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Abstract

A simple model of offshoring is used to integrate the complex gallery of results that exist in the
theoretical offshoring/fragmentation literature. The paper depicts offshoring as ‘shadow
migration’ and shows that this allows straightforward derivation of the general equilibrium
effects on prices, wages, production and trade (necessary and sufficient conditions are provided).
We show that offshoring requires modification of the four HO theorems, so econometricians who
ignore offshoring might reject the HO theorem when a properly specified version held in the data.
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intra-industry trade in a Walrasian setting.
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1. Introduction

The fragmentation and offshoring of production gsses 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 (2@0%) Urata (2001), for example, document the
linked rise of foreign direct investment, offshayjrand parts and components trade by Japanese firms
in East Asia. In North America, the 1980s saw tldespread 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 hasagifrom the manufacturing to the service sector
(Amiti and Wei 2005).

The empirical effects of offshoring on wages anodpiction do not sit easily with simple
partial equilibrium models that view one job shifteverseas as one job lost. For example, in beth th
US and Japanese cases, the widespread offshoringskifled manufacturing jobs that started in the
mid-1980s was not accompanied by a general deidlinenufacturing employment until the late
1990s (Debande 2006). Likewise, two recent studiesicro data find that find that expansion of
employment in affiliates in low income countriessess the skill intensity of domestic productiong(se
Head and Ries 2002 on Japanese data and Geislaack&org 2004 on German data). Understanding
such effects requires a general equilibrium framéwehere wages and prices adjust to offshoring.
Responding to this need, some of the world’s brasiet economists have put forth general equilibrium
models of offshoring/fragmentation. As we arguéhie 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 simulationstiady their equilibrium properties.

The purpose of our paper is to present a simpleshafcbffshoring that integrates and extends
the complex gallery of results that have been éerin the theoretical offshoring/fragmentation
literature! Our baseline model of offshoring finds firms unbling the production process and putting
fragments of it abroad to take advantage of low faygign factors of production. Importantly, our
model avoids the analytic complexity of multi-canedels and factor-intensity reversals. Non-factor-
price-equalisation exists under free trade dueitd4dneutral technological differences among

nations. Offshoring by the technologically advannaton is cost saving since offshoring firms can

! In many instances, these papers do not providegbessary and sufficient conditions for the effébey emphasize.
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take their superior technology with thérBince neither nation is specialised in productér,

baseline model can be studied in the familiar rsgttif Jones (1965) and this allows us to consider a
wide range of effects including the impact of ofishg on the four theorem of Heckscher-Ohlin trade
theory. In particular, we show that offshoring Ie&d intra-industry trade in a perfectly compestiv
Heckscher-Ohlin-like setting and that offshoringlg itself, a source of comparative advantage. The
general equilibrium incidences on production, pgiaed wages are shown to be ambiguous in general
and we characterise the factors that lead the antpitp resolve itself in one direction or the athe
Importantly, we find that the factor owners of tféshoring nation are typically better off as aulés

of fragmentation (controlling for terms of traddeets).

We also show how the model can be extended to afitre-firm as well as international trade
in fragmented production and how this implies thatgains from offshoring are shared more between
nations and factor within nations. In this extensithe gains from offshoring are shared evenly
between nations and factor within nations. Finallg, modify the model to allow for two-way intra-
industry offshoring — an important extension sitieelargest importers and exporters of offshored
services are the United States and other large O&f@ibtries (Amiti and Wei 2005).

Review of the literature

Early on, the Heckscher-Ohlin (HO) theory saw a bhenof contributions that incorporated trade in
intermediate goods (see Batra and Casas 1973, iaitchibdd Grossman 1982), but the most commonly
cited reference in the offshoring/fragmentatioarkture is Jones and Kierzkowski (1990). The Jones-
Kierzkowski paper crystallised the insight thaigimeentation/offshoring can be thought of as
technological progress and thus should be expectexiper Jones (1965) — to have complex and
ambiguous effects on wages, prices, productiontaat®. This line of modelling — which includes
Jones and Findlay (2000, 2001), Jones and Kierzkicid898, 2000), Jones and Marijit (1992), and
Jones, Kierzkowski and Leonard (2002) — is basedeonal, diagrammatic analysis (typically of small
open economies) that assumes fragmentation oatordy one sector and in one direction. See
Francois (1990a,b,c) for formal, general-equilibrimodelling of the central mechanism in the Jones-
Kierzkowski fragmentation story — the way in whitie liberalisation of service links can promote the

fragmentation of production blocRKs.

2 This assumption was inspired by one of the moideGrossman and Rossi-Hansberg (2006b), August 26fson,
specifically the Section 3.2 model.

% Francois (1990c) explicitly considers the imp&obfishoring on the factor price equalization set.
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The general equilibrium impact of Jones-Kierzkowsagmentation varies according to the
special case considered, with cases varying almeg tmain dimensions: the factor intensity of the
sector that is fragmented, the factor intensitthefprocess that is offshored, and the offshoring
nation’s relative endowment. The Jones and Kierakn(dL998) diagrammatic analysis yields
examples that suggest two important insights — whght be called the “Jones ambiguity” and the
“anti-Stolper-Samuelson possibility.” Using a pairspecial cases, Jones and Kierzkowski (1998)
argue that workers whose jobs are “lost” to offgh@may see their wages rise in one case, buinfall
the other* The “anti-Stolper-Samuelson” insight, which stefnasn viewing fragmentation as
technological progress, notes that freer offshdfiagmentation — unlike freer trade in goods — need
not produce winners and losers among factor owfdrs second insight is demonstrated when they

show that offshoring can raise all real wages e special cases.

Contributions that study the price, wage, produrctad trade effects of offshoring in explicit
mathematical models include Venables (1999), Maky2005), and Deardorff (1989a, b). These
papers present a gallery of special cases thalyfestablish the ambiguous sign of the general
equilibrium price, production, trade and factorcpreffects. A linchpin issue facing all general
equilibrium models in this literature is the questof how offshoring can be cost-saving when
international trade in goods naturally leads tadaprice equalisation. To address this issue gthes
papers work in models marked by non-factor priagaigation. Since non-factor price equalisation
typically prevents utilisation of the elegant Jo{iE865) tools, the analysis in these papers iquit
complex. To keep the analysis manageable, all the®rs assume that offshoring/fragmentation

occurs in only one sector and only in one direction

Deardorff (1989a,b) studies fragmentation in a eaofgexplicit models using graphical
analysis. The main formal analysis, however, camcarHO setting where cost-saving offshoring
occurs since nations’ endowments are assumed ito didferent diversification cones. Deardorff
(1989a) argues that fragmentation/offshoring masnay not foster factor price convergence. Working
with Lerner-Pearce diagrammatic analysis of a g@gmaodel with fragmentation in a single sector, he
notes “if you accept this argument, then such aanoward factor price equality is not at all asdure

It depends crucially on ... the factor intensitieshbaf the fragments and of the original technology.

* 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: “Buér here the prognosis for a nation’s labour supplyd not be
gloomy, since such fragmentation tends as wellddwlike technical progress in raising the retumsll factors.”
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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 movespbatxmathematical analysis using a 2-nation, 2-
factor, many-good, multi-cone HO model with Cobbtiglas 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 natiseghted average of the factor intensity of
produced goods. Fragmentation changes the laitecan thus lead to a convergence or divergence of
relative factor prices (no expressions are giverite level of factor prices). The paper concluoles
noting that “the effects on relative factor priceshe countries where the fragmentation takeseplac
depend fairly systematically on the factor intaesibf the fragments, as well as that of the o&lgin
technology. What matters, however, is how thesmfantensities 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 caodg 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. Mas can thus have different factor prices withainb
specialised in production. As in the Jones-Kierz&kivtradition, fragmentation occurs in only one
industry and offshoring occurs in only one direct{the labour-intensive segment is offshored to the
labour abundant nation). Using numerical simulaiand Lerner-Pearce diagrammatic analysis, he
concludes that “production fragmentation does maessarily lead to convergence of factor prices,”
and provides examples of both cases without deirelapecessary and sufficient conditions. The
paper goes on to note that “fragmentation may obdactor prices by changing the composition of
Home exports, as well as imports” and that “itasgible to generate some curious cases in whish it
the relatively capital intensive industry, not tabour intensive which leaves Home for Foreign,”

(curious since Home is capital-rich).

Markusen (2005) also works with a 2x2x2 HO modekrehone sector fragments, and he, like
Deardorff, generates non-factor-price equalisabp@assuming the two nation are in different
diversification cones (i.e. their endowments aréifferent that they produce no goods in common in
equilibrium). Analytic results with multi-cone mddere difficult (due to the inequality constrajnts
so the paper studies offshoring/fragmentation viamerical simulations. Fragmentation is assumed to
occur in the skill-intensive sector and the offgtbsegment is assumed to be of middling skill-
intensity. Offshoring therefore tends to incredserelative demand for skilled labour in both nagio

and thus the skill premium, but terms of trade@ffean — depending upon the nations’ relativessize



— reverse this direct effect. One of the numestalulations even shows the possibility of both dast
losing in the offshoring nation (necessary andisigfit conditions are not established). Another
simulation shows an anti-Stolper-Samuelson reshéreby the skilled workers in the unskilled-
labour-rich nation gain from offshoring in an ahgelsense, but they gain less than their fellow
unskilled workers. Markusen (2005) acknowledgedithiation of his examples: “In spite of doing
countless runs of this model, | cannot guarantatttiere are not other possibilities and, of course
reordering the factor intensities will change tasuits. What | can say is that it is easy to fismages
of parameters that generate these results, buhewddsall regard them as suggestive and not
definitive.” The paper goes on to simulate fourestmodels that vary in terms of the number of
factors, the substitutability of factors in varicsectors, and the factor-intensity of the offshored
process and offshoring sector. The paper closemtiyzg “I view the paper as listing a number of
plausible and empirically-relevant ways of modejlthe offshoring of white-collar services....

Unfortunately, it is hard to offer robust conclussg’

More recently, Grossman and Rossi-Hansberg (200&HH for short — present a formal
model that highlights the case where offshoringnisiguously raises the wage of workers whose jobs
are offshored (controlling for terms of trade ef§cThe unambiguous effect is driven by the fhat t
offshoring acts a technology progress — what ttadytice productivity effect. Grossman and Rossi-
Hansberg (2006b) explore the issues in greater, @deefirming the unambiguous productivity effect
on wages. GRH also identify an anti-Stolper-Sanaretffect. They argue (using ‘trade in tasks’ as a
synonym for offshoring) that “reductions in the tobtrading tasks can generate shared gains ffor al
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 isannological specification akin to the Dixit and
Grossman (1982) model. In Dixit-Grossman, finald@ooduction involves of continuum of
intermediate production stages, each of which reguiapital and labour; the production stages are
strict complements in that producing the final goeduires each one to be performed in fixed
proportions. In GRH, final good production involvamntinuums of ‘tasks’ (rather than stages), with
each task requiring only unskilled labourtgsks) or only skilled labouH¢tasks). Substitution
between thé-task andH-task continuums is possible, Hutasks are strict complements in that
producing the final good requires each task todréopmed in fixed proportions; the same holdsHer

tasks.



Organisation of paper

The next section, Section 2, presents a modifieckstgher-Ohlin model and briefly lays out the four
standard trade theorems in order to fix ideas atrdduce notation. The next section presents our
model of offshoring, characterises the equilibriBaction 3 then shows how offshoring requires a
modification of the four standard trade theorerhis $ection also integrates various special cdsds t
we reviewed above. Section 4 presents our extesisioone of them, we study two-way offshoring.

The final section presents our concluding remarks.

2. Trade in goods in a modified HO model

To introduce our notation and normalisations, weontuce the familiar 2x2x2 Heckscher-Ohlin (HO)
model and demonstrate the four theorems. The nas$eimes two nations, Home and Foreign, two
final goods X andY, and two primary factors, human capité) @nd labourl(). Tastes are homothetic
and identical across nations; Foreign is relatiaddyndantly endowed with labour, aviés theK-

intensive good, i.e.:

Ky > Ky

X KYE_Yv Ky =% (l)

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 requinents arg/> 1 times higher than Home’s. Sirgg=
ya; (**” indicates Foreign variables), (1) also holids Foreign technology. Note that the Hicks-
neutral technology differences do not give risRitcardian motives for trade in our model. Indeed, w
can mechanically transform the model into a stash¢t® model by defining Foreign factor supplies in

‘effective units’, i.e. dividind-* andK* by the technological-inferiority-factgr

In autarky, the Home or Foreign equilibriums ararelcterised by two pricing equations, two

employment equations and a market clearing comdifitie pricing equations in the two nations %re:
1 w 1 w*

B R Y S e
p r p* r A Ay

® 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 divferation cone. This requires
them to have sufficiently similar endowment ratjtiee precise condition is listed below).
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whereX is numerairep denotes the price &f w andr are the rewards for unskilled laboiu) @nd

skilled labour K), respectively (‘T" indicates the matrix transppsSehe employment equations are:

m:Am &i}:”{m 3)

Market-clearing conditions for Home and Foreigmirtarky and the world (with free trade)

are:
pY_ aE Py __aE pr* __aE” (4)
X (@A-a)E’ X*  (1-a)B’ X" (1-a)E"

with Cobb-Douglas preferencesg is 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:

el [l B el e

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

Autarky: p= alll-a) (KY -k ’ . _ alll-a) (KY —k*)
aLX/aLY k_Kx aLX/aLY kk_Kx
all-a) k,-k" ©)
Trade: p= /vKv )
&, x /aLY ‘k —Kx

where the lower-cadés are national endowment ratios, iles K /L andk* = K*/ I* andk" is the

world capital-labour ratio measured in effectivétsymamelyk” = (K + K* ) /(L + 1*/ ) . We use “~”
to denote factor supplies measured in effectivésuiihe non-specialisation regularity conditione- i

Ky <k*< k" <k< Kk, —implies that all endogenous variables are p@sih equilibrium.

The Factor Price Equalisation (FPE) theorem statssiree 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 laboufLggimes an hour of Home labour. From (5), the

international ratio of wages in terms of the nunvers y.

’ Specifically, preferences are given by X*?Y? andE=X+pY=wL+rK in Home, with an isomorphic definition fé&"*.
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The Heckscher-Ohlin (HO) theorem states that thi@mahat isL-rich nation exports the-
intensive good and imports theintensive good. Home imports ¥f using (5) and (6), are:
_alL, k-k"

M= oG W

whereMy is our notation for Home imports &f 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 woldfsctive capital-labour endowment ratio. This
demonstrates the Heckscher-Ohlin theorem since trathnce implies that the value of Home’s

exports ofY equals Mx.

The Stolper-Samuelson theorem is a partial equilbresult p is exogenous) that connects
goods and factor prices; a rise in the price ofttietensive good raisasmore than proportionally

and lowersw. This can be seen from log differentiation of saéution forw andr in (5):

dw/w: -p <0 dr/r: p
do/p a./ay -p dp/p p-a,/ay

>1 (8)

This means thatrise more than proportionally with p amdactually falls, so qualitatively the andr
changes are real wage changes. (The inequalifiesvfrom our factor intensity assumptions as

usual.)

The Rybczynski theorem is a partial equilibriumute§p is exogenous) which states, in its simple

form, that a rise in a nation’s endowmentahises its production of tHeintensive good more than
proportionally and lowers its production of the etiyood. By log differentiation of the solution r
andYin (5):

dX/X _ Ky S dy/Y _ Ky
du/L &, -k dL/L &, -k

<0 9

3. A model of offshoring and trade in tasks

This section modifies the HO model to allow forstfbring/fragmentation. We model the production
of X as involving three “tasks” labelleXlL, X2 andX3, which can be thought of segments of the
production process (in which case the output oheask is an intermediate good), or service inputs.
Likewise,Y production involves taskél, Y2 andY3. In the HO model, the tasks were bundled aato
andaxx. Here we allow them to be unbundled and their pctdn potentially placed abroad, i.e.
offshored. Each task involves sonand K, so they;'s can be decomposed into task-by-task Leontief

unit input coefficients:



aLX = aL)(l + aLX2 + a'LXB’ aKX = aKXl + aKXZ + a‘KX3 (10)

where thel andK unit inputs for task-in sectorj denotes aa,ji andak;i. The coefficients fol are
decomposed into task requirements in an isomonpliener. In the spirit of the HO model, the

international transportation of the fruit of eaakk is costless.

A key to offshoring is our assumption that firmattbffshore a task (i.e. place its production
abroad) can combine their own nation’s technologi Vabour in the other nation, paying the local
wage rather than marginal products. In this waigshafring from the high-technology/high-wage
nation to the low-technology/low-wage nation mayelsenomic even with 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 mayoatur if the costs of coordinating spatially
separated tasks are too great. To be explicit aheutoordination costs and the nature of tasks, we
assume that individual tasks are not equally easgparate spatially from the other two tasks. We
model the coordination costs as being of the iaghgye. That is, production of a unit ¥t by a
Home firm in Foreign requiregX1)a x1 andx(X1)axxi units ofL and K, wheregy(X1) = 1. Note that it
is as if offshoring causes deterioration in theslodiring firm’s production technology (due to theérax
coordination costs)(i) varies according to the task and, without losgeoferality, we order the tasks
such that taskl is the cheapest to offshod&? the next cheapest aX® the most expensive. We

impose an isomorphic ordering drsector tasks.

The per-unit offshoring cospgrelated to the cost of coordinating spatially sefematasks
within the same firm. Presumably, it is much hartdecoordinate when tasks are performed by
different firms. While it is possible to model thdecision more precisely, doing so would make it
difficult to compare offshoring as trade-in-taskishviraditional trade in goods. This leads us to
introduce an extra set of coordination-cost paransahat simplify the problem. It cosgex1) to
offshore taskX1 to Foreign when task&2 andX3 are undertaken by the same firm in Home, but is
costs{(X1) to coordinate the three tasks when td%ks done in a separate firm from tasR andX3 —
and this regardless of whether they are undertakdre same nation. (The same holds for all theroth
tasks.) For the time being, we assume that theortig costg’s are sufficiently high to make inter-
firm trade in tasks uneconomical (we relax thisuagstion later on). Thus even if Home firms
offshore taskX1 to Foreign, they will not supply tasil to Foreign producers. An assumption that we

maintain throughout is that both countries remaverified.
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Deviation analysis

Now consider the issue of whether offshoring aipaldr task would be economical for a Home firm.
To find conditions under which offshoring occurg axamine 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 highiskage gap will bey(i.e.w = w* yandr =r* ).

Offshoring is economical if:

wa,, +ra

Wa ; + gy, > Ly (X1 = y > x(X1) (11)

where the first sum is marginal cost of tagkwithout offshoring and the second is marginal euigh
offshoring, i.e. when the Home firm uses Home tebdbgy but pays Foreign factor prices, taking

account of the iceberg coordination costs. PlaitalgkX1 is offshored only ify > y(X1).

Many cases can arise since the firm might wanffghore task1 andX2, or X2 andX3, or
X1 andX3, or evenX1, X2 andX3. To work through all of these, we would have ttadehe
coordination costs of each proposed bundle. Sime@urpose here is to illustrate the fact that
offshoring (i.e. trade in tasks) leads to some @uies that are very different than those obtained wi
only trade in goods is allowed, we discipline thage of cases by making restrictive assumptions.
Specifically, we assume that when trade in goodistasks is allowed, the coordination costsXar

andY1 are nil while the coordination costs of offshor® X3, Y2 andY3 are prohibitive.

Given this simplifying assumption, the atomisticri®firm would find it profitable to offshore
taskX1 to Foreign. Moreover, an atomistic Home firm ie thsector would also find it profitable to
offshore task¥1 to Foreign. Of course, other firms would followdathe re-organisation of work
would change prices, wages, production patterngrade. \We turn to working out the new

international equilibrium with free trade in tasksd goods.

Note that Foreign firms would never offshore to Hosince this would involve combining

inferior Foreign technology with expensive Hometdas of production.
3.1. Offshoring: free trade in goods and tasks

Given that taskX1 andY1 are offshored, the new employment and pricing gouns are:

11
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where the subscrip©’ (for ‘offshoring’) indicates equilibrium variab$ewith offshoring, and

A {am Ay }
aK)(l a'KY1

(12)

and we have taken the coordinating costs of thehofed tasks to be zetd@he pricing equations for
Foreign are unaltered by the offshoring (Foreigm$ continue to use Foreign technology and Foreign

labour as before).
Shadow migration

This offshoring-cum-tech-transfer acts like ‘shadoigration.” Home firms use some ForeigandK

to produce goods using Home technology just dsifRoreigrL andK migrated to Home and worked

in the HomeX andY sectors (but got paid the foreign wages). We aediuat the shadow migration is
not large enough to move ‘effective’ endowmentasitiutside of the diversification cone, so
production remains diversified. Rearranging (12)rép Foreign and world employment equations can

be written as:

L+AL X L* —-AL X B XY
L | R NG o |_a| %o (13)
Ko K +AK Y, K * —AK Y, KY Yy
where
AL X s * . *
=A,| °[>0; LgsL+L—+(1—5)AL, KCV)“EK+K +(1—£)AK (14)
AK Yo y y y y

defines the equilibrium amounts of the shadow ntignaAL andAK, and the world shadow effective
endowments with offshoring. The definitions Idf and K make it clear that offshoring is like an

expansion in the world supply of factors (measumeeffective units). The shadow migration amounts,
AL andAK, are positive given our regularity condition tipabduction remains diversified in both

nations even after offshoring.

8 It is simple to put in non-zero coordination cosist doing so complicates the expressions witpooviding
compensating insight.
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Shadow-migration shows up in the price equationd2) as cost-savings. Rearranging:

1430 | a7 Wo L_ | W
L’O"'SJ_A LO] {po}_yA Lc*)} (9

where

R

defines the per-unit cost savin§g,andSy, in theX andY sectors, respectively.

General equilibrium incidence on prices, wagespoand trade

We turn now to determination of the post-offshommes, wages, output and trade flows.
Price effects

Solving (13) for world output and using the markktaring condition, the post-offshoring

price is:

_ald- a)(K ko)

= 16
aLX/aLY kg_ (19)

o~

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

lowers the world effective capital-labour ratiaa.ilzgv <k".

Production effects

Combining the shadow-migration insight and Rybckyhmic, it is intuitively obvious that
offshoring’s general equilibrium incidence on protion are ambiguous in sign and depend upon the
relative shadow migration of L and K. Solving (X8) the post-offshoring production and using (5),

the production effects of offshoring are:

B

This shows, as anticipated by the Rybczynski lathiat the relative shadow-migrationloandK
induced by offshoring determines the impact on Hsroatput mix. Specifically, iDK/AL is less than

Ky, HomeX output rises and the HonYeoutput either rises less or falls; the necessadysafficient
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condition ofY output to fall isAK/AL < kx.? Solving Foreign production (13) yields<* = -AX/yand
AY* = -AY/y. Thus Foreign production effects have the oppasiie as Home production effects, but
the magnitudes are mitigated by the Foreign teduyichl disadvantage A direct implication is that
the change in the world relative outputYodndX will have the same sign as the shift in Home’s
production mix. As noted above, this links theaatf shadow migration to the terms of trade effect

via the market clearing condition. To summarise:

Proposition 1:  Offshoring boosts Home X production if the offshoring implies a ratio of
shadow I-migration to shadow K-migration that exceeds the L-intensity of K-intensive
sector Y. Home Y production either rises by relatively less or actually falls; it falls if the ratio
of shadow migration exceeds the L-intensity of the X sector. Foreign production changes
have the opposite sign but are mitigated in magnitude. World production changes have the
same sign as Home production changes but are mitigated in magnitude.

Wage effects

Combing the cost-savings aspect of the shadow-tmgransight with Stolper-Samuelson logic, it is
intuitively obvious that the general equilibriuntidence of offshoring on wages is ambiguous. For
example, if offshoring leads to a great deal ot-awing in the_-intensive sector — which act like a

rise in the price of X as per (15) — the@mises and tends to fall. More precisely, we solve (15) foe t

post-offshoring wages:

el el

whereAp = p, — p. This shows that the wage of Homavorkers rises (controlling for terms of trade

effectsAp), if and only if the cost-savings is sufficientiyeater in the-intensive sector than in thée
intensive sector (the precise conditiorBisS, > axx/axy). Additionally, r rises less or actually falls.
The necessary and sufficient condition ifao fall (controlling for terms of trade effectss, that the
ratio of cost-savings exceeds the ratihefput coefficientsSJ/S, > a x/a, y. Conversely, the wage of

K-workers rises and that bfworkers falls, ifSt /S, < akx/aky. Figure 1 illustrates the possibilities.

® The solutions ar¥o-X=(kv-AK/AL) ALla v/ (k-kx) andYo-Y=(AK/AL-ky) AL/a /(K- Kyx). Since the denominators are
positive, the sign of the production effect turmstioe difference betweekK/AL and thex’s.
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Figure 1: Sector-specific cost savings and offshaong’'s wage effects

Standard Jonesian magnification effects are inaijmer so the qualitative changesaror r are
also real changes. Apart from possible terms-afereffects, there is no change in the foreign wages

as Foreign goods are produced with the unchangesigfotechnology® To summarise:

Proposition 2:  Offshoring raises the real wage of Home I-workers if the offshoring implies cost
savings that are larger in the L-intensive sector than in the K-intensive sector; the real wage
of K-workers rises less; it actually falls if the cost-savings are sufficiently skewed towards the
Lintensive sector. Apart from terms of trade effects, wages of Foreign I- and K-workers are
unaffected; in any case, Home owners of at least one type of labour (L or K) earn higher real
wages with offshoring. The precise necessary and sufficient conditions are listed above.

The terms of trade effects are linked to the re¢athagnitudes df andK-shadow migration4L and

AK), see (16), while wage changes are linked toelative magnitudes of- andY-sector cost savings
(SxandSy), see (18). Becaugd. andAK andSx andSy are both determined by the nature of offshored
tasks, there are some cases where real wages sramegeear even when allowing for terms of trade
effects. For instance, if the offshored tasks ammarily L-intensive, thelAK/AL will be small. If

AK/AL < &x, world production ofY falls andp rises. Other things equal, this yields a real me@ain

for HomeL-workers (Stolper-Samuelson). A sufficient conditihat ensures the offshoring-induced
cost-savings does not lowerenough to offset the Stolper-Samuelson effedtasthe offshored tasks
in theL-intensive industry are sufficiently important tasere thaty /S, > axx/axy (see Figure 1). One

simple case where all these conditions holal s >0 buta,y; = aky1 = akxa = 0. To summarise:

Proposition 3:  Offshoring of either type of labour changes the world price of final goods. As a
result, it changes the real returns of factors of production worldwide. If offshoring is mostly
prevalent in unskilled labour intensive tasks and in the unskilled labour intensive sector, then
the real wages of unskilled workers worldwide tends to rise.

19|t offshoring involves a relatively large amouritshiadowlL-migration versus shadokmigration, the price of thie-
intensive goods will fall, as per (16); this imglia negative terms of trade effect for Foreigri-eeignL-workers would
lose and ForeigK-workers would gain according to standard Stolpem&elson reasoning.
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Rent allocation

The source of the cost savings is the use of Homgderior technology with Foreign’s cheap labour.
This creates rents that accrue entirely to Honthigsimple version of our offshoring model (thetse
arise since Foreign workers in the offshoring seate paid their reservation wage rather than their
marginal product). The sectoral bias in the costrggs determines how much of these rents go to
HomeL-workers as opposed to Hordeworkers. The rent-sharing can be seen explicitlyhting
(18) in terms of the Home-Foreign wage gaps udiegiefinitions of th&s:

W, —W . W, — W, al 0

o Tl=(AT) AT o e |+ (AT)” (19)

o —r o —To Ap

This shows that the division of rents between HamandK-workers depends upon the relative

labour savings in th¥ andY sectors.

One interesting special case is where the cooidimabsts for all tasks are zero. In this case,
all tasks are offshored and Home’s superior teasgyotompletely displaces Foreign technology (all
Foreign labourers work in the offshoring sectot)eutcome is exactly like a technology transfer
from Home to Foreign that brought the Foreign ecayito the technology frontier. The wage effects
in this case are extreme. There would be no chemgeme wages from the free trade case
(controlling for terms of trade effects) but Foreigages would rise to Home levels. The wage-
offshoring relationship is thus non-monotonic. Adast lowering of coordination costs produces
offshoring that raises advanced-nation real incofasper Proposition 1), but a very large reduction
could return them to the pre-offshoring level, whihising the backward nation’s factor prices twsth

of the advanced nation.
Inter-industry and intra-industry trade effects

Since offshoring changes the Home technology matrbdoes not affect Foreign’s, we can no longer
transform the equilibrium into free trade amongora with identical technology using the effective
labour concept. This means that much of the elegahthe HO trade equation (7) disappears with
offshoring, except in special cases. In particutiome workers face the technology ma#ixA; while

Foreign workers continue to fagA.

Home imports oK are (1) times its GDP minus its productionXf In the offshoring
equilibrium,Mxo = (1-a)Eo - Xo, SO we can express the change in imports in tefrtiee change in
Home’s GDP and its production ¥f i.e. M,, —M, = (I-a NE-AX . Since offshoring’s impact on

E is driven by different factors than its impactXoffshoring changes the pattern of trade in final
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goods (apart from knife-edge cases). For examipllee ishadow migration is heavily biased towafds
(so the impact oiX is negative) and the per-unit cost-saving is Hgdorased toward¥ (so the wage
of Home’s abundant factor rises), then Home'’s irtgpof X will rise. More precisely, we calculafe
(which equald. Aw+ KAr, with Ar =rg - r andAw =wp - w) from (18) andAX from (17) to get:

Mxo_Mx:(l_a){L} (AT)_{ > :| B (KY_&jaLYAL (20)
K S, +Ap AL )det(A)

wheredet(A )=a,,a,, K, —ky )> 0by (1). Plainly the outcome of (20) depends ugendectoral

cost-saving (th&'s) and shadow migratiodK andAL, in complex ways. Except in knife-edge cases
offshoring alters the pattern of trade in final geoAs such, it is then a source of comparative

advantage. To 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 good arises
due to the ‘shadow migration’ associated with offshoring.

Intra-industry trade arises with offshoring if sséitians classify the output of task$ andY1 asX-
sector and¥-sector trade respectively. Home imports the coreptsor services produced abroad in
its offshoring operations in both sectors. Sincendalso imports eithef or Y final goods (except in

knife-edge cases), intra-industry trade must afisesummarise:

Proposition 5:  Offshoring typically creates intra-industry trade since Home imports the fruit of
the offshored task X7 and Y7 and Home is, typically, a net exporter of either X or Y even if
Home and Foreign have identical factor endowments.

A standard measure of the volume of intra-industigle is the ‘overlap’ of a country’s import and
exports within a given sector. Here, there is imaimdustry trade in final goods (Home either expo
X and importsy, or vice versa), but Home imports the fruit offbtasks, so it engages in intra-industry

trade in its export sector. Denoting ‘lIT’ as oueasure of intra-industry trade and writing Home’s

imports of tasks in sectdro=Xo, Yo asM ™ =(a_,w*+a,,,) J,, J=X,Z:

2M e if M, <O
T ={2M if My, <O
M+ M= if Mo, M, <0

(21)

A section in the appendix proposes a special @askaborate further on intra-industry trade.
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3.2. Trade in tasks and the 4 theorems

The effective Factor Price Equalisation theorentdlesed above involved a pre- and post-trade
comparison of wages in the absence of offshoriritgsh@ring, 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 fdike t
extra trade associated with offshoring widens fifecave factor price gap between the
technologically advanced nation and the technoldlyi®ackward nation for at least one type of Home

labour, as per Proposition 1.

The Heckscher-Ohlin theorem links trade in good<tative factor endowments. The
Heckscher-Ohlin theorem does not necessarily hblenthere is free trade and offshoring. For
instance, if nations have identical factor endowimatios, free trade and offshoring would result in
inter-industry trade when the HO theorem would fmtedbne!* If the econometrician tested the HO
theorem ignoring offshoring, the data might conitathe sign predictions of the HO theorem (the
labour abundant nation might export tentensive good on net). If the econometrician ussttor
average factor intensities (eagx andaxx) to evaluate the factor content of the trade sk$X1 and
Y1 as well as the trade in final goods, the volunedmtions of the HO theorem would be violated
even if the sign predictions were correct. Depegdipon the factor intensive of the offshored tasks,
the data might be marked by a ‘missing trade’ paxade. show less net trade than predicted by the

HO theorem, but equally well there might be too mnoet trade.

The correct version of the HO theorem in our maslehther involved. Since Home GDP is
Xo + PoYo —WoAL -1 AK , namely the output of final goods less the costnpiorted intermediates,
we can use the manipulations leading to (7), téentiome imports oX as:

My =T 0Tk aywiaL + k)
= ko_Kx

The first term is isomorphic to the standard HOptleen formulation as in (7), except we use the
shadow rather than the actual relative endowmémtsffiective units). The second term is proportiona

to two endogenous quantities that might be obségvakhe total wage bill in the offshoring sector i

1 To see this, note that if actual relative endowtmane the same in both countries (kes k") then without offshoring
there is no trade in final goods by the HecksdDglin theorem, i.eM, =0 in (7). With offshoring, Home imports of

eitherX andY (and both of them in general) are different froenaz This is true even in the knife-edge case whbaglow
migration does not change relative endowmentsi’(i.oig =k,); see (22).
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Foreign, and the value of Home’s imports of intediates (all in terms of the numeraire). The closed

form solution forw AL +r,AK , employing the definitions afK andAL, (12) and (13), is:

WoAL +AK = v, r*o}[iﬂ:yi [(AT)_{; H AA* [:;0}

wherepo is defined in (16). Combining these elements Hietheorem with offshoring can be written

as

=l (VAN RS @

Plainly this is far more complex that the usual th@orem. The reason is that offshoring alters the
relative technology matrices in ways that preventram using the effective-labour concept to clganl

restate the equilibrium as trade between natiotfs idkentical technology.

The Stolper-Samuelson theorem is a partial equilibresult linking factor and goods prices.
In the partial equilibrium spirit, we take the extef offshoring — as measured 8yandS, — to be
exogenous when formulating the equivalent theommthie case of free trade in tasks and goods.
Inspection of (18) shows that the theorem wouldihedtered for Foreign, but the transmission of
changes in p to Home andr is altered by th& andS, terms. Using (18), the theorem’s analogue in

our model is:
dWO / Wo — ~Po (ﬂ) — ~Po
dpo / Po S.S A 8 — P W @+S)a law = (Po + )
drO/ro| _ Po (L)— Po

dp/plsq Po—ay/ax o (Po+S)-(+S)ay /a,

Comparing this to (8), we see that the impactvamould be dampened (less negative) and the impact
onr would be magnified (more positive), if and onlyrider the offshoring regimeo rises ando
falls for any given change in p. As we know frore tliscussion above, a necessary condition for this

to be the case is that the relative cost savisgesved towards thie-intensive sector so that

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

The Rybczynski theorem states that a rise in @natendowment ok raises its production of
theK-intensive good more than proportionally and lowergroduction of the other good. The

analogue with trade in tasks is (evaluated atLo andK = Kg, thusk = ko):
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Comparison of this and (9) provides two main resuftrst, under the assumption that offshoring does
not reverse the ranking of relative factor intaesitthe proportional increaseXrfrom a given
proportional increase ibhwould be smaller under trade in tasks, but the drofproduction would be
more marked if and only Xo > X andYp <; a sufficient for these conditions to hold is that

Kk, >OK/AL . If AK/AL >k, , then the proportional increaseXns more marked and the

proportional drop o¥ would be dampened. Second, if as a result of offag X becomes capital
intensive, then the output ¥fdecreases as a result of an increasebn 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

The fragmentation/offshoring literature has focusedpecial cases. Many of the papers assume that
offshoring occurs in only a single sector whilearthpresent 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.

Starting with the papers that assume only one sesfgeriences fragmented/offshoring, the

wage changes (ignoring terms of trade effects)fevm (18):

_80S-86S - 8S-ayS 23)
det(A) detf )
The “Jones ambiguity” (see Introduction) can bend®enoting that if offshoring occurs only in tHe
sector, thers,= 0 and Home unskilled wages rise, tufalls if offshoring occurs only in thé-sector.
The anti-Stolper-Samuelson effect can be seercirttiat bothAw andAr can rise ifSJSy lies
betweeraxx/aky anda x/a.y. As GRH (2006a) points out in footnote 16, theekian literature works
with offshoring that acts like sector-specific Hoteehnical progress, since fragmentation occurs in
only one sector. The GRH set-up, by contrast, tesulfactor-specific technical progress, since
offshoring occurs in both sectors but only in oaetdr (in the main body of their analysis). Sinoe t

formulation ofSx andSy in (15) allows for both sector-specific and faespecific cost savings, we can
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illustrate the essence of the well-known GRH reshat offshoring unambiguously boosts the wage of

workers’ whose jobs are offshored (controlling tierms of trade effects).

GRH (2006a) assume production functions where tsthuses onliz-labour (-tasks) or

only K-labour K-tasks) and they undertake most of the analysigaisg that onlyL-tasks are

offshored*? In this caseS, =a,,,(W, ~W,) and S, =a,, (W, —W},) , so:

AW = Ay By x1 ~ Bx vy (W, —W;) , Ar = (ayi/ax) —(Bxa/ay)

det(A ) detd ) Ay A (Wo —Wo) (24)

Due to GRH (2006a,b) normalisations involving tiee of tasks and the equality of offshoring costs
across sectors, the numeratonofis zero, whileAw is positive* GRH (2006b) also consider the case
where tasks that involve onKrlabour can also be offshored and this c3sandS, regain their

general formulation as in (15), so the Jones anityigairestored. The sign of the wage changes then

depends upon the relative magnitudek-tdsk offshoring an&-task offshoring, as per (23).

4. Extending the basic model

In this section, we extend the basic trade-in-tas&del in two directions. First, we relax the
assumption that inter-firm trade-in-tasks is prafubly expensive, so Home firms offshoring a task
Foreign can sell the offshored task to Foreign dir@econd, we allow for Ricardian differences
among nations and show that this can result invtleeway offshoring that is common among OECD
nations (Amiti and Wei 2005).

4.1. Local sales of offshored tasks: sharing the rents

The analysis above assumed that the cost of cadhdgntasks across firms was prohibitive, so
ForeignX andY producers continued to use the inferior technolbggpite the presence of efficient

taskX1 andY1 producers in the Foreign nation. Here we relax iy assuming the inter-firm

2 GRH (20064, b) focus on the case where only tmsksving L can be offshored but they do consider the possibiiat
tasks involvingK can be also be offshored. The main restricticthéir formal analysis is that every task is perfedionly
by L or 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’
within each sector and the cross-sector assumptiaffshoring costs implies that the labour cosfirsgin both sectors is
proportional to the pre-offshoring unit-labour inpeefficient, which, in our notation impliegy./a x = a vi/a,y. Footnote
12 in GRH (2006b) suggests tlak; = a v1 could be relaxed by allowing more general sulistittamong tasks but the
mapping to offshoring costs in this a case is nadenexplicit.
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coordination costg§(X1) and{(X1) are zero. In this case, the offshoring Home fimasild also supply

X1 andY1 to Foreign producers. This would change the pgi@quations to:

P B e &
pl+S( rl pl+$ rl

where the subscript ‘1’ indicate the new wagesgnbatS, andSy are different from the previous

S AT W1_W1 S;< — iy T W1
MA[} M“y MMH

Solving (25) for wages and usidg to denotep;-p:

s3]

1 1

Womw Ly (WL gy O
{ } @) Al[rl*}y[qA ) {Ap}

r,—r*

section). In this case:

(26)

Three aspects of this are noteworthy. First, node the expression for Home factor prices is sintda
(19) so our analysis in the previous section apgaies in this model extension. Second, what is iew
that Foreign workers also benefit from the techggltvansfer that results from offshoring. Indeed, i
both expressions the first term in the right hadd shows how the rent is being split; the secenaht
shows the offshoring-induced terms of trade eftecfactor rewards. There is a crucial difference,
though. For Home labour, it affshoring that generates the rents; for Foreign factor osyriers the
technology transfer that is the source of these rents. Tlgirekn that at equilibrium yew;* and r=r,*
must hold, controlling for the terms of trade effeg* is larger tham* (respectively;* is larger than
r*) if, and only if,w; is larger thamw (respectivelyr; is larger tham). To see this, note that the effects
on wages depend ¢A")?A," in both cases. Also, the offshoring-induced teofsade effect affects
L-workers in qualitative the same way worldwide;lsioaaffects worldK-workers in qualitative the
same way (formally, the effects on wages depen@d)i* in both cases).

This is useful to generalise Proposition 3: afed:
Proposition 7:  When Home offshoring firms also supply Foreign producers, then offshoring

generates rents that accrue to both Home and Foreign factor owners in a way that is

qualitatively similar to the case in Section 3.1 .Qualitatively, the offshoring-induced Stolper-
Samuelson and Rybczynski effects are the same as those summarised in Proposition 3:.
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4.2. Intra-industry two-way offshoring **

To focus on the essential differences between tradeods 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 asgtiom was that Foreign never offshored tasks to
Home. The extensive empirical literature on fragtaton, however, documents the importance of
two-way trade in parts and components. This natas@lso confirmed by a much smaller number of
studies of service sector offshoring which indisateat two-way services trade is an important é th
data.

Here we modify the basic model in a way that cieai®-way, intra-industry offshoring. We
shall do so in a highly specific model. As the gsm above made clear, there are a wealth of cases
that could be considered (e.g. various combinatidriactor abundance and technology superiority,
factor intensity of the offshored tasks, etc.). ldoer it is not really necessary to formally consialé
the cases. Most of the cases can be dealt with\simspng the core intuition that trade in tasks ban
viewed as ‘shadow migration’.

The model we work with assumes ‘mirror image’ Ratan superiority. Home has inferior
technology in taskX3 andY3, while Foreign has inferior technology for tasilsandY1. Moreover,
we assume that the task-level technological adgastaxactly offset each other so that the two
nations have the same sector-level unit input coeffts. Formally, let the input-output matrices be
B={b;j} and B*={ bi,-*}, I =L,K andj = X)Y. We assume:

by =a;, +a;,+)a;s h}Eyaijl+aij2+aij3’ hj:h}v y>1 i=K,L, j=XY
soB*=B. Thus:
aij<b|j' EZ&E/ZJ.>1; izK,L, j=X,Y,
8 g

Finally, we assume that the nations have the saoterfendowment ratios.

Given the analysis above, the outcome without tinetasks is obvious. The two nations will
have identical wages and will not trade with eattten Specifically, by analogy with (18) and (17):

MMM M &

4 We would like to thank Toshi Okubo for providirfetidea for this section.
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Once we allow free trade-in-tasks — by assumingtwedination costs, thes and{’s drop to
zero — then trade in tasks occurs. Specifically,dfishoring will allow Home’s superior technolomy
tasksX1 andYl to displace Foreign’s technology in these taskiewforeign’s superior technology in
tasksX3 andY3 displaces Home’s technology. In this case, thehoffing (and the fact that tasks can
be sold at arm’s length among firms, i.e. {fgeare zero) imply that both nations move to the
technology frontier. In symbols, the shadow inputpait matrices arA as defined in (2) for both

countries. As a result, the pricing and producgqgoations with two-way offshoring turn out to be

L) LAl e

where the subscript ‘2’ stands for ‘two-was offshgi. An observation immediately emerges: since
B>A (i.e. eaclbj; is larger than the correspondiag, it is immediate from (27) and (28) that,
first, the real reward of at least one factor afdarction has risen and, second, (world and dom)estic

production of at least one of the two final goods hisen. In symbols:

W, =W —M-(BNAT W, +HBT)? O. X,=X -N-BA X, 29
e e ) [l @

Let

I-(BN)'AT :[bﬂ blz} and | B A :V” '512}
bZl b22 ﬁZl ﬁZZ

We provide the closed form solution to thie and to theB's in the appendix. The interpretation of
(29) revolves around the same considerations asdydor instance, assume thgt 7 (all i,j), which
is a sufficient condition for offshoring not to gal the sectors’ relative factor intensities; irsttase,
b,=1-1/n, b, =1-1/n, andb,, =b,,=0. In this casel.-workers capture 100% of the offshoring-

generated unskilled-labour rents wherl§asorkers capture 100% of the offshoring-generateitesk

labour rents.

The production effects are simple to work out. The-way offshoring is like ‘shadow
migration’ but due to the symmetry we imposed, ¢iemo net shadow migration, so there is no
Rybczynski effect in either nation. By contrasg thove of both nations towards the technology
frontier as a result of two-way offshoring will E®morphic to a labour saving productivity
improvement in both sectors in both nations byféator 77;. Given the ex ante symmetry of the

nations at the sector level and the ex post synyneétihe nations at the task level, it is cleat thare
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will be no trade in final goods either before aeathe freeing up of trade in tasks. All trade Vdoloe
intra-industry trade in the sense that Home wowufzbet the fruit of taskX1 andY1 to Foreign in
exchange for the fruit of task&8 andY3. If the tasks represent manufacturing stages, thiddvbe

parts and components trade. If they are servicgtsnphis would be intra-industry services tratle.

To be more specific, assume first tijgt= 7 (alli,j) holds. In this case, both the production of

both X and Y increases: indeed, in this case md¢bse [, =1-1/n,, B,, =1-1/n, and
B, = B, =0. Next, assume again thaf= 7 (all i,j) holds. Assume without further loss of generality
thatn, /n, >a,/a,. This, of course, results in a riseXrproduction relative t& production in both

nations (Jones 1965).

Finally, consider the price side of the expansibwarld X production relative t& production:
this will raise the relative price &fand this will have all the standard Stolper-Sasmeleffects. The
novel effect will be that the two-way offshoringlhact like economy-wide labour-saving
technological progress in both nations. Given #@soning above, the general equilibrium net

incidence of this effect falls entirely on low-dkil workers (withvy, >77, =0 to streamline the

exposition). That isy rises in both nations (and it also rises relative tcontrolling for terms-of-
trade effects. Since the terms of trade effectkwothe opposite direction, the net effectwandr

(and on real wages alike) are ambiguous.

5. Concluding remarks

Our paper has presented a simple model of offsgdhiat integrates the complex gallery of results
derived in the extensive theoretical literatureoffishoring/fragmentation. We view offshoring as
‘shadow migration’ that brings with it cost-savirtgsit act as technological changes. This permits us
to use the elegant analysis of Jones (1965) infgpegrthe necessary and sufficient conditions for
offshoring’s impact on wages, prices, productiod aade. We also show that offshoring requires a
modification of the four classic HO theorems, thhg@roduces intra-industry trade in a Walrasian
setting, and it is an independent source of contiparadvantage in that it alters the pattern adeéran

final goods.

15 This is consistent with the evidence in SchotO@0nsofar as we observe two-way trade at finé$palgregated levels
and that the differences in productivity at thektievel are re-interpreted as differences in thaliuof the fruit of the
task.
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Appendix: Closed form solutions with offshoring

The closed-form solutions for wages and produotvih offshoring are simple to derive but tend to be

too complex to be revealing, so the text works \&ijigregates of parameterSq Sy, 4L, and4K.
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Here we provide the closed-form solutions in matdxation. These all follow from straightforward
manipulation of (12) and the definitions 8§ Sy, AL, and4K. Foreign wages and Home production

are simple to calculate since there is no intevacwith the other pricing and employment equations:

el e

wherepo is given in (16). Home wage and Foreign productiectors involve both pricing and

employment condition and are thus more complex:

KSR Gl P e PR R

ITT—a special case

In general, the closed form solution tQTRﬂk and Mrasksare not very revealing; however, we can
actually say a bit more about their shape at tls¢ @osome generality. To avoid a topology of cases
let us consider the special case in which the ganmaortion of all tasks are ‘offshorable’ in each

sector and for each factor. In symbols, we wAtg=0A , where 09<1 is a scalar. In this case, Home

and world endowments simplify to

Ko Lm0+ AL K(y=9) +(L- 9K
1-5' y(1-9) Ce y(a-93) '

L
=—— K,=
=15 Ko

In this case, standard algebra revealsyhatand k>k* imply ky > k", i.e. in effect offshoring makes

the world relatively more capital abundant. whefstodring does not reverse the ranking of the

relative factor abundance between countries, irtlvhase Mo>0 typically holds, then ITT is given

by the first line in (21). In this case, providéwtk, > Rg holds, ITT as a fraction of shadow
Heckscher-Ohlin trade in final goodsxNk given by

My 25 (kg = K5 ) (Ko = Ky
M, yd-a) e (o -KY) det@)

Three features of this expression are noteworihst; fisd increases relative tg the volume of ITT
relative to trade in final goods increases. Thigtsitive, ford is the fraction of offshorable tasks and
y affects both trade in final goods and trade ikRgaSecond, as dét] increases, the Heckscher-
Ohline motives for trade increase (at the limit{4¢t0, both sectors have the same factor intensity)

and, as a result, of measure of relative ITT f&llsally, this measure is decreasingkn and
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increasing inlzg“ ; again, this is intuitive given that we hakg > I{;V: as home and world (shadow)

endowments become more similar, then the HO mofieisade disappear.
Two-way offshoring: closed form solutions

In this section we provide the closed form solufienthe factor price and production effects of two

way offshoring:

| _(BT)-IAT :[bn blz}E{l 0}_ 1 {aX”KY_aY”KX Moy ~Mkx }
b21 bzz 01 & My ~ A Tkx Mix — My /] x —ad]y
and
| -BIA = [:311 :312} = {1 0} _ 1 [ ey ~ &My Moy —1Tv )2y /aKx}
ﬂZl ﬂzz 01 &7 My ~ AL Tkx (’7|_x _”KY)aLX /aKY /) x ~ A/ ]k

From these expressions, the statements made iaxhean be more easily verified
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