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In the last years, offshorihdnas been one of the most prominent terms in palitiebate in

industrialized economies, appearing regularly angblitical agenda in the USA (e.g. during
the election campaigns of democrats) and in wedtemnope (in discussion about offshoring
to the “new” EU-member countries in the easternofa). This is not surprising, since the
rapid progress in information and communicationhtedogies, the emergence of new
countries in international trade (China, India,.njlahe advances in regional integration (e.g.
a growing European Union) create continually neveptal for offshoring. As a result,

offshoring is “one of the most rapidly growing coomgnts of trade” (Grossman and Helpman

(2005), p. 36) with the potential for being the shandustrial revolution” (Blinder (20078).

Hence, it is necessary to evaluate this new tranokder to provide some policy guidelines
regarding the optimal reaction to it. The econofitierature reacted to this necessity by
introducing some new theoretical and empirical igtsidAn overview of these studies can be
found for example in Garner (2004), Mankiw and S#la@006) and GAO (2005). This
literature focuses mainly on the implications dsbbring for welfare and income distribution
within static frameworks (e.g. Bhagwati et al. (2p@nd Samuelson et al. (2004)) as well as
for unemployment (e.g. Mitra and Ranjan (2007)).wdwer, the dynamic effects of
offshoring on the long run GDP-growth are a ratteely researched topicalthough the
dynamic effects of offshoring via structural chahgad via capital deepening which are
neglected by static trade theory (e.g. by the neodeéBhagwati et al. (2004)) might be more

important than static effects (see Milberg et20Q7), p. 7)).

! Offshoring means here that firms shift activitisoad (to unaffiliated firms or to own affiliates)

2 For estimates of offshoring potential see Blin2007a), Jensen and Kletzer (2006) and Van Welsun a
Vickery (2005).

% One reason for this asymmetry in the researchrtefis probably (beside of the fact that offshorisga
relatively new research topic) that topics suchimsmployment are most prominent in the politicdate, since
they are associated with fears in the public anesen

* Structural change means here reallocation of lampss sectors such as manufacturing, services and
agriculture during the development process.
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In fact we do not know anything precise about tfeces of offshoring on GDP-growth:
There is some empirical literature on the produtstigrowth effects of offshoring at the
industry and plant level, e.g. Amiti and Wei (20@806), Mann (2004) and Girma and Gorg
(2004). (A further overview of the literature camfound in Olsen (2006).) However, no clear
patterns as to how offshoring affects productian be concluded from this literature (see
Olsen (2006), p. 28). Furthermore, going beyondfitine level, some effects on productivity
growth may arise which are still not researchedetail: As noted by Blinder (2005, 2007b)
offshoring of high-productivity-growth-activitiesthat became possible by progress in
information and communication technologies) coutdd to a growth slowdown in the
economy that offshores, if the redundant factors eeallocated to sectors with lower
productivity growth (according to the framework B&umol's (1967) “cost disease”). The
findings by Fixler and Siegel (1999) imply that (destic)outsourcinghas impacts on sector-
productivity and on structural change in a framewgmilar to that by Baumol (1967) (i.e. in
a framework where productivity growth differs ag@ctors). Therefore, one can expect that
offshoring (or international outsourcing) has similar effecs,well. All these results imply
that it might be important to analyze the effedi®ffshoring in a framework where sectors
differ by TFP-growth in order to study the effeds offshoring on structural change and
GDP-growth.

This is exactly what we do: we model an economyrevlibe sectors differ by TFP-growth.
(Evidence for the different TFP-growth rates acresstors has been presented by Baumol et
al. (1985).) A part of the intermediate inputs proibn is taken over by the foreign country,
i.e. offshoring takes place. Our framework is basedthe model presented by Ngai and
Pissarides (2007), i.e. we do not rely on a tradelehbut work with a growth model. (An
overview of trade models dealing with offshoringhdae found in Baldwin and Robert-

Nicoud (2007).)



Our results imply that there are two channels alwhgh offshoring influences the growth
rate of aggregate output: (1) Offshoring influentles (implicit) total-factor-productivity-
growth of intermediates-production. This effect lrap that offshoring acts like a kind of
technological progress in intermediates-produchgrnntegrating the foreign cost-advantages
into domestic production (provided that terms @fde develop favorably in the long run).
(2) These productivity-changes in the intermedigi@sluction have an additional indirect
effect on the aggregate growth as well: they infeeethe rate of capital-accumulation. This
effect is similar to the one mentioned by Davidd&do (1815) who argues that international
trade can lead to an increase in profit marginstand to more investment and more income
growth (see e.g. Milberg et al. (2006), pp. 6 apd 7

Both effects point in the same direction. Whetheese effects are positive or negative
depends on the development of the terms of tradeoanwhether high-productivity-growth
(hpg) activities or low-productivity-growth (Ipg)cavities are offshored: Offshoring of Ipg
activities can increase the growth rate of the enoneven when the terms of trade worsen in
the long run. However, offshoring of hpg activitiean increase the growth rate of the
economy only if the terms of trade improve in tbed run. The reason for this fact is that Ipg
activities feature increasing prices due to “Baumobst disease”. Thus, even when the terms
of trade worsen in the long run it can be “cheaperporting intermediates rather than
producing them at home.

These results imply that services offshoring mayelss likely to increase the long run growth
rate of industrialized economies in the future,duse (1) it is argued in the literature that
services offshoring may include high-productivitypgth-activities in the future (see e.g.
Blinder (2007a) for estimations with respect tostfact) and (2) it is also argued in the
literature that offshoring might have a negativéedf on terms of trade in industrialized
economies (see e.g. Samuelson (2004) and Rodriglaee-(2007)). Both arguments imply

that services offshoring will include high-prodwaty-growth-activities and a worsening of
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terms of trade. As explained above, our model iegpthat offshoring does not increase the
long run growth rate of the economy under such ttimmd.

If some dependencies arise (i.e. if some of theidor intermediate inputs become essential
for the domestic production) offshoring can alswehaegative growth effects within our
model. As we will explain, such dependencies mdgeadue to dependency on natural
resources or if the economy does not research nmesiechnologies due to international
specialization. In this case, the negative groviteets of unfavorable terms of trade
development cannot be avoided completely by reduthe extent of offshoring, since the
substitution of foreign intermediates by domestioducts is associated with costs (because
the foreign inputs are essential for production).

Our results imply that structural change pattemesséowed down in the long run if terms of
trade develop favorably (i.e. if offshoring is pumdivity-enhancing at the macro-level), and
vice versa. The reason for this fact is that tredpctivity-growth-increase is associated with
more investment (due to the “Ricardian effect” nnaméd above). That is, investment gains
on relative importance as part of domestic outphictv implies that consumption loses on
relative importance as part of domestic output.sTleads to structural change smoothing,
since structural change is caused only by consomptiemand patterns in the long run
equilibrium. Thus, our results imply that the offsimg-induced growth-slowdown mentioned
by Blinder (2005, 2007b) cannot happen in this casece the structural change patterns
which cause this growth-slowdown are smoothenadti{% slow-down happens only if terms
of trade develop unfavorably.) Furthermore, thessults imply thatoffshoring can have
different effects in comparison to domestaitsourcing While our results imply that
offshoringcan lead to a structural change slowdown, thelteeby Fixler and Siegel (1999)
imply that domestioutsourcingeads to an acceleration of structural change.

Last but not least, our results imply that indeld €conomy that offshores must first go

through a turbulent phase before reaching the pkdsere structural-change-smoothing



occurs and potentially higher growth rates are e (see above). During the turbulent
phase strong reallocations across sectors (and fimabably high unemployment) will
happen, in order to adapt the production-structtoeéle effects of offshoring (in detail: there
are changes in exports, investment and demand darestic intermediates). All these
reallocations lead to a “manufacturing-sector resence” in our model, if offshoring is
productivity enhancing. That is, the manufacturi@gployment share (that is normally
decreasing) increases during this phase due tedsed exports and capital demand. This
result may explain the fact that offshoring is associated with higher unemployment in this
sector in empirical studies (e.g. by Amiti and W2605)).

The rest of the paper is set up as follows: Inri&et section (section 1) we present the model
assumptions. Then we calculate the model-optimund a&guilibrium (section 2).
Subsequently, we analyze the effects of offshommggrowth (section 3) and structural
change (section 4). In section 5 we discuss somleefiuinteresting implications of the model,
i.e. the distribution of effects across phases licapons for unemployment, “manufacturing
renaissance” and “partial offshoring”. In sectiomvé present an application of the model to
services offshoring. Finally, we summarize our meesults and suggest some topics for

further research (section 7).

1. Model Assumptions
The model is a kind of disaggregated Ramsey-mod#l mernational trade. Due to model-

setting there exists an aggregate balanced growatth that features balanced growth with
respect to aggregates, but unbalanced growth ¢ireictural change) with respect to
disaggregated variables (for details see also IHgdi Pissarides (2007)). We assume that
there are three types of goods and servicgesM,P,l). However, the model could be
extended for an arbitrary number of goods. Theesgmtative household can consume all

three types of goods and services. We assumefétienk utility function suggested by Ngai
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and Pissarides (2007). They have proven that teentie utility (U) has to be a logarithmic
function of the consumption composite in order ltova for aggregate balanced growth. The

consumption composite itself is a CES-function ohsumption C,) of goods and services

(i=M,P,1):

£l(e-1)
1) U:J'm[[Zw.ci“'””] }e""dt, i=M,P,l
0

(2) 0<e<l p,w>0 L
® Yw=1

wheret is the time index.

Since we assume here<l1, the goods are poor substitutes and relative ddnmrprice
inelastic. (For further explanations with respecthe features of this utility function see Ngai
and Pissarides (2007).) These goods and serviegg@duced by the corresponding domestic
sectors. Each sector produces its output via a @Quahlglas production function by using
labor, capital and intermediate inputs. The amoohtlabor available is constant and
normalized to unity. However, exogenous populatipowth could be integrated into this

model easily. Total factor productivity (TFP) grouws each sector at a sector specific rate

(9:):

@ Y =AnTTKK)(32), i=M,1,P
a,>0andl-a-£>0

(5) ﬁ:g |:|\/|,|,P

AT
where Y, is the output of sector iK is the aggregate capital, is an index of the total

“amount” of intermediate inputs, , n. and z represent respectively the fraction of capital,



labor and intermediate inputs devoted to the prodooof sector i; A is a sector-specific

productivity parameter.

Intermediate inputs are partly provided by (the dstit) sector | and partly provided by the

foreign sector F (offshoring). That is, sectors i@ do not produce intermediate inputs. We
assume that domestic and foreign intermediate snmgmplement each other in the

production of final goods. (This is consistent watimpirical findings e.g. by Desai, Foley and

Hines (2005) or Hanson, Mataloni and Slaughter 800 hus, the intermediate inputs index

(2) is a Cobb-Douglas-function of domestic and iigmentermediate inputs:
©) Z=h’(h)", 0<g<1
h, is the “amount” of domestic intermediate inputdam. is the “amount” of foreign

intermediate inputs. It should be noted here thatassumption of Cobb-Douglas function

implies that foreign intermediate inputs-() cannot beecompletelysubstituted by the domestic
intermediate inputs I{(), i.e. h. is an essential factor. The reason for this “lauit

substitutability may be that some of the importettimediate inputs cannot be produced at

home but only abroad. Before offshoring becameiples$i.e. during autarky), these inputs

might not have been essential for production. Ha@xelrecause offshoring became possible,
technological progress developed in such a maratrthey became essential. We can think
of three categories of reasons for this fact:

« Natural resources and technological progre§$ie home country does not posses some
natural resources (e.g. petroleum). Furthermore, dimatic conditions might not be
appropriate to produce some types of intermedi&tgs solar energy). It might be the case
that these natural resources cannot be substittdetpletely by domestic resources.
Before offshoring became possible, these resoumugbt not have been essential for
production. However, because of globalization théseeign intermediate products

became available and thus technological progres®la@ed such that they became
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essential. An example might clarify this argumentat In the beginning of the 20
century most European countries were not very didgo@non petroleum. That is, in this
time they were able to substitute the petroleundpets by other products e.g. coal.
However, due to technological progress (increasisg of gasoline engines and the
increasing importance of chemical industry) petnoleproducts became an essential
intermediate input for many of the modern industridowever, some of the industrialized
countries do not posses relevant resources of @ailide home. Thus, they are dependant
to some degree on offshoring of intermediate-petnal-products.

- International specialization in trade and technadlmaj progress:lt is also possible that
due to international specialization the foreign rdoy develops some technologies over
time that the domestic country does not developcésithe domestic country did not
research in these areas due to specializatiorher areas). These technologies might also
be protected by international patents. Such tedge$ might also become essential in
production similar to our example with petroleum.

« Legislation: At home, the use of some technologies and ressuray be rejected on
ethical grounds (e.g. genetical engineering) or uenvironmental legislation (e.g. the
cut-down of some types of trees may be prohibited).

On the other hand, equation (6) also implies tlamestically-produced intermediate inputs

are as well essential (in part). That is, not @éimediates can be produced abroad. Here the

reason might be that, for example, some intermediguts require that their supplier is
present at the production facilities at home, €og.repairing a factory building. Another
example are the personal intermediate servicesiomeat by Blinder (2005, 2007a, 2007hb),

i.e. services that cannot be delivered from afex l(vernet).

Since the economy imports intermediate inputsad to “pay” for them by exporting goods

and services. Let sector P represent all goodssandces that cannot be exported. That is,

only the output of sector M can be exported. Aldgirrely, we could also assume that sector-
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P-output can be exported and sector-M-output carthmtvever, the key-model results would
be the same. (We assume here in accordance wistahdard trade theory that the output of
sector | is not exported, i.e. the foreign countys some comparative advantage in I-
production. That is, we assume that goods andcethat are exported are not imported at
the same time. However, the model could be modiéadily to include at the same time
exports and imports of the same good.) We abshraict any other trade not associated with
offshoring in order to isolate the effects of offsing. Let e,, denote the exports of sector M.
Furthermore, letp, denote the price of good i £ M,I,P). Thus, aggregate exports)(are
given by

(7)  E=puey

We assume now that aggregate exports (E) are detatemports @) in the following
manner:

(8) E=Th

whereT is the ratio of exports to imports associated wifishoring. It determines how much
the economy has to export in order to get one ahiintermediates-imports (offshoring).
Therefore, T is corresponding to the (reciprocal of) “offshayiterms of trade”. We assume

that the offshoring-terms of trade is changing ebastant rated; ):

T
9) T =0
Capital K) is produced only in sector M. (Therefore, thistee could also be interpreted as

the manufacturing sectby Capital depreciates at rate. Thus, overall, sector-M-output is

consumed C,, ), exported and used as capital-input:
(10) Y, =C, +K+X +g,

As explained above, the output of sector (I) isstoned C, ) and used as intermediate input:

® For empirical evidence that the manufacturingaegtoduces nearly all investment goods see e.ggEamut
et al. (1997).
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(11) Y, =C, +h,

The output of sector P is consumél, () only, as explained above:

(12) Y, =C,

We assume that capital, labor and intermediatetsnprte mobile across sectors. All capital,
labor and intermediate inputs have to be used imedtic production, thus

(13) Zkizl i=M,I,P
(14) Znizl i=M,I,P

(15) Z;=1 i=M,I,P

Furthermore, we define aggregate consumption expead C) and aggregate outpuY)(as

follows:

(16) C:=ZpiCi i=M,I,P
(17) Y:=ZpiYi i=M,I,P

We choose the output of sector M as numéraire; thus

(18) py, =1

Overall, we should keep in mind that the domesbiegntry imports intermediate inputs (that
are substitutes for sector-l-output) and exporizad of the sector-M-output. There are no

capital imports and no labor mobility across comstr

2. Optimum and Equilibrium
Now, the model is fully specified. Equations (18 lcan be optimized by using a

Hamiltonian® Then, after some algebra the following intertenapoand intratemporal

® The optimality conditions which are obtained bg thamiltonian, provided that there is free mobibifylabor

across sectors, arau(() denotes the instantaneous utility function fromuaepn (1), i.e.u(.)=In[...]):
o ou(.)/oC, _aY, /o(l,L) _ Y, /o(k,K) _ aY, /9(z,Z) i p, = oYy 0Z . T= oYy 0Z .
' odu()/oC, aY/a(L)  aY/akK) aY/d(zZ) ' ' 9(z,2) oh, 0(z,,Z) oh,
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optimality conditions can be obtained for our mo@eé subdivide the equations describing

the optimal solution into aggregated and disagdesbi@vel equations):

Aggregated level
a B
(19) Y=A,K"#p*F
(200 K=@1-pBY-C-XK

Y
21) Z=a—-5-p
@) K

oOlo.

B

L
1-p

e

(22) Z=K'fp

(23) E=(@-9)BY

wheren is a function of exogenous model parameters grgwatrconstant rate:
p )~
(24) n=pA¢’Q-9)"* (?'j
Disaggregated level
(25) p=2r O
A
(26) pl hI - ThF =ﬁY

27) n =k =z Ci

(28) PG -X g
C X
_PeYe _ X C
29) n, = PR="P
(29) n,=tTE =2
_pPuYy _%Xu C A K
30) n, = =My (5+g )+ (-
()MYXY(g)Y<¢)ﬂ

[

-—M =9Y,, /0(k,K)-Jd-p; whereu, =du(.)/dC,, .

M

|
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@y n=PL=XC.gp

Y

<0

where x, and X are time varying auxiliary variables and functioofs exogenous model

parameters:

(32) x:= ‘éci Z(;;j [/XJ i

(33) X:=CIC, =X

g~ denotes the equilibrium growth rate of aggregatebe equilibrium. (We will discuss this

growth rate and all the equations later in detail.)

Now, following Ngai and Pissarides (2007), we defanaggregate balanced growth path
(ABGP) such that aggregate consumpti@), (aggregate outputy] and capital ) grow at
the same rate, thus, being consistent with the dfdiakcts. This definition requires balanced
growth with respect to aggregates. However, itvasldor unbalanced growth with respect to
disaggregated variables such as output sharesj.etcstructural change can take place. The
equations describing the aggregate optimum (edpe@gquations (19)-(21)) resemble the
ones from the “normal” Ramsey-model in all releviaatures. Thus, the model in aggregates
behaves like a normal Ramsey model. Therefore, wethat a unique and saddle-path-stable

ABGP exists in our model. It can be easily provgnusing equation (19) that along this

ABGP the constant equilibrium growth ratg’() of capital K) and aggregate outpuY)(is

given by
R +
aay g =LA,
l-a-p8
where

(35) 9, = Q =g, + @- ¢)(& - gTj = const
n Y
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Note that g, can be interpreted as the implicit TFP-growth rafethe intermediates-

production (Z). For detailed explanations, see APBBNA. p,/p, is given by equation
(25).

Provided thatk andY grow at rateg’, it follows from equations (20), (21) and (23) ttha
aggregate consumption expenditur€} &nd aggregate exportg)(grow at rateg’ as well.
Overall we can summarize these results in thevialilg Lemma:

Lemma 1:Along the ABGP all aggregates (Y, K, C, E) grow atdbestant rateg” .” It can

be seen from equations (27)-(33) that although eggte variables grow at a constant rate
structural change still takes place, i.e. the seaitdactor input shares, consumption shares

and output shares change over time, becaysand X are not constant along the ABGP.

3. Effects of Offshoring on Growth of Aggregates
Up to now we modeled an economy that offshoregnmeiate inputs. The following Lemma

implies how we can modify the model equations tecdee an economy without offshoring:

Lemma 2:The model describes an economy without offshafiwe setg =1 ande, =0 in

all model equations. In this case we can see frqnagon (§ that only the output of sector |
is used as intermediate input, i.e.

6a) Z=h,.

We can see from equations (34) and (35) that tbeay that offshoregg < Jjeatures a
higher growth rate than the economy that does rftghare (¢ = 1), provided that

B

0 -0, >0. So we can conclude:
|

"It follows from equation (22) that grows at a constant rate as well. However, its ¢aate is different from
g .
16



Lemma 3: Offshoring leads to a higher growth rate of th@mamy @) provided that the

price of intermediate products that are producedhame (p,) grows at higher rate than the

price that has to be paid for importing offshoreabds (T), i.e.&— g; > 0. (Note that&

P, P

is a function of exogenous model parameters; saatem (25).) Otherwise, hp—'— g; <0,
|

offshoring leads to a lower growth rate of the emmy (in comparison to the state without
offshoring). In this case, the relative amount i§loring (h: / h,) decreases (see equation
(26)); nevertheless, the negative effect on thewtirorate of the economy still remains.
However, note that this negative outcome is basadtle assumption that foreign
intermediate imports become essential for domgsbduction (e.g. petroleum products; see

detailed explanations on pages 8 and 9).

Overall, Lemma 3 implies that offshoring can leadnegative growth effects only if two
conditions are satisfied: (1) terms of trade develmfavorably in the long run (i.e.

B

0 -0, <0) and (2) intermediate inputs that can only be poed abroad become essential.
|

In this case, the costs that are associated widwvarable terms of trade development cannot
be avoided completely by reducing the relative amadi offshoring (- /h, ). The reason for
this fact is that the substitution of foreign prothiby domestic products is associated with
costs (due to the assumption of Cobb-Douglas fancin equation (6), i.e. both types of

intermediates are essential and the isoquant }ecn
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An interesting question within this model is whyetigrowth rate of aggregate outpitt) (
changes due to offshoring: It follows from equati(k®) that the growth rate of is
determined as follows:

« K, By
1-BK 1-87"

Y
(19a) 7 =0y t

Remember that we have shown in APPENDIX A tlggt can be interpreted as the TFP-

growth-rate of intermediates-production (Z). Furthere, note that Lemmas 1 and 3 imply

that offshoring has an impact da/K and on g, (because of equation (35) and Lemma 2).

Both impacts are positive (negative) provided tlgé\t— g, >0 (% -0g; <0).
| |

Thus, we can conclude that equation (19a) implias ¢ffshoring influences the growth rate
of aggregate output (Y) in two different ways: {tlghanges the rate of capital-accumulation
and (2) it changes the growth-rate of implicit tdtector-productivity of Z-production.

Thus, our results imply that offshoring has effegigng beyond the capital deepening effects

mentioned by Milberg et al. (2006).

Definition 1: High-productivity-growth-sectors are sectors whehe TFP-growth-rate is

higher than the TFP-growth-rate of the capital-prethg sector (i.eg, >g,,, i # M. Low-

productivity-growth-sectors are sectors where th&Igrowth-rate is lower than the TFP-

growth-rate of the capital-producing sector (ig.<g,,, i Z )M

Equation (25) implies that high-productivity-growdictivities have decreasing prices, i.e.

P 0 for g, > g,, - This implies (because of equations (34) and (88)l&emma 2):
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Lemma 4:Offshoring of high-productivity-growth-activiti€sg), > g,,) increases the growth
rate of the economyg( ) only if the terms of trade improve in the lonmyfi.e. g, <0. On
the other hand, offshoring of low-productivity-gribmactivities (@, < g,,) can increase the

growth rate g~ even when the terms of trade worsen in the lamg ire. g, >0 (provided

that L g; >0).

P,

Overall, Lemma 4 implies that even when the terrhdrade worsen in the long run,
offshoring can increase the growth rate of GDP,violed that low-productivity-growth-
activities are offshored. The reason for this fadhat these activities feature increasing prices
due to the “cost disease” (see also Baumol (196d)Ngai and Pissarides (2007)). Hence,
even when the terms of trade worsen (price forigorentermediates grows) it can be cheaper
using foreign intermediates instead of domestiermediates (provided that the price for
domestic intermediates grows at higher rate tharptice for foreign intermediates). Overall,
for positive growth effects of offshoring it is noterely relevant whether the terms of trade
improve or not, but rather how the terms of tradeelop in comparison to the price of the

domestic sector (1) that is competing with the fginesector (Lemmas 3 and 4).

As explained in section 1, the standard structcihahge theory (e.g. Baumol (1967)) implies
that offshoring of high-productivity-growth-actiies might cause lower GDP-growth-rates in
industrialized countries, if the factors that beeoradundant due to offshoring are reallocated
to the sectors with lower productivity growth (dieeprice-inelastic demand); see also e.g.
Blinder (2005, 2007b). In other words: Within Baure@1967) framework production factors

are reallocated to lower-productivity-growth-sestaluring structural change (provided that
relative demand is price-inelastic), thus causirgyaductivity growth slowdown. Offshoring

of high-productivity-growth-activities seems to al@rate this process (since it causes
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redundant factors in the high-productivity-growttctors that might be reallocated to the low-
productivity-growth-sectors due to price-inelastemand).

Our model implies that this effect might not comwiforce in the long run. As we will see in
the next section, if%—gT >0 (see also Lemma 3), structural change patterns atreat

|

implied by Baumol's (1967) framework are slowed doly offshoring. That is, less labor
force is withdrawn from the high-productivity-grdwsectors over time. The reason for this
fact is the following: The reallocation of factois low-productivity-growth-sectors during

structural change is caused by consumption dematterps along the ABGP (price-inelastic

demand). However, offshoring leads to a decreaskeeinmportance of consumption demand

patterns for structural change, since investmeimisgan importance as part of GDP, provided

that offshoring is productivity enhancing (i.g.'— -g; >0).
P
On the other hand, Hp—' -0, <0 offshoring leads to the productivity-growth-slowdo that
|

is implied by Baumol's (1967) framework (as meng&drby Blinder (2005, 2007D)).

4. The Effects of Offshoring on Structural Change
In this model structural change is caused by diffees in TFP-growth across sectors. The

differences in TFP-growth are reflected by pricese(gquation (25)). The representative
household responds to the changes in prices bygofwrthe demand-ratios across goods.
Hence, producers must adapt production to changiegand, which leads to factor
reallocations across sectors, i.e. structural ohargor detailed discussion see Ngai and
Pissarides (2007)). We analyze now how offshoriifiects these structural change patterns.
Equations (29)-(31) are relevant for analyzing tfiects of offshoring on structural change.

They represent the sectoral employment shares wieeedonomy offshores. Since labor is
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normalized to unity in our model, these equatidese eepresent the sectoral employment. We
compare now the structural change patterns in anagoy that offshores with the structural

change patterns in an economy that does not offis{gge Lemma 2). We assume in this

section that offshoring is productivity enhancimgtihe long run, i.e%— g; >0. (The case
|
that& - 0; <0 will be discussed briefly at the end of this sea}i
P

We have to differentiate betweélevel effects” and “growth effects” of offshoring with
respect to structural change:
“Level effects” of offshoring: This term stands for the changes in shift parameitithe
employment share curves (29)-(30). Note that tha tstructural change” in general refers to
changedn employment shares. Thus, in the long run (afterchanges in the shift parameters
have happened) shift parameters have no impactroctiwal change. Thus, “level effects”
might be regarded as some transitional effectdfehoring with respect to structural change
but not as the long run impacts of offshoring anctral change within our model. We have
to distinguish between three different “level et&c
Effect 1:0ffshoring increases the exports-to-output ratiorjEsince the economy has to
“pay” for intermediate importsThis effect increases the employment share of the
exporting sector Msee equation (30); note that E/Y is given(by ¢) due to equation
(23)). E/Y is constant along the ABGP due to Lemm@Hus the increase in exports is a
transitional effect with respect to structural apar(i.e. since E/Y is constant along the
ABGP, it has no impact on the changes in the enmpéoy shares along the ABGP). Thus,
exports have no impact on structural change iricheg run.

Effect 2: Offshoring decreases the domestic-intermediatedyaton-to-output ratio

[p'Th'j since some intermediates are imported from abidéate thatp'Th' is given by
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@f in case of offshoring due to equation (26). In tlase without offshoring% is

given by S (see Lemma 2 and equation (26)). Thus, the domettiomediates-
production-to-output ratio decreases fiy- ) 5 due to offshoring.Yhis effect decreases

the employment share of the intermediate-inputtesdc(via @5 ; see equation (31)).

Note again that this effect is transitional as v\&ahlce% is constant in the long run (it

is equal t@f). That is, the decrease in the domestic-intermesliptoduction-to-output

ratio has no effects on structural change in thg kun.

Effect 3:1t can be shown (see APPENDIX B) that the aggregatestment-to-output

ratio ((0+ g )K/Y) increases due to offshoring, provided tI:%:t— g; >0. This effect

increases the employment share of the capital-piondusector M(see equation (30)).
Since (d+ g )K /Y is constant along the ABGP (see Lemma 1), thiscef transitional,

i.e. it has no impact on structural change in treglrun. The increase in the aggregate

investment-to-output ratio occurs, because of ighdr aggregate productivity-growth in

case of& - g; >0 (see also the previous section).
P

Effect 4. The aggregate output of our economy is consumedyreeq) used as capital-

input and used as intermediate input (see equafiyn§l0)-(12) and (16)-(17)). Thus, the

following relation must be truel=

E+M+E+p'7h'. Our explanations of

Y Y

Effects 1 and 2 imply that E/Y increases due to affisiy by the same amount ePéYh—'

M must be constant when comparing the

decreases due to offshoring. Thuis,+

state without offshoring to the state with offsimgri This fact implies that the aggregate
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consumption-to-output ratio (C/Y) must decrease doeoffshoring, provided that

B

0 -9, >0, since Effect 3 implies tha{d+ g )K/Y increases due to offshoring,
|

B
P,

provided that— — g, >0. Note that, as just explained, the decrease in i€/¥aused

only by the increase in the investment-to-outptioré(d + g )K /Y) (and not by exports

or by domestic intermediate goods production). Waratthe implications of the decrease
in C/Y for structural change? Lemma 1 implies tRdY is constant along the ABGP.

However, x / X’s are not constant along the ABGP (see equat{883¥-(33))® Thus,

equations (29)-(31) imply that the decrease in &&ds to a decrease in the shift and
slope parameters of all employment-share-curves. dHoeease irshift parameters is a
“level effect” (i.e. it has only transitional impacon structural change, as explained
above) which reduces the employment shares in eatoss. The decrease irslope
parametersf the employment-share-curves is a “growth effedtbffshoring that we will

discuss now.

“Growth effects” of offshoring: The term “growth effects” stands for the changeslope

parameters of the employment-share-curves assdaiath offshoring.Remember that only

the slope of the employment-share-curves deternstrastural change along the ABGB (i.e.

in the long run), since structural change is defiaschangesin employment shares over

time. Our discussion of Effects 1-4 above and equoat(29)-(31) imply that);(—ig’s are the

only terms that determine the slope of the employnshare curves and thus, structural

, X; , ,
change in the long run%% denotes the ratio of sectoral consumption to aggesoutput,

8 We omit here the discussion of the shape of)(héX -curves, since they are the same as in the modégaif
and Pissarides (2007).
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since equation (28) implies th%% = p'TC' .) A decrease in C/Y (see Effect 4) decreases the

slopes of sectoral employment-share-curves (seatiegs (29)-(31)) which means that less
labor is reallocated across sectors over time. Thabffshoring causes a slowdown of
structural change (or in other words: structurarge smoothing) in the long run, provided

b

that g; > 0. (A discussion of the shape of the/ X -curves can be found in Ngai and

Pissarides (2007). The results of their model watspect tox, / X 's are the same as in our

model.)

Now, let us summarize these results as follows:
Lemma 5:0ffshoring leads to an increase in the exportsdiitpat ratio and to a decrease in
the domestic-intermediates-production-to-outputiargby the same amount). These effects

B
P,

have no impacts on structural change in the long. rBrovided that——-g, >0 (i.e.

provided that offshoring is productivity enhancingffshoring leads to an increase in the
investment-to-output ratio. This effect has no diienpact on structural change in the long
run; however, it decreases the consumption-to-dutgtio in the long run. This means that
consumption becomes a (quantitatively) less imponpeart of aggregate output. Hence, the

changes in consumption demand pattexns  (tbxat cause structural change) become less

relevant for the reallocation of factors acrosstees in the long run. Therefore, a structural

change slowdown happens.
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All explanations regarding the development of sedtemployment shareg are also true for

the sectoral capital sharés, intermediate input shareg (see equation (27)) and sectoral
Y .
output shares% (see equations (29)-(31)).

In this section, we derived all the results for tase that,&— g; > 0. The results can be
P

derived in the analogous way for the case thatofiag slows productivity growth down, i.e.
&—gT <0. Effects 1 and 2 remain unchanged. However, the &ffdcand 4 are exactly
P

reciprocal. That is, the investment-to-output ratecreases and the consumption-to-output
ratio increases due to lower productivity growthefiéfore, the consumption demand patterns
become relatively more important for the reallomatiof labor across sectors. Therefore,

structural change patterns intensify in the long ru

5. Discussion and Implications
Our distinction between “level effects” and “growdifects” of offshoring on structural

change in the previous section implied that onlg tgrowth effects” have an impact on
structural change in the long run. Therefore, tlewél effects” can be regarded as transitory
effects of offshoring with respect to structurahobe.

A further interpretation of the distinction betwe®evel effects” and “growth effects” might
be that the effects of offshoring will impact thebaomy in two phases: In this case the “level
effects” might be regarded as phase-1-effects amdwth effects” might be regarded as
phase-2-effects. That is, when offshoring startg. (@ue to technological progress or due to
opening of international borders) the economy mget first through phase 1. The
reallocations during this phase are described byedEf 1-4 in the previous section:

employment in domestic intermediate-inputs-indestrdecreases, employment in exports-
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industries increases, employment in capital-pratyandustries increases and employment in

consumption-goods-industries decreases (providedtl B#—gT >0). Note that all these
|

effects imply that labor is reallocated from alt&es to the capital-producing sector in phase
1 (provided thatﬂ—gT >0). That is, in phase 1 there is a kind of “manufanty sector

|
renaissance” (provided that we interpret the capitaducing sector as the manufacturing
sector; see also p.10 and footnote 5). After thiasp is accomplished, phase 2 starts where
b

structural change is smoothed by offshoring (pregtithat— — g; >0) as explained in the

previous section.

Thus, overall, this interpretation implies that doeoffshoring a turbulent phase 1 must be
accomplished (where strong labor reallocations bappbefore the structural-change-
smoothing-phase begins. This result supports Blif2@d5, 2007a, 2007b) who emphasizes
the possible negative (transitory) effects of obfsing. He argues that the reallocations during
the transitory phase can cause high unemploymarde shey require that the labor force
changes its skill sets. This is especially tru¢hd labor force has to be reallocated across
sectors rather than within sectors, since differskill sets are required across sectors (for
example, in the services sector soft skills arelmmore important than in the manufacturing
sector). Our discussion of phase 1 implies thattnedsthe labor force will have to be
reallocatedacross sectorsluring this phase, which implies that indeed higiemployment
can arise. Furthermore, our discussion of phaseplies as well that unemployment might be
even higher than expected up to now: Most studiesisd only on unemployment in the
intermediates-industries, whereas our model imghas unemployment may arise also in the

consumption-goods-industries (Effect 4) as well.
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Note however, that phase 1 might be less turbLifeFﬁ'—— g; <0 (i.e. if offshoring is not
|

productivity enhancing): As explained in the prascsection, the Effects 1 and 2 imply that

labor is reallocated to the manufacturing sectamweler, effects 3 and 4 imply that labor is

reallocated from the manufacturing sector to theeotsectors, provided tha&— g, <0.
|

That is, the effects offset each other in part—p|3‘r—gT <0, thus, less labor must be
|

reallocated across sectors in this case, whichi@sphat less unemployment may arise.

A further interesting result from the previous sattis that a sort of “partial offshoring”
occurs. That is, only a part of the intermediatesdpction is offshored: the labor employed in

the domestic intermediates productiag#B() does not decrease in the long run, but is cohstan

(see discussion of Effect 2), i.e. the intermediatesluction is not completely taken over by
the foreign labor force. This is consistent with #gerience from manufacturing sector
offshoring: developed economies are still producinmanufacturing good$. To our
knowledge, the only paper that models partial affsiy is the one by Choi (2007), where
partial offshoring occurs due to uncertainty. Oesults imply that partial offshoring occurs
even when there is no uncertainty, provided thatekiic intermediate inputs are essential for

final-goods-production (in part) (see also the arptions on pages 8 and 9).

6. Application: Services Offshoring
Whereas offshoring of manufacturing activities iwell known fact, recently there has been

increased interest in services offshoring (seeAngti and Wei (2005, 2006), Garner (2004),

Blinder (2005, 2007b)). Services offshoring hasdoee feasible (and will become even more

° See, e.g. Blinder (2007b).
27



feasible in the future) by progress in informataord communication technology. Thus, a new
source of international “trade” has arisen, thdt gain on importance in the future.

However, not all services are offshorable. Whethservice job can be offshored depends on
whether its output can be delivered (electronigdilgm afar without degradation in quality.
Therefore, Blinder (2007a) suggests dividing theviserjobs intopersonally delivered (or
personal) servicesi.e. services that cannot be delivered electadlyidrom far away without
degradation in quality (e.g. child care and surgegnd impersonally delivered (or
impersonal) serviceshat can be delivered electronically from far awdthout degradation

in quality (e.g typesetting and programming). Ingoeal services are offshorable (or
tradable), but personal services are not. Heneetettm “services offshoring” in fact refers to
impersonal services offshoring.

A very important feature of the division of senscmto personal services and impersonal
services is the productivity-growth-difference a&sdhese two types of services: Productivity
growth in the impersonal services sector is comalalg higher than the productivity growth
in the personal services sector (and in the matwiag sector), since the productivity
growth in the impersonal services sector is closelgted to the fast progress in information
and communication technologi€sThus, while it is argued that offshoring of manufeing
activities included mainly low-productivity-growthetivities (see e.g. the discussion in
Mankiw and Swagel (2006)), services offshoring maglude high-productivity-growth-
activities; see e.g. Blinder (2005, 2007a, 2007Fa) lawin (2005).

Thus, our Lemma 4 (and Definition 1) implies tha tkequirements for services offshoring to
have positive growth effects might be harder tdilfuin comparison to manufacturing
offshoring, since services offshoring will requsteadily improving terms of trade in order to
have positive GDP-growth-effects. (This fact is esgléy interesting if we keep in mind that

theoretical literature implies that offshoring midtave a negative effect on terms of trade in

10 See also Blinder (2007b). Empirical evidence am jpwoductivity growth of sectors that could be slfied as
personal services can be found e.g. in Baumol,ikdtan and Wolff (1985).
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industrialized economies (see e.g. Samuelson (2084) Rodriguez-Clare (2004)).
Manufacturing offshoring that has been occurrimgasithe 1970s could have been associated
with positive growth effects even if the terms @de were worsening steadily. Thus, when
comparing services offshoring with manufacturingslobring, it seems to be less likely that

services offshoring will have positive effects oD&growth.

7. Conclusion
Offshoring is a rapidly growing form of internat@irtrade. The accurate reaction to this trend

is discussed controversially in the political debéaissez faire vs. “protectionism”). Hence,
from the scientific point of view it is necessaoyunderstand the exact effects of offshoring in
order evaluate this new trend and to provide artt@al basis for political discussion. In our
paper, we focused on the implications of offshofmgGDP-growth and structural change (in
a framework where TFP-growth differs across seltorhis is a rarely researched topic,
although it seems to be one of the most importa@spsince the future growth rate and
structural change patterns are relevant for nesantyy type of economic policy.

We have shown that offshoring influences GDP-groalting different channels: offshoring
acts like a kind of technological progress in inmtediates production, since it integrates
foreign cost-advantages into domestic productiorthermore, additional growth is generated
by the capital-deepening-effect mentioned by Mdpet al. (2006) (see section 3). We have
shown as well that due to “Baumol’s cost diseabe’terms-of-trade-development can have
different implications for the aggregate growtherdepending on whether high-productivity-
growth-activities or low-productivity-growth-actiwes are offshored (Lemma 4). In Lemma 3
we have proven that offshoring can cause even athrslowdown, provided that the
domestic economy becomes dependant on foreignmethates (e.g. petroleum products),
since the substitution of foreign products by daiegsroducts is associated with costs in this

case.
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In section 4 we elaborated the implications of lodfsng for structural change. We have
shown there that offshoring can accelerate or sttown the structural-change-patterns
(depending on the development of terms of trada)dviferent channels: offshoring leads to
changes in exports, domestic intermediates-proalucind investment. However, we have
shown as well that, in the long run, offshoringluehces structural change only via the
investment-channel (since the effects that arisethie other channels offset each other).
Furthermore, our results put the results of previlierature into new perspectives: We have
shown in sections 3 and 4 that the growth-slowdavemtioned by Blinder (2005, 2007a) and
the structural change acceleration mentioned bleFixnd Siegel (1999) occur only if the

terms of trade develop unfavorably (i.e. if offshgris not productivity-enhancing from the

macro-economic perspective).

In section 5 we have discussed some further inpbics of our model. We have shown there
that the effects of offshoring are distributed asréwo consecutive phases: When offshoring
starts, strong structural changes (that can caus®araufacturing sector renaissance) will
happen in order to adapt the production-structtwethe effects of offshoring (changes in

exports, investment and domestic intermediates ddjndhus our results support the view of
Blinder (2005, 2007b) that offshoring can be assed with high unemployment due to

sectoral reallocations during the transition peribbwever, we have shown as well that
structural change is smoother (and thus less uregmant may arise) during this period if

terms of trade develop unfavorably, since the wbffié effects of offshoring on structural

change offset each other in part in this case. Wi phase is finished, a phase of
potentially higher aggregate growth and structarange-smoothing starts in our model
(provided that the terms of trade develop favorablyhe long run). Furthermore, we have
shown in this section that “partial offshoring” ocs when domestic intermediates are in part

essential for domestic production.
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In section 6 we discussed the implications of ondel results for services offshoring (which
is a “new” type of offshoring). We have shown thénat due to “Baumol’s cost disease”
services offshoring may be less likely to have fpesigrowth effects in the industrialized
economies in comparison to manufacturing offshoring

Overall, our results imply that offshoring cannatise a reversal of structural change patterns
in the long run, since we have shown that it causdyg a smoothing or acceleration of the
structural change patterns. However, such revecsalkl happen at the more disaggregated
level. Thus, further research could focus on thaglisegation of the non-tradables sector P
and of the tradables sector | in order to analyhetther foreign demand can cause structural
change reversals across these sub-sectors inngerdm. Furthermore, the model could be
modified such that it explicitly incorporates undoyment, e.g. by integrating inter-sectoral
barriers (e.g. due to skill-mismatch between segtaith respect to labor. This framework
could be used to analyze the effects of such varae the duration of the transition period

and on the growth rate of aggregates. These topedefa for further research.
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APPENDIX A

We know from equation (11) thak, is produced by sector |. Thus, the total factor
productivity (TFP) ofh, -production is given by the TFP of sector I. It éolls from equation
(4) that the TFP of sector | is given ldy. Thus, we can formulate the following Lemma:

Lemma Al:The TFP of the domestic intermediates-production (s given byA .

Equations (7), (8) and (18) imply

(A1) h =%

We know from equation (10) thag, is produced by sector M. Thus, the TFP &f-

production is given by the TFP of sector M. Thus, cae formulate the following Lemma
due to equation (4):

Lemma A2:The TFP of exports-productiom ) is given byA, .

It follows from equation (A.1) and Lemma A2:

Lemma A3:The implicit TFP of intermediates-imports.() is given by%.

Implicit TFP means here the TFP which is impliedios terms of trade and by the TFP of the
export sector.

Equation (6) and Lemmas Al and A3 imply that theliopTFP of intermediates-production

1-¢
(2) is given byA“{%) . The growth-rate of this term (i.e. the implicit TFRygth-rate
of Z-production) is given bypg, + 1-¢)(g,, —g;). This term is equal tay,, because of

equations (25) and (35Q.E.D.
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APPENDIX B
Lemma 1 and equation (21) imply that the followretation is true along the ABGP:

(B.1) g =a%—5—p

This equation can be rearranged as follows:

~K _(0+9)a
B2) 0+g)—=—"—7+1—""—
®2 C+9)7 =51,
The first derivative ofw with respect tog” is given by

g to+p
6((5+g*>aj

B3 9 *orP)_ ap

dg g +to+p

Equations (B.2) and (B.3) and Lemma 3 imply thaslodfing increase& + g*)é provided

that P~ g >0.Q.E.D.
P
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