s N\ -
7 \, UNIVER%ITE Archive ouverte UNIGE
DE GENEVE https://archive-ouverte.unige.ch

Article scientifique 2008 Accepted version

This is an author manuscript post-peer-reviewing (accepted version) of the original publication. The layout of
the published version may differ .

Offshoring of routine tasks and (de)industrialisation: Threat or
opportunity—And for whom?

Robert-Nicoud, Frédéric

How to cite

ROBERT-NICOUD, Frédéric. Offshoring of routine tasks and (de)industrialisation: Threat or
opportunity—And for whom? In: Journal of urban economics, 2008, vol. 63, n° 2, p. 517-535. doi:

10.1016/j.jue.2007.03.002

This publication URL:  https://archive-ouverte.unige.ch/unige:40766
Publication DOI: 10.1016/j.jue.2007.03.002

© This document is protected by copyright. Please refer to copyright holder(s) for terms of use.



https://archive-ouverte.unige.ch
https://archive-ouverte.unige.ch/unige:40766
https://doi.org/10.1016/j.jue.2007.03.002

OFFSHORING OF ROUTINE TASKS AND
(DE)INDUSTRIALISATION: THREAT OR OPPORTUNITY-AND

FOR WHOM?*T

Frédéric Robert-Nicoud
LSE and CEPR'

To be published in the Journal of Urban Economics

First draft: December 2000. This version: 8 March 2007

Abstract. Offshoring, or overseas sourcing of routine tagis)erates efficiency gains
that benefit consumers and workers with skills Eimto those whose very jobs are
threatened by offshoring. Essentially, the intaoactbetween offshoring, footloose
capital and agglomeration economies locks the coatipe advantage of advanced
nations in complex or strategic functions whiledab services in ‘routine’ tasks, the
coordination of which is easily codified, are pmetd by low-wage developing nations
through the fibre optic cable. In this frameworke tpartial-equilibrium view that
offshoring is necessarily detrimental to workers advanced nations is misguided
because the implicit counterfactual—that keeping dfif-shored jobs would have no
macroeconomic impact on the economy—is not wardcanite addition, inasmuch as
routine tasks create few positive feedbacks, tiade&asks can be an impediment to
income convergence, unlike trade in goods. In slioig paper qualifies the views that
offshoring hurts workers in the North and accelesahcome convergence between the
North and the South.

JEL FO02, F12, L22, R11Keywords: Offshoring; wage inequality; communication
costs.

* The title of this paper (and the exposition of me its content) borrows from Grossman and Rosaisberg’s
(2006) insightful terminology. Unfortunately, thergent of this footnote does not appear in theiphbtl version of the
paper — my mistake. (This version also includestiagerial of the Online Appendix.)

“This paper is a much-revised version of chaptafrsly 2002 PhD thesis and has previously circulaieder other
avatars and different titles (e.g. CEPR discuspager no. 5617). | thank Gilles Duranton for proggdime to turn this
piece of work into a paper and for his tirelessoemagements; | am indebted to Richard Baldwin fioutating
discussions on this issue while working on a relgeject and to Jacques Thisse for making detaibedments and
suggestions at several stages of the paper. Anyammrs referee, Kristian Behrens, Rod Falvey, SRegding,
Nicolas Schmitt, Tony Venables and Gerald Willmé&sogrovided highly valuable feedback. Finally, gestions by
Guillaume Daudin, Peter Neary, Gianmarco Ottavidfasushiro Sato, and other participants at the 2@ trade
mini-conference, the 2005 CEPR workshop on econgeigraphy, the 2005 Kiel summer workshop in treole
location, the 2006 conference on geography andauimnhistory at CORE, and at seminars held at M8éate
University and at the University of Cordoba alsatributed to improve this paper. All errors and ssivns are of
course mine.

" LSE, Department of Geography and Environment, Ham Street, London WC2A 2AE, United Kingdom.
http://personal.lse.ac.uk/robertri#mail: F.L.Robert-Nicoud@Ise.ac.uk




1 INTRODUCTION

This paper links two facets of ‘globalisation’—treelocation of the manufacturing sector and the
offshoring of routine tasks to emerging countries-tHe reduction of spatial frictions along two
distinct dimensions, namely, to the flow of goods #o the flow of information. Specifically, this
paper studies the positive and normative effecteféghoring’ routine tasks and its interaction kit
falling trade costs when trade in goods is charaxetd by imperfect competition and agglomeration
economies. In this framework, the efficiency géaimst result from such offshoring benefit workers
from developed nations, despite thefacto competition from workers in low wage countrieas

it turns out, offshoring triggers a specialisatimynfunction rather than by sector (routine tasks in
East Asia, complex tasks in Japan, say) and gesee#ficiency gains. This kind of specialisation
relaxes the pressure to move the entire manufacturing production chain to low wage countries. This
has an important policy implication for OECD couesr prohibiting offshoring so as to ‘save
domestic jobs’ might backfire because the sideceéi® such a policy is to forego the
aforementioned efficiency gains. As a result, thel bulk of tasks might be relocated.

Globalisation can be thought of as the ‘unbundéhthings’ (Baldwin 2006). To oversimplify,

over the time period 1870-1914 and since 1960¢tcasts for goods fell rapidly (in 1990, ocean
and air freight costs were worth only 46% and 2#8gpectively, of what they were in 1940).
Indeed, steam ships, steam trains and air cargoadieally relaxed the need to produce goods close
to the final demand; this pattern is linked to deeindustrialisation of developed countries rekativ
to emerging countries like China. More recentlys tieduction of trade costs was dwarfed by the
reduction in communication costs—that is, the abstading information and ideas (in 1990, the
cost of transatlantic phone calls and satellitegémwere only a fraction of their 1940 levels—8%
and 1%, respectively). Falling communication cdssdered the second unbundling: some tasks—
usually referred to as ‘routine tasks'—can eas#ycbdified and transmitted via fibre optic cables
or satellites and require few face-to-face inteoast, this enables the fragmentation of the
production process, which includes offshoring whappening across international borders. As a
result, we should expect that ever fewer routiskdare being conducted in high-wage countries.
Consistent with this view, Autor, Levy and Murng2€03), who measure the composition of the
US labour force over the period 1960-2000, regwat the mean share of routine tasks in the
distribution of all tasks has been decreasing sl'9&® at least. To summarise, the fall in the obst
moving costs relaxes the need to cluster productéar people whereas the fall in the cost of
moving ‘ideas’ relaxes the need to cluster produrctltogether (Baldwin 2006).

Importantly, the effects of the two types of unblimgion the distribution of income can be quite
different. Falling trade costs in goods allows does to exploit their comparative advantage by
sector, affecting the terms of trade with well-kmo@&tolper-Samuelson results on the real returns of
factors. Consistent with this view, real wagesicif countries’ unskilled workers have been falling
since the 1970s. By contrast, the welfare effettee@second unbundling are ambiguous. Indeed,
jobs being threatened to be off-shored abroadtrégsssimple skilled-versus-unskilled dichotomy
(Scheve and Slaughter 2001). As Baldwin (2006) putpoutine] tasks such as computer
programming and account management used to bectterfan-traded and this meant that the
rewards to workers performing these tasks werdimigd to the global market — they were set in
local markets. This meant that the North-South wgage in these tasks could greatly exceed the

! As a suggestive example, consider the United Staid Japan. In both cases, the widespread offghofiunskilled
manufacturing jobs that started in the mid-1980s m@t accompanied by a general decline in manuiagtu
employment until the late 1990s (Debande 2006).



North-South productivity gap (p.5).” In this coxterecent technological breakthroughs in
communication technologies give rise to arbitragpastunities.

In the model | develop in this paper offshoringuesgs costs in a way that is equivalent to (labour
augmenting) technological progress in the sectishofing tasks; the general equilibrium outcome
is stark: jobs shifted overseas do not transldtejobs lost at home and thus workers in the cquntr
importing the fruit of offshored tasks might endhging better off. The most commonly cited
reference in the offshoring/fragmentation literatig Jones and Kierzkowski (1990), who
emphasized that fragmentation/offshoring can baghbof as technological progress and thus
should be expected to have complex and ambigudesteon wages, prices, production and trade;
most of this literature uses a frictionless Walasramework By contrast, the current paper and
Fujita and Thisse (2006) use a monopolistic contipatframework with positive trade and
communication costs.

The 2-coutry, 2-sector trade model | develop is gaper works as follows. Under the initial
parameter configuration (trade costs are largecangmunication costs are prohibitive) North has a
comparative advantage in manufacturing goods;rasudt of the pecuniary externalities in this
sector and of the resulting competition for thegyaphically immobile factor (labour), North is a
high-wage country whereas South is a low-wage cguaptecialised in the production of agriculture
(modelled as a perfectly competitive, constantrrettio scale sectof)Starting from this initial
configuration, a fall in trade costs alone endogshoshifts the comparative advantage in
manufacturing more evenly towards South: Northraksstrialises as in Krugman and Venables
(1995). This is because some manufacturing firma iti profitable to forego the pecuniary
externalities and the favourable market accessooftiNo benefit from South’s lower wages. If
insteadcommunication costs fall, then, starting from the same initial configtion,
fragmentation/offshoring becomes feasible. In #itisation, it is economic for manufacturing firms
to conductoutine tasks in South so as to benefit from low wagestarkeep theomplex tasks in

the North so as to benefit from agglomeration eaaies. Then, as both trade and communication
costs fall over time, the pattern of comparativeaadage shifts in a more complex way. The central
result in this paper is that North retains the @wgvities in Manufacturingpecause offshoring

becomes possible. In other words, the offshoring of routine tasksl éhe specialisation in complex
tasks are the two sides of the same phenomenon.

The rest of the paper is organised as follows. g section introduces the model. Section 3
solves for the equilibrium whereas Section 4 diseaghe equilibrium properties. Section 5
establishes who are the winners and the losegafalisation’. Section 6 wraps up the results and
suggests some policy implications of the modelaiyn Section 7 compares the results to
important papers in the literature. Some internmgdi@sults have been relegated to a Guide to
Calculation in an online appendix.

2 See Baldwin and Robert-Nicoud (2006) for a syrithasd a more exhaustive survey of this literature.

® The manufacturing sector displays pecuniary ezlétes because there are input-output linkagesrgmo
manufacturing firms, increasing returns to scalthatfirm level and imperfect competition. Thudsitmodelled as in
‘New Economic Geography' (NEG) models in the wak&enables (1996). The importance of trade in imiediates
has been documented by Yi (2003).

* This appendix can be downloaded frhitp://personal.lse.ac.uk/robertoi is available from the author upon request.
Alternatively, see the CEPR discussion paper N&75&rsion of the paper for more details.




2 A THEORETICAL FRAMEWORK

The theoretical framework this section developstiasbuilding blocks; the first block is a ‘New
trade/New economic geography’ (NT/NEG for short)damiathat combines elements of Flam and
Helpman's (1987) trade model and perfect capitdilitypwith input-output linkages a-la Ethier
(1982) and Venables (1996). The second elemeieafniodel is that some tasks in the
manufacturing sector, which | dub as ‘routine’ ®stan possibly be undertaken in a separate
location from the ‘complex’ tasks. In a sensecalhparative advantage is endogenous and stems
from agglomeration forces that take the form ofypeary externalities (Fujita, Krugman and
Venables 1999; Baldwin et al. 2003).

2.1 Notation and basic structure of the model

Consider a world economy made of two regions oribgheres (i.e., two sets of identical
countries)j=1,2 (North and South, respectively), identicaligewed with the following primary
factors: capital K (the return of which is denobsdr), labour L (denote its return by) and land

T (denote its return bg). The world is endowed with'Kunits of capital, £ units of labour and "1
units of land; all these stocks are normalisednityuThe spatial distribution of all primary facso

is uniform, that is, region 1 is endowed with anganous share=2 of owners of capital, labour
and land’ Labour and land are immobile factors but capidiéely mobile; in other words, capital
can be used in a country different from the onetirch its owner resides; in such a case, profiés ar
repatriated and spent in the owner’s location. Begs total factor income is thus equal to
(wj+rj+1)/2, wherertis the world average return on capital.

Consumption

There are two goods in this economy: A, the ‘tiad#l’ or agricultural good, which is
homogenous, and M, the Dixit-Stiglitz ‘manufacturgdod, that comes in many imperfectly
substitutable varieties. Preferences over A andié &t Cobb Douglas form, with a fractiprof
income being spent on M. As usual, M involves dédfdiated varieties, with a constant elasticity of
substitutiono between any pair of varieties. Formally, theseiaggions imply the following

indirect utility function:

. N 1/(1-0)

@ Vv :mg%; CPIl, = p,*G", G, EU P, Q)“’di} ;o O<u<l, o>1
j 0

where incomgand CPjlrespectively denote the nominal income of a tylpredividual residing in

and the consumer price index prevailing.ifihe CPI has two elements denotes the consumer

price of good A and G denotes the price index eftttindle Mjp;(i) is the consumer price of a

typical variety. N is the aggregate mass of avé&labrieties.

Production

Sector A produces a homogenous good under pedeqgpetition and constant returns and makes
use of both labour and land. Good A is chosenastiméraire. Also, good A is freely tradable,

°Extending the model to allow for (Ricardian and ker-Ohlin) comparative advantage or embodiedfact
migration would reinforce the results. Fujita arfusBe (2006) consider Marshallian externalitieteiad.

® | make this assumption to reduce the already dait dimension of the parameter space. In thealemalysis of
the model, all firms are clustered in the northfaeto, the North’s market size will be larger thtaa South’s.



thus the law of one price holds. Specifically,kda Cobb-Douglas functional form such that
minimizing costs and perfect competition in the&ct®r together yieldjl'bvv‘j’ = p, =1, where

O<b<1. Viewing land as a hidden factor, this is eql@mato saying that there are decreasing returns
to L in the A-sector and that the Ricardian rerggent locally (Picard, Thisse and Toulemonde
2004); alsopb<1 implies that the M-sector faces an imperfecksec labour supply in both

regions. In order to get more amenable analyticaiti®ns, | imposd=%2, which implies:

(2 r=lw,, j=12

Turn next to the manufacturing sector, M producdgfarentiated good under increasing returns
using capital, labour, and intermediates. Spedificthe representative firm's cost function is:

3) C, (X)) = @y 71, +a,, W, “G; O<a<l

wherex; denotes outputly; is the unit labour cost (which might be differémtm w;; see below), G

denotes the price of intermediatess the share of intermediates in the variable petidn costs

and thea's are input-output coefficients. Note first tha} is not homothetic: the fixed component is
intensive in capital (e.g. R&D, marketing, HQ sees) whereas the variable component is
intensive in labour and intermediates. By choicarafs, | normalis@xy to unity, namely, each

firm needs one unit of K to operate. Next, the Mtseoutput serves both as a final good and as an
intermediate good to M-sector firms and that thisdie of goods is aggregated using the same
elasticity of substitutiom as in (1); this loss of generality simplifies #ealysis considerably

(Fujita et al., 1999).

Trade in the manufacturing sector between the agons is impeded by iceberg transportation
costs a-la Samuelson. Specificaliy,l units of good M need be shipped from regionrlofte unit
of this good to reach region.

Offshoring and communication costs

In the model the possibility of off shoring/fragntation comes in two ways. Trade in intermediates
(Yi 2003) arises naturally in this NT/NEG modelgiwiertical linkage$.Given the terminology of
the model about what is a ‘firm’, this kind of difsring is occurring at arm’s length. In addition,
firms can hire workers abroad to complete routasks: conceptually, this ‘trade in tasks’ takes
place within the boundaries of the firm (thus atmational corporation).

The offshoring of routine tasks involves intanggénd is costly to the firm. Some of these costs
are related to technology: managers in one counatve to give orders and guidance over the phone
and the internet, using emails, facsimile, or otheans: all these are more costly if they have to
cross international borders. In addition, offshgraiso involves managerial costs (the extra time
needed to codify information to distant workergpezsally if they operate in different time zones)
and more intangible costs like cultural barrierd #re misunderstandings that can also result from
using different languages (Leamer and Storper 2B0jlta and Thisse 2006). | group all these costs
under the same umbrella, which | refer to as ‘comication costs’, though only a fraction of these
costs can be affected by technological progre$STn(information and communication
technologies) infrastructures.

" Even if all firms locate in a single hemisphere(i), in the model offshoring takes place amongthrn countries.



Specifically, | assume that communication costg tdle iceberg form; these costs are
parameterised bg>1. That is, a fraction 1-4bf working time is lost communicating when the
manager (or headquarter) is located in region ltla@dvorker is located in region 2. As a result,
effectively one unit of labour hired jrl costsw, to the firm whose manager is established in 1,
but one unit of L hired in country 2 costs laes. Thus, arbitraging between workers in the two
hemispheres yields the following expressionwgrin (3):

(4) @ = min{w, sw, W, =min{ w, sw

As a result, technological progress in ICT (a reiducin €) increases the scope for arbitrage.

3 EQUILIBRIUM

Following a well-established convention in the NE&rature, | solve for the equilibrium in two
steps: in step one, the spatial allocation of maetufing firms is taken as given and all markets
clear; this is the so-called short run equilibridmstep two, the spatial allocation of firms is@l
endogenous and the so-called long run equilibriomarges when the returns of the mobile factor—
here, capital—are equalised worldwide.

3.1 Short run equilibrium

Definen (resp. Np) as the mass of manufacturing firms that estalblisfr ‘complex activities’
(headquarters or assembly plants) in region 1 (regpon 2). In the short run equilibrium, the
spatial allocation of firmsn(N-n) is given and firms maximise profits, consumerximase utility
and all markets clear. The endogenous variabldstermine are expenditures on manufactures
(denoted by B, price indices ¢ wagesw;, operating profitsg (j=1,2) and the fraction of offshored
manufacturing jobs (denoted by.? Recall that (2) already fully characterises theilégrium
conditions pertaining to sector A, so let us turhe M-sector.

Anticipating a little, in the central case underdst in this paper, all firms cluster their sopldated
tasks in Northif=N) whereas South specialises in routine tasksfafigpically, this pattern is a

long run equilibrium for a strictly positive measwof the parameter set, as we will see). For furthe
reference, refer to this pattern as the ‘agglonregatase. It turns out that the equilibrium
expressions are much simpler in this case anatali@nic intuition can be fleshed out from this
equilibrium; | relegate the general cage{0,N] to the Guide to Calculations in the onlingoapdix.

Operating profitsin the M-sector

Using (1) and (3), on each market each producesfacdemand of the forah, = B p,”, wherep

is the producer price charged by the typical fiozalted irj on market, dj is the quantity
demanded to this firm (the quantity produced ardahantity demanded are linked by

X; =d; +7d;,i # j) andB; is a function of the market sizes and of the pimciex of region (to

get an analytical expression 8 use Roy’s identity and Sheppard’s lemma; see &tad
Calculations for details). As in any model of moaligtic competition, each firm recognises that its

actions have a negligible aggregate impact andithteatsB; as a parameter: there are no strategic
interactions.

8 That is,mis the proportion of workers country 1's firmséabroad to convey routine tasks. Alternativelycan be
referred to as the proportion of tasks that arteshoverseas by theultinational firm.
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As usual with Dixit-Stiglitz monopolistic competin, each firm charges a unique producer price
for both markets; using (3), this mill price g(1-1/0)= aLMW}"’G;’. As a resultp; is larger than
marginal cost and firms active in the M-sector gawsitive operating profits. To operate, these
firms also need to hire one unit of capital; sgeaify, would-be entrepreneurs bid for units of K
competitively; as a result, the capital rental mtis equal to the operating profit. Finally, we can
chose units of M such thaty = 1-16. Together, these considerations yield:

) =20

J

and p, =W G’ , j=12

Note that the first expression above implies tiggiragate operating profits are just equal to a
fraction (16) of world sales of manufacturing goods, which weate asE™ =E, +E,.

Next, impose the condition of full employment opital N=K"=1 and defingtas the average
operating profit in the world economy, thatignm+(1-n)rp. We are now able to get three (out of
four) sets of expressions that characterise out st equilibrium.

In the agglomerating casel1, all firms are identical and located in Nortb,e;ach of them ought to
earn the average profit. Using symbols:

w

E
6 =mr=—1: E =
(6) nEm=— BEH

W1+W1-1+7T+0'(0—1) E", E, =,uW2 +W;1+iT-

o 2
These expressions are readily interpreted. Firstesall firms are clustered in region L iEa
fractionp of factor income only; note that we have madeaig@). Second, Eis the sum of local
final demand for manufacturing goods, which isafionp of local income, and of local

intermediate demand, which is a fractmfo-1)/0 of world sales (see Guide to Calculations for
details).

Full-employment conditions

We have already imposed N2K1. Also, land is inelastically supplied to—andljuémployed
in—sector A. To close the model, we need the falpyment conditions for Land L.

Anticipating slightly the equilibrium outcome forages, it must be that whenever most
manufacturing firms locate their core tasks in Ndite. whem>%2) thenw;=w, holds because
demand for labour is larger in region 1 than irige@®’ In particular, under our working
assumptiom=1, this inequality holds strictly.

To get an expression for labour demand in the Meseapply Sheppard’s lemma on (3) and use the
relationship between sales and operating profigs,@d; =B, p;”. A mass 1¥/2 = ¥ of labour is

inelastically supplied in each country, thus thesesiderations alongside (2) enable us to write the
full-employment condition for labour (in value) as:

W
2

1/w, |

@) = -m)a-a)o - e ,%:m(l—a)b—l)w%vz

® The reader can confirm that this intuition is esirby imposingi=1 andm=0 in the full employment condition (7)
below.
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Expressions (A.7) and (A.8) in the Guide to Caltales generalise these expressions forlaimy

the unit interval and for any=%%. The left hand side terms in these two expressioa the total

wage bills. The first term in the right hand sideeach of these expressions captures the wage bill
paid by region 1's (manufacturing) firms to theionkers inj=1,2; the wage bill is increasing in the
value of sales (more workers need to be hired paed production), which are themselves
proportional to operating profits. The rightmosnts of each in expression in (7) represents the
wage bill in sector A; note that it is decreasingvibecause the elasticity of labour demand is lower
than —1 by (2). Givem, these expressions reveal thatis increasing inm and thatv; is decreasing

in m (that is, South’s wage rate rises and North’s wadge falls as multinationals’ demand for
routine work in South goes up).

By the same token, given that nominal wages inliNaré no lower than wages in South, the no-
arbitrage condition in (4) simplifies to:

(8) W, <EW,, m=20, (w,—-&w,)m=0

For the sake of completeness, note thatwe and G=tw.*° These, together with expressions (6)-
(8) and (A.5) fully depict the short run equilibmualue of 1,1, Wi,W,, Eq,Ep, G1,Gp,m}.

3.2 Long-run equilibrium

In the long run, capital moves in search of highegirns. Accordingly, a long-run equilibrium is
defined as a short run equilibrium for which thédeing additional condition holds:

(9) 0s<n<l maxyg,m,}=m n@l-n)i—-m,)=0
Namely, active firms make no pure profits in thegaun.

To assess the stability of the equilibrium, | falletandard practice in assuming that entrepreneurs
move core activities (HQ and assembly) myopicalheneveny andt differ, and that the
adjustments follow the following, ad-hoc, law of tiem: n=n(1-n)(7z - 77,) = n(77, - 77), where

the second equality follows from the definitionrof* The description of the basic model is now
complete. The next section describes these pregerti

4 EQUILIBRIUM PROPERTIES

Under our working assumptiarr1, the central question of this paper can be nefiteited as
follows: When is the agglomerating pattern a stalgjeilibrium? How do the properties of this
equilibrium change when communication costs fatl foreign sourcing increases?

Conceptually, there are two cases to considet; isnmunication costs can be prohibitive in the
sense that (8) is not binding; in this case0 and the model is a standard NEG model with the

9 To see this, note that wher1, firms in 1 do not import any intermediatesfrem (1) and (5) we obtain Swy.
Similar calculations lead to the expression fer B.5) provides an expression fay.

" The dynamics of the model is simpler if one ising to assume, as | implicitly did, that employrhedijusts faster
than plant location (I even made the extreme asamthat the former adjusts instantaneously). Fdiyn
manufacturing employment follows the ad-hoc lawnaition m = ym(1-m)(w, —w,) with y . «. Given that | focus

the analysis on the agglomerating equilibrium ¢=l), this assumption is immaterial.



usual propertie¥’ In particular, the equilibrium is unaffected by tvalue of whenevee>e,
where:

(10) £ = =151, where y= pl-a)o-1)
’ W, n=1,m=0 l—l// , (1—0')(0'—1)4' l_,u

That is,g is defined as the (nominal) wage ratio at the @gglrating outcome when the no-
arbitrage condition in (8) is not binding. (To geis expression fog, imposem=0 and solve the
system given by (6)-(7) for the nominal wages.)sI¢onfirms that nominal wages are higher in the
agglomeration regioreg>1). Alternatively, communication costcan be low enough so that0,
namely, manufacturing firms established in regiani@ht offshore tasks to region 2 (this happens
if €<gp). In this paper, | concentrate the analysis onritexior outcome, that ig<ey.

4.1 The ‘sustainable’ interval

Here, we want to assess the stability of the aggtatmg equilibrium, or, in the NEG jargon, we
want to know the conditions under which condititims agglomerating pattern is ‘sustainable’.
Whenn=1, (9) holds if, and only ife<ty. In words: the agglomerating equilibrium is staibland
only if, no firm has any incentive to relocatedtse activities to region 2.

Interior case: 1< €< &

To assess whether the shadow operating peofg not larger thamy, we need to get an expression
for x, andd,, namely, the demand the firm contemplating a dmrigromn=1 would be facing.

The easiest way to proceed is to apply Roy’s itieot (1) and Sheppard’s lemma on (3); see
Guide to Calculations for details. Substituting natb the general expression farandm in

(A.5), using (8) and tacking the ratio of the twelgs:

:%(1—a)(1—a)A_g S@, 1-5 |_ ¢ 1-s
W A?(Af Azj I

(11) q=22
7

whereg=t'? andB=¢'? are two useful collections of parameters thatreapectively be interpreted
as the level of trade freeness (phi-ness) andmhmanication freenes$,and s is defined as region
1's expenditure share wherl ande<e:

n=1

(12) 5.(¢) E%

- -y Loyoe, %
n=1—2{1+a,8+(1 a),ﬁ’,uﬂ_l] s: ()0 (2,1)55, = > C

12 |n this case, its properties are very similati® model developed by Krugman and Venables (199 sgnthesized
in Fujita et al. (1999, chapter 14)

13 Interestingly £, is increasing i, p and le (decreasing im). That is to say, firms in the north are more Ik
offshore some tasks when at least one of the fafigwonditions holds: when varieties are close suibss (in this
case, unexploited scale economies are low thus fiperate at a large scale, exerting higher pressuwages); when
the fraction of income spent on manufacturing gdedarge (because a larger manufacturing sectent®a larger
pressure on labour resources, resulting in a laegge gap); when the wage bill represents a laaygiémn of variable
costs (for the same reason).

14 ¢ (resp.0) ranges from zero when trade (resp. communicatiopjohibitive f=c ande=) to unity when trade
(resp. communication) is perfectly free={ ande=1). Both® and@ are decreasing io: intuitively, when varieties
become closer substitutes, the dampening effeeigof on trade volumes rises.
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In this case, the fraction of manufacturing jobsbeff-shored is given by

om

E,— & 1
0 m(£)|n=l D[O,—Z) Oe, E <0

@ e D

In (11), the termp™/6®® captures the net loss linked to production cdetsesults from moving
core production from North to South; this net lsspositive if the term in question is smaller than
unity. Firms weigh the access to relatively chedprimediates in North—the ‘supplier access’, as
parameterised by’=(G,/G,)* > — against the access to relatively cheap laboSpirth—as
parameterised by ¢ ¥=(w,/w,) P19 As comparative statics reveal, the loss of moving
production from the core (North) to the peripheBp(ith) is high if trade costs are high, if
communication costs are low and/or if the sharalebur in variable costs is low.

Firms face a second trade-off that involves theated ‘market access’ and ‘market crowding’
effects; in symbols, this is the tergpsé+(1-s)/@) in (11). This term captures the net loss in miarke
access that results from moving the core produdtmm the core location (North) to the periphery
(South). Again, this net loss is positive if thenten question is smaller than unity. Whesil, each
firmin 1 is a ‘small fish in a big bow!’: it hasgobod access to the large market (North’s) buag h

a small market share (in the NEG jargon, the maskerowded’ in the core). By contrast, the firm
contemplating relocation to region 2 would haveoarpr access to the large market, as captured by
the termgsg, but a good access to the small market, where ettigm is weak, as captured by the
term (1-g)/@. Since >, the loss of moving to the periphery is lardglee, larger the income gap
between the two regions (the largerdsand the freer is trade (the larger)s

Discussion: Agglomeration and dispersion forces

Taken together, the superior market and suppliegscin the North vanishes as trade costs fall
because locations become less segmented; likemisa @ increases, competition becomes global
and both markets become more evenly crowded. Tetwsbe seen by —1 andgs+(1-s)/@—1

in (11), respectively. By contrast, for givanrelative labour costs are unaffectedghys is well
known in the NEG literature (Fujita et al. 1999|d®@in et al. 2003), agglomeration forces (market
and supplier access) dominate dispersion forceimt@mediate values @i In particular, market
crowding considerations are the dominating forcemis low (firms locate evenly to try avoid
competition on the goods market) whereas labous@re the dominating dispersion force wipen
is close to unity (firms locate evenly to try avawompetition for the primary factor). Since we have
1/61°>1 at the limitp—1, Te>Ty at the agglomerating equilibrium, which violat&§: y continuity
then,n=1 cannot be part of a long run equilibrium whea1.

More generally, defineb®(8) ={@ 77(@ 6 = (@ 6 On=1} as the range of values @f
expressed as a function@fsuch that, when=1, no firm currently in North has any incentive to
relocate its complex operations to South; this bélthe case if, and only if, the expression in (11
is lower than unity. In other words, the agglomiagabutcome isustainable if, and only if,@is in
o>

(14) P°@) ={g (@) 20}, (98 =(69"" -s5.¢"-(1-5)

wheres: is the collection of parameters provided by (Btandard algebra shows tifi@j is
negative and increasing @0, negative and decreasingpstl, and concave everywhere. Hence,
f(.) admits a unique maximum. If agglomeration feraee strong enough (i.e.Jfis large,o is low
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ande is low), the two roots of (14), which we denoteggyandg®, belong to the (0,1) interval (in
which casef/d@>0 atgs anddf/dp<0 at¢®). Unless | mention it explicitly, | assume thatgraeters
of the model take values such that this conditiold$:from now on. Note that an equivalent
definition of ®% in this case i®=[¢s,¢7]. To summarise this discussion, we have sHown

Result 1. There exist a @ and a @ (which are referred to as the sustain points) such that
0<@<@<1 and, for all Qin P=[(@,@), n=1 is part of a long run equilibrium in the sense
that T42TC.

In other words, the agglomerating equilibrium exigtr intermediate values of trade freeness. The
paper is mostly interested in the effects of comigation costs oS, so we turn to this next.

4.2 The role of communication technologies

The effect of offshore sourcing of routine taskstom sustainability of the agglomerating pattern is
twofold: on the one hand, the possibility of hiricigeap labour abroad directly reduces the
production costs of the firms in the North, whiadlereases the ‘sustainability’ of the agglomerating
equilibrium—from (11), we havéq/ 06 <0 (givensg). On the other hand, this will have a

feedback (or general equilibrium) effect on waged #hus a on each region’s market size—from
(11) and (12), we haveq/os. <0 (givenB) andos. /d€ >0, thusdq/de <0 (giveno).

Consider the direct effect first: from (14) an &se in an increase in communication freefless
alone increases the measure of the set of parayadtdre model such that 0 holds, that ighis
expands the set of other parameters that are consistent with an uneven North-South devel opment.
Figure 1 plots Ing) on the vertical axis and the mass of firms eghbt in region 1n) on the
horizontal one. It illustrates the case in whicimcreases sufficiently to make an agglomerating
pattern sustainable (point S), starting with ihiti@nditions such that it was not (point U).

Figure 1. Offshoring

However, this analysis would be incomplete if we dot consider the feedback effect due to the
spatial reallocation of income which results frdre thange in occupation of workers in both
regions. In symbols, we obtads:/0e>0 if € [0 (1.£0) and g(€)>Y% for alle by (12), that is, an
increase in foreign sourcing in manufacturing teiggGDP convergence. There are at least two
reasons to believe that the income-driven genepalibrium-effect might not overcome the direct
cost-saving effect. First, the magnitude of the effect is first-order large: it operates for falins
within the industry; the general equilibrium effect factor returns is small if the sector is small
with respect to the rest of the economy (e.g.ig small). In addition, numerical simulations
suggest that the direct effect dominates the plyssduntervailing general equilibrium effefar all
economically meaningful parameter values (namely, for all f,u} 0 [0,1] and for allo>1)1° As a
consequence, we can ignore this general equilibeffect and write?

!5 This agglomerating equilibrium might not be unighewever; see e.g. Fujita et al. (1999) and RelNaud (2005)
for details.

16 Of course, the computer runs a finite number wiutations, so one can never take such evidenceeasé These
numerical simulations accompanied my thesis chaptdrare available upon request.

17 A more elegant way to get rid of this general Botiim effect would be to assume away income ey
specifying preferences with a quasi-linear utifitpction as in Pfliiger (2004). The potential adeget of choosing the
alternative modelling strategy is that it woulddteaightforward to provide an analytical proof tesRlt 2: indeed,
mathematically assuming quasi-linear preferencaddvisave the same effect as havire in (14), thus swould be
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Result 2. When commmunication costs decrease, the agglomerating equilibrium is sustainable over a
wider range of trade costs.

Figure 2. Sustainability of the agglomerating equibrium

An graphical illustration of this result is providiey the top quadrant of Figure 2. This figure plot
trade freenesg against communication freendssThe diagram shows that the lower bound of the
sustained intervab® is decreasing if and that its upper bound is increasin@.y contrast,

when communication costs are prohibitive —whichgeas wher®<6,— then the no-arbitrage
condition (8) is not binding and as a resbiftis constant. The bottom quadrant plots (13) in the
(m,6)-space; it illustrates that the fraction of martdiging jobs being off-shored is the cause of the
expanding sustain interval.

5 WELFARE

This section considers the normative implicatiohthe ideas developed henceforth. We are
particularly interested in the well-being of workeso the metric we will be using to assess the
welfare effects is their real wage, which usingcdhesed form solution for (1) can be written as:

W.
(15) @ = oo = WA
j

In this section, we want to convey two conceptuadlyy different welfare analyses. The first one is
standard: it involves a comparative statics exeroisthe closed form solution fay, given the

spatial equilibrium configuration (as in Fujita andisse 2006). The second exercise is less
standard and involves comparing welfare levelsfégrént equilibria (as in Charlot et al. 2006).

5.1 Comparative statics: marginal effectof 9 and ¢

Let us start by considering how the welfare of egqiup of factor owners evolves when trade or
communication freeness increases (a shortcut fobalisation’) for a given spatial configuration.
At the agglomerating equilibriunm€1), the following properties hold (the formal pfdollows):

Result 3. At the agglomerating equilibrium, the following hold: (a) an increase in trade freeness @
(a reduction of T) does not affect North’s residents and mafkes South’s residents better off; (b) an

increase in commmunication freeness O (a reduction of &) hurts workers in North whereas workers in
South are better-off; the opposite is true for land owners; (c) all capital owners are better off

Jollowing an increase in 6 (a reduction of &).

To see this formally, solve the model fgrand G, then plug the resulting expressions into (15) and
obtain:

- 1 ., 1. _
(16) () e, = WVEN T 0N, Z W ()5 Wom

where the economic interpretationvaf (a collection of parameters) is to be defined ghdParts
(a) and p) of the proposition can be verified by inspectiorthe workers’ case; as to capital

constant; as a result, it is readily verified tBfdc<0 (ordf/06>0) holds for all parameter values.
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owners, note that their nominal return is invarianp by (6) and (7). Part] says that capital
owners are better off whehincreases; this looks intuitive insofar as offshgrought to reduce
production costs. This intuition, however, is mégleng because it turns out that tigeninal return

to capitalrtis decreasing if (increasing irg), thus, so capital owners benefit from a highenly
because it reduces the CPIThis counterintuitive result holds because eveudh it is

individually rational for all firms to offshore réine tasks when possible, a lovesbenefits all

firms in the same way so no single firm gests ageeat equilibrium. Actually, the aforementioned
general equilibrium effect pulls in the oppositeedtion and reduces profits. This completes the
proof.

Figure 3. Communication freeness and welfare

An illustration of the effect o® onw; andw, at the agglomerating equilibrium=1) can be found
in the top panel of Figure 3 (the bottom panehas figure reproduces the top panel of Figure 2):
w1(0) is (weakly) decreasing ang(0) is (weakly) increasing, as assessed in Result 3.

5.2 Equilibrium switch and welfare

The central claim of this paper is that the stahe¢ offshoring is necessarily welfare worsening fo
workers in the North is only partially correct basa the implicit counterfactual—that keeping the
off-shored jobs would have no macroeconomic impadhe economy—is not warranted. The
agglomerating equilibrium might become unstabléhasresult of an increase gnand/orf. Thus,
when parameters of the model are such¢tges not belong t@°, the economy will find itself at
the symmetric spatial long run equilibrium, whereby2 andm=0; since the two regions are ex-
ante identical, the symmetric equilibrium alwayssexand it turns out that it is stable when the
agglomerating equilibrium is ndt.This other spatial equilibrium provides the cotrec
counterfactual. Denote with the subscript ‘naugi’ values of the nominal factor rewards and all
other endogenous variables pertaining at the synorexuilibrium; the closed form solution of
these can be found in (A.9). Also, by symmetryhaf modelw;=w, always holds and as an
implication (8) is not binding, thus factor rewaris not depend oa Finally, an increase iq

makes everybody better off because lower tradescestlt in cheaper intermediates and final
goods (and thus a lower CB)In short, the welfare properties of ResulaBHold at the symmetric
equilibrium, too.

We now make three thought experiments with the b&kigure 3. Turn to the bottom panel and
assume thaty0) is such that the economy stands at point X irfithee: this parameter
configuration is consistent with a agglomeratingitirium; mathematicallygO®(8x). Consider
first the effects of an increasefralone from point X to point Y (an improvement @T): the
economy remains at the agglomerating equilibriusmid\the welfare effects, turn to the top panel
of Figure 3, where the loci labelled andw,(@x) plot (16) as a function & whereas the locus,

18 Nevertheless, the elasticity of thesl income of capital owners with respecttis equal te/(1+€)-(1+u)/2, which is
negative on (kg); see (A.12). To prove this claim is easily shdwrcontradiction. A necessary (and sufficient)
condition for this elasticity to be positive is tlgz(1H1)/(1-p). Sincee<e,, this impliesee>(1+u1)/(1-u), which is
equivalent tap>u by (10). Howeverp>y, as is immediate from the definition @f Thus the necessary condition is
violated and the elasticity is negative.

19 For some parameter values both equilibria ardestéithe CEPR discussion paper no. 5617, | estattiat the set
of values ofip such that the symmetric equilibrium is unstabenated byd®, is such that®®®* holds. Also, no
asymmetric interior equilibrium is ever stable fie tcurrent framework; see Guide to Calculationgiggails.

20 gpecifically, real incomes at the symmetric edpiilim are proportional to (1*'*®; see Guide to Calculations.
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plots workers’ real wages (15) at the symmetridldm@rium (n=%2); see (A.9) for a closed form
solution. Clearly, such ICT-driven globalisatiometitly benefits South’s workers at the expense of
North's.

Consider next the positive effect of an increasgatone (a reduction in trade frictions) from point
X to point Z, which is to ‘destroy’ the agglomeragiequilibrium and to trigger a perfect
convergence between North and South. The normatipkcations of this are clear: workers in the
North loose whereas workers in the South may galoase (Z in the top panel correspondsao
evaluated atfx,@,), which lies strictly below points yand X% but above the linex(¢x)). To verify
these claims formally, use (A.9), (15) and (16\vtde the difference (in logs) between real wages
evaluated at the agglomerating equilibrium andhatstymmetric one (for givepand), namely:

1 1-pu 1 7] 2
In@ -, =——| —LIn) +-—In(==—) | >0
N -, 0__1[ . n(g)+1_an(1+¢)}>,
(17) )
1 1+pu, 1 7]
In@,~In ey =——| ~—LIn(<) - pIn(>) +——In(—=
ne e 0__1[ Lin) ﬂn(;)+l_an(1+¢)}

Several aspects of (17) deserve emphasis. Firskensoin North are necessarily better-off under
the agglomerating outcome than under the dispargatibrium; by contrast, South’s workers are
hurt by lower nominal wages (which is capturedHoy first term in the square bracket in the second
expression in (17)) and by being located remotelyi¢h entails facing a larger CPI and is captured
by the second term). On the other hand, agglonoeraionomies may entail lower producer prices
(thanks to input-output linkages; this is captupgdhe last term) and, to the extent that
transportation costs are not too large, consumeepcan as a result also be lower in the periphery
than at the dispersed equilibridh.

Turn last to the third thought experiment. Realaty, globalisation is driven by the simultaneous
increase of botkp and® (see Introduction). Specifically, consider a mgueh as from X to W on
Figure 3; in this case, the economy remains agglateé. Workers in the North are worse offy(W
not shown, is confounded withy)Y but not as worse off as in Z. Taken in isolatioffishoring hurts
these workers and trade integration has no effethem (o does not depend ap); but together
trade in final goods with offshoring improve their lot. We can see these contrasteztsfiin the first
terms in each bracketed expression in (17): stxde offshoring benefits workers in the North but
hurts workers in the South insofar as it helps ta@&ing manufacturing activities in the North. An
increase in 8, however, benefits the latter and hurts the forbserause it increases demand for
labour in the South and lowers it in the Northother words, we have established:

Result 4. Improvements in communication technologies and the resulting offshoring of routine tasks
help maintain core activities in North and, as a result, benefit workers in North despite the fact
that they face more competition for jobs from workers in South.

The reason for this result is that the offshorihgooitine tasks creates efficiency gains for the
manufacturing sector in the North, whiekclusively benefits workers and consumers at the expense
of capital (remember that capital owners’ nomieatard falls).

2 gpecifically, residents in the periphery face lowece index than in the symmetric equilibriumr(gogivend) if
2¢ > (1+ ) (this in turn requires>Y%2 andgto be large enough).
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6 SUMMARY AND POLICY IMPLICATIONS

This paper addresses the issue of overseas sowfciegvices from a non-neoclassical angle. In a
framework in which comparative advantage is endogero agglomeration economies and factor
mobility, the fragmentation of production made pblesby fibre optic cables and low
transportation costs allow global firms (multina# corporations or individual firms active in
global networks) to simultaneously reap the beréfégglomeration economies prevailing in
OECD countries and of low wages prevailing in coestwith an ever better educated labour force
like India. Thus, the reduction of employment imsoroutine tasks in rich countries in a general
equilibrium helps sustain and reinforces employnetiie core competencies in such countries; in
other words, the efficiency benefits generatedfishoring are shared with workers worldwide (in
the model, it turns out thatl of these benefits accrue to workers and consum@&rsplicy
implication of this theory, from the perspectivedaiveloped countries, is the following. By making
it more difficult for global firms to cut employmem routine tasks and, more generally, of
unskilled jobs including manufacturing jobs, politgkers in countries like Spain and France (to
take a couple of recent examples) make their eca@wuommattractive for global firms to locate there
even their core tasks. A growing body of reseaednss to be consistent with this theoretical
prediction: Amiti and Wei's (2006) results suggtstt the increase in service outsourcing in the
United States in the past decade is partly resptn&r the outstanding growth of US productivity;
at the micro level, Barba-Navaratti et al. (200@)gest that firms that offshore some of their value
chain abroad become more productive; since thesogte way towards controlling for the self-
selection effect, this result can with caution eiipreted as indicating causality. Thus, polities
prevent offshoring and the loss of domestic emplentmight backfire, very much like policies
meant to prevent the loss of manufacturing emplaytritecities mostly failed (Cheshire 1995);
indeed, the essential choice facing some indussigdgfshore or die’.

7 CONCLUDING REMARKS

In this final section, | discuss how the theordtiesults of the previous section are related to
theoretical work developed earlier on as well asoiatemporaneous work developed
independently, and why it generates distinct result

| have already mentioned how the current papetagl® the work of Krugman and Venables
(1995). In their paper, there is no offshoring #&melauthors establish that incomes and production
patterns converge when trade costs (for goodspitiver low or large; using Figure 2, this is alon t
a vertical movement (bottom-up) over time acrogssiisstain interval. Their main result is that the
industrialisation of the Northern hemisphere in¢berse of the nineteenth centinad to be
accompanied by a de-industrialisation of the S¢esipecially China and India) because
agglomeration forces set up a self-enforcing meishathat was virtuous for the North and
detrimental to the South. However, at a later s{fgelate twentieth century in their narrativeg th
very same process of falling trade costs triggeeslacation of manufactures towards Taiwan,
South Korea, Singapore or Honk Kong, which were-\eage countries at the time.

By contrast, the presumption of this paper is thatine tasks generate fewer agglomeration
economies. Therefore, the offshoring of routin&kgasndermines the potential for growth take off
in the recipient countries. Indeed, in the modehds paper, offshoring actually reinforces the
agglomeration forces and weakens the dispersi@e$orAs a result, routine tasks only are being
off-shored to developing countries, while the rixtes retain the ‘high value added’ jobs. This way,
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the fibre optic cable triggers a ‘functional spéis&tion’ of countrie$? This specialisation by
function rather than by sectos axes the pressure to move the entire manufacturing production
chain to low wage countries. This slows down the convergence of productiotepas, though
speeds up the convergencenominal incomes.

Next, like this paper, Fujita and Thisse’s (200841 hereafter) adopt a modelling strategy that
combines the issue of ‘fragmentation’ and the rédadn communication costs in an imperfectly
competitive setting. Their approach and the orthigpaper are complementary on several
accounts; | mention three of them here. First,@m@hasis in F&T is on the skilled v. unskilled
wage gap; by contrast, | start with the premise ttia ‘offshorability’ of tasks is orthogonal toeth
skill content of the task and thus | model only tyge of labouf® Another noticeable difference
between the two papers is that the (unskilled) wgagebetween the North and the South is fixed in
F&T (North has an exogenous absolute advantage itrdédéional secta); here, it varies in a

subtle way as a result of changes in trade and eonmation costs. The third important difference
between this paper and F&T involves the locatiofiral production. Specifically, they study the
offshoring of tangible tasks, namely, they model ¢iconomic implications of the spatial
unbundling of the whole production unit (in SouttNorth) and the HQ (in North). By contrast, my
model applies to the unbundling of intangible t&8kehus, Fujita and Thisse’s model captures best
the offshoring of manufacturing processes to ‘maonturing dragons’ like China, whereas my
model fits the patterns of offshoring to ‘IT dragotike India. In the online appendix, | analyse
F&T’s case in the framework developed in the curpaper; as it turns out, both the normative and
positive implications of offshoring whole manufaghg processes (instead of trade in tasks) are
similar but lower in magnitude than those of my m@iodel.
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FIGURES
Figure 1. Offshoring
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Figure 2. Sustainability of the agglomerating efuiim
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Figure 3. Communication freeness and welfare.
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ONLINE APPENDIX AND GUIDE TO CALCULATIONS —NOT FOR PUBLICATION (WILL
BE POSTED ON THE WEB)

A.1. Short run equilibrium: Guide to Calculations

This section first provides a guide to get exp@ssi(6) and (7) in the text. Heredd not impose
n=1, thus the expressions are more general thareitekt. From (5), rewritg; as w*“A,*". To
get an expression for the final demand for a lgeaiety (i.e. from j to j), apply Roy’s identity on
(1), which yields

(A 1) IuigGiJm ) -0 =u Com% p :,U incom?w'—u(l—a)ATaa/(l—g)
' G, -o)n, ) N j

J I

where incomgis the sum of all factor income, namelylW/2+r T"/2+1K"/2 = (wy+r1+1)/2 and
A = Gj.l“’. To get an expression for the intermediated denfiaind local variety (say ifr1), apply

Sheppard’s lemma on (3) and use the factMéf‘tG;’ = p, to get

lel _ 1 ﬁﬂi ~o(l-a) p-oa (o)
A.2 nLér -0 =nla(Q-— W, A
( ) a‘I_M Gl (1_ )A m )p ( 0_) Al i j
where the second expression stems from our chéigrits for M’s output and from (5). The value
of local sales in region is then equal to the pritte of the typical variety producedjml (namely,
p1) times the sum of the terms in the right handsioig(A.1) and (A.2):

r +7T —0)1-a a 1 =0 )(l-a a
(A.3) total saleg= ’UTGA_EMl ONT +na ¢ - ]z)gGA—EMl DA
j 1
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Now, defining g as total expenditure on manufacturing goods iioredy (from both consumers
and firms’ expenditure on intermediates), therhengeneral cas&[0,1], E; and E are equal to

W+ + 7T W, + 1, + 77

(A.4) E = +a(c-nmg, E,= ;1%+a'(0—1)(1—n)772

and operating profits are equal to

1 oy E . E 1 oy E  E
A5 n.:_vv(la)(la)Aa e R 2 , n.:_vv(la)(la)Aa +_2
(A-5) ot 1A1;A2 2o’ Z;AIAZ

Substitutingn=1 yields (6), (11) and (12) in the text. Finailythis general case, there does not
exist a simple closed form solution for #h; rather, they are implicitly and recursively ohefd as:

(A6) Al = nAthl—U)(l—a) + ﬂl— n)AZW(Zl_J)(l_a), A , = oniwg-l-a )Ea )+ (1_ n)A”’ZW (21-0 )&a )

Note that at the limib=1, these expressions do simplifyg=w;® andA,=q@w,*.
Next, consider the full employment conditions falbdur (7), which hold fob =2 andn=1. More
generally, forbJ(0,1) andnJ[0,1], the conditions of full employment of laboim value) are:

b w
(A.7) =(1-mn(l-a)o -1y + oy 2
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for region 1 and

W M a)o— 1y D
(A.8) 7_mn(1 a)o-Dm+@-n)1-a)o - Ly, + 1-b) 2

for region 2. The right hand side term in the esgion above from illustrates that worker in 2 are
split between those employed by region 1's mulioratls, those employed by local firms and those
employed in the traditional sector, respectively.

A.2. Welfare analysis at the symmetric equilibrium: Guid e to Calculations
At the symmetric equilibriumnEy2), substituten="2 andm=0 into (5)-(8) to get:

_ 1 &1
W, (0-1)(1-a)’

w; (£)

n=1/2 = WO = \/?0’ ﬂ(£)|n=1/2 = ITO

 (1+p 1U(1-a) 3
n=1/z=A0_( 2 ) Wé

(A.9)
A (e)

andro=1Mp by (2), whereg, is the collection of parameters defined in (10)c8 nominal rewards
are unaffected by the level of trade freengses communication costs as (A.9) reveald)o is a
sufficient metric to assess welfare effects @#@ or B>0. Indeed, as in (15), the consumer price
index is a decreasing function &f viz. CPL=Ao™Y, It is immediate by inspection thatpong the
symmetric equilibrium, everybody’s welfare is increasing in trade fresnigut unaffected by
communication costs (because no offshoring is gomgt this equilibrium).

A.3. Welfare analysis at the agglomerating equilibrium: Guide to Calculations

At the agglomerating equilibriunm€1), when communication costs are below their gribke
level gy, solving for nominal rewards using (5)-(8) yields:

1 1+¢
(A.10) W1(£)|n:1,5550 = WO‘/E’ W2(£)|n:1,5550 = Woﬁ’ n(£)|":l’5550 = 7o (2\/2)

andrj(e)=1Mj(g), j=1,2 (when communication costs are prohibi(iseeo), theng, replaces in the
expressions above).

To evaluate the effect @fand@ on real incomes, we need to get an expressiofy;fandA;; see
(15). From (8) and the expressions in footnotenkdpbtain:

(A.11) DOy gog, =N, D6) g =W NE

andA=A;(8o) if <6, j=1,2 (recall tha®=e'° andBo=e,'°). To address the effect gfande on real
labour incomes, substitute (A.10) and (A.11) irit6)(and obtain (16) in the text. From these
expressions, it is readily verified that residantthe South benefit from greater trade freeness,
because the elasticity ab with respect ta is equal to at the agglomerating equilibrium.
Conversely, residents in the North are unaffectettdnsportation costs—they don’t pay any trade
costs on imports and equilibrium nominal incomesiavariant ing.

Consider next the effect of an improvement in comitation technology on the real incomes of

workers in each region. In the North, workers’ noatincome falls as falls as per (16); this is
because lower communication costs in effect redtimsegmentation of the two labour markets,

=1,626,
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thus making labour supply to the manufacturing@eciore elastic. However, these workers also
benefit from lower manufacturing prices becausecthst saving of offshoring is passed onto
consumers. Of course, the former effect affectsithele of their income, while the latter one
affects only a fractiop of their expenditure; hence the overall effeategative (specifically, at the
agglomerating equilibrium the elasticity @f with respect te is equal to (14)/2. By contrast,
Southern workers’ gain from improvement in commatians is twofold: they benefit from both
higher nominal wageand lower consumer good prices; specifically, (16)eas that
oln(uy)/dIng=-(1+u)/2.

Interestingly, the real incomes of capital ownerboth countries increases as communication costs
fall. Specifically, the elasticity of their realdome, v ©™%), with respect te is equal te/(1+€)-
(1+w)/2, which is always negative, as we establisihatext.

Using (A.10) and (A.11), we can also get the follogvexpression for the capital owners’ real
incomes:

7%
Wy

(A.12) () T (1+£)e @12, 7€) _

_ —(@+u)/2
CPLE) .. 2 crre). i T

=1,£<¢, n=1,£<¢,

which are decreasing &for all € in (1g), as established in the text.

A.4.  Symmetric equilibrium and the break point

The 'dispersed equilibrium' is said to be unsté#lden/dn>0 atn=2; see the low of motion
associated to (9). (By the symmetry of the moded/dh=-dmw/dn atn=%%.) In words, the dispersed
equilibrium is unstable if moving one unit of K frol to 2 increases the capital reward in 1
relatively to 2 (remember that capital reward egugderating profit by free-entry). In such a case,
agglomeration forces dominate and, by the law dfionpn increases further. That is, the initial
shock is not self-correcting. Accordingly, any lan interior equilibriunm'>%2 such thaty=Tp is
said to be unstable if t{-1;)/dn>0 atn=n'.

We then differentiate the system around the symmegilibrium, following Puga (1999); we also
use the symmetry properties of the model and winikg=dw,=-dw,, drie=dm=-drp, etc. This way
we get a system in dig, dwp, dip and dk; using (A.4) to (A.8) and eliminating d&his reads:

1-aa,Z 2a , la(c-1)-uz] Z-a dr, ayaz
(A.13) 0 c-D)@A-a)x 1-az dw, |= Z |dn
Ay Ay +(1—a1_M0'—/.1)b/[,U(1— b)] 0 dAo /Ao Y

where Z(1-@)/(1+g) and dh is treated as exogenous; recall that=1-1/0 andb=Y2 in the text (see
(2)). By Cramer's rule, it is easy to get a solufior drp/dn; the break pointgs andgP<1 are the
zeroes of the resulting second order polynomigl iim the limiting cas®=1, @ is similar to the
break points in Ottaviano and Robert-Nicoud (2086h chapter 14 (section 14.2) of Fujita et al.
(1999).

With the addition of decreasing returns in A, beshandg® are smaller than unity —when they are
real. The reason is, again, that these decreasinms act as a dispersion force that does not
depend omp, so it must be thatrd/dn<0 atn=Y%2 (namely, the symmetric equilibrium is stable)ewh
@is arbitrarily close to 1. The general solutior{A013) is not particularly enlightening, even et
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special cases=u or b=%2. The appendix CEPR discussion paper 5617 veddititis paper
discusses the properties of the ‘Break interd&t[¢s,¢°] in more details.

A.5. Ranking the break and sustain points

As is well known, the ordering of the break andaumspoints is crucial for the dynamics of the
model. In the simple case-1 there are a unique break point and a uniquaisugbint in the

interval [0,1]. Robert-Nicoud (2005) shows formatiat the sustain point comes before the break
point; this has two implications. First, no interiasymmetric equilibrium is ever stable. Second,
there is hyseresis in location. The same holdsltene: at least whem=p (the case Krugman and
Venables (1995), among others, assume) simulasioow that the sustain intervak[¢’]
encompasses the break inteng,§], henceps<gs<¢®<¢®, as shown in Figure Z.

Figure 4. Multiple equilibria and stability

Figure 4 plots n againgt Conventionally, the stable, long-run equilibriatte system are depicted
in plain lines whereas the unstable ones are a=picsing dashed schedules. There is room for
hysteresis in this model in the sense that if {fstesn finds itself ab=1 wheng@is, say, larger than
@s, then this remains a stable long run equilibriip decreases to some value @8,{s).
Conversely, if the system finds itselfrat’2 andgis lower thangs, then this remains a stable long
run equilibrium ifg increases to the same value@g @s). In other words, history matters in this
model.

A.6. F&T (Fujita and Thisse 2006)

In this section of the appendix, | extend the aurfeamework to study Fujita and Thisse’s case.
Unlike intangible tasks in this paper, in F&T th@guct of the tasks conveyed offshore is impeded
by transportation costswhen it is shipped back into the parent countrycfmnsumption (in my
model, it is shipped back by fibre optic cable).sb the implication of their assumption into my
model, add trade costgo the frictions to offshoring; a direct implication of this assumption is to
replacef in (11) and (14) bgg; thus the definition of the sustain interval beesm

(A.14) D@D ={p (90 20}, (9§ =g (" -s¢-1l-5)

As a result, the costly shipping back of manufaadutems should weaken the agglomeration
forces; this intuition is confirmed by the terph® (<1) in front of (©) in the expression above;
recall that this term is absent in the definitidriree sustain interval in my model; see (14). D&spi
this difference, the qualitative positive propestad the sustain interval are the same. As to the
normative ones, the benefits of residing in thee@re reduced when the goods manufactured in the
off-shored assembly lines have to be importedettsstt. Since strictly less than half of the
assembly lines are ever being off-shored armdiuction costs are lower in the periphery thrathe

core (net of trade and communication costs), ittrbeghat the CPI in the North is lower at the
agglomerating equilibrium than at the dispersed dhes, in this extension of the model, both the
normative and positive implications are similar lmyver in magnitude than those of the main

% Details of the calculations are available uporuest, Wheruzp, the parameter space has many dimensions, hence
making sure that the ranking remains unchangedlfgarameter combinations is a formidable task.tRis reason, |

put it aside andssume that the combinations of the parametergf, ando is such that the ranking holds so that this
figure is always relevant.
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Figure 4. Multiple equilibria and stability
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