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Abstract

In the 1980s the Japanese “keiretsu” system of interconnected business groups was praised as a
model to emulate, but since then Japan has often been criticized for being less innovative than the
United States. In this paper we connect the two views and argue that tight business relationships can
create dynamic inefficiencies and reduce broad innovations. In particular, we consider the repeated
interaction between final good producers and intermediate input suppliers, where the provision of the
intermediate input is noncontractible. We build a cooperative equilibrium where producers can switch
suppliers and start cooperation immediately with new suppliers. We first consider broad innovations:
every period, one supplier has the opportunity to create a higher quality input that can be used by all
producers. Since relationships are harder to break in the cooperative equilibrium the market size for
potential innovators is smaller and the rate of innovation might be lower than in the noncooperative
equilibrium. We contrast this with a setting with relationship-specific innovations that we show are
encouraged by the establishment of relational contracts. We illustrate the predictions of the model
using the recent business history of the United States and Japan and further use patent data to show
that U.S. patents are more general than Japanese and even more so in sectors using more differentiated
inputs. (JEL: C73, K12, L14, O31, 043)

1. Introduction

An extensive literature exists on how relational contracts (that is implicit agreements
relying on mutual trust) can overcome contractual incompleteness, encourage
innovation and allow for risk sharing. A canonical example is the Japanese “keiretsu”
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FIGURE 1. Relative importance of Japanese and United States patents.

system of interconnected business groups which, particularly in the 1980s, was widely
seen as an economic system to be emulated by the rest of the world. Since then
the pendulum has swung the other way and though Japan continues to have some
of the most impressive firms in the world it is often criticized for not being as
innovative as the United States (Dujarric and Hagiu 2009). In this paper, we show
that although the establishment of relational contracts can improve efficiency and
encourage innovation within a relationship, the introduced rigidity can be detrimental
to economic growth as it discourages broader innovation. In particular, firms engaged
in relational contracting may be reluctant to switch to a new potential partner with a
better technology, thus reducing the market size for a potential innovator and reducing
the incentive to innovate. Based on this we compare the innovation pattern in the United
States and Japan: although both countries are innovative, the U.S. innovations tend to be
broader.

Figure 1 provides an illustration of this using patents with at least one citation
filed with the European Patent Office (EPO). Out of all patents filed with the EPO
24.3% are from the United States and 21.5% are Japanese. The figure shows that the
share of US patents increases by more than 70% when focusing on the top 1% most
cited patents, whereas it remains largely constant for Japanese patents. Trajtenberg,
Henderson, and Jaffe (1997) argue that the generality of a patent is better measured
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by the number of patent classes that cite the patent.! Figure 1(b) demonstrates the
same pattern for generality: the United States has disproportionately more patents with
high generality measure. In Section 5, we perform a more systematic analysis and
show that the generality of U.S. patents compared with Japan is more pronounced for
products that are more differentiated (in the sense of Rauch 1999). Our analysis aligns
with Dujarric and Hagiu (2009) who study the case of Japan and argue that although
Japan’s keiretsu system has ensured a highly productive manufacturing sector, it has
not been conducive to radically new innovations. As a consequence, Japan has failed
to establish itself as a world leader in a number of new industries such as software and
smartphones.

This paper provides a potential explanation for the differences in innovation
patterns between the United States and Japan. More generally, it shows that relational
contracts can be a poor substitute for good institutions because they transform
contractibility issues from a static problem of inefficient allocation of resources into
a dynamic problem of inefficient development of technologies. The paper focuses on
growth and innovation, yet, relational contracts, requiring long-term relationships, can
come at odds with economic efficiency, whenever the economy would benefit from
flexible relationships.

We first consider broad innovations that are not specific to a relationship: We
have in mind an industry with the following characteristics: (i) production requires
the participation of producers and suppliers, where the suppliers provide complex
inputs designed specifically for the final good producer, (ii) suppliers are competing
with each other, and (iii) innovations allow them to “escape competition” and to
increase their market share at the expense of their competitors. In a nonrepeated
framework, noncontractibility of the intermediate input typically creates an ex post
hold-up situation leading to underinvestment by the supplier as in Grossman and Hart
(1986). In a repeated framework, we rely on the existence of good and bad matches
between producers and suppliers to build a “cooperative” equilibrium. Good matches
are characterized by a higher productivity level. If a match turns out to be good, the
value of the relationship in the following period is higher than the expected value of a
new relationship. The supplier can capture the rents associated with this difference in
values if cooperation with the producer continues, which induces her to invest more
than the short-run interest would dictate. We contrast this case with two other cases:
an economy with the same lack of contractibility, but where there is no cooperation
in equilibrium (we refer to it as the “Nash case”) and a setting in which inputs are
fully contractible. The Nash and cooperative equilibria can be seen as two extremes
on a spectrum, and we think of Japan as being closer to the cooperative case than the
United States.

Every period, we let one supplier (the innovator) have the possibility to develop
a new technology, which is imitated by her competitors after one period. Producers

. .. n. . . . .
1. The generality of patent i is measured as 1 — £, s7 ;> Where s, - is the share of citations that patent i

has received from patent class j and n, is the total number of patent classes citations received by patent .
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already engaged in a long-term relationship face a trade-off: switching to the innovator
allows them to have access to a more productive technology, but at the risk of
entering into a bad match. Entering into a bad match yields a lower productivity
level no matter whether the input is contractible or not; but, when the input is
noncontractible, bad matches are also characterized by more severe under-investment
than good matches, since cooperation only occurs in the latter. Hence, bad matches
become worse relative to good matches. This worse bad match effect is the main
force behind our result that cooperation in a weak contractible setting magnifies
rigidities in relationships.> Consequently, potential innovators have less of an incentive
to develop technologies that require existing relationships to break up and fewer general
innovations will be developed in countries where strong relational contracts are more
widespread.?

We contrast this with a setting where innovation is done within an already
established relationship. We show that relational contracts encourage this type of
innovation both by improving the efficiency of production by overcoming the standard
hold-up problem and because the introduction of relationship-specific innovation
itself makes the parties more dependent on one another that further encourages
cooperation.

Our model suggests that the Japanese economy did not loose steam in spite of
the strong relational contracts, but perhaps because these strong relationships held
back broader innovations. An extensive literature exists praising a superior Japanese
economic model. Dore (1983) discusses the Japanese economy as a whole and argues
that relational contracts within the keiretsus overcome opportune behavior and allow
for risk sharing. A prime example is the auto-industry (Helper 1991; Helper and
Henderson 2014). In the heyday of the Japanese economy, there was little focus on
the disadvantages of the Japanese economic system but the sluggish growth of Japan
since the 1990s changed the tone of the literature. One such example is Dujarric and
Hagiu (2009) who argue that “...[H]ierarchical industry organization can ‘lock out’
certain types of innovation indefinitely by perpetuating existing business practices”.
They argue that in the software industry in Japan, individual companies were part
of keiretsus and developed advanced technological solutions for specific hardware
producers. By contrast, in the United States a common platform developed which that
allowed for a competitive environment in which individual software developers had
strong incentives to innovate to gain market share. Today the global software industry
is dominated by American companies. We argue below that the history of the cellphone

2. Long-term relationships also present a barrier to entry in Aghion and Bolton (1987), who show that
when an incumbent faces entry by potential competitors with superior technology, she will sign long-term
contract that reduces the risk of entry. In our set-up, however, the relationship is of a different nature as the
contract is implicit and we rule out explicit contracts that last more than a single period.

3. The introduction of dynamic inefficiencies is not trivial and depends on the source of switching
costs. In particular, in a model of exogenous fixed cost of switching, the cost of breaking up an existing
relationship would be independent of the level of cooperation and relationships would not by themselves
imply rigidity.
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industry in Japan is similar. Collinson and Wilson (2006) describe Japanese chemical
and steel production along the same lines.

Whether a country undertakes specific or broad innovations is important for
welfare: With more actors building on an innovation, broader innovations tend to
have disproportionately higher social returns (Bresnahan and Trajtenberg 1995).* This
is illustrated by the development of a broad software platforms that allowed for a
subsequent host of products developed by third parties. Moreover, Jaffe, Trajtenberg,
and Henderson (1993) and Thompson and Fox-Kean (2005) show that knowledge
spillovers as measured by patent citations are initially very localized, even for broader
innovations.’

Our paper relates to an important literature on how the existence of relational
contracts affect economic outcomes. Macaulay (1963) first showed that interactions
between firms in most markets are repeated and that firms are engaged in relational
contracts. More recently, the importance of relational contracts in developing countries
has been highlighted by Banerjee and Duflo (2000) who show that in the Indian
software industry, reputation of firms matter for the kind of contracts they are offered.
Macchiavello and Morjaria (2015) study relational contracts in the Kenyan rose export
market and find that the value of a relationship increases with its age; while whereas
Macchiavello and Morjaria (2014) find that competition weakens relational contracts
in Rwanda’s coffee sector.®

To build our baseline model, we use the insights of Kranton (1996) and Ghosh
and Ray (1996). They show that when a producer can switch suppliers at will, a
cooperative equilibrium can only arise if there is a cost in switching partners (from
the choice of equilibrium in Kranton 1996, and from impatient players in Ghosh and
Ray 1996).

Two papers are close to our work: Board (2011) considers a simple hold-up problem
where a principal invests in a supplier for the provision of an input. There are several
suppliers and investment costs are stochastic. To prevent hold-up, a principal and a
set of suppliers enter a relational contract where the principal is biased toward the
suppliers with whom he has already worked. This implies that an outsider with a

4. Bessen (2008) estimates that more general patents have more private value (controlling for the
number of citations). The broadest of innovations is called “General Purpose Technology” (Bresnahan
and Trajtenberg 1995). An extensive literature exists on the importance of general purpose technology for
both the level and the pattern of economic growth (see Jovanovic and Rousseau 2005; Helpman 1998).
Hall and Trajtenberg (2004) use generality as a measure to identify GPTs in patent data.

5. A parallel can be made between our paper and Akcigit and Kerr (2016). They draw a distinction
between external innovations to create new products (similar to general innovations in our framework) and
internal innovations to improve a current product (similar to relationship-specific innovations here). They
find that external innovations are more cited (indicating that they are more valuable). They calibrate an
endogenous growth model and find that in the United States, external innovation are responsible for 80%
of economic growth.

6. Allen, Qian, and Qian (2005) and Allen et al. (2006, 2008) show in related papers that in India and
China long-term relationships provide a way of financing firms.
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better technology is not systematically chosen, in line with our results.” Nevertheless,
our paper goes further in several dimensions. First, we analyze how rigidities in turn
affect the incentives to innovate. Second, in our set-up, cooperation can be welfare
reducing, which it never is in his paper. Third, we also emphasize situations where the
establishment of long-term relationships does not create rigidities.

Johnson, McMillan, and Woodruff (2002) offer an empirical counterpart. They
use an Eastern European survey of firms and show that in ongoing relationships, the
belief in the efficiency of the court had very little impact on the level of trade credit, a
proxy for the level of trust between firms. This suggests that firms engage in relational
contracts. However, it matters a lot at the beginning of a relationship and for firms’
incentives to try out new suppliers. Our model shares the same features, and may be
understood as a rationalization of their results.

Our paper also relates to the literature on the impact of institutions on
macroeconomic outcomes, both theoretical (Acemoglu, Antras, and Helpman 2007)
and empirical (Boehm 2013, Cowan and Neut 2007; Nunn 2007). Acemoglu, Aghion,
and Zilibotti (2003) show that institutions that favor the establishment of long-term
relationships between firms and managers are appropriate far from the frontier but
become a burden close to it. Bonfiglioli and Gancia (2014) present a similar trade-
off. These papers, however do not allow for relational contracts. In contrast to
our paper, Francois and Roberts (2003) study the impact of growth on contractual
arrangements.

Finally, we can draw a parallel between our model and the Industrial Organization
literature on buyer power and supplier innovation. For instance, Inderst and Shaffer
(2007) find that following a merger, a retailer can increase its profits by reducing the
number of its suppliers, which in return may lead suppliers to reduce the diversification
of their products.® In our model, relational contracts push a buyer (the producer) to
stay with the same supplier (and therefore to reduce the number of suppliers he works
with) that reduces suppliers’ innovation.

We start out by introducing the basic model in Section 2, where we describe
the cooperative equilibrium that we study and show that cooperation leads to rigid
relationships. Section 3 studies the effect of cooperation on the rate of innovation.
Section 4 demonstrates how cooperation encourages relationship-specific innovations.
Section 5 discusses our results in light of a comparison between the United States and
Japan and tests some of our results using patent data. Section 6 presents two extensions:
a combination of both models and an extension of the baseline model where imitation
need not occur after one period. Section 7 concludes. The proofs of the main results
are available in Appendix A and the remaining proofs in the Online Appendix (Online
Appendix B).

7. Similarly, Calzolari and Spagnolo (2009) find that a principal may want to limit the pool of agents
that he chooses from to induce cooperation.

8. On the other hand, both Inderst and Wey (2011) and Fauli-Oller, Sandonis, and Santamaria (2011)
find that buyer power incentivizes upstream investment.

G20z 4890100 | uo Jesn Aieiqi AusieAiun usbeyusdo) ‘Aieiqi [eAoy AQ Zey/E0/S8E/Z/91 /o1on1e/easl/woo dno olwepeoe)/:sdiy Woil pepeojumoq


https://academic.oup.com/jeea
https://academic.oup.com/jeea

Hémous and Olsen Long-term Relationships: Static Gains and Dynamic Inefficiencies 389

2. Cooperation and Rigidity of Relationships

A representative agent consumes a set of differentiated goods (denoted c;) of measure
1, and a homogeneous outside good (denoted C,) with a utility function given by

> 1 (og lL—ld
v= —(c,,+— | ¢.7 dj) 1
Z(l+p)’(°’t+0—1/oc” J) @

t=0

where p is the discount rate. We drop the subscript ¢ when this does not lead to
confusion.

The outside good is produced at constant returns to scale one for one with labor
and we normalize its price and wages to 1 (we consider parameter values such that the
outside good always remains active).” All the action in the model takes place in the
production of differentiated goods. The demand for a variety j, s and the quantity of

variety j produced, g;, can be written as a function solely of its own price,'?

q; =c; =p;°. )

There is a mass 1 of final good producers and each variety is associated with
one producer who has the monopoly right over that variety. Final good producers die
with probability §” every period and are replaced with new ones. Moreover, in every
period, each final good producer must hire a single intermediate input supplier. There
is a mass 1 of infinitelylived intermediate input suppliers.'! Each supplier can supply
any number of final good producers without decreasing returns to scale.

More specifically, if the monopolistj hires the supplier &, the production technology
is linear in the quantity of high quality inputs provided by the supplier

g, = (ijAk>allX, 3)

where ij is a match specific and verifiable permanent level of productivity, A, is
the productivity of the intermediate input supplier k& (with any producer) and X is
the quantity of intermediate inputs of high quality provided by the supplier (we will
refer to ijAk as productivity, although, strictly speaking productivity is given by

(6;A )@= 1) Producing one high quality intermediate input requires one unit of the

9. Because of technological progress, the differentiated sector will eventually become so productive, that
the consumption of the homogeneous good is driven to 0. Hence, technically, we present an approximation
that is only valid for sufficiently low productivity of the differentiated sector. Alternatively, if the
productivity of the homogeneous good also grows at the rate of the technological frontier (through a
knowledge externality), then our solution is exact. Nothing of substance depends on this.

10. The functional form of the utility function allows us to avoid general equilibrium effects through
wages (due to the homogeneous good) or the price index of the differentiated goods (as utility is separable).
These features would complicate the analysis without changing any of our central results.

11.  We could equally have assumed that the intermediate good suppliers die with probability §°.
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homogeneous good, but the supplier can also produce an intermediate input with no
value in production at O cost. The match-specific level of productivity 8 ' can take two
values: 0, = 1 in good matches or 6, = 6 < 1 in bad matches. The quality of a match
is revealed to both the supplier and the producer when they are matched (but before the
supplier has incurred any investment) and is permanent.'?> A producer/supplier pair is
a bad match with probability b. Once a supplier has been chosen, a period has to pass
before the producer can form new relationships.

Throughout the paper we normalize the amount of high quality inputs provided by
the supplier by 6, A;, and denote it x (such that x = X/(6,A))). x also corresponds
to the normalized investment level, as low quality inputs are produced costlessly. We
can then express revenues as QA].kAkR(x), where R(x) = x(© ~ D/o | and joint profits as
6 4 A I1(x) where IT(x) = x(@ = D/9 _ x. We think of a period as corresponding to several
years. Hence, the quantity of intermediate inputs X captures not only an intermediate
input per se, but different relationship-specific investments in physical or human
capital.

2.1. Contractual Incompleteness

We model contractual incompleteness as a classic hold-up problem (a simpler version
of Grossman and Hart 1986). More specifically, an input is specific to a particular
producer and is useless to any other agent in the economy. Once a producer has
chosen to work with a particular supplier, he cannot find another supplier for this
period and the two are engaged in a bilateral monopoly. We briefly consider the
one shot interaction in order to show the inefficiencies that repeated interactions can
overcome.

If the input is contractible, the court can verify whether the input provided is of
high or low quality. The producer and the supplier sign a contract where the normalized
quantity of high quality inputs is at the first best level (m) given by

m = arg max R(x)—x=(o—-1)/0).

If the input is noncontractible, the court cannot verify the quality of the input.
We further make the classic assumption that revenues and expenditures of the parties
are nonverifiable and cannot be part of a contract. There is a standard double hold-up
problem: the producer can claim that the inputs are of low quality and refuse to pay and
a supplier can costlessly deliver low quality inputs: any contract specifying the amount
of inputs of high quality to be provided is worthless. Revenues are shared through ex
post Nash Bargaining, where 8 € (0, 1) is the bargaining power of the supplier. Since
she bears the full cost of the investment but is only paid a share 8 of the revenues

12.  As explained in Section 3.4, this is not a crucial assumption: the logic of our results would hold if
the type of a match is revealed after investment has occurred.
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she provides the amount of high quality input that maximizes her ex post profits, the
“Nash” normalized level of investment, n, given by

n =argmax BR(x) —x = Bm,
X

where there is naturally underinvestment: n < m.

Before the producer and the supplier start working together, an ex ante cash
transfer can be exchanged. If all suppliers are identical ex ante (A, = 1 for all k)
Bertrand competition ensures that they make zero profits. Hence, the ex ante transfer
from the supplier to the producer is equal to t = (1 — b + bO)BR(m) — m) in
the contractible case, and to t = (1 — b + bO)(BR(n) — n) in the noncontractible
one.

2.2. Innovation

We focus on “Schumpeterian” innovations where firms can capture a larger market
share by improving the quality of their products (see Aghion, Akcigit, and Howitt 2015,
for the relevance of Schumpeterian growth theory). We think of these innovations as
representing broad innovations that can be adopted by several firms or sectors and
study the case of relationship-specific innovations in Section 4.

For the moment, we abstract from the innovation decision and assume that an
innovation happens with probability §/ € (0, 1)—innovation is endogenized in Section
3. When innovation occurs one of the suppliers gets access to a technology y > 1 times
more productive than the previous frontier technology, but, after a single period all
suppliers have access to the new technology. This matches our view of each period
corresponding to several years but can alternatively be viewed as reflecting relatively
poor IPR protection. Section 6.2 presents a case where innovation diffuses. We denote
by A the current frontier technology, so that, in periods without innovation all suppliers
use technology A, and, in periods with innovation only the innovator uses the frontier
technology whereas the other suppliers use y ~'A.

2.3. Timeline

The overall timeline within each period is as follows (Figure 2):

>
>

1. 2. 3. 4. 5. 6.
Final good produ- Innovation occurs Each supplier makes a take-it-  Each producer  The type of the The supplier decides Revenues are sha-
cers die with pro- with probability §'.  or-leave-it offer of an ex-ante  chooses his sup- matchis revealed on how much high  red between the
bability 6 and  If innovation occurs  transfer t to each producer. plier and the if the two parties  quality input to pro- producer and the
a mass 6° of new one supplier has In the contractible case, she also transfer t from are interacting for vide in the noncon-  supplier through
final good pro-  access to a technology commits to an amount of high  the supplierto  the first time (itis tractible case. ex post bargaining
ducers are born. y>1 times more quality input conditioned on the the produceris already known where the supplier
productive. quality of the match. paid. otherwise). has a weight of B.

FIGURE 2. Timeline.

G202 1940100 {1 Uo Jasn Aeiq Ausieaiun usbeyuado) ‘Aieiqi] [eAoy AQ ZE1/E0P/S8E/2/9L/a0nle/easl/woo dno olwapese//:sdyy wol) pepeojumoq



392 Journal of the European Economic Association

Every stage game has three moves: in phase 3 suppliers make offers of ex ante
transfers, in phase 4 producers choose suppliers, and in phase 6 suppliers undertake
the investment.'® Since the transfer is in cash, it is verifiable and contractible.

2.4. Contractible, Nash, and Cooperative Cases

Having described the model assumptions, we now characterize the two equilibria
that we study when the input provision is noncontractible: the Nash case where the
supplier’s normalized investment level is fixed at the one-shot interaction level n and
the cooperative case where in some matches the normalized investment level is above
the Nash level n (that is the supplier “cooperates” with the producer). We contrast
both equilibria with an alternative set-up: the contractible case where the input is fully
contractible and the first best level of investment can be achieved even in a one-shot
interaction.

Contractible and Nash Cases. In both cases, a nascent producer switches suppliers
until he finds a good match and stays with her in periods without innovation. The good
match supplier offers an ex ante transfer that allows her to capture the entire surplus
of the ongoing relationship over any other relationship. In periods with innovation the
producer optimally decides whether he should switch to the innovator (we study this in
Section 2.6). If the innovator turns out to be a bad match, the producer resumes working
with his previous good match supplier in the following period. The only difference
between the two cases is the investment level: it is given by the first-best level m in the
contractible case and the Nash level 7 in the Nash case.'*

Strategies of the Cooperative Equilibrium. There is a continuum of SPNEs featuring
some level of cooperation. We consider strategies where the game is played
independently for each producer. Our goal is to model a competitive industry where
suppliers innovate in order to capture new customers. To capture this, we focus on a
class of equilibria where (under some constraints) cooperation within new relationships
is as high as possible from the beginning of the relationship—and as explained below
our equilibrium satisfies a “bilateral rationality constraint”. In other words, we consider
a situation where relationships are relatively flexible because it is “easy” for a supplier
to attract a producer, as she can offer him a high level of cooperation from the
start.

13.  The assumption of suppliers, making take it or leave it offers simplifies matters, but is not necessary.
We could extend the model to include ex ante Nash bargaining over the surplus without affecting the
incentive constraints (a similar result is demonstrated in MacLeod and Malcomson 1989).

14. The contractible environment is still a world of limited contractibility as we do not allow for contracts
across periods or between more than two parties. Hence, the equilibrium in the contractible case need not
achieve the overall first best.
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We define a “cooperating good match supplier” as a good match supplier with
whom no deviation triggering a punishment has occurred. Similarly a “noncooperating
good match supplier” is a good match supplier with whom a deviation (by either party)
triggering a punishment has occurred. An “outdated” supplier is a supplier who does
not have access to the frontier technology. We can now state the following proposition
that characterizes the strategies played in our cooperative equilibrium (Appendix
A.1 provides a formal proof and the following subsections explain the equilibrium
intuitively).

PROPOSITION 1. The following strategies form a SPNE and apply for each producer
independently:

(S1) A cooperating good match supplier invests x* if she has access to the frontier
technology and y* otherwise. A bad match and a noncooperating good match invest n.

(S2) The values x*, y* € (n, m] are chosen so as to maximize the joint value
of a relationship under the incentive compatibility constraint faced by a good match
supplier.

(S83) The producer switches supplier until he finds a good match (in periods with
innovation, he tries out the innovator), who then becomes a cooperating good match.
Once the producer knows a cooperating good match, he sticks with her in periods
without innovation. In periods with innovation, he optimally chooses between the
outdated cooperating good match and the innovator depending on which relationship
offers him the highest value. If the innovator turns out to be a good match, she becomes
the new cooperating supplier.

(S84) A cooperating good match supplier becomes noncooperating when: (i) she
did not invest x* or y* when she should have, or (ii) in a period without innovation, the
producer picked a different supplier, or (iii) in a period with innovation, the producer
chose another outdated supplier, or (iv) in a period with innovation, the producer chose
the innovator and the innovator turned out to be a good match. A cooperating good
match supplier does not become noncooperating if the producer chose the innovator
and the innovator turned out to be a bad match. All good match suppliers are initially
cooperating.

(S5) If a deviation has occurred, the producer optimally chooses between starting
a new relationship or sticking with the non-cooperating good match depending on
which relationship offers the highest total discounted profits.

(S6) Ex ante transfers are determined by Bertrand competition such that the
producer is indifferent between his first best and second best option, and the second
best supplier is indifferent between being chosen and not.

2.5. Characterizing the Cooperative Equilibrium

The equilibrium is characterized by two (normalized) investment levels: x* in frontier
good matches and y* in outdated good matches. This subsection and the next explain
how cooperation can be sustained, how x* and y* are determined, and the role played
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by the assumptions on the strategies in Proposition 1 (S1-S6). Appendix A.2 gives a
set of conditions on strategies that pin down the same SPNE. '3

Value Functions. To characterize the investment levels x*, y*, we must first derive
the value functions. We normalize the value functions by the level of the frontier
technology. In a period without innovation, we use the notation V;? to denote the
beginning of the period normalized value of a producer (z = p), a supplier (z = s) or
the total value (z = 7) in a new relationship (i = 0) or a relationship with a cooperating
good match supplier (i = 1). By “supplier value” here we only refer to the value that the
supplier captures from working with that specific producer (since the game is played
independently, we do not have to keep track of the value the supplier captures with
other producers). In a period with innovation we similarly use W;* to denote the value
with an outdated supplier (i = 1 for a cooperating good match and i = O for a new
supplier).

Consider the relationship between a producer and a cooperating good match
supplier with the frontier technology. Their (normalized) joint value obeys

1_D

1+p

vi =) + (=8 +sTyw]). @

The current normalized profits are given by IT(x*) (per S1). If the producer survives,
which happens with probability 1 — §7, there are two possibilities for the next period.
If no further innovation occurs, he keeps the same good match supplier. The situation
is then identical to the current one, so the joint value is VIT. With probability 87, an
innovation occurs, the frontier technology moves one step and the producer has to
decide whether he should switch toward the innovator or stay with the now outdated
good match supplier (per S3). This decision depends on parameters and is the subject
of Section 2.6. If he stays with the outdated good match, their joint value (normalized
by the previous period’s technology) is given by leT. If he switches, then per S6,
Bertrand competition implies that the innovator captures the surplus over the producer’s
second best option, namely staying with the outdated good match; so that the joint
value of the producer and the current good match is still given by leT.

The (normalized) joint value of a relationship between a producer and a
cooperating, outdated, good match supplier in periods with innovation similarly obeys

1-8P
. ((1 —sHyyT + SIleT). )

1
W= O+

15. These are (i) a symmetry and information condition, which ensures that equilibrium play does not
depend on irrelevant information; (ii) a forgiveness condition, which as discussed below, ensures that the
supplier resumes working with a producer who switched to the innovator if the innovator turns out to be a
bad match; (iii) a bilateral rationality condition and (iv) a no-cooperation in bad matches condition.
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The current normalized profit flow is now given by y ~' TI(y*): the supplier’s technology
is one step below the frontier and the supplier invests y* instead of x* (per S1). If no
innovation occurs in the following period, the supplier gets access to the frontier
technology and the producer sticks to that supplier (unless a deviation has occurred),
so that their normalized joint value is VIT. If another innovation occurs, the situation
is the same as for equation (4) as the supplier remains just one step below the new
frontier.

Consider now a producer that has not yet met a good match supplier. In a period
without innovation, following S3, this producer will start a new relationship (he has
no interest in staying with a bad match whose productivity is below average and who
does not cooperate). The joint value of starting a new relationship obeys

1—68P
VI =1 =b) V]I +b0T(n) + b
0 ( ) 1 (”) 1+p

((1 —sHyvT + SIJ/WOT). ©6)

With probability 1 — b, the supplier is a good match. Once this is revealed, the supplier
can invest x* and the joint value is simply VIT. With probability b, the supplier
turns out to be a bad match, and current profits are only 6I1(n) as both productivity
and cooperation are lower (per S1). The continuation value of a bad match supplier
(with this producer) is 0, since the producer never returns to that supplier. Instead the
producer will start another relationship in the next period. If no innovation occurs,
several firms will have access to the frontier technology, so that through Bertrand
competition (per S6), the producer captures the whole expected value of this new
relationship: V¥ = VOT. When an innovation occurs the producer gets the value of
his second best option (per S6), namely a new relationship with an outdated supplier:
yWOT.
The law of motion for WOT is similarly given by

wl =1 -pwT +b19n(n)+b1_5D
0o = 1 Y 1+ p

((1 —shyvT + SIyWOT). 7

With probability 1 — b, the outdated supplier turns out to be a good match delivering
the joint value WIT. With probability b, the outdated supplier is a bad match so that
the investment level is n (per S1), and productivity is y times below the frontier. The
following period is identical to the previous case where the producer meets a new
supplier with the frontier technology since the frontier technology diffuses after one
period.

To find the value functions for suppliers and producers, consider again a producer
who knows a cooperating good match supplier. In a period without innovation, his
second best option is to start a new relationship. Per S4, if he does so, and therefore
deviates on his previous good match supplier, she becomes noncooperating, but other
potential good match suppliers are still willing to cooperate immediately, delivering the
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joint value VOT.l(‘ By Bertrand competition (see S6), on equilibrium path, the producer
in a relationship with a cooperating good match supplier must capture his second best
option, namely V.7, whereas the cooperating good match supplier can capture the
surplus of a relationship with her over the producer’s second best option. Therefore,
we obtain

VP =v&and v = v -1 (8)

Incentive Compatibility Constraints. We can now describe the incentive
compatibility (IC) constraints faced by suppliers. After the ex ante payment, a
cooperating frontier supplier has a short run incentive to deviate from x by investing
n. She would then gain ¢(x)A,, where A, is the technology used by the supplier and

¢(x) = (BR(n) —n) — (BR(x) — x). (€))

Per S4, the cost of such deviation is that cooperation ceases, and the producer expects
the now noncooperating good match to only invest n from now on. Per S5, he optimally
decides between trying a new supplier or sticking with this noncooperating good match.
Here, we focus on parameters for which the former occurs, so that the continuation
value of a noncooperating good match supplier (with that producer) is 0 (see Online
Appendix B.1 for the other cases). On the other hand, if the supplier cooperates and
the producer survives, their relationship continues (per S3) and her continuation value
is V¥ if there is no innovation and y W otherwise (W}’ is derived in Appendix A.1).
Therefore, a good match supplier who has access to the frontier technology faces an
incentive compatibility constraint given by

o 1=8P
e () =55,

((1- 5’) Vi shywy). (10)

This IC constraint applies to any cooperating good match supplier with the frontier
technology: an old supplier in a period without innovation, a new supplier who turns
out to be a good match in a period without innovation, or the innovator if she turns out
to be a good match. Indeed, at the time of the investment decisions, all these suppliers
face the same situation (in particular a good match innovator is not different because in
the next period, all suppliers will have her technology). This justifies our assumption
S1 that all good match suppliers with the frontier technology cooperate to the same
extent (as long as no deviation has occurred for them).

16. Technically, the presence of a noncooperating good match supplier could affect the value of starting
a new relationship so that in equation (8), one should replace VOT with V07 " the value of starting a
relationship when the producer knows a noncooperating good match. Nevertheless, if the producer always
prefers trying a new supplier to staying with a noncooperating good match, then V| = V" and (8) holds
(see Appendix A.1 that deals with this issue rigorously).
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Without innovation, the incentive constraint of an outdated good match supplier is

D
y le(r") < 11— (a=shyvi+sTywy). (1)

+p
The right-hand sides of (10) and (11) are identical but the left hand side of (11) is lower
at equal levels of investment, which is why we had to allow for two different levels of
investment x* and y* in S1. To understand this, consider a period with innovation, then
the incentive to deviate in a good match is scaled by the technology currently used,
which is lower for an outdated supplier than for the innovator, whereas the reward from
cooperation is scaled by the technology available in the next period that is the same

for an outdated supplier and the innovator since imitation occurs after one period.

Following S2, we focus on equilibria where investment levels x* and y* maximize
joint profits under these incentive constraints, so that either x* and y* are equal to the
first best or their respective incentive compatibility constraint (10) or (11) bind. By
definition g(n) = 0, so the investment levels are higher than the Nash level: x*, y* > n.
Further, since (11) is a laxer constraint than (10), the level of investment with an
outdated supplier must be weakly higher than with a frontier supplier, i.e. thatis, y* > x*
(with equality if x* = m). Appendix A.1 derives explicitly the right-hand side of both

IC constraints that then allows us to fully characterize the investment levels x*, y*.!”

Bilateral Rationality. Together, S1, S2, and S4 imply that our equilibrium satisfies
a “bilateral rationality” condition for good matches, in that a producer and a new
supplier’s strategies are such that cooperation is maximized right from the beginning
of the relationship (see Appendix A.2). In particular, if a producer had deviated on a
supplier before, new suppliers are still willing to cooperate with that producer right
away (in other words, suppliers do not coordinate to enforce cooperation). This feature
of the equilibrium matches our goal capturing an industry where suppliers innovate
to increase their market share and therefore should not start by “punishing” new
customers.

It is well known in the literature that generating cooperation when players can
switch partners at will requires a switching cost: otherwise, the threat of retaliation
from the current partner does not carry any force and the cost from not cooperating is
nonexisting. The switching cost here is the risk of finding a bad match.'® A good match

17.  Online Appendix B.1 does the same for parameter values such that the producer does not always
prefer trying a new supplier to staying with a noncooperating good match. In addition, Appendix A.3
provides comparative static results on how the investment levels depend on the parameters of the model.

18. Kranton (1996) first demonstrates that in a setting with identical agents and costless switching
between partners any equilibrium featuring more cooperation than a one shot interaction cannot be “pair-
wise enforceable”: any equilibrium with cooperation requires some initial cost of a new relationship from
lower initial cooperation, but when two new partners first meet they could credibly agree to skip the initial
low level of cooperation and the equilibrium unravels. Both Ghosh and Ray (1996) but also Kranton (1996)
build equilibria that overcome this by introducing impatient players who never cooperate. The existence of
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supplier benefits from having been revealed as such. This informational advantage acts
as a fixed cost that pushes the producer to stick to the same supplier, who can then
capture the associated rents. The prospect of capturing these rents induces cooperation
by a good match supplier in the first place. Crucially, this fixed cost interacts naturally
with the incomplete contractibility: there is no cooperation in bad matches, as bad
matches have no prospect.'” Hence bad matches are “even worse” relatively to good
matches in the cooperative case than in the contractibility or the Nash cases.

2.6. To Switch or not to Switch

Having demonstrated that long-term relationships can mitigate the under-investment
from contractual incompleteness, we now show that cooperation makes relationships
more rigid. In periods when one innovator has a superior technology, producers without
good match suppliers try her. Producers already in a good match face the trade-off of
accessing the better technology, but at the risk of engaging in a bad match.

Consider first the contractible case. The technological advantage of the innovator
lasts for only one period and, if the innovator is a bad match, the producer reverts to
his old supplier. Therefore, the producer switches to the innovator if and only if

1—b+b6 >y ! orequivalently, y > y°" = (1—-b+5b6)"1.  (12)

With probability b the new supplier is a bad match, but her technology is y times more
productive. The Nash case is identical except with investment levels at n. Hence, the
producer switches to the innovator if and only if y > yNash = ycon,

‘We now turn to the cooperative equilibrium built above. A producer previously in a
good match switches to the innovator, if and only his expected value with the innovator
is higher than that with his old supplier. These expected values depend on whether
the outdated good match supplier punishes a producer who switches to the innovator.
S3 and S4 stipulate that the outdated supplier punishes the producer for switching if
the innovator turns out to be a good match. Otherwise, in the following period, there
would be two good matches (the innovator and the previous good match) willing to
cooperate with the producer with the same technology. This means that neither could
capture any value that precludes any cooperation in the current period. However, S3
and S4 also stipulate that if the producer switches, and the innovator turns out to be a
bad match, then the previous supplier forgives the producer and resumes cooperation
in the following period (that innovator is no longer viewed as a threat).? As a result,

such players (similar to our bad matches here) serves as an expected cost of establishing a new relationship
and enables cooperation.

19. If 6 is low enough, it is in fact impossible to build an equilibrium that features cooperation in all
bad matches. For higher 6 one can build mixed strategy equilibria where some, but not all, bad matches
feature some level of cooperation. Allowing for such would alter little in our general analysis, but would
complicate both exposition and notation.

20. This assumption is the natural starting point because, as explained below, it makes the switching
decision jointly efficient and it simplifies exposition. We consider the opposite case—where a supplier
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the decision to switch depends only on profits in the first period because in the next
period the producer will be with a cooperating good match supplier in either case.

The innovator is a good match with probability 1 — b, in which case she invests
x* and a bad match with probability b, in which case she invests n, whereas the
old good match supplier invests y* and her technology is y times less productive.
Hence, producers previously in a good match switch to the innovator if and only if
(1 — HII(*) + bOTI(n) > y~'TI(y*) (Appendix A.1 provides a formal proof). This
can be written as

1= b+ bO(IT(n)/TI(x*)) >y~ (TT(y*)/ T (x™)). (13)

Cooperation occurs in good matches so x* > n, moreover, as explained above y* > x*.
Therefore TI(n)/TT(x*) < 1 and TI(y*)/TI(x*) > 1 so that (12) is more easily satisfied
than (13), which gives us the following proposition.

PROPOSITION 2. (i) The parameter set for which innovators capture the whole
market in the cooperative case is a subset of the parameter set for which innovators
capture the whole market in the contractible or the Nash cases. (ii) In particular, the
minimum technological leap required for an innovator to capture the whole market

in the cooperative case (y“°°P) is higher than that in the contractible or Nash cases:
J/coop > ycon — yNash‘

This proposition is the result of two effects: First, a worse bad matches effect
as a bad match is more costly relative to a good match in the cooperative case.
Indeed, bad matches have an inherently lower productivity level, but they also involve
less investment as both parties realize that the relationship will come to an end in
the following period. This effect is captured by the term IT(n)/I1(x*) in (13).2' Tt
makes switching to the innovator a riskier activity when the producer is engaged in a
relationship.

The second effect is an encouragement effect, which comes through the term
I1(y*)/TI1(x*) in (13): The opportunity to obtain the frontier technology in the following
period encourages an outdated supplier to provide a larger effort, which partly erodes
the technological advantage of the innovator. The encouragement effect is especially
strong when imitation happens after only one period, but exists as long as the supplier
has a positive probability of getting access to the frontier (see also Section 6.2).

Proposition 2 delivers the first important message of the paper: in a context of weak
contractibility, cooperation makes it more difficult to break up existing relationships.

always punishes a producer if he switches supplier, no matter what happens with the new supplier—in
Appendix A.4 and demonstrate that under quite general conditions the qualitative results are the same and
that the inability to revert back adds another source of rigidity from cooperation.

21. Recall that for 8 sufficiently small, cooperation in bad matches is necessarily impossible. For 6 not
small enough, the fact that there is no cooperation in bad matches directly results from our assumption on
the equilibrium play. However, even if a pair were to deviate and start cooperating, the level of normalized
investment would be lower than in good matches, and so even this “cooperative” bad match would be
relatively worse, than in the contractible or Nash cases.
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Because of the existence of bad matches, for y sufficiently low, innovations are
not adopted by suppliers in good matches, but the threshold for adoption is higher
in the cooperative case than in the contractible or Nash cases. Importantly, so far,
there are no welfare cost from this “rigidity” of relationships and welfare in the
cooperative equilibrium is necessarily higher than in the Nash case. Indeed, because
of the “forgiveness condition”, the decision to switch or not is jointly efficient for the
outdated supplier, the innovator and the producer.?” There are only welfare costs once
the innovation rate is endogenized.

Furthermore, when y € (y¢°", y€°°P), Proposition 2 directly predicts that
technological differences across firms should be more important in countries with
poor contractibility institutions and high level of cooperation/trust than in countries
with good institutions or poor institutions but very low level of cooperation/trust. This
is line with a large literature, started with Hsieh and Klenow (2009), which argues that
productivity differences are larger in developing than in developed countries.

3. Endogenous Innovation

Subsection 2.6 showed that cooperation creates rigidity in long-term relationships. We
now turn to the issue of how this rigidity can be the source of dynamic inefficiencies by
endogenizing the rate of innovation. We show that it is reduced with noncontractibility
and may be further reduced by cooperation.

3.1. Rate of Innovation

To endogenize innovation we choose a simple setting, but since the crucial element is
the impact of relational contract on the value of an innovation, it should be clear that
our results hold more generally. Every period, one supplier gets a new idea that turns
into a useful innovation with probability §’ if the potential innovator invests Ay (')
(where A is the frontier technological level before innovation occurs). The function
¥ is convex with ¥(0) = 0, ¥/(0) = 0 and 8lliE]1ﬂ’ (81 ) = oo. Since the probability

that the potential innovator has already made a successful innovation is infinitesimal,
the previous period market share of the potential innovator is infinitesimal and for all
purposes the potential innovator is an entrant. Here, we compare the rates of innovation
in the three different cases: contractible, Nash and cooperative.

Thanks to Bertrand competition the innovator captures the entire surplus of a
relationship with her over the second best option of the producer.”* Because imitation

22. Infact, from a welfare point of view, at a given rate of innovation, producers switch to the innovator
“too much”. As final good producers are monopolists (the level of normalized investment that maximizes
welfare is higher than m) bad matches are even more detrimental to welfare than to profits, and switching
to the innovator inevitably involves more bad matches.

23.  More generally, with ex ante Nash Bargaining, the innovator would capture only part of the difference,
but as long as she captures a constant positive part, the results of this subsection carry through.
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occurs after one period and a supplier forgives a producer who switches to the innovator
if the innovator turns out to be a bad match, this surplus corresponds to the difference
in profits between the two options in the first period (if it is positive). We denote by
VIS ,’t the value captured by the innovator (normalized by the frontier productivity level)
from a relationship with a producer, who knows a good match supplier (r = g), or does
not (t = b), for the contractible (K = con), the Nash (K = Nash) and the cooperative
cases (K = coop). In the contractible case, depending on whether the producer is in a
relationship with a good match or not, the value captured by the innovator is given by

Vg = (=b+b00—y ) T(m) otV =(1—b+b6)(1—y )1 (;(711)4.)

The situation of producers previously in a good match has been analyzed in (12). The
reasoning is similar for the other producers: joint expected profits are the same with
the innovator and any other supplier except in the first period where they are y times
higher with the innovator. Similarly, for the Nash case, we get

s —1\t
VI,’Iiashz(]_b-’_bg_V 1) H(l’l)

and  Vy . = (1—b+b0)(1—y™") (). (15)

Finally, in the cooperative case, we get

VeE = (A=) T (x*) +bOTI(n) —y ' (y*)) . (16)

I,coop —

Vil = =b) (T (x*) =y ' T (y*)) + 66 (1 -y ) T(n). (17
The case of producers previously in good matches follows from the derivation of (13): if
the producer switches his expected profits are (1 — b)IT(x*) + bOTI(n), if he stays with
his old (good) supplier, she will deliver effort y*, but will use a technology that is y times
below the frontier, generating profits y ~' TI(y*). The innovator captures the difference
if it is positive, which gives (16). For a producer who does not know a good supplier,
the alternative to starting a relationship with the innovator is to try a new (outdated)
supplier. Such a supplier would bring expected profits y (1 — b)II(y*) + bOTI(n))
as she is a good match with probability 1 — b but uses a technology y times below the
frontier. The innovator captures the difference in profits, namely (17).

In equilibrium, the steady-state fraction of firms previously not in a good match is
constant given by @ = §°/(1 — (1 — §°)b).>* Hence, assuming that the steady state

24. o is the share of firms that know a good match supplier willing to cooperate with them. It does not
depend on the rate of innovation, because when an innovation occurs, producers do not lose the possibility
to cooperate with their old supplier.
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has been reached, the innovator solves the problem
maxyd [0V % (87) + 1 =) V% (87)] - v ). (18)
s

for K € {con, Nash,coop}. We denote by Z = a)VISIb< (51) + (1 —-w) VIS”I‘i (51),
the expected total value of an innovator. The first order condition ¥/(8") = y Z;, uniquely
defines the equilibrium rate of innovation in the contractible case (§°°”), and in the
Nash case (89", In the cooperative case, the value of the innovator depends on the
equilibrium rate of innovation, so any fixed point of the first order condition would be a
solution to the problem. We consider the highest one and denote it §°°°? (alternatively
we could assume that v is sufficiently convex to rule out multiple equilibria). A higher
expected value Z leads to a higher rate of innovation.
From (16) and (17) the reward from innovation in the cooperative case is

o (=0 (17 B) 00 (1) )
+ (=) ((1-b) +bOHE —y~ H(yz)

Z = II (x*)

coop

. (19)

implying that Z ., ,, is an increasing function of IT(x*) and IT1(n)/I1(x*) and decreasing
in TI(y*)/T1(x*). In the Nash and contractible cases the ratios are replaced by 1 and
I1(x*) by I1(n) and I1(m) respectively. The comparison between the innovation rates
in the three cases results then from three effects. The worse bad match effect reduces
the expected gain from innovation in the cooperative case as the lower productivity
of a bad match will be further amplified by the lack of cooperation (this is reflected
in II(n)/TI(x*) < 1 in (19)). The encouragement effect (II(y*)/T1(x*) > 1 in (19))
induces more cooperation from the existing supplier in the cooperative case that reduces
the gain from switching and therefore the value of the innovator. And the scale effect:
a higher level of investment by frontier good matches increases profitability should
the innovator turn out to be a good match that increases the incentive to innovate
(TI(n) < T(x*) < TI(m)). Comparing the contractible case to the cooperative one,
all effects go in the same direction and §°°°7 < §°°” unambiguously. Comparing the
cooperative and Nash cases, the worse bad match and the encouragement effects push
toward §Vesh > §¢00P bt the scale effect pushes in the other direction, giving an
ambiguous result.

To go further, we investigate in turn what happens for different innovation sizes.
First, for sufficiently small innovation sizes, no producer in a good match would try the
innovator (that is y < y¥" = (1 — b 4+ b#)™1). In this case we use (15) and (17),
and the difference in expected value is given by

ZNash - Zcoop =w (1 - b) ((1 - y_l) H(n) - (H (x*) - y_ln (y*))) - (20)

As shown in Online Appendix B.4, TI(x*) — y~'TI(y*) > (1 — y~HI1(n) implying
that the scale effect (IT(x*) > Il(n)) always dominates the encouragement effect
(I (y*)/I(x*) > 1). The innovator captures more from producers not in good matches
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in the cooperative case than in the Nash case (VIS ’Cbo op > VIS ’f,as 5) and we must have

SNash < §coop.
For intermediate values of y € (y<°", y©°°P),> innovation breaks relationships in
the Nash case but not in the cooperative case. Using (15) and (17), we get that

Znash = Zeoop = (1 =) (1=b + b0 —y ") T1(n) 1)

+o (1=>b) (1 -y ") n) — (TT (x*) —y ' (»*))).

In that case the excess rigidity of relationships in the cooperative case creates an
extensive margin by which an innovator has a lower market size in the cooperative
case than in the Nash case. If the death rate of producers §” is low, most producers
will have found a good match (w is small), and the market captured by an innovator
in the cooperative case is much smaller than in the Nash case. Cooperation reduces
innovation: §Vash > geoop 26

Finally, if y is large enough, y > y°°?, innovation breaks relationships in all
cases, so that this extensive margin disappears. Using (15-17), we obtain

coop

Znash —Z (22)

coop —

(1-b)[(1-b(1 —SD) —y HIOm - (1-b(1 —SD)) I (x*) =y ' (y"))]
1—(1-68P)b

For innovation sizes sufficiently close to y<°°?, the innovator still captures little
from producers previously in a good match relationship so that innovation is lower
in the cooperative case §Nash - gcoop (y < (1 — b1 — §P)~" is a sufficient
condition). On the other hand, for y sufficiently large, the outdated supplier is at
too large a disadvantage regardless of her effort level, the scale effect dominates and
§eoop 5Nash‘

In particular we can derive the following proposition (proof in Online Appendix
B.4), which combines the three cases but uses stricter assumptions in order to provide

sufficient conditions that do not depend on endogenous variables such as x*, y*, and
J/coop'

PROPOSITION 3. (a) The rate of innovation is the highest in the contractible case:
§eon > gNash gcoor () If innovations are small enough (y < yN") or if they are
large enough, then the innovation rate in the cooperative case is higher than in the
Nash one §N%h < §¢0°P (c) Assume that the death rate of producers is low enough

25. Although we denote by y“?°? the size of innovation necessary for switching in the cooperative case
in both this section and the preceding, they are mathematically different objects. In the preceding section,
y©2°P was a function of the exogenous rate of innovation §’. In this section, §’ is a choice variable so y<2°?
is no longer a function of §’. Not making this explicit in the text should not lead to confusion. Further since
yNash is independent of the innovation rate 8/, Proposition 2 still applies.

26. Specifically, using the expression for w, we obtain that §V4s# > §<o°P if and only if §°(IT(x*)/
() — b + b8 — y~ ' TI(y*)/TI(n)) < 1 — b + bO — y—".
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8P < O(T1(n)/T1(m)), then for an intermediate range of innovation sizes,

1_8Dn(m) 1
y e II(n) ,
18P0 _p(1-0)(1-6P) 1-b(1-8P)

the innovation rate is higher in the Nash case than in the contractible one:
SNash > §coop

A case of special interest is when the cooperative equilibrium can achieve the
first best level of efforts in good matches (that is the static inefficiencies are fully
overcome). We then obtain the following remark, which stipulates that the condition
of Part c) of the previous proposition is now both sufficient and necessary.

REMARK 1. Assume that the cooperative equilibrium ensures the first best level of
investment in good matches (y* = x* = m), and that §° < 6(I1(n)/T1(m)), then the
innovation rate is higher in the Nash than the contractible case, §Nash - gcoop if and
only if

1 — b Im) 1
ye( 11(n) , )
18P0 _p(1-0) (1-6P) 1-b(1-8P)

The higher is the level of productivity of bad matches, 6, the smaller is the ratio
I1(m)/I1(n) (that is the smaller is the scope for static inefficiencies) and the smaller is
the death rate of producer §°, the more likely it is that §V5" > §coop,

Intuitively, for low 6, production in bad matches is already low regardless of
whether cooperation occurs or not. The “worse bad match” effect is dominated by the
scale effect and cooperation increases the innovation rate. On the other hand, a small
death rate of producers §” increases the share of producers already in a good match.
Since it is those producers that an innovator may fail to capture in the cooperative case,
it becomes more likely that cooperation reduces innovation.

Our model predicts that, for intermediate size of innovations, relationships should
last longer in countries with poor contractual enforcement but high level of cooperation
relative to countries with either high level of contractual enforcement or low level
of trust. Indeed, if y < y¢°"! = yNash relationships are never broken (unless the
producer dies). If y € (y¢°", y€°°P), relationships never break up in the cooperative
case but do so in the contractible and Nash cases. Although if y > y€?°P relationships
break up with innovation in all cases, but as long as y < 1/(1 — b(1 — §”)), innovations
are the least frequent in the cooperative case.

3.2. Welfare

As innovation is already too low from a welfare perspective because of standard
innovation-externalities of imitation and building-on-the-shoulders-of-giants, a lower
rate of innovation can easily translate into lower welfare. Relative to the Nash
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equilibrium, cooperation enhances investment and reduces the static inefficiencies.
However, it may also reduce the innovation rate, aggravating the dynamic inefficiency
in the economy. When the discount rate p is sufficiently low, dynamic inefficiencies
matter more for welfare than static ones, so that cooperation reduces welfare when it
reduces innovation. We obtain:

COROLLARY 1. Welfare is always lower with incomplete contractibility than with
complete contractibility. Welfare may be higher or lower in the cooperative case than
in the Nash case, but when the discount rate p is sufficiently low, the death rate of
producers satisfies 8° < 0(T1(n)/T1(m)), and for an intermediate range of innovation
sizes,

D I(m)
) e 1-6 H(r:zl) 1
1—82 8 —p(1-6) (1—-8P) 1-b(1-8P)
cooperation reduces welfare.

The fact that the rate of innovation is inefficient to start with is essential for
this result. Relationships make the profitability of a new innovation smaller for the
innovator, but that loss in itself cannot outweigh the benefit of higher investment that
comes from the relationship. It is only because innovation is already too low (such
that a further reduction lowers welfare for society as a whole) that relationships can
decrease overall welfare. Consider alternatively a setup in which an innovation is
temporary such that the innovator returns to the old technology after one period and no
imitation is possible (such that both imitation and ‘building on the shoulders of giants’
have been precluded). In such a case, private and social benefits of an innovation are
equal.?” All our results except corollary 1 would still hold.

3.3. Cooperation and Expanding Varieties

The main proposition of this paper is that cooperation can be a poor substitute for
full contractibility as it might reduce new innovations. Countries with higher levels
of cooperation vary widely, from mature developed economies like Japan, to rapidly
growing economies like India. In the following we show that the existence of relational
contracts is more likely to reduce growth for more mature economies.

Extend the model such that the mass of final good producers, N,, is increasing:
N, = N(1 + gy). This could represent catch-up growth, horizontal innovation,
population growth or periods of increasing outsourcing (interpreting the new final
good producers as foreign firms who decide to start acquiring their inputs from the
country of study). Innovation costs scale by the number of products (they are given by
¥ (81)AN), so that the innovation problem is independent of the number of products.

27. Technically, to ensure efficient innovation it would still be necessary to implement a subsidy to the
production of the final good in order to get rid of the existing monopoly distortion.
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This ensures that if the share of firms who know a good match is at the steady-
state level, the innovation rate is constant and the cooperative equilibrium keeps
the same structure as before with constant x* and y*. We can then show (proof in
Online Appendix B.5):

REMARK 2. Assume that the cooperative equilibrium ensures the first best level of
investment in good matches (y* = x* = m), then the lower is the growth rate of product
gy» the larger is the set of y for which §Nash - gcoop,

Intuitively, growth in the number of products creates a mass of new producers who
are not yet in a good match relationship. Cooperation raises the profits that an innovator
can make from supplying this. type of Producers (recall t}.lat V;,’foop > VIS,’zl;/ ush)> s0a
higher growth rate g, makes it more likely that cooperation increases the innovation
rate.

3.4. The Type of Switching Costs

We now analyze the generality of Propositions 2 and 3 by discussing alternative
setups. What drives our result is that if a supplier turns out to be a bad match not
only is productivity lower, but so is cooperation. Therefore bad matches become
relatively worse that makes switching riskier. More generally, to generate cooperation
in an equilibrium where parties can change partners at will, there must be a cost of
switching from one partner to another (here, the risk of finding a bad match). In many
set-ups this cost interacts with incomplete contractibility to generate a lower level
of cooperation at the beginning of a relationship. For instance, if we assume instead
that the type of a match is only revealed after the first investment has occurred, then
cooperation in the first period of a relationship would lie between the Nash level and
the level in a good match. Similarly, in models where suppliers differ in their discount
rate, or in models with relationship-specific human capital, the (expected) level of
cooperation in a new relationship will be lower than in an established one.?® In all
these settings, relationships would be more rigid in the cooperative equilibrium than
in a “Nash” equilibrium where cooperation does not take place. This excess rigidity in
return can reduce the incentive to innovate, particularly when it restricts significantly
the market of a potential innovator.

Nevertheless, the result that cooperation creates rigidities is not straightforward.
Consider an alternative set-up without good and bad matches but with a fixed cost of
switching suppliers fA. Then, provided that the fixed cost is sufficiently large, the first

28. This is consistent with Johnson et al. (2002) who show that the belief in the efficiency of the court
matters for the level of trust between firms at the beginning of a new relationship, but much less later.
Similarly, Brown, Falk and Fehr (2004), show in an experimental setting that low effort was punished by
the termination of the relationship but that effort was high from the beginning in successful relationships.
And Macchiavello and Morjaria (2015) found that the value of a relationship increases with its age in
the Kenyan rose market export, which, they argue, provides support for their model that, as ours, features
heterogeneity on the supplier side.
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best investment level can be achieved in the cooperative equilibrium and the producer
switches to the innovator as soon as (y — 1)I1(m) > f in both the contractible and
cooperative cases, but he switches if (y — 1)I1(n) > fin the Nash case, that is for
higher innovation sizes y. In contrast with our set-up, the relative cost of switching
does not increase with cooperation, and the innovation rate is always higher with
cooperation.

Finally, note that even in the current set-up society could do better if suppliers were
willing to collude. This could be either by refusing to cooperate with a producer who
has deviated on any supplier or by outdated suppliers agreeing not to cooperate with
potential producers in periods when innovation has taken place so as to encourage
producers to try out the innovator. This, however, does not fit the description of a
competitive industry, and is difficult to generalize in a set-up with imperfect information
(for instance if suppliers do not know whether a producer knows a good match or not,
whether an innovation has occurred or not).

4. Cooperation and Relationship-Specific Innovation

We now focus on within-relationship innovation by letting the technology (denoted
Ay of a supplier k be specific to the producer j with whom she is working, so that the
frontier technology (denoted A) is producer-specific. There are no longer good or bad
matches. As before, every period, a mass §” of producers die and are replaced by new
producers. When a new producer is born, all suppliers obtain a technology level equal
to the average technology in the economy to work with that producer. If the producer
survives, suppliers keep the technology they had at the end of the previous period.

As before, suppliers make take-or-leave-it offers to producers and each producer
chooses one supplier. A supplier can innovate with probability §/ by spending v (§")A it
units of the final good, where  is increasing and convex. An innovation increases
technology for line j (and only for that line) by a factor y such that in the following
period the successful innovator has a productivity advantage over the other suppliers. In
such a case all other suppliers get access to the technology just below: hence suppliers
can only be at most one step below the frontier for each line j. We assume throughout
that the innovation rate § is contractible—so as to focus on the consequences of
incomplete contractibility in input provision. Whether an innovation occurs or not is
revealed before the supplier makes her investment, which simplifies the exposition,
but does not contain any element of substance. Within each period we have a timeline
as follows (Figure 3).

1 2. 3. 4. 5. 6.

Final good produ- Each supplier Within each product  With probability &' an innovation occurs: The supplier decides  Revenues are
cers die with pro- makes a line j, the producer  the current supplier gets a technology y on how much high split

bability 6°anda  take-it-or-leave-it and supplier decide times higher, and suppliers who were two quality input to through ex-post
mass &° of new offer of an ex- on the innovation steps below obtain the technology one provide in the non- Nash

final good produ- ante transfer tto  rate & (which is step below. With probability contractible case Bargaining

cers are born. each producer. always contractible.) 1- &' productivity levels do not change

FIGURE 3. Timeline.
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4.1. Contractible and Nash Cases.

We can solve for the equilibrium for each product line independently and start with
the contractible and Nash cases. In both cases, when a producer is born he starts
working with a supplier and remains indifferent across suppliers until one successfully
innovates and becomes an augmented supplier. From then on, the producer picks this
supplier.

Therefore, either all suppliers are identical, or one has access to a technology that
is one step higher than the others. We normalize value functions and profits by the
chosen supplier technology at the beginning of the period before innovation occurs.
When an augmented supplier exists the joint value is

yT = —y (8{) + (1 7 5{;/) (n (2) + ll_jj V]T), (23)

where 811 is the equilibrium innovation rate when the producer has access to an
augmented supplier, z = m in the contractible case and z = n in the Nash one.
After the innovation cost has been paid, innovation fails with probability 1 — 5{ , In
which case the producer and the supplier obtain the profit I1(z) and the continuation
value VIT. Alternatively, if an innovation occurs, the situation is identical except that
the technology used by the supplier is y times more productive.

The equilibrium innovation rate & { must therefore maximize VlT. Taking the first
order condition and solving for VIT (using (23)) one obtains that the (unique) rate 8{
must obey

, 1-68P
v (81’)=(y—1><n(z)+ T Vf)

M (z) (1+p) — (1 —8°) v (87)

=(y_l)1+,o—(1—5{+8{’y)(1—8’3)'

(24)

In particular, the scale effect implies that the innovation rate is lower in the Nash case
than in the contractible case: § V4" < gl-cont

Alternatively, there is no augmented supplier in which case the joint value is

T _ I I 1-82 I 1-8"
Vo ==V (50)+(1—50) (H(2)+ 1+, Vo |+ 8y |IL(2) + T il
(25)

with z = m, n and 86 denoting the innovation rate. If no innovation occurs, then
the supplier and the producer share the profits I1(z), and in the following period the
producer will be in the same situation with homogeneous suppliers who are in Bertrand
competition, so that the producer will capture the full value of the relationship. On the
other hand, if an innovation occurs the producer will stay with the innovating supplier.
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Using that 55 must maximize VOT in (25), we obtain

D

v () =0 -nme+ 7 (- W), (26)

It is straightforward to check that 85 = 811 =81 and VOT = VIT is a solution to the
problem (see Online Appendix B.7 for a proof that it is the unique solution), so that
the innovation rate is constant. Intuitively, whether a producer knows an augmented
supplier or deals with a set of homogeneous supplier has no impact on the joint value
of the relationship (beyond the technology level and the innovation rate). Yet, since
innovation maximizes the joint value of the relationship, the problem is fully symmetric
and the innovation rates must be the same. Moreover, we have §/-NVash < gl.cont,

4.2. Cooperative equilibrium

We build a cooperative equilibrium similarly to Section 2 such that suppliers are willing
to cooperate as much as possible with a producer they have never worked with before
(i.e., the equilibrium must satisfy a bilateral rationality constraint). Such equilibria
can only exist if the present supplier is different from other suppliers, since rents in
the following period are required to reward cooperation. Here, the relationship-specific
innovation takes the role of the good/bad matches from above and ensures some level of
cooperation. In Online Appendix B.7, we demonstrate that there exists an equilibrium
where on equilibrium path an augmented supplier would cooperate at a constant level
x* € (n, m], while whereas a supplier with whom no innovation has occurred would
play the Nash level of investment n. In such an equilibrium, a producer chooses a
supplier when he is born. He is indifferent about switching suppliers until a supplier
successfully innovates and until that happens, the suppliers invest . Once a supplier has
successfully innovated, the producer sticks with that supplier (the innovator) forever
and she invests x*.

Below, we take this structure of the equilibrium as given and derive the innovation
rate on the equilibrium path. First, consider a producer who knows an augmented
supplier with whom no deviation has occurred. Then, the joint value obeys (23) but
with z = x*. As aresult, the innovation rate is given by (24). Denoting the solution for
the cooperative case as SII’COOP, we get that §/-Vash < 8{’6001’ < §leont with equality
if and only if x* = m, since x* € (n, m]. This directly results from the scale effect.

Second, let us focus on a producer who has never matched with a supplier who
successfully innovated. We can write the joint value of their relationship as

b I o, 1-682
Vo |+8y (T (x*) + Vi].

14+p 1+p
(27)

If no innovation occurs, the supplier does not cooperate (since she will be identical
to all other suppliers next period) and the continuation value is VOT. If an innovation
occurs, the technology improves by a factor y but the supplier also starts cooperating

1

vl =—y (55)+ (1- 55) (H(n)+
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(and the continuation value is VIT). The equilibrium innovation rate maximizes VOT
since it is contractible. Therefore, we have

Sl (n) o 1=8P viN 7
1//(80>—()/—H(x*))1'[(x)+ sl Uk O

Since x* > n, T(n) < TI(x*) and V{ < V/I'. Comparing this equation with (24), with
Z = x*, we obtain that 85 CoP > 511’60017 . Innovation is higher with a supplier that has
not yet innovated, because in addition to pushing the technological frontier, innovation
in that case also allows for starting cooperation. The innovation rate is then higher
than in the Nash case, both because of the scale effect and the cooperation effect
(55 €00P 5 §l.Nashy \whereas it might be higher or lower than in the contractible case
as the scale and cooperation effects push in different directions (Sé €00 g glconty
In particular, if the level of cooperation is low (x* is close to n), the scale effect
dominates and there is more innovation in the contractible than in the cooperative
case. If the level of cooperation is high, then innovation is higher in the cooperative
case than in the contractible one (in particular if the first best is achieved, x* = m, then
8(1)a00017 > 5{,6‘0017 — 51,cont)_

Therefore, with relationship-specific innovations, cooperation in a setting of poor
contractibility strengthens innovation, up to a point that the innovation rate may even
be larger than in the contractible case. The growth rate of the economy depends on
the innovation rates and, in the cooperative case, on the share of firms who know an
innovator and their average productivity. We obtain (proof in Online Appendix B.7):

PROPOSITION 4. The growth rate is higher in both the contractible and cooperative
cases than in the Nash one. The growth rate is higher in the contractible case than in
the cooperative one if cooperation is low (x* close to n), and lower if cooperation is
high (x* close to m).

5. Relationships, Japan and the United States: A Reversal of Role Models

The central message of our paper is that although the existence of relational contracts
can overcome contractual incompleteness, it will simultaneously affect the type of
innovation undertaken. In particular, strong relationships, compared to the Nash case,
will encourage relationship-specific innovations, but might discourage more general
innovations that would require the break-up of such relationships. The positive effects
of relationships have long been recognized. Dore (1983) first discusses the Japanese
economy as a whole and argues that relational contracts within the “keiretsu” system
overcome opportune behavior and allow for risk sharing. He suggests that the origins
of relational contracts could be found in cultural differences. Blinder and Krueger
(1996) compare U.S. and Japanese labor markets and suggest that lower labor turn-
over allows firms in Japan to invest more in training. Helper (1990) and Helper and
Henderson (2014) argue that the Japanese auto-industry is a lot more productive than
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the American. They emphasize that the ongoing tight relationships allow for better
sharing of information and fewer hold-up problems. We think of this as a higher
provision of the noncontractible input, which is consistent with the “cooperative”
equilibrium. In addition, Toyota’s suppliers are encouraged by the promise of continued
cooperation to devote resources to innovation specifically designed for Toyota, in line
with the results of Section 4. This contrasts with their description of the three big
automakers in the United States where the lack of trust meant that relationships had
to be arm’s length, contracts were met to the letter and no more, and relationship-
specific investment or innovation were limited (an alternative was for the automakers
to vertically integrate). Consequently, we think of the United States as being more
closely represented by the “Nash” equilibrium.? Similarly, Bolton, Malmrose, and
Ouchi (1994) argue that relational contracts in the Japanese semiconductor industry
allows for more participation by suppliers in Japan than in the United States.

Since the 1990s and following the poor economic performance of Japan, the
literature has focused more on the disadvantages of the keiretsu system.*” In a case
study of a Japanese chemical company and a Japanese steel company, Collinson
and Wilson (2006) argue that the keiretsu system led these companies to develop
numerous but barely profitable incremental innovations tailored to the needs of their
customers to the detriment of broad and flexible innovations. As mentioned in the
introduction Dujarric and Hagiu (2009) argue that although Japanese prowess in
efficient manufacturing is beyond question, the existence of very strong relationships
leads suppliers to focus their innovation primarily on the needs of existing business
partners and not new opportunities to increase market share. In addition to the
software industry discussed in the introduction, they study the Japanese cellphone
industry. There too, carrier providers formed closed relationships with their handset
manufacturers, which produced carrier-specific phones. The industry was in fact quite
innovative and several features (camera, 3G networks, payment systems, etc.) were
introduced in Japan before the rest of the world. Yet, handset manufacturers never
managed to export their products as they were focused on developing incremental
innovations specific to their carrier.>! And they missed the radical, general, innovation
of the smartphone (which included a global open platform for applications and

29. Here our paper bears some similarities with Acemoglu and Pischke (1998) who also develop a
model with multiple equilibria and associate Germany with one and the United States with the other.
Interestingly, their model shows that relationships (more specifically the informational advantage that an
employer has over an employee) can encourage the investment in general human capital, whereas we show
that relationships can discourage general innovations and encourage relationship-specific innovations.

30. Interestingly, a common quote in the economic sociology literature is from Dore (1983) considers
the Japanese textile industry and discusses the case of the entry of a new and more efficient supplier. The
response from the producer to his old supplier is given as: “Look how x has got [sic] his price down. We
hope you can do the same because we really would have to reconsider our position if the price difference
goes on for months. If you need bank finance to get the new type of vat [bucket for dyeing] we can probably
help by guaranteeing the loan.” This is intended as a positive feature of Japanese business relationships,
whereas our paper shows the negative effects on incentives for outside innovators.

31. Japanese cellphones were referred to as “Galapagos” phones as their kind only existed in Japan.
Carrier-specific online platforms also developed and the associated Japanese firms did not manage to
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a touchscreen). In 2008, Apple’s retail share was 2%, in 2015 it reached 44%
(Euromonitor International 2015).3?

As a result, although Japan was the role model for business relationships in the
management literature in the 1980s and the early 1990s, the subsequent realization
that Japan rarely introduces new technologies to the world market and lags behind
in major innovations, has led to a reversal in the management literature that again
focuses on the U.S. system (Pudelko and Mendenhall 2009). Perhaps it is no surprise
that the limits of the Japanese system became apparent as they approached the world
technological frontier, in line with Remark 2. The common argument behind these case
studies is that the focus on incremental instead of broad innovations help explain why
Japanese companies failed at becoming world leaders in certain sectors. As argued in
the introduction, the associated welfare losses may be amplified by the fact that the
spillovers of broad innovations are larger than that of incremental ones.

Although, Japan is a canonical example of business relationships, the tension
between the dynamism of new suppliers and the reliability of old suppliers is more
general. Uzzi (1996, 1997) collects quantitative and qualitative data on a set of high-
end apparel producers in NYC. He shows that relying on a set of reliable suppliers
is essential to overcome problems of contractual incompleteness and facilitate the
transmission of information, but that only relying on existing relationships risks stifling
innovation and adaptation to new trends. Both sets of suppliers are hence necessary.

To further support our discussion of Japan and the United States, we use the patent
data from European Patent Office (details in Online Appendix C). We use patents
originating in the United States and Japan, filed between 1978 and 2009. We focus
on the measure of generality from Hall, Jaffe, and Trajtenberg (2001) (defined in the
Introduction) that is the closest empirical parallel to our notion of the broad appeal
of innovation: in this framework low generality corresponds to relationship-specific
innovations and high generality corresponds to the broader more general innovations
of Section 2. The generality measure is available for 339,681 Japanese or U.S. patents
(44.6% are US patents).>> Table 1 shows summary statistics on the two variables

compete abroad (see Kushida 2011). Kushida (2011) gives an illustration of the relationship-specific
innovations and the lock-in effect: After the government implemented “number portability” that allowed
consumers to keep their numbers after changing carriers, “carriers” responses were, however, to accelerate
their development of proprietary features to create new lock-in effects. As the date for number portability
approached, carriers engaged in a massive push toward electronic money, music players, thumbprint scans,
ever high resolution cameras, and digital television broadcast receivers. As it turned out, widely used
elements such as email addresses with carrier-specific domain names, data from various applications, song
downloads, games, and other content were widely used, but not “portable.”

32. To be sure, innovation is not the only problem facing Japan. Hoshi and Kashyap (2004) focus on the
financial sector and criticizes the willingness of the Japanese government to keep ‘“zombie” banks alive
and with them insolvent borrowers. In Online Appendix B.10, we consider a model in which relationships
also allow unproductive firms to remain in operation, though without a financial sector.

33. The generality data are computed using citations by EPO patents to the Japanese or U.S. patent
referred by their they EPO number but not their USPTO or JPO numbers. As a consequence, although
there are more U.S. than Japanese patents with positive citation, there are more Japanese than U.S. patents
with a generality number.
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TABLE 1. Summary statistics.

Count Mean Median Std. Dev Min Max
Generality 339,681 0.40 0.48 0.28 0.00 0.93
Differentiated 339,567 0.98 1.00 0.04 0.68 1.00

TABLE 2. Regression results for 2 digit NACE.

D 1) (1I0)
Generality Generality Generality
United States 0.055*** 0.027*** 0.024
(13.60) (6.83) (1.04)
United States x Differentiated 0.044***
(3.11)
Fixed effects None NACE, Year NACE, Year
Observations 339,681 339,681 339,567

Standardized beta coefficients; # statistics in parentheses. Std. errors clustered at NACE X country level for (IIT).
*p <0.10, **p <0.05, ***p < 0.01.

of interest. In column (I) in Table 2 we simply regress the generality of a patent
on a dummy for the United States being the country of origin. This is an analog of
Figure 1, which shows that U.S. patents are on average more general than Japanese.
In the regression the “generality” measure has been standardized to have mean 0 and
standard deviation 1, so the estimate suggests that a U.S. patent is 5.5% of a standard
deviation more general than a Japanese patent. In column (II) we introduce fixed
effects for the two-digit NACE code as well as the year of filing for the patents. This
isolates the difference for Japanese and US patents within a NACE code and reduces
the estimate by around half.** Our theory further predicts that this effect should be
more pronounced in sectors that are more differentiated. To test this we associate
each NACE code of the patents with a corresponding standardized “Rauch” measure
of the extent to which the product is differentiated that slightly reduces the number
of observations (details in Online Appendix C).>> We include fixed effects for the
NACE codes as well as year fixed effects in column (III). The coefficient of interest
is the interaction term between the dummy for the United States and the measure of

34. Controlling for the NACE controls for the fact that the United States patents more heavily in industries
with a higher average generality. This is the most direct test of our model. However, one could argue that
the size of each industry is endogenous to equilibrium play, in which case the result in Column (I) would
be a better test.

35. PATSTAT attributes 2—4 digit NACE code to each patent depending on the sector, and the Rauch’s
data are available in the SITC classification. We choose to do the regressions at the 2 digit NACE level
to have a uniform aggregation level across industries and because the conversion from SITC to NACE
introduces some “noise” at the 4 digit level. Nevertheless, Table C.2 in the Online Appendix shows that
our results are similar when we use the lowest level of disaggregation available.
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differentiated products, which is both substantially positive and significant (standard
errors are clustered at NACE x country level). The difference in generality between
a U.S and a Japanese patent increases by 4.4% of a standard deviation when moving
from one sector to a sector that is one standard deviation more differentiated.

We conclude that the predictions of our model are consistent with the literature on
the Japanese and U.S. patterns of innovations and are met by the empirical analysis of
Japanese and U.S. patents. In Online Appendix C, we use a larger set of countries to
perform an analogous analysis and find results consistent with our theory.

6. Extensions

In this section, we first combine our general innovation model and our relationship-
specific innovation model. Second, we extend our analysis of the general innovation
model to allow for slow diffusion of innovation. Appendix A.5 makes the point that
relational contracts can create macroeconomic inefficiencies in other contexts than
innovation by looking at a model that features an information externality.

6.1. Combining the Two Models

We combine the models of Sections 2-3 and Section 4 into a single model (the details
are in Online Appendix B.8). With exogenous probability, in some periods, suppliers
can engage in relationship-specific innovations, whereas in others a potential supplier
gets the opportunity to undertake a general innovation that pushes the frontier in each
line by the same factor. Relationship-specific innovations can only occur in good
matches. We denote by §4 and y* the innovation rate and size for general innovations.
We refer to a relationship between a producer and a good match supplier where
the last innovation to occur was a relationship-specific innovation by the supplier as
an “augmented” good match. Other good matches are referred to as “regular”. 85
denotes the relationship-specific innovation rate for the augmented good matches and
8 f for the regular good matches (x} denotes the investment level in augmented good
matches and x} regular good matches when the supplier has access to the frontier
technology). y? is the size of relationship-specific innovations. Although the two
innovation processes interact with one another, the spirit of our analysis still applies:
the cooperative equilibrium often favors relationship-specific innovations relative to
the Nash equilibrium but may lead to a lower rate of general innovation.

Two subtleties complicate the analysis. First, the relationship-specific innovation
rate is determined by how a relationship specific innovation changes the producer-
supplier joint value, which depends on the effective discount rate. Since a higher rate
of general innovation reduces the effective discount rate, it also increases the rate of
relationship specific innovation. This effect makes the cooperative equilibrium look
worse: if the general innovation rate is sufficiently lower in the cooperative equilibrium
than in the Nash one, then the relationship specific innovation rate might also be lower
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in the cooperative case than in the Nash case.’® Second, the higher is the rate of
relationship specific innovation, the larger is the average technology gap between lines
where the producer is in a good match and those where he is not (since there is no
relationship specific innovation in a bad match).>” At the same time, for a given line,
the general innovator’s rents are proportional to the technology used with a coefficient
that is lower in lines where producers are in good matches. Since the innovation cost
is scaled by the average technology in the economy, this creates a force that pushes
toward less general innovation in the equilibrium where more relationship specific
innovation occurs.*® To summarize, we can show the following proposition.

PROPOSITION 5. Assume that innovation costs are sufficiently small that
Y (82°0Py < T(x*) () (1 — v) + 1 — 8297 4§80, B " (a) Assume that the
death rate of producers is low enough §° < 0(T1(n)/I1(m)), then for an intermediate
range of innovation sizes,

D I(m)
4 L () !
1—82 8 —p(1—-06)(1-6P) 1-b(1-8P)

the general innovation rate is higher in the Nash case than in the contractible
one: §A4Nash - §A.coop (b) If the general innovation rate is weakly higher in the
cooperative than in the Nash case (§4Nash < §4.c00P) then the rate of relationship
specific innovation is also lower in the Nash case: §B8-Nash < 55’600!], Sf?’c'mp.

Part (a) of the proposition is equivalent to Part (c) of Proposition 3: the sufficient
conditions under which the innovation rate in the baseline model is higher in the
Nash than in the cooperative equilibrium are also sufficient conditions to ensure that
the general innovation rate in the combined model is higher in the Nash than in
the cooperative equilibrium. Yet, the range of parameters for which this is true is
expanded in the combined model because of the second effect described above (for
instance the “only if” part of Remark 1 does not hold any more). Part (b) corresponds to
Proposition 4, but it introduces the assumption § A,Nash < §A.coop 44 4 caveat because,
as argued above, a low general innovation rate can end up hurting relationship-specific
innovation.>

36. Note that as in Section 4, we assumed that relationship-specific innovations are contractible. Were
this not the case, then there would be an additional force pushing for a higher level of relationship-specific
innovation in cooperative equilibrium than in the Nash one.

37. This is by assumption but even if we were to allow for relationship specific innovation in bad matches
the rate would be lower.

38. In other words, the share of producers in a bad match w in equation (18) is replaced by a share
weighted according to the average technology level in the lines of producers in bad matches relative to the
average frontier technology in the economy. The average technology level in the lines of producers in a
bad match is lower because they do not benefit from relationship specific innovations.

39. The assumption ¥ (§2-°7) < O/ (1—v)+1-— §B-coor 4 §B.coory By s necessary because
of an additional interaction between general and relationship-specific innovation: a higher rate of general
innovation discourages relationship-specific innovation as the relationship-specific innovation diffuses in
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As in the models of Sections 3 and 4, the scale effect proportionately increases
the value of any form of innovation in the cooperative equilibrium relative to the
Nash equilibrium; whereas while the other effects push toward less general and more
relationship specific innovation in the cooperative than in the Nash equilibrium.
Although the interaction between the two innovation processes prevents us from
showing analytically that the ratio of general to relationship specific innovation is
always higher in the cooperative equilibrium than in the Nash one; we can show such a
result in a partial equilibrium setting: for given common future exogenous innovation
rates then the relative incentive to innovate today in general innovations is higher in the
Nash than in the cooperative case under mild conditions. More specifically, we show:

REMARK 3. Assume that the innovation rates are exogenous and common to both
equilibria, except at time O where they are endogenous. Assume that the normalized

cost functions at time O are given by y4 (§4) = 4 (SA)W/x/f and ¢ B (§8) =
fl/\/’B (83 ) v /. In other periods, exogenous innovation is either free or the cost function
is the same as in time 0. Then the ratio of general innovation (564) to relationship specific
innovations (823 o) at time 0 in augmented good match is higher in the Nash than in the
cooperative case,

A,Nash ;oB,Nash A,coop ,eB,coop
8o /820 ) /830 -

Further provided that either the exogenous rates satisfy yZvy 2 (85 ) > B (5 ﬁ? or
that exogenous innovation is free, we get that the ratio of general innovation (§) to
relationship specific innovations (§ E o) at time 0 in regular good match is also higher
in the Nash than in the cooperative case:

A,Nash ;oB,Nash A,coop ;eB,coop
8 /81 > & /810"

6.2. Slow Diffusion of Innovations

Here we generalize the results of the general innovation model to slower diffusion of
technology. At the beginning of every period, an outdated supplier gets access to the
frontier technology with probability A € (0, 1] if there is no innovation and catches
up with the previous frontier technology if further innovation occurs. We consider a
cooperative equilibrium with the same structure as in Proposition 1. In particular, an
outdated supplier forgives the producer if the producer tries a frontier supplier who
turns out to be a bad match (similar results would hold without such “forgiveness”,
see Appendix A.4). For simplicity, we focus our analysis on the case where after a
deviation the producer would rather try a new supplier than stay with a non-cooperating
good match. Finally, a producer can only keep track of one good match supplier: as
soon as he meets another good match supplier, he forgets the identity of the previous

this case. This assumption ensures that this effect is always dominated by the discount rate effect, so that
a higher rate of general innovation increases relationship-specific innovation.
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good match he knew. This assumption simplifies the exposition in the contractible and
Nash cases.*

We now describe the incentive constraints that a good match supplier faces in the
cooperative case, letting the normalized value functions be V;’ if she has access to the
frontier technology and W7’ if she has not.*! Consider first the case in which she has
access to the frontier technology at time z. Then, if she cooperates, in the following
period she will enjoy V' A, if there is no innovation and W 4, ; if an innovation
occurs. If she does not produce the required quantity her continuation value is O as the
producer never comes back to a supplier after a deviation. Therefore the reward from
cooperating at time 7 is given by (1 — 8D) /(14 p)x((1— SI)VIS + 81)/WIS)At.42
The problem is the same as in Section 2 and there is a unique level of normalized
investment undertaken by a frontier good match supplier, x*, which must satisfy the
IC constraint (10).

Consider now the case of an outdated good match at time ¢, with level of investment
y*. Inperiod z + 1, this good match supplier will become a good match supplier with the
frontier technology with probability A, otherwise she stays a good match supplier with
an outdated technology. Therefore, in the cooperative equilibrium, the IC constraint
for an outdated good match is given by

D
y e (y) < % ((1 - 8’) AVS + ((1 . 5’) (1—A) + S’y) Wf) )
As before, the encouragement effect pushes towards a higher level of cooperation in
outdated relationships than in frontier relationships (the term y~! on the LHS of (29)
pushes for y* > x*). Yet, for A < 1, the RHS in (29) is also lower than the RHS in
(10) since V;’ > W}, which pushes toward a lower level of cooperation in outdated
relationships (y* < x™). This occurs because starting a new relationship with a frontier
supplier is a more interesting outside option for a producer who is working with an
outdated supplier than for one who is already working with a frontier supplier. We refer
to this effect as the “outside option” effect. Overall the relationship between x* and y*

40. Otherwise, one would have to keep track of the number of good match suppliers that a producer
knows. A producer who knows more good matches is more likely to benefit from diffusion in the future,
which affects his decision to try the innovator or not. Since we focus on the case where he chooses never
to work again with a non-cooperating good match in the cooperative case, this assumption only matters
for the Nash and contractible cases. Moreover, making this assumption in Section 2 would not affect our
results, so that the model of this section is a generalization of that of Section 2.

41.  As before WY is positive even if the producer chooses to work with a new frontier supplier instead
of an outdated good match as cooperation can resume if the new supplier turns out to be a bad match and
the outdated good match benefits from imitation.

42. Importantly this also applies to the innovator. Consider a period ¢ where an innovation occurs, then
cooperation by the innovator depends on the outside option of the producer at time 7 + 1 (as this determines
the value that a cooperating good match can capture). Similarly, the incentive to cooperate for any good
match frontier producer at time 7 + 1 depends on the producer’s outside option at time ¢ + 2. But, at time
t + 1, amass of firms will already have imitated the innovator, so that the producer’s outside option is the
same 1 or 2 periods after an innovation. Hence the problem faced by the innovator at 7 is identical to that
faced by any cooperating frontier good match supplier.
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is ambiguous and the arrival of an innovation may weaken cooperation in established
relationship. Nevertheless, in Online Appendix B.9, we show that A > (1 + p — b(1
—8P))/(y(1 4 p) — b(1 — 8P)) is a sufficient condition to ensure that y* > x*.

Furthermore, in Online Appendix B.9, we show that producers switch to the
innovator in the cooperative case if and only if

T(n)

1=+ b0

(30)

IT (x*) T (x*)’

with K = (1 — b)(1 — §2)A = §)/(1 + p — (1 = §°)(1 — §H)(1 — A)) > 0. This
expression is the same as (13) except for the last term on the LHS. That term captures
the loss experienced by a producer who stays with an outdated good match supplier
(generating profits y ' TTI(y*)) relative to switching to a frontier good match supplier
(with profits TT(x*)) in all periods until either the technology diffuses (which happens
with probability A), or another innovation occurs (which happens with probability §).
Everything else equal, slow diffusion of innovation (a low A) encourages producers
to switch to the innovator.
In the contractible and Nash cases, the producer switches suppliers when

1-b+b0+(1-NK(1—y ") >y " 31)

Comparing these two expressions reveals that, as before, the ease with which a switch
occurs in the cooperative compared with the contractible and Nash cases depend on
the different investment levels with a frontier good match (x*), an outdated good
match (y*) or a bad match (n). As before, the “worse bad match effect” (x* > n) makes
relationships more rigid in the cooperative case. In addition, if the encouragement effect
dominates the outside option effect, the investment of outdated suppliers is greater than
that of frontier suppliers in the cooperative equilibrium (y* > x*), which also increases
the rigidity of relationships in that case. On the other hand, it is now possible that
relationships could be less rigid in the cooperative case than in the contractible or
cooperative case if the outside option effect is strong enough (and y* < x*).

Endogenizing the innovation rate in this set-up can be done as in Section 3.
As before, the reward to innovation in the cooperative case depends positively on
IT(x*) and T1(n)/T1(x*) and negatively on IT(y*)/TI1(x*), so that the comparison of
the innovation rate across the three cases depends on four effects. The scale effect
pushes towards more innovation in the contractible than in the cooperative case, and
towards more innovation in the cooperative than in the Nash case. The worse bad
match effect pushes towards more innovation in the contractible and Nash cases than
in the cooperative case. And if the encouragement effect dominates the outside option
effect (y* > x™), we obtain an additional effect pushing towards less innovation in the
cooperative case than in the two other cases (having on the other hand y* < x* would
push in the other direction). The following proposition summarizes our results.
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FIGURE 4. Innovation rate and speed of diffusion.

PROPOSITION 6. Consider parameters such that

L+p—b(1-6P)
y(1+p)—b(1-6P)

and assume that \ is sufficiently convex so that the equilibrium is unique, we then
obtain: (i) The level of investment in outdated good matches is weakly higher than
in frontier matches, y* > x*. (ii) For a given innovation rate, the parameter space
under which relationships break in the cooperative case is a subset of the parameter
set under which they break in the contractible or Nash case. (iii) The innovation rate
in the contractible case is larger than in the cooperative case §°"! > §¢°°P_ (iv) The
innovation rate in the cooperative case may be higher or lower than in the Nash case,
but if 8P is small enough and parameters are such that relationships break in the Nash
but not the cooperative case, then §°°°? > §Nash

Therefore our earlier results are generalized to this case but only if innovations
diffuse sufficiently rapidly. How fast innovations diffuse depend on technological and
institutional characteristics, for instance weak intellectual property rights may favor
rapid technological diffusion. More generally, a slow diffusion of innovation seems to
benefit the innovation rate more in the cooperative case than in the two other cases
because of the outside option effect. This is illustrated in Figure 4 that shows how
the three innovation rates depend on the speed of diffusion for a low value of the
probability of finding a bad match b = 0.3 and a higher value b = 0.6.*3 In both cases,
for fast diffusion, the innovation rate in the cooperative case is lower than both in the

43. The other parameters are the same and given by 6 = 0.5, y = 1.5, p = 0.05, 6 = 0.04, 0 = 3,
B =0.5,and ¥ (§) = §%/5.
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Nash and contractible cases. On the other hand, for slow diffusion, the innovation rate
in the cooperative case is even higher than in the contractible case. The innovation
rates are lower when innovation diffuses faster as fast innovation improves the outside
option of producers and therefore limits the reward that an innovator can capture. A
lower share of bad matches, b, reduces the importance of the worse bad match effect,
which allows for a higher innovation rate in the cooperative case relative to the two
other cases. Overall, our results suggest that IPR are a complement to contractual
complexity and that weak contractibility is particularly damaging in sectors of weak
contractibility.

7. Conclusion

In this paper, we show that the development of relational contracts shifts technological
change away from broad to relationship-specific innovations. In a nutshell, our
argument goes as follows: Cooperative long-term relationships, can overcome the
classic underinvestment associated with the lack of contractibility. However, it is only
in relationships that are a good fit—where parties understand that they are going to
keep working together for a long time—that cooperation is sustainable in the first place.
Consequently, switching to a new supplier becomes a riskier activity because if the new
supplier is a bad fit, cooperation will not take place. More rigid relationships, in turn,
slow down the process of creative destruction. On the other hand, the complementarity
between cooperative behavior and relationship-specific innovations boosts the latter in
a cooperative equilibrium. We relate this to the recent economic experiences of Japan
and the United States. although Japan was highly praised in the 1980s and early 1990s
for the level of cooperation that firms demonstrated in the keiretsu system, Japan has
been less successful than the United States in introducing new technologies to the global
market and the keiretsu system is now criticized for the rigidities that it has created.

An interesting extension to our analysis would be to include foreign outsourcing
as issues of incomplete contractibility and long-term relationships may be even more
salient when a firm is dealing with a supplier in a different country, as the firm may be
less familiar with the local judicial system.

Appendix: Main Appendix
A.1. Proof of Proposition 1

This appendix proves Proposition 1 in the case where a producer prefers working
with a new supplier over a noncooperating good match in a period without innovation
and with a new outdated supplier over a noncooperating good match in a period with
innovation. Since the incentive compatibility constraints of the supplier are satisfied,
since the agents revert to the one shot Nash strategy after a deviation, and since ex ante
transfers are determined through Bertrand competition, it is direct that if the levels
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x*and y* exist then the strategies described in Proposition 1 lead to a SPNE. Proving
the existence of x*and y* requires first showing that in all possible scenarii, on path
or off path, there are only two possible forms for the IC constraint of the supplier
depending on whether she has access to the frontier technology or not. Second, we
need to show that these IC constraints admit a solution with x*, y* > n.

The proof proceeds in 4 steps: first we derive the condition under which a producer
in a good match tries out the innovator—equation (13) in the text. Second, we derive
the general form of the IC constraint. Third, we derive detailed expressions for the two
possible IC constraints in function of x*and y*—in this appendix we do it only when a
producer prefers working with a new supplier over a noncooperating good match in a
period without innovation and with a new outdated supplier over a noncooperating good
match in a period with innovation, the other cases are included in Online Appendix
B.1. Fourth, we show that there exist x*, y* > n, satisfying the IC constraint under all
possible cases—in the same special case here and in general in Online Appendix B.1.

A.l.1. Step 1. Condition under which a Producer in a Good Match Switches to the
Innovator (equation (13)). We consider a producer who knows a good match supplier
with whom no deviation has occurred and we study whether the producer would want
to switch to the innovator or not.** We use the notations V:Z and W7, with i € {0, 1}
and z € {s, p, T} defined in the text. Furthermore, in periods with an innovation and for
a relationship with the innovator, we denote by Vlz’t the value of the producer (z = p),
or the supplier/innovator (z = s), knowing that previously the producer was in a good
match who did not deviate (¢ = g), or in a bad match (¢ = b). As a supplier forgives a
producer who switches to the innovator if the innovator turns out to be a bad match,
the continuation value of a good match supplier who is not chosen by the producer in
a period with innovation does not fall to O as the producer may come back to her if
the innovator turns out to be a bad match. We denote the expected value of such an
(outdated) supplier by V5.

The innovator and the old supplier enter in Bertrand competition, the old supplier
would be willing to offer a transfer that would guarantee herself at least V§ in order to
keep the producer, hence SPNE requires that

Wi = Vi, (A.1)
Moreover Bertrand Competition ensures that the supplier with whom the relationship
is the highest captures the entire benefit of the relationship over the second best one,

hence the value of the producer whether he switches supplier or not is the same

Ve =wl. (A.2)

44. This analysis always applies on path. Off path it also applies except when the producer already knows
a noncooperating good match and the value of a relationship with the innovator is lower than the value of
staying with this noncooperating good match. That case is treated in Online Appendix B.1.
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The producer ends up switching if the highest amount that the innovator can offer is
higher than the highest amount that the old supplier can offer, that is if the total value
of the producer and the innovator (VIT’g) is higher than the surplus value of the old
relationship (WlT — Vlj):45

v s wl — Vi (A3)

The total value of a relationship with the innovator is given by

vIE = (1 —b) I (x*) + (1—b) 11;5;) ((1 _ 51) vl 4 SIyWIT) (A.4)
+ bOTI(n) + b 11;5;) ((1 — 5’) VP + 51yW1”>.

With probability 1 — b the relationship turns out to be good delivering profits IT(x*)
in the first period and with continuation value VIT if no innovation occurs and WIT if
innovation occurs. With probability b, the relationship turns out to be a bad match, the
continuation value for the supplier is then zero, and the producer goes back to his old
good match supplier, so that his value is le if no innovation occurs and Wlp otherwise.

This leaves us with the expected value to the supplier from the possibility that the
producer returns, V' as the only missing element. If the producer switches, the current
profits enjoyed by the old supplier are zero, but with probability b, the innovator will
turn out to be a bad match, in which case cooperation will resume, the old supplier
will get V¥ if no innovation occurs and W otherwise, hence,

s I—SD
VA=
1+p

b ((1 - 8’) VS 4 81yW1S> . (A.5)
Now combining (5), (A.4), and (A.5) one gets
VPE— (Wl —vi) = (1 =b) I (x*) + bOTI(n) - %n (), (A.6)

which show that a good match producer switches to the innovator provided that equation
(13) holds.

A.1.2. Step 2. The General Form of the Incentive Constraint. ~As argued in the text,
the gain a supplier would get by deviating from the agreed level of investment is given
by ¢(x)A, with ¢ defined in (9). Should a deviation occurred, the continuation value
of the supplier may not always be 0 as in the case studied in the text. Therefore, in

45. Technically this is derived under the condition that the value a good match old supplier is willing
to offer is (weakly) higher than the value another outdated supplier would be willing to offer, when the
innovator is actually the best choice (otherwise it is obvious since an innovator necessarily offers more
than a new outdated supplier). We show in step 3 that this is necessarily true.

G202 1940100 {1 Uo Jasn Aeiq Ausieaiun usbeyuado) ‘Aieiqi] [eAoy AQ ZE1/E0P/S8E/2/9L/a0nle/easl/woo dno olwapese//:sdyy wol) pepeojumoq



Hémous and Olsen Long-term Relationships: Static Gains and Dynamic Inefficiencies 423

general the incentive constraints obey

I, (A7)

where we define the effect of cooperation on the continuation value of the supplier,
1= (1=8") v+ slywy = ((1=8") vy +8Tywy). (A8)

Vy and Wy are the value the supplier would get if she becomes a noncooperating
good match (and investment would then be given by the Nash level), in periods where,
respectively, there is not and there is innovation. If the supplier cooperates, her value
in the following period is given by V}® if there is no innovation and W} otherwise.
The factor y~! on the LHS of the second IC constraint comes from the fact that the
technology of the outdated supplier is only y~1A.

Combining (A.1), (A.2), and (A.6), we get*®

+
wi=vi+(In09) - (-6 o) . @

where X* = max {X, 0}.
Using equation (A.5) and (A.9) we get

1+p
14+p—b(1-8P)8ly

X ((1 - 51) Vi + 8Ty (%n ()= (1 =b) 10 (x*) + b9H(n)))+) :

(1 - 3’) v+ 8lyws = (A.10)

Finally note that VlT must satisfy (4) that combined with (5) leads to

(1+p—(1-8P)sTy) T (x*) + (1 —6P) 8711 (»*)
14+p—(1-8P)(1—81 +68y) '

vl = (A.11)

If the producer does not already know a noncooperating good match, we necessarily
get through Bertrand competition

vl = vl " and v = v — v, (A.12)

where VOT’" is the value of starting a new relationship when the producer knows a

noncooperating good match (this is the general expression, see footnote 16). Indeed,

46. That still requires that switching to the innovator is a better option than switching to a potential
noncooperating good match when the producer knows one (see footnote 44).

16. Technically, the presence of a noncooperating good match supplier could affect the value of starting
a new relationship so that in equation (8), one should replace V,J with VOT‘", the value of starting a
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the outside option for the producer is to start a new relationship, but should he do so,
he would now know a noncooperating good match, namely the good match he was
previously working with. If the producer knows a non-cooperating good match, then
his second best option will either be to resume a relationship with the noncooperating
good match or to start a new relationship, now knowing two noncooperating good
match suppliers, so that we get, through Bertrand competition,

Vet = v = max (v vg ). (A.13)

where Vlg denotes the joint value of a relationship with the noncooperating good
match.

As mentioned in the text, depending on parameters, there is a number of different
cases to consider. In order to save space we will consider only the case where in case
of a deviation the producer always seeks out a new producer. The other cases are
considered in Online Appendix B.1. The results of the paper hold in all cases.

A.1.3. Step 3 in a Special Case: When a Deviation Always Leads the Producer to Try
out a Different Supplier. Assume that in periods without innovation, the producer
would always rather try out a new supplier than a noncooperating good match, and, in
periods with innovation, the producer would prefer both the innovator or an outdated
new supplier to an (outdated) noncooperating good match. That is, we assume

Vi <viand Wl < wfl. (A.14)

and we need not index VOT and WOT by n as whether a producer knows a non-
cooperating good match or not is now irrelevant. As the producer will never return to a
non-cooperating good match, the continuation value of a non-cooperating good match
(with that producer) is 0: (1 — 8! ) Vy + §! yWyx = 0.In (A.8), we can therefore focus
on (1—87) v + 87 yW} that is given by equation (A.10). (A.12) implies that in this
case (8) holds. Therefore the incentive to cooperate is directly related to the value a
good match supplier captures in periods without innovation (V;*). In addition, whenever
the profits generated by an outdated good match supplier exceed the expected profits
with the innovator, the difference contributes to the value of the outdated supplier and
therefore to her incentive to cooperate.
Equations (6) and (7) imply that the joint value WOT obeys,

Wy =V{ —(1=b)(MEx*) -y "I (y*) =0 (1 -y ') ().  (A.15)

relationship when the producer knows a noncooperating good match. Nevertheless, if the producer always
prefers trying a new supplier to staying with a noncooperating good match, then V| = V" and (8) holds
(see Appendix A.1 that deals with this issue rigorously).
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This equation, together with (4) and (8) determine V}® as a function of x*, y* and n,

Vi = (A.16)

b((1+p—b(1-8P)8"y) (I1 (x*) — OTL(n))+b (1-8P) 87 (I (y*) — 611(n)))
14+p—b(1-8P)(1 -8 +681y)

Therefore V;® corresponds to the appropriately discounted and weighted sum between
the difference in profits between a good match and bad match in periods without
innovation (IT(x*) — AT1(n)) and in periods with innovation (y ' (I1(y*) — 6T1(n))).
The factor b in front of the fraction reflects that a new supplier is a bad match with
probability 5. Even for x*, y* arbitrarily close to n, V¥ is positive as a good match
supplier can capture the rents associated with having revealed her type.

Combining (A.16) and (A.10), we find

1— 1+p
14+ p—b(1—-8D)sly

_ §1 (A +p=b(1-8P)8" y) (M (x*)—6TT(n) +b(1-8P)é (M(y*)—6T1(n)))
(1-67)
1+p—b(1—8P)(1-8T+587y)

+
+87y (L0 = (1 = B)[(x*) + bOTI()))
(A.17)

This establishes the IC constraints together with (10) and (11) in the main text and
determines the equilibrium investment levels x* and y*.

Further, we had to check that in a period with innovation, when the producer
switches to the innovator, staying with a previous outdated good match supplier is still
a better outside option than trying a new outdated supplier (this is not obvious since the
good match supplier only offers WIT — V3§ to the producer). That is we need to check
that WlT -Vi> WOT. Combining (7) with (5), (A.5) and using (A.12) we obtain:

i bsly (WIT —Vi - WOT) ,

wl —vi—wl = T,

| >

(I (y*) — 0T1(n)) +

which shows that W,T — V§ — W[ > 0.

A.1.4. Step 4: Existence of a Solution for x*, y* in the Same Special Case. Here we
show that should the economy be in the case described above, then there is a solution
x*, y* > n to the problem. To do that we simply need to show that the IC constraints
do not bind for (x, y) just above n. Because n minimizes ¢, we have

¢(x)=o0(x—n) and y~lo(y) =0(y—n).
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Therefore, we simply have to check that / is positive at the first order in (x — n) and
(y — n) when x and y are greater than n. Using (A.17), we get

U 4+p (=8 b(1+p—b(1-8")8 (y—1)(1-0)
S l+p—b(1-8P)8Ty  1+p—b(1-6P)(1—87 +51y)

I1(n)

N 1+p
l+p—b(1-6P)sly

1 1 "
8y (; —(1-> +b9)) I(n),

which is positive at first order in (x — n), (y — n). This proves existence provided that
the conditions to be in this case are met (see Online Appendix B.1 for the rest of the

proof).
A.2. Cooperative Equilibrium Characterization

In this appendix we provide a set of conditions on the equilibrium strategies that imply
that the agents must play according to Proposition 1. We denote by H/* (j, k) the set
of histories of the game after ¢ repetitions just after phase 5 has occurred (just after
the type has been revealed) when producer j and supplier k are matched for the first
time and supplier k has turned out to be a good match. We define a symmetry and
information condition.

CONDITION A.l [Symmetry and Information (SI)]. (i) For any history belonging
to %CJH,” (J, k) where the supplier k has access to the frontier technology, the path

of normalized investment undertaken in the following histories by the new supplier
k are the same, and the decision of the producer to continue the relationship with
the supplier k or not is the same; similarly for any history belonging to L];JH," (j. k)

where the supplier k does not have access to the frontier technology; (ii) the strategies
played with one producer are independent of the history of the game played with
other producers; (iii) if a supplier has been chosen by the producer, her normalized
investment is independent of the ex ante transfer paid by the supplier.

Part (i) is a symmetry condition. Provided that the supplier has access to the
frontier technology, every new good match relationship is identical in terms of the
level of normalized investment and of the producer’s decision to retain the supplier
or not (both on and off the equilibrium path). In particular, if a producer starts a
relationship with the innovator and the innovator turns out to be a good match, the
outcome is symmetric to the case where the producer started his first relationship. We
cannot however require that the strategies are identical, because, in general, the ex ante
transfer exchanged depends on whether the producer knows a good match supplier
or not. This condition rules out equilibria where there is never cooperation with the
innovator even if she is a good match—without this condition it would be possible
to build equilibria where the path of investment levels is systematically lower with
a new supplier than with the first supplier. Part (ii) allows us to keep the strategies
with other producers independent, so, for instance, producers cannot coordinate on
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punishing a supplier. Part (iii) is necessary to ensure that the supplier gets the full
value of the relationship when the first best is achieved. Otherwise it is possible to
build equilibria where part of the surplus of a relationship would go to the producer,
despite Bertrand competition. It should be clear that Conditions A.1(i) and (ii) avoid
equilibria where players could coordinate their actions on histories that should have
no direct impact on their interactions. Such restrictions would necessarily operate in
an alternative environment where we directly restricted the information available to
the players. Condition A.1(iii) does not affect our results but simplifies the exposition.

As described in the text, we define a forgiveness condition which ensures that a
supplier does not punish a producer who switched to the innovator if the innovator
turns out to be a bad match.

CONDITION A.2. [Forgiveness]. The strategy played by a good match supplier at time
t, is the same when the producer has worked with the supplier at time t — 1 and when
the producer has worked with an innovator but the innovator turned out to be a bad
match.

Denoting respectively by V”»/(o') and V* k(o) the values of producer j and supplier
k, when the profile of strategy is o, we formally define the bilateral rationality condition
as follows.

CONDITION A.3. [Bilateral Rationality]. At any history h, € H[' (j, k), o|h, is such
that there isno o’ = (oj’- \hop )by oy |h,) (where o _, denotes the profile of the other
suppliers) where 0} |h, = 0j|h/j for all histories h, € H]' (j,k")(k # k'), o'satisfies
Condition A.2, and neither player j nor player k have an incentive to deviate from o,
such that VP I(o’) + Vo ¥(a') > VWi(a) + V* ¥(o).

Bilateral rationality here means that a new pair chooses strategies that maximize
their joint value under the condition that the strategy of the producer with a new
good match is given (the producer is expected to renegotiate his strategies once he
has found a new good match), strategies are enforceable (neither the producer nor the
supplier have an incentive to deviate), and the forgiveness condition is not violated.
This condition rules out “collusive” behavior by suppliers: in a good match, suppliers
are willing to cooperate as much as possible right away.*’ Finally, we impose the
following condition.

CONDITION A .4. [No Investment in Bad Matches]. Normalized investment levels in
bad matches are given by the Nash investment level, n.

If the productivity level 6 is sufficiently low, this condition is automatically met as a
producer would continue to search for a new supplier regardless of whether cooperation
in bad matches is possible or not. We then obtain the following proposition.

PROPOSITION A.l. In any symmetric SPNE satisfying Conditions A.1-A.4, agents’
strategies are given as in Proposition 1.

47. This condition should not be confused with a “renegotiation-proof” condition. If one of the players
deviates from the prescribed strategies a punishment phase is allowed even if it yields lower profits.
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Proof. 1t is direct to check that the strategies of Proposition 1 obey Conditions
A.1-A.4. Online Appendix B.2 shows that Conditions A.1-A.4 imply the strategies
of Proposition 1. O

A.3. Level of Cooperation

In this section we study how the levels of investment in the cooperative equilibrium
depend on the model’s parameters. We restrict attention to the case where the innovation
rate is exogenous. We obtain the following proposition and remark, which are proved
in Online Appendix B.3.

PROPOSITION A.2. (i) The investment levels (x*, y* ) weakly increase with the number
of bad matches, b, and decrease with the relative productivity of bad matches, 9, the
discount rate, p, and the probability of death §P; (ii) when the innovator captures the
entire market, the investment levels (x*, y* ) increase in the size of innovations y.

REMARK A.l. When a producer would always rather try a new supplier than work
with a noncooperative good match supplier, and the innovator captures the entire
market, the investment levels (x*, y*) decrease with the rate of innovation §’ provided
that innovations are not too large (yb(1 — §”)(2 — §') < 1 + pis a sufficient condition).

How much suppliers cooperate depends on how bad the alternative option is.
Therefore if the probability of a bad match, b is higher, or if they are more severe
(low 0), a good relationship will have more value, and the potential for cooperation
is higher. A higher value of the future (lower p and §”) have the same effect. This
follows directly from (A.16) and (A.10) in the specific case where a producer does not
work again with a good match supplier who has stopped cooperating. Furthermore, we
get that when the innovator captures the entire market (y > y“°°?), large innovations
favor cooperation. The reason is that larger innovations lead to a higher growth rate,
which increases the expected value a supplier can capture by cooperating, favoring
more investment in good matches. If the innovator does not capture the entire market
then larger innovations also reduce the value a good match supplier can capture in
periods with innovation.

Finally, the effect of the rate of innovation is in general ambiguous, even when
the innovator captures the entire market. More frequent innovations will have three
effects on investment levels: (i) a positive effect through a higher growth rate, (ii) a
negative effect through a higher probability of ending the relationship, and (iii) a further
negative effect that reflects that the benefit of being in a good match over a random
match is higher in periods without innovation (and this benefit is precisely what drives
the incentive to cooperate). For sufficiently small innovations, effect (ii) dominates
effect (i), so that more frequent innovations lower the level of cooperation. We can
compare this result to Francois and Roberts (2003), who show that an increase in
innovation can push firms toward providing short-term contract arrangements instead
of implicit guarantees of lifetime employment to their workers. In our model, the same
idea is captured by the possible decrease in cooperation following an increase in the
innovation rate.

G20z 4890100 | uo Jesn Aieiqi AusieAiun usbeyusdo) ‘Aieiqi [eAoy AQ Zey/E0/S8E/Z/91 /o1on1e/easl/woo dno olwepeoe)/:sdiy Woil pepeojumoq


https://academic.oup.com/jeea
https://academic.oup.com/jeea

Hémous and Olsen Long-term Relationships: Static Gains and Dynamic Inefficiencies 429

A.4. Alternative Equilibrium where Suppliers Systematically Punish Producers
who Switch to the Innovator

In this appendix, we describe an alternative cooperative equilibrium where the supplier
always refuses to reengage in cooperation if the producer switches to the innovator.
That is the strategy of the supplier described in Proposition 1 is modified such that a
cooperating good match becomes a noncooperating good match as soon as a producer
switches to the innovator (regardless of the innovator’s type). For the sake of simplicity,
we focus on parameters value for which a producer would rather switch supplier than
stay with a non cooperative good match. We also assume that when innovators decide
on how much to invest, they are unaware of when the last innovation occurred.*® We
prove the following proposition (where the innovation rate in the alternative cooperative
case refers to the highest equilibrium level) in Online Appendix B.6.

PROPOSITION A.3. (i) The parameter set for which innovators capture the whole
market in the alternative cooperative case is strictly smaller than the parameter set
for which innovators capture the whole market in the contractible or the Nash cases;
in particular, the minimum technological leap required for an innovator to capture
the whole market in the alternative cooperative case (y°°°P?) is higher than that
in the contractible or Nash cases (y<°", yNash): ycoop2  ycon — o Nash (i) For p
small enough (p < (y/8°°P* —1) (1 -b (1 - SD)) +b(1- SD) §€ooP2 (y —1)isa
sufficient condition), the innovation rate in the alternative cooperative case is lower
than in the contractible case. (iii) The innovation rate in the alternative cooperative
case may be lower or higher than in the Nash case, it is lower if y € (yw’”, ycoopz)
and 8Pis sufficiently small.

This proposition stipulates that our results carry through in this alternative
equilibrium. This is not surprising and in some sense the results are reinforced. Indeed,
if a producer switches to the innovator, and the innovator turns out to be a bad match,
the producer would have to suffer additional losses in the periods following innovation
as he would have to keep looking for a good match, since the previous one would
have stopped cooperating. This loss of cooperation effect pushes towards more rigid
relationships in the cooperative case than in the contractible or Nash cases. In Online
Appendix B.6, we show that producers would switch to the innovator if and only if

ne ,1- P (1=8)y (VI =vI)+ 8ty W —w]T)
IT (x*) 1+p IT (x*)

-1 IT (y*)
T (x*)

(1—b) + b6
>y (A.18)

The third term in (A.18) (which is absent in (13)) reflects the loss of cooperation effect.
It is equal to the loss in expected profits that occurs if the innovator turns out to be a

48. Otherwise there would not be a steady-state because the share of producers who are not in an ongoing
good match relationship depends on when the last innovation occurred if innovations are large enough.
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bad match and the producer has to look for a new supplier in the subsequent periods,
scaled by the profits in a good match at the frontier (IT(x*)). This loss corresponds
to the difference in the joint value of a relationship with a good match compared to a
new relationship, namely VlT - VOT in periods without innovation and WlT - WOT in
periods with an innovation. Therefore, Proposition 2 carries through.

The scale effect still pushes towards more innovation in the cooperative case
than in the Nash case, but toward less innovation than in the contractible case. The
encouragement effect, the worse bad match effect and now the loss of cooperation
effect, by making relationships more rigid, push towards less innovation in the
cooperative case than in both the Nash and contractible cases. There is however a
counteracting general equilibrium effect: when innovations are sufficiently large to
break up existing relationships (y > y¢°°??), there will be more producers not in an
ongoing good match relationship in the cooperative than in both the contractible and
Nash cases.*” As an innovator captures more value from producers who are not in
an ongoing good match relationship, this force pushes towards more innovation in
the cooperative than in the Nash but also contractible cases. As a lower discount rate
strengthens the loss-of-cooperation effect, the general equilibrium effect is dominated
for a sufficiently low discount rate p, which explains Part (ii) of Proposition A.3.%
As before if y € (yN4s",y€99P2), the innovator breaks relationships in the Nash case
but not in the cooperative case, this implies that if the death rate of producers §” is
sufficiently small, the innovator gets a much smaller market so that the innovation rate
is lower in the cooperative case than in the Nash (Part iii) of Proposition A.3).”!

Loss of Good Matches in the Contractible and Nash Cases. Alternatively, it may
be that even in the contractible or Nash cases, a producer cannot resume working
with a supplier after the relationship was halted, either because the two parties suffer
a utility loss, or because the producer forgets the identity of a good match once he
has stopped working with her. Under this scenario, switching to an innovator involves
losing a good match supplier also for the contractible and Nash cases. Nevertheless,
our results carry through: the parameter space for which a switch occurs is smaller in
the cooperative case than in the contractible or Nash cases; the innovation rate is lower
in the cooperative case than in the contractible case; and it is also lower than in the

49. In the cooperative case, the share of producers previously not in a good match is given by (§” +
b8!(1 — 8P))/(1 — b(1 — 8P)(1 — §")) when y > y<°°P2 but by §°/(1 — b(1 — 8”)) when y < y¢°°P2 or in
the Nash or contractible cases.

50. The condition in the Proposition A.3 will be satisfied for reasonable parameter values since
y > yoor2 > (1—b +b0) 'is necessary for the general equilibrium effect to exist, and §¢°°72 is small.

51. The proposition focused on the cooperative equilibrium with the highest innovation rate. Yet, in the
cooperative case, the expected share of producers who are not with a good match supplier (@) increases
with the innovation rate for y > y<°°P2  so that there is significant room for multiple equilibria. For
instance, there could be an equilibrium where innovation is scarce, so that most producers have found a
good match supplier and cooperation is widespread, and another equilibrium, where innovation is frequent
and cooperation is rare.
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Nash case for an intermediate range of innovation sizes provided that the death rate of
producers is low enough.

A.5. Rigidity in Relationships and Information Externalities

Though we have used an endogenous growth model, the point that relationships
can be detrimental to welfare can be made in other contexts. Instead of the
externalities associated with the endogenous growth model (imitation and standing-on-
the-shoulders-of-giants) we consider here an information externality: firms are more
likely to choose a supplier who is already active. Therefore a producer who decides
to keep a supplier who has suffered a negative productivity shock because of their
ongoing relationship exerts a negative externality on other producers. This externality
is needed for relationships to reduce welfare.

Asbefore, a producer needs to pick a supplier to produce and the match can be either
good or bad. For simplicity we set §° = 0 such that all producers are infinitely-lived
and therefore know a good match supplier. Contrary to Section 2, we now assume that
there is no growth in productivity. Instead a supplier’s productivity A, is drawn each
period and takes three values with equal probability: 1, ¥ and y2. Productivity draws
are independent. The reason for three values will become apparent below. We formalize
the information externality as follows. Suppliers cannot make take-it or leave-it offers
to all producers. Instead producers must choose between a limited set of suppliers in a
staggered fashion. At the beginning of the period a share A of producers can costlessly
choose one additional potential supplier. They do not yet have any information on the
productivity shocks of suppliers and will choose one at random. The potential supplier
and the previous good match then make take-it or leave-it offers to the producer who
decides with whom to work.>* The remaining 1 — A producers observe these choices—
but not any productivity shocks—before choosing their potential supplier. They also
receive take-it or leave-it offers from the potential new supplier and the previous good
match supplier before choosing a supplier. Since the choice of the first A producers on
whether to continue operation with a supplier contains information on the productivity
shock of this supplier, we label it an “information” externality. More generally, this is
meant to capture that for a variety of reasons—search costs, reputation benefits, and
so forth—firms are more likely to choose business partners already in operation.

In the cooperative case, we consider an equilibrium that is similar to that described
in Section 2. In particular, there is no cooperation in bad matches and there are 3

52.  We obtain that yN®" = ycont = [1 —b+ b0 — (1 —8P)b2(1—0)/(1 + p—b(1—8P) (1 =87 +
87y))]~!. Hence the worse bad match and the encouragement effects make the loss of a good match
supplier relatively more costly in the cooperative than in the Nash or contractible cases. In addition, for
a given rate of innovation, the share of producers who do not know a good match at the beginning of a
period in steady-state is the same in all cases, so that the general equilibrium effect described above ceases
to play a role.

53. Atthis stage the productivity of each supplier becomes known by the alternative supplier, the previous
supplier and the producer.
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levels of cooperation in good matches (x,, x,, and x, depending on the technology
level A)), but for simplicity we consider parameters such that x, = x;, = x, = m in
the text. Further, cooperation between a good match supplier and a producer ceases if
either the supplier deviated on her investment level, the producer switched to a supplier
with a weakly worse technology or the producer switched to a supplier with a better
technology and that supplier turned out to be a good match. As a result, in all cases
(cooperative, Nash, and contractible) a producer chooses to switch supplier if and only
if current expected profits are higher with the new supplier than with the previous good
match.

A producer keeps his good match supplier if she has a higher productivity than
the alternative supplier. In the Nash or contractible case, he switches to a supplier
with a technology that is y times more productive than the existing one if and only if
y(1 — b + bO) > 1 (as in (12)). Similarly, he switches to an alternative supplier with
a technology y? times more productive if and only if y>(1 — b + bf) > 1. And for
reasons analogous to (13), in the cooperative case, he switches to a supplier with a
technology y times more productive if y((1 — b)I1(m) 4+ bOT1(n)) > I1(m) and to one
with a technology 2 times more productive if y*((1 — b)I1(m) + bOT1(n)) > I1(m). As
before cooperation creates rigidity for intermediate values of y: if y € ()/N ash , coop ),
a producer switches supplier if her previous one does not have the higher technology
in the Nash but not in the cooperative case.

Assume that y € ()/N ash ,coop ) but y? > y©°°P: a producer switches supplier
if and only if that supplier has a technology at least 1 step ahead in the Nash case
but 2 steps ahead in the cooperative case. The first round of producers choose their
alternative supplier at random who are therefore equally likely to have productivities
1, y, and yz.

Now, consider the remaining (I — A) producers. If they choose among suppliers
randomly they have an equal probability of meeting a supplier with probability 1, y
and y>. However, as derived in Online Appendix B.10 if they choose their potential
suppliers among those that are already in production, the distribution of productivity
will be 1 with probability 1/9, y with probability 1/3 and y? with probability 5/9 in
the Nash or contractible cases. Since their alternative supplier has already been judged
a better option by another producer, their odds are better than for the first group.

By comparison, in the cooperative case, the alternative supplier’s productivity in
the second round is distributed as follows: 1 with probability 2/9, y with probability
1/3 and y? with probability 4/9. As the first round producers prefer to stick to a
supplier who has a technology one step below that of their alternative supplier, the
average productivity of suppliers who secure a market during the first round in the
cooperative case is worse than in the Nash or contractible cases. This information
externality reduces the appeal of the cooperative equilibrium relative to the Nash case.
More specifically, we demonstrate in Online Appendix B.10 the following proposition.

PROPOSITION A.4. (i) If all producers are in the first group (A = 1), welfare is always
higher in the cooperative than in the Nash case. (i1) Otherwise, welfare may be lower in
the cooperative case than in the Nash case; in particular this happens when A is close
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10 0, cooperation achieves the first best in good matches, yN®" <y < ycoor < y2

and the level of investment in the Nash case is sufficiently high. (iii) Welfare is the
highest in the contractible case.

Absent the information externality, cooperation necessarily increases welfare
despite the additional rigidity. This is because producers choose the supplier who
maximizes their expected profits, which maximizes aggregate profits. In addition,
producers are less likely to switch in the cooperative case, which increases the
average expected level of investment from suppliers. Since from a welfare stand-
point, investment is too low because of the standard monopoly distortion, it must be
the case that welfare is higher in the cooperative than in the Nash case.

On the other hand, the interaction between the information externality and
the excess rigidity of relationships in the cooperative case reduces welfare in the
cooperative case. Although, it requires somewhat specific parameter combinations,
this effect can be sufficiently strong to make cooperation welfare reducing.’* This is
a general lesson of the paper: as long as producers choose their suppliers efficiently
from the point of view of the expected profits in their line, an externality (here the
information externality, earlier the imitation and standing on the shoulders of giants
externality) is necessary to make rigid relationships potentially welfare reducing.
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