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Endogenous fragmented technology and optimal offisgon
large civil aircraft production

Weng Chi Lei

Department of Economics, University of Washington, Seattle, USA

Abstract

This paper is motivated by two observations inléinge civil aircraft (LCA) industry. (1) Boeing amdrbus are
significantly different in the degree of offshorin@) The degree of offshoring also changes amdififeyent aircraft
models. To offer an explanation, this paper focusessues related to fragmentation. Existingditere has
established the tie between fragmented technolagyé#shoring. However, it is assumed that produrctian be
fragmented readily and at no cost; and only exogsmtobal economic factors have impact on the degfe
fragmentation. This model distinguishes itself frothers by incorporating endogeneity in fragmeatati final-
good firm can spend on R&D specifically for its ofvagmented technology. As a result, the final-géod can
optimally choose the portion of components to Hetmfred. A strategic trade policy model is usedhow that the
degree of offshoring depends on the firm’s own odgtroduction, the host country’s cost of prodaoistithe global
state of technology as well as the government tpadieies. In particular, export subsidy and supsid R&D of
fragmented technology are shown to be policy stulies.

Keywords: Fragmentation; Offshoring; Outsourcing; Aircrditxport subsidy; R&D subsidy; Boeing; Airbus

JEL classification: F12; F13; F23; L13

1. Introduction

Boeing, has long been competing with its one-ang-owal, Airbus, in the large civil aircraft
(LCA) market!

" Tel: +853 66983994

Email address: yuizake@uw.edu
! Large civil aircraft (LCA) is a term used by theTW. Boeing refers to them as “commercial airplara=i Airbus
calls them “passenger aircrafts”.
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Table 1shows that for every size of plane that Boeingta® Airbus develops a match, or
vice versa.

To gain competitive edge, both Boeing and Airbugagre in offshoring. However, they
engage in different degree of offshoring in th@mpeting products.

Table 1
Large civil aircraft counterparts of Boeing andAis

Boeing Model (year of first flight)  Airbus Modey€ar of first flight)

Jumbo 747 (1969) A380 (2005)
Large Wide-Body 777 (1994) A340 (1991)
Midsize Wide-Body 787 (2009) A350 (2013)
Midsize Wide-Body 767 (1981) A330 (1992)
Narrow-Body 737 (1967) A320 (1987)

Source: Seattle Times (Gates, 2011).

Table 2. Boeing's Production of Major Aircraft Pdrt

Launch year 1963 1966 1969 1981 1982 1994 2004
Aircraft model 72% 737 747 757 767 777 787
Wings D D D D D D F
Inboard flaps D F F F F D F
Outboard flaps D F F F F F F
Engine nacelles D D D D D D D
Nose D D D D D D D
Engine strut D D F D D D D
Front fuselage D D D F/ID F F F/ID
Center fuselage D D D F/ID F F F
Center wing box D D F D D F F
Keel beam D D D D D F F
Aft fuselage D D D D F F D
Stabiliser D F/ID D D F D F
Dorsal fin D D D F F F D
Vertical fin D F/ID D D F D D
Elevators D D F F F F
Rudder D F D F F F F
Passenger doors D D D D F F F
Cargo doors D D F F F F F
Section 48 D F/D F/ID D F F D

# of parts from foreign sources 0 7 6 8 13 12 12
% of foreign content 0% 37% 32% 42% 68% 63% 63%

#D = domestic production; F = foreign productiofDE shared production.
b€ gut-of-production models
Source: MacPherson and Pritchard (2003); Boeiniioais calculations.
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Fig. 1shows how Boeing and Airbus produce their new€A ktounterparts — 787 and A350
respectively. Boeing adopts two modes of offshoringtsources 53% of 787 parts to foreign
suppliers and produces 10% through foreign substdialhis makes a total of 63% of
offshoring. In contrast, Airbus outsources 16% BbA parts to suppliers located outside EU
countries and does not produce any A350 part thréaiggign subsidiaries, so there is only 16%
of offshoring? In the production of their newest LCAs, Boeingsbifres 47% more than Airbus
does.

Boeing 787 Airbus A350

m outsourcing, EU

m outsourcing, US

16%

m outsourcing, non EU

B outsourcing, 32%

non US
m other EADS

subsidiaries, EU
Airbus, EU

® Boeing, non US

Boeing, US

Fig. 1.Production organization of Boeing 787 and Airbus83Note: Major airplane parts are defined in Téble
Sources: Boeing, Airbus and their suppliers; aushcalculations.

Fig. 2helps us better understand how an aircraft isnalsieel. In particular, it illustrates in
details where the major aircraft parts of 787 andt.Fig. 2also provides a source for author’s
calculations inTable 2

The degree of offshoring is not only different asohe companies, but also different across
aircraft models.

Table 2is an updated version of the table presented icP¥larson and Pritchard (2003). It
shows the domestic content and the foreign comteeach Boeing LCA. Of the nineteen major
aircraft parts, foreign content takes up 0% of 37Bb6 of 737, 32% of 747, 42% of 757, 68% of
767, 63% of 777 and 63% of 787. This shows thathaifing has grown in newer models.

2 Airbus has sites located in four EU countriesniees Germany, the UK and Spain. Production of tiséss is
considered to be in-house production of AirbusbAg is a subsidiary of EADS. Some A350 parts aoelyred by
other EADS subsidiaries located in France and Geymiudging from their proximity and ownership littk
Airbus, | consider production by these EADS sulzsids to be in-house production rather than offsigor
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Partners Across The Globe Are

Bringing The 787 Together 787 oreadunen

THE COMPANIES ; ;
us. - CAMADA - AI.ISI’RALIA JAPAM ‘KOREA ©  EUROPE -
‘MBoeing - M Boeing - I Boemg M Kawasaki l Kﬁ.L ASD - M Messier-Dowty
M Spirt - lMeasler Dowty “ o Mitsubishi - ~BRolssRoyce -
‘W Vought - : : B Fuji } : Latecoere :
B GE : : : : : : Alenia -
‘M Goodrich - : : 5 5 © Saab
e _c-FMED.. .. .. .. . _ENGINE . . . ,—FORWARD FUSELAGE. .
: p : THMLIHG EDEE ! MACELLES FUSELAGE : Nagoya, Japan .
E— | ’ - Nagoya,Japan WING + Chula Vista, CA - Grottaglie, Haly : :
Knrea :Mggwg“japan . f . FORWARD FUSELAGE

Wichita, Kansas

"E'WWLE'I'HML’IHGEDGE"'Z ..... . ) ..................
© hustralia : : : -

TAIL FIN : e :
Fredrickson, - - - i
.. Washington . . _ . . . . R L i e
WING/EODY FAIRING
LANDING GEAR DOORS
Winnipey, Canada :

©. .. MAIN LANDING GEAR ——ir"" %

HORZONTAL ——

WHEEL WELL
STABILIZER Nagwa..la_pan
Foggia, ftaly : GE-Evendale, Ohio -
: CENTER WING BOX Folls-Royce- Befbj' UK
o ,  Nagoya, Japan S FIXED AND MOVABLE _
AFT FUSELAGE = - ' . LANDING GEAR " LEADING EDGE
Charles'loﬂ. SC. - - Gloucester, UK

Tulsa, Pklahoma

GDlmEHTﬂmTHE B0 ERC OORPANY

Fig. 2. Fragmentation of Boeing 787. Source: Boeing

Two related questions are raised here: (a) Whdaircraft companies engage in different
degrees of offshoring in competing products? (by\Wiéhthe degree of offshoring different
across aircraft models? There are many possibleeaiions® This paper focuses on those
related to production fragmentation.

Following Deardorff (2001), fragmentation refers'tioe splitting of a production process into
two or more steps that can be undertaken in difitdoeations but that lead to the same final
product” in this paper. In other words, fragmemtatisnot offshoring, but fragmentation enables
offshoring.

The difference in the degree of offshoring acrassat models can be explained by the
various factors of globalization. Advance in tramgation and telecommunication technologies

% For example, there are numerous studies on theofdhe host countries in offshoring. Among them Basile,
Castellani and Zanfei (2008) and Mutti and Grulf2004). Eckel and Egger (2009), Lommerud, Melandl an
Straume (2009), Swenson (2005) and Zhao (2001 kfoawargaining between multinational firms andldabor
unions affects offshoring. Antras (2003), Concdueigros and Newman (2012) and Ornelas and Turn&8(20
apply contract theory. Antras (2003) and OrnelasBurner (2008) analyze how incomplete contracivben firm
and foreign suppliers has an impact on offshor@anconi et. al. (2012) look at how incomplete cactibetween
manager and firm determines offshoring. These ayksiudies are beyond the scope of this paper.
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lowers the cost of coordination between the aitaampanies and their suppliers and
subsidiaries. Consequently, offshoring in newesrait models are less costly than older ones.

In Jones and Kierzkowski (1990)’s language, lowaardination cost leads to more frequent
use of “service links” between “production block&3eeFig. 3for visualization.) The degree of
fragmentation should increase. These global econantors arexogenous determinants of
fragmentation.

Panel (a). snake fragmentation

assembly
value value value

added added added

Panel (b). spider fragmentation

| component I
component Eomponenﬂ Eomponenﬂ

sub-assembly sub-assembly
final

value value value

added added added

service
service link
link

Fig. 3. Two modes of fragmentation — “the snaked &he spider”.

What are new in this paper are #melogenous factors of fragmentation. Boeing and Airbus
are gigantic multinational corporations that proglsome of the most high-technology products
in the world. They have resources to develop tbwm production technology that directly
determines fragmentation.

For example, the newest models, 787 and A350 avevkifior material evolution in their
designs. The use of composite material makes theaés lighter and more fuel efficient. At the
same time, material evolution makes it possiblertmluce parts as single-piece items. At Boeing
development center in Seattle, single-piece paxhk as “a 7 m long by 6 m wide section of the
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fuselage” are constructed for testing (Marsh, 2005)

These single-piece parts can be made and shipladdety easily and cheaply from suppliers
and subsidiaries to the company’s base for fing¢@bly. In fact, it is by the aircraft company’s
own product design that production can be fragmienfbat is, fragmentation is not possible
without some “fragmented technology” developedhmsy dircraft company. For this reason, we
will consider fragmentation as being determinedogethously by an aircraft company’s
investment on research and development (R&D).

Why the aircraft companies engage in different degrof offshoring in competing products is
more mysterious. Boeing and Airbus are similar emgnways. They have basically equal global
market share. The two appear to be equally advaindeghnology. The competing products,
such as 787 and A350 are developed in almost the §ane period that the companies are
subject to the same global state of technologyhBompanies are based in countries where
wages are higher than the rest of the world anld affer occasional labor strikes and delivery
delays.

If despite of all these, there truly exist firm-sge characteristics, the companies may differ
in their costs of production. This may explain hilve degree of offshoring is different because
their incentives for cost-saving offshoring in l@est countries are different. However, it is
doubtful that these firm-specific characteristias @xplain the huge 47% difference in
offshoring shown irFig. 1

Another explanation is to add the US governmentthadeU governments to the picture. Any
export subsidy granted to Boeing by the US goveniroeto Airbus by the EU governments
distorts competition between the companies. Ifaim@unt of subsidies granted to the companies
are different, their production organization wik@ be different. That is, the degree of
offshoring should be different across the companies

However, this explanation is not adequate. BothtB8eand the European Communities are
members of the WTO and export subsidies are stqiicthibited. The recent trade disputes
between Boeing and Airbus is “the biggest, modtaiift and most expensive in WTO history”,
but the subsidies involved cannot be easily detiease'export subsidies” (“A dogfight,” 2009).
The tax and non-tax incentives granted to BoeingtaAie governments are considered to be
“export subsidies”. Others such as the R&D subsidanted by NASA and the Department of
Defense constitute “specific subsidies”. The “ldumids” granted by the EU governments,
contingent upon Airbus’ export performance, congtit'export subsidies”. Others such as cheap
loans, provision of infrastructure and R&D grants eonsidered to be “specific subsidies”
(“WTO Dispute,” 2013). Motivated by these facts dhd R&D of “fragmented technology”
explained above, this paper naturally providesyamalon both export subsidy and R&D subsidy.

2. Related literature

The topic of fragmentation has been well explofaatdt and Kierzkowski (2001) define
fragmentation as “cross-border component spectaizand production-sharing”. Patterns of
intra-product trade are analyzed through Ricardrash Heckscher-Ohlin models. It is shown that
exploiting comparative advantage at the level ehponent production is welfare-enhancing.

An interesting extension of the models is perforragd/an Long, Riezman and Soubeyran
(2005). Services are considered to be a factoradyction of components. Under free trade of
services, advanced economies tend to offshoresérsgce-intensive components to developing
economies.
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Jones and Kierzkowski (1990) emphasizes on theofdigervice links” between “production
blocks”. Their subsequent empirical study in Jokasrzkowski and Lurong (2005) confirms
the theory’s predictions that trade in parts anghgonents expands as services become less
costly. Jones and Kierzkowski (1990) are some @ffitist ones to formally map out the pattern
of fragmentation.

Baldwin and Venables (2013) investigate the retalietween the engineering of the
production process and offshoring. The two extremoeles of fragmentation are called “the
snake” and “the spiderFig. 3illustrates the two modes of fragmentation, slighthave
slightly altered their figure so that it explaime tpresent model better. It is obvious that
production by the aircraft companies follow theitlg” mode. According to Baldwin and
Venables (2013), the predictions of trade volumtheffragmented stages are different for the
two modes, but lower costs of coordination, managepnetc. increase the trade of the stages in
both fragmentation modes.

Harms, Lorz and Urban (2012) describe the produoatimain to be a predetermined sequence
of steps that can be offshored. That means Haral.€2012) consider “the snake” mode of
fragmentation. The highlight of their paper is bowa “offshoring costs” (such as coordination
costs) to vary along the production chain non-monigglly. The shape of the offshoring costs
function depends on heterogeneity of the stepgtheof the production chain and general
improvement of communication and information tedbgg. A competitive firm has cost
advantage in a step if factor costs are lower tiftsihoring costs. However, unless transportation
cost is relatively low, a competitive firm does dfshore all the steps that the foreign country
has cost advantage in. Typically, a firm eitherduees all steps at home or offshores almost all
steps.

Recent studies on the topic of offshoring mainlg@tdnodels of heterogeneous firms due to
Melitz (2003).

Antras and Helpman (2004) employ a north-south matiterogeneous final-good producers
based in North decide on whether to integrate thdyzction of intermediate inputs or outsource
them, and whether to do so locally or overseas.dhown that the more productive firms
offshore to the South.

The empirical studies of Aw and Lee (JIE 2008), Tuna (2007), Yasar and Paul (2007) and
Yeaple (2009) also confirm that the most productinas invest in foreign affiliates (through
FDI) whereas the least productive firms do notluoffe.

Grossman, Helpman and Szeidl (2006) has a simitaletwith two symmetric countries of
North (called “East” and “West") and one countrySuuth. Given the choice of three locations
to produce intermediate inputs and conduct assertitdy show that the most productive firms
in East and West offshore entirely to South andehst productive firms do not offshore. Since
East and West are symmetric that both have higheae costs than South, it is not optimal for
firms in East to offshore to West, or vice versa.

More recently, Du, Lu and Tao (2009) extend thesrfework to analyze firms’ “bi-sourcing”
(both outsourcing and insourcing) option. With buigcing, a source firm is in better bargaining
position due to the competition between the supphad subsidiaries.

Note that the interpretation of my results and ¢hiesmodels of heterogeneous firms can be
very different. First of all, in Melitz (2003)’srfin heterogeneity model, differences in
productivity translates to differences in margioas$t of production across firms. My model
assumes away firm heterogeneity and instead casdide two final-good firms, Boeing and
Airbus, to be ex ante identical (in their margioasts of production). This assumption is based
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on the similarities of the two companies’ globalrked share, cost of production, access to
technology and resources, étc.

Second, at the firm level, their models show alfg@od firms’ choice ofvhether or not to
offshore. In contrast, this paper asks the quesiwnmuch a final-good firm offshores.

In their models, the degree of offshoring is meaduat the industry level. Their models apply
to a monopolistic competition market structure wattch firm deciding whether to offshore. The
degree of offshoring is the volume of “intra-indydrade” of the industry as a whole in the
country of North.

In the present framework, there is only one aitarampany in each source country. The
degree of offshoring can be measured by the foreagrient (by aircraft parts) of the LCAs
produced by an aircraft company. My paper offerewn closer look at the foreign content of a
LCA model. That is, the scope is narrowed fromrarAndustry trade” to “intra-product trade”.

More importantly, my paper uses an oligopoly madstead because it better describes the
structure of the LCA market. The strategic inteé@cbetween the source countries (East and
West), namely the US and the EU is highlighted. fidte of the host country (South) is less of a
focus.

Chen, Ishikawa and Yu (2004) and Ishikawa, Moritd ®ukunoki (2010) are the two recent
papers that use an international duopoly modehé&byae issues of offshoring.

In Chen et. al. (2004), two firms are located i whfferent countries. Each firm produces
both a final good and an intermediate good. Thettisithat each firm has the option to buy the
intermediate good from the rival firm. As a redhkre is a “collusive effect” that, each firm
outsources the intermediate good in order to thisgrices of both the intermediate and the final
goods. Then, they proceed to analyze the diffanepacts of trade liberalization in the
intermediate-good market versus the final-good retark

Ishikawa et.al. (2010) set up the model such tHatahas the option to outsource post-
production services to the rival firm or provide thervices through foreign subsidiaries. Trade
liberalization in service FDI is shown to be wedamproving.

A number of studies emphasize the relationship eetwR&D and offshoring.

Ethier and Markusen (1996) and Sener and Zhao [28&ntially use a North-South model
such that firms in North compete in R&D investmentevelop a new product. Technology
diffusion or the so-called “spillover effect” to & affects the winner firm’s decision to
offshore.

Dated back in early 80s, Brander and Spencer peavitlamework for analyzing strategic
trade policy. In Brander and Spencer (1985), twalrirms located in two countries correspond
to two governments. In a noncooperative equilibrieach government use export subsidy to
support the domestic firm and discourage the forérgn.

In Brander and Spencer (1983), the two rival ficompete in both production and R&D. It is
shown that optimal export subsidy is positive bptimal R&D subsidy is negative. R&D is
taxed because of the bias it produces and thedaibuminimize cost at the presence of R&D.
My model produces similar results that the polippears to be “policy substitutes”.

In Brander and Spencer (1983), the cost functiomtsspecified. In my model, each
company’s R&D is specifically for its own fragmedtechnology. Hence, my model has a
specific cost function where the spending on R&Drafimented technology has to enter a
certain way.

* A 787-9 costs US$243.6 million while a A350-80Gs0US$245.5 million in 2012. The costs are alregstal,
especially when currency fluctuations and inflatése accounted for.
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Below is a brief literature review of some recemtlgises on strategic trade policies.

In Lee and Wong (2005)’s model, there are two firmeach country. One produces the final
good and one produces the intermediate good. lti@aldo the two stages in Brander and
Spencer (1985)’'s model, there is a stage for tbdymtion of intermediate good. Both the final
good and the intermediate good are subsidizediddémtegration happens if the final good and
the intermediate good are produced under one maragelLee and Wong (2005) show that if at
least one country has vertical integration, subsiayhe final good is welfare improving.

Liao and Wong (2009) investigate competition betwadvanced North and developing
South. Technology is developed in North but thergasitive “spillover” to South. Strategic
policy analysis applies to the R&D subsidy impobgdhe Northern government and intellectual
property rights protection policy by the Southeavernment. Their model shows that unilateral
policy is less optimal than bilateral policies.

In order to answer the central questions (a) ahdtils paper has to extract elements from
three strands of literature — fragmentation, optiofshoring and strategic trade and industrial
policies. When doing so, this paper introducesraetexplored element — endogenous
fragmented technology.

3. The modd

Consider two countries — the domestic country &eddreign country. There is one final-
good firm in the domestic country, called “D” andeain the foreign country, called “F". The
two firms compete in the production of a homogesguoduct.

Let’'s assume that there is a single global maxetife product. This assumption is justified
by the fact that the consumers of aircrafts arenpaiirlines. Airlines’ operation is multinational
in nature, so it is reasonable to consider globatahd instead of national demand. Further
assume that transportation cost is zero.

The quantity demanded of the product s denotétl@asd so the demands= P(X). The
first and second derivatives @f(X) has standard properties such t#Pg) < 0 andP"'(X) <
&, wheref is a sufficiently small positive number.

Suppose final-good firnis output isq!, wherei = D, F. Superscript will be used to
denote variables associated with the domesticlaaébtreign countries hereafter. Total supply is
Q = qP + 4. In equilibrium,X = Q = ¢° + ¢F.

Production process follows “the spider” mode (assttated inFig. 3. If final-good firmi
produces the components in-house, the marginalcosstor that segment of production
processes ig’.® Let's assume that the final-good firms are ex aheatical. If neither of them
engage in offshoring and there is no governmemptwention, their marginal cost of production
should be identical. Hence, assuate= af = a. Let’s also assume to be independent of
output levels.

Note that comparative static is not derivedddsecause this would mean the production
costs of the final-good firms are governed by sao@mon forces. However, this is not our
assumption. Rather, our assumption is based oevéire competitiveness of the two aircraft
companies, which may be due to their long-term catitipn, the way they gain access to world
resources, etc. As a result, they are “natural diydpn the global market.

® Final assembly is considered as a “component”, liettie sense that it is simply one of the starj@soduction.
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If fragmented technology is available to a finabddirm, the firm will offshore all the
components (as single-pieced subparts) to a lowemmstry. Assume the marginal cost for that
portion of production processesfdsn the host country. The host country has cosaathge in
the production of subparts, o< a.°

Assume the portion of fragmented production tgfbe [0,1], and sal — f! is the portion
produced in-house in firm The (effective) marginal cost of production o fimal good is

ct=a(l-fY)+pf! 1)

This says if the firmi produces all components in-hougé= 0, then marginal cost equals final-
good firmi’s own cost of productior! = a. If firm i offshores all componentg! = 1, then
marginal cost equals host country’s cost of praduct’ = £.

The following sections show how firms D and F cotepa the final-good market in a
Cournot fashion. Their competition depends on wérethe firms can endogenize the fragmented
technology or not. The functional form 6f allow us to incorporate such endogeneity.

4. Fragmented technology
4.1 Exogenous fragmented technol ogy

If the fragmented technology is only determinedsbigne exogenous global economic
factors,f' = fi(A) where is the state of technology> 0. A captures the international cost of
telecommunication, the coordination cost of serliigles, etc. Note that even though
transportation cost of components is not modelgdi@gty, if there is a drop of transportation
cost, its effect should show up as an increast of

An increase ofl raises the degree of fragmentationfso> 0 where subscript denotes
partial derivatived f*/dA. Sincef! is bounded by an upper bouhdassume thaf, < 0.

Then the competition between firm D and firm F r@ghkito a standard model of strategic
trade policy except that the marginal cost is now

¢t =a[l—-FA]+Bf(A) (2)

There is a two-stage game in the standard model:
e In stage 1, the domestic government and the forgayernment provide export subsidy
to their local firm simultaneously in a non-coopem fashion.
e Instage 2, firms D and F compete in a Cournotes@nthe final-good market.

The standard results are widely discussed in tagture’ The basic result is that a
decrease of its own marginal cost or an increasxpdrt subsidy of its own country raises the
production of a firm, but lowers the productionitsfrival firm. Optimal export subsidy found in
the stage 1 is positive. Positive export subsidiesirable because it improves the position of the
local firm, gaining market share and profits underoncooperative equilibrium.

® As discussed in the introduction, the role oftibst country in offshoring is not the focus of thiper. Therefore,
it is assumed that there is only one host counttiyout loss of generality.
" Readers can survey Brander and Spencer (1986kfails.
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Note thata, § andA4 have impact on output levels only through thefieets onct.
Therefore, their effects of on output levels cangy be found by multiplying the effect of to
the derivative ot! with respect to the parameter of interest.

As shown in the next subsection, the results aré¢h@osame once we introduce endogeneity
in the fragmented technology.

4.2 Endogenous fragmented technol ogy

Alternatively, a final-good firm can carry out R&d its own fragmented technology.
Suppose firmi’s spending on R&D i%!, then the degree of fragmentation becoyftes
Fi(A, kY. Just as previously assumggl,> 0 andfi, < 0. Similarly, further assume that > 0
andf, < 0. Also, sincef € [0,1] f1(4,0) = 0 andlim,_,., fi(4,k) = 1.

Therefore, the general functional form is

1

iA,ki =1-—
ACLY (1 + mikiyna

(2)
wherem! andn' are firm-specific parameters! andn! dictate the firm’s capability of converting

technology into new production formation. Particlylam? can be thought of as “fertility” of firmis
R&D on fragmented technology.

Fig. 4 plots the functiorf! = fi(4, k%) againstt!. An advancement of the state of
technology leads to a rise of the degree of fradatiem for all levels of a firm’s own R&D
spending. Thus, an increaseo$hifts up the curve of‘(4, kY).

The marginal cost becomes

¢! =a[l—fYAK)]+Bf(AKD) @)

And there is an additional stage in the game:
e In stage 1, the domestic government and the forgayernment provides export
subsidy and R&D subsidy to their local firm simukausly.
e Instage 2, firms D and F chooses the levels of R Bagmented technology
simultaneously.
e Instage 3, firms D and F compete in a Cournotitasi the final-good market.

The three-stage game can be solved by backwardtiodulLet’s look at stage 3 first. Final
good firmi chooses output to maximize its profit:

7.[i :P(qD +qF)qi_Ciqi+Siqi _ki_l_uiki (4)

takingk! as given because in this stage, spending on R&®final-good firm is considered to
be a fixed cost. The prior actions of the governingnthe export subsidy and, the R&D
subsidy provided are also taken as given. The exmgevariables throughout the model ay8
andA.®

dnt =ni(a, B, A q°,qF ki, st ub).
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J(A2,k)

1+ —— f(Aik)
| - ; //’//ﬂ_r—i
1/ 7 raup
11/ /

[/
| f / where A2>A41>A40
0_ T T T k

Fig. 4. lllustration of the fragmentation function.

The first-order conditions of the maximization plierhs of the two firms are
Pgt+P=c'—st=a[l—fU(AK)]+Bf' ALKk —s! (5)

where againj = D, F. The first order conditions give two reaction ftions. Solving the
reaction functions produce the Nash equilibriunpatitevels. Using tilde to denote Nash
equilibrium solutionsg® = §'(a, B, 4, kP, k¥, s?,SF). Note that the Nash equilibrium output
does not depend arP andu’.

Differentiate conditions in (5) yield

P"g° +2P" P"G°+P'1[dG°1 -1 . [071r (1140, [01, F

P'GF+ P P'gF + zp’] dc?F] =[To ] as”+[Zyfas + [o] e + [{] ac ©)
The determinant of the 2-by-2 matrixlis= P'P""(Q) + 3P'> > 0. D is assumed to be positive
in the second-order conditions of the profit maxation problem. Solving condition (6), we
obtain the effects of the export subsidies andvthgginal costs. Whetie= D, F,j =

D,Fandi #j,

dgt P"§’ + 2P’
q _Pq <0

: 7
dct D (7a)
dgt P"§ + P’
= — — >0 7b
dc’ D (7b)
dg P"§/ + 2P’
1_ 972 o) (76

dst D
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dg'  P"g' + P’

-5 <0 (7d)
dQ P’

E = —5 >0 (7e)

The signs are the same as those in the standarel mbdn fragmented technology is
exogenous. A final-good firm produces more whemigginal cost is lower or when there is an
increase of export subsidy, while its rival firmoduces less. The effect of an export subsidy on
total output is positive.

From condition (7), we can also obtain:

dg' dg'dct dgtdc’ dqi

ﬁ:ﬁﬁ-l_dcj dA :d l )(fA)+ (,8_ )(fA) (8a)
dQ _P'(B—a)(fL +f1)

A~ 5 >0 (8b)
dg' _dg'dc’ dg'dcd _dg' , dg’

dap dciEJr dci dB ~ dct gl (8c)
dQ P'(f°+ fF)

dB D (8d)
dg' dg'dc'  dg’ ‘s 6
dki _ dcidki _ dct (B — a)fic > (8e)
dg' dg'dct _ dg’ j

0 " ddag ~ g B <0 (8
dQ _P'(B—a)fi

- 5 0 (8g)

fori=D,F,j=D,Fandi # j.

The direction of the impact of on a final-good firm’s output level cannot be ded
because of two opposite effects. The first terrf8ay is the “cost effect”. Global technology
advancement increases the degree of fragmentatoberaable the firm to offshore a higher
portion of its production process. Offshoring isEsaving, so the “cost effect” dfis positive.

The second term in (8a) is the “rivalry effect”. @hthere is an increase of the state of
technology, the rival firm engages in higher degreeost-saving offshoring. This raises the
competiveness of the rival firm, and so has an isgveffect on the final-good firm itself. The
“rivalry effect” of A is negative.

However, as shown in (8b) the total output is pesiy related toA.
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The sign of the effect off on a final-good firm’s production is ambiguousthg same
token. A reduction of cost in the host country amages cost-saving offshoring, so the “cost
effect” of B is negative in the first term of (8c).

The second term in (8c), on the other hand, isrikialry effect”. When it is cheaper to
offshore, the rival firm also does the same. Thifavorable to the rival firm, and unfavorable to
the final-good firm. The “rivalry effect” of is therefore positive.

Summing the effects on total supply, neverthelg4sas an unambiguous negative effect.

Spending on R&D boost the production of a final-gdom, but reduce the production of
the rival firm. The effect on total supply is po&it.

Fig. 5shows the effect of an increasekdf on the Nash equilibrium output levels of firms D
and F. The reaction functions of firm D and firnafeq” = R (¢") andq® = RF (¢P)
respectively.

F

q

Rq)

R(q?

D

q

Fig. 5. Effect of an increase of R&D spending by tlomestic firm.

We can also explore the effects of export subsidige of technology and host country’s
cost on price and demand of the global market:

dP _dPdQ  P”

asi - agasi - 5 20 (%)
dX _dx dP B X'p'? -0 (9b)
dst ~ dPdst D

dP _dPdQ _P*B-a)(fP+ff

)
dA dQdA 5 <0 (9¢)

dX _dXdP _X'PPB-a)(fP+fD _ (9d)

—

dA ~ dPdA D
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dP _dPdQ _P2(f°+fF) -0

dB " dodp " ) (%e)
dX dXdP _X'P*(f°+fF)
dg ~dPdp D <90 ©n

The interpretation is straight-forward. An increa$@xport subsidy, an increase of the state of
technology, a reduction of cost in host countrawincrease of R&D spending of a final-good
firm expand total production, drive down marketprand raise demand. The R&D subsidy does
not have any impact.

Next is to look at stage 2. Final-good fifnshooses the level of R&D in order to maximize
the gain function. The gain function is define®the value of the profit function when the
firm’s output is chosen optimalfy:

Gi(a, B, A kP, kF,sP, sF,ul) = P(q +§)q" — {a[1 - fi(AKD)] + BFI(A kD) Jg
stgt — kb + ulk? (10)

taking the policy parameters as given, the gaiwtion can be differentiated with respectdtoto
yield the first-order condition:

4 . .
s@=Bfi=1-u (1D

wherei = D, F. The first-order conditions in (11) give reactiomctions.

Fig. 6 plots the reaction functions of the R&D spendifighe final-good firmsk? =
rP(kF) andkf = rf(kP). The second derivatives of the gain function withpect to own R&D
and rival's R&D are generally complicated, so tlegative slope and concavity of the reaction
functions are proved using some reasonable paraamstamptions. (See the Appendix for
details.) These assumptions are used repeatedbrie signage from this point of.

The optimal level of R&D spendinkf = ki(a, B, A, sP, s¥,uP,uF)g, can be solved from
(11). Due to the functional form ¢ (4, k'), there can be multiple solutiohsUsing reasonable
values ofd andk!, it can be proved that positive solution idrexists.

Note that giver, the degree of fragmentation increases with tleading on R&D. That is,
fiL > 0. In turn, the portion of production being offshaiie directly determined by the degree of
fragmentation. Once the optimal level of R&D spenyis derived,

can be thought of as tloptimal degree of offshoring of final good firmi in this present model.

°Gi(a, B, A kP, kF,sP, sF,ul) = ' = wi(a, B, A, q°(a, B, A, kP, kF,sP,SF), qF (a, B, A, kP, kF, sP, SF), ki, st, u)

1 These assumptions are linear dematiti£ 0), sufficiently large market siz¢? andf* not too different and
fifl + fE < 0fori = D,F. The last condition is satisfiedAf andk® are not too small.

" For example, setting = 1 yields a cubic equation that can cross the hoti#axis three times, so three solutions
are found.
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rD_( kﬁ

£
ri(k)

K
Fig. 6. Effect of an increase of export subsidyR&D subsidy)

The central questions asked in this paper areypangwered by (12).

First of all, the global economic environment refézl ina, f andA certainly has an effect
on the level of offshoring. Boeing and Airbus canthboptimally choose the levels of offshoring
by spending on R&D of fragmented technology, takirig account the cost advantage of the
host countries as well as the costs of coordinatieg foreign suppliers and subsidiaries.
Depending on how these factors change over tineeaiticraft companies adjust their optimal
level of offshoring when developing newer models.

On the other hand, both the US and the EU govertsragtopt export and R&D subsidies.
These subsidies have crucial impacts on the optilegidees of offshoring of the aircraft
companies. As a result, the competition betweenroand Airbus is extended to the
governments. These policy effects are investigatetbtails below.

The second derivatives of the gain function witkpext to R&D spending can be simplified

to:
, _0%G" 4 i 2 i
Gii=w=§(6¥—ﬁ)[q fkk—g(a—ﬁ)—]<0 (13a)
. . 0%G! 4 ff
—rl] = 2Jk k

fori = D,F, j = D,F and i # j. Assume the second-order conditions to hold soHra

GuG]’] — G‘ > 0. (See the Appendix for detailed derivation of signs of (13).)

The |mpacts of the policy variables on R&D investtingpending can be derived using
conditions (13):

_ 95t i .
ki —3@-PI5k T fict - 98 fal

. >0
dsi H

(14a)



W. Lei (2013)

17

o 16 ~i i ¢l
dkt g (@=p)* % . ”
di’ _ ) >0 14
du!  H (149)
dkt _ G <0 14d

The sign of (14a) is proved in the Appendix. Natwh in (14) are the effects dfandp.
Their influence on R&D spending is ambiguous fa& #ame reasons discussed previously. The
“cost effect” and the “rivalry effect” again mowve opposite directions.

The influence of the subsidies on final-good firR&D spending also changes the optimal
degrees of their offshoring. The impact is sumneatiin the following proposition:

Proposition 1. The optimal degree of offshoring increases with the export and R&D subsidies
granted by local government, but it decreases in response to the subsidies imposed by rival
government.

Finally, we arrive at stage 1, in which the goveemts choose export subsidies and R&D
subsidies simultaneously and noncooperatively.
Define the net domestic benefit of country be

Bt = G' — st — u'k? (15)

which is the gain function with R&D spending chosgrtimally minus the costs of the
subsidies? Government maximizesB! by choosing’ andu! taking the subsidies of the rival
government as given.

The benefit function can be differentiated to derivst-order conditions. Setting the
conditions equal zero and with some rearrangements,

(aqf N a§’ okt aqfakf> okt
si=pgin0s Okios' oklost) ds’ (16a)
g’ | 9q' ok’  02g' akJ 9g'  0q'ok! 0’ ok
dst  9kidst = 0kJ dst dst 9kt odst = 0kJ dst
<aq{' ok'  ag/ afc{') 0g' ok' . 0g" ok
ui _ P’~i akl aul ak] aul _ Sl' dkt oul okJ dut (16b)
-0 YL YL
out out

fori=D,F,j=D,Fandi+]j.

PGl =Gl a, B, A kP (a, B, A, s, sF,ul, uf), k¥ (a, B, A, s, sF,uP, uF),s?, sF,ub)
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Conditions (16) are four policy reaction functiofitey can be solved simultaneously for
optimal policies.

The signs of the optimal policies cannot be dermgtiout some strict parameter
assumptions that are not quite justified. Howe{s8) still provide important insights.

In (16a), the first term is positive. The seconuntés negative (positive) if’ is positive
(negative). That means any positive R&D subsidyiced the optimal size of an export subsidy.
If R&D of fragmented technology is taxed insteddaises the optimal size of the export
subsidy.

In parallel, the first term of (16b) is positivehd second term is negative (positivey'iis
positive (negative). That means any positive expobisidy reduces the optimal size of a R&D
subsidy. If production is taxed instead, it raifesoptimal size of the R&D subsidy.

Thus, from the point of view of governmenthe two subsidies are “policy substitutes”. This
result is in line with Brander and Spencer (1983).

Summarizing in a proposition:

Proposition 2. In general, the signs of the optimal export subsidy and optimal subsidy on R&D
of fragmented technology are ambiguous. However, we can be certain that the two subsidies are
policy substitutes.

This result provides insights to the observationthe LCA industry. Recall that export
subsidies are strictly prohibited under the WTQ@ikes. Since R&D subsidies is a policy
substitute to export subsidies, the US and the &¢ignments switched to R&D subsidy.

There are policy implications with regardRooposition (2) As discussed in the introduction,
the settlement of the trade dispute between BaamagAirbus involves huge amount of
resources from the US, the EU government as weh@8VTO. This is because most of their
subsidies constituted “specific subsidy” rathemtbexport subsidy”. “Specific subsidy” is
harder to be detected and defined case by casmihgdrom the experience of the Boeing
versus Airbus trade disputes, the WTO should rédefnd distinguish “R&D subsidy” from
other industrial policies that constitute “spec#igbsidy” in order to prevent any gray area in the
rules.

5. Concluding remarks

From the data shown in this paper, we can obseaffezeht organizational structures and
different extents of offshoring across the largel @ircraft (LCA) industry. Based on these
observations, this paper emphasizes on two qusstibphWhy do Boeing and Airbus engage in
different degrees of offshoring? (2) Why are thdifeerent degrees of offshoring in different
aircraft models produced by the same company? Xplamations that this paper offers are
related to production fragmentation.

The answer to question (2) is easier. Many eastiggies explain the effect of global
improvement of telecommunication, transportatido, as determinants of the degree of
fragmentation. However, the role of a final-goadfin developing its own fragmented
technology should not be ignored. This is espectalie in the LCA industry as the two aircraft
companies have access to tremendous amount ofrcesaand are granted R&D subsidies.

Therefore, this paper offers a model in which fragbted technology is not only determined
by exogenous global factors but also by a finalegfion’s R&D on its own fragmented
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technology. In turn, since the host country has adsantage in the components, the fragmented
subparts can be offshored. In other words, onaenapR&D spending on fragmented
technology is determined, the optimal degree dftadfing is also determined.

There are still more to answer question (1). The awcraft companies appear to be similar
in terms of market share, access to resourcesptpsbduction, etc. Firm characteristics cannot
adequately explain the huge difference in degréeffshoring across the aircraft companies.
However, the recent WTO disputes between Boeinglarmlis give us some clues. Both the US
and the EU governments offer export subsidies a%id Bubsidies.

Naturally, this paper uses a strategic trade mimdahalyze both export subsidy and R&D
subsidy on fragmented technology. It is shown thattwo subsidies are policy substitutes. This
explains what we observe in the LCA industry. Wiile WTO has strict rules over “export
subsidy”, R&D subsidy, which constitute a “spec#igbsidy” is not as easily defined. In the past
decades, Boeing and Airbus are granted mainly f§petibsidy” rather than “export subsidy”.

Before | put a period to this paper, some extengleas can be offered.

First, endogeneity in fragmented technology cambveduced easily into any cost function.
This provides a lot of adaptability into differenbdels. For example, it can be applied to other
market structures other than oligopoly. It willibéeresting to see how it can be incorporated in
a model of heterogeneous firms. Based on the fitexal expect productivity of a firm to be
positively related to its spending on R&D of fragmesl technology, and so a more productive
firm offshores to a larger extent.

Second, the present model does not display theofdhee host country in offshoring. A
North-South model may be used to show how fragnaetetehnology is “spilt over” from the
advanced North to the developing South throughofisig. For example, in the LCA industry,
Spirit, a supplier of both Boeing and Airbus, hasdted some high-technology production of
composite fuselage in developing countries sudddaaysia.

Finally, another possible extension is to allowddmal-good firm’s R&D spending on
fragmented technology to enter the fragmentatiorction of another final-good firm. In such
model set-up, issues such as free-riding on frageadetechnology can be analyzed.
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