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KEIRETSU AND RELATIONSHIP-SPECIFIC INVESTMENT:
A BARRIER TO TRADE?

1. INTRODUCTION

Persistent and large deficitsin U.S. trade with Japan, reaching US$55.7 billionin 1997, have
led to significant economic tension between the two countries. Since US$32.2 billion of this 1997
deficit, or 58%, involved automobile trade, with US$10 billion attributable to trade in auto-parts',
it isnot surprising that a main focus of tension has been auto and auto-parts trade. Indeed, atrade
dispute over autos ailmost resulted in a trade war between the U.S. and Japan in 1995. Since it is
evident that visible and formal trade barriers, such as tariffs and import quotas, applied to
manufactures are low in Japan, the central U.S. complaint is that invisible and informal barriers
arisingfromtypical Japanesebusiness practicesand regul ationshave substantially blocked | egitimate
access of American products to the Japanese market.

Particularly with respect to auto-parts, the concern is that vertical relationships within
Japanese corporate groups, known as keiretsu, could act as a structural impediment to trade?. The
special nature of these relationships is perhaps one of the most distinguishing features of the
Japanese auto industry. Auto producers, such as Nissan and Toyota, are involved in long term

arrangements with their keiretsu suppliers or subcontractors. As explained by Aoki (1988; pp 216-

'Source: U.S. Bureau of Census, unadjusted data, report FT900 (CB-98-104).

“See, for example, Levinsohn (1997). According to Church (1995), the keiretsu “do business mainly with
each other, freezing out competing buyersand sellers, both foreign and domestic. Thissystemformsthevery
fabric of the way the Japanese do business, and it does more than outright trade barriers or even government
“administrative guidance’ to keep out foreign products. Especialy, it seems, U.S. auto parts. ...Some U.S.
auto parts such as shock absorbers, mufflers, tail pipes and disk-brake pads...sell for lessthan half to only a
third the price of made-in-Japan parts of comparable quality. What then limits American parts to around
1.5% of the Japanese market? The keiretsu system, Americans conclude’.
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218)3, in return for long term commitment by the automaker, subcontractors make relationship-
specificinvestmentsthat are specifically directed towards the needs of the auto maker and are of no
value to firms outside the keiretsu group. Such investments would include the design costs of
modificationsthat improvethefit or ease of assembly with other parts produced by the keiretsu, but
which are not of relevanceto the particular production process of other auto manufacturers. Another
examplemight involveinvestment by the supplier in“just intime” delivery, such asbuilding aplant
close to the auto-maker’ s plant or cooperating with other suppliers to coordinate delivery®. “Just in
time” production methods are a prominent feature of Japanese supply arrangements. A main aim of
this paper isthen to determine the effects of these relationship-specific investments within keiretsu
on the ability of foreign suppliers to export auto parts or other intermediate inputs to Japan.

To explore thisissue, we develop amodel of procurement with the feature that, within the
keiretsu, relationship-specific investments by suppliers create rent® for the automaker. In keeping
withtheinformal natureof supply arrangements, auto-parts pricesare determined through bargaining
between individual suppliersand the automaker after investment has been sunk. A key aspect of the
model isits consideration of alarge variety or range of parts so as to define the margin at which a
partisimported or produced withinthekeiretsu. Aswe show, rel ationship-specificinvestment limits
accessto the Japanese market by making it profitablefor the keiretsu to produce arange of partsthat

otherwise would be imported. The rents from these investments create a net benefit to the keiretsu

3As Aoki (1988; p216) states, "the prime manufacturer must maintain its reputation of commitment to the
subcontractor in order to elicit the subcontractor's commitment regarding rel ationship-specific investments
in expertise, equipment, and research and development”. Conversely, "the subcontractor must maintain its
reputation for quality, timely delivery of supplies, continual innovative effort, and so on, if it isto secure a
stable and profitable position in the subcontracting group”.

4 See Dyer and Ouchi (1993, p 55) for other examples.

*Thisisaform of relational quasi rent astermed by Aoki (1988).
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auto-maker by more than offsetting the lower U.S. production costs for parts. Generaly, higher
levels of investment reduce the range of imported parts, causing a fall in the U.S. share of the
Japanese auto-parts’ market. Since Japanese auto production alsorises, thetotal valueof U.S. parts
importsneed not fall. However, for asufficiently high level of investment, thereductionintherange
of imported parts dominates and eventually imports would be reduced to zero.

Even supposing this last worst case scenario for U.S. exports, it is not obvious that these
keiretsu supply relationships create an “unfair” trade barrier, potentialy justifying the use of
countervailing trade remedies. A central issue is one of exclusive dealing: are U.S. and other non-
Japanese suppliersunfairly excluded fromlong-term or other supply arrangementswith thekeiretsu?
We would argue that the ssimple exclusion of imports does not prove the case because the
informational requirementsfor the effectivedesign of rel ationship-specificinvestmentscould require
a local presence in Japan and close communication with other keiretsu suppliers. For example,
detailed information about the production processes of other suppliers may be required to improve
the compatibility or fit of a particular part and close coordination with these suppliers may be
required for just in time delivery®. Also, if U.S. and other non-Japanese firms do locate in Japan,
language and other cultural barriers may make it difficult for these firmsto be effective in creating
rents for the keiretsu auto-maker. In addition, since in our model rel ationship-specific investment
enhances efficiency, even if exclusionary, the long-term keiretsu arrangements could be defended

as amethod to improve incentives for investment’.

®Branstetter (2000) finds strong empirical support for the importance of the flow of technological
information within vertical keiretsu groups in enhancing efficiency. Also, the need to transport parts from
the U.S. would complicate “just in time” delivery. Further, exchange rate fluctuations could raise the risk
to U.S. firmsin making investments that are specific to the Japanese buyer.

" This argument has been made by Marvel (1982) in a general context.
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Apart from these general comments, the paper does not provide further insight asto whether
keiretsu supply arrangements are in fact exclusionary practices. Rather, having devel oped the basic
effects of relationship-specific investment within keiretsu on the range and value of imported
intermediate goods, acentral theme of the paper isthen to argue that these rel ationships could create
astrong impression of the existence of an ‘unfair’ barrier to trade, even if the practicesare not truly
exclusionary. First, if the rents created by the relationship-specific investment are not observable
outside the keiretsu, then theinability to export partsthat are cheaper inthe U.S. could appear to be
dueto atradebarrier. Also, relationship-specific investment can lead to counterintuitive effects. For
example, amove from a prohibitive Japanese tariff to free trade or, alternatively, areduction in the
price of U.S. parts could raise Japanese marginal cost, reducing Japanese auto output and total
demand for parts. Also, to the extent Japanese auto output increases, this tends to reduce the range
of partsthat would beimported at freetrade. We arguethat these counterintuitive effectscould easily
be misunderstood leading to significant perceptions of atrade barrier.

To develop theseresults, we take the existence of long-term supply arrangementsinvolving
rel ationship-specific investments within keiretsu as given®. We aso make the simplifying, but
generdly realistic, assumption that suppliers exporting from the United States are unable to make
rel ationship-specificinvestmentsof valueto thekeiretsu auto-maker. Asdiscussed above, wedo not
need to specify whether thisis due to the need to overcome cultural barriers and produce locally in

Japan or to some exclusionary practice. Indeed, our results concerning the implications for U.S.

8K eiretsu are in fact very stable. For instance, “ member firms of Kyohokai, an association formed by
Toyotapartssuppliers, numbered 171 in 1984. Of thesefirms, 153 had been continual members of Kyohokai
during the 11 years since 1973. During the same period, exits ...numbered only 3, whereas new entrants
numbered 21" (Asanuma 1989, p. 5). Also subcontractorsdiffer asto whether they aretop ranked firmswith
technol ogical expertiseandlong-term supply relationshipsor more marginal firmsthat may be used asashort
term capacity buffer so asto help maintain permanent employment in the core manufacturer (see Asanuma
1989, pp 16-18 and Aoki, 1988, pp 208-209). Our analysis applies to the top ranked suppliers.
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exports to Japan do not depend on whether keiretsu firms are domestically or foreign owned.
Although not necessary for the results, an additional assumption isthat U.S. parts suppliers do not
make rel ationship-specific investments of value to the U.S. auto maker®. Since contracts made by
U.S. auto makers with outside suppliers are relatively short term (reducing the profitability of
relationship-specific investments), whereas in Japan they are open ended, this simplifying
assumption partially reflects this institutional difference'™. In the absence of relationship -specific
investment, parts, whether from Japan or the U.S,, are priced competitively at marginal cost™.
While there is a large literature concerning vertical integration, contract design and the
institutional differences between Japanese and U.S. contracting arrangements®, specific modelling
of the informal procurement arrangements within keiretsu is relatively recent’®. Of particular

relevance here is McLaren (1999), who argues that less formal bargaining arrangements can

*The model could be developed with symmetric institutions, in which U.S. and Japanese suppliers make
relationship-specific investments of valueto the U.S. and Japanese auto-makers respectively. The nature of
resultsconcerning therange and value of U.S. partsimported into Japan would not change. However instead
of simply importing those parts that can be produced more cheaply in Japan, the results developed for
importsinto Japan would now also apply to importsinto the U.S.

°The average length of contract in the U.S. auto industry was only 2.5 yearsin 1989, up from 1.3 years
in 1984 (Dyer and Ouchi 1993). Some theoretical justification for asymmetry is provided by McLaren
(1998), who argues that the ‘ thickness of the market’ for specialized inputs produced by unintegrated firms
can lead to multiple equilibria in which countries differ as to the degree of vertical integration. Vertical
integration ‘thins' the market, reducing the incentive for up-front production by unintegrated firms.

1n 1992, 4856 establishments produced auto partsin the U.S. (source: Office of Automotive Affairs).
Although it is a stylized fact that U.S. auto producers are more vertically integrated than their Japanese
counterparts, treating U.S. suppliers as purely competitive is not unreasonable given the large number of
independent firms with relatively short-term contracts. However, one might want to relax this assumption
to allow for arent-shifting motive if the aim were to model the political economy aspects of |obbying by the
U.S. auto industry for greater access to Japan.

12 Seefor example, Perry (1989), Aoki (1988), Asanuma (1985, 1989), and Holmstrom and Roberts (1998).

B Thisincludes Taylor and Wiggins (1997), who consider the effects of differing supplier incentives under
the American and Japanese subcontracting systems for quality control.
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dominate formal contracts in encouraging cooperative investment'*. More generally, well known
managerial costs arising from incentive problems within organizations can favor informal supply
arrangements of the sort exemplified by the keiretsu (see Aoki (1988)). Empirical work examining
the effects of keiretsu on the pattern of Japanese trade include Lawrence (1991, 1993) and Fung
(1991), who argue that industries with a high keiretsu presence tend to have low imports®. Of
particular relevance is the broader question as to whether the reduced level of imports is due to
exclusionary practicesor simply thegreater efficiency of keiretsu production. Lawrence (1991) finds
that there is some support for the idea that vertical, as opposed to horizontal, keiretsu enhance
efficiency. Also, Weinstein and Y afeh (1995) present evidence that strong rel ationships with their
main bank can cause keiretsu expansion at the expense of imports. Related theoretical work includes
Greaney (1999), Krishna and Morgan (1996) and Cheng and Kreinin (1996)*.

This paper provides anatural basisfor further work concerning the effects of trade policy in
the context of the US/Japan trade dispute'’. However, the model’ s consideration of alarge number
of parts, with differing importance for downstream costs, could also have applications in other

procurement settings. Since ahigher share of downstream coststendsto make rel ationship-specific

“InMcLaren (1999), theavailability of unintegrated buyersfor aninput raisestheincentivefor cooperative
investment, by raising the *threat point’ of suppliersin the event that bargaining breaks down.

Saxonhouse (1991) presents an opposing opinion, arguing that the methodol ogy used by L awrence (1991)
isflawed and that thereislittle evidence that Japan’ strade regime is different from other countries. Datato
be explained include Japan's low share of manufactured goods imports, low share of intra-industry trade,
etc (see Lawrence 1993, pp 6-7).

®In Greaney (1999), distortion in output can occur if market share differences across countries are used
asevidenceof animplicit tradebarrier. Krishnaand Morgan (1996) examineresults-oriented policiesinthe
context of the U.S. - Japan auto parts dispute and Cheng and Kreinin (1996) argue that preferential use of
keiretsu suppliersincreases the incidence of dumping in the U.S.. Also relevant isthe literature concerned
with vertical relations between markets for trade policy (e.g. Spencer and Jones 1992) and for the vertical
structure of the industry, such asthe use of production joint ventures (see Spencer and Raubitschek 1996).

YQiu and Spencer (1999) examine the effects of VIE's and VER' s using the same approach.
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investment moreval uablefor thedownstream purchasing firm, thissuggeststhat, evenwith different
contracting arrangements, partswith high-cost sharesaremorelikely to be associated with long-term
supply arrangements or at the extreme, full vertical integration. In the current context, the model
predicts that such parts will be produced within the keiretsu and only lower value parts will be
imported. This has some real world counterpart, as shown by U.S. complaints that Japanese firms
preferentially reserve high value auto parts for their own suppliers'®.

In Section 2, the model is developed in an initial closed market setting, with the effects of
moving to free trade presented in Section 3. Section 4 then develops the effects of relationship-
specific investments within keiretsu for the ability of foreign suppliers of intermediate goods to
access the Japanese market. Next, in Section 5, we explain why the use of imports could raise
Japanese marginal costs and also discuss the implications of thisand other counterintuitive results

for perceptions of atrade barrier. Finally Section 6 contains concluding remarks.

2. THE MODEL OF RELATIONSHIP-SPECIFIC INVESTMENT

2.1. Costs and relationship-specific rents with general numbers of parts

We supposethat afinal good, such asan auto is produced in both Japan and the United States
based on Cournot competition between a Japanese firm, referred to as a Jmaker, and aU.S. firm,
referred to as an A-maker. Our results also apply to the case in which the J-maker has a world
monopoly, but the extension to oligopoly seems appropriate given the institutional reality of
oligopolistic competition between U.S. and Japanese auto producers. Autos are assumed
homogeneous (for convenience) and are sold in aunified world market at aprice P=P(Y) where Y

=y’ +y* and y’ and y* are the respective outputs of the J and A makers.

18 See for example, Lachica (1995).
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A large number N of partsisrequired to produce an auto, with parts and labor combined in
fixed proportion. Without loss of generality, we set the unitsof output of each part i so that each auto
isproduced using just one part of each type. In modelling the keiretsu, acentral roleisplayed by the
fact that parts differ with respect to their costs of production and hence their importance for
downstream costs. The cost of production of parts also differs across the two countries. Letting ¢
and "' represent the constant average (and marginal) cost of production of part i in Japan and the
U.S. respectively, we arrange partsi in order of increasing average cost. This ordering is assumed
to be the same in both countries. Exploiting the fact that the number N of partsis large, it is
convenient to express costs ¢ and ¢*' asdifferentiable and increasing functions ¢ = c(i) and ¢*' = c(i)
on the continuum i € [O,N]. For the keiretsu parts producers, the importance of part i for
downstream costs is then captured by the cost- share'®,

o' = o(i) = c(i)/C(N) for C(N) = [N c'di,
(o is Greek sfor share) where the ordering of partsimpliesa’(i) > 0.

As previously discussed, the U.S. parts producers act as purely competitive firms with no
commitment to theJor A makers. Within thekeiretsu, we assumefor simplicity that thereisjust one
J-supplier® of each part i. Each J-supplier i (or more simply supplier i) potentially makes a

rel ationship-specific investment, denoted k', which creates rent for the J-maker (but not for the A-

T o see the correspondence between the discrete and continuous versions of the model, suppose that c(j)
=a+ pj forj =1,2..N, whichimplies 0’ = c(j)/C(N) for C(N) = Y ", ¢ =N[a+ (p/2)(N+1)]. If c(i) = c°
+pi fori € [O,N], then o' = c(i)/C(N) for C(N) = [ (c” + pi)di = N[c’ + (p/2)N]. Lettingi = - Yoand c® =
a+p/2, weobtainc = [I | (c®+ pi)di =c°+ p(j - 2) =c¢'and & = &". If ¢(j) is non-linear then ¢ = ¢'.

2If there is more than one long term supplier for part i, this may weaken the ability of these supplier to
bargain over price. However, it isin the interest of the Jmaker to allow suppliers some bargaining power
in order to gain the benefit from relationship-specific investments (see Proposition A1(ii) of Appendix A).
Provided some investment takes place, most of our results are not sensitiveto thelevel of bargaining power.
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maker) in theform of areduction in assembly costs?. Since the J-maker gainsrent only through the
use of the part, the level of rent, denoted r', is assumed to be constant for each unit of part i
purchased from supplier i. Recalling that each auto is produced with just one unit of each part, r' also
represents the J-maker’s rent per auto from investment k'. The magnitude of r' is assumed to be
proportional to the initial value, denoted w°, of the J-maker’s assembly cost in the absence of
relationship-specific investments and also to the relative contribution of part i to cost, as measured
by the cost-share o(i).This last condition reflects the idea that the greater the proportion of costs
associated with the part, the greater the potential for cost reduction. For example, a given amount
of investment islikely to be more effective in reducing costs when it applies to engines rather than
to seat covers. Also, we obtain the reasonable feature that the level of rent created per auto is
invariant to an inflation in the costs of al parts. Finaly, letting O denote the productivity of
investment in creating rent, the rent created per auto by investment k' is given by:
(2.2) r'=w°0(i)Oh(k’) for0< 0 < O™,
where 0™ = min[1, C(N)/w°] and h(k') satisfies:
(2.2 h(0) =0, h'(k") >0, h"(k") < 0 and h(k') < 1.
Two examples of functions satisfying (2.2)2 areh(k' ) = 1 - exp{-k'} and h(k') = 1 - 1/(1+k").
From (2.1) and (2.2), it followsthat rent, ', isincreasing in k', but at a decreasing rate:
(2.3 dr'/dk' = wo(i)0h’ (k") > 0 and d'/(dk')? = w°a(i)Oh” (K') < O.

Also, the conditions © < 0™ and h(k') < 1 sufficiently restrict the magnitude of the rent, r' that

“'From Dyer and Ouchi (1993, Fig. 2), in 1984, assembly costswere 23.1% of total costsfor aU.S. car and
only 15.7% for acomparabl e Japanese car. Rel ationship-specific investments can reduce assembly costs by
improving the “fit” with other partsor by facilitating “justintime” delivery so asto reduceinventory costs.

2| (k') = 1 - exp{-K'}, then h(0) = 0, h' (k') = exp{ -k}, h” (k) = -h’ (k') and h(K') < L. If h(k)) = 1 - 1/(1+k),
then h(0) = 0, h'(K) = 1/(1+k)?, h” (K') = -2/(1+k)?, and h(K)) < 1.
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there is no “free lunch” from assembly or from the production and use of keiretsu parts. Sincer' <
weo(i) from 0™ < 1, h(k") < 1 and (2.1), the Jmaker’ sassembly cost per auto, denoted w, isstrictly
positive: i.e.

w=w- [Nridi= [N (W°a(i)-r)di>0.
Correspondingly, since r' < ¢'C(N) = ¢ from 0™ < C(N)/w° , h(k) < 1 and (2.1), the marginal
resource cost, ¢-r', from the production and use of keiretsu parts once investment k' has been sunk,
isalso strictly positive.

Adjusting for relationship-specific investment and letting p' represent the price paid to
supplier i, the Jmaker’smarginal cost for partiisgivenby y' = p' - r' if the part is purchased from
within the keiretsu and by ¢*' if the part isimported. The J-maker’s overall marginal cost, denoted
v’, then equals the sum of these costs for parts plus w°. To focus on the question of access to the
Japanese market, we assume that parts can be freely imported into the U.S. from Japan and hence
that the A-maker buyspart i at apriceequal tothemin[c*', ¢]. Thus, given aconstant assembly cost,
the A-maker’s marginal cost, denoted y#, is a constant. The J-maker, supplier i and the A-maker
respectively earn profits:

(2.4) T =y(P(Y) - ¥), §' =y'(p' - €) - k' and * = yA(P(Y) - ).
2.2. Order of moves and bargaining over price within the keiretsu

Relationship- specific investments within keiretsu take place at arms length. Consequently,
even if such investment would be beneficia to the Jmaker, payment is typically determined only
after investment is sunk and thereis no guarantee that the cost will be covered®. Themodel captures

this idea by assuming that J-suppliers commit to their investments prior to bargaining with the J-

A s stated by Dyer and Ouchi (1993, p. 52), “ Japanese suppliers frequently give automakers a head start
in development by starting work on projects even before they are assured of winning the project”.
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maker asto the pricethey will receivefor their product. Although the bargained price, p', can depend
ontherent r' created by investment k', it isassumed that third party verification problems* prevent
payments based on k' directly. As outlined in the Appendix, it is possible to formulate a model of
incompl ete contracts with the same results, but a bargaining framework would seem to best reflect
the ingtitutional arrangements within keiretsu®.

We assume the following order of moves. In stage 1, each supplier i commits to its
investment k', which becomes sunk at this stage, and simultaneously, the J-maker and A-maker both
specify their respective outputs y’ and y*. Since each firm sets its choice variable to maximize own
profit taking the other choice variables as given, thisgivesriseto aNash equilibriumin k', y’ and y*.
If the Jmaker has a monopoly then y* = 0. Profits ’ and 7t* (in the duopoly case) are strictly
positive, but it is possible that a J-supplier would make aloss by producing in stage 2 (i.e. ¢' <0
for all k' > 0) or that bargaining would break down and the supplier would not produce the part. In
both these cases, anticipating the outcome of stage 2, the profit maximizing responseisfor supplier
i to set k' = 0 and exit the market at stage 1. In stage 2, the J-maker engages in simultaneous Nash
bargaining® over price p' with each supplier i remaining in the market. If an agreement is reached,
the J-maker ordersits desired number of parts. Otherwise the J-maker purchases part i at the lowest
price available, either at aprice ¢ from acompetitive spot market in Japan or at apricec*' from U.S.

suppliersif imports are not prohibited. Parts and final-good output are then produced and sold.

It is possible that ajudge would not be able to verify the value of k', even if al parties can estimate the
value of k' from knowledge of r', ' and 0. Adding uncertainty to the model would disguise the value of K,
but although a suitably designed model would givesimilar results, the model becomesrather more complex.

“Therole of bargaining is supported by Asanuma (1985), who observes that parts prices are revised at
regular intervals, by bilateral negotiation, incorporating both risk and incentives for innovation and effort.

% See Binmore, Rubinstein and Wolinsky (1986) for ajustification of the Nash Bargaining concept as a
subgame perfect equilibrium in a game where participants alternate offers until one side accepts.
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An aternative possibility?” would be to assume that investments k' are determined in stage
1andy’, y* and p' in stage 2. Suppliers would then strategically choose k' considering the effect on
the Cournot equilibrium outputsin stage 2 aswell as the bargained price p'. However, since with a
continuum of partsit is reasonable to assume that the effect of an individual variationink' ony’is
negligible, the outcome is then the same as with the assumed order of moves.

Weinitially develop the model in a closed market setting in which the import of partsinto
Japan is prevented through government regulations or aprohibitivetariff. Considering stage 2 first,
the J-maker’s objective in bargaining with supplier i isto minimize the total cost, y*y' = y(p' - '),
of part i for the given output y’ committed in stage 1. Since the Jmaker’s disagreement or “threat
point” is to buy the part at a price ¢ from the spot market, this implies a payoff from reaching
agreement of y'(c’ - y"). Correspondingly, since k' is sunk, supplier i maximizes variable profit ¢
+ k' = y'(p' - ¢) with athreat point of no production and zero variable profit. Hence, setting p' to
maximize G' = y’(c - y") *(p' - ¢)** for o € [0,1], where o represents the bargaining power of the
Jmaker and 1 - « the bargaining power of each J-supplier, it follows®, using ¢ - r' > 0, that at the
Nash bargaining equilibrium:

(2.5) p-c=@Q-o)r>0ady =p-r=c-ar>0.
Ascan beseenfrom (2.5), supplier i gainsashare, 1-¢, of therent it creates, resulting in areduction
of ar'inthe margina cost of part i for the J-maker. Since the respective payoffs to the J-maker and

supplier i are non-negative for all k' > 0, i.e.

#'This may be the more natural order of moves for the example in which rel ationship-specific investment
involvesbuilding aplant near the J-maker. However, if theinvestment involves small design changesto make
the part a better fit with other keiretsu parts, then the importance of knowing exact production requirements
may make the simultaneous choice of y’ with k' amore natural assumption.

%From dinG'/dp' = (1-00)/(p'-C) - at/(C-Y') = 0, we obtain a(p'-c) = (1-ot)(c-y") for y' = p'-r'.
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(2.6) y(c-y)=yar>0and p' + k' =y(1- a)r' > 0,
agreement is always reached for supplier i to produce the part. However, if k' = 0 then, since y' = ¢
from (2.5), the J-maker’s cost is the same asif the part had been purchased on the spot market.
2.3. Sage 1: relationship-specific investments and output decisions.

In stage 1, thereisa Nash equilibrium in which the Jand A makers set their outputs and J-
suppliers simultaneously set their investment levels. Examining the investment decisions firgt, if
supplier i remainsto producein stage 2, it setsk' > 0to maximize ¢' asin (2.6), taking y’, y* and
K forj # i asgiven®. Since ¢' is concave®™ in k', the Kuhn-Tucker first order conditions given by,
2.7) 9ok = y(1 - er)(dr/dK)) - 1 < 0 and (A /KK =0,
define k' asafunction, k' = k(a',y”), where k' satisfies d¢'/ok' = 0if k' > 0and k' = 0if d¢'/ok' < 0.
Taking into account stage 2, from (2.6) evaluated at k' = k(o',y?), supplier i earns a stage 1 profit
given by:

(2.8) ¢'= P y) =y - o)r - k(a'y) for r' =w°ac'Oh(k(a' y)),

where the parameters O and o are omitted for convenience. Since, from (2.8), J-suppliers have the
option of earning ¢' = ¢(a',y’) = 0 by setting k' = 0, all J-suppliers produce in stage 2 and from
(2.7), supplier i engages in relationship-specific investment, setting k' > 0, if and only if d¢'/ok' >
Oatk =0.

Since arequirement for relationship-specificinvestment isthat J-suppliersreceiveapositive
share of the rent they create (see (2.7)), we assume ¢ < 1. Evaluating (2.7) at k' = 0, using dr'/dk’
from (2.3), the ordering of parts from lowest to highest cost-share then ensures that d(d¢'/ok')/di =

y'(1 - )w°o’(i)Bh’(0) > 0 and hence that k' > 0 impliesk! > O for all j > i. Thus, letting parti = Z

# From (2.6), y* and investments K for j # i influence k' only through their effects on y’.

\We have from (2.6) that 9%¢'/(0k')? = y’(1 - at)w°a(i)Oh” (k') < 0.
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(Z for zero investment) satisfy

(2.9 k? = 0 and dp?/ok* = y’(1 - )w°c(Z)Oh’(0) - 1 =0,

defines the cutoff point, Z = Z(y’; 0,a), for investment with k' = k(c',y’) > 0if i >Z and k' = O for
i < Z. We assume that some suppliers set k' > 0, whichimpliesZ < N. Animportant caseisk' >0
forali € [0,N], which, for convenience, werefer to assatisfyingi > Z. Thiscase appliesat 0 = 0™,
since we assume

(2.10) dPYok® = y(1 - )w°c°0™ h'(0) - 1> 0,

which implies that k° = k(a®y’;0™) > 0 and hence k(a',y’;0™) > O for all i € [O,N].

The conditions under which J-suppliers make relationship-specific investments are
summarized in Proposition 1(i). Also, as shown in Proposition 1(ii), the ordering of partsin terms
of increasing cost shares ¢' has the useful feature that for i > Z, parts are also ordered in terms of
increasing levels of k', r' and ¢'. Supposing that suppliersi and j for i > j make the same level of
investment, then since part i involvesahigher cost share, this generatesahigher level of rent for the
J-maker. Since the outcome of bargaining is that each supplier receives a share 1-¢ of the rent
created, thistranslatesinto ahigher return to supplier i from investment, with the result that supplier
i setsk' > K.

Proposition 1: Assume parts cannot be imported into Japan.

(i) For i > Z, supplier i invests k' = k(a',y”) > 0, earns profit @' = ¢¥o',y’) > 0 and creates rent
r' > 0 per unit of the J-maker’s output. For i <Z, k' = k(o'y’)=0and ¢'= ¢o'y’) = 0.

(ii) For i > Z, higher cost-shares o' are associated with greater levelsof k', r' and ¢'.

Proof: (i). Wehavek' = k(a',y’) >0fori>Zandk' = 0fori < Z fromthetext. For k' > 0, using y’(1-

a)w°s'0 = Uh'(K') (from (2.7) and (2.3)) in (2.8) and h(k')/k' > h’ (k) (from h(0) = 0 and h” (') <
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0), we obtain
(2.12) ¢'=P(a'y) =[h(k") - kKh'(K)]/n’ (k") > 0 fori>Z.
Also, r' > 0 for k' > 0 (since h(k') > 0 from (2.2)). If k' = 0, then h(k") = 0 impliesr' =0 and ¢' = 0.
(ii). For i > Z, differentiating 0¢'/ok' = 0 as in (2.7) and using (2.3) and 0*p'/(dk’)* = y'(1 -
o)w°a(i)0h” (k') < 0, we obtain dk'/0a' = -h’(k')/a'h”(K) > 0. Letting A' = - (h'(K))%h(k')h” (k')
where A' > 0 from (2.2), it then follows from dr'//do’ = w°Oh(k')[1 + o'h’ (k) (dk'/0c')/h(k")] > 0 and
(2.8) using d¢'/ok' = 0 that
(2.12) dr/do’ =r'(1+ A)/o' > 0and dp'/do’ =y(1- a)r'/c' > O0fori>Z. Q.E.D.
Now considering the stage 1 determination of output, from the definition of Z and(2.5), the
J-maker’smarginal cost can be expressed as:
(2.13) v = [Fcdi+ [N - ar)di+w
As (2.13) shows, if 0 < @ < 1, the rent created by k' > 0 reduces the Jmaker’ s marginal cost below
thelevel y?= C(N) + w° achieved either at o = O, where J-suppliers capture all the rent created by
k' >0, or at o = 1, where J-suppliers have no incentive to invest (r' = 0). It is also important to
recognize that, in setting its output at the Nash equilibriuminy’, y* and k', the J-maker treatsk' and
hence 'y’ asfixed. Thus, there is no strategic role for output in influencing the prices paid for parts
at the second stage bargaining game.
From (2.4), using subscripts Jand A to represent partial derivativeswith respect toy’ and y*
respectively it follows that y’ and y* satisfy the standard Cournot first order conditions:
(2.14) 1)y = 0oy’ = P+yP'-y'=0and ", = OnMoy* =P+ y*P’- y* = 0.
Assuming that the following second order and stability conditions,

Ty =2P'+yp” <0, 1h,, =2P'+y*P” <0and
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(2.15) He = ' mh, . - T, =p'(3p’ +Yp“) >0,
hold globally, conditions (2.14) define the equilibrium output levels y’ = y'(y?) and y* = y*(y’) as
functions of the Jmaker's margina cost , where the constant y* is omitted for convenience.
However, the dependence of k' = k(a',y’) ony’ meansthat y’ = y(y’) is also dependent on y’ and
hence, for the comparative statics, we require the additional stability conditions:
(2.16) ', - dyYdy’ <OandH = H° - w4,,(dy”/dy’) > 0.
From (2.14), holding y” fixed with respect to variationsin y’, wefirst obtain the standard result that
anincreasein Yy’ reduces y’ and we then use (2.16) to take account of the effect of y’ on 'y’ : i.ewe
obtain:
(2.17) dy’/dy’ = *,,/H° < 0and 1 - (dy’dy’)(dy’dy’) = H/H®> 0.
If the J-maker has a monopoly, (2.17) reduces to

(2.18) dy’/dy’ = U’ < 0and 1 - (dy’/dy?)(dy’/dy’) = (7'}, - dy’dy’)/m’;; > 0.

3. OPENING THE JAPANESE MARKET

Withtheremoval of the government imposed traderestriction, thereisfreetradein the sense
that there are no laws restricting trade, but the extent to which parts are imported is affected by the
long-term supply arrangements within the keiretsu. This section devel ops the implications of free
trade for the bargaining model, relationship-specific investment and imports.

The potential for Japanese imports arises from the assumption that at |east some range of
parts can be produced more cheaply inthe U.S.. Letting &' = 8(i) = c(i) - ¢ (i) represent the efficiency
gap between U.S. and Japanese production costs for part i, the simplest assumption isthat c(i) and

c*(i) arelinear ini with equal slopesleading to aconstant efficiency gap acrossall parts: i.e. for all
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i € [O,N],
(3.1 ' =0 =c(0)-c*(0) > Oduetoc’(i)=c*'(i) and c”(i) = c* " (i) = 0.
The case d = 0 isretained as abenchmark. However for greater generality and to better specify the
range of parts for which relationship-specific investment causes keretsu production to displace
imports, we focus on the possibility that &' differs across parts, with part i = O potentially imported
dueto &°> 0 and part i = E, satisfying 6 = 0 (E for equal costs), produced within the keiretsu. To
help ensure that there is only one region of imports (namely parts with low cost-shares), we make
the simplifying assumption® that the efficiency gap is decreasing or constant asthe cost-share rises,
and hence that
(3.2 d(0) >0, d(E) =0and &'(i) < Ofordli € [ON].
If O(N) < 0, then E < N and Japan has an actual cost advantage for parts with the highest cost-
shares®. Finally, wefocusonthecaseinwhich keiretsuinvestment ispotentially relevant for imports
by assuming that Z < E. If Z > E, then all parts for which the U.S. has a cost advantage are
imported.

With respect to bargaining at stage 2, free trade gives the J-maker the additional option of
importing parts at prices c*' from U.S. producers. Using asuperscript F to distinguish values at free
trade, for partsi > E where Japan has a cost advantage, the payoffs from agreement at the Nash

Bargaining equilibrium are unchanged from (2.6). Hence, asin Proposition 1, supplier i setsk’™ =

$'For a unique region of imports, it is sufficient that J-supplier profits be strictly increasing ini for i €
[Z,N]. Thistends to be an endogenous outcome of the model since profitsincrease duetorising levels of o'
and k'. This ordering is reinforced by &' (i) < 0, but our results also apply if &'(i) > 0 and not too large.

#For example, if there are three parts, with ¢(1) = $230, ¢(2) = $310 and c(3) = $390 in Japan, but c* (1)
=$200, ¢*(2) = $300 and c*(3) = $400 inthe U.S,, then 6(1) = $30, (2) = $10 and d(3) = - $10. Since
isthetotal cost of part i required per auto, parts at the high end of the scalei € [0,N] could involve both high
cost parts produced in average volume or average cost parts produced in high volume.
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k(o'y’) > 0 and earns profits:
(3.3) dF=d(d'y) =y (- a)r'-k(a'y)>0fori > E>Z,
with k¥ = k(oFy’) = 0and ¢ = 0 for Z = E. By contrast, in bargaining with supplier i for i < E, the
availability of lower cost imports changesthe J-maker’ s“threat point", with the consequence that>:
(3.4 pFf-d=(1-a)(r-0)and yF=c*"- (- 0)fori < E.
Comparing (3.4) with (2.5), since 8' = ¢*' - ¢ > 0 for i < E, competition from imports reduces the
price paid the J-supplier by (1-)d', while the Jmaker absorbs the amount, «d', of the efficiency
gap*. Analogously to (2.6), the respective payoffs of the J-maker and supplier i (relative to the
disagreement point) become:
(3.5) Y-y =ylo(r - &) and ¢ + kF=y(1- or)(r' - O) fori < E.
Agreement is then reached for supplier i to produce the part if and only the rent created is
sufficiently largeto maker' - &' > 0. If r' - &' < 0, then part i isimported . Hence, supplier i’ s profit
at stage 2is
(3.6) OF=y(1-a)(r'-0)-Kifr-0 >0andpF=-k ifr-d' <0.

Turning to stage 1, profit maximization by supplier i involvesfirst, the optimal choice of K
conditional on remaining to bargain with the J-maker and second, the decision whether to remain
in the market. With respect to the first choice, supplier i sets k' > 0 to maximize ¢ asin (3.6),
taking y’ and y* as given. Since the potential for imports reduces the revenue to supplier i by an
amount (1-ct)y’d', which is independent of the level of investment, this gives rise to the same first
order conditionsfor the choice of k' as before (see (2.7)), with the convenient result that the opening

of trade has no effect on the investment function, k' = k(a',y"), for firms that remain as producers.

BMaximizing G* = yX(c*' - yH)*(p* - ¢)**, thisfollowsfrom (1- &)(c"-y*) - a(p*-c') = 0 for yF =pF-r',

*Although vy isreduced by (1 - «)d', ¢ - r' > 0implies y'" = (1 - ar)c*' + oe(c - r') > 0.
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Asfor the decision whether to remain in the market, if supplier i produces the part, from (3.6) and
(2.8), it earns a stage 1 equilibrium profit given by:
(3.7) O =d(.y) = P(ay) - y(2- a)d(i) fori < E.
Alternatively, if bargaining would break down (i.e. if r' - 8' < 0) or if revenues from production are
positive (duetor'- &' > 0), but are not sufficient to cover the sunk cost of investment, then supplier
i chooses not to invest, exiting the market at stage 1. Thus, noting that ¢ (i,y”) > 0 impliesthat r' -
d' > 0, supplier i remainsto produce part i if and only if $(i,y?) > 0. Also, sincer' - &' > Ofor &' >
0 implies k' > 0, it follows al J-suppliers remaining to produce parts i < E must engage in
relationship-specific investment.

To specify therangeof imported parts, lettingi =T (T for trade) denotethe marginal part just
produced by the keiretsu, then T < E satisfies
(3.8) ¢TY30,0) = y(L- a)(r" - &(T)) - k(a"y’,0) =0,
which defines® T = T(y’;0,c) for y’ = y(yF). Proposition 2 describes the pattern of trade and
investment.
Proposition 2: Assume J(i) satisfies (3.2). If Z= E, then T= E. If Z< E, then T satisfiesZ< T< E
and supplier i produces part i, investing k' = k(o',y’) > Ofor i > T, including partsi for T <i < E
with &(i) > 0. Partsi for i < T areimported, but no parts are imported if ¢F(0,y”) > 0.
Proof: Since ¢p(0',y’) =0at k' =0, we obtain ¢p'F = -y’(1 - )d(i) <Ofori < Zandi < E from (3.7).
Thisimpliesthat if Z=E, partiisimportedfori <EandhenceZ=T=E. If Z<E, thenpartiis
imported fori < Z and hence T > Z. Also, since dd'/di = y(1 - e)[r'a’(i)/a(i) - 6'(i)] from (3.7)

and (2.12), we obtain:

* This follows since ¢ isincreasing in i (see (3.9) below). Although y’ is determined endogenously,
expressing T = T(y”) helps separate out the important relationship between imports and keiretsu output.
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(3.9 d(i,y)/di = y(1- e)o’(i)r (1 + x)o(i) >0for Z<i < E,
where ' = -0(i)0'(i)/o’(i)r' >0if 6'(i)) <Oand ' =0if &'(i)=0.Since T >Zfor Z<E, it
follows, using (3.9), that kF = k(a' ,y’) > Ofori > T and partsareimported fori < T. Since p(E,y”)
>0 for k¥ >0, wealso obtain T < E. If $(0,y”) > 0, then no parts are imported since ¢(i,y’) >0

for all i (see (3.9)). Q.ED.

<« k>0 ——>

Imports > 1 < Keiretsu ——>

0 z T E N
Partsi — 3

Figurel

As shown in Proposition 2, part i is produced by supplieri fori > T and isimported for i <
T. Consequently, imported partsrepresent thelowest val ue partsin the sensethat they maketheleast
contributionto the cost of an auto. If $7(0,y”) > 0then no partsareimported. Also, in addition to the
partsi > E that can be produced more cheaply in Japan, relationship-specific investment leads J-
suppliers to produce arange of parts® i € [T,E) for which the U.S. has lower production costs. As

illustrated in Figure 1, since T satisfies Z < T <E, all keiretsu suppliers remaining at free trade set

*The assumption that 0(i) satisfies (3.2) ensures that part i = E existsand that i € [T, E) is not empty.
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k' > 0, including the producer of the marginal part T. This investment creates rent, r' , fori > T,
which in the Figureisrepresented by the difference between c(i) and the dashed line, c(i) - r(i). For
Z <i<T,thedifference between these linesis the rent that would have been created if the part had
been produced in the keiretsu. As the Figure shows, ' strictly exceeds the efficiency gap, 0', for i
€ [T,E). Thisis necessary if the J-suppliers are to cover the cost of their investment and, more
generally, is areflection of the fact that parts with &' > 0 are produced by the keiretsu only if this
raises efficiency®. Nevertheless, as we will subsequently argue, this failure to import the cheaper
U.S. parts can be significant if the rents are unobservabl e outside the keiretsu.

From Proposition 2, using (2.5) and (3.4), the I maker’ smarginal cost at freetrade becomes:
(3.10) Y=o cdi + [1F (- o(r - 0Y)di + [N (C - aur')di + WP
Consequently, at the stage 1 Nash equilibriuminy’ y* and k', the outputs y’ = y(y*) and y* =
yA(y") satisfy the samefirst order and stability conditions (2.14), (2.15) and (2.16) as before. Since
the opening of trade affects the J-maker’s marginal cost, comparisons with the pre-trade outcome
are complicated by endogenous changesin output. However it is useful to note that, holding output
y’ fixed, the opening of trade has no effect on the level of k' for parts that continue to be produced
in the keiretsu. Nevertheless since k' > O for partsi > Z before trade, the range of parts produced
with k' > 0 is reduced by theimport of partsi € (Z,T).

Although both output and rel ationshi p-specific investment are endogenously determined in
the full model, it is useful to first explore the partial effects of an exogenous increase in the J-
maker’s output. As shown in Proposition 3, since an increase in y’ increases the incentives for

rel ationship-specificinvestment, leading more J-suppliersto stay in business, it a so tendsto reduce

¥For T < i <E, itfollowsfrom ¢ > 0 and k' > 0 (see Proposition 2) that r' - 8' = ¢*' - (¢'- r') > 0 and hence
that the import cost, c*', exceeds the marginal resource cost, ¢' - r', of keiretsu production.
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the range of imported parts. This requires that there be some imported parts (i.e. T > 0) and that J-
suppliers produce some parts for which the U.S. has a cost advantage (i.e. that Z < E and hence T
< E from proposition 2). For the case (3.1) in which the U.S. cost advantage is constant, we assume
that T < N. The endogenous choice of relationship-specific investment also creates economies of
scae for the Jmaker. This last result requiresthat 0< o < 1, sinceif ¢ =0orif o =1, theny' =
min[c*', ¢l and marginal cost remains constant™.

Proposition 3: An exogenous increase in the J-maker’s output: (i) narrows the range of imported
partsfor Z< Eand T > 0, (ii) increasesrentsfromrel ationship-specific investment and (iii) reduces
the J-maker's marginal cost y” for 0< < 1.

Proof:(i)From (3.8), using d¢™/ok™ =0, andr" - " > 0 for Z < E (since k" > O from Proposition 2),
we obtain dp™/dy’ = (1-a)(r"-0") > 0. Using (3.9), we then obtain

(3.12) dT/dy’ = -o(T)(r" - 0")y’'a'(T)r" (1 + ") <Ofor T > 0.

(i) From 0¢'/ok' = 0 asin (2.7), we obtain dk'/dy’ = - h'(K')/y’h” (k') > 0 (see (2.2)) and hence:
(3.12) dr'/dy’ = (dr'/dk’)(dk'/dy’) = rAlfy’ >0 fori > T,

where A' = - (h'(k'))¥h(k)h"” (k) > 0. From part (i) and k' > O for i > T, therange of partswith k' >

Oisincreased for Z< E. For Z =E, then T = Z = E isunchanged. (iii)From (3.10), (3.12) and (3.11)

we obtain:
(3.13) dyF/dy’ = - o [, (@dr/dy)di - (7 - §T)(dT/dy?)] < O,
where dy*/dy’ < 0 for o > 0 and dy*/dy’ = 0 for & = 0. Q.E.D.

#Althoughit is not obvious what mechanism would ensure the credibility of acommitment to a particular
value of «, there is no presumption that it is best to set & = 0 so as to fully internalize the returns from
investment to the J-suppliers. Asshownin Proposition A1 of Appendix A, holding output fixed, total keiretsu
profitismaximized at & = 0. However, if output isallowed to vary, both the 3-maker’ s profit and aggregate
keiretsu profit are maximized at strictly positive values of o.
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4. ACCESSTO THE JAPANESE MARKET

This section concerns the implications of keiretsu relationship-specific investment for the
ability of foreign suppliers of intermediate goods to access the Japanese market.

Recallingthat O representsthe productivity of relationship-specificinvestment, aninitial step
isto show in Proposition 4 that an increase in © expands both keiretsu output (i.e. dy’/dO > 0) and
the range of parts for which keiretsu firms potentially make investments (i.e. dZ/dO < 0). Thusfor
0 sufficiently large, we move into the region Z < E in which some J-suppliers produce parts for
which the U.S. has a cost advantage. In this region, further increases in O restrict access to the
Japanese market by reducing the range of imported parts (i.e. dT/dO < 0). More J-suppliers stay in
business because the increased rent produced by the investment rai ses both the price and volume of
each part sold to the J-maker. At the extreme, no parts are imported. Letting O = 0%F denote® the
value of O at which Z = E, the range of imported partsfallsif 6 > 0%, Also, supposing that all J-
suppliers earn strictly positive profits® at O = 0™, there exists* avalue of 0, denoted 0 = 0™, at
which T = 0. No parts are imported for 6 € [07=°, ™.

Proposition 4: (i) dy”/d@> Ofor &> 0 (= Ofor &= 0), (ii) dZ/d@< 0for Z > 0 and (iii) dT/dO <
0for @ €(0%F,0™". No parts areimported for 8 [ 0™°, ™.
Proof: See Appendix B.

The effect of relationship-specific investment in reducing the range of imported parts has

¥ From (2.9), we obtain 0% = 1/y’(1-o)w°c(E)h’(0) > O.

“OWe assume $F(0,y%;06m) > 0 which impliesthat ¢(i,y’;0m™) >0foral i € [O,N]. From (3.7), (2.11),(2.7)
and (2.3), we obtain ¢p(0,y”) = [h(k°) - k°h’(K°) - 0°%w°a°0]/h’ (k%) and since k(0°y’;0™*) > 0 from (2.10),
we have ¢F(0,y%;0™) > 0 if 0%w a0 is sufficiently small.

“ 0™ satisfies $(0,y",0™) = 0 (see (3.8)). Since dpT(0,y(y*),0)/dB >0, 87 < B exists and is
unique. Since 0 = y(1 - )w°o(i)h’ (k') from (2.7) and (2.7), using $7(0,y”) =0, (3.7) and (2.11) for k° >
0, it follows that 07 = §(0)w°a°d(a’y)h’ (k) > 0.
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significant consequences for a number of measures of access to the Japanese market. As shown in
Proposition 5, with fewer parts imported, the level of U.S. content per Japanese auto, denoted v
= [,'c*'di, is reduced. Since the prices, p, paid to keiretsu firms also increase, this implies a
reduction in the U.S. share, S™ = vV for v) = v + [N pFdi, of the Japanese parts market. A
further and perhaps more direct indicator of the possible presence of atrade restriction is S° = [©
c*'di /[ ,F c*'di, which represents the proportion of partsthat are not imported, despite an efficiency
gap favoring the U.S.. Since S is increased, this measure also suggests that relationship-specific
investment limits access to the Japanese market.
Proposition 5: For 8 € (6FF,0™), anincreasein &
(i) reduces U.S. content v per Japanese auto,
(ii) reduces the U.S. share S™ of the Japanese market for parts and
(iii) increases the proportion S ‘of parts that are not exported to Japan, despite a U.S cost
advantage.
Proof: (i) Using dT/dO < 0 from Proposition 4(iii), we obtain dv*’/dO = ¢*"(dT/d0) < 0. (ii) Since
dp'/dO = (1 - o0)(dr'/dO) > 0 from (3.4) and (B1) and dT/dO < 0, we obtain
dSM/dO = [((v’ - v™)crT + vApTH)(dT/dO) - v [ N(dp'F/dO)di]/(v)* < O.

(iii) Using dT/dO < 0, we obtain dS*/d0 = - ¢*7 (dT/d0)/[ ;£ c*'di > 0. Q.E.D.

Theresultsin Proposition 5 all suggest that rel ationship-specific investment limits accessto
the Japanese market. However, sincethisinvestment al so increasesthe J-maker’ soutput, thereisan
opposing effect due to an increase in the volume of imports for those parts that continue to be
imported. This opensthe possibility that aggregate imports might rise. Summing over the range of

imported parts, since one of each part isrequired per auto, we can expressthetotal volume, Q*, and
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value, V', of partsimports as:

(4.2) Q™ = T(y’;0)y’ and VA’ = vy where v = [ Tcidi.

However, for the case (3.1) in which the efficiency gap, &' = 9, is constant, Proposition 6 shows that
there existsavalue of 0, denoted O = 0" (L for large), such that if © > O, then the reduction in the
range of imported parts from an increase in y’ dominates, causing both the volume, Q*’, and value,
VA of Japanese imports to fall. Eventually, at © = 0™, imports are reduced to zero. In addition,
since an increase in O preferentially reduces the imports of higher value parts, the value of U.S.
exports falls more than in proportion to the fall in the volume of U.S. exports. Nevertheless, since
itispossiblethat for low valuesof 0, anincreasein © would raise both Q* and V*’, thisundermines
any general claim that rel ationship-specificinvestment within thekeiretsuisan impediment totrade.
Letting © = 0™ denotes® thevalueof O at which T = N, the condition © > 0™" ensuresthat at |least
one part is produced by a J-supplier.

Proposition 6. Assume J' = d asin (3.1). There exists some 8- [ ™", 0™°) such that for all &
e (6,07, thetotal volume Q* and value V*' of U.S. exportsare reduced by (i) a small increase
inoutput, y’, OR (i) anincreasein €. Anincreasein @reduces the value more than in proportion
to the volume of U.S. exports.

Proof: See Appendix B.

Figure2illustratesthe effect of © on both thevalue, VA, and share, S™, of U.S. partsexports
to the Japanese market assuming that &' > O for every part. All parts areimported for 6 < ™, but
for © > ™", the range of imported parts falls (from Proposition 5(i)), reducing S* below one (as
measured on the right hand axis). The figure illustrates the case in which VA7 initially rises (due to

the increase in the J-maker’ s output). However, as Proposition 6 shows, VA’ eventually falls for 0

“2Analogously to 0™ (see footnote 41), we obtain 0™ = 6N/w°o(N)P(a™,y)h’ (kM) > 0.
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> 0" and imports cease for 0 > 0.
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5. PERCEPTIONS OF A TRADE BARRIER

Aspreviously mentioned, our result in Proposition 2 that arange of partsis produced by the
keiretsu when U.S. costs are lower can be explained by the presence of rents from relationship-
specific investment. Thus one might be tempted to dismiss it as ssmply due to incomplete
accounting. Wewould argue, however, that the result has considerabl e rel evance when considering
the perceptions of atrade barrier that lie behind the U.S./Japan trade dispute concerning access to
the Japanese market. Since it seems reasonable to suppose that the rents created by relationship-
specific investments are, in fact, not observable outside the keiretsu, U.S. market participants and
other interested parties could easily fall into thisaccounting trap. For example, by complaining that
U.S. parts are not exported, despite prices that are less than half of made-in -Japan parts (see the
guote, footnote 2), Church (1995) may well be suffering from this misperception. In the remainder

of this section, we further develop the argument that relationship-specific investment can create
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perceptions of atrade barrier, by first examining the behaviour of the J-maker’s marginal cost and
then considering effects arising from the size of the efficiency gap between the U.S. and Japan. As
we will show, some of these effects of investment can mimic a government imposed trade barrier
or simply create suspicion because they are counterintuitive and hard to understand.

Comparing (3.10) with (2.13), for agiven output y’, the effect of the opening of trade on the
J-maker’smarginal cost is given by:

(5.1) vF- vyl =-[[20di+ [,7 (8- ar')di + [;F (1 - ar)O'dli].

Since partsi for i < Z involve no relationship-specific investment, they are all imported with the
opening of trade and, as can be seen from (5.1), the J-maker’ smarginal cost for each part i falls by
d'. However, it is not necessary that parts be imported for marginal cost to fall. Partsi fori € [T,E)
continue to be produced by keiretsu suppliers, but marginal cost isreduced by y'* - y' = -(1 - ®)d'
dueto potential competition fromimports. Indeed, sincethereisno changein marginal cost for parts
I > E where Japan has a cost advantage, the J-maker’ s overall marginal cost falsif importsremain
at zero with the removal of the trade restriction.

However, for partsi fori € (Z,T), which are produced with rel ationship-specific investment
prior to trade and are imported subsequently, it is possible that the J-maker’s margina cost is
increased. The problem isthat if the J-maker’ s bargaining power, o, islarge, it can be unprofitable
for J-supplierstoinvest, even though the rent created woul d exceed the efficiency gap by more than
the cost of the investment®. It is even possible that the opening of trade would raise the J-maker’s

overall marginal cost*. Recalling that prior to trade, marginal costis y' = ¢ - ar', the opening of

®)f o > 0, it is possible that ¢p'F < 0 (see (3.6), but that y(r' - &') - k' > 0.

“Thisis an extreme example of the well known inefficienciesin ex ante investment incentives associated
with incomplete contracts (see for example, Laffont and Tirole (1993)).
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trade raisesthemarginal cost of parti € (Z,T) if and only if* c*'-y' =-(0' - ar') > 0. If all J-suppliers
set k' > 0 prior to the opening of trade, but subsequently all parts are imported (which requires &' >
0 for all i), then the first and third terms of (5.1) vanish and since ' - «r' is decreasing® in i, it
follows that
(5.2 YF-y'=- [N (O - ar)d>0if 8°- ar’<0.

Thisincreasein cost requiresthat the J-maker’ sbargaining power berelatively large. Greater
bargaining power has two opposing effects. It tends to reduce the J-maker’ s marginal cost, by lowering the
bargained prices, p'*, of parts for given levels of investment, but, it also causes J-suppliers to reduce their
relationship-specific investments, which reduces rents, making the suppliers more vulnerable to being
replaced by imports. Thus as « is increased, the opening of trade causes a greater shift towards the use of
imports, making it more likely that the loss of relationship-specific investment will cause the Jmaker’'s
marginal cost to rise. As Proposition A2 of Appendix A shows, evenif o isset at the J-maker’s preferred
level, satisfying dy*/oa = 0, we may have y*-y’ > 0 under some parameter values. Nevertheless, the
possibility that y*-y’ > 0 remains a special case.

Further insight into the effects of trade on the J-maker’ smarginal cost isobtained by varying
the size of the efficiency gap. For simplicity, we assume ' = § = c®-c*° > O asin (3.1) and, to
abstract from changesin y*, that the J-maker isamonopolist. Variationin 6 is achieved by varying
c*° holding c® fixed. Letting O = 6% denote the value of O at which Z = 0, we assume for
Proposition 7 that © > 0%, and hence that all J-supplierswould set k' >0 at § = 0 or, equivalently,

that all J-suppliers would invest in the presence of a prohibitive trade barrier. Letting & = 0™°

®|f ¢*'-y' >0, thensincey'" = y'- (1-o/)d' dueto thethreat of imports, keiretsu production of part i would
lower the Jmaker’s marginal cost with or without trade (ie.y™ < y' < ¢*'). However, evenif c*' - y' <0, it
ispossiblethat y* < c*' < y' and hence that keiretsu production of part i at free trade would lower J-maker
costs. From (3.5), this requires c*' - y'F = o(r' - ') > 0 which holds for i >T, but which may also hold for
some partsi € (Z, T), which would be imported at free trade.

“Thisfollows since d(0' - ar')/di = 0'(i) - oe(dr'/di) < Ofori > Z.
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represent the value of 0 at which T = 0, we demonstrate that 6™° > 0 and hence that no parts are
imported for 6 € [0, 6™7]. Imports take place for & > 8™, but, as we show, this could increase the
Jmaker’ s marginal cost. All parts are imported if 0 becomes sufficiently large.

Proposition 7. Assume 0> 6%°, the J-maker isamonopolistand 0 '= 6 = ¢®-c*%asin(3.1). In
response to the removal of the Japanese trade barrier or alternatively a reduction in U.S. costs at
freetrade: (i) no partsareimported for 6 £€[0, 6™°] where 6™°> 0, but the J-maker’s output y’
increases, and (i) partsareimported for 0> 0™°, but it is possible d */dc* ° < 0 and hence that
y*-y’>o.

Proof: See Appendix B.

From standard models, one would expect that the removal of protection or areductionin
import pricesfor intermediate goods would reduce domestic costs and that the associated increased
in domestic final-good production would raise intermediate-good imports. By contrast, we have
shown that relationship- specific investment can cause this line of reasoning to break down at two
places. Firgt, it ispossiblethat the J-maker’s cost isincreased by the opening of trade (i.e. y” - v’
> 0 and dy*/dc*® < 0). Secondly, an increase in the Jmaker's output causes the range of
intermediate-good importsto fall, reducing thetotal value of theseimportsif 0 issufficiently large.
In addition, given that the rentsfrom rel ationship -specific investment are unobservabl e to potential
U.S. exporters, they might expect that parts for which the U.S. has a cost advantage, would al be
imported at free trade. However, from Proposition 7(i), it is possible that no parts are imported.
Moregenerally, recallingtheresults of Propositions2 and 6, aproportion S© of lower cost U.S. parts
would not be imported and the parts that are not imported are the “more important” partsinvolving

alarger share of production costs. Thefact that these responses go against the conventional wisdom
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and are not readily understandable from standard trade models, could easily give rise to negative
perceptions of a continuing trade barrier.

Supposing that U.S. suppliersform expectations of the J-maker’ sdemand for their products
based on Japanese pre-trade production level sand on conventional responsesto the opening of trade,
under the first possibility of an increase in marginal cost, Japanese auto output and volume of
demand for importswould be lower than expected. However, sincethisfirst possibility occurs only
if the range of imported partsis “large”, driving out investment that would otherwise lower the J-
maker’ smarginal cost, thismakes significant perceptionsof atradebarrier lesslikely”’. By contrast,
inthe more likely case that the opening of trade lowersthe J-maker’ smarginal cost, the response of
imports could create a particularly negative impression. Import levels are likely to be low relative
to keiretsu production, and for asmall efficiency gap, i.e. for 0< 0 < 3™, imports would remain
at zero. Thismimicsagovernment imposed trade barrier since areduction inimport pricesfor parts
or amove from protection to free trade in this region would not result in any imports. Also, the fact
that there are no imports despite an increase in the -maker’ s output (Y fallsin this region), could
further strengthen the impression that the market is not really open. More generally, it would seem
highly suspiciousif in responseto afal in U.S. costs, the J-maker’ s output increases, but the range
of imported parts falls.

Finally, some analysis of welfare effects seems worthwhile. World welfare, denoted W, is
represented by the additively separable utility function, W = u(Y) + Z, whereu(Y) isthe utility from
final-good output, Y, and Z is the output of a tradable numeraire good produced under pure

competition by labor alone. Imposing the budget constraint that all incomeis spent, we obtain W =

“"However, since y’ falls, if O is not too high (see Proposition 6), U.S. suppliers might be suspicious that
the volume and value of their exportsis somehow restricted.
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u(Y)-PY +1t*+m+®F where, from (3.3) and (3.6), the total profit, ®F, of J-suppliers, is given by:
(5.3) @F = [N Fdi =y (L) [+F (- 8)di + [ Nrdi] - [N Kidi.

From (5.3), using d¢'/ok' =0 fori > T, ¢" = 0 and dy’/dO > 0, we obtain:
dDF/dO = (1-a)[y’( [ (r 10)di + [ 5 (r -8 )dli + [N ¥ dii)(dy’/dB)] > O.

For o = 0, since output y’ and hencey” , Y, 7’ and 7* are unchanged (see Proposition 4), this effect
of 0 inraising ®F implies that relati onshi p-specific investment raises Japanese and world welfare.
For o > 0, it follows using (B.4) and dy*/dy’ = -1t*, /7", from (2.14) that
(5.4) dy’/d0 > 0, dy*/d8 = -1tA,, (@Y */90)/H and dY/dO = (p'/H)(Oy*/36) > 0.
Ascan beseenfrom (5.4), bothy’and Y increase, but if 7, ;< 0 (the strategic substitutes case), then
the A maker’ soutput, y*, falls. Thiscan reduce world welfare, sinceif the A-maker isthelower cost
producer (i.e. if y* > y*), the average cost of world production rises to the extent that J-maker’'s
market share, y/Y isincreased. Nevertheless, if the Jmaker isthe lower cost producer (i.e. if y* <
v*), we show in Proposition 8, that an increase in 0 increases both y”/Y and world welfare®. This
result appliesindependently of whether y* and y’ are strategi ¢ substitutes or strategic complements.
Proposition 8: Assume 0> FF. If y* < y*and &> 0, then d(y”/Y)/d@> 0 and dWd &> 0.
Proof: See Appendix B

With respect to Japanesewelfarefor o > 0, thereis some ambiguity asto the sign of dm”/d0,
but since T’ risesif y* fallsand ®F and Y both increase, Japan is certainly better off in the strategic
substitutes case. For the U.S., since dmt*/dO = y*p’(dy’/dO) < O for o > 0, it isamatter of weighing
aconsumer gain against aloss by the A-maker. Examining thistradeoff, we let W= u(Y*°) - PYAC

+ 1* denote U.S. welfare, where YA° is U.S. consumption. Since dW*/d0 = -Y*°p’(dY/dO) +

“Thisresult isrelated to Fung (1998), who arguesthat, although U.S. exports may be hurt by the activities
of main banks in Japan, this can raise efficiency and world welfare.
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y*p’ (dy’/dO) (using (2.14)), thisimplies:
dWA/dO = -YA%' (dy*/dO) + (y* - YA°)p'(dy’/dO).
It followsthat if U.S. production exceeds U.S. consumption (i.e. if y* >Y*°) and if y* falls, then the
reductionin U.S. profitsdominates causing W* tofall. However, W risesfor strategic complements

and y* < YAC,

6. CONCLUDING REMARKS

We have shown that the links between the Jmaker and its suppliers due to relationship-
specific investment within the keiretsu reduce the range of imported parts, making it harder for U.S.
suppliers to access the Japanese market. Also, despite the associated increase in Japanese auto
production and demand for parts, a sufficiently high level of relationship-specific investment will
reduce thetotal value of partsimportsfromtheU.S. and it ispossiblethat no partswill beimported.
Although we do not address the issue of whether membership in the keiretsu is “unfairly”
exclusionary, sinceimportsaredriven out by the effect of relationship-specificinvestmentinraising
keiretsu efficiency, our analysis suggests that long term supply arrangements within keiretsu could
be defended on the basis that they are efficiency enhancing.

However, evenif importsarenot ‘unfairly’ restricted, keiretsu supply relationships are likely
to giverise to a perception of an ‘unfair’ trade barrier. Thisis because the endogenous choice of
investment within keiretsu can lead to counterintuitiveresponsesin thelevel sof keiretsu production
and imports, making it hard for outside observers to understand what is really happening. In
particular, theremoval of agovernment ban onimported partscan actually rai se Japanese production

costs, reducing Japanese auto output and total demand for parts. Also, if relationship-specific
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investment is sufficiently productive, then imports will remain at zero with the opening of trade or
in response to asmall reductionin U.S. costs at free trade, giving the appearance of a continuing
“unfair’ tradebarrier. Strengthening thislikely misperceptionisthefact that Japanese marginal costs
fall in this case, raising Japanese production of both autos and parts. As afinal point, we hope that
recognition of these effects in the context of the policy debate concerning U.S./Japan trade issues

would create a better understanding by the parties involved, helping to ease trade tensions.

APPENDIX A
Formal Contracts as an Alternative to Bargaining:

The payment scheme for keiretsu suppliers obtained in our bargaining framework could also be
implemented through the use of contracts, signed in stage O before investment takes place. Assuming
rel ationship-specific investment k' is not verifyable by athird party and hence not contractible, but the rent
r'iscontractible, the contract price can berepresented asalinear sharing rule (see Laffont and Tirole (1993)):
(A1) p=c+(1-a(r'-0)fori <Eandp' =c +(1-a9r fori > E,
where o and 1-a.° for ¢ € [0,1] respectively represent the shares of the J-maker and supplier i in the net
cost reduction achieved by investment k'. By signing the contract, supplier i agrees to supply any quantity
of partsdemanded at the price determined by (A1). Aspreviously mentioned, uncertainty could be added so
asto disguise the value of k', but thisis not necessary and the model becomes rather more complex.

Althoughthe same outcomeisachieved under the contract and bargai ning model sif the samesharing
rule a® = o isused, the difference in the institutional settings could affect which sharing ruleis chosen. The
tradition in the procurement literature has been to choose the optimal contract fromthe viewpoint of thefirm
issuing the contracts or, aternately, based on considerations of efficiency and consumer welfare in a
regulatory environment. Since the J-maker is responsible for purchasing inputs from a large number of

suppliers, this suggeststhat the choice of € in a contracting framework might involve maximization of the
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J-maker’ sprofit. However, in our keiretsu bargai ning context, amore natural obj ective might beto maximize
the aggregate profit of all keiretsu firms, including the J-suppliers. Despite these comments, it isnot obvious
what mechanism that would ensure the credibility of acommitment to a specific value of o, particularly in
the bargaining framework. Fortunately, apart from the possibility that the opening of trade would raise the
Jmaker’s marginal cost, our results are generally robust to the value of o.

The Sharing Rule and Profits within the Keiretsu:

Now considering the incentives for the choice of «, we simplify the presentation by assuming the
J-maker isamonopolist and that all parts can be produced more cheaply inthe U.S. (i.e. 6'>0for al i). For
purposes of comparison, we first set out the conditions determining the optimal choice of output and
investment if the keiretsu were fully vertically integrated and if investment k' were observable. From (2.4)
and (5.3), the aggregate profit, denoted II = 1’ + ®F, of the keirestsu can be expressed as:

(A2) I =y(PY)-v) - [{VK di, where

yEyF-@Q-o) N -0)di= [ cdi + [N - r)di +we,
represents the marginal cost of the integrated firm. Hence, maximizing II from (A2), y’ and k' satisfy:
(A3) dil/dy’=P+yP -y =0and

dil/dk' = yXdr'/dk') - 1=0if i > T, where

y(r'-0) -k > 0fori > Tandy'(r'-0) -k' <Ofori<T.

Returning to the setting inwhich J- suppliersareindependent and k' isnot contractible, if y’ischosen
to maximize aggregate keiretsu profit, I, taking k' asgiven, or, if the objective isto minimize total keiretsu
costs of production for a given level of output, then as shown in Proposition A1(i), we obtain the standard
result that returns to J-suppliers from investment should be fully internalized by setting o = 0. Investments
k' and output y’ are then at the same joint profit maximizing levelsasin (A3). However, theinability to pay
suppliersin the form of fixed costs, based on actual levels of investment, meansthat the markups paid to J-
suppliers raise the Jmaker’ marginal cost. Thus, from (A2) and (3.4), Y* exceedsy by [N (p'- ¢')di = (1 -

o) [N (r'- 8')di, creating adistortion from doubl e marginalization. Consequently, output, y?, isreduced bel ow
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the joint profit maximizing level when the J-maker maximizes 7’ asin our model. Sinceat ¢ = 0 and at o
=1, y* isat the maximum determined by the cost of importing al parts, thisdistortion can be partially offset
by setting o0 > 0 so as to reduce the J-maker’s marginal cost. The effect on J-supplier profit is ambiguous,
but, from Proposition A1(ii), asmall increase in o above zero raises both m’ and aggregate keiretsu profit,
II. More specifically, letting o’ and o¥ represent the values of « that maximize m” and II respectively, we
obtain 0 < o < &’ < 1, where y* isminimized at o”.
Proposition Al: Assume the J-maker has a monopoly of the final-good, d > O for all i and T < N. If J-
suppliers choose k' to maximize @@ for a given level of y°,
(i)then, holding y’ fixed, or, if y’ maximizes /7 for given K, keiretsu profit Z/ismaximized at & = 0.
(ii)and, if y’ maximizes 7’ for given k', we obtain 0 < & < &’ < 1, where &’ satisfies Jy*/da = 0.
Proof: Expressing T = T(y’,&) from (3.8), sincedT/0a = - (0dT/0a)/(OpT/OT) fori =T > 0, it thenfollows,
using (3.8), (3.9) and (2.7), that an increasein o increases the range of imported parts:
(A4) dT/oa = o(T)(r" - dN/(1- w)o’(T)r'(1+ ") >0for T > 0.
Fori > T, from d¢'/ok' = 0 asin (2.7) we obtain ok'/oe. = h'(k')/(1 - at)h” (K") < O (see (2.2)) and hence:
(A5) ar'/oa = (dr'/dk’)(Ok'/0a) = -r'A' /(1 - &) <O,
for A' = -(h'(k"))¥h(k")h”(K") > 0. Also, we can show from (3.10) and (A2) that:
(A6) oy¥ioo =- [N (r'- 8)di + a(dy/ow),
where dy/oo = -[ [N (Or' /de)di - (" - 8" )(dT/Ae )] > O from (A4) and (A5). Next, from (5.3), dp'/dk!
=0fori > T and ' = 0 and, also, from (2.4), we obtain:
(A7) d@/do = - [y’ - (1 - at)(dyde)] ([ (' - &')dli);

drl/de = (P+y'P" - yF)(dy’/de) - yX(dy*/da).
It then follows from II = 7’ + ®F, using (A7), (A2) and (A6) that:
(A8) dll/do = (P+y’P’ - y)(dy’/d) - y[dy*/do - Oy*/oa + ou(Oy/Owx)].
(i) If dll/dy’ = P+y’P’ - y = 0, then y’ = y('y) and dy*/da - oy*F/oo = (dy*/dy’)(dy’/dy)(dy/de) where

dy/de. = (3y/dw)/[1- (dy/dy’)(dy’/dy)] > 0. Since dy’/dy < 0 and dy*/dy’ < 0 (=0 at @ = 0) from (3.13), we
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obtain dy*/do - 9y*/0co > 0 (= 0 for o = 0) and hence dIl/dx < 0 (=0 at o = 0) and also oll/dw = -
ay’(0y/oa) < 0 (= 0 at o =0) from (A8), proving the result.

(i) If )y =P+y’P’- yF =0, then, using dy*/dy’ = 0 at o = 0 (see (3.13)), we obtain dy*/de - dy*/oa =

(dy*/dy’)(dy’/de) = 0 at o = 0. However, since dy*/da = 0y*/0a <0 at o = 0 (see (A6)), it also follows

that dy”/dec = (dy”/dy”)(dy*/de) > 0 at o = 0 and hence from (A8), using (A2), that dIl/do = (1-0¢) ([ (r' -

0 )di)(dy“/det) >0 at o = 0, which proves ok > 0. Next, from (A7), using (A2) and (2.18), we obtain, dmt’/do

= - y(dy¥*/da) = - y'n'y(@yFlon)/(m’y, - dy*/dy’). Since dy*F/ow < 0 at o = Oand since y* is continuous

with the samevalueat o =Oasat o0 = 1, it followsthat 0 < o0’ < 1 and that o’ satisfies dn’/doc = dy*/det =

dy*/oe = 0. Finally, using (A7) and dy”’/de. = 0 at @ = o¢’, we obtain dll/dec = d®/dec = -y*( [N (r' - &' )di)

<Oato=c Q.E.D.
Next, we show in Proposition A2 that if dy* /0o = 0 and hence o = o’ isat thelevel preferred by

the J-maker, then it is possible that marginal cost isincreased (i.e. y* -y’ > 0) by the opening of trade.

Proposition A2: Assume d > Ofor alliand T <N. If & - ar° < 0 where e satisfies dy*/da = 0, thenthere

existssomea € (0,1) such that %" > 0if ¢> &.

Proof: Since 0* - ar* < Oimpliesk! > 0, it follows from (5.1) that:

(A9) YF-yr=- [T (8 - ar)di - (1-ar) [N &idh.

Since [N (r' - &' )di = a(dy/dc) > 0 from Jy*/da = 0 and (A6), rearranging (A9), we obtain:

(A10) yF- oyl =- ([N rdi+ [T O'di) + af [ rdi +(1 - a)(Oy/ow)].

Letting a= Q/(Q+E) where Q = [[Nridi + [T O'diand & = [T (r' - &)di + (1 - r)(dy/da), it follows from

Q>0and € >0that &€ (0,1) and hence, from (A10), that y* - y?> 0iff a € (&4,1). Q.E.D.

APPENDIX B
Proposition 4: (i) dy’/d@> O for &> 0 (= O for &= 0), (ii) dZ/d@< Ofor Z > 0 and (iii) dT/d&< O for &
€(0%F,0™". No parts are imported for 8 c[ 8™°, ™.

Proof:(i) For i > Z, from d¢'/ok' = 0 asin (2.7), we obtain 0k'/00 = -h’(k)/Oh” (k) > 0 for a given y’ (see
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(2.2)). Since or/00 =w°a'h(k)[1 + Oh’(k)(ck/00)/h(k"], it then follows that:
(B1) ar/a0 = r(1+A)/0 > 0 for A' = - (h'(K))Zh(K)h" (k) > 0.
Also, from (3.9) and 0 ™/00 = y(1-ct)r'/O (from (3.8) using d$p™/ok™ = 0 and or'/00 = r'/0), we obtain
(B2) dT/00 = -o(T)/0a’(T)(1+ x") <0forZ<Eand T > 0,
where x' > 0if &’(i) <0and ' =0if 8'(i) = 0. For Z=E, then T = Z = E is constant. Next, from (3.10),
using (B1), (B2) and r"-d" > 0 (= 0 for T=Z= E), we obtain:
(B3) oy*100 = - a[ [N (Or'/00)di - (" - 67)(9T/00)] < O for « > 0.
and dy*¥/00 = 0 at o = 0. Finaly, from y* = yYy*;0), y* = y(yF) and (2.17), it follows that dy*/dO =
(0y*100)/[ 1-(dyF/dy’)(dy’/dy™)] = (H/H)(Oy*/90), and hence, from (2.17) and (B3), that
(B4) dy”/dO = (1A ,a/H)(0Y*/00) > 0 for o > 0 (= O for o = 0).
(i) Assuming k° = 0 and hence Z > 0, it follows from (2.9) that dZ/dy’ = -0(Z)/y’c’(Z) < 0 and 0Z/00 = -
0(2)/00'(Z) < 0. Hence, using part (i), we obtain dZ/d0 = (0Z/0y”)(dy’/dO) + 0Z/00 < 0 for Z > 0.
(iii)Since Z = E at O = 0%F, it follows from part (ii) that Z < E for 0 > 0%F. Hence, using (B2), (B4) and
dT/dy’ < 0from (3.11), we obtain dT/dO = 9T/00 + (dT/dy’)(dy’/dO) < 0for O € (0%, 0™7]. Sinceimports
arezeroat T =0, no parts areimported for 0 € [0, 0™]. Q.E.D.
Proposition 6. Assume &' = dasin (3.1). Thereexistssome & [ 8N, 0™°) suchthat for all & (6,6,
the total volume Q*’ and value V” of U.S. exportsare reduced by (i) a small increasein output, y?, OR (ii)
anincreasein 6. Anincreasein @reducesthe value morethan in proportion to the volume of U.S. exports.
Proof: (i) For © € [0™ ,0™7], we obtain dQ*/dy’ = T + y(dT/dy’) where T = T(y’,0) and, aswe now show,
(B5) d(dQ™/dy?)/dB = -(8/r)(a /o’ (TY)[(LO) + (8/r)y (dy*dO)/y] <O,
for AT = - (h(K")%h(K")h” (k™) > 0. First note that d(dQ*Ydy?)/d0 = 3(dQ*Ydy?)/30 +(c2Q/(dy’)?)(dy”/dO).
Sinced' =d asin(3.1) impliesd’(i) = 0and o’ (i) constant, we obtain 0T/00 = -o(T)/o’(T)0 from (B2) and
02T/(00)(0y’) = -(dT/dy’)/0 where dT/dy’ = - (¢"/c’(T))(1-(d/r")/y’ from (3.11). It then follows that

3(dQMdy?)/38 = ATIA0 + y(°TI(By’)(30)) = (8/)(c /o’ (T))/6 < 0.

From d?Q"Y/(dy”)? = 2(dT/dy”) + y’(c?T/(dy’)?) = (&/r)[(dT/dy’) - (c™/a’ (T))(dr'/dy?)/r"] and drT/dy’ = r"AT/yT



38
+rT(1+AN (o' (T)/o")(dT/dy”) (see (3.12) and (2.12)), gathering termsin dT/dy’, we can show:
d?QM(dy?)? = -(O/rMAT [aT/a’(T)y’ + dT/dy’] = -(6/r")? (6"/o’(T))ATlY’ <0,
proving (B5). Next, since dT/dy’ < 0 from (3.11), we obtain dQ*/dy’ =T + y(dT/dy’) <0at 0 = 0™ (i.e.
at T =0). Supposing dQ*dy’ >0 at 0 = 0™V, then, since d(dQ*Y/dy”)/dO < 0 from (B5), there exists some
0t € (0™, 0™°) for which dQ*/dy’ =0 at T = T(y’,0") and hence dQ*/dy’ < 0 for all © € (0 ,0™]. If
dQ™/dy’ < 0 at 0 = 0™, then the result follows for O- = 0™N,
Asfor the value of U.S. parts exports, since dV/dy’ = v + y’c*T(dT/dy”) from (4.1), we obtain:
(B6) dvAYdy’ = c*T(dQM/dy?) + v - TexT,
wherev* - Tc*T < 0 (< Ofor T > 0) from dv*/dT = ¢*" > 0 and d3*/(dT)? = ¢*'(T) > 0. Hence from (B6),
using dQ*dy’ < 0, we obtain dvVA/dy’ <0 at T = T(y’,0) for all 0 € (0", 0™.
(ii) Since dQ*/dO = (dQ*/dy?)(dy’/dO) + y(0T/00), using 9T/00 < 0 from (B2), dy’/dO > 0 from (B4) and
dQ™/dy’ < 0 from part (i), we obtain dQ*/dO < 0 for O € [0, 0™°. Similarly, since dVAY/dO =
(dVAYdy?)(dy’/dO) +y(ovA00), it followsusing (B6), ovAY00 = ¢* T(0T/00) and v’ -Tc* T < Othat dvA/dO
= ¢*T(dQ*/dO) + (v - Tc*T)(dy’dO) < 0 for O € [0, 0™9]. Dividing byV*’, we then obtain:
(AVAYAOYVA = T(c* TVA)(dQPYdO)QM + (VA - TcxT)(dy”/dB)/ VA

Since Tcx WA > 1 for T > 0, it follows that (dVAY/dO)/VA? < (dQ*/d0)/Q™ < O for al © € [0, 0™).

Q.ED.
Proposition 7. Assume 0> 6%°, the J-maker isamonopolistand 6'= 6 = ¢®-c*°asin (3.1). Inresponse
to the removal of the Japanese trade barrier or alternatively a reduction in U.S. costs at free trade: (i) no
parts are imported for & €[0, ™ where 6™°> 0, but the J-maker’s output y’ increases. (ii) parts are
imported for 6> J0™°, but it is possible d ¥*/dc* ° < 0 and hence that ¥ - ¥?> 0.
Proof:(i) Since dy’/dc*® = (dy’/dy¥)(dy*/dc*®) where dy’/dy* = 1/mt’;; < 0 from (2.18) and dy*/dc*°
=(ay*/oc*O) /(1 - (dydy?)) from y* = y(y’; ¢*%) and (2.18), it follows that
(B7) dy’/dc*® = (0yF/dc* /(T - (dyldy?)) < 0 iff Oy*/oc*® > 0.

Since 0 > 6%, we have k(0°y?) > 0 as defined by (2.7) and hence ¢° = p(a®y’) > 0 from (2.11). For d =
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0™, since ¢ = P° - y(1-00)™° = 0 (from (3.7) and (3.8)), $° > 0implies d™° = p°/y*(1-¢) > 0. If O™
isunique®, or alternatively, letting 6™° represent the smallest value of 0 at which T = 0, it follows that ¢°
> 0 and hence that no parts are imported for 6 < ™. Setting T=01in (3.10), we obtain dy*/dc*° = (1-a)N
>0 for & < 8™ and hence dy”’/dc*° < 0 from (B7). Also, since from (5.1), y*- y?=-(1-2)Nd < O for d <
0™, y? increases with the opening of trade.

(i) Expressing T = T(y’,c*°) from (3.8), it follows from (3.10) holding y’ fixed, that
(B8) OY¥/oc* =T+ (L- a)(N - T) + a(r" - 8)(dT/oc*9),
where 0T/9c*° = -a(T)/o’(T)r" < 0 for 6 > 0™ (from (3.8), (3.9) and %' = 0). Noting that oy*/9c*® is
discontinuous at 6 = 8™, it then follows from (5.1) using the mean value theorem, that:
yF-yl=-(1- t)NO™ - (Oy*/9c*)(0 - 6™°) for & > ™,

where dy*/oc* representsdy*/oc*° evaluated at somec* € [c*°, ¢ - 8™]. Hence dy*/oc* < Oisnecessary,
but not sufficient for y*- v’ > 0. Rearranging (B8) using 6(T) = 6(0) + Ta'(T) where ¢’= c/(i)/C(N) isa
constant (from c¢”(i) = 0) and letting ¥ = r"o(0) - da(T), it can be shown that

dy¥loc*®=N- [N + Y/r"'a’(T)] <Ofor ¢ >0and &c > a= N/(N + ). Q.E.D.
Proposition 8: Assume &> &E. If y* < y*and &> 0, then d(y”/Y)/d6@> 0 and dW/d&> O.
Proof: (i) From d(y”Y)/d® = [(y*(dy”/d0) - y*(dy*/dO)]/(Y)? using (5.4), (B4), (B3), and (2.15) it then
follows, independently of the sign of ©*,;, that for o« >0and y’ > y* (which holds for y* < y*) that
(B9) d(y’7Y)/d0 = [y*(3p'+Yp”) + (y’- y* )p'1(@yF/dB)/(Y)*H > 0.
Next, weexpressW intheformW = u(Y) - YY + ®F wherey = yA(Y*Y) + yF(yIY) represents the average
world cost of production of Y. For o > 0 and y* < y#, it then follows using (B9) that
dy/dO = (y*F-y*)(d(y7Y)/dO) + (yY)(dy*/dO) < 0 and hence, using u’(Y) = P, that

dw/dO = (P - y)(dY/dO) - Y (dy/dO) + d®/dO > O for y* < y*, Q.E.D.

“Although 0¢p'F/dc*° >0 holding y’ fixed, if anincreasein ¢*° (fall in 0) reducesy’, ¢'" may fall causing
more parts to be imported (T increases). Hence there may be more than one value of 0 at which T =0.
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