case the task’s outpah intermediate good) or service inputs.
Likewise,Y production involves taskél, Y2 andY3. In the HO model, the tasks were bundled ato
andaxx. Here we allow them to be unbundled and their petidn potentially placed abroad, i.e.
offshored. Each task involves somandK, so theg;’s can be decomposed into task-by-task Leontief
unit input coefficients:

aLX = aLXl + aLX2 + aLXB’ aKX = aKXl + aKX2 + aKX3 (10)

where thel andK unit inputs for task-in sectorj denotes aa,; andag;. The coefficients fol are
decomposed into task requirements in an isomonphicner. In the spirit of the HO model, the
international transportation of the fruit of eaaekk is costless.

A key to offshoring is our assumption that firmattioffshore a task (i.e. place its production atyoa
can combine their own nation’s technology with labm the other nation, paying the local wage
rather than workers’ marginal products. In this wafyshoring from the high-technology/high-wage
nation to the low-technology/low-wage nation mayelsenomic despite the effective factor price
equalisation. Offshoring from the low-technologyioa to the advanced-technology nation, by
contrast, will never be economic.

While offshoring tends to reduce costs, it mayauaur if the cost of coordinating spatially sepedat
tasks is too great. To be explicit about the camtion costs and the nature of tasks, we assurhe tha
individual tasks are not equally easy to sepanadéialy from the other two tasks. We model the
coordination costs as being of the iceberg typatd) production of a unit of1 by a Home firm in
Foreign requireg(X1)a x; andy(X1)akx: units ofL and K, wherey(X1) = 1. Note that it is as if
offshoring causes deterioration in the offshorimm®s production technology (due to the extra
coordination costs)(i) varies according to the task and, without losgasferality, we order the tasks
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such that task1 is the cheapest to offshod2 the next cheapest ak@ the most expensive. We
impose an isomorphic ordering d¥rsector tasks.

The per-unit offshoring cospgrelates to the cost of coordinating spatially sefgatasks within the
same firm. In addition, depending upon the natfith@task, it may be much harder to coordinate the
three tasks when tasks are performed by diffeiensf— especially when the task involves firm-
specific services, many of which may be idiosyricrauch as accounting services (which involves
firm-specific peculiarities) or telephone help-lin@vhich involve firm-specific training). While i$
possible to model this decision more preciselyngd@o would make it difficult to compare offshoring
with traditional trade in goods. This leads usriindduce an extra set of coordination-cost pararsete
that simplify the problem. It cosygX1) to offshore task1 to Foreign when taske2 andx3 are
undertaken by the same firm in Home, but is cgét4) to coordinate the three tasks when tdsks
done in a separate firm from ta¥kR andX3 — and this regardless of whether they are urkiemtan the
same nation. (The same holds for all the otherstffsk

For the sake of analytic clarity, we consider tges. The first case takes e as sufficiently high

to make inter-firm trade in tasks uneconomical. §auen if Home firms offshore ta3d to Foreign,
they will not supply task1 to Foreign producers. The second takeg®has zero so inter-firm trade
in tasks becomes economical. For the sake of telogical clarity, we refer to the first case (in®.
local sales of offshored production) as offshomfighe service-tasks case (although it could atdd h
for the offshoring of some firm-specific intermeiagyoods) and the second case (i.e. local sales as
economical) as manufacturing-tasks case.

Deviation analysis: Service task offshoring

To find conditions under which offshoring occurg examine the problem facing an atomistic Home
X producer that is considering offshoring a taskemwho offshoring is yet occurring. Since no
offshoring has occurred in this thought-experimént,trade in goods is free, the analysis from the
previous section implies that the low- and highlskage gap will bey(i.e.w =w* yandr =r*)).
Offshoring is economical if:

WaLXl + r'aKX1
Wa'LXl + r'aKXI >

XXD) = y>x(X) (11)
where the first sum is marginal cost of tagkwithout offshoring and the second is marginat eath
offshoring, i.e. when the Home firm uses Home tedbgy but pays Foreign factor prices, taking
account of the iceberg coordination costs. PlaitalgkX1 is offshored only ify > (X 1)

Many cases can arise since the firm might wanffghore taskX1 andX2, orX2 andx3, orX1 and

X3, or everX1, X2 andX3. To work through all of these, we would have étadl the coordination
costs of each proposed bundle and this could belesnsince coordination costs are unlikely to be
separable. Since the purpose here is to illusthatéact that offshoring (i.e. trade in tasks) k&l
some outcomes that are very different than thosairsdd with only trade in goods, we discipline the
range of cases by making restrictive assumptiopsciBically, we assume that when trade in both
goods and tasks is allowed, the coordination dosts1 andY1 are nil while the coordination costs of
offshoringX2, X3, Y2 andY3 are prohibitive.

Given this simplifying assumption, the atomisticri firm would find it profitable to offshore task
X1 to Foreign. Moreover, an atomistic Home firmhe Y sector would also find it profitable to
offshore task¥1 to Foreign. Of course, other firms would follondathe re-organisation of work

8 Section 5.2 shows our results all got through imamopolistic competition trade model where firmes well-defined; we
stick with the HO setting to improve comparisonhitihe four theorems and the main offshoring/fragietéon literature.
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would change prices, wages, production patterndrané. We turn to working out the new
international equilibrium with free trade in bottsks and goods. Note that Foreign firms would never
offshore to Home since this would involve combininfgrior Foreign technology with expensive
Home factors of production.

3.1. Service task offshoring

As discussed above, we roughly associate serviderseffshoring with the case where all offshore
production is re-imported to Home because<ai@r Y1 can be sold to Foreign firms by assumption.
Given that taskX1 andY1 are offshored, the new employment and pricingaéqos are:

L a_ Xo L At _amy Wo ™[ Wo
PR o S RS W
7 X X6 17w
{K*}‘VA{YJ*A{YJ’ M‘VA H

where the subscripO’ (for ‘offshoring’) indicates equilibrium variabgewith offshoring, and

{X(Xl)am X(YDay,, }
X(XJ')aKXl X(Yl)aKYl
The pricing equations for Foreign are unalteredheyoffshoring (Foreign firms continue to use

Foreign technology and Foreign labour as befordjelve work with explicit solutions fot, Y, w or
r, we take the coordination costs to be zero y@<1) = y(Y1)=1.

(12)

1=

Shadow migration

This offshoring-cum-tech-transfer acts like ‘shadmigration.” Home firms use some ForeigandK
to produce goods using Home technology just dwifRoreigrn. andK migrated to Home and worked
in the HomeX andY sectors (but got paid the foreign wages). We asdsiat the shadow migration is
not large enough to move ‘effective’ endowmentasitbutside of the diversification cone, so
production remains diversified. Rearranging (12¢ ¢mployment equations are:

L+AL X L* —-AL X B X
Lo |2 R N o |_a| %o (13)
Ko K +AK Y, K * —AK Y, KY ‘A
where
AL X - * . *
{ }EAl[ O}O; '-gE'—+L—+(1—£)AL, Ké“EK+K +(1—£)AK
AK Yo y y y y

defines the equilibrium amounts of the shadow ntignraAL andAK, and the world shadow effective
endowments with offshoring. (For closed form salns, see Appendix.) The definitions g and

K& make it clear that offshoring is like an expansiothe world supply of factors (measured in

effective units). The shadow migration amouis andAK, are positive given our regularity
condition that stipulates that production remaiedsified in both nations even after offshoring.

Shadow-migration shows up in the price equatior(d@®) as cost-savings. For Home and Foreign:

P T S N v T o s
PotS, f'o Po f'o S o =To

whereSx andS;, are the per-unit cost savings in thandY sectors, respectively.
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3.1.1. General equilibrium incidence on prices, wages, output and trade
We turn now to determination of the post-offshomies, wages, output and trade flows.

Price effects Solving (13) forXg5 andY,', and using the market-clearing condition, the post
offshoring price is:

= 2D & (15)
ay /ay I(o ~Kx

Comparing this to (6), we see thébecomes dearepq > p), if and only if shadow migration lowers

the world effective capital-labour ratio, i.? <k". From (13),k" <k" holds when the shadolv

migration is proportionally greater than shadéunigration (relative to the pre-offshoring world

effective labour supplies), i.e. fiL/ [ > AK /K" . To summarise:

e}

Proposition 1:  Offshoring of either type of labour changes the world price of final goods. The
relative price of capital-intensive good Y rises if the shadow K-migration is proportionally
less than the shadow L-migration.

Production effects Combining the shadow-migration insight and &gmski logic, it is intuitive

that offshoring’s general equilibrium incidencemoduction are ambiguous in sign and depend upon
the relative shadow migration bfandK. Solving (12) for the post-offshoring productiomdausing

(5), the production effects of offshoring are:

el R ol &
Y, | LY AK Y, | LY y' oK

whereX, Y, X* and Y* are defined in (5). This shows, as anticipatedig/Rybczynski logic, that
HomeX output rises iAK/AL is lower tharky and HomeY output either rises less or fafld.he
necessary and sufficient conditionYobutput to fall ISAK/AL < kx. From (16), the change in Foreign
product has the opposite sign as the change in Hwogriction effects, but the magnitudes are
mitigated by the Foreign technological disadvantaggpecifically, AX* = -AX/yandAY* = -AY/y,
whereA indicates change. The various outcomes are dépictihe left-panel of Figure 1. The usual
Jonesian magnification effects are in operatfoho summarise:

Proposition 2:  Offshoring can be viewed as shadow migration of Foreign L and K. The impact
on Home production follows a Rybczynski-like pattern, if offshoring implies a very
unbalanced ratio of K versus L. shadow migration, but the output of both sectors may rise if
the amounts of L. and K shadow migration are fairly similar. The exact limits are shown in
Figure 1. Standard Jonesian magnification effects occur.

Wage effects Combing the cost-savings aspect of the shadgpwation insight with Stolper-
Samuelson logic, it is intuitive that the genemgi@brium incidence of offshoring on wages is
ambiguous. For example, if offshoring leads toeagdeal of cost-saving in theintensive sector —
which acts like a rise in the price ¥fas per (14) — thew rises and tends to fall. More precisely, we
solve (14) for the post-offshoring wages:

® The solutions arAX=Xo-X=(k-AK/AL) AL/a x/ (k- kx) andAY=Yo-Y=(AK/AL-kx) AL/a v/( k- Kx). Since the denominators
are positive, the sign of the production effechtuon the difference betweAK/AL and thex's.

10 For exampledX/X ={(AL/L) /(1- K/&y) - (AKIK)/(k/k-1)} and k/&, < 1 since both economies’ product is diversified.

10
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el el

whereAp = p, — p, andw, r, w* andr* are defined in (5). This shows that the wage ofrtéL-

workers rises (controlling for terms of trade effedp), if and only if the cost-savings is sufficiently
greater in thé-intensive sector than in ti&intensive sector. Using well-know solutions for Y 1the
precise necessary and sufficient conditioBdSy > axx/axy. Additionally, r rises less or actually falls.
The necessary and sufficient conditionifa@o fall (controlling for terms of trade effects3, that the
ratio of cost-savings exceeds the ratidanput coefficientsSJSy > a x/a y. If the cost-savings ratio
lies between the capital and labour ratios, theh b@ges may rise (an ‘anti-Stolper-Samuelson’
effect). Figure 1 illustrates the possibilities eTiisual Jonesian magnification effects are in djpera

Y, <Y Y, >Y Wy <W W, >w
/—L\/xo>x . xo<x\ /—L\row - ro<r A
- N Y_/H | N [_)%
0 Kx Ky AKIAL 0 A lay Ay / a, X%
anti-Ryb. results anti-SS results

Figure 1: Shadow-migration, cost-savings, and offgting’s production and wage effects

Apart from possible terms-of-trade effects, therao change in the foreign wages as Foreign goods
are produced with the unchanged Foreign techndib@p. summarise:

Proposition 3:  Offshoring raises the real wage of Home I-workers if the offshoring implies cost
savings that are sufficiently larger in the L-intensive sector than in the K-intensive sector; the
real wage of K-workers rises less or actually falls; it falls if the cost-savings are sufficiently
skewed towards the L-intensive sector. The precise necessary and sufficient conditions are
illustrated in Figure 1. Apart from terms of trade effects, wages of Foreign .- and K-workers
are unaffected.

Notice that shadow migration can widen or narrowvittternational wage gap for each type of labour,
so offshoring may increase or decrease the prefsureal migration. In this sensa&hadow migration
need not be a substitute for real migration.

Rent allocation The cost savings arises from the use of Hom@&rior technology with Foreign’s
cheap labour. This creates rents (Foreign worketisd offshoring sector are paid their reservation
wage rather than their marginal product) that azemntirely to Home in the services-version of our
offshoring model. The sectoral bias in the cosirgg/determines how much of these rents go to
HomeL-workers as opposed to Hordeworkers. This can be seen explicitly by writing Y7 terms
of the Home-Foreign wage gaps using the definitmfrtheSs in (14):

PR A

o ~To

1 If offshoring involves a relatively large amouritshiadowlL-migration versus shadokmigration, the price of thie-
intensive goods will fall, as per (15); this imglia negative terms of trade effect for Foreigri-eeignL-workers would
lose and ForeigK-workers would gain according to standard Stolpem&elson reasoning.

11
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Using the definitions 08« andS, this shows that the division of rents between HamandK-
workers depends upon the relative labour savindgisaX andY sectors.

Extreme offshoring. One interesting special case is where theduoation costs for all tasks are
zero (allx’s are unity). In this case, all tasks are offsdaaad Home’s superior technology completely
displaces Foreign technology (all Foreign labouvessk in the offshoring sector). The outcome is
exactly like a technology transfer from Home todtgn that brings the Foreign economy to the
technology frontier. In this extreme case, Homeesgagre unchanged (controlling for terms of trade
effects) but Foreign wages rise to Home levelss Télis us that the wage-offshoring relationship is
thus non-monotonic. A modest lowering of coordioatcosts produces offshoring that raises
advanced-nation real incomes (as per Propositiohut)a very large reduction could return them to
the pre-offshoring level, while raising the backdiaation’s factor prices to those of the advanced
nation.

Inter-industry and intra-industry trade effects. Since offshoring changes the Home technology
matrix but does not affect Foreign’s, we can nagtartransform the equilibrium into free trade among
nations with identical technology using the effeetiabour concept. This means that much of the
elegance of the HO trade equation (7) disappealsoffishoring, except in special cases. In paréicul
Home firms face the technology matAxA; while Foreign firms continue to fagé.

Home imports oKX are (14) times its GDP minus its production Xf In the offshoring equilibrium,
Mxo=(1-a)Eo-Xo, SO we can express the change in imports in tefrttee change in Home’s GDP and
its production of X, i.eM,, -M, = (&a HE-AX. Since offshoring’s impact o& is driven by

factor price changes — and thfgsandS, as per (17) — while its impact ohis driven byAL andAK as
per (16), offshoring changes the pattern of tradinial goods (apart from knife-edge cases). For
example, if the shadow migration is heavily biasatiardsK (so the impact oX is negative) and the
per-unit cost-saving is heavily biased towardso the wage of Home’s abundant factor rises) then
Home’s imports oX will rise. More precisely, we calculafé (which equald Aw+ KAr) from (17)
andAX from (16) to get:

Mxo_Mx:(l_a){L} (AT)_{ > :| B (KY_&jaLY—AL (19)
K S, +Ap AL )det(A)

Plainly this depends upon the sectoral cost-safthgSs) and shadow migratiodK andAL, in
complex ways. Thus, except in knife-edge case$ofisg alters the pattern of trade in final gootts.
summarise:

Proposition 4:  Offshoring is a ‘source of comparative advantage’ in that it alters the pattern of
trade in final goods. For instance, if Home and Foreign have identical endowments ratios
there would be no HO motive for trade without offshoring, but trade in final goods can
arises due to the ‘shadow migration’ associated with offshoring.

Intra-industry trade arises with offshoring if sstitians classify the output of task& andY1 asX-
sector and/-sector trade respectively. Home imports the lilasksX1 andY1. Since Home also
imports eitheiX or Y final goods (except in knife-edge cases), intidustry trade must arise. To
summarise:

Proposition 5:  Offshoring typically creates intra-industry trade since Home imports the fruit of
the offshored task X1 and Y1 and is, typically, a net exporter of either X or Y even if Home
and Foreign have identical factor endowments.

12
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A standard measure of the volume of intra-industige is the ‘overlap’ of a country’s import and
exports within a given sector. Denoting ‘lIT’ asraueasure of intra-industry trade and writing

Home's imports of tasks in sectiis=(Xo or Yo) as M ™ = (a_,,w* +a.,*) J,:
2M e if M, <O
T =12M 2 if My, <O (20)

M+ M= if Mo, M, <O

3.2. Trade in tasks and the 4 theorems

The effective Factor Price Equalisation theorentdbsed above involved a pre- and post-trade
comparison of wages in the absence of offshoriritghOring, in general, breaks the effective factor
price equalisation since it changes Home wagesther words, if a nation engaged in offshoring but
the econometrician ignored it, a test of the effectactor price equalisation theorem would fail.
Moreover, it would be easy to confuse the directbnausality. Offshoring creates extra trade and i
widens the international wage gap (for at leasttgpe of labour and possibly both as per Propasitio
1). Thus, empirical researchers might mistakertiybaite the gap-widening to the extra trade while i
truth the two were created by a third cause —ebbriology-transfer embodied in offshoring.

The Heckscher-Ohlin theorem links trade in good®lative factor endowments. The Heckscher-
Ohlin theorem does not necessarily hold when tisefee trade and offshoring. For instance, if
nations have identical factor endowment ratios frade and offshoring would result in inter-inayst
trade when the HO theorem would predict none.dfebonometrician tested the HO theorem ignoring
offshoring, the data might contradict the sign predns of the HO theorem (the labour abundant
nation might export th&-intensive good on net as per Proposition 4, a lieblike paradox). If the
econometrician used sector average factor intesgié.ga, x andaxyx) to evaluate the factor content of
the trade in taskX1 andY1 as well as the trade in final goods, the volumesligtions of the HO
theorem would be violated even if the sign preditdiwere correct. Depending upon the factor
intensity of the offshored tasks, the data mighiraeked by a ‘missing trade’ paradox, i.e. show les
net trade than predicted by the HO theorem, bualgqwell there might be too much net trade.

The correct version of the HO theorem in our maslehther involved. Since Home GDP is
Xo + PoY, —W,AL —r AK , namely the output of final goods less the costnpiorted intermediates,
we can use the manipulations leading to (7) toeatibme imports oK as:

o=t dok L pywiaLeraK)
a ko_Kx

The first term is isomorphic to the standard HOotkeen formulation as in (7), except we use the
shadow rather than the actual relative endowmémesffective units). The second term is proportiona
to two endogenous guantities that might be obségvakhe total wage bill in the offshoring sector i
Foreign, and the value of Home’s imports of intediates (all in terms of the numeraire). The closed
form solution for(1-a)(wW* AL +r* AK) , employing the definitions aK and4L, (17) and (16), is:

sawsro = o] o= W) 2] 4[]

O

Combining these elements, the HO theorem with ofislg can be written as

o=l (VAN RS &

13
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wherepo is defined in (15). Plainly this is far more compkhat the usual HO theorem. The reason is
that offshoring alters the relative technology neats in ways that prevent us from using the eféeeti
labour concept to cleanly restate the equilibriwntrade between nations with identical technology.

The Stolper-Samuelson theorem is a partial equilibresult linking factor and goods prices. In the
partial equilibrium spirit, we take the extent dfstioring — as measured By andS, — to be
exogenous when formulating the equivalent theoramnthie case of free trade in tasks and goods.
Inspection of (17) shows that the theorem wouldih&ltered for Foreign, but the transmission of
changes ip to Homew andr is altered by th& andS, terms. Using (17), the theorem’s analogue in
our model is:

dwo/wo| _ -Po (ﬂ) dry /1 _ Po (L) 22)
dpo/po|5x,5( aKY/aKX = Po Wo dp/p S8, Po ~ aLY/aLX f'o

Comparing this to (8), we see that the impacivamould be dampened (less negative) and the impact
onr would be magnified (more positive), if and onlyif rises and falls with offshoring

(controlling for terms of trade effects). As we kntrom the discussion above, a necessary condition
for this to be the case is that the relative caging is skewed towards theintensive sector so that

S!S, >a, /a,, as per Figure 1.

The Rybczynski theorem analogue with trade in téskigking the extent of shadow migration as
given):

dXO / X5 _ K, (i) dYO / Yo _ =Ky (i)
dI-o/I-o AL AK Ky _ko Xo , dL/L AL AK ko —Ky Yo
(23)

whereko = (K+AK)/(L+AL). Comparison of this and (9) provides two mairuhess First, under the
assumption that offshoring does not reverse thiemgrof relative factor intensities, the proport@bn
increase irX from a given proportional increaselirwould be smaller under trade in goods only, but
the drop inY production would be more marked, if and onl)Xd#> X andYp <'; for these conditions
to hold, it is sufficient thak, >AK /AL . If AK/AL >, , then the proportional increaseXrns more

marked and the proportional dropYfvould be dampened. Second, if as a result of offsg X
becomes capital intensive, then the output decreases as a result of an increasebip the usual
Rybczynski logic. To summarise:

Proposition 6:  Offshoring alters the four HO theorems. An econometrician who tested the HO
theorem’s sign and volume predictions ignoring offshoring would reject the theorem even
though a modified form the HO theorem holds. The same can be said for the factor price
equalisation theorem since the extra trade induced by offshoring tends to widen international
factor price gaps. The Stolper-Samuelson and Rybczynski theorems would also appear to be
rejected in their strict forms although properly modified versions of the theorems hold.

3.3. Integrating special cases in the literature

The fragmentation/offshoring literature has focusadpecial cases. Many of the papers assume that
offshoring occurs in only a single sector whileethpresent cases where offshoring only involves a
single factor. Here we illustrate how our offshgrimodel can integrate the various cases. To keep ou
synthesis manageable, we limit our focus to Homgeneffects and ignore terms of trade effects.
From (17):

AW = By Sy~ A Sy

Ar = S ~ay S, (24)
det(A)

detf )
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In the papers that assume only one sector expesdregmented/offshoring (& or Sy is zero),
offshoring that acts like sector-specific Home tachl progress, so the wage changes (ignoring terms
of trade effects) are simple and “Jones ambigygge Introduction) arises. If

offshoring/fragmentation occurs only in the ungdilabour intensivX-sector,S,= 0 and Home
unskilled wages rise, but falls if offshoring occurs only in thé-sector. Likewiser rises andv falls

if the offshoring occurs only in the skilled labantensive sector.

In papers where offshoring involves only one factog. GRH (2006a), offshoring acts like a factor-
specific cost savings and the well-known GRH rethdt offshoring unambiguous boosts the wage of
workers’ whose jobs are offshored (controlling terms of trade effects) can arise. GRH (2006a)
assume production functions where each task uggd.dabour or onlyK-labour and they undertake

most of the analysis assuming that doliasks are offshored.In this case,S, = a,,,(w, -w,) and
S =a (W _W*o) » SO

AW = Ay By x1 ~ Bx Ay vy (W, — W;) , Ar = (av./ay) — (@x./ax)
det(A) det@ )

Due to GRH normalisations involving the size oktand the equality of offshoring costs across
sectors, the numerator Af is zero, whileAw is positive’®> GRH (2006b) also consider the case where
tasks that involve onlik-labour can also be offshored and this c3sandS, regain their general
formulation as in (14), so the Jones ambiguitye®ared as per Proposition 3.

a v x (Wo - W:)) (25)

4. MANUFACTURING TASK OFFSHORING

In the previous section, all output of the offshltbsector was sold to Home even though offshored
production units produce task4 andY1 at a lower cost than the Foreign producers. Merallow
local sales oK1 andYl1. For the sake of terminological clarity, we reffethis case (where tlgs are
zero) as the ‘manufacturing goods case’ even thaugtuld apply to some types of services.

When inter-firm coordination cos{gX1) and{(X1) are zero, the offshoring Home firms would also
supplyX1 andY1 to Foreign producers. This would change the pgieind employment equations to:

sors [k LS LA [Tl oo
P +S o Pt f'o K+AK Yo K™ -AK Yo

where the subscript ‘O’ indicate the new offshoraggilibrium (i.e. we ‘reset’ the notation, so the
value of these endogenous variables differs fromsdhin previous sections), and
X AL
v )

Se | _oat| Wo— W5 Sl avat W AL [ X AL
I Il N A i el o o

2 GRH (2006a) focuses exclusively on the case whehgtasks involving. can be offshored; GRH (2006b) also
considers the possibility that tasks involvikgan be also be offshored. The main restrictiaihéir formal analysis in
both papers is that every task is performed onli by only byK.

13 GRH (2006b) normalize the measure of a task so_thasks in both industries all have the same upitiroefficients,
i.e.a x1 =ayy, in our notation. They also assume that the offslgacost for the tasks that have been thus nosedlare
identical across sectors (itg(i) =t (i) =t(i) in their notation). This interaction between tiwmalisation of task ‘sizes’
(formally, their measure) within each sector arel¢toss-sector assumption on offshoring costs esphat the labour
cost-saving in both sectors is proportional togheoffshoring unit-labour input coefficient, whidh our notation implies
a xi/a x = ayi/aLy. Footnote 12 in GRH (2006b) suggests that = a,y; could be relaxed by allowing more general
substitution among tasks but the mapping to offsigocosts in this a case is not made explicit.
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Note that theSs andA’s are different from the previous section.
Solving (26) for wages, using (5) fo, r, w* andr*:

el (el

whereAp denotedo—p as before. Two aspects of this expression are oty First, the expression
for Home factor prices is isomorphic to (17) so analysis in the service-offshoring case in the
previous section also applies in this model extengalthough the exact value $f andS,y may

change since the Foreign factor prices can berdiit Second, the wages of Foreign workers also
benefit from the cost-savings induced by the offsigplinked technology transfer (the exact per-

sector cost saving is given g, and S,).** Moreover, the form of the Foreign wage changg@
are isomorphic to those of Home. Consequentlythalldetailed analysis in the previous section
relating the cost-savings to the wage effects @gposition 3 and Figure 1) is applicable to the
impact of offshoring on Foreign wages wi) and S, substituted fo5 andS,.

Solving (26) for production, using (5) f&t Y, X* andY*:

AX 4 AL Ve 4| AL
=(A)"] e | A (29)
AY AK AY y AK

Qualitatively, the impact on Home production is #ane as in the service-offshoring case in the
previous section. The impact on Foreign productimwever, is qualitatively different and the shadow
migration interpretation is less clear-cut (not@articular that the sign @&L* and AK* is now

ambiguous, though effective world endowmentd.aindK are unambiguously larger with offshoring,
i.e.[¥ >[* andKY > K". In the service-offshoring case, Home offshoretitelogy was used only

for Home production, so the Foreign labour employethe offshoring sector was diverted from
Foreign production and this meant that the Foreigiduction change was proportional to the Home
production effect but of the opposite sign (&\¥.= -AX /). Here the tech-transfer embodied in
offshoring tends to stimulate Foreign productianitss simple proportionality breaks down.
Nevertheless, the basic analysis of productiorceffior Foreign follows the Proposition 2 and Fegur
1 reasoning (held for Home) witkX' andAY substituted foAX andAY.

Since the trade effects follow from the productaoml factor price changes, as per the reason
surrounding Proposition 4 and 5, it is clear tH&hwring in the goods-case at hand will also be a
source of comparative advantage and intra-indusige.

5. EXTENDING THE BASIC MODEL

In this section, we extend the basic trade-in-tas&del in two directions. First, we allow for
Ricardian differences among nations and show thaican result in the two-way offshoring that is
common among OECD nations (Amiti and Wei 2005). &dcave show that the basic analysis in
Section 3 goes through in a simple Helpman-Krugitnaae model. This may be useful since some of
the coordination-cost assumptions in our offshormagel fit more naturally in setting where firms
produce differentiated product (and thus naturadlye differentiated inputs).

¥ There is a crucial difference, though, betweerfaleeor price effects on Home versus Foreign labBar Home labour,
it is rents that generates the cost-savings (i.e. the fattRbieign workers are paid less than their marginatiucts); for
Foreign labourtechnology transfer is the source of the cost-savings.
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5.1.  Intra-industry two-way offshoring *

To focus on the essential differences between irageods and tasks, it proved convenient to
eliminate Ricardian motives for trade by assumhag the international technology differences were
of the Hicks neutral type. One result of this agstiom was that Foreign never offshored tasks to
Home. The extensive empirical literature on fragragon, however, documents the importance of
two-way offshoring. Here we modify the basic moitheh way that creates two-way, intra-industry
offshoring in spirit akin to Davis (1995). We shdd so in a highly specific model. As the analysis
above made clear, there are a wealth of casesdblt be considered (e.g. various combinations of
factor abundance and technology superiority, faictiensity of the offshored tasks, etc.). However i
is not really necessary to formally consider adl tases. Most of the cases can be dealt with simply
using the core intuition that trade in tasks canibaed as ‘shadow migration’.

We assume ‘mirror image’ Ricardian superiority. Hohas inferior technology in task8 andY3,

while Foreign has inferior technology in tasks andY1. The nations have identical technology in
tasksX2 andX3. Moreover, we assume that the task-level teclyidd advantages exactly offset each
other so that the two nations have the same skxtel-unit input coefficients. Formally, let thepimt-
output matrices bB={b;} and B*={ bi,-*}, i =L,Kandj = X,Y. We assume that the technological edges
in tasks 1 and 3 are such that:

by =a;+a,t VA, b” =y@ta ta, b :h;’ >4 i=K,L, j=XY, h=1z:
soB*=B. Finally, we assume nations have the same faomowement ratios.

Given the analysis above, the outcome without offisty (i.e. trade in tasks) is obvious. The two
nations have identical wages and do not trade @&t other, i.e.:

Nl M M &

Once we allow free offshoring — i.e. the coordioatcosts, thg’s and thel’s, drop to unity — trade in
tasks occurs. Specifically, Home’s superior techgglin tasks<1 andY1l completely displaces
Foreign’s technology in these tasks while Foreigmiperior technology in task3 andY3 completely
displaces Home’s technology. In this case, thehoffisg (and the fact that tasks can be sold atarm’
length among firms since tlgés are unity) imply that both nations move to thehnology frontier. As
a result, the pricing and production equations are:

R P g ®

where the subscripO’ indicates two-way offshoring equilibrium variaklé.e. we have ‘reset’ the
notation so these endogenous variables differ ttuyae in previous sections). SirBeA (i.e. eaclb;;
is larger than the correspondiag, it is immediate from (29) and (30) that, firste real reward of at
least one factor of production has risen and, sto@vorld and domestic) production of at least ohe
the two final goods has risen. In symbols:

AW_I BT)IAT Wo +BT)* O. AX =[-B A Xo
wlermElerlyl ey

wherel is the identity matrix. The interpretation of tiispression revolves around the same
considerations as in Section 4.

15 We would like to thank Toshi Okubo for providirftetidea for this section.
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The production effects are simple to work out. The-tmay offshoring is like ‘shadow migration’ but
due to the symmetry we imposed, there is no net@hanigration, so there is no Rybczynski effect in
either nation. By contrast, the move of both natitowards the technology frontier as a result @-tw
way offshoring will be isomorphic to a labour sayiproductivity improvement in both sectors in both
nations. Given thex ante symmetry of the nations at the sector level aedtipost symmetry of the
nations at the task level, there is no trade ialfgoods either before or after free offshoringtiwi
offshoring, all trade is intra-industry trade iiska. If the tasks represent manufacturing stapes, t
Woulqﬁbe parts and components trade. If they argcgeinputs, this would be intra-industry services
trade.

5.2. Offshoring in a Helpman-Krugman trade model

A fact that has been well appreciated in the litgeasince Norman (1976) and Helpman and Krugman
(1985) is that the basic HO results carry througaltered in a Dixit-Stiglitz monopolistic compediti
setting provided that technologies are homothétitere we use this insight to show that the Se@ion
analysis could easily be conducted in a monopol@impetition trade model setting. Such a setting
has the merit of making firm-level variables bettefined but the demerit of reducing comparability
with the classic HO model.

The key to the Section 3 analysis lies in the pg@nd employment equations and their restatement
using the shadow migration insight. As is well kmpwhe free-entry output of a typical variety under
monopolistic competition (MC) with homothetic tedbhogies, is parametrically fixed &(c-1), where

F is the fixed entry cost angis the elasticity of substitutioff. This implies that MC sectors display
constant returns at the sector level (doublingasatbutput at equilibrium would require double the
inputs). Equally well-known is Dixit-Stiglitz MC’sanstant mark-up pricing which makes prices
proportional to marginal costs. These two factslyntipat the MC pricing and employment equations
differ only slightly from those of the HO model 8ection 2. Specifically, assuming Dixit-Stiglitz
competition in both sectors, the Home employmentgicing conditions aré?

L ., X 1 _ O 7 W
RN R AR ¢

The Foreign pricing and employment conditions apenisrphic.

Since we have not specified unitsXfY, L or K, we are free to now choose units such that the
coefficient,o/(o-1), is absorbed into the definitions of prices andowments. With this, we have
reduced the problem to the problem solved in Sest®(service-task case) and so can conclude that
Propositions 1 to 6 also hold in this model.

6. CONCLUDING REMARKS

Our paper presents a simple model of offshoringdalaws us to derive necessary and sufficient
conditions are wage, production and trade effectffehoring. The simplicity also allows us to re-

'8 This is consistent with the evidence in SchotO@dnsofar as we observe two-way trade at finédaggregated levels
and that the differences in productivity at thektiesel are re-interpreted as differences in thaliuof the fruit of the
task.

17 A ‘bundle’ of i-sector factors uses; anday; units ofL andK, respectively. The fixed cost involvEsbundles and the
marginal cost involves 1 bundle in each sectok,Y.

18 | etx denote output anddenote marginal cost. Free entry requires thaptioe, which isva/(c-1), equals average cost,
which equals/(1+F/x), solving forx yields the result in the text.

¥ The equilibrium output per firm in both sectors{s-1), so the per-firm demand for factor bundlesl(iding the
demand for the fixed cost) ¥s= Fo. SinceX-sector output is jusix where n is the mass ®ffirms, n = X/F(o-1), total X-
sector labour demand isag«(F+x)n, which equalsy x(o/(o-1))X. Similar expressions hold for the other labour deds.

18



Baldwin & Robert-Nicoud: Offshoring: General Equilibrium effects

formula the four classic HO theorems to accountrade in tasks (offshoring) as well as trade in
goods. Our results can also be used to integratedimplex gallery of results derived in the exteasi
theoretical literature on offshoring/fragmentatidhe key is that we view offshoring as ‘shadow
migration’ that brings with it cost-savings that as technological changes. This permits us tohse t
elegant analysis of Jones (1965). The paper alsesstimt the basic model can easily be extended to
account for two-way offshoring between similar nat. To bolster comparability between our results
with offshoring and the four classic HO theorerhg, bulk of our analysis is in a Walrasian settingj,
we show that it applies equally in a simple monggtiol competition setting.
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APPENDIX: CLOSED FORM SOLUTIONS WITH OFFSHORING

The closed-form solutions for wages and producti@h service offshoring are simple to derive but
tend to be too complex to be revealing, so thewaxks with aggregates of parameters that areatefle
to potentially observable quantitiessx Sy, 4L, and4K. Here we provide the closed-form solutions in
matrix notation. These all follow from straightforsdamanipulation of (12) and the definitions${

Sy, 4L, and4K. Foreign wages and Home production are simplalicutate since there is no
interaction with the other pricing and employmeauations:

{Vrvoo} wﬂ(AT)ﬂ{pj’ Dj =(A _Al)_{ﬂ (32)

wherepo is given in (15). Home wage and Foreign productiectors involve both pricing and
employment condition and are thus more complex:

i) (e art]) o
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