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Abstract

Many firms buy a production input from a competitor. However, managers often worry
that this supply relationship may give their competitor valuable knowledge about new
product innovations. We develop a two-period model in which a firm can buy an input
from a competitor or a third party in each period. In order to innovate, the firm
must invest in improving the input, which results in its supplier learning to produce a
higher quality input. We show that buying from the competitor: (1) increases short-
term profits by softening price competition; and (2) may reduce long-term profits
by preventing investment in innovation. Our results imply that the classic hold-up
problem, which leads to underinvestment in innovation, becomes more severe when a

firm buys from its competitor who benefits from knowledge spillover.
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1 Introduction

Firms sometimes buy a production input from a competitor. For example, Apple and Sam-
sung are the two largest competitors in the smartphone market, and yet Apple historically
has purchased screens for its iPhone from Samsung (Lessin et al. 2013; Epstein 2017). Other
examples include Hewlett-Packard buying laser printer engines from Canon (Braithwaite
2020), competing television manufacturers buying television screens from LG (Demers and
Wiszniewska 2021; Porter 2021), car makers buying batteries for electric vehicles from Tesla
(Wayland and Kolodny 2021), and watchmakers buying movement components from Swatch
Group (Naas 2019).

A major concern for managers who buy inputs from a competitor is that their firm
may need to share valuable information with the competitor (Arrunada and Vazquez 2006;
Brandenburger and Nalebuff 2021). For example, in 2013, an industry analyst reported that
Apple wanted to find a different supplier for iPhone screens because, “If you buy screens from
your competitor, you will be sharing some key information on your next product” (Lessin
et al. 2013). Nonetheless, Apple has continued buying screens from Samsung. In 2017, a
news story on innovations in smartphone screens reported, “Apple apparently has something
special brewing behind closed doors. In fact, it’s so special that the company supposedly
thinks Samsung Display will steal its ideas and pass them off to Samsung Electronics, so
Apple has turned to Samsung rival LG Display to help develop this new OLED screen
technology” (Epstein 2017). More recent reports say this new innovation Apple and LG are
developing is a foldable screen (Hardwick 2022).

In this example, Apple has the choice to buy foldable screens either from Samsung or
from LG, and Apple also decides whether to continue investing in improvements in foldable
screen technology. For example, Apple has invested in creating more durable folding screens
that do not crease or crack in the area where the screen folds (Liberatore 2023). Thanks to
Apple’s investment, its screen supplier will learn to produce these innovative new screens.

Thus, Apple now works with LG instead of Samsung to prevent knowledge spillover to a



competitor in the phone market (LG no longer makes smartphones (Li 2021)).

As another example, Hublot, a luxury watchmaker and part of LVMH Group, has a
history of innovative investment in its movement components, for example, using different
materials and designs to create more lightweight watches (Longet and Gabella 2023). Hublot
could buy these components from Swatch Group, but instead it buys them from third party
supplier Sellita (Koltrowitz 2020; Ho 2023). By sourcing from a third party, Hublot can
invest in improving this production input while avoiding knowledge spillover to a competitor
(Swatch Group owns high-end watch brand Omega, which competes with Hublot (Boyd
2022)).!

These examples illustrate a common problem with buying a supply input from a com-
petitor. If a firm invests in improving an input, then the resulting knowledge spillover allows
its supplier to produce a higher quality input in the future. If the supplier also happens to
be a competitor in the product market, then this knowledge spillover strengthens the firm’s
competitor.

This paper builds a two-period model in which a firm can buy a production input either
from its competitor or from a third party, with or without investing to improve the input.
Formally, in our model, two competing firms sell a differentiated product. One of these
competing firms has the ability to create a key production input for this product, whereas the
other competing firm can purchase the input either from its competitor or from a third party
supplier who does not compete in the product market. In each period, the two competing
firms first engage in Nash bargaining over a two-part tariff that one firm pays to the other for
the production input. If the firms do not reach a supply agreement, the focal firm buys the
input from the third party. After this supply agreement occurs, product prices for the period
are set and profits are realized. During the first period, the focal firm also chooses whether

to invest in improving the input, which allows its chosen supplier to produce a higher quality

1Swiss authorities have a complex history of regulating sales of movement components, for a time requiring
Swatch Group to sell these inputs to competitors, and more recently forbidding them from doing so (Naas
2019). However, current regulatory policy allows Swatch to make its own decisions about whether to sell to
competitors (Koltrowitz 2020).



input in the next period.

Our results imply that competing firms can use an agreement in which one firm supplies
an input to the other to help soften price competition in the product market. The competitor
that supplies the input earns a profit from each unit of the good sold by the focal firm, so
it has less incentive to undercut the focal firm’s price in the product market. However, if
the focal firm buys from the competitor and invests in innovation in the first period, the
competitor then has a stronger bargaining position in the second period because it knows
how to produce a high quality input, which provides the competitor with an advantage if
the firms fail to reach an agreement and the focal firm has to source from the third party.

We show that these two forces — the price softening effect and the stronger bargaining
position for the rival — give rise to three kinds of equilibrium supply arrangements, and under
some conditions, the value of innovation has a non-monotonic effect on the focal firm’s choice
of supplier. If the value of the innovation is sufficiently low, the firm buys from its competitor
and does not innovate. If the value of the innovation is sufficiently high, the firm buys from
its competitor and innovates. However, if the value of innovation lies in an intermediate
range, the firm buys from the third party so that innovation occurs in equilibrium.

Our analysis also implies that the degree of horizontal product differentiation in the
consumer market affects the equilibrium supply arrangement. With a low level of product
differentiation, the focal firm buys the input from the competitor to exploit the price-
softening effect in the highly competitive product market. In this case, the focal firm invests
in innovation if the value of innovation is sufficiently high relative to its cost. By contrast,
if the products are sufficiently differentiated in the product market, the focal firm may buy
the input from the third party to prevent the rival from obtaining a stronger negotiating
position.

Another key factor in these investment decisions is the magnitude of investment costs.
For example, Apple has invested $2.7 billion in LG’s screen production facilities (Maggio

2017). Such investment is partly a financial transfer, but it also involves other investment



costs that are not purely financial. Apple managers decide whether to assign key employees
to spend time on research and development of better phone screens, and this discretionary
investment by Apple is not easy for an outside company like LG to monitor. Therefore,
Apple will make such investments of time and effort only if it expects that doing so will lead
to a sufficient increase in its own profits.

In our model, as in many real world cases, certain aspects of the supply arrangement
cannot be enforced with a formal contract. Similar to economic theory on incomplete
contracts and hold-up problems (e.g., Grossman and Hart 1986; Hart and Moore 1988),
firms cannot use a formal contract to require the focal firm to invest in innovation, because a
court could not practically verify and enforce such a contract. For example, if Apple signed
a contract promising to invest in making its supplier’s foldable screens more durable and
user friendly, it would be difficult for a judge to verify whether Apple has met its obligations
under this contract. In addition, similar to previous literature on contract renegotiation
(e.g., Hart and Moore 1988; Plambeck and Taylor 2007), the firms cannot commit to future
prices for a second period input contract, because they do not yet have sufficient knowledge
of future production costs and future demand. For example, the prices in Apple’s supply
contract for its foldable screens can only practically be specified for a limited amount of
time, with managers understanding that firms will eventually need to negotiate new terms
of their supply contract as costs and demand change over time. Our paper derives conditions
in which these non-contractible aspects of the supply arrangement result in the focal firm
choosing a third party instead of a competitor as a supplier, or choosing a competitor as a
supplier but refusing to innovate, in order to avoid strengthening the negotiating position of
its competitor in the second period.

Our results imply that the classic hold-up problem, which leads to underinvestment in
innovation, becomes more severe if a firm buys from its competitor. If the extent of knowledge
spillover to the competitor is large, we show that the range of costs for which the firm would

invest in the third party’s input is at least twice as large as the range of costs for which the



firm would invest in the competitor’s input. Thus, there is a smaller set of parameter values
for which the firm will invest if its supplier is also a competitor. This increased severity of
the hold-up problem if the firm buys from a competitor can cause it to choose a third party
supplier to ensure innovative investment occurs.

To summarize, our two-period model shows that, in the first period, the focal firm faces a
trade off between the short-term benefit and the long-term cost of buying from a competitor.
The short-term benefit to firms is that choosing a competitor as a supplier leads to less intense
price competition. However, the long-term drawback is that buying from a competitor
discourages investment in innovation by the focal firm. Under some conditions, we find
that the increased severity of the hold-up problem when investing in a competitor’s input
causes a firm to buy from a third party, despite the price softening benefit of sourcing from
a competitor.

Section 2 discusses related literature. Section 3 presents the model set-up. Section 4
derives results. Section 5 presents several model extensions. Section 6 presents conclusions.

The appendix contains all formal proofs and additional model extensions.

2 Related literature

There is a literature that has examined some of the implications of buying an input from
a rival. Previous papers have studied how economies of scale can affect the firm’s sourcing
decision (Heese et al. 2021), whether the focal firm or its rival should be responsible for
investing in improvements to the production process (Pun 2014), the effects of competition
on the sourcing decision in a Stackelberg quantity choice framework (Chen et al. 2011), the
effects of capacity constraints on the sourcing decision (Ghamat et al. 2018), and how firm-
level capabilities determine the sourcing decision of a firm with the threat of the supplier
as a potential competitor (Lim and Tan 2010). Literature in supply chain management has

also established that information sharing is an essential ingredient of a successful supply



relationship (e.g., Lee and Whang 2000; Cachon and Fisher 2000; Lee et al. 2000) and shown
that firms may want to limit the amount of information they share with rivals (Li 2002; Ha
and Tong 2008; Li and Zhang 2008; Anand and Goyal 2009). Another related research stream
investigates the distribution strategy for a manufacturer of a proprietary component, which
can either act as a sole entrant or also license its component to a competitor (Venkatesh
et al. 2006; Xu et al. 2010; Yang et al. 2018). These previous papers do not capture how
buying from a rival affects the focal firm’s future negotiating position in a dynamic setting,
which is the focus of our paper.

To model the negotiation between the focal firm, the competitive supplier, and the third
party, Heese et al. (2021) use a bilateral negotiation framework. However, their model is a
one-period model, which does not capture how the competitive supplier’s future bargaining
position is affected by the focal firm’s current choice of supplier and its investment decision.
Moreover, Heese et al. (2021) do not consider investment in innovation and the possibility
of knowledge spillover; their focus is on the role of efficiencies created via economy of
scale. Furthermore, some previous papers find that buying from a competitor softens price
competition (e.g., Xu et al. 2010), but they do not show how this effect interacts with the
effect of innovation on future negotiating positions, as our paper does.

Previous literature has shown that incomplete contracts lead to opportunism (Williamson
1993), which can affect asset ownership decisions (Grossman and Hart 1986; Hart and Moore
1988; Gibbons 2005), pricing decisions (Bajari and Tadelis 2001; Nistor and Selove 2020),
effort incentives in a relationship between firms (Baker et al. 2002; Levin 2003; Taylor and
Plambeck 2007), and a seller’s bilateral negotiation with multiple downstream firms (McAfee
and Schwartz 1994). A common feature of these models is that hold-up problems occur when
one party makes an investment and another party then negotiates to extract surplus created
by this investment. For example, Stole and Zwiebel (1996a,b) develop a model in which a
firm invests in employee training, and employees then become more valuable and can extract

some of the benefits of their training through wage negotiation. Che and Hausch (1999)



develop a model in which a supplier and a buyer can each make a cooperative investment
that increases the profits of the other party, and each firm negotiates to extract surplus
created by these investments. Similarly, in our model, the focal firm’s investment in the
competitor’s input increases the competitor’s profits, and firms then negotiate over how to
split the resulting surplus, causing a hold-up problem.

A key difference between our paper and this earlier literature on hold-up problems is
that the firms negotiating over an input in our model also compete in the product market.
Furthermore, if the focal firm and its competitor fail to reach a supply agreement, the outside
option is that the focal firm buys from the third party and the competitor continues making
its own inputs. Therefore, investment in the competitor’s input makes this outside option
better for competitor and worse for focal firm. For example, if Apple helps Samsung make
more durable folding screens, and these firms later fail to reach an agreement for a continued
supply contract, then Samsung can continue using the improved screens whereas Apple
needs to use unimproved screens from LG, which results in a product market advantage for
Samsung. This effect on the outside option for each firm increases the severity of the hold-up
problem and discourages Apple from investing in Samsung’s screens. Thus, we show that
the interaction of product market competition with uncontractible investments implies the
hold-up problem becomes more severe when a firm buys from a competitor.

Another related stream of literature investigates the make-versus-buy decision (e.g,
Williamson 2008; Arya et al. 2008), addressing whether a firm should outsource production
of an input to another firm or invest in producing in-house. In our model, making the input
in-house is infeasible for the focal firm, for example, due to high fixed costs of developing
this expertise. Instead, we focus on the strategic aspects of buying an input from a rival
versus a non-rival supplier and the implications for innovation.

Our paper is also related to marketing literature that uses game theoretic models to
study channel coordination (e.g., Jeuland and Shugan 1983; Iyer 1998; Iyer and Villas-Boas
2003; Desai et al. 2004; Dukes et al. 2006; Amaldoss and Shin 2015). One firm in our model



is both a supplier and a competitor, so the classic double marginalization problem studied
in this literature benefits the firms in our model by softening price competition, in contrast

with this earlier literature in which double marginalization reduces industry profits.

3 Model

There are two competing firms, Firm A and Firm S, producing a differentiated product and
selling it in two time periods. Throughout the paper, we will call Firm A the “focal firm”
and the Firm S the “competitive supplier.” We model consumer preference heterogeneity
and product differentiation using a Hotelling line with length one, where Firm A is located
at x = 0 and Firm S is located at x = 1, with a unit mass of consumers uniformly distributed
along the line. Denote consumer valuations for the products in period ¢ by v4; and vg; and
product prices by pa; and pg;, where i € {1,2}. A consumer at location x derives utility
va;—trx—pa,; and vg; —t(1—x)—pg; from purchasing from Firm A and Firm S, respectively,
where ¢ is the transportation cost, which captures the level of product differentiation in the
market. In each period, a consumer purchases at most one unit of the product.

To produce their products, firms need a specific input. Firm S can produce this input
in-house, but Firm A does not have the capability to do so. Firm A can buy the input either
from Firm S or from a third party, Firm T. The input contracts consist of a standard two-part
tariff. In period ¢, Firm A can purchase the input from Firm S for a per-unit price wg; plus
a fixed payment Fy;, or it can purchase the input from Firm T for a per-unit price wy; plus
a fixed payment Fr;. The variable component of these payments is non-negative, and we
allow the fixed component to be either positive or negative (or zero). This type of contract
allows the two parties who reach a supply agreement to choose a variable component to
maximize their total equilibrium profits, while using the fixed component to transfer profits
between them (Moorthy 1987).

In practical terms, the fixed payment helps cover costs for the supplier’s production



facilities. For example, Apple recently paid $2.7 billion to help fund LG’s factory for phone
screens (Maggio 2017). In our model, if Firm A buys the input from the third party, then it
makes a fixed payment of Fr; to help cover costs for this supplier’s production facilities. If
Firm A buys from the competitor, then it makes a fixed payment of Fyg; to help fund this
supplier’s facilities. For notational simplicity, we normalize Fr; to zero and allow Fs; to be
either positive or negative. Therefore, a negative value of Fg; means this fixed payment is
less than F; but does not imply the fixed payment to the competitor is actually negative in
absolute terms. In other words, the focal firm may make a smaller fixed investment in the
facilities of its competitor than it would make in the facilities of the third party.?

Our goal is to understand the strategic implications of purchasing the input from the
competitive supplier. For simplicity of exposition, we normalize the third-party supply
contract to wy; = Fr; = 0. However, the supply contracts between Firm A and Firm S (i.e.,
the equilibrium values of wg; and Fg ;) are determined endogenously using a Nash bargaining
model. In particular, in each period, Firm A and Firm S negotiate over the contract terms
considering each firm’s outside option, that is, the profits that would be realized if they
did not reach an agreement. The Nash bargaining framework implies firms optimize the
negotiation parameters (the per-unit input price and the fixed payment) such that total
industry profits are maximized and the additional surplus generated by the agreement
is divided equally between the two parties.® We later present a model extension with
multiparty bargaining, in which the input contracts offered by both suppliers are determined
endogenously.

We also allow the focal firm to make an investment in order to improve the input. This

type of investment is common in many industries and leads to increased product value in

the consumer market. Whereas previous research has modeled investments that firms make

2In principle, a fixed payment could also be made from the supplier to the buyer. Previous research on
supply contracts has explored different real world mechanisms for fixed payments from suppliers to buyers,
such as quantity discounts, free samples, or slotting allowances in a retail context (e.g., Piccolo and Miklés-
Thal 2012).

3Extending the model to allow for different bargaining powers for each firm such that the firm with a
greater bargaining power would take a larger portion of the surplus would not change our results qualitatively.
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before they trade an input (e.g., Grossman and Hart 1986; Plambeck and Taylor 2007), we
focus on investment that occurs after a firm has begun working with its supplier. Literature
in supply chain management has documented that firms form close personal connections
and shared cognitive understanding with their suppliers, which allows a buyer to make
investments that improve the supplier’s performance (Lawson et al. 2008; Leuschner et al.
2013; Palit et al. 2023). Our paper focuses on such investments, so the focal firm in our model
can invest in the input only for the supplier it chooses in the first period. Furthermore, we
focus on investment that is supplier-specific. For example, Apple’s investment to improve
LG’s foldable screen is spent on equipment, laboratories, and professional staff integrated
into LG’s facilities; these investments are not easily transferable, at least completely, to
Samsung’s screen manufacturing facilities.*

In particular, Firm A can decide whether to invest an amount ¢ in order to improve the
input’s quality, where ¢ > 0. If this investment occurs, the resulting innovation allows the
supplier to produce a higher quality input, which increases the product’s value to consumers.
It takes one period for Firm A’s investment in the supplier’s input to affect product values in
the product market. Thus, if Firm A selects Firm T as the supplier in period one, invests in
input improvement, and again contracts with Firm T in period two, Firm A’s product value
will increase from vy, in the first period to v4y in the second period, where va; < vag.”

The investment cost ¢ includes the cost of non-contractible commitments, such as
assigning elite employees to work on improving the input. Therefore, Firm A’s investment
decision cannot be included in the supply contract. One possible reason firms cannot use
a formal contract to enforce the investment decision is that the innovation outcome is

uncertain. Hence, it is possible that no innovation occurs even if Firm A invests. For

4Qur findings would remain qualitatively unaffected if the focal firm could only partially transfer the
innovation developed in period one with one supplier to the second period with the other supplier. We later
develop a one-period version of our model (Appendix B.5) that does allow the focal firm to transfer its full
investment value to either supplier, and in this case, we show the firm always chooses its competitor as a
supplier to benefit from softer price competition.

°In principle, we could allow the investment to cause an immediate increase in product value and derive
similar results, as this investment would still affect future negotiations over the supply contract.
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modeling parsimony, the investment outcome is deterministic in our main model, but the
appendix includes a model extension with uncertain innovation outcomes and shows that
our results are qualitatively the same. Furthermore, the innovation outcome itself may not
be verifiable by a court.%

If Firm A decides to buy its input from the competitive supplier Firm S and then decides
to invest ¢ to improve Firm S’s input, the value of any product using an input from Firm
S in the second period will increase. In this case, not only will Firm A’s product quality
rise in the second period (if it again chooses Firm S as the supplier), but the rival Firm S’s
product valuation will also increase from its initial level vgy in the first period to vgy in
the second period, where vg;, < vgy. Thus, buying the input from the rival and investing
in input improvement may weaken the focal firm’s market position by making the rival’s
product more valuable for consumers.

For parsimony, we let firms’ product values be symmetric. That is, va;, = vsp = vy,
and vay = vgy = vy. Moreover, we normalize the initial product values to one (v, = 1).
Finally, let A = vy — v, = vg — 1 denote the improvement in the firms’ product values.
We later present a model extension with incomplete knowledge spillover, so investment by
Firm A has a larger effect on the value of its own product than on the value of the Firm S
product.

The costs of producing the input and the product are normalized to zero. Similar to
previous theory on competition in distribution channels (e.g., Dukes et al. 2006), our analysis
focuses on a range of model parameters for which the market is covered and each firm has
positive demand in equilibrium. In particular, the transportation cost parameter is low
enough that ¢ < %

The game timing and decisions are as follows. There are two periods, each consisting of

two distinct stages. In stage 1 of period 7, Firm A chooses its supplier. In particular, Firm

SFor example, a court could not practically verify that Apple is making large investments of time and
effort into improving its supplier’s smartphone screens, and also could not reliably verify how much these
screens have improved. Therefore, a formal contract cannot force Apple to make such investments, and
Apple will invest its employees’ time and effort to improve the screens only if it expects that doing so will
lead to a sufficient increase in its own profits.

12



Figure 1: The Sequence of the Game
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A and Firm S engage in Nash bargaining over the supply contract terms wg; and Fg;. If
they fail to reach an agreement, Firm A buys the input for the current period from Firm T.
In Stage 2 of period 7, Firm A and Firm S simultaneously price their products. Firm A also
makes its first period investment decision at the same time firms set first period prices, and
this investment decision affects product values in period two. At the end of each period,
consumers make purchase decisions. Each firm seeks to maximize its total profits for the

two periods net of any investment cost. Figure 1 illustrates the sequence of decisions.

3.1 Discussion of model timing

Our two period setup is motivated by the real world observation that knowledge spillovers
naturally occur from a firm to its chosen supplier, as documented by a large literature
stream in operations management (Lawson et al. 2008; Leuschner et al. 2013; Palit et al.
2023). In particular, after a firm chooses a supplier and begins receiving inputs from it,
any investments the firm makes to improve the input naturally result in its chosen supplier
learning how to produce these new superior inputs. This knowledge spillover to the supplier
then affects negotiations over supply contracts in future periods. Furthermore, firms cannot
practically commit to input prices for all future supply periods, for example, because rapid

fluctuations in product value, costs, and technical specifications make it impossible to decide
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prices sufficiently far in the future (Hart and Moore 1988; Che and Hausch 1999). The
appendix includes a model extension with uncertain innovation outcomes to illustrate how
such uncertainty about the future can be formally incorporated into our model.

Thus, the focal firm has a short-term incentive to buy from the competitor in the first
period to soften price competition, but the resulting knowledge spillover in the first period
inevitably affects negotiation positions in the second period, which causes a hold-up problem
and leads to under-investment. To further illustrate the importance of having two production
periods, we explore one-period versions of our model in the appendix and show how the
results differ (see section 5.5 for details).

Similar to previous literature on hold-up problems (e.g., Grossman and Hart 1986; Hart
and Moore 1988), we allow the focal firm to invest after the first-period supply contract has
already been signed. This model timing reflects that firms have ongoing opportunities for
non-contractible investment after their initial supply contract is signed. For example, after
the firms begin working together, the focal firm could continue to allocate a large number
of elite employees to spend time improving the input, but they cannot formally commit to
make such non-contractible investments at the time they sign the initial supply contract. In
our model, both the focal firm and its supplier are forward-looking and anticipate that the
focal firm will invest if and only if it has an incentive to do so after the first-period contract
has already been signed. This investment incentive depends on the investment cost and
anticipated second-period outcomes with and without investment.

Given that the investment does not affect product values until period two, our results do
not depend on whether the investment decision occurs just before, at the same time, or just

after first period prices are set.

4 Analysis

We use backward induction to solve the model. We start by characterizing product prices

in section 4.1. We then derive the period two supply contract in section 4.2. We derive the
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Table 1: Model notation

1€1,2 Index of time periods

VA, Vs, Value of Firm A and Firm S product in period ¢

DA, PS.i Price of Firm A and Firm S product in period i

t Amount of product differentiation

v, =1 Value of initial product

vy =14+ A | Value of product using improved input

wr,, Fr; | Per-unit and fixed fee for third party input in period ¢

ws, Fs Per-unit and fixed fee for competitive supplier’s input in period %

c Investment cost to improve the input

focal firm’s investment decision in section 4.3. Finally, we solve for the period one supply
contract in section 4.4. Throughout the paper, we use the notation 74 ; to denote the focal
firm’s period-¢ profit, and mg; to denote the competitive supplier’s period-i profit. Moreover,
IT; denotes total industry profits in period 7. Note that these firm and industry profits for
period i do not account for the cost of investing to improve the input (if any). In section
4.4, we use II to denote total industry profit across the two periods, which does account for

this investment cost.

4.1 Pricing

This section derives equilibrium prices in period i given that customer valuations for products
sold by Firm A and Firm S are, respectively, v4,; and vg;. We show that equilibrium
product prices depend on whether Firm A buys the input from the third party Firm T or
the competitive supplier Firm S. Lemma 1 derives the price equilibrium and corresponding
profits. For the sake of parsimony, throughout the paper, we present results given the
condition A < 3¢, which implies |v4; —vg;| < 3t, and both firms have positive market shares
in equilibrium. The analysis and results if A > 3¢, which implies one firm may serve the

entire market, appear in the proof of each lemma or proposition in the appendix.
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Lemma 1. If [va; — vs;| < 3t and wg; € [0, %(UM + vg; — 3t)], equilibrium product prices
are:

pa; =t 4+ 25 4 Lwg,

ps; =t + 2522 4+ Lwg,

Equilibrium profits are:

Ta; = 15 (3t +va,; —vs:)? — I Fs;

TS, = %8,5(315 —va; +vg:)* + Li(ws; + Fs;)

which implies industry profits are:

IL; =t + é(UA,i —vg,)? + Lws,

where I; = 1 if Firm A buys the input from its competitor in period i and I; = 0 otherwise.

Lemma 1 implies, if Firm A buys from the third party Firm T, then equilibrium profits
if Firm A and Firm S both have a low valuation (v4; = vg; = 1) are the same as if they
both have a high valuation (va; = vs; = 1 + A) because price competition prevents firms
from capturing the surplus generated by increased product values. In fact, given this supply
decision (I; = 0), industry profits are greatest if one firm has a high valuation and the other
firm has a low valuation. By contrast, we show that, if Firm A buys from its competitor
(I; = 1), equilibrium industry profits are greatest if both firms have a high valuation.

If Firm A buys the input from its competitor Firm S, both firms set product prices that
are higher by wg; (the wholesale unit input price) than they would if Firm A bought the
input from the third party. When buying from its competitor, Firm A sets a higher price
because its marginal cost of purchasing the input is wg; higher than if it bought the input
from the third party. Firm S sets a higher price because it generates profits of wg; from
each unit of the product that Firm A sells and therefore it has less incentive to reduce its
price to capture the marginal customer. Thus, a supply arrangement in which a firm buys
an input from its rival mitigates price competition and increases industry profits.”

Note that, if Firm A and Firm S agree to a wholesale input price so high that

TIf we allow wr,; > 0, buying from the rival still mitigates price competition and increases industry profits
because Firm S generates profit from each unit Firm A sells. See Lemma 10 for details of this case.
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wg,; > %('UAJ' + vg; — 3t), then the condition in Lemma 1 no longer holds. In this case,
equilibrium product prices are so high that the market is not fully covered, and the firms
act as local monopolists. We show that industry profits are maximized by choosing the

maximum possible wholesale price such that the market is fully covered.

Lemma 2. If |va; — vg;| < 3t and Firm A purchases the input from Firm S in period i,
industry profits are maximized by setting input wholesale price ws; = %(UM + vg,; — 3t),

resulting in industry profits 1I; = %(UA,L' +vg;) + é(vsﬂ' — ;) — %t.

Thus, holding product valuations constant, industry profits are maximized if Firm A buys
the input from Firm S at the wholesale price specified in Lemma 2. However, as we show
below, in some cases buying the input from its competitor prevents Firm A from investing
in the input due to its desire not to strengthen its rival’s negotiating position. In such a

case, Firm A may decide to buy the input from the third party in equilibrium.

4.2 Supply Contract in Period 2

We now derive the equilibrium supply contract in period 2. We compute the equilibrium
for three feasible sub-games in the second period: (1) the focal firm has not invested in the
input for either supplier, (2) the focal firm has invested in the competitor’s input, and (3)
the focal firm has invested in the third party’s input. In the next section of the paper, we use
backward induction to compute the first-period supply contract and investment decision.

If the focal firm did not invest for either supplier in period 1, then both competing firms
have the same product valuation, v4 2 = vg2 = 1, in period 2. In this case, the focal firm buys

the input from its competitor in period 2 in order to benefit from softer price competition.

Lemma 3. If Firm A did not invest in innovation in period 1, then, in period 2, it buys the

input from its competitor, with contract wgs =1 — % and Fgo = —(% — %), which results in

profits mas = wgo = 3 — L, and industry profits Il, =1 — L.
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Lemma 2 implies that the wholesale unit input price wgo stated in Lemma 3 maximizes
industry profits given that each firm has a product valuation of 1. Under Nash bargaining,
the fixed fee Fg5 depends on the outside option of each firm, that is, the profits Firm A and
Firm S would generate if their negotiation broke down and Firm A bought the input from
the third party. Given that neither input has been improved, both firms would have the same
product valuation, and Lemma 1 implies they would generate the same equilibrium profits,
Tag2 = Tge, if Firm A sourced from the third party. Because they have the same profits
under this outside option, the fixed fee stated in Lemma 3 splits profits evenly between to
the two firms. Thus, if neither input has been improved, Firm A buys from its competitor
Firm S in period 2 and both generate the same equilibrium profits in this period.

If the focal firm invested in the input for the competitor in period 1, it chooses the
competitor as a supplier in period 2, in order to benefit both from the higher product
valuation that comes from using an improved input and also from softer price competition,

as shown in the following lemma.

Lemma 4. If Firm A bought the input from the competitor in period 1 and invested in
imnovation, then, in period 2, it again buys the input from its competitor, with contract
3t A

wsp =1+A == and Fga = —%U}SQ + %, resulting in period-2 profits ma o = % — i + 5 and

TS = % -t4 %, and industry profits Il, =1 — £ + A.

Because both firms use the improved input, the product valuation for each firm is 14+ A. The
wholesale unit input price stated in Lemma 4 maximizes equilibrium industry profits given
this higher product valuation. The fixed fee depends on the outside option for each firm if
their negotiation breaks down, in which case Firm S would use the improved input but Firm
A would need to use the input from the third party, which has not been improved. Lemma
1 implies this sourcing outcome would result in equilibrium profits that are % higher for
Firm S than for Firm A. Under Nash bargaining, each firm’s profits are equal to the profits
it would generate under its outside option plus one half of the additional industry profits

that are generated if they reach an agreement. Therefore, the fixed fee stated in Lemma 4
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results in profits that are % higher for Firm S than for Firm A. Thus, Firm A investing in
the input for the Firm S input in period 1 results in a stronger negotiating position for Firm
S in period 2, and this improved negotiating position (better outside option for Firm S than
for Firm A) implies Firm S generates greater profits than Firm A in period 2.

We now compute the equilibrium for the subgame that occurs if Firm A invests in the

input for the third party.

Lemma 5. Suppose in period 1 Firm A bought from Firm T and invested in improving its
iput. In period 2, if %—: >1-— %, Firm A buys the input from the third party, resulting in

period-2 profits Ta e = % + % + f—;t and Tgo = % — % + f—;t, and industry profits [y =t + %—;.

Otherwise, Firm A buys the input from its competitor, with input contract wss =1 — % and
Fso=—(3-3)— %, which results in profits Tap = 5 — L + % and mgp = 3 — £ — %, and

industry profits Il =1 — %

In this case, Firm A’s sourcing decision depends on the magnitude A of the value increase
from using an improved input. Lemma 1 implies that industry profits increase by %—: if one
firm uses an improved input instead of an unimproved input. Lemmas 1 and 2 imply that
industry profits increase by 1— % if Firm A buys from its competitor instead of from the third
party (while both firms use the unimproved input). In equilibrium, Firm A makes whichever
sourcing decision leads to greater industry profits. If it does source from its competitor, then
the wholesale unit price maximizes industry profits, and the fixed fee depends on the profits
each firm would generate if they failed to reach a supply agreement. Because Firm A would
use the improved input and Firm S would use the unimproved input if they did not reach an
agreement, Firm A has a stronger negotiating position, and the fixed fee stated in Lemma

5 results in higher profits for Firm A than for Firm S. Thus, investing in the third party’s

input in period 1 results in a stronger negotiating position for Firm A in period 2.%

8In this section, we are computing the equilibrium of each feasible subgame, and we will then use backward
induction to compute the equilibrium of the entire game. We show below that, under some conditions, Firm
A buys from Firm T in both periods in equilibrium. However, the case in which Firm A buys from Firm T
in period 1 and then buys from Firm S in period 2 does not occur on the equilibrium path.
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4.3 Focal Firm’s Investment Decision

Having solved the equilibrium supply contract in period 2, we derive the focal firm’s
investment decision given its chosen supplier in period 1. The following lemma holds for
A < 3t, which ensures both firms have positive demand in equilibrium. The formal proof
in the appendix also derives the outcome for A > 3¢, in which case one firm may serve the

entire market in period 2.

Lemma 6. If Firm A buys the input from Firm S in period 1, it invests in innovation if and
only if ¢ < %. If Firm A buys the input from Firm T in period 1, it invests in innovation if

: A1 A? 3
and only if c < 5 + §<max{§ -1+ %,O}).

Given the period 1 supply arrangement, this lemma states the conditions required for
investment to occur in equilibrium. One important observation is that the maximum cost
that allows the focal firm to invest is lower if it buys from the competitor in period 1,
as the focal firm anticipates that investing in its competitor’s input will result in a weaker
negotiating position for the focal firm, whereas investing in the third party’s input will result
in a stronger negotiating position for the focal firm. Thus, all else equal, contracting with
the competitor decreases the focal firm’s incentive to invest in the input. Also note that the
condition for investing if the firm buys from the third party depends on which supplier it

would then choose in period 2 based on Lemma 5.

4.4 Supply Contract in Period 1

In this section, we derive the equilibrium supply contracts in period 1. This is the last
step of our backward induction process. When negotiating the supply contract in period
1, Firm A and Firm S will strategically take into account the impact of their agreement
on the investment decision and period 2 outcomes. For example, when investment cost ¢ is
sufficiently low, both firms correctly anticipate that the investment will indeed occur (see

Lemma 6). Thus, if Firm A and Firm S contract in both periods, total industry profits
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across the two periods would be IT = (1 — £) + (1 — £ + A) — ¢. However, if Firm A and
Firm T contract in period 1, total industry profits would be II = t + (¢ + éAQ) —c or
IT =t+ (1 —1%)—c depending on whether Firm A continues to buy from Firm T in period
2 or switches to Firm S.

Note that, if investment does occur and A < 3t, total industry profits are higher in both
periods if Firm A and Firm S contract because the condition ¢ < % implies 1 — % > t, and
the condition A < 3t implies A > %AZ. Together, these conditions ensure industry profits
conditional on investment occurring, as stated above, are higher if Firm A buys from Firm
S. Therefore, if investment cost ¢ is sufficiently small, Firm A and Firm S contract in both
periods and investment occurs. If ¢ is higher, two other types of equilibria can occur: one
in which Firm A contracts with Firm S in both periods but does not invest, and another in
which Firm A contracts with Firm T in both periods and invests. The following proposition

characterizes the equilibrium of the full game for the case A < 3t.

Proposition 1. If A < 3t, (i) Firm A buys from Firm S in both periods and invests in

Firm S’s input if ¢ < %. (ii) Firm A buys from Firm S in both periods without investing in

A AZ_18¢+27t2

5 o } < e (i) Firm A buys from Firm T in both periods and

the input if max{

. R _ _ . ,
inwests in Firm T’s input if % <c< @ 1§i+27t .

Under Nash bargaining, Firm A and Firm S reach a supply agreement in period 1 if
doing so leads to greater total industry profits for the two periods than would occur if Firm
A sourced from Firm T in period 1. As long as the cost of investing in the input is less than
the resulting value improvement (¢ < A), Lemmas 1 and 2 imply the maximum feasible
industry profits occur if Firm A buys from Firm S in both periods and invests in the input
in period 1. However, Firm A will invest only if doing so increases its own period 2 profits
by more than ¢, the investment cost. When deciding whether to invest, Firm A anticipates
that the period 2 supply agreement will not allow it to capture the full increase in industry
profits that result from the investment. In fact, Lemmas 3 and 4 imply that investment

in Firm S’s input increases Firm A’s period 2 profits by only % while increasing Firm S’s
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second-period profits by % because Firm S has a stronger negotiating position after it learns
how to produce the improved input. Thus, Firm A will invest in the Firm S input only if
c < %. Furthermore, because we are focusing on an investment that only Firm A has the
expertise to make and which cannot be enforced with a formal contract, it is not possible
for Firm S to subsidize this investment to ensure innovation occurs.

If the cost of investment is too large for Firm A to invest in the Firm S input (¢ > %),
one possible outcome is Firm A buys from Firm S in both periods without investing, in order
to benefit from softer price competition. Another possibility is Firm A buys from Firm T in
both periods and invests in Firm T’s input to benefit from the resulting value improvement.
The equilibrium outcome depends on which of these two possibilities generates greater total

industry profits based on Lemma 1.

Figure 2: Equilibrium Regions for Firm A Supply Strategy
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Firm A sources from Firm T in both periods and invests (Zone 3).

Figure 2 illustrates the regions for the three equilibrium outcomes as a function of the
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value improvement A and the investment cost ¢ for two levels of product differentiation .
If the improvement in product value A is low, the focal firm contracts with the competitive
supplier (zones 1 and 2 in the lower part of Figure 2). In this case, the focal firm will invest
in the competitive supplier’s input if the cost ¢ is sufficiently low.

However, if the value improvement from investment is high, the focal firm may decide
not to source from its rival. Zone 3 in Figure 2, for which Firm A sources from the third
party, emerges if both the cost and the benefit of investment, ¢ and A, are sufficiently large.
If A > 3t, contracting with the third-party and investing can allow the focal firm to serve
the entire market in period 2 because difference between rivals’ product values become large
(zone 3 above the dashed line A = 3t). For some parameter values, the choice of supplier
is non-monotonic in the value of innovation. In particular, the focal firm may buy from its
competitor if the value of innovation is sufficiently low or high (zones 1 and 2) but buy from
the third party for intermediate values innovation (zone 3).

Horizontal product differentiation (¢) also affects the focal firm’s supply and investment
strategy. Price competition becomes more intense with low product differentiation (low
t). Thus, the price softening effect becomes crucial for both firms’ profits when ¢ is low.
Consequently, the focal firm always buys from the rival to ensure the benefit of mitigated
price competition (which explains the absence of zone 3 below the dashed line A = 3¢ on
the left panel in Figure 2). However, if products are more differentiated, the price softening
effect becomes less important, and Firm A may not agree to buy from Firm S because of
concerns about giving the competitive supplier a stronger negotiating position in period 2
(which explains the presence of zone 3 below the dashed line A = 3¢ on the right panel in

Figure 2). The following proposition states these results formally.

Proposition 2. [f A < 3t and product differentiation is low (t < %), Firm A contracts with
the rival Firm S in both periods. If product differentiation is high (t > %), the focal firm may
buy its input from the third party. In this case, higher differentiation increases the range of

other parameter values for which the focal firm buys input from the third party.
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Proposition 2 states that the range of the value and cost parameters for which the focal
firm buys from the third party expands when products are more differentiated (zone 3 in
Figure 2 expands with t). Hence, with higher differentiation, sourcing from the third party
(zone 3) occurs for smaller values of A. If the focal firm buys from the rival, per Lemmas 1
and 2, the two firms agree to the maximum possible wholesale price for which the market is
covered (wg; = %(U A+ Vs;)—3t) to earn the maximum possible industry profit (74 ;+7g; =
%(v A,i—l—vg’i)jté(v Ai—Usi) 2 — %) The wholesale price and industry profits are both decreasing
in t. Thus, profits can decrease as product differentiation increases when the focal firm buys
from the rival. By contrast, Lemma 1 implies that when Firm A buys from the third party,
industry profits increase with ¢. These results explain why Firm A is more likely to buy from
the third party when ¢ increases. Our results also imply that equilibrium industry profits
can be non-monotonic functions of product differentiation, as profits decrease with ¢ in zones
1 and 2 but increase with ¢ in zone 3.

In the Apple and Samsung example discussed in the introduction, less differentiated
products might improve industry profits if Apple bought its input from Samsung. With
less differentiation, the indifferent customer’s utility would be higher, enabling Samsung to
demand a higher wholesale price for each unit of input and both firms setting higher prices,
which in turn improves total industry profit and the shares of each firm.

Figure 3 depicts the equilibrium outcomes as a function of value improvement A and
product differentiation ¢ for different values of investment cost c¢. If ¢ and ¢ are both large,
the focal firm’s sourcing strategy is not monotonic in A. In particular, the focal firm buys
from its competitor if the value of investment is low or high, but it buys from the third party
when the value of innovation lies in an intermediate range.

The proof of Proposition 1 in the appendix also derives the fixed payments in each
period. When Firm A buys from its competitor Firm S and invests, these fixed fees are
Fg1=15(9t — 6 —8A) and Fs5 = 75(9t — 6 — 2A). Given that ¢ < 2, these fixed payments

are negative in relative terms, that is, they are smaller than the fixed payment Firm A
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Figure 3: Equilibrium Regions for Firm A Supply Strategy
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[7] Fim A sources from Firm S in both periods and invests (Zone 1).
Firm A sources from Firm S in both periods but does NOT invest (Zone 2).

Firm A sources from Firm T in both periods and invests (Zone 3).

would make to Firm T. In practical terms, Firm S can effectively make a transfer to Firm
A by assuming a large share the fixed costs of joint investment in production facilities, for
example. Furthermore, |Fg1| > |Fs2|, which implies that the competitive supplier makes
a smaller fixed transfer to the focal firm in the second period. The competitive supplier’s
bargaining position becomes stronger in the second period due to Firm A’s investment in its
input. Hence, a relatively smaller transfer from Firm S can convince the focal firm to buy

from Firm S in the second period.

5 Model Extensions and Variations

In this section, we introduce model extensions that relax or change some aspects of the model

set-up. Our goal is to assess the robustness of our main findings and to uncover new insights
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about sourcing from a rival.

5.1 Multiparty Negotiation

In the main model, the supply contract negotiation occurred only between the focal firm
and the competitive supplier. In particular, the contract offered by the third-party supplier
was set to wr,; = Frr; = 0. In reality, third-party suppliers may also have bargaining power,
and the focal firm’s decision to invest in the third-party’s input in period 1 can affect the
contract negotiation with this supplier in period 2. In this section, we extend our base model
to incorporate a bilateral negotiation framework in which Firm A negotiates with both Firm
S and Firm T in both periods. This bilateral negotiation framework has been used in previous
game theory literature on supply chain contracts (e.g., Shaffer and Zettelmeyer 2002; Dukes
et al. 2006; Heese et al. 2021).

In this framework, the negotiation among the three parties can be described as an
infinitely repeated sequence of negotiations between Firm A and each of the two suppliers,
Firm S and Firm T. In each iteration, Firm A first negotiates with one supplier (say Firm
S) using the contract offered by Firm T to determine the disagreement payoffs, and then
negotiates with Firm T using the contract offered by Firm S to determine disagreement
payoffs. This negotiation process converges to contract parameters for which one supplier is
no longer willing to offer a better contract to the focal firm given the other supplier’s offer.
Thus, the outside option for each firm in the bilateral negotiation framework is determined
endogenously.

We follow the same backward induction process as in the main model. We first derive the
equilibrium product prices. Then, we derive the period 2 supply contract. Next, we derive
the focal firm’s investment decision. Finally, we derive the period 1 supply contract, leading
to the equilibrium of the entire game. We show that equilibrium profits change compared
with the main model, but the parameter regions in Figures 2 and 3 for supplier choices and

investment decisions remain the same.
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5.1.1 Renegotiation-Proof Contracts

Following a standard approach in contract economics (e.g., Dewatripont 1988; Coughlan and
Wernerfelt 1989), we restrict contracts between the focal firm and each potential supplier to
be renegotiation-proof. In each stage of the negotiation process, we do not allow two firms
to agree to a contract if they could secretly renegotiate a new contract that would make
both parties better off. We show that renegotiation-proof contracts imply per-unit input
prices wr; and wg; have the same equilibrium values as in the main model. The multiparty
negotiation process then determines the equilibrium levels of the fixed fees Fr; and Fg;.
When Firm A and Firm T negotiate, they may want to commit to a per-unit price above
marginal cost (wg; > 0) in order to commit Firm A to set a higher product price and thus
compel Firm S to set a higher product price. However, Firms A and T would then have an
incentive to secretly renegotiate a new supply contract with wr; = 0, which would allow

them to generate greater joint profits. See the formal proof in the appendix.

Lemma 7. The contract between Firm A and Firm T is renegotiation-proof if and only if

Wr; = 0.

The result that Firms A and T cannot credibly commit to wp; > 0 is similar to the
finding by Coughlan and Wernerfelt (1989) that a retailer and a manufacturer cannot credibly
commit to a wholesale unit price that leads to a higher product price than they would set
as a single integrated firm. By contrast, the restriction to renegotiation-proof contracts does
not affect the equilibrium choice of wg;, which is the per-unit price if the focal firm buys from
its competitor. Firm A and Firm S choose the per-unit fee wg; to maximize industry profits
(given that Firm T does not compete in the product market) and they have no incentive to
renegotiate this fee.

Given that wr; = 0 as stated by Lemma 7, the equilibrium pricing outcomes are the same
as in the main model (see Lemma 1). Similarly, the level of wholesale price that maximizes

total profit in Lemma 2 remain unchanged.
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5.1.2 Supply Contract in Period 2

Similar to our base model, there are three sub-games to consider: no investment in period
1, investment in the Firm S input, and investment in the Firm T input. For each case, the
best possible supply contract Firm T is willing to offer is wys = 0 and Fry = 0. If buying
the input from Firm S generates higher industry profits than buying from Firm T, then the
equilibrium outcome of the multiparty negotiation is that Firm T offers this contract with
fixed and per-unit fees equal to zero, and Firm S offers the same contract as in the main
model. Thus, Lemmas 3 and 4 still hold, and the equilibrium outcome in period 2 following
no investment or investment in the Firm S input is the same as in the main model.
However, the fixed fees offered by each supplier if Firm A buys from Firm T are different
in the multiparty negotiation model than in the main model. In this case, Firm S offers
the lowest fixed fee that makes it indifferent between Firm A buying from Firm S and Firm
T. This offer then determines the disagreement payoffs in the negotiation between Firms A
and T. Thus, Firm T has negotiating power that may allow it to generate positive profits
in period 2 following an investment in its input during period 1. We formalize this result in

the following lemma.

Lemma 8. Suppose in period 1 Firm A invested in the Firm T input. In period 2, if
%—: <1- %, Firm A buys the input from its competitor with the same contract as in Lemma
5. Otherwise, Firm A buys the input from the third-party with fized fee Fro = %(%—:—(1—%)),
which resulls in profits mas = § — 3t + 30, s = 155(3t — A)?, and wpp = %(%—f —(1-3%)),

. . o A2
leading to an industry profit of lly =t + 5.

5.1.3 Focal Firm’s Investment Decision

We now derive the focal firm’s investment decision given the outcome of the negotiation
in period 1. When deciding whether to invest, Firm A anticipates the profits that it will

generate in period 2 conditional on its investment decision.
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Lemma 9. In period 1, if Firm A buys the input from Firm S, it invests if and only if

c < 5. If Firm A buys from Firm T, it invests if and only if ¢ < 5.

The condition for investing in the competitor’s input (¢ < %) is the same as in the main

model. However, the range of cost values for which Firm A is willing to invest in the third
party’s input (¢ < %) is not as large as in the main model. The difference is that Firm
A now anticipates that the third party will capture some of the surplus generated by this
investment. Note that investment still occurs for a larger range of cost values when buying
from the third party than when buying from the competitor. One reason for this result is
Firm A anticipates that investing in the input of Firm T will compel Firm S to make a more

attractive contract offer in the second period. Thus, although Firm T captures some of the

profits, this investment also strengthens the outside option for Firm A.

5.1.4 Supply Contract in Period 1

Next we derive the negotiation outcome in period 1. Product values are low in this period
(va1 = vg1 = 1), so industry profits in period 1 are 1 — % if Firm A contracts with Firm S,
and t if Firm A contracts with Firm T. When firms engage in bilateral negotiation in period
1, they account for the impact of the period 1 negotiation on the profits they earn in period
2. The winner of the negotiation in period 1 is the supplier that leads to higher total industry
profit across the two periods.

We show that the parameter ranges for supplier choice and investment decisions in this
model extension are the same as in the main model. Intuitively, the multiparty negotiation
model still results in the supplier choice that maximizes industry profits. As shown in Lemma
9, the parameter range for which the focal firm is willing to invest in the competitor’s input

is the same as in the main model. Furthermore, the condition for choosing the third-party

A

=, Which guarantees the

supplier and investing in its input in the main model implies ¢ <

focal firm is willing to invest in the third party’s input in this model extension.’

9The inequality ¢ < % holds because % < % given that A < 3t and t < %
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Proposition 3. In the multiparty negotiation model extension, the supplier choice in each
period and the focal firm’s investment decision, as a function of the model parameters, are

the same as those stated for the main model in Proposition 1.

Thus, allowing for multiparty negotiation results in the third party generating positive
profits if it is selected as the supplier, but this model extension and the main model lead to
the same parameter ranges in which the focal firm chooses each given supplier and decides

whether to invest.

5.2 Investment by the Competitive Supplier

In the main model, Firm A decides whether to invest in the input of its supplier. In this
extension, we also allow Firm S to invest in its own input.

After the first period, Firm A and Firm S simultaneously decide whether to invest,
respectively, ¢4 and cg to improve the value of the input. Firm A’s decision and its impact
on product values remain the same as in the main model. Firm S also decides whether to
invest cg in its own input, which increases the value of products using this input in period
two.10 Thus, if Firm S invests cg, its own product value will increase by A, and Firm A’s
product value also increases by A if it buys the input from Firm S in period 2. If both firms
invest in the Firm S input, the value of products using this input increases by 2A. All other
aspects of the model remain the same as in our main model.

Throughout the following analysis, we focus on the range of parameters for which
the market is covered and both firms have positive equilibrium demand. The following

proposition derives the equilibrium.

Proposition 4. Firm A contracts with Firm T in both periods and invests if % < ey <

AZ427t2—18¢

of and cg > %. Otherwise, Firm A contracts with Firm S in both periods. In that

Lemma 2 implies, if Firm A buys from Firm S, industry profits are higher if both firms use the improved
input rather than just one firm using the improved input. Therefore, under Nash bargaining, both firms use
the improved input, and these firms would never reach an agreement in which Firm S uses the improved
input for its own product but sells the unimproved input to Firm A.
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case,
~ : A 5A
e Both firms invest if ca < § and cg < .
~ » : A 5A
e Only Firm S invests if ca > ¢ and cg < °g.

e Only Firm A invests if cy < % and cg > %.

218t A

. N - 2
e Neither firm invests if c4 > max{2 +29t ' 6

} and cs > 2.

The following Corollary derives the equilibrium for c4 = cg = c.

Corollary 1. If Firm A and Firm S have equal investment costs (ca = cs = ¢), Firm A

A

contracts with Firm S in both periods. Moreover, both firms invest if ¢ < ¢,

only Firm S

5A

1nuvests if% <ec<3%,

and neither firm invests if ¢ > 2.

Proposition 4 shows that, if cg > %, then Firm S never invests, and the outcomes are
the same as in our main model. The corollary shows that, if Firm A and Firm S are equally
efficient at improving the input (that is, ca = ¢s = ¢), then Firm A always contracts with
Firm S in both periods. In our main model, one incentive for the focal firm to buy from
the third party is to ensure investment occurs and to gain a product market advantage over
its competitor. This latter incentive is absent if the competitive supplier can invest and
improve its own product at relatively low cost. The corollary also shows that, in some cases,
Firm S invests but Firm A does not. This result occurs because Firm S can strengthen its
negotiating position by investing in its own input, whereas Firm A weakens its negotiating

position if it invests in its competitor’s input.

5.3 Incomplete Knowledge Spillover

In the main model, the increase in product values from improving the input is the same
for all firms that use the input. In particular, if Firm A invests in the Firm S input and

again chooses Firm S as its supplier, then the value of the products produced by both firms
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increases by A. In reality, there may be incomplete knowledge spillover (Palit et al. 2023),
so investment by Firm A has a smaller effect on the Firm S product. For example, if Apple
invests in superior phone screens, this input (the screen) may be optimized for Apple’s iPhone
and not for Samsung’s smartphones. In this model extension, investment increases the value
of the Firm S product by kA, where 0 < k < 1. The case k = 1 corresponds to our main
model. In the extreme case k = 0, the competitor does not receive any value increase from
input investment, that is, knowledge spillover is completely absent.

The following proposition states the equilibrium for the case A max{k, 1 —k} < 3t for the
sake of parsimony. This condition guarantees positive equilibrium market shares for both

firms. The proof in the appendix analyses this extension for any 0 < k£ < 1.

Proposition 5. (i) Firm A buys from Firm S in both periods and invests in Firm S’s input

2(1-k)2A243(3—k)At
36¢

if c < . (i) Firm A buys from Firm S in both periods without investing in

1-k)2A%4+3(3—k)At  k2A2_18t+2742
36t ’ ot

the input if max{2 } < e (iii) Firm A buys from Firm T in
1—k)2A24+3(3—k) At

k2A2—18t427t2
36t :

9t

both periods and invests in Firm T’s input if XA <c<

Corollary 2. If the degree of knowledge spillover k is sufficiently small, or if the product
differentiation t is sufficiently small, then the focal firm buys from the competitive supplier

i both periods.

Figure 4 illustrates the equilibrium outcome for different values of knowledge spillover
k. As k decreases, investment in the competitor’s input has a smaller effect on each firm’s
future negotiating position. Therefore, for small k, the focal firm is willing to buy from its

competitor for a larger range of parameter values.

5.4 Contracts with no Fixed Transfers

In the main model, we allow the focal firm to make a fixed payment Fyg; to Firm S that is
negative relative to the fixed payment Fr; it would make to Firm T (with Fr; normalized to

zero). For example, Firm S could agree to pay a larger share of the fixed costs of investment
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Figure 4: Impact of Knowledge Spillover (k) on Firm A Supply Strategy (¢ = 0.66)

k=0 k=05 k=09 k=1
T [ Zones I Zone 3
Zone 1 ; Zonl | Zone 1 | Zone 1
<
Zone 2 Zone 2 Zone 2 Zone 2
c (4 c c

| ] Firm A sources from Firm S in both periods and invests (Zone 1).
Firm A sources from Firm S in both periods but does NOT invest (Zone 2).

Firm A sources from Firm T in both periods and invests (Zone 3).

in production facilities dedicated to supplying Firm A. This fixed transfer allows for supply
contracts that maximizes industry profits while transferring some of the profits generated by
the contract to Firm A.

To illustrate the importance of this fixed transfer, we now restrict the fixed fees Fyg; and
Fr; to be zero, so the contracts involve only positive per-unit fees wg; and wr,. Thus, it
is not possible to transfer profits from Firm S to Firm A. All other aspects of the model

remain the same as our main model. The following proposition states the equilibrium.

Proposition 6. If the supply contracts cannot include fixed transfers, Firm A sources from
Firm T in both periods and invests in Firm T’s input if ¢ < ﬁA(A + 6t), and otherwise

Firm A sources from Firm S in both periods without investing in the input.

In this model extension, the focal firm never invests if it sources from the rival. If fixed
transfers from Firm S to Firm A are not allowed, investment in the rival’s input increases
both product valuations but does not increase Firm A’s equilibrium profits, as all of the

additional profit generated goes to the competitive supplier.
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5.5 Omne-period Models

Our two-period model implies the focal firm faces a trade-off between the short-term benefit
(softer price competition) and long-term drawback (reduced investment in innovation) of
buying from a competitor. Depending on the magnitude of these effects, in equilibrium, the
firm may buy from the third party and invest, buy from its competitor and invest, or buy
from its competitor without investing in innovation.

To illustrate the importance of having two periods of product market competition, the
appendix explores one-period versions of our model and shows how the results differ. If the
firm first decides whether to invest in a better input and can then transfer this knowledge to
either supplier, we show the firm always chooses its competitor as its supplier to benefit from
softer price competition. If the firm can commit to make an investment in the input of just a
single supplier before it negotiates over the supply contract, it sometimes invests in the third
party’s input, but it never invests in the input of its rival, and it uses the outside option of
buying an improved input from the third party to gain a stronger negotiating position with
its rival. Thus, these one-period models do not produce the full range of possible outcomes

that occur in our two-period model.

5.6 Contracting with Commitment not to Renegotiate

In our main model, firms cannot commit to a second-period supply contract during their
first-period negotiation. Previous literature has noted legal and organizational reasons
firms typically cannot commit to a contract that prevents renegotiation. Courts follow a
longstanding legal principle that “those who make a contract may unmake it,” which implies
a contract can be renegotiated if both parties agree to do so (Jolls 1997). Furthermore,
whereas two divisions in the same company may commit not to renegotiate if senior
management enforces such an agreement, there is no general organizational mechanism
that allows two separate firms to commit not to renegotiate (Che and Hausch 1999). To

illustrate how such contract commitment would affect our results, the appendix includes a
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model in which firms initially negotiate a supply contract for both periods, and they commit
not to renegotiate this contract. We show that this alternative set-up expands the range
of parameter values for which the focal firm invests in the competitor’s input because the
competitor can no longer negotiate to extract the surplus created by investment. However,
even for this alternative set-up with commitment not to renegotiate, there is still a range
of parameters for which the firm buys from the third party and invests or buys from the

competitor without investing in equilibrium.

6 Conclusion

This paper studies markets in which a firm can buy a production input from its product-
market competitor. Although this practice leads to mitigated price competition, managers
have expressed concern about the perils of knowledge spillover during the supply process.
As a result, some firms switch to third-party suppliers that are not direct product market
competitors. We study this problem using a framework in which a firm can buy an input
either from a rival or from a third party. The firm also chooses whether to invest in the
input in order to enhance the value of the product.

We find that, in some situations, the focal firm decides not to invest in innovation, or
decides to contract with a third party instead of the competitor. Two key forces affect this
supply decision. Buying from a rival mitigates price competition and improves industry
profits. However, buying an input from a competitor and investing in the input strengthens
the competitor’s future negotiating position because the focal firm would then be forced
to buy an inferior input from the third party if it did not reach an agreement with the
competitive supplier in the next period. Anticipating this hold-up problem discourages the
focal firm from buying from the rival and investing in innovation.

Our results imply, if there is little product differentiation, then managers should be willing

to buy an input from a competitor to help avoid intense price competition. However, if there
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is greater product differentiation, managers may want to avoid buying from a competitor. In
particular, if the value of innovation and the cost of investing in the input are both sufficiently
large, managers should choose a third-party supplier, so that they are willing to invest in
this supplier’s input without concern about weakening their own negotiating position in the
future.

We extend our main model to assess the robustness of our results. For a three-party
negotiation model, in which the third party and the competitive supplier can both negotiate
with the focal firm over the supply contract, we show that the sourcing outcomes are the
same as in the main model. If the competitive supplier also can invest in the input, this
supplier may have an even stronger incentive to invest in innovation than the focal firm.
Furthermore, if the value of innovation is smaller for the competitive supplier than for the
focal firm, the incentive to buy from a rival becomes stronger.

Future research could also extend our model in several ways. If there are capacity
constraints and demand uncertainty, the focal firm may want to source from multiple
suppliers to ensure sufficient supply. In addition, if firms interact repeatedly, they may
form a relational contract that helps sustain investment in the input as the focal firm seeks
to maintain its good relationship with its chosen supplier. Another possible extension would
allow the third party to invest in input improvement, and firms would need to consider this
supplier’s investment incentives.

Future research could also explore implications of our model for consumer welfare and
regulation. In our model, buying from a competitor leads to higher prices and less innovation,
both of which could be harmful to consumers. These results suggest regulators may want to
prevent firms from buying inputs from a competitor unless there is some other justification

for doing so that benefits customers.
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Supplemental Appendices

Buying from a Competitor: A Model of
Knowledge Spillover and Innovation

Appendix A presents formal proofs of results from the main body of the paper. Appendix B

contains additional model extensions and variations.



A Appendix A: Proofs

A.1 Proof of Lemma 1

We consider two cases: |vq — vg| < 3t (implying positive equilibrium market shares), and
|va—wvg| > 3t (implying one firm may serve the entire market). We drop the period subscript

1 for simpler exposition.
o |vg —vg| < 3t:
If Firm A buys from Firm T, equilibrium prices and profits are as in the standard
Hoteling model. If A and S both have positive demand, the indifferent customer on the

Hoteling line is at location: x = % — W' Profits for Firm A and S are: m4 =

pa(z — BATESIES=UA) and g = pg(5 + PAES2S=4)  Solving the first-order conditions,

equilibrium prices are: py =t + “43*% and pg = t + **3*4. Equilibrium quantities are:

ga = % — 2574 and qg = % + =554, Equilibrium profits are: m4 = %&(St + v — vg)?

L

and mg = 1g;

(3t —v4 +vs)?. Industry profits are: Il = w4 +7g =t + é(’l)g —wvy4)?. Full
market coverage requires that the indifferent customer x to have positive utility, so,
va —pa —tx > 0, that is, v4 +vs > pa + ps + t. Inserting prices yields, v4 + vg > 3t,
which holds because ¢ < % Moreover, both firms should have positive demands, which

results in the constraint |va4 — vg| < 3t.

If Firm A buys from Firm S, the profit functions become: m4 = (pa — ws)(5 —

PA—PS+Us—vA _ 1 PA—DPS+US—vA 1 PA—PS+TUS—VA
T) - FS and s = pS(§ + T) + ’U)S(§ - T) + FS- Then,

-2 t— —Opg+itvg— - .
Oma — ZZpadpsti-vstuatws g Ofs — pazZpstiivs—vatws  Thyg equilibrium prices
opa 2t dps 2t ?

become: py =t + ws + *5% and ps = t + wg + *52. Equilibrium demands are:

ga = %—% and gg = %—{—%. Equilibrium profits are: 74 = %&(St—i-UA—USP—FS

and mg = %&(St — v+ vs)?+ws + Fs. Industry profits are: 11 = ¢+ é(vs —v4)% 4+ wg.
The indifferent customer x should have a positive utility, thus, v4 — pa — tz > 0, that
is, v4 + vs > pa + ps + t. Inserting equilibrium prices, vag + vg > 2wg + 3t > 3t.

Moreover, for both demands to be positive, we should have |vs — vg| < 3t.

2



° |UA - US’ > 3t:
If Firm A buys from Firm T, then,

If vg > vg + 3t, then Firm A serves the entire market. Firm A sets its price to make
the z = 1 customer indifferent between buying from Firm A at p, or from Firm S
at pg = 0. It follows py = v4 —vg —t and ps = 0. Firm A and S profits are:

T4 =va —vs —t and mg = 0. Industry profits are: 1l = v, — vg — t.

If vg > v + 3t, then, Firm S serves the entire market. We have pg = vg — vy — t and
pa = 0. Firm A and S profits are: m4 = 0 and 75 = vg — v4 — t. Industry profits are:

II=vg—vy —t.
If Firm A buys from Firm S, then,

If vg > vg + 3t, Firm A serves the entire market. We have py = vq — vg — t and
ps = 0. Profits are m4 = vy —vs —t — wg — Fg and mg = wg + Fs. Industry profits

are: Il =v4q —vg —t.

If vg > vy +3t, Firm S serves the entire market. We have pg = vg—v4 —t and py = 0.
Firm A and S profits are: w4 = —Fs and g = vg — v4 — t + Fg. Industry profits are:

szs—UA—t.

A.2 Proof of Lemma 2

Per Lemma 1, if |y — vg| < 3t and 2wg < va + vg — 3t, the market is fully covered
and the industry profits are: 1l =t + é(vs —v4)? + wg, which is increasing in wg. The
maximum possible wholesale price would then be wg* = %(UA + vg — 3t), which fully
extracts the surplus of the indifferent customer. So the maximum possible industry profits
are: TI™*" = 2(vq + vg) + o (vs —va)? — 3t

Now consider the case 2wg > va + vg — 3t, so the market is not fully covered. In

this case, each firm is a local monopolist. Profits are m4 = (pa — wg)(*7**) — Fs and

Ty = pg(“L2) + wg(2-24) + Fs. Thus, equilibrium prices are: py =

vA+wWs — Vs
5> and ps = 3.



Equilibrium demands are: g4 = “45*% and qs = ¢¥. Equilibrium profits are: w4 = ﬁ(v A —

wg)? — Fs and mg = 75 (vs)? + ws(*¥5%5) + Fs. Industry profits are: II = 5 (v3 + vd — wi).

Thus, industry profits decrease with wg, implying that firms would not increase the wholesale
price above wg** = %(UA + vs — 3t).
If j[vg —vg| > 3t, Lemma 1 shows that the industry profits are |vq — vg| — ¢, which is

independent of the wholesale price.

A.3 Proof of Lemma 3

With v49 = vg2 = 1, per Lemma 1, if Firm A buys from Firm T in period 2, we have
TA2 = TS = %t and so the industry profit becomes H’Q“T =t. Per Lemma 1 and 2, if Firm
A buys from Firm S, then 742 = %t —Fgo, mg9 = %t +wg2 + Fs2 and so the industry profit
becomes I13% = ¢ + wgs where wgs = 3(2 — 3t). So, Firm A buys from Firm S because
15 > T4

To derive Fg5, we need to take into account firms’ outside options. If Firm A and S fail
to reach an agreement, then Firm A buys from Firm T resulting in 79, = 7§, = . Then,
the fixed payment is derived from m4 o — ﬂgz =Tgo— Wgz (firms will have equal surplus over

(3t —2). Inserting wgo and

their outside options). Solving for Fy, yields Fso = —iwgo = 1

Fg5 back into firm profits, we have, 40 = mgo = }1(2 —1).

A.4 Proof of Lemma 4

We first consider the A < 3t case. If Firm A buys from Firm S in period 1 and invests c,
then Firm A has 2 options: to continue with Firm S in period or to switch to Firm T.
If Firm A continues sourcing from Firm S in period 2, we have vgo = vg2 = 1 + A.

Inserting these product values into Lemmas 1 and 2, in period 2 we have firm profits m4 9 =

% — Fg9 and mgo = % + wgo + Fs2, the wholesale price wgo = A +1 — %, and industry
profits Il = 1 + A — £.

However, if in period 2 Firm A switches to Firm T, we have v4 =1 and vge = 1 + A.
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Inserting these values into Lemma 1, firm profits in period 2 are w4 = 75 (3t — A)? and
Tgo = %&(315 + A)?, leading to industry profits of IT, = ¢ + $A2.

We have, t + A2 <14+ A -1 o (8 1)+ A(§ —1) <0, given that £ < ¢ < Z. Thus,
industry profits are always higher if Firm A continues sourcing from Firm S. Thus, Firm A

3t
5 -

continues sourcing from Firm S with the wholesale price wgos = A +1 —

We now calculate the fixed payment Fgo. The fixed payment is derived from 74 o —WCA?Q =
TS — 7rg72 where superscript O denotes outside options (when Firm A and S fail to agree and
hence Firm A contracts with Firm T). Inserting 79, = 15 (3t — A)? and 7§, = 7 (3t + A)?

into the above equation yields Fgp = —(142 — 31) + 2. Inserting Fg» back into the profit
functions, we have: w45 = 15(2A — 3t + 6) and 752 = 15 (10A — 3t + 6).

We now consider the case A > 3t.

Suppose in period 2 Firm A switches to Firm T. We have v4 5 = 1 and vgo = 1+ A with

A > 3t. In this case, Firm S serves the entire market, leading to m42 =0 and mgo = A — ¢,

and industry profits of Il = A — ¢, which is less than 1 + A — % Thus, Firm A continues

3t
5

sourcing from Firm S with the wholesale price wgs = A+ 1 —

We now calculate the fixed payment Fgo for the A > 3t case. The fixed payment is
derived from 74, —74 ) = mgo—7g, where 74, = 0 and 7§, = A—t. Hence, (£ —Fs3)—0 =
(f4+A+1—34 Fgs) — (A —t), which results in: Fsy = —1 + £. Inserting Fs back into

the profit functions, we have: 749 = % + i and Tgo = % + A — %

A.5 Proof of Lemma 5

We first consider the case A < 3t. If Firm A buys from Firm T in period 1 and invests c,
then Firm A has 2 options: to continue with Firm T in period 2 or to switch to Firm S.

If Firm A continues sourcing from Firm T in period 2, we have v4o = 1+ A and vgs = 1.
Inserting these product values in Lemma 1, in period 2 we have m49 = ﬁ(?)t + A)? and

Ts2 = 15 (3t — A)?, leading to industry profits of Il = ¢ + 5 A%

However, if in period 2 Firm A switches to Firm S, we have v4 5 = vg2 = 1. Inserting these



values into Lemma 1, firm profits in period 2 are 749 = % — Fgy and mgo = % +wso+ Fso,
the wholesale price is wgs =1 — %, and industry profits are I, =1 — %
We have, ¢ + 5;A? > 1—%@%—: > 1— 2. Thus, in period 2, if%—f >1— 3% Firm A

buys the input from the third-party, and otherwise it buys the input from its competitor.

In the latter case, wgo = 1 — % The fixed payment is derived from 749 — Wg’z = Tgo —
7§, Inserting 79, = (3t + A)? and 7§, = (3t — A)? into the above equation yields
Fso = —qwss — 30 = —(3 — 3) — %. This leads to firm profits mas = 3 — 1t + 3A and
T2 =15 — it - %A

We now consider the case A > 3t. If Firm A buys from Firm T in period 1 and invests
¢, then Firm A has 2 options: to continue with Firm T in period 2 or to switch to Firm S.

If Firm A continues sourcing from Firm T in period 2, we have v42 =1+ A and vgs =1
where A > 3¢. Then we have 749 = A —t and gy = 0, leading to industry profits of A —¢.

However, if in period 2 Firm A switches to Firm S, we have v49 = vg2 = 1. Inserting
these values in Lemma 1, firm profits in period 2 are m4 9 = %—FS,Q and mgo = %+w572—|—F572,
the wholesale price is wgo =1 — %, and industry profits are IT, = 1 — £.

We have, A —t >1—£% < A > 14 L Thus, in period 2, if A > 1+ £ Firm A buys
the input from the third-party, and otherwise, it buys the input from its competitor. In
the latter case, wgy =1 — 3t The fixed payment is derived from 745 — 7r9,72 = Tgo — Wgz.
Inserting 79, = A —t and 7§, = 0 into the preceding equation yields (£ — Fgo) — (A —t) =

(A+1—t+Fs5)—0, yielding, Fgo = —% + % —A. This leads to firm profits m4 o = 5 — %t—l—A

1
2

and g = 3 + It

A.6 Proof of Lemma 6

First, we consider the case A < 3t. If Firm A buys from Firm S in period 1, its profits in

period 2 are £ + (2 — ) if it invests, and (2 — ¢) if it does not (see Lemmas 3 and 4).

Therefore, Firm A will invest ¢ if and only if % > c.

If Firm A buys from Firm T in period 1, its profits in period 2 are equal to %t + f—;t + %A



if it invests and %—: > 1 — %, equal to % — %‘t + %A if it invests and %—f <1- %, and equal
to 2 — 1t if it does not invest (see Lemmas 3 and 5).
Thus, Firm A invests if and only if %—: >1-%andc< %(%—:—(1—%))—#%, or %—: <1-%

and ¢ < %. These two conditions are combined together into ¢ < max{%, 0} + %.

Next, we consider the case A > 3t. If Firm A buys from Firm S in period 1, its profits in
period 2 are 1(2 4+ t) if it invests and (2 — ¢) if it does not (see proofs of Lemma 3 and 4).
Therefore, if A > 3t, and Firm A buys from Firm S in period 1, Firm A will invest if ¢ < %

If Firm A buys from Firm T in period 1, its profit in period 2 are equal to A — ¢ if it
invests and A > 1+ %, equal to % — %t if it invests and A <1+ %, and equal to % — it if it
does not invest (see proofs of Lemma 3 and 5). Thus, if Firm A buys from Firm T in period
t

1, it invests if and only if A>1+Land A—t—c>5—-tteoec< A3 -1

A.7 Proof of Proposition 1

We first consider the case A < 3t. Per Lemma 6, if the Period 1 supplier is Firm S, Firm
A will invest ¢ if and only if ¢ < %. On the other hand, if ¢ > %, we need to compare the
following two industry profits: (i) If Firm A buys From S in both periods and does not invest
in the input, total industry profits are Il = 2 — ¢ (see Lemma 3) (ii) If Firm A buys From
T in both periods and invests, total industry profits are: II = 2¢ + éAQ — ¢ (see Lemma 5).

The former is larger if and only if ¢ > %. Thus, Firm A buys from Firm S in both

A2 _18t4-27t2

of and ¢ > % whereas Firm A buys from Firm

periods and does not invest iff ¢ >

. . . . . . . 2_ 2
T in both periods and invests in Firm T’s input iff ¢ < Alg#

and ¢ > %.

Next, we derive the period 1 fixed payment when Firm A and Firm S contract, Fis;. The
fixed payment is derived from ma — G = 75 — 7§, where 74 is focal firm’s total profit across
the two periods including any investment cost and 7g is Firm S’s total profit across he two
periods. The superscript O denotes outside options (when Firm A and Firm S fail to agree

in period 1 and hence Firm A contracts with Firm T). As we showed above, there are three

cases:



1. Ife< %, Firm A buys from Firm S in both periods and invests.

2. Ife> 2 and c > W Firm A buys from Firm S in both periods and does not

invest.

3. If A << A2 _18t4-27t3

of , Firm A buys from Firm T in both periods and invests.

We need to calculate the fixed payment in the first two cases in which Firm A and Firm

S contract. Consider the first case, ¢ < %. In this case we have:

t 1
7TA:(§—FS’1)—' C —2(2A 3t+6)
N——  investment cost
Period 1 Pemod 2
t 3t 1
= 1—— F —(10A — 3t + 6
Tg (2+( 2)+ 51) \12( + ),
Perzod 1 Pe:z’gd 2

If Firm A and Firm S fail to agree in period 1, Firm A buys input from Firm T in period
1, and per Lemma 6, it will invest. Then, per Lemma 5, in period 2, if %—: > 1— %, Firm
A buys the input from the third party, resulting in period 2 profits m4 2 = % + % + f—; and

Tg2 = % — % + A 57> and industry profits Iy = ¢+ A—:. Otherwise, Firm A buys the input from

its competitor, with input contract wgs = 1— 3 and Fgp = —(% — %) — é, which results in
profits mas =3 — + + 2 2 and mgo = 1 — L — 2 and industry profits I, =1 — £

Therefore, the disagreement payoffs, 79 and 7§, depend on whether or not &2 > 1 —
In particular, if 2 W >1-— 715, then
2
Q=) —c+(t+5+5)

2
w§=<%)+<%—%+%>

The fixed payment is derived from 74 — 79 = 75 — 7Y. Regardless of whether %—: >1-— % or

not, we have Fg; = i(9t—8A—6). Recall from Lemma 4, Fgo = Jwgp+5 = 5(9t—2A—6).

Thus, Fg1 = Fgo — 1mply1ng Fs1 < Fgo <0.



2_18t4-27t2

. 2_ 2 .
Next we consider ¢ > £ and ¢ > 8= op ¢ > max{2, =820} and so Firm A

6° ot
buys from Firm S in both periods and does not invest. In this case we have:
A = (% — F5’1> + %(2 — t),
ms=(5+ (1= 5)+ Fox) + 32— 1)

If Firm A and Firm S fail to agree in period 1, Firm A contracts with Firm T in period

. . . 2_ 2 A~ .

1. Then, per Lemma 6, it invests only if ¢ < max{mt},)+27t,0} + % = ¢. Thus, if
2_ 2 A . . . .
max{ £, A=Y ¢ < ¢ Firm A invests in cases of disagreement and hence the
6 ot , o)
disagreement payoffs would be the same as ¢ < 2 case. In particular, 79 — 79 = 22 — ¢
g pay 6 p y TA S 3

Moreover, 14 — mg = —2Fg; — (1 — ). Thus, Fg; = £ — 5 —1+ 2.

. 2_ 2 4 . .
On the other hand, if ¢ > max{%, Alg#, ¢}, the investment would not occur in case

of first-period disagreement. As a result, 79 — 7§ = 0, because 7§ = 7§ = (£) + (5(2 — t)).

Thus, Fs; = —%( — %) Table 2 summarizes the outcomes (contract terms, firm profits,
and industry profits) for A < 3t .

Next, we consider the case A > 3t. We will show that:

1. Firm A buys from Firm S in both periods and invests if ¢ < %

2. Firm A buys from Firm S in both periods and does not invest if max{§, A+t —2} < c.
3. Firm A buys from Firm T in both periods and invests if £ < ¢ < A+t —2.

1. If ¢ < %, then if the Period 1 supplier is Firm S, Firm A will invest (see proof of
Lemma 6); thus, Il = (1 - %) —c+ (1 — £ + A) = A —t 4+ 2 — ¢. However, if the Period 1
supplier is Firm T, the total industry profits are (¢) —c+ (A —t) = A — ¢ if Firm A invests
(T — invest — T), and are (t)+ (1 —%) = 1+ L if it does not invest (T' — Not invest — S).
Since A —t + 2 — ¢ is larger than both A —c and 1+ %, Firm A buys from Firm S in both
periods and invests.

2. If max{%, A+t —2} < ¢, if the Period 1 supplier is Firm S, Firm A will not invest,
resulting in IT = (1 — ) 4+ (1 — %) = 2 — t. However, if the Period 1 supplier is Firm T

and Firm A invests, the total industry profits are IT = (¢) —c+ (A —¢) = A —¢. The

9



Table 2: Equilibrium outcomes of the main model (A < 3t).

Equilibrium Condition
=<c<
Outcomes c< £ max{§, w} <c I 18ti27t
9t
Firm A Sources Firm S Firm S Firm T
from ... (both periods) (both periods) (both periods)
ws,1 1- 2 -3 -
I : -
1ar 59t —2A—-6+3c) ifc<e B
= Fs, 13 (9t — 8A —6) 1(3t—2) ifc>e
3 1 : )
o (=6t +2A+6—-3¢) ife<é
g TA 15(=3t +8A +6) &t H(—t+2) ifc)>é :
T : ~
Qe 58t —=2A+3c) ifc<eé ¢
TS,1 12( 3t —8A +6) i(_t+2) ife>é 2
I, 1-% 1—3 t
Firm A invests? Yes No Yes
ws,2 A+1-% -3 -
& Fs» 15(9 — 2A — 6) 103t -2) -
9
3
5 Tas L (=3t +2A +6) 1(-t+2) 15 (3t +A)?
5.2 5 (=3t + 10A + 6) F(—t+2) & (3t — A)?
HQ A + 1-— % 1- % t + %:
1 ; -
= 15t+4A+18 6c) ifc<é 2
—é’ A (=3t+5A+6) —c (= Lt 12) 1fc>)c t+ 5 +2 ¢
5 i(3t—4A+6+6c) if ¢ <é 2
o 1o 12 AT _ A
p s (=3t +A+6) Lth9) ifese t+4 -4
S
—
< I A+2—-t—c 2—t 2t+%7270

latter is smaller because ¢ > A +t — 2. If the Period 1 supplier is Firm T and Firm A
does not invest, total industry profits are IT = (¢) + (1 — £) = 1 + £, which is again smaller
than 2 — ¢. Consequently, Firm A buys from Firm S in both periods and does not invest if
max{£, A+t —2} <c

3. Finally, if &

. . . 3t
5 < ¢ < A+1t—2 it implies ¢ < A — 5 —

and 1+ 4 < A If

1
2
the Period 1 supplier is Firm S, per Lemma 6’s proof, Firm A will not invest, resulting in

IT=(1-%)+(1—1%) =2—t. However, it invests if the Period 1 supplier is Firm T, yielding a

10



total industry profit of Il = (t) —c+(A—t) = A—c. The latter is larger because ¢ < A+t—2.
Hence, Firm A buys from Firm T in both periods and invests if % <ec<A+t—2.

We now calculate the fixed payment. Consider ¢ < % Then,

(t ) n 1 n t
pr _—— —_ c — —
A 9 S,1 A \ , 9 4 )
N———  jnvestment cost =~ =~ —r
Period 1 Period 2
t 3t 1 3t
= (— 1 — — F A o
s 52+( 2)+ 5,1z+ +3 1
Per\i;d 1 Per;;d 2

7Ts—7TA=2Fs,1+C+A—%+1
If Firm A and Firm S fail to agree in period 1, Firm A contracts with Firm T in period 1.
Then, per Lemma 6, it invests if and only if A > 1+ % =Aandec< A— % — % Therefore,

the disagreement payoffs, 79 and 79, depend on whether or not A > A. In particular, if

A > A, then ¢ < L implies ¢ < A — % — % Therefore,
™ =(3) —c+ (A1),
s = (3) +(0)
-1 =c+t—A
Whereas if A < A, investment does not occur:
=)+ (G-
=G +G- 1
¢ —719=0
The fixed payment is derived from 75 —m4 = 7§ —79. Hence, Fg; = —A—%%—% if A>1+1%
and Fg; = —5 — 1 4+ 2 — £ otherwise.

Consider max{%, A+t — 2} < c. Then,

t 1
= (= — S(—t+2
A (2 S’l),+fl( +2),
Period 1 Period 2
t 3t 1
(o4 (1= )+ Fgp)+~(—t+2
Ts 52+( 2)+ 5,1)J+\4( + )
Period 1 Period 2

7Ts—’/TA:2FS71—|—1—%

11



If Firm A and Firm S fail to agree in period 1, Firm A contracts with Firm T in period 1.
Then, per Lemma 6, it invests if and only if A > 1+ % —Aandc<A— % — % Therefore,
ifA>Aandc<A—%—%,0r,A>maX{A,c+%+%}:A,

9 =(5) —c+(A-1),

Otherwise, if A < A, investment does not occur, and:

=)+ (G5

=)+ (-1

9 —79=0
The fixed payment is derived from mg — 74 = 7§ — 7q. Hence, Fs; = 1(5t —2A — 2+ 2¢) if
A > A and Fsp = —% + %, otherwise. Table 3 summarizes the game outcomes for the case
of A > 3t.

A.8 Proof of Proposition 2

The condition for the focal firm to source from the third party based on Proposition 1 is

2 2 . . 2 2 .
S < ¢ < A=BHEE | which can hold only if £ < A=I8HE2TC - After rearranging terms,

the latter condition is equivalent to: 2A2? — 3tA — 36t + 54t> > 0. Applying the quadratic

equation and given ¢t < %, we find that this inequality holds if and only if A > [3t +

V912 + 4(72t — 108t2)] /4, which is equivalent to A > 3(¢ + /32t — 47¢2). For A < 3t, this
inequality can hold only if 3(¢ + /32t — 47¢2) < 3¢, which is equivalent to 32¢ — 47¢* < 9¢
0

and to t > 2. Furthermore, we have &|

A2—18t+27t2] —3_ A2
ot o

of 52> Which is strictly positive for

A < 3t. Therefore, as t increases, the region of sourcing from the third party expands.

A.9 Proof of Lemma 7

In the model extension, the joint profits for Firms A and T if they reach an agreement are

the same as the profits for Firm A in the main version of the model when it buys from Firm

12



Table 3: Equilibrium outcomes of the main model (A > 3t).

Equilibrium Condition
t
1 t _ 5 <c<
Outcomes c< g max{5,A+t—-2} <c Ait_2
Firm A Sources Firm S Firm S Firm T
from ... (both periods) (both periods) (both periods)
ws,1 1-% 1-% -
. r L(7t—4A—-2) ifA>A (5t —2A —2+2c) if A>A }
= 51 1st—2A-2-2¢) fA<A 1(3t-2) ifA<A
2 i T(—st+4aa+2) ifA>A T(C3t+2A+2-2c) fA>A B
& Al L(=3t+2Aa+2+2) ifA<A L(—t+2) ifA<A 2
- 1B3t—4A+2) ifA>A lt—28a+2+42c) ifA>A +
5,1 lt—2a+2-20) ifA<A 1(—t+2) ifA<A 2
t t
114 1—5 1—5 t
Firm A invests? Yes No Yes
ws 2 At1-3t 1-3 -
= Fs.2 i(t—2) 1(3t-2) -
2 w 14t Li—t42) A—t
& A,2 2Ty 1
52 A+l-3t 1(-t+2) 0
t t
Il A+1-3 1-3 A—t
© —t+A4+1—c ifA>A L(—4t+2A+4-2c) ifA>A .
3 TA 1 —o) i A L(—t42) ifA<A A-gz-e
2 s(—t+A+2 c)AlfA<A s5(=t+2) ifA< _
s - LifA>A 3(—2A+4+2) ifA>A B
2 o L—t+Aa+2-0 ifA<A L(—t+2) fA<A 2
—
< IT A+2—-t—c 2—t A—c

T. Conditional on any given product price for Firm S, these joint profits of Firms A and T
are maximized when Firm A chooses a product price to set its first-order condition equal to
zero given a wholesale input price of wr; = 0 (see the proof of Lemma 1). Any higher value
of wr; results in Firm A setting a product price higher than the level that maximizes these

joint profits.

A.10 Proof of Lemma 8

Similar to the main model (see Lemma 5), Firm A can continue with Firm T or switch to
Firm S. Period 2 industry profits if it continues with Firm T are Il = ¢ + %—j. Period 2

industry profits if it switches to Firm S are [T, = 1— % We have, t—l—%—: > 1—% & %—: >1— %

13



We now derive the fixed payment when Firm A contracts with Firm T (when %—f >1-3).
We derive the disagreement payoffs. If Firm A contracts with Firm T, then Firm S makes

Tgo = %&(St — A)?, so this is the lowest profit Firm S would accept. Therefore, if Firm

A and T contract, Firm A’s disagreement payoff is 7§, = 1 — § — (3t — A)%. Firm T’s
disagreement payoff is zero.
We have: m45—79 5 = mro—7, = (157 (3t+A)?—Fry)—(1—5— 15 (3t—A)?) = (Fr2)—0.

Thus, Fro = %(%—: — (1 —2)). Inserting the fixed fee back into Firm A and Firm T profits

results in the expressions in the Lemma.

A.11 Proof of Lemma 9

If Firm A buys from Firm S in period 1, its profits in period 2 are 742 = %(QA —3t+6) if
it invests (see Lemma 4) and 74 = $(2 —¢) if it does not invest (see Lemma 3). Therefore,
Firm A will invest c if and only if the difference between these two is larger than investment
cost ¢, that is, ¢ < %.

If Firm A buys from Firm T in period 1, its profits in period 2 are w45 = %1(2 —t)+ %A if
it invests (see Lemma 8) and 74 = 1(2 — ¢) if it does not invest (see Lemma 3). Therefore,

Firm A will invest ¢ if and only if ¢ < %.

A.12 Proof of Proposition 3

Ifc< %, Firm A will invest if it contracts with Firm S (see Lemma 9). Therefore, Firm A
buys from Firm S in both periods and invests.

If c> %, Firm A never invests (see Lemma 9). Thus, Firm A buys from Firm S in both
periods.

A A
IfE<C<§,

Firm A invests only if the period 1 supplier is Firm T. In this case,

industry profits across two periods are:
AT—I—AT _ A?
44— =t+t+ ot &

However, if Firm A contracts with Firm S in both periods and does not invest:

14



HAS—>N—>AS:1_%+1_%

AZ_18t+2742

of Thus, Firm A buys from Firm T in

The former is larger if and only if ¢ <

A A2—18t+27t2} _ A2—18t+27t2

both periods and invests in Firm T’s input 1f 5 < ¢ < min{3,

Otherwise, if max{2, A=184212} — ¢ Firm A buys from Firm S in both periods without

investing in the input. The regions are the same as those in Proposition 1.

B Appendix B: Model Extensions and Variations

B.1 Multiparty Negotiation with wz; >0

In the multiparty negotiation model in the body of the paper, we require the input contract
with the third party to be renegotiation-proof, which implies wr; = 0. To illustrate the
importance of renegotiation-proof contracts, this appendix presents a model of multiparty
negotiation that allows wr; > 0 and shows how the equilibrium regions for different supplier
choices and investment decisions change under this alternative set-up. In this case, Firm A
may agree to a high per-unit input price with Firm T in order to compel Firm S to set a
higher product price.

We follow the same backwards induction process as in the main model. We drive the
equilibrium prices. We then derive the period 2 supply contract. After that, we derive the
innovation investment. Finally, we derive the period 1 supply contract, leading to equilibrium

of the entire game.

B.1.1 Pricing

If Firm A buys Firm S, outcomes are the same as in main model (Lemma 1). However,
if Firm A contracts with Firm T, it buys each unit of the input at wys;, and this per-unit
fee may be strictly positive. We drop the subscript ¢ in the following lemma for clarity of

exposition.
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Lemma 10. (i) If Firm A buys from Firms S, product prices are: py =t + *43°% +wg and
ps = t+ M4 fwg, profits are: ma = 15 (3t +va —vg)? — Fs and mg = 755 (3t —va +vg)* +
(ws+Fs), and industry profits are: II; = t+ 3, (va—vs)*+wg for all wg € [0, 5(va+vs—3t)].

(i) If Firm A buys from Firm T, prices are: py = t +*43% + 2wy and pg = t + 2554 +
%wT, profits are: wy = %&(St —wr +v4 —vg)? — Fr, g = %815(3t + wp — v + v5)?, and
T = éwT(?)t — wr + v — vg) + Fr and industry profits are: 11; =t + %(m —vg —wr)? +

=wr (3t —wr 4+ va — vg) for all wy € [0, (va +vg — 3t)].

Proof: The first part is the same as Lemma 1. The second part is the standard Hotelling

model with Firm A’s marginal cost wy. In particular, the indifferent customer is at location

_ 1 PA—PS+TVS—vA : . _ 1 PA—PSFTUS—VA
v o= 5 — PAREs A Firm A and S profits are: 4 = (pa — wr)(5 — PALEA) and
Tg = pg(5 + BAZESEUS=UA)  Solving the first-order conditions, equilibrium prices are: py =
t+ 24385 4 2wy and pg = t+ %5% + 2wy, Equilibrium quantities are: g4 = 5 — %224 — Ly

and g = % + 255 + éwT. Hence, for positive market shares we require —3t + vy — vg <

1

= (3t —wp +va —vg)? and g =

wr < 3t + vy — vg. Equilibrium profits are: w4 =
ligt(?)t + wp —v4 + 03)2. Full market coverage requires that the indifferent customer x to
have positive utility, so, v4 —pa —tx > 0, that is, v4 +vs — 3t > wy. We note that although
prices are increasing in wy, buying from the rival mitigates price competition to a larger
extent because both prices increase by wg.

Next, similar to Lemma 2, we derive the wholesale price that maximizes total profits of

the negotiating firms. We drop the subscript ¢ in the following lemma.

Lemma 11. (i) If Firm A purchases the input from Firm S in period i, total Firm A and
Firm S profits are mazimized by setting wholesale input price wg = %(UA +vg — 3t), resulting
in Ty = 153t +v4 —vg)? — Fg, ms = 15 (3t —va +vg)? + 5 (va +vs — 3t + Fs), 7p = 0, and
total industry profits Il; = 5(va + vg) + 5; (vs — va)? — 5.

(i) If Firm A purchases the input from Firm T in period i, total Firm A and Firm T
profits are mazimized by setting wholesale input price wr = }1(21,4 — vg + 3t), resulting in

T = ﬁ(St—i—vA —vg)? = Fr, 15 = ﬁ(St—vA—HJS)Q, and Tp = ﬁ(?ﬂf—i—m —wvg)*+ Fr and
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the total industry profits I; = 55 (43t 4 2t(va — vg) + 3(vs — va)?).

Proof. The first part of lemma is the same as Lemma 2. For the second part, we derive the
first order condition:

ﬁ(m; + ) = ﬁ(%&(i’)t — wr +va — vs)? + Fwr(3t —wr +v4 —vg)) =0,
yielding wy = ;(va — vs + 3t). To make sure market is fully covered we require wy =
Z—ll(vA —vg + 3t) € [0,(va + vg — 3t)]. Thus, 15t < 3vs + bvg. The valuations are equal

or greater than one. Thus, a sufficient condition that guarantees interior solution would be

15t <3+5,0rt < 1%, a stricter requirement than the condition ¢ < % from our main model.

B.1.2 Supply Contract in period 2

Similar to our base model, there are three sub-games: No investment in period 1, investment
in the Firm S input, and investment in the Firm T input. The following three lemmas

characterize the equilibrium for these three sub-games.

Lemma 12. If Firm A did not invest in innovation in period 1, in period 2 it buys the input
from the competitor, with contract wss =1 — % and Fso = %t — %, which results in profits
Tag = 57 (32 — 23t), mg2 = 5;(32 — 9¢), and industry profit Tl =1 — L.
Proof. Thus, similar to main model, Firm A contracts with Firm S in period 2 if there
was no investment in period 1. To prove this, we show that total industry profits are higher
with this A-S contract. Using Lemma 11 with v42 = vg2 = 1, the A-S contract results in
I, =1-— %t whereas the A-T contract results in II, = g—gt. The former is higher because
t < 1% < %. Thus, without period 1 investment, Firm A contracts with Firm S.

We now derive the the fixed payment (Fgz). We first need to determine disagreement
payoffs. Firm A’s disagreement payoff (79,) is the total maximum Firm A and Firm T
combined profits at the maximizing wholesale price wyy = i(v A2 —Usa+3t) = %. Inserting

this wholesale price into Firm A and Firm T profits in Lemma 11 yields:

7T2,2 = (77',4,2 +7TT,2) at {wT,2 = %} — % 4 % _ %

17



Moreover, at this level of wholesale price (wry = ) Firm S would make ggt, which

would be its disagreement payoff (Wgz = 2—gt) The fixed payment is derived from:
7TA’2—7TE4)72:7T572—7T32 ( —FSQ) (1 t) (1—t—|—F52> ( ):>F52 55t—§
Inserting this fixed payment into each firm’s profits results in the expressions in Lemma

12. Next, we solve the second sub-game.

Lemma 13. If Firm A buys input from the competitor in period 1 and invests in innovation,

then in period 2 it again buys the input from the competitor with contract wss =1+ A — %

and Fgo = 3A? — 96t — 46 At + 165t%), leading to period 2 profits Tas = @(AQ + 32t +

192t (

10At — 23t%) and 7sp = g (—A? + 32t + 54At — 9t?), and industry profits Tl =1+ A — L.

Proof. Thus, similar to the main model, Firm A continues with Firm S in period 2. To
prove this, we show that total industry profit is higher with the A-S contract. Per Lemma
11 with vg9 = vge = 1 4+ A, the A-S contract would result in Il =1 — %t + A whereas the

A-T contract results in ITy = 55 (43t — 2¢A +3A?). The former is larger since ¢ < &. Thus,

i (

Firm A continues with Firm S in period 2.
We now derive the the fixed payment (Fgz). Firm A’s disagreement payoff (79,) is:

19, = (mag + mr2) at {wry = (3t — A)} = (3t — A)? (see Lemma 11). Moreover,

Firm S’s disagreement payoff is 7T§2 = 5t + A)?. The fixed payment is derived from:

32t (

Tas — TGy = g2 — TGy, leading to F, = 3A? — 96t — 46At + 165¢?), and period 2

192t (

profits mas = 5 (A% + 32t + 10A¢ — 23t?) and msp = 57 (—A% + 32t 4+ 54AL — 912).

64t<
Lemma 14. Suppose in period 1 Firm A buys input from Firm T and invests in improving
its input. In period 2,

(i) if 59t% + 2tA + 3A2 > 32t, Firm A buys the input from the third party with supply

arrangement wrp = (3t + A) and Fpa = A? — 10At — 32t + 41t%). Firms make ma9 =

1
Gred

A? 432t + 22t A — 231%) and wss = 35 (5t — A)?, and 7o = 557 (3A% — 32t 4 2tA +59¢),

64t ( 32t

leading to industry profits of Ty = == (3A% + 2tA + 43t%).

32t (

(11) if 59t* + 2tA + 3A? < 32t, Firm A buys the input from its competitor, with input

contract wgy = 1 — —t and Fso = A? — 22At — 32t + 55t%).  Firm profits are Tag =

i
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i (A2 320+ 22tA — 23t%), wgs = 7 (—A* + 326 — 22t A — 9t2), and wro = 0, with industry

profits Tly =1 — £,

Proof: Thus, similar to the main model (see Lemma 5), Firm A might continue with
Firm T or switch to Firm S. Total period 2 industry profits if it continues with Firm T are
I, = 55 (432 +2tA+3A?) (we insert v 2 = 14+A, vg = 1 into Lemma 11). The total period

2 industry profits if it switches to Firm S are IT, = 1 — £. Then, 55 (43t? + 2tA + 3A?%) >

1— % & 59t2 + 2tA + 3A? > 32t. The derivation of fixed payments and equilibrium profits

are similar to the previous two lemmas.

B.1.3 Focal Firm’s Investment Decision

We derive the focal firm’s investment decision given the outcome of the negotiation in period

1.

Lemma 15. In period 1, if Firm A buys the input from Firm S, it invests if and only if

A(A+10t)

(A+22t)
64t .

c < 64t

. Af Firm A buys from Firm T, it invests if and only if ¢ <

Proof: If Firm A buys from Firm S in period 1, its profits in period 2 are m42 = &(A2 +
10¢A + 32t — 23¢2) if it invests (see Lemma 13) and 74 = £;(32 — 23¢) if it does not invest

(see Lemma 12). Therefore, Firm A will invest ¢ if and only if the difference between these

A(A+10t)

two profits is larger than investment cost ¢, that is, ¢ < ==

If Firm A buys from Firm T in period 1, its profit in period 2 are w45 = @(AQ + 22tA +

32t — 23t?) if it invests (see Lemma 14) and 745 = 5;(32 — 23¢) if it does not invest (see

A(A+22t)

Lemma 12). Therefore, Firm A will invest ¢ if and only if ¢ < =%

B.1.4 Supply Contract in period 1

Next we derive the negotiation outcome in period 1. Product values are low in this period

(va1 = vg1 = 1). Therefore, industry profits in period 1 are 1 — % if Firm A contracts with

d 43t

Firm S, an if Firm A contracts with Firm T. Note that when firms engage in bilateral
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negotiation in period 1, they account for the impact of the period 1 negotiation on the profits
they earn in period 2. The winner of the negotiation in period 1 is the supplier that leads

to higher total industry profits across the two periods.

Proposition 7. (i) Firm A buys from Firm S in both periods and invests in Firm S’s input

ife < A(A+10t)

s - (i) Firm A buys from Firm S in both periods without investing in the input

A(A+10t) 3A2%—64t+2A¢+118¢2
64t 32t

if max{ Y < c. (i) Firm A buys from Firm T in both periods and
A(A+102)

3A2—64t4+2At4+118t2
64t :

<c< 3ot

wnvests in Firm T’s input if
Proof: If c < %, Firm A will invest if it contracts with Firm S in period 1 (see Lemma
15). Therefore, Firm A buys from Firm S in both periods and invests.

If ¢ > %, Firm A never invests (see Lemma 15). Thus, Firm A buys from Firm S
in both periods.

When AG+H10) _ . A(A+221)

oL 55> Firm A invests only if the period 1 supplier is Firm T. If

so, industry profits across the two periods are:

[AT=I=AT — DU 2 (3A2 4 26A + 438%) — ¢

However, if Firm A contracts with Firm S in both periods and does not invest:

HAS—>N—>AS:1_%+1_%

3A2—64t+2At+118t>
. Thus,

The former is larger if and only if ¢ < ot

Firm A buys

¢ AA+10n

from Firm T in both periods and invests in Firm T’s input o < ¢ <
- [3A2—64t+2At+11812 A(A+22t) _ 3A2—64t+2A¢+118¢2 : o : 128 :
Min{ = ST = o . This condition requires ¢t > =2, which

is a wider condition compared to the main model ¢ > ‘—; (see Proposition 2). Thus, Firm T’s
bargaining power over the supply arrangement and ability to commit to a positive per-unit
input price expands the region of parameters in which Firm A contracts with the third-party

across the two periods.
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B.2 Proof of Proposition 4 (Investment by the Competitive Sup-
plier)

We follow the same backward induction process as in the main model. We first derive
the equilibrium prices. Then we derive the period 2 supply contract. Next we derive the

investment decisions by Firm A and Firm S. Finally, we derive the period 1 supply contract.

B.2.1 Pricing

Pricing remains the same as in the main model. Lemma 1 and Lemma 2 continue to hold.

B.2.2 Supply Contract in period 2

We now derive the equilibrium contract in the second period (corresponding to Lemmas 3,
4, and 5 in the main text). There are eight sub-games depending on the period 1 supplier
and whether Firm A and Firm S decide to invest (2 x 2 x 2). When neither firm invests, the
outcomes derived in Lemma 3 continue to hold. If only Firm S invests in innovation, then
in period 2 Firm A buys the input from the competitor, and the outcomes are the same as
in Lemma 4. Similarly, if in period 1 Firm A buys the input from Firm S and invests in
improving its input, but Firm S does not invest, then in period 2, Firm A buys the input
from the competitor, and the outcomes are the same as Lemma 4. Moreover, suppose in
period 1 Firm A buys the input from Firm T and invests in improving its input, and Firm
S does not invest in its input. In this case, the period 2 contract is the same as in Lemma 5.

There are two additional sub-games that we need to examine, described in the following

two lemmas.

Lemma 16. Suppose in period 1, Firm A buys the input from Firm S and invests in

improving its input, and Firm S also invests in its input. In period 2, Firm A buys the

input from the competitor with contract wgs = 1+2A =3 and Fgy = —3wga + %, leading

to period 2 profits mae = 1—12(4A —3t+6) and mgo = %(20A — 3t 4+ 6), and industry profits
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Proof. We replace A by 2A in the main text’s Lemma 4. Firm A prefers to continue
sourcing from Firm S because, if it switches to Firm T, it loses all input improvement while

Firm S uses the improved input.

Lemma 17. Suppose in period 1 Firm A buys the input from Firm T and invests in its
input, and Firm S also invests in its own input. In period 2, Firm A will switch to Firm
S, with input contract wsy = 1+ A — 3 and Fsy = —%(1 + A — %), leading to profits,

2

Ta2 =Tg2 =35 — ++ %, and industry profits I, =1 — £ + A.

Proof. If Firm A sources from Firm T in period 1 and invests ¢4, and Firm S also invest
cs, then Firm A has 2 options: to continue with Firm T in period 2 or to switch to Firm S.

If Firm A continues sourcing from Firm T in period 2, we will have v42 = 1 4+ A and
vs2 = 1 4+ A. Inserting these product values into Lemma 1, in period 2 we have m49 = %
and mgo = %, leading to an industry profits of Iy = ¢.

However, if in period 2 Firm A switches to Firm S, we have v49 = vg2 = 1+ A. Inserting

t

these values into Lemma 1, industry profits are [T = 1 + A — 3

Given that t < %, we have 1 + A — % > t, so in period 2 Firm A will switch to Firm S.

In this case, wgo =1+ A — % The fixed payment is derived from 749 — 7T22 = Tg92 — 7r§2.

. o _ t O _ t iilde ot _ ot
Inserting 73, = 5 and mg, = 3 yields: w42 = 5 — Fs2 = ms2 = 5 + ws2 + Fsa. Thus,
Fgo = —%wSQ = —%(1 + A — %) This leads to firm profits m4o = 7ge = % — Fgo =

A
BEETCL R PERY

B.2.3 Firms’ Investment Decisions

Having solved the equilibrium supply contract in period 2, we derive firms’ investment
decisions given the period 1 supplier. We first summarize the period 2 profits (derived above)

net of investment cost in a 2 x 2 game payoff matrix. In the these tables, let X = % — %.
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Table 4: When Period 1 supplier is Firm S

Firm S invests = Yes

Firm S invests = No

Firm A invests = Yes

Firm A invests = No

(X—F%—CA,X—F%—CS)

(X+%,X+%—cs)

(X—F%—CA,X—F%)

(X, X)

Table 5:

When Period 1 Supplier is Firm T (&7 < 1 — 3t)

5 )

Firm S invests = Yes

Firm S invests = No

Firm A invests = Yes

Firm A invests = No

(X+2—ca, X+2 —c5)

(X+2,X+53% —cg)

(X+2—-ca,X-9%)

(X, X)

Table 6:

When Period 1 Supplier is Firm T (&2 > 1 — 2.

ot

Firm S invests = Yes

Firm S invests = No

Firm A invests = Yes

Firm A invests = No

(X—F%—CA,X‘F%—CS)

(X+2, X+ —cg)

t A A2 t
(G+3+im—ca =5+

w|b>

(X, X)

e

18t

)

The following three lemmas derive the Firm A and Firm S investment strategies.

Lemma 18. If Firm A buys the input from Firm S in period 1, Firm A invests if and only

if ca < % whereas Firm S invests if and only if cs < %.

Proof. See Table 4.

Lemma 19. If Firm A buys the input from Firm T in period 1 and %—: <1- %, Firm A

inwvests if and only if c4 < % whereas Firm S invests if and only if cg < %.

Proof. See Table 5.

Lemma 20. If Firm A buys the input from Firm T in period 1 and %—: > 1— 3 nvestment

strategies are as shown in Table 7.

23
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Table 7: Firm A and Firm S Investment strategies when Period 1 Supplier is Firm T and

A=2_(1-%) >0,

ca and cg cs<%—§ %—%<cs<% cs>%
ca < % Both invest Only A invests | Only A invests

Only A invests
<cy < % + é Only S invests or Only A invests
Only S invests

ca>5+35 Only S invests Only S invests Neither invests

Proof. Using Table 6, if Firm S does not invest, Firm A invests if %+%+1A—82t —cy > %— i,

or, cy < %(%—: — (1=2))+ 2. If Firm S invests, Firm A invests if c4 < 2.

If Firm A does not invest, Firm S invests if c¢g < %. If Firm A invests, Firm S also
investsif%—£+%—cs>%—%—i—f—;,or, cs<%—%(%—:—(1—%)).

Thus, letting A = %—: — (1 — %), there are two cut-offs for ¢4 (£ and £ + 4), and two
cut-offs for cg (% — é and %). The equilibrium investment strategies are then summarized
in Table 7. We note that when % < ey < % + é and % — % < cg < % there are two

equilibria: Only Firm A invests or only Firm S invests.

B.2.4 Supply Contract in period 1

In this section, we derive the equilibrium supply contracts in period 1. We consider two
cases separately: When A = %—: —(1- %) < 0, and when A > 0.

A < 0: In this case, per Lemmas 18 and 19, Firm S invests if and only if ¢g < %. Firm
A’s investment decision depends on the period 1 supplier. If the period 1 supplier is Firm
S, Firm A invests if ¢4 < %. If the period 1 supplier is Firm T, Firm A invests if ¢4 < %.

Table 8 summarizes total industry profits for different Firm A and Firm S costs.
Proposition 8. If %—: —(1- %) < 0, Firm A contracts with Firm S in both periods. Firm
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Table 8: Industry profit (II) across two periods (A < 0).

Costs Period 1 Supplier
ca cg Firm S Firm T

ca< cs<B |l (1-H+(1-L+2A)—ca—cs | )+ (1—L+A)—ca—cs

ca< s> (1-H+1-L+A)—ca—0 t+(1—-L4)—ca—0
S<ca<f les<®2 | 1-LH+0-Lt+A)—-0-cs |O+A—Lt+A)—ca—cs
S<ca<y |es>2% (1-H+@1-%4H-0-0 )+ (1—%)—ca—0

CA>% CS<56A 1-D41-L+A)—0—cg ) +(1—-5+A)—0—cg

ca> s cg > 28 1-H+1-%H-0-0 tH+1-%)-0-0

A

5> and Firm S invests if and only if cs < %.

A invests if and only if cq <

Proof. The proof follows directly from the comparison of industry profits in each case
in Table 8.

A > 0: Per Lemmas 18 and 20, there are 12 cases to be considered, depending on the
cut-offs for c4 or cg. Table 9 summarizes these 12 cases and the total industry profits in

each case. By comparing industry profits in each case, we derive the following proposition.

Proposition 9. If %—: —(1- %) > 0, Firm A contracts with Firm T in both periods if and

A2427t2—18t

or and cg > %. Otherwise, Firm A contracts with Firm S in both

only if% <y <

periods.

Proof. Consider Table 9. The column between Firm A and Firm S indicates that in
all cases except Case 6, sourcing from Firm S produces higher industry profits. Case 6

(& < ca < £ and cg > 22) is similar to our base model; Firm A buys from Firm S in period
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Table 9: Industry profit (II) across two periods (A > 0).

Costs Period 1 Supplier
ca cg Firm S Firm T

1 ca< @ cs< B4 I-LH+a-L+2A)—ca—cs > | +Q—-Lt+A)—ca—cs
2 ca< @ B _dceg<® | 1-H+(1-Lt+20)—ca—cs > )+t Y—ca—0
3 ca<? cs > 58 A-5H+A-L4+A)—ca—0 > () + (t )—ca—0
4 2<ea< g cs< B4 I-H+00-L+A)—0-cs > | W+ Q—Lt+A)—ca—cs
5 Accu<d BA _ A g5 | (1-Ly4(1—Lt+A)—0—cg > O+ E+25)—ca—0
6 Acca<d cg > 32 1-LH+(1-L4)—0-0 <> | O+E+E)—ca—0
7| §<ca<$+4 cs <-4 A-H+0-£+A)-0-cs > | O+Q-£+A)-0-cs
8 | §<ca<§+4 | %2 -—Fdceg<i 1-H+0-Lt+A)-0-cs o>r (t)+(t+o§7:)_%

> B+A—L+A)—cg
9 | 2ceactia cg > 32 1-H+0-1)-0-0 > O+ E+45)—ca—0
10 ea>g+3 cs <-4 A-5+0=-54+8)-0-cs | > | H+A-5+8)-0-cs
11 ca>5+4 58 4 ceg< e 1-H+01-L{+A)-0-cs > O+A-L+A)—0—cs
12 ca>5+4 cg > 58 1-H+a-%)-0-0 > ®+1-%)-0-0
1if2—t> 2t—|—%— Ca, O, cq >3t — 2+ Az = W. Otherwise, it buys from Firm

T in period 1 and invests.

completes the proof.

Also note in Case 6, min

{A A2+27t2 18t} _ A2+27t2 18t This

Finally, combining propositions 8 and 9 yields proposition 4 in the main text.

B.3 Proof of Proposition 5 (Incomplete Knowledge Spillover)

B.3.1 Pricing

The pricing (Lemma 1 and 2) remains unchanged.
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B.3.2 Supply Contract in period 2

Lemma 3 (when Firm A does not invest) and Lemma 5 (when the period 1 supplier is Firm
T and the focal firm invests) remain unchanged.

Lemma 4 changes as follows. If Firm A buys from Firm S in period 1 and invests ¢, then
Firm A has 2 options: to continue with Firm S or to switch to Firm T.

If Firm A continues sourcing from Firm S in period 2, we have v4 9 = 1+ A, vg5 = 14+kA.
The difference between valuations is (1 — k)A. If (1 — k)A < 3t, then, in period 2, both
firms have positive market shares with firm profits 742 = 15 (3t + (1 — k)A)2 — Fgo and
Tsp = 10 (3t— (1= k)A)? +wg s+ Fg o, the wholesale price wgp = 2FEA+1—32 and industry
profits are IT, = 1 + EEA 4+ (=R k A=k A2 L

However, if (1—k)A > 3t, then Firm A serves the entire market in period 2, and we have
firm profits mao = (1 —k)A —t —wgo — Fsa and mg o = wga + Fg, and industry profits are
II, = (1 — k)A. Note that industry profits do not depend on the wholesale price wg .

If in period 2, Firm A switches to Firm T, we have v49 = 1 and vgs = 1 + kA. The
difference between valuations is KA. If kA < 3¢, then firm profits in period 2 are m49 =

3t —kA)? and 7go = 3t + kA)?, leading to industry profits Ty = ¢ + g—jA? However,

18t( 18t(

if kA > 3t, then Firm S serves the entire market, and we have: 749 =0 and 7g2 = kA — ¢,
leading to industry profits of Il = kA — t.

Hence, we need to consider 4 different cases: (1) kA < 3t and (1—k)A < 3¢, (2) kA > 3t
and (1 —k)A > 3t, (3) kA < 3t and (1 — k)A > 3¢, and (4) kA > 3t and (1 — k)A < 3t.

Consider case 1: kA < 3t and (1 — k)A < 3t. Then industry profits are higher sourcing
from Firm S if and only if 1 + ”k A+ & k UZBA2 L gy gAZ. This condition is always
true. Thus, industry profits are always higher if Firm A continues sourcing from Firm S
(similar to our main model). Thus, Firm A continues sourcing from Firm S with wholesale
price wgo = %A +1-— % We now calculate the fixed payment Fgo. The fixed payment is
—kA)? and 7§, =

derived from 74 9 — Wg ) = T5o— Ty Inserting 79, =

18t(3t+k‘A)
1 k)Q A2 4

18t (

yields Fgo = —35 —|— LU 3’3—21A. Inserting Fg back into profits, we have: m4 0 = 12(
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(3—K)A =3t +6) and msy = & (2HEA2 4 (Th + 3)A — 3t +6).

Consider case 2: kA > 3t and (1 — k)A > 3t. Then industry profits are higher sourcing
from Firm S if and only if (1 — k)A > kA — t. Both sourcing outcomes are possible here.

Consider case 3: kA < 3t and (1 — k)A > 3t. Then industry profits are higher sourcing
from Firm S if and only if (1 — k)A >t + gAz. This condition is always true because LHS
is larger than 3t and RHS is smaller than 2t.

Consider case 4: kA > 3t and (1 — k)A < 3t. Then industry profits are higher sourcing
from Firm S if and only if 1 + ”kA + U=h)” k AR A2 > kA —t. This condition is always true

because 1 + %A + (lg—fAz +Li>0.

B.3.3 Focal Firm’s Investment Decision

We consider the case kA < 3t and (1 — k)A < 3t. If Firm A buys from Firm S in period

1, its profits in period 2 are = (2(1 P A2 4 + (3 — k)A — 3t + 6) if it invests and 1(2 —t) if it

does not invest. Therefore, Firm A will invest ¢ if and only if ¢ < 5 (2(1 LISy\. (3—k)).
If Firm A buys from Firm T in period 1, Firm A invests if and only if ¢ <

mag {222 0y 4 & (see proof of Lemma 6).

B.3.4 Supply Contract in period 1

We consider the case kA < 3t and (1 — k)A < 3t. In this case, suppose ¢ < %(z(lék)QA +
(3 —k)). If Firm A buys from Firm S in period 1, it will invest and continue sourcing from
Firm S. Therefore, total industry profits are Il = (1 — £) — ¢+ (1 + HEA 4+ (l_g—f)ZAQ -1
These profits are higher than the total industry profits if Firm A sources from Firm T in

period 1.

On the other hand, if ¢ > %(2(1?;k)2A + (3 — k)), then if Firm A buys from Firm S

without investment, industry profits are 2 — ¢ whereas if it buys from Firm T and invests,

industry profits are t — ¢+ (t + ’;—zA2). The latter is larger if and only if ¢ < 3t + %AQ —2=

k2A2—18t427t2

of . Thus, Firm A buys from Firm S in both periods and invests in Firm S’s input

28



2(1—k)2A24+3(3—k) At

if ¢ < 61

Firm A buys from Firm S in both periods without investing in

2(1—k)2A%24-3(3—k)At k2A2—18t+27t2
36t ’

the input if max{ } < c. Finally, Firm A buys from Firm T
2(1—k)2A2+3(3—k)A

E2A2—18t427¢2 :
T T e —2otrelt.  This

9t

in both periods and invests in Firm T’s input if L<e<

completes the proof of Proposition 5.

k2A2—18t427t2

or cannot hold

To prove Corollary 2, note that when k is small enough, ¢ <

because —18¢ + 27t? < 0 (given t < 2). Therefore, if k is small enough, Firm A never buys

2(1—k)2A243(3—k 2A2_ 2
(1=k) 3; (3=k)A KZATZI8UE2TE implies 2(1 — k)2A% + 3(3 —

from Firm T. Moreover, o

<C<

k)At < 4(k*A? — 18t + 27t?). This inequality, together with kA < 3t and (1 — k)A < 3t,

8k2

Tsnzaios- Note that with k = 1, we have ¢ > %, which was previously derived

implies ¢ >
in Proposition 2. Thus, ¢ and & must both be sufficiently large for Firm A to contract with

Firm T.

B.4 Proof of Proposition 6 (Contracts with no Fixed Transfers)

In the main model, we allow the contract to be a two-part tariff. In this variation, we
require fixed fees to be zero. Moreover, the third party’s input can be purchased by Firm A

at wr > 0 per unit. All other aspects of the model remain the same as our main model.

B.4.1 Pricing

Given that the third party charges wr for the input, the following lemma, corresponding to

Lemma 1 in the manuscript, characterizes equilibrium prices.

Lemma 21. Equilibrium goods prices are: pa; = t + % + Liws; + (1 — IZ)MTT and

psi =+ 252 4 Tiwg,; + (1 — L)% Equilibrium profits are: mwa; = 15 (3t +va; — s —
(1 — L)wr)? and ms; = 15 (3t — va,; +vs; + (1 — L)wr)? + Lws,, leading to industry profit
I, =t+ é(UA,i —vg; — (1= L)wr)? + Lws, for all ws,; € [0, %(UA’Z‘ +vg,; — 3t)], where I; =1

if Firm A buys the input from its competitor in period © and I; = 0 otherwise.

Proof: The proof is the same as Lemma 1 with two differences: (1) we let F' = 0, and

(2) when Firm A contracts with the third party (i.e., I = 0), Firm A pays wz (in the main

29



model we set wr = 0). Hence, the wy appears in the price and profits. Note that Firm
A’s profits do not depend on wg because a small increase of size € in this per-unit input fee
causes both equilibrium goods prices to increase by e while also causing firm A’s per-unit
cost to increase by e, thus leaving Firm A profits unchanged. If Firm A purchases the input
from Firm S, then wg is set to the maximum level for which the market is fully covered, and

all of the additional profits from increased goods prices go to Firm S.

Lemma 22. If Firm A purchases the input from Firm S in period i, equilibrium industry
profit for the period (11;) is maximized by setting wholesale input price wg; = %(UAﬂ"i_vs,i_Bt),

o 1 1 1
resulting in 11; = 5(va; +vs:) + 5; (Vs — va)? — 5t

B.4.2 Supply Contract in period 2

We now derive the equilibrium contract in the second period (corresponding to Lemmas 3,

4, and 5 in the main text).

Lemma 23. If Firm A did not invest in innovation in period 1, then in period 2, it buys
from Firm S with contract wgs = 1— %, leading to period 2 profits ma o = % and mgo = 1—1,

and industry profit Il =1 — %

Proof. If Firm A buys from T, it earns w42 = 75 (3t — wr)?, which is less than ¢/2 for

any wr > 0. Thus, it buys from Firm S.

Lemma 24. If Firm A buys the input from the competitor in period 1 and invests in
innovation, then in period 2 it again buys from the competitor with contract wgs = 1+A— %,

leading to period 2 profits ma o = % and g = 1 —t+ A, and industry profits Il = 1 — % +A.

Proof. In this case, there is no reason not to continue with Firm S. Switching to Firm

T not only leads to a loss of improved value but also imposes input cost wr.

Lemma 25. Suppose in period 1 Firm A buys the input from Firm T and invests in

improving its input. In period 2, if wyr < A Firm A buys the input from the third-party, and

3t

otherwise, it buys the input from its competitor, with input contract wsps =1 — 5.
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Proof. If Firm A sources from Firm T in period 1 and invests ¢, then Firm A has 2
options: to continue with Firm T in period 2 or to switch to Firm S.

If Firm A continues sourcing from Firm T in period 2, we have v42 = 1+ A and vgs = 1.
Then, we have w45 = 75 (3t + A —wp)? and 752 = 75 (3t — A + wr)?, leading to industry
profits of Ily = ¢ + 5 (A — wr)?.

However, if in period 2 Firm A switches to Firm S, we have v4 2 = vgo = 1. Firm profits
in period 2 would be 745 = ! and Tg2 = % + wgo. Thus, Firm A contracts with Firm T if

2

U}T<A.

B.4.3 Focal Firm’s Investment Decision

Having solved the equilibrium supply contract in period 2, we derive the focal firm’s

investment decision given its period 1 supplier. The following lemma summarizes the result.

Lemma 26. If Firm A buys the input from Firm S in period 1, it does not invest in
mnovation. If Firm A buys the input from Firm T in period 1, it invests in innovation

if and only if wp < A and ¢ < 75(A —wr)(6t + A — wr).

Proof. If Firm A sources from Firm S in period 1, its profit in period 2 are % if it invests
and also % if it does not invest. Therefore, Firm A will not invest c.

If Firm A sources from Firm T in period 1, its profits in period 2 are equal to %&(315 +
A — wr)? if it invests and wr < A, equal to % if it invests and wr > A, and equal to % if it

does not invest.

Thus, Firm A invests if and only if wyr < A and ¢ < %St(?ﬁ + A —wrp)? —

N |+
—
0
X

B.4.4 Supply Contract in period 1

In this section, we derive the equilibrium supply contracts in period 1.

Proposition 10. Firm A sources from Firm T in both periods and invests in Firm T’s input
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Figure 5: Equilibrium Regions for Firm A Supply Strategy (No Fixed Transfers).

Zone 2 e ' !

Zone |

Value Improvement (A)

. ;-_| = "_;‘. P— |-..

Cost of Investment (c)

Zone 1: Firm A sources from Firm S in both periods but does NOT invest.

| | Zone 2: Firm A sources from Firm T in both periods and invests.

if wr < A and ¢ < %&(Qw% + A? — 2Awy + 6tA — 12twy). Otherwise, Firm A sources from

Firm S in both periods without investing in the input.

Proof. As shown in the preceding lemma, if the Period 1 supplier is Firm S, Firm
A will not invest. Therefore, if Firm A selects Firm S in Period 1, its total profit across
the two periods are I, = t. However, if it buys from Firm T in period 1, its total profit
across the two periods are Iy = (3t — wr)? — ¢ + 155(3t + A —wr)? if A > wr and
¢ < 15(A —wp) (6t + A —wr) and 1Ty = 5 (3t —wr)? + £ otherwise. The latter strategy is
always dominated for any wy > 0 because it is more profitable to buy from Firm S in the
first period and not invest rather than to buy from Firm T and not invest. Thus, the only

two possible outcomes are buying from Firm S in both periods and not investing or buying

from Firm T in both periods and investing. The latter strategy occurs in equilibrium if
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t < 15 (3t —wr)? — ¢+ 15 (3t + A — wr)?, which is equivalent to ¢ < 1 (2w} + A% — 2Awy +

6tA — 12twr). Note that letting wr = 0 yields ¢ < %&(Az + 6tA), which is the condition in

Proposition 6.

B.5 One-Period Models

In this section we analyze one-period models to demonstrate they cannot fully capture the

dynamics and outcomes of our two-period model.

Model 1

Consider a one-period model with the following timing.

(1) Firm A decides whether to invest (and the resulting knowledge can be transferred to
either supplier).

(2) Firms A and S negotiate over the supply contract.

(3) Firms A and S set product prices. Note that in Stage 1, Firm A’s investment decision
is not specific to a particular supplier; that is, Firm A commits to investing regardless of the
identity of the supplier, which may occur because there is no history or relationship with
any supplier. However, Firm A would rationally expect the equilibrium supplier choice when
making the investment decision. If the supplier is going to be Firm T, the investment boosts
Firm A’s value only. However, if the supplier is going to be Firm S, the investment boosts
both Firm A’s and Firm S’s product values.

As before, lemma 1 characterizes the pricing strategies. Suppose in Stage 1, Firm A
decides not to invest. Then, in Stage 2, the supplier will be the competitive supplier. If
the focal firm commits to invest, buying from Firm S yields an industry profit of 1 — % + A
whereas buying from Firm T yields an industry profit of ¢t + %—:. The latter is always smaller.
Thus, regardless of the commitment to the investment in Stage 1, the focal firm will buy
from Firm S.

We now calculate the contract fixed payment Fg. The fixed payment is derived from
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A — 74 = mg —7wg. Inserting 79 = 15 (3t + A)? and 7§ = (3t — A)? into the above

equation yields Fg = —%ws — %A = —%(A +1-— %) — %A = —% + % — %A. Inserting Fy

back in profits, we get: m40 = + %A and gy = 2 — L — 1A,

L_t
2 4

Hence, in Stage 1, the focal firm invests if and only if ¢ < (3 — £+ IA) — (1 - %) = IA.

To summarize, in Model 1, the focal firm will always buy from Firm S, and invests if ¢ < %A.

Model 2

Consider the following timing and strategies:

(1) Firm A decides whether to invest in the input of Firm S, or invest in the input of
Firm T, or invest in neither input.

(2) Firms A and S negotiate over the supply contract.

(3) Firms A and S set product prices.

Please note that the Model 2 timing is similar to the Model 1 timing with one difference:
Firm A commits to investing in a specific supplier in advance. The solution to Stage 2 is
similar to our main model. In particular, Lemmas 3, 4, and 5 characterize the negotiation
outcome in Stage 2.

In Stage 1, Firm A compares its profit across three different strategies it has. If it does

not invest, its profit is % — }1. If it invests in Firm S, its profit is % = i + % — c¢. Finally, if it

invests in Firm T:

-If %—: >1-— %, it contracts with the third party, resulting in profit % + % + f‘—;t —c
-Otherwise, it buys from its competitor, which results in profits % — % + % —c.

Therefore, investing in Firm S in Stage 1 is always dominated: if ¢ > %, it is better not to
3t

invest. If ¢ < % and %—f > 1— 5, it is better to invest in Firm T and buy from it because

c< %(%—f -1+ %) + %. If c < % and %—: <1- %, it is better to invest in Firm T but then

buy from the competitor to get a profit increase of % instead of %.

To summarize, if %—: >1—-%andc< %(%—: — 1+ %)+ 2 then Firm A invests in Firm T
and buys from it. If %—: <1l- % and ¢ < %, then Firm A invests in Firm T but buys from

Firm S. Otherwise, Firm A does not invest and buys from the competitor.
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B.6 Commitment not to Renegotiate

In this section, we allow Firm A and Firm S to agree on an input contract for both periods,
and they commit not to renegotiate the supply contract. In particular, the two parties
engage in negotiation only once, at the beginning of period 1. If they reach an agreement,
they honor the contract and follow it in periods 1 and 2. If they fail to reach an agreement,
the do not negotiate again in period 2, and the focal firm buys from the third party in both
periods. Moreover, if the firms reach an agreement, they can commit to wholesale prices
for both periods. In other words, at the beginning of period 1, they set period-1 wholesale
price wy; and period-2 wholesale price ws to maximize the industry profits across the two
periods. Alternatively, we could restrict them to set a single wholesale price for both periods.
The analysis of this alternative model, while more complicated, leads to qualitatively similar
results.

Suppose Firm A and Firm S fail to reach an agreement in period 1. Firm A then buys
again from Firm T in both periods regardless of its investment decision. If the focal firm

invests in Firm T, its second-period profits will be m4 = 1 (3t + A)? (see Lemma 1 in the

manuscript). Otherwise, its second-period profits will be % Thus, Firm A will invest in

Firm T if and only if ¢ < 15 (3t + A)> — L = & (A + 61).

Suppose Firm A and Firm S reach an agreement in period 1, with contract terms wy,
wy and F. Note that firms commit to the fixed fees, which implies distinguishing between
F} and F3 is unnecessary. The firms are then committed to honor this contract in period 2
and not renegotiate it. Thus, in period 2, Firm A buys from Firm S, paying ws per unit.
Note that because the period-1 supplier is Firm S, the period-2 valuations for the product
are equal. That is, both valuations are 1 + A with investment and 1 without investment.
We derive equilibrium goods prices and profits when Firm A buys input from Firm S at
wholesale price w, where we drop the period index for w and the fixed fee F' for parsimony.

As in our main model (Lemma 1), if w is low (w < v — %), firms price at p = t 4+ w, split

the market equally, and Firm A and Firm S profits are % and % + w, respectively, leading to

35



industry profit of ¢ + w.
Second, at a higher wholesale price (v — % < w < v—t), in equilibrium both firms charge

price p = v — %, with each selling to half of the market. In this parameter range, equilibrium

prices are independent of w. We then have 74 = (v — & —w), 7g = 3(v — 5 + w) and
2

5). In this case, industry profits do not depend on wholesale price,

industry profits are (v —
while Firm A profits decrease and Firm S profits increase with the wholesale price.

Finally, when wholesale price increases further to w > v — t, Firm A has an incentive

v+w

5 and

to deviate from the above equilibrium and charge its local monopoly price, p4 =

v—w
2t

sells to g4 = customers. Firm S will then set its price to fully cover the market, that

(v—w)?
4t

is, v —ps — t(1 — ga) = 0, or, ps = 3(3v — 2t — w). In this case, profits are m4 =

3(v—w)?
4t

%. This completes

g =2v—t—w— , leading to industry profits I[1 = 2v—t —w —
the characterization of prices and profits for any w < v. The following lemma summarizes

these results.

Lemma 27. Suppose Firm A buys an input from Firm S at wholesale price w.
(i) If w < v — 3L then prices are py = ps =t +w and profits are ma = £ and mg = § + w.

(it) If v—3 <w < v—t then prices are ps = ps = v — & and profits are my = 3(v — £ —w)
1
and g = 3(v — £ +w).

(v—w)?

4t

vt+w
2

(111) If w > v—t, then prices are py = and pg = %(31}—275—10), and profit are Ty =

3(v—w)?

and 7g =20 —t —w — =

We now consider Firm A’s investment decision. This decision depends on the wholesale
price wy that Firm A will face in period 2. If the second-period wholesale price wy is
sufficiently low (w, < 1—3% <1+ A —3) then Firm A’s profits with or without investment
are % Thus, Firm A will not invest.

Consider now a higher wholesale price 1 — % <wy <14+ A-— % As we showed above,

t

5 if it does not invest. In particular, without investment,

Firm A’s profits are lower than

Firm A’s profits are (1 — § — w,) if wy < 1 —t and % if wy > 1 —t (see the Lemma
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above). Firm A invests if its incremental benefit of investment, which is § — (1 — £ —w,) if

(1—w2)2
4t

wy < 1—t and %— if wy > 1—t, is higher than ¢. Note that these incremental benefits

become larger as wy becomes larger until it reaches w, = 1+ A — 3£, Raising wholesale prices
above this level cannot increase Firm A’s incentives to invest because it will start to decrease
Firm A’s profit with investment.

Consequently, the second-period wholesale price wy should be set at wy =1+ A — 5

3t

whenever this price leads Firm A to invest; otherwise, wy, = 1 — 5. In particular, with

= 1+ A — 2% the benefit of investment for Firm A is £ — 1(1 — L —1—- A+ %) if

(1—1-A+3

% — T if t <A <3 and if A > 3t In the last case, Firm A loses the

A<t

entire market to Firm S if it does not invest. Thus, the wholesale price ws should be set at

—(3t—2A)2

w2:1+A—§1f0<—andA< corife< ® o

and £ <A< orifc<?and
A > 3t . Otherwise, the wholesale price w, should be set at wy =1 — and investment will

not occur. We proved the following lemma.

Lemma 28. If Firm A and Firm S agree on a supply contract in Period 1 and commit not

3t

to renegotiate it, they set wi =1 — 5, and a higher pem’od-? wholesale price wo =1+ A —

—(3t—2A)2
16t

3t

0nlyzfA<—cmdc<—,07‘zf <A< ande<? ,orzfA>3tcmdc<%.

We are now ready to derive the equilibrium of the game with commitment not to
renegotiate. If Firm A buys from Firm T, industry profits across two periods are 2t + & —C

if ¢ < 1—8t(A + 6t) and 2t, otherwise. On the other hand, if Firm A buys from Firm S,

industry profits across the two periods are (1 — %) +(1+A- % —c)if A< % and ¢ < %, or

8t2—(3t—2A)2

t
if <A<—andc< 6l

,orif A > 3t and c < % Otherwise, the investment will
not occur, and industry profits across two periods are (1 — %) + (1 —£).
Comparing industry profits across these two sub-games (when Firm A buys from Firm S

or Firm T) leads to the following proposition.

Proposition 11. Firm A buys from Firm T and invests if 5§ < ¢ < %. Firm A

82— (31-24)?
16t

3t

buys from Firm S and invests if A < £ and ¢ < —, t<A<Zandc< , orif

A > 3t and ¢ < % Otherwise, Firm A buys from Firm S and does not invest.
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Figure 6: Equilibrium Regions for Firm A Supply Strategy (¢t = 0.65). Left panel: with
commitment not to renegotiate. Right panel: Base model.
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[ | Firm A sources from Firm S in both periods and invests (Zone 1).
Firm A sources from Firm S in both periods but does NOT invest (Zone 2).

Firm A sources from Firm T in both periods and invests (Zone 3).

The above figure illustrates the proposition (outcomes of the game with a commitment
not to renegotiate) side-by-side with those of our main model. We restrict our attention to
the more interesting case of A < 3t. Even when firms can commit not to renegotiate the
contract in period 2, Firm A still may buy the input from the third party when A is large
and c is in an intermediate range. Even though the firms commit to a supply contact, Firm
A cannot commit to investment. Competition between Firm A and Firm S in the product
market can lead to a relatively low benefit of investment for Firm A, which leads to the firm
buying from the third party as a possible equilibrium outcome. Nonetheless, committing
not to renegotiate expands the region of parameters in which Firm A buys from Firm S
and invests while shrinking the region in which Firm A buys from the third party. Thus,
although the commitment can improve channel outcomes and decrease the under-investment

and hold-up issues, it does not fully eliminate them.
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B.7 Uncertain Innovation Outcome

Suppose in our main model, if Firm A invests in its supplier, the product value increases by
A only with probability ¢. If Firm A decides to invest, the value of the product (whether
it is increased to vy or not) is revealed after the investment occurs but before Period 2
negotiations. Our main model is obtained by letting ¢ = 1.

Lemmas 1-2 do not change. In Lemmas 3-5, the statement “if Firm A invests,...” changes
to “if Firm A invests and it is successful,...”. In Lemma 6 (Investment decision), we replace
¢ by g because the investment occurs if the expected benefit of investments outweighs the
cost, c¢. The benefit of a successful investment is the same as in the main model, whereas

the benefit of an unsuccessful investment is zero.

Period 1 Equilibrium

There are three cases. If 2 < %, similar to the main model, Firm A contracts with Firm S
in both Periods and invests (which may or may not succeed).

On the other hand, if g > maaz{%ﬁ} + %, the investment would not occur
(regardless of the Period 1 supplier). Thus, the Period 1 supplier is Firm S for the price
softening benefit.

A c A2—18t4+27¢2

. . 2
Finally, consider § < ¢ < max{ T

5 ,0} + §. Per Lemma 6, the investment

decision depends on who the Period 1 supplier is. In particular,

e If the Period 1 supplier is Firm S, the investment does not happen, and industry profits

across the two periods are [ =2 — ¢

e [f the Period 1 supplier is Firm T, the investment does occur, and the expected industry

profit across the two periods is EIl =t — ¢+ q(t + 5 A?) + (1 — ¢)(1 — &)

The first term is larger (Firm contracts Firm S) if and only if ¢ > 2t — 2+ ¢(t + 5 A?) +

(1 —¢)(1 —%). Otherwise, the Firm contracts with Firm T and invests. It is possible Firm
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A contacts with Firm T and invests, but the investment fails. In this situation, Firm A

switches to buying from Firm S in period 2.

To summarize:

Firm A buys from Firm S in both periods and invests if 5 < %

Firm A buys from Firm S in both periods without investing if f; >

2_ 2 2_ 2
max{m :132:;+27t 0} + %’ or % < g < max{mg,)#,o} + % and ¢ > 2t — 2 +

gt + A% + (1 —q)(1 - 5).

{ 2A2—18t427¢2 ’ 0}+%

Firm A buys from Firm T in Period one and invests if % < g < max 361

andc<2t—2+q(t+éA2)+(1—q)(1—%)_

As the probability of successful investment (q) decreases from one, Firm A’s incentive

to work with the third party shrinks because working with Firm T is beneficial only if it is

followed by a successful investment in innovation.

Value Improvement (A)

Figure 7: Equilibrium Regions with Uncertain Innovation Outcome

q=023 q=0.6 qg=1

T 3
Zone1l |~

Tain? % Zone 2 Zone 2

Cost of Investment (c)

[ ] Fim A sources from Firm S in both periods and invests (Zone 1).
Firm A sources from Firm S in both periods but does NOT invest (Zone 2).

Firm A sources from Firm T in period one and invests (Zone 3).
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