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Abstract

Partial vertical ownership describes a situation in which a firm holds financial shares in either its supplier
(referred to as partial backward integration) or its customer (partial forward integration). We study the effect
of such financial interconnectedness on two operational decisions: capacity investment and information
exchange. In our model, a retailer, who has superior information about the future market demand, has
passive financial holdings in the supplier. Although this passive financial investment does not enable the
retailer to directly influence the supplier’s operational decisions, it does affect the market equilibrium.
Specifically, financial interconnectedness between the firms can result in the retailer financing the entire
capacity in the market. In addition, we characterize the conditions that ensure that information between the
retailer and the supplier can be exchanged via cheap-talk communication. Interestingly, high level of
information asymmetry facilitates the exchange of information via cheap-talk in the presence of these
financial links. When cheap talk is not possible, we study the separating equilibrium that is achieved through
the retailer’s commitment to order in advance. In this case, the separating quantity can either increase or
decrease with the level partial vertical ownership, and this trend does not depend the actual level of the
financial holdings. We further analyze the incentive of the retailer to conceal demand information by
choosing a pooling equilibrium, and conclude with discussing the effect of the financial interconnectedness

on the parties’ operational payoffs.
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1 Introduction

Research in the area of supply-chain management has mainly focused on analyzing two structures of supply
chains: centralized and decentralized. In the former case, one decision maker determines all decisions across
the entire supply chain, whereas in the latter case, each firm in the supply chain is managed by an
independent decision maker. Usually, the goal of each decision maker in the decentralized case is to
maximize its own payoff, even at the expense of ignoring the consequences of these decisions on the
performance of the entire supply chain. Scholars working in the area of operations management (OM) have
devoted considerable effort to comparing the market outcome for these two supply-chain structures across
key decisions, as well as to suggesting ways of remedying the possible efficiency loss that can result from
the decentralized supply-chain structure (e.g., Cachon and Lariviere 2001, Cachon 2003).

In addition to these two possible structures of vertical supply chains, an intermediate level of
interconnectedness between the firms in a supply chain may exist, referred to as partial vertical ownership
(PVO). This interconnectedness describes a situation in which a firm holds financial shares in either its
supplier (referred to as partial backward integration) or its customer (partial forward integration).
Empirical research and anecdotal evidence show that such supply-chain structures are common in many
industries (e.g., Reiffen 1998, Allen and Phillips 2000, Fee et al. 2006, Gilo and Spiegel 2011, Chen et al.
2017, Levy et al. 2018, Fang et al. 2021).* While PVO affords the holding firm a claim on the target firm’s
profit, in many cases it does not provide the holding firm with control rights, implying that the latter cannot
directly influence the target firm’s decisions (Greenlee and Raskovich 2006, Law Right 2016); in the
present study, we focus on such a case.

Being aware of the existence of sophisticated financial structures in the market, scholars have also
empirically examined whether firms strategically adapt their decisions in the presence of financial
interconnectedness. Recent empirical evidence suggests that managers do take financial structures into
consideration; Azar (2012), Semov (2017), He and Huang (2017), Schmalz (2018) and Lu et al. (2021) are
a few recent examples that document the effect of financial structures on issues such as product design,
market growth, competition level and advertising expenditure.

The aforementioned avenues of research lay the foundations of this study: an intermediate level of
interconnectedness can exist between firms in a supply chain (via financial links), and this
interconnectedness can affect the decisions of managers of firms that operate in such a supply chain. In this
paper, we set out to examine how PVO affects two key operational decisions in a newsvendor supply chain:

the ability to exchange information under information asymmetry and capacity investment. In our setting,

! For example, Toyota Motors, the core assembly firm of the Toyota production group, owns 25% of Denso, a large
auto parts supplier. See Denso’s State of Holders https://www.denso.com/global/en/investors/stock/overview/ (last
accessed March 17, 2020).
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we examine a PVO that provides no control over the target’s decisions. This assumption is commonly
adopted in the literature and is also observed empirically (e.g., Greenlee and Raskovich 2006, Chen et al.
2017, Levy et al. 2018, Fang et al. 2021). Nonetheless, this paper demonstrates that PVO can have an
important indirect impact on the decisions of firms in a supply chain.

To study these issues, we develop a model (reminiscent of the prior work of Cachon and Lariviere
2001, and Ozer and Wei 2006) in which a retailer (“she”) has superior forecast information about the future
stochastic demand than the supplier (“he”). The retailer can convey this information to the supplier in order
to affect the capacity that the latter secures. We extend the existing literature by focusing on the case of a
retailer who holds financial shares in her supplier (i.e., we examine the case of partial backward integration).

We demonstrate that under this asymmetric-information setting, meaningful information can, in some
cases, be shared via cheap-talk communication. Cheap-talk information exchange refers to a situation in
which private information is exchanged without any direct effect on the payoff of the retailer or the supplier
(Crawford and Sobel 1982); nonetheless, in a meaningful cheap-talk equilibrium, firms do take the
exchanged information into consideration when they determine their operational decisions. Prior research
has demonstrated that in situations similar to ours, but absent financial links, meaningful cheap-talk
information exchange cannot take place (see, e.g., Ozer et al. 2011). Our work demonstrates that in the
presence of financial connections, cheap-talk information exchange can actually emerge as an equilibrium.
In our setting, when the forecast demand is high the retailer always shares information truthfully. However,
when the forecast demand is low and the retailer contemplates whether or not to mislead the supplier into
building a high capacity, two competing effects are at play. First, the retailer is aware that her operational
profit would increase with the level of capacity that the supplier builds, which encourages her to mislead
the supplier into building a high capacity. However, such an action would reduce the supplier’s profit due
to building capacity not according to the actual demand and, therefore, would disadvantage the retailer
through the financial-holdings channel. In some cases, the latter effect outweighs the former, and cheap-
talk information exchange can emerge as an equilibrium.

When cheap-talk information exchange does not exist, we study information exchange using the
signaling tool of advance purchase. In this signaling game, the retailer commits to purchasing a certain
guantity in advance; this quantity signals the state of demand to the supplier in a credible manner. We
illustrate how financial holdings influence the signaling game. Here, two main effects are observed as well.
First, when the retailer has a financial investment in the supplier, any financial loss on the part of the
supplier influences the retailer’s accounting value via the financial holdings channel. Thus, PVO reduces
the retailer’s incentives for information manipulation and better aligns the incentives of the retailer with
those of the supplier. However, the second effect is that the “effective cost” of committing in advance to

purchasing one unit decreases with the level of financial holdings because the retailer receives partial



compensation for each purchased unit via the financial-holdings channel. Consequently, the second effect
results in the need of the retailer to commit to purchasing a high quantity in advance in order to be perceived
as accountable. As a result, there are cases in which the separating quantity increases with the level of PVO
while in other cases this quantity decreases. We further compare the outcome of the signaling equilibrium
with that of a pooling equilibrium. In the pooling equilibrium, the retailer acts in such a way that no
information is revealed to the supplier. Using the undefeated equilibrium refinement (Mailath et al. 1993),
we characterize the conditions that determine which of these two equilibria will be played.

Our model sheds light on the practical relevance of considering partial vertical ownership in a supply
chain context with information exchange, and its main finding is also aligned with prior empirical studies.
Dyer and Ouchi (1993) and Aziz and Tolouei (2012) list stock ownership in a supplier as one of the trust-
building practices that facilitates exchange of information. Kwon and Suh (2004) also studied factors that
lead to trust among supply-chain partners, and they write that a firm that owns a partner’s stock takes into
consideration the financial success of the business partner, as is also reflected in our model. In an interview
to Harvard Business Review (Magretta 1998), Michael Dell said that knowledge sharing with partners is
the foundation of Dell Inc.’s efforts toward “virtual integration”; Dell President and COO Kevin B. Rollins
further said that such knowledge sharing includes information regarding planning and forecasting, and Dyer
and Hatch (2004) write that one of the steps taken by Dell to achieve this goal is holding minority stakes in
a few key vendors. In an extensive empirical research, Fee et al. (2006) examine more than 10,000 vertical
relationships and determine the factors that result in the decision of a downstream firm to acquire stakes in
its supplier. As an important factor to this decision they list the issue of asymmetric information and state
that equity stakes may serve a role in encouraging information sharing. Finally, Drees et al. (2013) conclude,
based on their empirical study, that corporate block ownerships can align incentives and mitigate
information problems in corporate business relationships.

To summarize, we view the contribution of this paper along the following dimensions. First, we
introduce an operational view of PVO through investigation of its effect on decisions such as information
sharing and capacity investment. Although the interface between finance and operations has attracted the
attention of OM scholars in recent years, this particular perspective has received relatively little attention.
Specifically, we present two important findings regarding information sharing in supply chains. First, we
present a new setting (PVO) in which firms are able to share information via cheap talk and we analyze the
properties of this equilibrium. Second, when cheap-talk information exchange is not possible, we
characterize the signaling game that results in credible information exchange. We find that in some
circumstances, a pooling equilibrium (i.e., the concealment of information) is preferable to a separating
equilibrium. We further show that PVO can result in the decision of the retailer to finance the entire capacity

in the market, which improves the supply-chain’s efficiency relative to a setting with no financial links.



2 Related Literature

This work is related to two main avenues of research. The first studies the ability to exchange information
in a supply chain, as well as the value of, and the incentives for, such an undertaking. The second examines
the interface between finance and operations management. In this section, we briefly describe the
relationship between the contributions of our study and the current state of knowledge in the aforementioned
areas of research.

Information sharing in a supply chain has been advocated by OM scholars as a means of matching
supply with demand, especially in industries characterized by high levels of uncertainty. Extensive reviews
of the value of information sharing can be found in Chen (2003) and more recently in Ha and Tang (2017).
While the general consensus is that information sharing increases the overall efficiency in a centralized
supply chain, a number of obstacles exist in reaching this outcome in a decentralized supply chain. For
example, a firm may find the concealment of information to be beneficial when it anticipates that sharing
information would result in a disadvantageous equilibrium (Li 2002, Li and Zhang 2002, Li and Zhang
2008). Furthermore, when information is unverifiable, firms can be tempted to distort the information that
they communicate in order to increase their own profit at the expense of other firms in the supply chain.
Lee et al. (2000), Cohen et al. (2003) and Ozer and Wei (2006) provide anecdotal evidence of such
information manipulation. To motivate firms in a supply chain to exchange information truthfully,
researchers have suggested using sophisticated mechanisms such as screening contracts and signaling (e.g.,
Cachon and Lariviere 2001, Ozer and Wei 2006). In this work, we follow this line of research and assume
that information can be distorted if it benefits the more informed party (i.e., the retailer). Therefore, to align
the incentives of the parties such that they exchange information in a credible manner, we analyze a
signaling mechanism (when cheap-talk equilibrium is not supported) and investigate how financial links
affect this signaling game.

Interestingly, in spite of the suggestions to use these sophisticated mechanisms to exchange
information, empirical research has demonstrated that in many instances, firms, even under settings of
information asymmetry, are able to exchange information using cheap talk (e.g., Desai and Srinivasan 1995,
Bajari and Tadelis 2001, lyer and Villas-Boas 2003). In an attempt to reconcile this apparent inconsistency,
scholars have focused on characterizing situations that can arise in credible information exchange via cheap
talk. For example: Ren et al. (2010) show that cheap talk can be supported when the parties contract over
an infinite horizon and a review policy is implemented; Ozer et al. (2011) demonstrate how trust and
trustworthiness can assist in information exchange; Shamir and Shin (2016) illustrate that when two
competing supply chains operate in the market, making information publicly available can result in cheap-
talk information exchange; Chu et al. (2017) highlight the fact that when multiple decisions are being

determined based on the shared information, cheap talk can be achieved; and Berman et al. (2019) study



the role of operational flexibility in facilitating truthful information exchange via cheap talk. Our work
contributes to this body of research by suggesting a new setting that supports the credible exchange of
information via cheap talk — when financial links exist between the firms in a supply chain.

As mentioned, the second main stream of research related to our study is the interface between finance
and operations management. OM scholars have studied the effect of financial topics such as debt (Chod
and Zhou 2014, Chod 2017, lancu et al. 2017, Alan and Gaur 2018), initial public offering (Babich and
Sobel 2004), cash and time constraints (Yoo et al. 2016a, Yoo et al. 2016b, Bhaskaran et al. 2020), and
trade credit (Peura et al. 2017, Tunca and Zhu 2018, Yang and Birge 2018) on operational decisions such
as capacity choice and product development. Compared with these issues, the effect of financial structures
on operational decisions has received relatively little attention by OM scholars with the following few
exceptions. Aviv and Shamir (2021) study the impact of financial structure on the incentives for information
acquisition and sharing. However, their paper differs from ours along two important dimensions: the market
structure and the financial links. While we study a dyadic channel, Aviv and Shamir (2021) consider a
supply chain with two competing retailers sourcing from a single supplier. In addition, they assume that the
financial links are between the competing retailers (i.e., horizontal financial links), while we study financial
links between a retailer and its supplier (i.e., vertical financial links). In common with our work, Fang et al.
(2021) investigate vertical financial links, but similar to Aviv and Shamir (2021), they model a market with
competition at the retail level. In particular, they study the effect of P\VO on the competition level and they

do not consider asymmetric information, which is the central theme of our work.

3 Model Formulation
3.1 The General Market
We study a supply chain consisting of a single retailer who sources a product component from a supplier.
Due to the lengthy process of building capacity, the supplier must decide on the capacity level, K, prior to
the selling season. We assume that the marginal cost of securing capacity is constant, and we denote it by
c. We further assume that the retailer can observe the capacity investment of the supplier, and that the cost
c is also common knowledge. Upon observing the demand realization, D, the retailer places an order with
the supplier, and the latter produces it at a constant marginal cost (which is normalized to 0) in order to
satisfy the demand, up to his capacity level.

The payment from the retailer to the supplier depends on the contract terms. In the main model, we
assume that a simple wholesale-price contract is used, according to which the retailer pays a fixed sum, w,

for each unit provided by the supplier.? Upon receiving the order from the supplier, the retailer sells the

2 The assumption of an exogenous wholesale price is relaxed in Appendix B, where we assume that the supplier can
offer a menu of contracts to the retailer.



product in the consumer market for a fixed retail price, r, where r > w > c to ensure that the product is
profitable for both parties. We further assume that the unmet demand is lost without any additional cost,

and that unsold inventory has zero salvage value.

3.2 Information
Prior to the selling season, the retailer and the supplier share the prior forecast that the demand can be drawn
from two possible distributions, reflecting high (index H) and low (index L) market conditions respectively.
The distributions differ only in their mean, so the demand for a given market condition is captured by

D =u+e, 1e{L,H}, @
where O0< g <u,, and ¢ is a zero-mean continuous random variable with a cumulative distribution
function F(x), where F(x)=1-F(X), and a probability density function f(x). In particular, ¢ is defined
over the support (g,£),where ¢ <0< &, and it is further assumed that z +& >0, to ensure non-negative

demand values. The supplier and the retailer ascribe the probability of p to the high-market condition and

the complement probability (1— p) to the low-market condition.

In addition to the common knowledge of the retailer and the supplier, due to the proximity of the

retailer to the market, we assume that she can observe the market condition (that is, whether the mean
demand is g, or ) prior to the decision of the supplier on the capacity investment. We further assume

that the fact that the retailer can obtain this information is common knowledge. Many other papers that
study asymmetric information adopt similar assumptions about the superior forecasting capabilities of the
retailer (e.g., Cachon and Lariviere 2001, Li 2002, Ozer and Wei 2006, Li and Zhang 2008, Shamir and
Shin 2018). We further assume that this forecast information is non-verifiable and non-contractible.

Let A denote the difference between the two possible mean states of the demand (i.e., A=, — ).

Since the retailer observes the precise value of the market state while the supplier does not, the value of A
can be viewed as a measure of the level of information asymmetry. In a Cournot-competition setting, Anand
and Goyal (2009), Kong et al. (2013), and Aviv and Shamir (2021) used the ratio between the two possible
states of the demand as a measure of the level of information asymmetry.

The sequence of events in our model, as presented in Figure 1, is as follows: 1) The prior demand
forecast is available to both parties. 2) The retailer observes the actual market condition. 3) The retailer
shares information with the supplier, but this information may differ from the observed information if the
retailer deems that distorting the information would be in her best interest. In addition, the retailer may

adv

place an advance order, denoted by ™", with the supplier. This advance order can be used to signal the

condition of the market to the supplier. 4) The supplier, based on the shared information and the advance



order (if it exists), establishes a posterior belief about the market condition and secures a capacity level K 3
at a cost CK. 5) The retailer observes the demand realization and orders a quantity
q=min(K,max(q*",D)). 6) The supplier fills the order and receives a payment of wq. 7) The retailer

sells the ordered quantity in the market.

2) The market condition 4) The supplier updates his belief  6) The supplier
is revealed to the retailer about the market condition and produces the order
secures a capacity level K

p Time

1) The prior demand ~ 3) The retailer shares her private  5) The retailer observes  7) The retailer
forecast is available information and can place an the demand realization sells the order
(common knowledge) advance order and places an order to consumers

Figure 1. Sequence of events.

We adopt two important assumptions regarding the wholesale price. First, the wholesale price in our
model is fixed. The use of an exogenous wholesale price is common in models with an endogenous capacity
level and asymmetric information (see, for example, Anand and Goyal 2009, Ozer et al. 2011, and Shamir
and Shin 2016). In other papers, which instead adopt the assumption of an endogenously determined
wholesale price, the capacity is usually determined exogenously (e.g., Ha and Tong 2008). Nevertheless, in
Appendix B (see electronic companion), we relax the assumption of an exogenous wholesale price, and we
study a mechanism in which the supplier determines the transfer prices in a strategic manner. The second
assumption is that the price the retailer pays for units ordered in advance is identical to the price of units
that are purchased after the capacity has been determined. This assumption is adopted to simplify the model

analysis, and it does not qualitatively affect our main results.

3.3 Operational Payoffs

adv

The retailer, if she chooses to, orders in advance a quantity q° . As described above, the supplier secures

adv

a capacity level of K(>q™") at a cost cCK and receives a revenue of w for each unit sold to the retailer.

Thus, the expected profit of the supplier for a given market condition g and advance-order quantity qadv

3 Because w > c, the supplier will secure a capacity that satisfies K > qadv.
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is denoted by
7 (K| ,q*) = E[Wmin(K,max(yi +£,0°")) —cK]

{ K- } [ K—g J ) 2)
=w| K- I F(x)dx |-cK =w| z,K — J. F(x)dx |, ie{L,H},
q

adv _ adv

Hi q= -4

where z,=1-c/w is the supplier’s critical fractile (i.e., the ratio between the underage cost and the sum

of the underage and overage costs). Upon demand realization, the retailer sells in the market the quantity
min(K, & + &) and receives for each unit the profit margin r —w. If the demand realization is lower than

qadv, the retailer needs to pay the supplier for the excess units that she has committed to purchasing, an

amount given by max(qadv— 4, —&,0). We further denote the ex-ante payoff of the supplier by
I1, = E[x,], where the expectation is taken with respect to the two possible market conditions.

The expected operational profit of the retailer for a given g is

7 (@, K| 4) = E[ (r —w)min(g +£,K) —wmax(@*" - g4 - £,0) |

KJM F(x)dx} —an }#I F(x)dx. ©

£

=(r—w)(K—

We denote the ex-ante operational payoff of the retailer by IT, = E[z,], where the expectation is taken with
respect to the two possible market conditions.

The expected profit of the supply chain for a given g is

K=z
”sc(K |:ui)E7z-s(K |/ui'qadv)+7zr(qadv!K |/ui) = r[zscK - j F(X)dXJ

£

where z,, =1-c/r . Note that the expected profit of the supply chain is independent of the wholesale price
w and the advance order q°% .

3.4 Partial Vertical Ownership and Accounting Payoff

Because the key purpose of our research is to study the influence of existing partial vertical-ownership links
on the way in which the market equilibrium is established and information is disseminated, we consider a
setting in which the retailer has already purchased shares of the supplier. In particular, the purchase is
conducted (exogenously) before the selling season and prior to observing any information about the

demand.* Furthermore, in this paper, we focus on the effect of passive financial links, thus, we deny the

4 In Appendix C, we relax this assumption and study the incentives to purchase and sell these shares.
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retailer the ability to influence directly the decisions of the supplier by means of acquisition of control
rights. This assumption has also been adopted in previous literature and has been observed empirically (e.g.,
Greenlee and Raskovich 2006, Levy et al. 2018, Fang et al. 2021). Consequently, we assume that these
shares do not allow the retailer to dictate to the supplier his operational decisions (i.e., to influence his
capacity level). However, since the retailer's profitability is financially linked to the supplier's profitability
through the holding of shares, the operational actions of the two parties are intricately linked.

The effect of partial vertical ownership comes into play in our model through the retailer’s accounting

payoff function:
V(™ K | 1) =7, (@ K| 1) + B (K | 41, 9°")

K= K= (4)
—r[gi+§+ j If(x)de—w(l—ﬁ) g + j F(x)dx |- BcK,

£ qadv_'ui
where S [0,1] serves as a proxy measure for the level of partial vertical ownership (i.e., proportion of

shares held). The explicit mathematical derivation of Equations (2)-(4), as well as all proofs, are relegated
to Appendix E in the electronic companion.

As can be seen, the accounting payoff function weighs between the operating profits of the two firms
in the supply chain. This approach for describing the behavior of firms that have financial links is common
in the economics and OM literature. For examples in the economics literature, see Gilo et al. (2006),
Shelegia and Spiegel (2012), and Levy et al. (2018). In the OM literature, Lai et al. (2011), Lai et al. (2012),
and Lai and Xiao (2018) use this approach to capture the operational-decision behavior of a manager with
a financial investment in the company he manages. Aviv and Shamir (2021) use a similar formulation to
study markets with horizontal links between competing retailers.

The second line in Equation (4) shows that the accounting payoff of the retailer is comprised of three
elements: the first describes the revenue that the retailer generates by selling to consumers; the second
describes the effective purchasing cost; and the third reflects the reduction in the retailer’s accounting payoff
due to the supplier’s capacity building cost. Note that due to the financial interconnectedness, the retailer’s

effective purchasing cost per unit, w(l— 3), decreases in  because the retailer is compensated for each
purchased unit to an extent that depends on the level of PVO. In a manner similar to the operational payoff,

we use the notation V, = E[vr] to denote the ex-ante accounting payoff of the retailer.



4 Capacity Financing under Complete Information
To better understand the effect of asymmetric information on firms’ decisions in a supply chain, we start
by providing a benchmark in which both the supplier and the retailer observe the market condition. Under

complete information (denoted by the superscript ClI), the supplier will secure a capacity level

KC! (qadV) :{,Ui + Fil(zs) qadv SH+ Fil(zs)

adv

,ie{L,H}. (5)
otherwise

The result in equation (5) can be interpreted as follows: The optimal capacity level from the supplier’s
perspective, absent any advance order, is z +F'(z,). Any level of advance order that is below this

guantity will not alter the supplier’s capacity decision. However, if the retailer orders above this level, the

supplier simply matches the capacity level to the advance order of the retailer.
The retailer understands that ordering in advance a positive quantity up to z; + F ‘1(25) will not change
the capacity the supplier builds. Thus, under complete information, the decision to not place an advance

order dominates the decision to order any positive quantity up to g + F’l(zs) . The retailer may consider
ordering a quantity greater than g + F '1(25) in advance, if she finds the supplier’s optimal capacity (absent

any advance order) to be limiting. Let q* be the optimal advance order made by the retailer when she

finances the entire capacity in the market such that:
g =argmax {vr @, 9" | )}. (6)
qadv

Therefore, the retailer’s optimal advance order under complete information is

¢© :{o itV 0,4+ F(2) | 1) > v, (0,07 1) -

*

q otherwise

Thus, the retailer needs to consider between the following two options: v, (0, +F *(z,)| ) and
v, .9 4;) . If the first payoff would be greater than the second, the retailer is satisfied with the capacity
that the supplier builds, implying that the advance order quantity is zero. Otherwise, the retailer commits

to purchasing a quantity q* in advance to ensure the supplier will build a higher capacity level than that

which he would have built absent the advance order. The following result explicitly characterizes the
equilibrium outcome under complete information as a function of the level of partial vertical ownership, g,

and shows that when gis sufficiently high, the retailer finances the entire capacity.
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Theorem 1. The retailer’s incentive to finance the entire capacity under complete information

Under complete information, the equilibrium advance order and capacity level are

(0,2 +F(z)) B<B

(@ k)= g , ®
(46 + F@ (B i +F @ (B)) B2p
2.(B)(F (2 (B)-F ()

h B=minJp F(z) FA(z(p) <1 9
where T (7, + fL-2,)) J' F(x)dx — _[ F(x)dx>0 ®
with Zr(ﬂ)El—(l—Zr)(l—ﬂZS)=Zr+ﬂzs(1—zr), (10)
and z,=2,0)=1-w/r (11)

such that z, reflects the retailer’s critical fractile without financial holdings.

Although the optimal capacity level, from the supplier’s perspective, is independent of the level of
financial ownership (), this level has an important effect on the retailer’s decision as to whether to finance

the entire capacity in the market or be satisfied with the supplier’s capacity level. As S increases, the
optimal capacity level from the retailer’s perspective (q*) also increases, so the retailer finds the supplier’s

capacity level to be more and more restrictive. This result is explained as follows: as g increases, the
retailer’s cost of financing one unit of capacity decreases, because she receives a higher compensation
(through the financial-holdings channel) for each purchased unit. In particular, the effective cost of
purchasing one unit of capacity is w— g(w—c), which comprises the retailer’s operational cost of
purchasing one unit of capacity (w) as well as the benefit she receives from the supplier’s success through

the financial-holdings channel (£(w—c)). The critical threshold above which it is better off for the retailer
to finance the entire capacity level in the market, S, is always lower than 1. Thus, for any set of economic
parameters, some level of financial holdings (possibly zero) ensures that the retailer will finance the entire

capacity in the market.

This result is also illustrated in Figure 2. For low values of £ (4 <0.389), the optimal capacity of the

supplier exceeds that of the retailer, so the retailer does not order any units in advance. For intermediate
values of £ (0.389 < 5 <0.855), the retailer would have built a higher capacity than that offered by the
supplier based on her economic parameters. However, the retailer prefers the limited free capacity of the
supplier over incurring the cost of financing the entire capacity. Therefore, in this region, the retailer also

orders zero units in advance. Finally, when the level of gis very high (£ >0.855), the retailer views the

11



supplier’s capacity as too limited, and she orders a strictly positive quantity in advance; thus, the retailer

actually finances the entire capacity in the market.
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Figure 2. Optimal capacity for £~U(-10,10), c=11, w=20, r=30, x =110 and g, =120.

In the following sections, we analyze the asymmetric situation. In this case, the retailer observes the
market condition, and the supplier can establish a posterior belief about the market condition based on the
actions of the retailer. These actions may consist of sharing information verbally (cheap-talk information
exchange) or committing to purchasing a certain quantity in advance (signaling). We also study a pooling

equilibrium, in which no information is revealed.

5 Can Meaningful Information be Exchanged via Cheap Talk?

Cheap-talk information sharing describes a situation in which the exchange of information does not directly
affect the payoff of the retailer, nor that of the supplier (Crawford and Sobel 1982).°> We are interested in
exploring the ability of the parties in the supply chain to exchange meaningful information (i.e., share the

true market condition) via cheap talk. To do so, the following conditions should be satisfied:
Ve (0, 4ty + F () | 1) 2V (0 + F (20 [ 1) (12)

Vo (0,1 + F7H(2) 1) 2V, (0, payy + F7H(20) | 11,) - (13)

5 A cheap-talk equilibrium always exists when the retailer shares a message that is unrelated to her private information
and the supplier simply ignores the shared information and builds capacity based on the prior belief (known as a
babbling equilibrium).
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Condition (12) ensures that when the retailer observes high market demand, she will truthfully share
this information with the supplier. The left-hand side (LHS) denotes the retailer’s accounting payoff when
the supplier builds capacity according to the high market demand, whereas the right-hand side (RHS)
denotes the retailer’s accounting payoff when she misleads the supplier by stating that demand is low.
Condition (13) ensures that the retailer also wishes to share information truthfully when she observes low
market demand. In this condition, the LHS denotes the retailer’s accounting payoff when she truthfully
shares that demand is low, whereas the RHS denotes her accounting payoff when she misleads the supplier
with the claim that demand is high.

In our model, condition (12) is always satisfied. When demand is high, misleading the supplier into
believing that demand is low hurts the retailer in two ways. First, such a manipulation results in lower

capacity, which reduces the retailer’s operational profit (i.e., 7z, ). In addition, it hurts the supplier’s profit

because he does not build the optimal capacity level for the true market state. This reduction in the supplier’s
financial performance in turn hurts the retailer via the financial-holdings channel. Consequently, when
demand is high, the retailer will always report the demand state truthfully. Thus, the ability to share
meaningful information via cheap talk hinges upon satisfying condition (13). When the retailer has a
financial interest in the supplier and the demand is low, two opposing effects influence the retailer’s
decision as to whether to exchange information truthfully. The first is that an increase in the capacity level

secured by the supplier increases the retailer’s operational profit (i.e., 7). This effect induces the retailer

to mislead the supplier into believing that the demand is actually high, in the absence of partial vertical

ownership (i.e., when g =0). For the case we investigate, there is also an opposing effect. Misleading the

supplier into believing that demand is high reduces the supplier’s profits because he does not build capacity
according to the real market demand; this misalignment, in turn, influences the retailer’s payoff through her
financial holdings.

The following result illustrates that, in some cases, meaningful information can be exchanged via
cheap talk. It also illustrates the role of the financial holdings level, as well as the role of the information

asymmetry level, in achieving this outcome.

Theorem 2. PVO and cheap-talk information exchange

(i) Sharing the true market condition via cheap talk is possible when £ > £, where

ﬁzﬁr(o,,uH +F‘1(zs)|yL)—7rr(O,,uL+F‘1(zs)|,uL): Z, ( 1-z7, _1] (14)
= m(u +F ) a0, 0) = g (yy +FH(z) | 10,0) 1=z, \R(A)~z, )
A+F7(zg)
and R(A) == j F(x)dx <1, (15)

F(z)
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(i) Sharing the true market condition via cheap talk is possible only if A=A, where

R 1-7,
2=R (ZS+1+/3(1/zr—1)j 10

and R™'() is the inverse function of R(A).

Theorem 2(i) illustrates that a high level of PVO results in the ability to exchange meaningful
information via cheap talk — an outcome that cannot occur absent financial holdings. The threshold value

B reflects the ratio between the retailer’s operational gain and the supplier’s loss when he is misled into

believing that demand is high when it is actually low. It also upholds that if the supplier's loss as a result of
the manipulation is severe compared with the retailer’s operational gain and if, in addition, the financial
holdings of the retailer are sufficiently high, then the retailer has the incentive to share information truthfully
with the supplier even when demand is low.

Theorem 2(ii) allows us to relate the gap between the two possible market conditions (A) to the ability
to exchange information via cheap talk. The theorem states that when this gap is large, achieving meaningful
information sharing in equilibrium is possible, whereas when this gap is small, no meaningful cheap-talk
information sharing can be achieved. The relationship between the ability to share information via cheap
talk and the gap between the two market states is, likewise, based on the two effects that were described
above. When the gap between the two states is large, the operational benefit of the low-type retailer from
misleading the supplier into building a high capacity level is high, because the retailer benefits from this
higher capacity level. However, the marginal operational benefit from each additional unit of capacity
decreases in the value of A, because the likelihood of using this additional unit of capacity to increase the
sales volume is low when the gap in market states is large. At the same time, the financial loss incurred by
the retailer due to misleading the supplier increases in the value of A. This is because, as the gap increases,
the supplier builds a higher level of capacity, which is inappropriate for the low market demand.
Consequently, the supplier suffers severe financial losses that affect the retailer’s portfolio value. Thus,
when A is sufficiently high, achieving cheap-talk information exchange is feasible.

Previous research has demonstrated that when a retailer and a supplier interact using a simple
wholesale-price contract over one selling season, meaningful information-sharing cannot be achieved via
cheap talk (Ozer et al. 2011). In spite of these predictions, empirical evidence suggests that in many cases,
firms do exchange information via cheap talk when using this contract (e.g., Desai and Srinivasan 1995,
Bajari and Tadelis 2001, lyer and Villas-Boas 2003, Cohen et al. 2003). In an attempt to explain these
empirical findings, researchers have provided several justifications for the ability to share information via
cheap talk (Ren et al. 2010, Ozer et al. 2011, Shamir and Shin 2016, Chu et al. 2017, Berman et al. 2019),
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as described in Section 2. Theorem 2 serves as an important addition to this line of research. It shows that
even when the relationship between the parties lasts only one selling season, the parties use a simple
wholesale-price contract, and there is no assumption of trust between the parties, information can be shared
via cheap talk. Such an outcome can be achieved when the retailer has a financial interest in the supplier.

We note that the threshold value /£ that determines the ability to share meaningful information via

cheap talk can be higher than 1. This would reflect a situation in which, regardless of the level of financial
holdings, cheap talk cannot be used to exchange meaningful information (since g <1). In such a case, when
the market state is low, the retailer’s operational gain from pretending to be a high type is always greater
than the supplier’s corresponding loss. Therefore, the question naturally arises as to whether it is possible
to find a condition that ensures the feasibility of a cheap-talk equilibrium. The next proposition relates the

operational performance of the supply chain to the ability to exchange information via cheap talk.

Proposition 1. Supply-chain performance and cheap talk

Meaningful information can be exchanged via cheap talk (i.e., pA<1) if and only if
mo (4 + Fil(zs)lﬂL)<ﬂ'sc(ﬂL + Fil(zs)|,u|_)-

The condition outlined in Proposition 1 relates the performance of the entire supply chain during the low
market state to the ability to exchange information via cheap talk. The proposition upholds that if, in the
low market state, the supply chain is better off with the supplier’s high capacity level (i.e.,
K, =, +F(z,)) than with his low capacity level (i.e., K, =z +F™(z,)), then cheap-talk information
exchange cannot be achieved for any level of financial holdings, while if the reverse holds, then it is possible

to achieve cheap-talk information exchange for any g < g <1. Figure 3 illustrates the results stated in

Proposition 1. In order to determine whether cheap talk can be achieved (for some value of g<1), we

compare, for the low-market state, the operational performance of the supply chain under the supplier’s low
capacity and his high capacity. In Panel (a), the supply chain is better off with the low capacity of the
supplier than with the capacity that the supplier builds upon believing that the demand is actually high. This
case represents a scenario in which cheap talk is feasible. In contrast, in Panel (b), the supply chain is better
off with the high capacity of the supplier even though the market state is low. Therefore, in this case, for

any value of g <1, the low-type retailer will prefer to mislead the supplier, and consequently, cheap talk

cannot be achieved.
Further results regarding the effect of the information gap on the ability to exchange information via

cheap-talk is provided in Appendix D (see electronic companion).
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6 Advance Order as a Signaling Mechanism

What happens when cheap talk cannot be supported as an equilibrium? In this section, we follow the
previous literature that has studied mechanisms of exchanging information in a credible way. Specifically,
we concentrate on the mechanism of an advance purchase, according to which the retailer orders a certain
guantity in advance to signal the state of the demand to the supplier. This kind of interaction leads to a
signaling game (Gibbons 1992), and we focus on characterizing a separating equilibrium using pure
strategies. In this case, upon observing the state of the demand, each type of retailer orders a different
guantity, so the supplier can perfectly infer the demand state based on the retailer’s order. The analysis of

the advance purchase as a signaling tool is relevant when g <min{g, B} because otherwise, either cheap

talk is supported in equilibrium or the retailer prefers to finance the entire capacity in the market.

When B <min{g, B}, under the symmetric-information case, the low-type retailer prefers to order

zero units in advance, and relies upon the capacity that the supplier builds. Therefore, in the retailer’s
efficient separating equilibrium (which satisfies the intuitive criterion introduced by Cho and Kreps 1987),
when revealing her identity, the low-type retailer will order zero units in advance. In this equilibrium, the
high-type retailer needs to order in advance a quantity that ensures that the low-type retailer would not wish

to mimic her. The following theorem provides a full characterization of this separating equilibrium.
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Theorem 3. The separating equilibrium

Under the separating equilibrium:

0 if g =up;

(i) The retailer orders in advance 9°* () ={ .
q if u=pw,,

where § (§ < u, +F*(z,)) satisfies

q‘fLF(X)dX_A[zr(l—zs)—(z,+/3'(1—z,>)(R(A)—zs)]_ a-z) (8
- a-p8)(1-z,) 1+ pUz,-) | 1-8)

€

(ii) The supplier builds the capacity of

adv

/uL+F71(Zs) it g™ <q;
K@) =1, +F(z) if ¢ e[d,um, +FH2)];

qadv If qadv >,UH + F—l(zs),
H adv A
supported by the belief system that P(, :,uH)z{O I_f d . <ci’
1 if g™ >4

Under the separating equilibrium, characterized in Theorem 3, the low-type retailer chooses not to

order any units in advance, whereas the high-type retailer orders a quantity § . Upon observing the advance-

order quantity, the supplier establishes a posterior belief about the market state according to the following

rule: The supplier interprets any advance order below § as signaling a low market state, and any order

quantity greater than or equal to § as representing a high market state. Based on the new posterior belief,
the supplier secures the appropriate capacity level. Since < x4, +F *(z,), on the equilibrium path, the

secured capacity in the market when demand is high is z,, + F 7 (z,) .

Theorem 3 also illustrates the cost, from the retailer’s perspective, of asymmetric information when
signaling is required. In this case, the supplier sets the same capacity level as under complete information.
However, when demand is high, the retailer needs, under asymmetric information, to commit to purchasing

a quantity § in order to secure the same capacity level as in the complete-information setting
(understanding that there is some probability that not all § units will be sold). Note that although the

signaling game is costly for the retailer, it improves the supplier’s profit. This is because, under the signaling
game, the supplier builds the same capacity level as in the complete-information case, but receives a
commitment for a minimum purchase quantity from the high-type retailer.

We next evaluate the effect of the level of financial holdings () on the separating quantity g .
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Proposition 2. Financial holdings and the monotonicity of the separating quantity

The separating quantity § increases (decreases) in the level of financial holdings gwhen g>1 (£ <1),

and it is constant when g =1.

Interestingly, Proposition 2 states that the separating quantity either increases or decreases for the
entire parameter region of £ in which the signaling game is played. In a signaling game, when the low-type
retailer has the incentive to mimic the high type, upward distortion is observed. Upward distortion is also
observed in our model because the high-type retailer needs to commit to ordering in advance, whereas in

the complete-information setting, she does not order any units when /S < S . Proposition 2 demonstrates

that while the degree of upward distortion depends on the level of financial holdings, the trend itself, of
whether this quantity is increasing or decreasing, is independent of the level of financial holdings. To
understand this result in an intuitive way, note that gintroduces two main effects on the separating quantity.
We term the first effect “incentive alignment” and the second “signaling effectiveness”. According to the
first effect, the retailer’s financial interest in the operational success of the supplier results in better
alignment of the incentives of the two parties. More specifically, the retailer has a weaker incentive to
mislead the supplier when £ is higher, because when the supplier suffers operational loss (due to building
a high capacity level when the demand state is actually low), the retailer is also affected by this loss via the
financial-holdings channel. As for the second effect, credible information exchange stems from the
commitment of the high-type retailer to purchasing a certain quantity in advance — a commitment that can
result in a significant loss to the low-type retailer if she attempts to mislead the supplier. This loss occurs
because (some of) the advance-order units might not be purchased under the low-market state, resulting in
financial loss to the low-type retailer attempting to mislead the supplier. The effective cost, from the
retailer’s perspective, of each unsold unit decreases in S, as shown in Equation (4). Consequently, the
effectiveness of each expected unsold unit as a signaling tool also decreases in g. Therefore, the second
effect suggests that in order to achieve separation, the high-type retailer needs to increase her commitment
level as gincreases.

Figure 4 illustrates the two possible cases. In the first case (r =40, implying that f=1.2>1), the

separating quantity increases in the level of financial holdings for all values of g, as illustrated by the dashed

blue line. However, beyond the threshold level g = S (0.634 in the example), the retailer prefers to finance

the entire capacity in the market than to order in advance the separating quantity (the continuum of the

separating quantity is shown by the blue dots). In the second case (r =30, implying that g:0.6<1), the
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separating quantity decreases in £, as illustrated by the solid red line. At 8 =0.6, the separating quantity
equals zero, suggesting that from this threshold level up to = g (0.855 in the example), the information

is shared via cheap talk; this is illustrated by the continuum of the solid red line. Beyond that point, the
retailer finances the entire capacity in the market (the continuum of the separating quantity is shown by the
red dots).

Interestingly, the condition that determines whether the separating quantity increases or decreases in
the level of financial holdings is related to the feasibility of cheap-talk information exchange (see Theorem

2). When cheap talk is feasible (i.e., ﬁ<1), the separating quantity decreases in /3, whereas when cheap
talk cannot be supported (i.e., f>1), the separating quantity increases. The following proposition sheds

additional light on the condition under which the separating quantity decreases in S. It shows that this
condition is related to both the separating guantity absent any financial holdings and the payoff of the
supplier.
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The quantity ¢, is the amount ordered by the high-type retailer when g =0. Absent financial
holdings, this advance order ensures that the low-type retailer is indifferent between ordering zero units in
advance (and revealing her type), and committing to purchasing (j, in advance and thereby misleading the
supplier into believing that demand is high. The proposition relates the monotonicity direction of the
separating quantity to the effect of information manipulation on the supplier absent any financial holdings.
It states that if the supplier would be better off (worse off) being misled by the low-type retailer ordering

the separating quantity §, when there are no financial holdings, then § increases (decreases) in .

In signaling games, the separating quantity is determined by the condition under which the sender is
incentivized to reveal information truthfully. In our case, since the retailer also takes into consideration the
payoff of the supplier, an interesting situation arises: we need to evaluate the effect of information
manipulation on the receiver (i.e., supplier). If the receiver prefers information manipulation for the case of

£ =0, then when the level of financial holdings is strictly positive, the high-type retailer needs to signal
the state of the demand using a higher advance order than in the case of no financial holdings. If the opposite
holds, the high-type retailer is able to signal the state of the demand with a lower advance order than in the

case of g =0.

7  The Pooling Equilibrium

Section 6 discussed the ability of the retailer and the supplier to exchange information using the signaling
mechanism. However, this mechanism can be costly to the high-type retailer since she needs to commit to
purchasing a certain quantity in advance — a quantity that may not be sold in the market. In this section, we
explore the alternative option of the retailer — to conceal information, meaning that both types of retailer
would order the same quantity in advance. Such a strategy prevents the supplier from inferring the state of
the demand. In the following proposition, we characterize such a pooling equilibrium.

Theorem 4. The pooling equilibrium

(i) There exists g° [0, ), such that for any /< B° a pooling equilibrium exists and it is characterized

by the following properties:

(a) Both types of retailer order zero units in advance (i.e., g° =0).
(b) The supplier builds a capacity K”, which satisfies:
PF (K" — g, ) + (A= p)F(K® —p) = 2, (18)

p ifq”<Tq";

based on the following belief system: P(u = 1, |q") =
1 ifqg°>qg",
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where " satisfies:

q° -y F(z)

! F(x)dx=w(+_ﬂ) (r =Wl Bz +FH(2)=KP)=(r—w(-p)) [ F(dx| (19)

& KP—py

and g satisfies:

2. (B)(F (@ (B) - (K" - )
AY=mindp KP -y F%T(ﬁ» <p. (20)

s | (7, + B-2,)) J F(x)dx - F(x)dx>0

£

(i) If p>p° then a pooling equilibrium does not exist.

The proposition states that when the level of financial holdings is sufficiently high ( 8> 8% ), a pooling

equilibrium does not exist. In this case, the high-type retailer prefers to increase the capacity in the market

by committing to purchasing in advance a high quantity — an outcome that the low-type retailer does not

wish to pool with. When g < g7, both retailer types order the same quantity in advance under the pooling

equilibrium (zero units) and the supplier builds a capacity K based on the prior information, since no
additional information is revealed through the advance order of zero units. According to the belief system

outlined in the proposition, any order below the threshold G results in the supplier building a capacity

based on the prior belief, and any order above this threshold (which is not observed on the equilibrium-
path) convinces the supplier that demand is high.

When demand is high, the supplier secures a lower capacity level under the pooling equilibrium than
under the separating equilibrium — an outcome that hurts the high-type retailer. On the other hand, in the
pooling equilibrium, the high-type retailer does not place an advance order, and thus does not incur any of
the signaling costs that are observed in the separating equilibrium. It is important to note that while the
pooling equilibrium is a perfect Bayesian equilibrium (PBE), it does not satisfy the intuitive criterion (Cho
and Kreps 1987), as is also the case for other games involving asymmetric information and only two
possible types of sender (for some recent examples in an OM context, see Schmidt et al. 2015, Jiang et al.
2016, and Tian and Jiang 2017). In the next section, we discuss the equilibrium choice when both the

separating and the pooling equilibrium are feasible.
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8 Equilibrium Selection

The existence of several types of equilibria raises the question of which equilibrium will be chosen. As
mentioned above, the intuitive criterion rules out the pooling equilibrium in our setting, although this
equilibrium has some appealing properties, as will be shown below. Therefore, as an equilibrium
refinement, we adopt a refinement known as the undefeated equilibrium, introduced by Mailath et al.
(1993). According to this equilibrium refinement, the chosen equilibrium is the PBE that the high-type
retailer finds most profitable because, in our setting, the low-type retailer attempts to mimic the high type,
while it is the high-type retailer that attempts to signal the true demand state to the supplier. Furthermore,
the low-type retailer always earns a higher payoff in the pooling equilibrium than in the separating
equilibrium. Therefore, when both the separating and the pooling PBE exist, if the high-type retailer prefers
the pooling equilibrium, then this is the chosen outcome according to the undefeated equilibrium
refinement. A few other recent papers in OM have also adopted this equilibrium refinement so as to avoid
eliminating the pooling equilibrium (Schmidt et al. 2015, Jiang et al. 2016, Tian and Jiang 2017, Aviv and
Shamir 2021). The following proposition summarizes the outcome in our setting based on this equilibrium

refinement.

Proposition 4. The effect of PVO on the equilibrium selection

() When B> g, the retailer finances the entire capacity in the market according to Theorem 1.
(i) When B < < f, cheap-talk information is exchanged according to Theorem 2(i).
(iif) When g <min(g,p):
(@) If p= " then the separating equilibrium is played according to Theorem 3.
(b) If B< p" then avalue P exists such that for any p < p, the separating equilibrium is played

according to Theorem 3, and for any p> p, the pooling equilibrium is played according to

Theorem 4.

When B> f, regardless of the mechanism for information exchange, the retailer is not satisfied with the

capacity that the supplier secures, and thus she chooses to finance the entire capacity in the market. When

B < B <p, the retailer is able to exchange information via cheap talk, and in this case, she prefers the
supplier to finance the capacity in the market. When g <min(g, B), the retailer needs to choose between

exchanging information via the signaling mechanism and concealing information via the pooling
equilibrium. When both of these options are viable, the proposition highlights the role of the prior

probability in determining the chosen outcome. When the signaling cost is high, and there is a high prior
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probability that demand is high, the high-type retailer prefers the pooling equilibrium, since, in this case,
the supplier builds a relatively high capacity level without the need for the retailer to commit to purchasing
costly units in advance. However, when the prior probability of high demand is low, under the pooling
equilibrium, the supplier builds a limited capacity; thus, the high-type retailer prefers to incur the signaling
cost in order to induce the supplier to secure a higher capacity level.
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Figure 5. The equilibrium as a function of g and p for £~U(-10,10), c=11, w=20, g =110and g, =120
with (a) r=40 (and thus £ >1); (b) r=30 (and thus g <1)

Figure 5 illustrates the results presented in Proposition 4. We depict the chosen equilibrium as a
function of the level of financial holdings (horizontal axis) and the prior belief that demand is high (vertical

axis). Panel (a) represents the scenario of £ >1. It shows that when the prior belief is high and the level of

financial holdings is low, the pooling equilibrium will be played. When the prior belief is low, the separating
equilibrium is played at low levels of 3, but once the level of financial holdings reaches a critical value, the

retailer prefers to finance the entire capacity in the market. Since £ >1 in this example, the separating

guantity increases in S (see Proposition 2) and cheap talk is not feasible.

Panel (b) represents the scenario of £ <1. Recall that in this case, the separating quantity decreases in

f and cheap talk is feasible. Further, the separating equilibrium, the cheap-talk equilibrium and the

equilibrium in which the retailer finances the entire capacity, are all independent of the prior p. For the
example depicted in Panel (b), the cost of signaling is so low that the separating equilibrium is always
preferable over the pooling equilibrium. Consequently, in this case, for low values of the financial holdings,
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the separating equilibrium is played; for intermediate values, the cheap-talk equilibrium is played; and

finally, for high values of the financial holdings, the retailer finances the entire capacity.
We next consider the effect of the wholesale price on the equilibrium outcome.

Proposition 5. The effect of the wholesale price on the equilibrium selection

There exist W, and W,, where c<w, <w, <r, such that
(1) If w<w; then the retailer finances the entire capacity in the market according to Theorem 1.

(i) If w, <w<w, then either the separating or the pooling equilibrium is played (see Theorems 2 and
3).

(iif) If w=w, then cheap-talk information is exchanged according to Theorem 2(i).

Proposition 5 illustrates the role of the wholesale price in determining the equilibrium outcome. When
the wholesale price is low (specifically, when w<w,), the capacity secured by the supplier is low, and
consequently, the retailer prefers to finance the entire capacity. On the other hand, when the wholesale price
is high (w=w,), the supplier secures a high capacity level. In addition, in this region, since the profit

margin of the retailer is low, the operational benefit from misleading the supplier to build capacity that does
not match the actual demand is relatively small. Consequently, in this case, information can be exchanged

via cheap talk. Finally, between these two thresholds, the retailer does not wish to finance the entire capacity
and she is also unable to convey information using cheap talk. Therefore, in this region (W, <wW<W, ), the

retailer either signals information by committing to purchasing units in advance, as illustrated in Theorem
2, or she conceals information by playing the pooling equilibrium (and ordering zero units in advance).
These results are depicted in Figure 6, which outlines the played equilibrium as a function of the wholesale
price (the horizontal axis) and the level of PVO (the vertical axis).

Proposition 5 demonstrates that due to the effect of the wholesale price on the equilibrium outcome,
the supplier’s payoff is not continuous with respect to the wholesale price. For example, for low values of
the wholesale price, the supplier incurs no risk, since the retailer finances the entire capacity in the market.

Moving from this region (W < w, ) to the region W, <W < W, may actually hurt the supplier because it results

in the supplier financing the capacity, while the retailer either commits to purchasing some units in advance
(in the case of the separating equilibrium) or does not purchase any units in advance (in the case of the
pooling equilibrium). Therefore, a small increase in the wholesale price can result in non-continuous

reduction in the supplier’s profit.
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9  The Effect of Partial Vertical Ownership on the Firms’ Payoffs

In this section, we study the effect of PVO on the payoffs of the firms in the supply chain. The analysis is
performed from an ex-ante perspective, that is, taking into account the two possible demand states
(according to the prior belief) and the equilibrium outcome. Holding a larger share in the supplier clearly
benefits the retailer. Yet, a higher level of financial holdings is also associated with an increased cost of
acquiring these shares — a cost that is not considered in the main model. Furthermore, our model does not
include the decision of the retailer regarding whether or not to acquire shares in the supplier in the first
place, because such a decision can be influenced by many other factors apart from the ability to share
information within the supply chain. In Appendix C (see electronic companion), we extend our model and
discuss the incentives of the retailer to (a) purchase shares at the beginning of the process and (b) sell her
shares during the process (specifically, after observing the market demand). For the present purposes, to
avoid evaluating the effect of holding a larger share in the supplier without modeling the cost of achieving

it, we concentrate on examining the effect of £ on the ex-ante operational payoff of the retailer. In addition,

we study the effect of PVO on the supplier’s ex-ante payoff. Further discussion regarding the effect of PVO

on the consumers is provided in Appendix D.
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Proposition 6. PVO and the firms’ payoffs
The effect of PVO on the retailer’s and supplier’s payoffs is as follows:

() When g> g, II; increases in f and II, decreasesin S.
(if) When gs B < B, both T and IT, are independent of /.
(iii) When g < min{é,g} and the signaling game is played:
(a) If £21, I1, increases and I1, decreasesin f.
(b) If £<1, IT, decreases and IT, increasesin f.

(iv) When g < min{ﬁ,ﬁ} and the pooling game is played, both IT and I1, are independent of .

The first part of the proposition describes the effect of PVO when the retailer pays for the entire capacity
level. In this domain, the supplier’s payoff is deterministic, and increasing the level of PVO results in an
increase in the capacity level that the retailer finances, which, in turn, improves the situation for the supplier.
However, the situation is different when considering the retailer’s operational profit. The retailer determines
the capacity level by considering not only her own operational payoff, but also that of the supplier (due to
the financial channel). As a result, the capacity exceeds the optimal level from the retailer’s operational
perspective. Consequently, as the level of g increases, the operational payoff of the retailer decreases.

The second part of the proposition corresponds to the case in which information is shared via cheap
talk. In this scenario, the supplier determines the capacity level according to his own economic parameters,
and the retailer does not purchase any units in advance. Consequently, the supplier’s and retailer’s payoffs
are independent of the PVO level.

The last two parts of the proposition (iii and iv) correspond, respectively, to the situation in which
information is shared using the signaling tool of an advance purchase, and the situation in which no

information is shared due to the fact that the pooling equilibrium is chosen. When the signaling game is

played, Proposition 6 demonstrates that two cases exist. When £ >1, the retailer’s advance order increases

in the PVO level, g . In this case, the supplier benefits from the increased advance order, because there is

a lower risk that he will be left with unused capacity. Consequently, the supplier’s payoff increases in the

level of g . The fact that the advance order increases in £ implies that, as the level of financial holdings

increases, the retailer needs to commit to ordering a higher quantity in advance in order for the supplier to

build the same capacity level. Consequently, the operational payoff of the retailer decreases in g . On the

other hand, when S <1, the signaling quantity decreases in the PVO level, £, implying that the retailer is
able to credibly signal the state of demand using a lower quantity of units purchased in advance.

26



Consequently, the supplier is worse off as g increases, while the retailer is better off. Finally, when the

pooling equilibrium is played, the retailer orders zero units in advance, and the capacity is determined based
on the prior belief of the supplier. In this case, the capacity level, and consequently the supplier’s and

retailer’s payoffs, are independent of S .

10 Discussion and Managerial Implications
The analyses of the different types of equilibria presented in this paper reveal a number of important
properties regarding the effect of PVO on both the ability to exchange information and the overall capacity

in the market. In this section, we summarize and further discuss these findings.

Who finances the market capacity? In our model, it is the supplier who builds the capacity in the market.
However, the retailer can influence this decision through her commitment to purchase units in advance.
Such a commitment can create a situation in which the retailer is the party in the supply chain that
effectively finances the entire capacity in the market (and the supplier simply builds capacity to match this

advance order). Our model shows that when the level of PVO is sufficiently high (specifically, when

y/j zg), the retailer will not be satisfied with the capacity the supplier intends to build, and will prefer to

commit to purchasing in advance a higher quantity. The supplier, in turn, will then build this higher
capacity. Thus, the introduction of PVO may change the system from one in which the supplier decides
upon the market capacity to one where the market capacity is determined by the retailer. Such a change is
beneficial to the supplier, who no longer incurs the risk of building units that go unutilized, and consumers
benefit from the increased capacity in the market as well.

In addition, we show that when the level of financial holdings is sufficiently high, the introduction of
asymmetric information does not affect the equilibrium outcome. That is, in both the symmetric- and
asymmetric-information cases, the equilibrium outcome is identical — the retailer commits in advance to

purchasing a quantity that effectively finances the entire capacity in the market.

The ability to share information via cheap talk. An important conclusion of our model is that financial
holdings provide the retailer and the supplier with the ability (under certain conditions) to exchange
information by means of cheap talk. Normative models have shown that in settings similar to ours, but
absent financial interconnectedness, meaningful cheap-talk information cannot be exchanged because the
retailer has an interest in manipulating the supplier to secure a high capacity level when demand is low
(Ozer et al. 2011). Nevertheless, empirical evidence demonstrates that, in many instances, firms do
exchange information verbally (for some recent examples, see Ozer et al. 2018, Ozer and Zheng 2019, and

Li et al. 2020). The current study adds to the recent scholarly effort to provide explanations for this empirical
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evidence (other explanations are provided by Ren et al. 2010, Ozer et al. 2011, Shamir and Shin 2016, Chu
et al. 2017, and Berman et al. 2019) by showing that PVO may align the incentives of the retailer and the
supplier, such that cheap-talk information exchange can be achieved. This result is consistent with prior
research that has demonstrated empirically and theoretically that PVO can align the interests of the target
and acquirer (Allen and Phillips 2000, Greenlee and Raskovich 2006) and can facilitate cooperation (Allen
and Phillips 2000, Fee et al. 2006). In addition, Dyer and Ouchi (1993) argue that part of the success of the
Japanese Auto manufacturing industry can be attributed to the special business partnerships formed between
companies and their suppliers. One of the trust-building practices reported in their study is the ownership
of stocks in the supplier. The authors argue that this mechanism implies that the firms have made a
commitment to each other, and that, consequently, they have weaker incentives to take advantage of each
other. The model we present is consistent with this empirical evidence and demonstrates that PVO can
encourage cooperation and information exchange.

Our model predicts that cheap-talk equilibrium can be achieved when the level of information
asymmetry is high. In this case, inducing the supplier to build a high capacity level, when the market state
is low, hurts the retailer via her financial-holdings channel. This financial loss can outweigh the operational
benefit of the high capacity, thus incentivizing the retailer to share the true demand state with the supplier
via cheap talk. Usually, settings with a high level of information asymmetry represent a challenge for the
credible exchange of information. Avinadav and Shamir (2021) study a similar setting to ours, but without
PVO. They show that no cheap-talk equilibrium exists and that in order to exchange information in a
credible manner, the retailer must commit to purchasing in advance a quantity that increases with the level
of information asymmetry — an outcome that is costly for the retailer. Thus, the tool of financial holdings
may facilitate the credible exchange of information and allow the retailer to share information without

incurring high signaling costs.

PVO and signaling/pooling. When cheap-talk equilibrium cannot be achieved, this paper studies the
credible exchange of information by using an advance order as the signaling tool. We show that while the
separating quantity is monotone in the level of financial holdings, the direction of this monotonicity is
independent of the PVO level, and it is determined by other economic factors in the market. Therefore,
there are cases in which, to exchange information credibly, the separating quantity increases with the level
of PVO - a situation that hurts the operational payoff of the retailer. In the alternative case, the separating
quantity decreases with the level of PVO - a situation that improves the operational payoff of the retailer
but hurts the supplier.

We further demonstrate that exchanging information is not always in the best interests of the retailer.

When the signaling cost is high and the prior probability of a favorable market condition is also high, the
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retailer may prefer a pooling equilibrium over the separating equilibrium. In the pooling equilibrium, the
supplier secures the capacity based on the prior belief, and the retailer does not need to incur the signaling
cost of an advance order. We characterize the conditions under which the retailer prefers to conceal

information than to signal the market condition.

Policy implications. For more than a century, the acquisition of partial ownership was examined by
antitrust authorities. For example, The Clayton Act of 1914 states that:®
“no person engaged in commerce or in any activity affecting commerce shall acquire, directly
or indirectly, the whole or any part of the stock or other share capital and no person subject to the
jurisdiction of the Federal Trade Commission shall acquire the whole or any part of the assets of
another person engaged also in commerce or in any activity affecting commerce, where [...] the

effect of such acquisition maybe substantially to lessen competition, or to tend to create a monopoly”

While most of the investigations of antitrust authorities were aimed at examining mergers between
competing firms, in recent years the scope of these investigations was extended to also account for the cases

of partial vertical ownership. In 2013, the European Commission recommended to’

“extend the scope of the Merger Regulation to give the Commission the option to intervene in a
limited number of problematic cases of structural links, in particular those creating structural links

between competitors or in a vertical relationship”,

Where the term structural links is used to describe the case of partial ownership. Our work can also
contribute in the debate regarding the efficiency effects of such practice. Our model suggests that when the

level of PVO is high (specifically, when B> ) the retailer chooses to finance the entire capacity in the

market. Such an action results in higher market capacity compared with the case of no PVO and it mitigates
the problem of double marginalization.

Summary. Scholars working in the area of OM have devoted considerable effort to evaluating the
performance of centralized and decentralized supply chains. In this work, we argue that in addition to these
two important supply-chain structures, an intermediate level of interconnectedness may exist between firms
in a supply chain. This interconnectedness is achieved when one firm has a financial interest in the other

firm.

& The Clayton Act is now part of the U.S code Section 15. See https://www.law.cornell.edu/uscode/text/15/18# (last
accessed November 21, 2021).

7 See https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52014DC0449&rid=2 (last accessed
November 21, 2021).
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Our work demonstrates the impact of such a financial structure on the ability of the firms in a supply
chain to exchange information and on the capacity level that is secured in the market. In Particular, we
demonstrate that there are cases in which the market capacity increases with the level of financial holdings
— an outcome that improves the overall efficiency of the supply chain by alleviating the problem of double
marginalization (Spengler 1950). In other cases, such financial interconnectedness results in the ability to
exchange information via cheap talk, and when cheap talk is not feasible, it influences the advance order
quantity placed by the retailer to achieve the credible exchange of information.

In addition to its contribution to the area of information exchange in supply chains, this paper adds a
new dimension to the field of the interface between OM and finance — a topic that has received considerable
attention in recent years. Our work adds to this fruitful research area through its demonstration of the critical

effect of financial interconnectedness on operational decisions.
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Appendix A. Glossary of Notations

Variable Description

D Demand (random variable)

The random element of the demand for a given market state; it has zero mean

€ and is defined over the support (¢,)
Decision variable Description
K Capacity level — set by the supplier
KC! Capacity level under complete information at equilibrium
KP Capacity level under a pooling equilibrium
o Advance order — set by the retailer
. The optimal advance order placed by the retailer when she has to finance the
g entire capacity in the market
q“! The optimal advance order under complete information at equilibrium
Parameter Description
yij Level of financial holdings
c Marginal cost of securing capacity
W Unit wholesale price
r Unit retail price
Mi Expected demand for market state i € {L,H}
A Difference between the two possible mean states of the demand
zg Supplier’s critical fractile
zZ, Retailer’s critical fractile for =0
Zy Supply chain’s critical fractile
Function Description
F Cumulative distribution function of &
f Probability density function of &
z.(B) Retailer’s critical fractile for a given g
B The c_ritical thr_eshold above which the retailer chooses to finance the entire
- capacity level in the market
ﬁ The critical threshold above which cheap talk is possible
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e

The critical threshold below which a pooling equilibrium exists

The separating quantity that ensures the low-type retailer does not wish to
mimic the high-type retailer

The separating quantity when B =0

The advance-order quantity below which the supplier maintains his prior belief
about demand

Profit function

Description

7o (K| 4,9°")

”r(qadv1 K |1Ll|)
ﬂ-sc(K |,Ll|)

Ve (@*, K| 24)

Supplier’s expected profit for a given market state and advance order
Retailer’s expected operational profit for a given market state
Expected operational profit of the supply chain for a given market state
Retailer’s expected accounting payoff function

Ex-ante payoff of the supplier

Ex-ante operational payoff of the retailer

Ex-ante accounting payoff of the retailer
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Appendix B. Screening Contracts

In the main model, we assumed that the retailer signals the state of the demand by committing to purchasing
a certain gquantity in advance. In such a setting, it is the retailer who takes the initiative and designs the
signaling mechanism such that information is exchanged at the lowest possible cost (to her). In addition,
we assumed that the wholesale price is exogenous, regardless of the realized market state. In this appendix,
we relax these two assumptions and explore the effect of PVO on the contracting scheme when it is the
supplier that designs a set of screening contracts. In settings of asymmetric information, a screening contract
means that the uninformed party offers a set of contracts to the informed party, and the choice of a specific
contract by the informed party conveys information to the uninformed party (examples of such contracts in
an OM setting can be found in Ha 2001, Ozer and Wei 2006, and Avinadav et al. 2020, 2021).

Specifically, let us assume that the supplier offers a menu of two possible contracts.® Based on the

revelation principle (Myerson 1979), we denote this menu by {(KH T ),(KL,TL)} . The menu is designed
to operate as follows: upon observing high demand, the retailer will choose the contract (K, ,T,,), while in
the case of low demand, she will choose the contract (K, ,T,). Once a specific contract (K;,T,), where
i e{L,H}, is chosen, the supplier builds capacity K and the retailer pays the sum T, .°

To reflect this new setting, we make some changes to the notations of the payoff functions of the

retailer and the supplier (compared with the main model). In the new contract, the operational payoff of the

retailer is given by 7, (K, T; | ;) = rE[min(D, Ki)|,uJ—Ti. When the retailer observes the market state

j €{L,H}, and chooses contract (K;,T,), she understands that the market capacity will be K, and the total
payment to the supplier will be T, . The operational payoff of the supplier is given by = (K,,T,) =T, —cK;;
note that it does not depend on the actual market realization.

To better understand the effect of PVO on the design of this menu of contracts, we start by

characterizing the outcome when g =0 . We denote this outcome using the superscript 0.

Lemma B1. When £ =0, the optimal menu of contracts designed by the supplier is determined as follows:

(i) K is the solution of the equation %(E[min(D, K) | ]) =

s |0

(i) K{ is the solution of the equation

s |0

d . d . .
R(E[mln(D, K)]| uL])—ﬁR(E[mm(D, K)| 4y ]-E[min(D,K) | 11 ]) =

8 This is without loss of generality, since we assume that there are only two possible states of demand. We also assume
that the parameter values are such that it is in the best interests of the supplier to operate under both states of demand.
% 1t is also possible to consider a linear wholesale price w, , instead of a one-time fee of T,, by substituting T, = w.K..
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(iii) T =rE[ min(D,K)| 44 .

(iv) TO = r{E[min(D, K21 44y |~(E[min(D,K?)| 44, ]~ E[min(D, KE)|yL])}.

This well-known solution exhibits the following properties. First, the supplier offers, in the high-
demand state, the capacity that maximizes the overall performance of the supply chain (“efficiency at the
top”). In contrast, in the low-demand state, the supplier offers a lower capacity than that required to
maximize the overall value of the supply chain (“distortion at the bottom”). In the low-demand state, the
supplier extracts the entire surplus from the retailer, such that the payoff of the retailer is zero. In the high-
demand state, the supplier leaves some surplus for the retailer, as a means of ensuring that the latter does
not choose the contract designed for the low-type retailer. The payoff of the high-type retailer is called
information-rent, since the high-type retailer is paid to reveal her hidden type.

We now analyze the optimal menu of contracts designed by the supplier when g >0. In a similar

manner to the case of no financial holdings, two constraints are binding. The supplier must extract the entire
surplus from the retailer in the low-demand state, while the supplier must provide information-rent to the
high-type retailer to deter her from choosing the alternative contract. Therefore, the supplier's problem is
formulated in the following manner:
maX, 1)k 1) {p(T, —cKy)+(@—p)(T, —cK)}
Sit. rE[min(D,K,,)| 1, |- T,y + B(T, —cKy ) =rE[min(D,K )| s, |-T, + B(T, —cK,)
rE[min(D, K )|z |-T, +B(T, —cK_)=0
The first constraint ensures that the high-type retailer chooses the appropriate contract, while the
second ensures that the low-type retailer will not decline any offered contract. The next proposition
describes how PVO affects the properties of the contract designed by the supplier.
Proposition B1. When g>0:

(i) The capacity levels offered to the high-type retailer and the low-type retailer are the same as when
B=0.
(if) The price charged by the supplier (in each market state) increases with 3 .

Interestingly, according to part (i), when £ is positive, its value does not affect the capacity levels

offered in the menu of contracts. However, as shown in part (ii), the price charged by the supplier, in each
market state, increases with the level of financial holdings. In our model, the retailer receives additional

compensation via the financial channel — a compensation that increases with /. Therefore, the supplier

can ensure that the low-type retailer will not reject the contract even though she is charged a higher price
than in the case of no financial holdings. Therefore, as the level of financial holdings increases, the supplier

knows that he can charge the retailer a higher price while still ensuring that she accepts the contract. When
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demand is high, the supplier is also able to charge the retailer a higher price as /£ increases, but for a

different reason. In this case, as the level of financial holdings increases, the retailer has a weaker incentive
to attempt to mislead the supplier by choosing the contract designed for the low type. Consequently, the
supplier is able to force the retailer to choose the contract that he has designated for her despite offering a
lower information-rent (i.e., charging a higher price) compared to a setting with no financial holdings.
The above analysis reveals very different results compared to those of the main model. In the setting
described in this appendix, the supplier is better off as the level of financial holdings increases, since he is
able to charge a higher price for the same capacity level (in both demand states). In contrast, recall that in
the main model, it was shown that if the level of financial holdings is positive, it can result in cheap-talk
information exchange or a reduction in the quantity required to signal the state of the demand — outcomes

that make the supplier worse off relative to the case of no financial holdings.
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Appendix C. Retailer’s Incentives to Purchase and Sell Shares
In the main model, we assumed that the level of shares held by the retailer is fixed and does not vary
throughout the sequence of events. This assumption was adopted since, in many instances, decisions
regarding the acquisition and sale of shares involve additional factors beyond the ability to exchange
information in the supply chain — elements that are not modeled in this work. Note also that the approach
used in our main model is consistent with much of the previous research that has studied the topic of PVO
and has assumed an exogenous number of shares.

In this appendix, we relax the assumption of an exogenous level of financial holdings, and we study
two issues: first, the retailer’s incentive to sell shares in the supplier once she has obtained information
about the market state (but prior to signaling using the advance-order tool); and second, the decision of the

retailer to purchase shares in the first instance.

Selling Shares
Herein, we relax the assumption of exogenous financial holdings and assume that the retailer initially holds

a share of £ in the supplier, but is able to sell it (or part of it) after observing the state of the demand. The

main conclusion of this section is that the act of selling (or refraining from selling) shares cannot signal any
information to the market, nor to the supplier. Specifically, we show that both retailer types will choose to
hold their shares prior to committing to purchasing units in advance.

We assume that the market determines the price of shares in the supplier based on all available
information. This means that the market (i) understands that the retailer enjoys superior information about
the state of the demand, and (ii) is able to make inferences regarding the demand state based on the actions
of the retailer. In a potential separating equilibrium that is based on the action of selling (or refraining from
selling) shares, this action provides a signal to the supplier/market, which immediately updates the value of
these shares. We first show that such a separating equilibrium cannot exist.

Proposition C1. There is no separating equilibrium in which one type of retailer sells shares and the other
does not.

The intuitive explanation of this result is as follows. In a separating equilibrium, one retailer type sells
shares while the other does not. Two possible cases can emerge in such a separating equilibrium: either the
low-type retailer sells some shares while the high type does not, or the converse occurs. The proposition
states that neither of these cases can emerge as an equilibrium. First, assume that the low-type retailer, upon
observing that demand is low, attempts to sell (some of) her shares, while the high type prefers not to sell.
In this case, the market infers that the demand is low, and prices the shares accordingly. Furthermore, the
supplier also infers that demand is low and sets the capacity level according to this market state. This

scenario would not be beneficial to the low-type retailer, as she would achieve a higher payoff by not selling
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the shares. This is because the latter decision would lead the supplier to believe that demand is high and
thereby set the appropriate capacity level for this market state — an outcome that benefits the low-type
retailer. Consequently, a separating equilibrium in which the low type sells shares while the high type does
not, cannot exist.

In the second possible separating equilibrium, the high-type retailer sells her shares, while the low-
type retailer refrains from doing so. However, this equilibrium is also unfeasible, because the low-type
retailer can (strictly) do better by mimicking the high type and selling her shares. By selling shares prior to
demand realization, the low-type retailer gains two benefits: (i) she receives a higher payoff for her shares,
compared to not selling them; and (ii) the supplier sets a higher capacity level, which increases the low-
type retailer's operational payoff. The same arguments can be used to illustrate that any potential separating
equilibrium in which the two types of retailer sell different numbers of shares cannot exist.

Since it is impossible for the action of selling shares to carry any informational value, the only possible
equilibrium is a pooling equilibrium in which both retailer types sell the same number of shares. The
following proposition illustrates that, in this equilibrium, both retailer types will hold all their shares.
Proposition C2. In equilibrium, after observing the state of the demand, neither retailer type will sell any
shares.

After establishing that both retailer types will sell the same number of shares, Proposition C2 shows
that this number will be zero. The intuitive explanation behind this result is as follows. Since both retailer
types sell the same number of shares, the market price for these shares will be based on the prior belief
regarding the state of the demand. In this case, the high type will prefer not to sell any shares because she
knows that the demand state is high, and thus the value of the shares in the supplier is higher than the price
she will receive for these shares. Consequently, no shares will be sold after observing the demand state. We

next evaluate the incentive of the retailer to purchase shares ex-ante.

Ex-ante Incentive to Purchase Shares
Assume that prior to observing the state of the demand (high or low), the retailer is able to purchase some
shares in the supplier. We assume that the retailer needs to pay the “fair” market value for these shares.

This implies that to obtain a share of £ in the supplier, the retailer will need to pay g Il,, where I, is

determined based on the market evaluation of the supplier, which takes into account all available ex-ante

information. This assumption implies that in order to decide upon the optimal level of financial holdings,

denoted by £, the retailer solves max , {V, —  I1 }.

Recall that the accounting payoff of the retailer, V, , also includes the expected payoff of the supplier,

such that V, — g I1, = (I1, + B I1,) - f I1, =I1, . This suggests that the retailer takes into consideration
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only the effect of £ on her ex-ante operational payoff when she decides on the optimal level of PVO.

Proposition 8 outlines the effect of the level of financial holdings on the operational payoff of the retailer.
This proposition allows us to state the following:
Proposition C3. When the retailer is able to decide on the ex-ante optimal level of financial holdings, she

will choose the following:
(i) When B=>1, the retailer has no incentive to purchase any shares in the supplier, such that g“=0.
(i) When g <1, the retailer purchases S =min {ﬁ ﬁ} .

The proposition states that the number of shares purchased by the retailer depends on the value of the

threshold B. Recall that when p=1, the separating quantity increases with the level of financial holdings,

which in turn, reduces the operational payoff of the retailer. Therefore, in this case, the retailer prefers to
signal the state of the demand without any financial holdings (that is, 5~ =0).

In the alternative case, when <1, the separating quantity decreases with the level of financial

holdings, which increases the operational payoff of the retailer. Therefore, in this case, the retailer will
purchase the highest possible number of shares in order to maximize her operational payoff. The separating

quantity reduces to zero at the threshold level of S above which cheap talk is played (i.e., #<$), and
thus, in this case, the retailer will choose to purchase a share of g in the supplier. If, however, g> 3

(meaning that cheap talk is not played), the retailer will choose to purchase a share of é in the supplier.

Therefore, the retailer purchases shares at the level /3* =min {ﬁﬂ} .

Proposition C3 implies that if the retailer decides strategically on the number of purchased shares, and

if <1, then neither a pooling equilibrium nor a signaling equilibrium will be played on the equilibrium

path. Rather, the observed outcome will be that, on the equilibrium path, either cheap-talk information is

exchanged or the retailer finances the entire capacity in the market.
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Appendix D. Additional Results

The effect of the information asymmetry level on the ability to exchange information
Here, we focus on the effect of the gap between the two possible market states (measured by A) on the

separating quantity. To do so, we fix g, and we vary f, .

Proposition D1. Information-asymmetry level and the separating quantity

The behavior of the separating quantity g as a function of A (for a given , ) is as follows:

(i) If p=0 then § (weakly) increases in A.
(ii) If B>0 then there exists A= F‘l(R(é))— F'(z))>0 , such that § increases in A for Ae[O,é)

and decreases in A for A>A.

Proposition D1 describes the way in which the gap between the two possible market states influences the

separating quantity. When A increases (while fixing g, ), the gap between the capacity levels that the

supplier builds for the two possible market states also increases. Avinadav and Shamir (2021) study the
case of #=0, and show that as the gap increases, to prevent the low-type retailer from mimicking the high
type, the latter needs to commit in advance to ordering a higher quantity. Part (i) of the proposition claims
that, for this case, the separating quantity (weakly) increases in A.

In contrast with the case of £ =0, when some level of financial holdings exists (i.e., g >0), the
separating quantity is unimodal. When the low-type retailer decides whether or not to mimic the high type,
she considers two effects — operational and financial. An increase in the capacity level augments the
operational profit of the retailer; however, such a manipulation also reduces the supplier’s payoff, which
hurts the retailer's accounting payoff via the financial-holdings channel. As the information gap between
the two possible states increases, the latter effect increases while the former effect diminishes. As a result,
when this gap is large, the low-type retailer will have a weak incentive to try to mislead the supplier.
Consequently, the advance order required to induce a low-type retailer to truthfully reveal her type is low
when the gap between the two possible demand states is sufficiently high.

Figure D1 illustrates these insights: The solid red line depicts the separating quantity for the case of

£ =0; in this case, the separating quantity (weakly) increases in A. In contrast to this case, the dashed blue
line depicts the separating quantity for £ =0.2. In this case, the separating quantity first increases in A;

however, when the gap between the two possible states is considerably high, this trend is reversed.
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Figure D1. The separating quantity as a function of A for ¢~U(-10,10), c=11, w=20, r=40 and z, =110.

The effect of PVO on consumers

Here, we study the effect of PVO on consumers, where we measure this effect in terms of the service level
type 11 (also known as the fill rate) provided to consumers as a function of the level of financial holdings
p. Service level type Il is a quantity-oriented performance measure describing the proportion of the total

Expected unmet demand

demand that is satisfied based on the current capacity level, i.e., 1—
Expected demand

. In our case,

the service level type Il is calculated by:

s, =p[1-L | (,uH+5—KH)f(g)dg]+(l— p)[l-i [ (,uL+5—KL)f(5)d5], (D.1)

H Ky -y L K-
where K, and K,, are set by the supplier according to the equilibrium. The first (second) element in the

expression denotes the service level type Il when demand is high (low). Note that the capacity positively

affects this performance measure. Therefore, we obtain the following result:

Proposition D2. PVO and service level

The effect of PVO on the service level is as follows:

() When S2=f, the service level increases with 3 .

(i) When cheap talk or the separating equilibrium is played, the service level is independent of §, and

it is the same for both equilibrium types.

40



(iif) When the pooling equilibrium is played, the service level is independent of § (and it is different from

that in case (ii)).

The results in Proposition D2 can be explained as follows. When > /3, the retailer finances the entire
capacity in the market; this capacity level increases in £ (see Theorem 1), which means that consumers

benefit from a higher service level. When ﬁ < B <, information is exchanged via cheap talk. In this case,

the capacity in the market is determined by the supplier’s economic factors and it is independent of the

financial holdings level. When g <min{g, 8}, we have shown that there are two possible outcomes: a

separating equilibrium and a pooling equilibrium. In both of these cases, the market capacity is determined
by the supplier, and it is independent of the financial holdings level. Note that this capacity level (and thus
the service level) differs between the two types of equilibrium: in the separating equilibrium, the capacity
is determined based on the realized market state (high or low), whereas in the pooling equilibrium it is

determined based on the supplier’s prior belief.
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Appendix E. Proofs
Proof of equations (2)-(4)

Equation (2) holds because

E[ min(K, max(4 +£,4*)) | =g F (@™ - 1) + j (e + ) T (X)x + K (L= F(K = 1))
qadv—#i
= Q"™ — ) + 24 (F(K = 1) = F (@™ = 1)) + (K = 1) F (K = 1) = (@™ = 1) F (4™ = 1) .
K-y K=
~ [ FOOI+KA-F(K-m)=K- [ F(x)dx

g —Hi g™ —Hi

Equation (3) holds because
K~ g
E[min(y; + & K)] = j (1 + %) F )X+ K- F(K = 1))

K7#| Ki/ui

= tF (K =)+ (K= s)F (K= 1) = [ FOOdx+K@A-F(K=p))=K~ [ F(xax

& &
and

qadvflli qadv*/li
E[max(@ =4 —2,0) = [ (@ = =01 ()d=(0 - g)F (@ =)= [ xF (x)ex
7 qadvfﬂi qadvfﬂi 7
= (0~ ) F @ = ) =@~ ) F @ - )+ [ FOod= | Fd

€ €

Equation (4) is based on the following derivation:

Vr(qadvv K1) =77r(qadva K| )+ prg (K |/1i'qadv)
K—z4

=(r—w)[K— |

£

9~ K-y
F(x)dx}—wj F(x)dx+ﬂw[st '[ F(x)de

¥ —H;

adv

97 -4

adv

iy

—r| K- JﬁF(x)dew[K j (1- F(x))dx}rﬂw{z K - f F(x)dx}

K=

=r|u+e+ j F(x)dx —(W(l—ﬂ)+ﬂc)[qadv+ _[M ﬁ(x)dx}—ﬂc{K—qadv— Jﬂl ﬁ(x)dx}
04 LR

K=

=r| 1+ &+ jﬂ F(x)dx |-w(l- ﬂ)[ av ﬁ(x)dx}—ﬂcK

q V—ﬂi
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Proof of Theorem 1

Let G(B) zl(vr @9 | 24) =V, (0,24, + F(z,) | ,ui)) be the retailer’s accounting payoff gain (measured in
r

multiples of the retail price) from placing an optimal advance order q* rather than being satisfied with the

capacity the supplier offers for free (4 + F‘l(zs)). In what follows, we develop the explicit formula for

G(p), and we reveal certain properties of the formula that are necessary to prove the theorem. By applying

equations (2)-(4), with K =g*", we obtain

adv adv adv adv )

Ve (@Y, 0 | 1) = 7 (@Y, 9PV | 1) + B (@ | 1,9

q* —Hi q* —Hi
=(r-w)| g* - J. F(x)dx |—w J. F(x)dx + pwz,q**"

&

adv _

Q™ — 1 9 44

:r{qadv(l—(l—z,)(l—ﬂzs))— [ F(x)de:r{qader(ﬁ)— | F(x)dx].

&

&

We then calculate the first and second derivatives of the retailer’s payoff with respect to the advance order
to obtain

6vr (qadv ’ qadv | fui)
6qadv

OV, (0™, 9" | 1)
a(qadV)Z

Thus, the retailer’s payoff when she finances the entire capacity in the market is a concave function of g

adv

=r[2.(8) - F(@* ~ )] and =—rf (@™ - ) <0.

adv

with a maximum at g =z + F *(z,(8)) and a value of

F(z,(B)

V(@9 ) = r[Zr(ﬂ’)(ﬂ. +F(z.(8)- F(x)dx].

When the retailer is satisfied with the capacity the supplier secures for free, her payoff is

vr(onui + F_l(zs)llui) =7[r(0!:ui + F_l(zs)llui)"'ﬂﬂ's(/ui + F_l(zs)lluilo)
F(z) F(z)

=(r—w>[ui+F1<zs)— | F(x)dx}ﬂw[zs(yi#1(zs»— | F(x)de

€ €

F(z)

F(z)
F(x)dx}ﬁa—zr){zs(uiw1(zs))— | F(x)dxﬂ

&

=r|z {:ui + Fil(zs)_

&

[ F(z,)
=r|(z, + Bz (1- Zr))(/ui + F‘l(zs))—(zr +B(1-1,)) J. F(x)dx]

£

F(z)

=r Zr(ﬂ)(:ui+F71(Zs))_(zr+ﬂ(l_zr)) J. F(X)dX]

£
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F(z,) F(z,(B)

Therefore, G(B) = 2, (B)(F (2, (B) —F "(z))+(z, + 1-2,)) [ F(ydx— [ F(dx.

&

Lemma E1. Under complete information, a unique threshold value ge[o,l) exists, such that
G(p)=0 ifandonly if > 5.

Proof. The absence of partial ownership (i.e., #=0) results in z,(0) =z, , which implies that

F(z) F(z)
GO =z, | F'z)-F @)+ [ Feodx|- [ Fodx,

£ 3

where G(0) can be either positive or negative according to the values of z, and z,.

Complete ownership (i.e., #=1) resultsin z,(1)=z,=1-c/r (the critical fractile of a centralized

supply chain), which implies that

F(z) F(z)
GW=7(F (2)-F'@))- [ FOIdx>2(F (z)-F'(z))- [ F(F(z)dx
Fi(z) F(z,)
F(z.)
=7, (F(z.)-F(2,)) - j z,dx =0

F(z)

F(z(8)
Differentiating G(f), and using the relations w:zs(l—z,) and diﬂ J- F(x)dx =
dF (z,(B)) o B L
zr(ﬂ)T, we obtain  G'(8)=(-2,)| z(F(z.(8) - F *(z)))+ j F(x)dx [ A

P

necessary condition for incentivizing the retailer to order in advance is z, (/) > z, because otherwise,
the supplier builds a higher capacity for free than the retailer’s optimal capacity. Thus, it is clear that

the domain of gfor which G(f) >0 is restricted to values of Sthat satisfy z, (/) > z,, and that in this
domain, G'($) > 0. Hence, and since G(1) >0, a unique value S<[0,1) exists such that G(p) >0 if
andonly if 5>/ . =
By Lemma E1, as the retailer’s partial ownership increases (i.e., for larger values of f), from a certain
threshold, denoted by S, between zero ownership and full ownership, placing an optimal advance order is

more beneficial for the retailer than being satisfied with the capacity the supplier secures for free (i.e.,

V(07,07 4) 2V, (0.4 + F(z,) | 44) if and only if > ).
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Proof of Theorem 2
(i) We first show that Condition (12) is always satisfied. Recall that v, (0, +F (z,)| 1) =
7, (0, 24y + F7H(2) | 1) + B (ayy + F7(2) | i1 ,0) . Since the retailer’s operational profit increases with
the capacity level the supplier prepares for free, 7, (0, s, +F (z,)| #) > 7, (0,1, + F7H(z) | 12y) - In
addition, since y, + F’l(zs) maximizes the supplier’s payoff when no advance order is placed and demand
is high, 7z, (244 +F 1 (20)| 12,0) > 7, (1, + F(2¢) | 144 ,0) . Therefore, we obtain

Vo (0, gty +FH(Z) | 1) = (0, sy + F7H(2) | ) + B (pay + F () | 144,0)

> 70 (0, sty +F (2 L i) + Breg (pay + F (2 | 14y, 0) =V, (0 pa + F7(20) | aay),
which concludes the proof that Condition (12) is always satisfied. Condition (13) is satisfied when
Vo (0, 1 +FH(z) ) = 70, (0, pa + F7H(zg) L ) + g (uy + F7H(z0) | 4, 0)
27, (0, 1y + F_l(zs) | )+ Brg (i + F_l(zs) | 14,0) =V, (0, gy + F_l(zs) [ £2.).

Simple manipulation shows that this condition is met when

7 (0, gy + Fil(zs)lﬂL)_”r (0,1 + Fil(zs)lﬂL) . (E.1)
g (e + FH(Z) |, 0) = g (e + F(24) | 44,,0)

Finally, note that both the numerator, which captures the retailer’s gain from pretending to be a high type,

p=p

and the denominator, which captures the supplier’s gain from disbelieving such pretense, are positive. Using

(2) and (3), the four expected profits that comprise the expression for £ in (E.1) can be written as:

=~ HF ()

7, O,y + Fl(zs)mL)—rzr[uH FF(z) - F(x)dx}

£

F(z,)

ﬁr(O!:uL"'Fl(zs)lﬂL)_rzr[uL+Fl(zs) I F(X)dle

£

F(z)

”s(;uL + F_l(zs)lluL'O) W{Zs(/uL + F_l(zs))_ J‘ F(X)dXJy

£

Hy *ﬂL*Fil(Zs)

£

7ty + FH(2,) | 14,,0) —w[zst FF () - F(x)dxj.

By substituting the above four expressions into (B.1), and recalling that A=y, —g and

A+F7N(z,)
R(A)=— j F(x)dx, we obtain
Fi(z)
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z 1-1z,

:1—rzr (R(A)—zS _1) 2

In order to find the range of £, we analyze R(A). Using L'Hopital's rule,

=

A+F7(zg)
) T T -1 _
limR()=lim= [ FOgde=limF(a+F(z)=z.
F~(z)
A+F7(z4)
lim R(A) = lim = j F(x)dx = lim F(A+F(z,)) =1.
A—>o0 A—o A A—

F(z)

By differentiation,

A+FY(z) A+F(z,)
AFA+FH ) - [ FOOd AFQA+FE)- [ Fa+F ()
oR(A) _ Fiz) S Flz) _o.
oA A? A?

Thus, R(A) is a monotonically increasing function defined over the range (z,,1) . By (E.2), £ decreases

in R(A), so it also decreases in A from lim = to lim g =0. Hence, by combining (E.1) and (E.2), the

A—0= A—oo =

condition for meaningful cheap-talk information exchange can be written as g > 1 Z ( R(lA_) % —1J .
-z, -1,

(if) Using algebraic manipulations, the condition derived at the end of the proof of Theorem 2(i) can be

1-7,

— — s Because R(A) is a monotonically increasing function, its inverse
1+ p@A/z, -1)

written as R(A) >z, +

function, R™(-), exists, and the condition can be written as A > A =R z +1_—Zs .
= 1+ A1/ z, —1)

Proof of Proposition 1

According to Theorem 2(i), cheap talk is possible when

7 Oty +F @) 1)~ O +F )l a)
= 7 + Fil(zs)lﬂLvO)_”s(ﬂH + Fil(zs)l,uuo)

This condition can be written as

o (g +F 2 ) | ) = 70,0, payg + FH(Z) | pa) + g (e + F 4 (z) [ 4, 0)
<7 (0, + Fil(zs)“‘L) + 7 (p + Fil(zs)“luo) =g (1 + Fil(zs) | 22, )
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Proof of Theorem 3

(i) The condition for achieving an efficient separation that satisfies the intuitive criterion (Cho and Kreps

1987)is v, (0,1, + F1(z) | 11,) =V, (G, 11y +F *(z,)| 11,) - Using (2)-(4), it can be written as follows:

F(z)

F(z,)
(rw)[uL+F1(zs) | F(x)dx}ﬁw{zs(w#(zs)) | F(x)de

£

3

A+F(z,) a-u

A+FH(zg)
(rw){yH +F(z,)- j F(x)dxjwj F(x)dx+ﬂw[zs(,uH +F(z,)) - j F(x)dxj.

£ 3

G-
Using algebraic manipulations, the latter equation can be reformulated as

A+F7(z4) G- F(z) A+F7N(z,)
(r—w){A— j F(x)dx}—wj F(x)dx+ﬂw{zSA+ j F (x)dx — j F(x)deO. (E.3)

F(z) €

&

a-u
" A+F(zy) A+F(zy) a-u
Dividing (E.3) by w, and using the relations z, =1-— and F(x)dx = j F(x)dx — _[ F(x)dx,
r i
q—p £

£

results in

AvF(2) L A+FH(z,) au
1—Zrz, {A j F(x)dx] I F(x)dx +ﬁ£zsA j F (x)dx + j F(x)de—o,

F(z,) € F(z) €

1 ea+F?t
from which, using the definition R(4)=-- j

(Zs) 1
) F (x)dx, we extract the relation:
ZS

G-p A Zr
! F(x)dx=gL_ r(l—R(A))+ﬂ(zs—R(A))}. (E.4)
Using algebraic manipulations, (E.4) can be written as
qu . A[zra— z)—(z, + BL-17,))(R(A) -z, )] (£5)
) ) (1-B)a-1z,) | |

. 1- o .
From Theorem 2(i), we extract R(A) = z, + ——————— and substitute it into (E.5) to obtain
1+ s/ z, -1

G—p —
[ Fogox=—20-2) £=7
) L+ fl 7, -1) 1-p

The claim is proved using the relation (é—ﬂ) I1-p)=1- (1—@ 1(1-p).

(ii) Straightforward from the strategy of the supplier.
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Proof of Proposition 2

~ _ p-1
Implicit differentiation of (17) with respect to g yields d_q_ ! Al-z,) =

=— = : 2.The
dp F@-w) 1+p0/2,-) A-p)

o i g ) B
claim is proved since sgn (w] _sgn(ﬂ 1) :

Proof of Proposition 3
By applying (2),
70, (ptyy + F 7 (2) | 0, G) = 70, + F(2,) | 4,0)

A+F(z,) F(z,)
=w{zs(uH+F*(zs»— | F(x)dx}—w(zsm+F-1<zs))— [ F(x)dx}

Go—mL £

o~ £ F(z)

A+F(z,) F(z) A+F(z,) o -1
=W| Z,A— j F(x)dx + j F(x)dx |=w| z,A - _[ F(x)dx + j F(x)dx

1 Go—
=WA| z, - R(A)+Z j

&

F(x)de.

%ot A(l_ Zs )ﬂ
By (17), the separating quantity when =0, denoted by ¢, , satisfies F(x)dx =—=—, and
y (17), the separating quantity when 3 y G j ()0 =T h

1-z,

by Theorem 21). R(A) =172 1)

+Z,; thus

WAQ-2z)(B-1)
1+p(/z,-1)

”s(/uH + F_l(zs)lﬂquo)_”s(ﬂL + F_l(zs) | lu,_,O)=

where the sign of the left-hand side equals the sign of é—l. Following Proposition 2, the claim is proved.

Proof of Theorem 4
We start by stating the behavior of the two retailer types under the pooling equilibrium in the following
lemma.
Lemma E2. If a pooling equilibrium exists, both retailer types prefer to order in advance a quantity of
q° =0.
Proof. First, let us assume that in the pooling equilibrium, both retailer types indeed order zero units

in advance. In this case, the supplier’s optimal capacity is:

KP =arg IEnax{;rS = pw(zSK —J‘:W F(x)dx)+ 1- p)w(st —LKWL F(x)dx)}. (E.6)
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2

Since ((ijﬁs =-w(pf (K—z,)+@-p)f(K-x))<0, x, is concave in K, implying that K" is the

2

unique solution of the necessary condition: pF(K — )+ (- p)F(K - ) =12,.
Now, assume to the contrary that there exists another efficient pooling equilibrium in which both

retailer types order a quantity §. If G (0,K"), then the supplier would still build the capacity K”.

When the retailer orders §, her payoff is given by V. (G,K"|z). It is clear that v, (§,K" | )
decreases in @ over the domain [0,K "), because the retailer orders more units in advance but receives
the same capacity level. Thus, for any pooling equilibrium that results in capacity K7, the retailer
would prefer the one in which q° =0.

Let us assume by contradiction that there is a pooling equilibrium in which > K" . Then the

supplier will build a capacity that matches the retailer’s advance-order quantity, so the retailer actually
finances the entire capacity in the market. In such a case, each retailer type would prefer to finance the

capacity determined by her economic factors, and, consequently, no pooling equilibrium can exist. m
We next show that for the belief system outlined in Theorem 4, any deviation from the proposed
strategy is unprofitable. First, we show that ordering a positive number of units in advance that is lower

than " (given in (19)) results in the same belief of the supplier as ordering q° =0, and thus the same

capacity level will be secured. Since v, (G, K" | ) decreases in G, such a deviation will not be profitable.
Second, consider a deviation in which the high-type retailer orders an advance quantity

ae[qp,yH + F’l(zs)]. Based on the belief system outlined in the theorem, the supplier believes that

demand is high and builds the capacity level u,, + F*(z,). Accordingly, the corresponding payoff of the
high-type retailer is

Ve (G, g + F @) L) = 7 (G ptyy + F7(20) Lty + B (g + FH(2) L 1y, 6)

F(z) G4y (E.7)
= (r=W(lL- B2))(y + F @)~ (r=wi=p) | Fodx-w(i-p) [ F(x)dx

which is a decreasing function of §. Under the suggested pooling equilibrium, the payoff of the high-type
retailer is given by:

Ve (0.K” | p1) = 7, (O, K | ) + B (K | payy,0)= (r —w(l= B 2))K” — (r —w(l~ 3)) _[ F(x)dx. (E.8)

£

Now, we show that by ordering G =" , the high-type retailer is indifferent between following the suggested

pooling equilibrium and deviating from it. Using equation (19), from which g° is extracted, i.e.,
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s w(l- /)

KP—uyy

q° -y F(z)
[ Food=— {(rW(lﬂZs))(ﬂHJrFl(Zs)Kp)(rW(lﬂ)) | F(x)dx],

we obtain the following relationship:

F(z)

V@ + F (2 ) = (1 =Wl Bz)) (g + F7(2,)) ~ (r = w(l- B) J F(x)dx

KP—pay

F’l(;)
{(rW(lﬂZs))(ﬂH +F 7 (z) - KP) = (r —w(l— )) j F(X)dXJ

KP—pay

=r=wl-fz)KP —(r—w(- ) [ F)dx=v,(0.K" | ).

The retailer will not wish to deviate from the proposed pooling equilibrium for Ge[q®, u, + F7(z,)]

when v, (0,K® | )=V, (G, 11 + F1(zy) | 12) - Since v, (G, gy, + F(z,) | 114 ) is a decreasing function of
G, any deviationto Ge[q", 1, +F *(z,) ] will not be profitable.

Finally, consider a deviation in which the high-type retailer orders an advance quantity
4> u, +F*(z,). Such a deviation results in the supplier’s belief that demand is high (since §>gq°).
However, since the ordered quantity is higher than the supplier’s optimal capacity for this belief, the
supplier simply builds a capacity to match this order. Note also that such an order quantity implies that the
retailer finances the entire capacity in the market. Consequently, a pooling equilibrium cannot exist, since

the low-type retailer prefers not to mimic the advance order of the high-type retailer in this case. Therefore,
we now characterize the condition under which a deviation to quantity G > x, +F*(z,) by the high-type
retailer would be profitable, which would imply that a pooling equilibrium cannot exist. A high-type retailer
would prefer to finance the entire capacity, rather than to accept the pooling equilibrium, if the following

condition were satisfied: v, (z, +F 7 (z, (8)), sty + F (2, (B)) | 2y ) =V, (0, K" | z4,,) . In what follows, we

show that there is a threshold value of 5, denoted by g7, above which the high-type retailer is better off
with financing the entire capacity in the market rather than accepting the capacity built by the supplier under
the pooling equilibrium.

Lemma E3. K" is an increasing function of p.

Proof. Taking the implicit derivative of the equation from which K is extracted (given in (18)) with

dK”  F(KP—p)-F(K"” — )

= >0.m
dp pf(K" —p)+@—p)F (K" — 1)

respect to p yields:
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By Lemma E3, K" is maximized for p=1. Therefore, its maximal value is calculated by solving
F(K® - u,)=z,, which results in K” = 1, + F(z,).
Similar to the proof of Theorem 1, herein, we define

G (5) = (v, (1 + F (2.8, + F @ (8D 1) - O.K" | 1)

as the high-type retailer’s accounting payoff gain (measured in multiples of the retail price) from placing
an optimal advance order in the case where she finances the entire capacity in the market instead of being

satisfied with the capacity the supplier offers for free under the prior belief (K”) . By (2)-(4), we have

F(z, ()
Ve (g + F 2 (B, sty + F 2 (B 1) = r((uH +Fz.(8))2.(B) - F(x)dx}
and
KP_/UH
vr<o,K"|uH)—{K"zr<ﬁ)(zr+ﬁ(1zr)) | F(x)dx].
KP -y F(z,(8)
Thus, G*(8) =2, (B)(F (2. (B) — (K® =)+ (2, + BA-2,)) [ FOIdx— [ F(xdx.

Lemma E4. There is a unique threshold value ° €[0,1) such that GP(8)>0 (i.e., v, (0,K" | i1,) <

Vi (4 + F (2 (B) iy + F (2, (B)) | 1)) if and only if 5> 7.

Proof. Similar to the proof of Theorem 1, the absence of partial ownership (i.e., #=0) results in

KP =y F(z,)
GP(0)=z| F(z)- (K" - u,)+ j F(x)dx |- j F(x)dx,

where z, =z,(0) and G (0) can be either positive or negative.

Complete ownership (i.e., f=1) results in

F(z) F(z)
GPW=7(F (2~ (KP =)= [ FOOd> 2 (FHz) = (KP =)= [ F(F(z))dx
F71(Z:H “Hu
=7, (F @) - (K" — ) [ zdx=0,

KP =1y

where z, =z,(1)=1-c/r>z,=1-w/r. Using equation (18), it is easy to show that:

F(z,)>F(z) = F(pF(K® = 1) + (1= p)F(K® = 11.))
>F (PR (K™ = 1) + (1= P)F (K" = 1)) > FH(F(K = ) = KP = g
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F(z,(B)

: - b : . dz, (B) d

Differentiating G"(f) and using the relations T, =z,(1-2) and a5 _!. F(x)dx =
-1 KP*/JH

Zr(ﬂ)%i;(ﬁ)), we obtain G*(8) =(1-2,)| 2, (F (2. () - (K" =)+ [ Fdx |. A

necessary condition for incentivizing the high-type retailer to finance the entire capacity in the market

is 4, +F(z,(8)) > K", because otherwise, the supplier builds a higher capacity for free than the
retailer’s optimal capacity. Thus, it is clear that the domain of S for which G () >0 is restricted to
values of B which satisfy z,, +F"(z,(f))> K", and that in this domain, G”'(5) > 0. Hence, and

considering also that G” (1) >0, a unique value 8" €[0,1) exists such that G” () >0 if and only if

f>2p" . m

By Lemma E4, as the high-type retailer’s PVO level increases (i.e., a larger value of £), from a certain
threshold, denoted by g* , between zero ownership and full ownership, placing an optimal advance order is
more beneficial to the retailer than being satisfied with the capacity the supplier secures for free (i.e.,
V, (y +F 7z, (B iy + F (2, (B7)) | 12y) 2V, (0,KP | s1,) if and only if B> 7). By the definition
of G” () and Lemma E4, we conclude that

2,(B)(F (2, (B) - (K" - 1))

AP =min{p KP F(z(A) <1
PO (7, + B-12,)) j F(x)dx — j F(x)dx>0

&

is the minimal value of Sthat ensures the high-type retailer prefers to finance the entire capacity.

The following lemma tightens the upper bound of A°.

LemmaE5. 8" <

Proof. Let Y, (8) =V, (i, + F(2,(8)), 1y + F (2, (B))| ;) be the maximal total payoff of a high-
type retailer who holds a share of g in the supplier and secures the entire capacity in the market.

F iz (B)
According to the proof of Theorem 1, Y, (B)=r zr(,B)(,uH +F‘1(zr(/3)))— I F(x)dx |;

£

according to the proof of Lemma E4, if g7 >0 then g is the solution of Y, (8)=V,(0,K" | 1,);

and according to the proof of Theorem 1, if S>0 then J is the solution of
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Y, (B)=V, 0,y +F*(z,)|uy). Differentiating Y,(8) with respect to B yields
Y (B) = 12,(0=2.) (1 + F 7 (2.(8))) = W—c) (4 + F (2,(8))) >0 implying that Y, (f) is an
increasing function of . By the proof of Lemma E3, K" <, +F™'(z), so v,(0,K" |z,) <

V, (0,114 +F7H(z,) | 4y) . Hence, g° <. m

Proof of Proposition 4

(i)

(i)

It was shown in Theorem 1 that, when g > 3, the retailer is not satisfied with the capacity that the

supplier secures even under complete information. Furthermore, even when cheap talk is possible,

under this condition ( 8 > ), the retailer prefers to finance the entire capacity. Note that if the retailer

prefers financing the entire capacity over engaging in cheap talk, then she also prefers financing the
entire capacity over playing the signaling game (which is more costly for the retailer than cheap talk).
Furthermore, in this region (8 = £, financing the entire capacity in the market is also preferable to
the pooling equilibrium since
Vo (ttyy + F (2 (B), g+ F @ (BN 1) 2V, (0 g + F(2) | 11) 2V, (0K [ 1)

The first inequality holds because > j, a region in which the retailer prefers financing the entire
capacity over cheap-talk information exchange. The second inequality holds because
ty +FH(z) | 1) = K” (see the proof of Lemma E3).

When B < < f, the retailer is able to credibly exchange information with the supplier via cheap

talk. In this region, F(z,(8), 1, +F (2, (B) | 1) <V. (0, 24, + F*(z,)| 1y) because, when
B < B, itis better for the high-type retailer to exchange information via cheap talk than to finance
the entire capacity (and there is no need for the retailer to engage in a signaling game). Finally, note
that the high-type retailer prefers cheap-talk information exchange to the pooling equilibrium because

V, (0, + F (2| 14) 2V, (0,K” | 11,) (as explained in (i).

(i) (@) When p° < B <min(B,p), the pooling equilibrium is not feasible and thus the signaling

equilibrium will be played.

(b) When g < min(s° , B, ), the signaling and the pooling equilibrium are both feasible. By Lemma

E3, the capacity in the pooling equilibrium increases in p. At the limit (p —1), the supplier builds
the same capacity level under the pooling equilibrium as under the separating equilibrium (see proof

of Lemma E3), but without the need for signaling. Since Iin’(l)KP =u +F7(z,) and IianP =
p— p—>
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uy +F7(z,), then Iingvr(O,KP | 1,) <V, (G, g+ FH(2) | 1) < Iin}v,(O,KP | 1,,) - Therefore, due
p— p—

to the monotonicity of K with respect to p (Lemma E3), for any costly signaling equilibrium, there

is a threshold value p such that forany p > p, the pooling equilibrium would provide the high-type
retailer with greater payoff. The value of P is extracted by solving the equation v, (0,K” |z, )=

V, (G, 4, +F(z)| ) , where K” is obtained by solving pF(K — )+ 1- p)F(K -z, ) =12,.

Proof of Proposition 5

The outline of the proof is as follows. Let S(w) and é(w) be the values of S and B respectively, as a
function of w, both defined over the domain (c,r). Firs:, we show that g(w) isan incr_easing function with
range (0,1). We then show that S(w) is either higher than 1, or, when B(w) <1, it is a decreasing function
with vIerTr1 B(w)=0. Hence, it is_clear that there exists a value w, € (C,_I') such that B(wy) = B(W,) = £,
Bw) < B(w) for we(c,wy), and B(w)> B(w) for we (wy,r). Let w; and W, be values of w such that
B(w)=p and B(w,)=p. Thus, we conclude that for £ < /f,, w, <w,, for f=/, W =Ww,, and for
B> By W >W,.

(i) When w; <w, , forany we (c,w,), g > B(w), implying that the retailer finances the entire capacity; for
any We (w,w,), B<min{g(w), ()}, implying that the separating or pooling equilibrium will be played;

and for any we (w,,r), é(w) < B < B(w), implying that cheap talk will be used to exchange information.

(ii)) When w, =w, =w,, for any we(c,w,), ﬂ>g(w), implying that the retailer finances the entire
capacity; and for any we (w,,r), B(w) < B < p(w), implying that cheap talk will be used to exchange

information.

(iii) When w, >w, , for any we(c,w;), B> B(w), implying that the retailer finances the entire capacity;

and for any we (w,,r), é(w) < B < B(w), implying that cheap talk will be used to exchange information.

Lemma E6. B(w) increases in w, where lim

w—c*

B(w)=0and lim B(w)=1.

Proof. Following the proof of Theorem 1, if 5> 0, it satisfies

Fi(z) F(z(B)

2,(B)(F*(z (BN -F'(z,))+(z + BA-12,)) j F(x)dx — j F(x)dx =0. (E.9)

£ €

r-w+pg(w-c)

Substituting z,(f) = ) Z, ~1-Y and Z ~1-Zinto (E.9), it becomes
- r W
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r-w+ g(w-c) L r-w+ fg(w-c) Fif1_C
e )

F’l(l—%j F,l[r—w+€(w—c)] (E.10)
{M] j F(x)dx - j F(x)dx =0
r . g

By applying implicit differentiation of (E.10) with respect to w, we get

(e (20
r dw r r w

+r—w+£(w—c)[iF1(r—w+£(w—c)}_i|:1@_3)}

r dw w

F'1(l—£j (E.11)
J{ﬂd_é_ﬂJ J' F(X)dx+{MJ(1_£]iF1(1_£j
r dw r . r w ) dw w

_r—w+/_3’(w—c)i|:_1[r—w+g(w—c)]_0

r dw r

o)

r-w+pgw-c
Let ¥(w)= Fl( B )J— F! (1—3] + .[ F(x)dx . Then, from (E.11) we extract:
r w ‘

~ c2(r-w)
B ¢ E)T(W)+W3f(F‘l(1—C/W))
d—w = Fil(ligj (E.12)

(W—C)¥(W) +C j F (x)dx

Since, by the definition of g Z, (é) >z, (otherwise the retailer would have been satisfied with the

F(z)
capacity the supplier builds for free), and since W (w)= F‘l(zr(é))— Fl(z)+ I F(x)dx, then

g

d
Y(w) >0 forany we(c,r), implying that d_£>0 forany we(c,r).
W

Suppose W—>c" . Then, by the proof of Lemma E1, lim B(w) =0 because
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w—c*

F(1-c/w) L(1-wir)
lim G(0) = lim [(1 w/r)[F‘l(l wir)—Fl-c/w)+ j F(x)dx}— j F(x)dx]
F1@-c/r) 7 7

=(-c/r)(F'a-c/r)-g)- j F (x)dx

F'l(;—c/r)
>@-c/n)(Fa-c/r)-g)- j F(F'-c/r)dx=0

£

Suppose W— r. Then, by the proof of Lemma E1, lim S(w)=1 because

F(1-c/r)

lim G(1) = Iim[(lc/r)(Fl(lc/r)Fl(lc/W)) F(x)dx]

Fl(-c/w)

F(-clr)
<lim | @-c/r)(F*@-c/n)-F*a-c/w))-

Fl-c/w)

F(Fl(lc/W))dx] ,

= lim [(1 win(Fra-c/n-Fra- c/w))]

and because z,(f) =z, (@ﬂzw) implies that g approaches 1~ when w approaches r.
w

Hence, the lemma is proved. m

Lemma E7. When ﬂ<1 ,B(W) decreases in w, where lim g(w)=0.

W =

Proof. By substituting z, =1—ﬂ and z, =1—£ into Theorem 2(i), we get
r w

r C
g = (W_lj[—c “Wa_R(A) —1}. (E.13)

In the proof, we use the following two properties of R(A):

c A+F7(z4) 1A+F 1(z5) A+F(z,)
— [ -1 = — —_ =
1-—=7,=4 F_J(Z) F(F(z,)dx<R(a) = j( F(x)dx < j dx =1

foor g5
dr(A) _Lz w W) o

" (e

By differentiating £ with respect to w, we obtain

F'l(Zs)
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d
—£=—%[;—1]+(L—1j N (1— R(A)—W—dR(A)j
dw  w c—w(l-R(A)) w (c—w(@-R(A))) dw
—r(L-R(A))(c - w(l-R(A))) +c(r —w)(1— R(A) - WR'(A))
- w(c —w(l— R(A)))
. TA-R@)(c-W(l-R@A) +c(r-w)A-R@)) _ _r@=REA)[REA)-(-c/n]

w(c —w(L—-R(A)))* (c—w(l-R(a))*
dg
Hence, d_= <0 ifandonly if R(A) >1—c/r.By extracting R(A) from the formula in (E.13), we get
w
pc
R(A) =1-——=——, so the condition R(A)>1-c/r issimplified to S <1. This means that when
r—w+ Sw =

<1, p decreases in w. To complete the proof, we use the relation 1—£< R(A) for any w, and
= w

=

calculate

. . r c

limgwW)=lim| —-1|| —————-1|=0.

War’g( ) W*}F[W j(c-w(l— R(A)) ]
Hence, the lemma is proved. m

By Lemma E7, B(w) either decreases monotonically over the domain (c,r), or there exists W, € (c,r)
such that, for we (c,w;), S(w)>1, and for we (wy,r), S(w) <1, B(w) decreases monotonically, and it

approaches 0 when w approaches r.
By combining the results of Lemma E6 and Lemma E7, the claim of Proposition 5 is proved.

Proof of Proposition 6

From the supplier’s perspective:

(i) When g2 [, the retailer finances the entire capacity (i.e., 9™ = 14+ F(z,())). In this case, the
supplier’s ex-ante payoff is given by IT =(W—C)[pyH +(A-p)y + F’l(zr(ﬁ))]. Since z,.(f)

increases in /3, itis clear that I1; also increasesin g .

(i) If p<p<p, information is exchanged via cheap talk. Therefore, the supplier’s ex-ante payoff is

given by I, = pz, (s +F*(25)] ty,0)+ (U= )z, (4 +F *(25)44,0), which is indeed

independent of S.
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(iii) When g < min{g, B} and the signaling game is played, the retailer orders zero units in advance under
the low-demand case and § < ,, + F *(z,) under the high-demand case. Therefore, the supplier’s
ex-ante payoff is IT, = pr, (s, +F*(25)| 1, G)+ 0= p)z, (1 +F*(25)] 4,0). Note that
7, (1, +F(z5)| 14,,0) is independent of B and 7, (s, +F *(z5)| 4,G) increases in q. Recall
that if £21’ the separating quantity ¢ increases in g, implying that II; also increases in g .
However, if £<1, the separating quantity § decreases in 3, implying that TT, also decreases in

p.

(iv) When g <min{p, B} and the pooling game is played, the retailer orders zero units in advance under

both the low- and the high-market state. Therefore, the supplier builds a capacity K", which is
independent of £, implying that I1, is also independent of .

From the retailer’s perspective:
Based on the optimal decisions on the equilibrium path, and when the separating equilibrium is played, the

retailer anticipates that

P, (G + F 7 (2) Lt )+ L= P)7, (0 40 +FH(2) |4 ) B <min{p, 5}

I, =4 P, (0t + FH(2) Lt ) + A= P)7, (0, s + F (@) 1) Bl f]

p7, (# +F (2 (B)) + i +F (2 (B)) | 1t ) + .
+ (- p)7 (s +F B s +F B ) T

When ﬁ 2 B, the middle possibility vanishes, and only the first and last possibilities are considered.

(@) When p< min{g,é}, a signaling game exists between the retailer and the supplier. We note that
T, (q,yH +F Nz | ) is a decreasing function of § . By Proposition 2, when 221, g increasesin 3,
implying that z, (G, 4, +F *(z,)| 4, ) decreases in /3 ; however, when B <1, G decreasesin f.

(b) When gs B < B, acheap-talk equilibrium exists and I1, is independent of 4.

(c) When f Zé, the retailer finances the entire capacity, where its optimal value is determined so as to

maximize V, . We next show that in this region, the function IT, decreases in f.
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Lemma E8. 7, (4 +F *(z,(B)) , 14+ F *(z,(8))| 1) decreases in j.

Proof. By equation (3),

F(z(B)

7 (A F @B s+ F 2 B ) =r| 2 (s +F (2 (B)) - [ Fodx |

£

| Az (B) Qe dF ()
Using the relations W—zs(l—zr) and a5 I F(x)dx = z,(B) T

dr (14 + F @) i+ FA@ (B) k) (2, -2, @)
r r dﬂ

dp

1 d(z(B) _ rpz’-z)’

——rpz.(1-1,) - =——————<<0.4
f(Fi@n) 98 f(F @ p)

By the definition of IT, and Lemma E8, we conclude that I, decreases in f.

, We get

Finally, note that when the pooling equilibrium is played, both retailer types order zero units, and the
retailer determines a capacity that is independent of the financial holdings level. Therefore, the ex-ante

operational payoff of the retailer, when the pooling equilibrium is played, is independent of £.

Proofs of claims in Appendix B
Proof of Lemma B1

When £ =0, the supplier's problem is formulated in the following way:

Max . 1.y L P(T —CKyp) + (A= p)(T, - K )}
St. rE[min(D,Ky) | gy ]-Ty =rE[min(D,K )| g4, ]-T,  (IC_HL)

rE[min(D,Ky) |y ]-T, =0 (PC_H)
rE[min(D,K_)| g |-T, =rE[min(D, K )|z |- T, (IC _LH)
rE[min(D,K_) | ]-T 20 (PC_L)

The first constraint states that the high-type retailer does not wish to mimic the low-type retailer by
accepting her contract (incentive compatibility). The second constraint ensures that the high-type retailer
prefers to accept her contract, since it affords her a non-negative payoff (participation constraint). In a
similar manner, the third constraint ensures that the low-type retailer chooses her contract over the one
designed for the high-type retailer (incentive compatibility), and the last constraint ensures that the low-

type retailer does not decline her contract (participation constraint).
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In this problem, the two binding constraints are the incentive compatibility constraint of the high type
(IC_HL) and the participation constraint of the low type (PC_L). Consequently, it is possible to re-frame

the supplier's problem in the following manner:

p[r{E[min(D,KH)mH]—(E[min(D,KL)mH]—E[min(D,KL)mL])}—cKH] |

max K
+(1- p)(rE[min(D, K, )| & ]-cK, )

{K

This problem is separable in K, and K, and the solution is outlined in the lemma.

Proof of Proposition B1

(i) The two binding constraints are the high type's incentive compatibility constraint and the low type's

rE[min(D, K, )|z ]—-cK,
1-p

Substituting this expression into the incentive compatibility constraint of the high-type retailer, we extract

. r[ E[min(D, K,,) | ]~ (E[min(D,K, )| sz ] - E[min(D, K ) | . ]) |- cKy, K
H— 1—ﬂ H -
Consequently, the supplier's problem can be formulated as:

p| r{E[min(D,K,,)| 4, ]~ (E[min(D, K )| s, ] - E[min(D,K,)| . ])} Ky, |

+(— p)(rE[min(D,K )| 1 ]-cK,)
{Kn KL} 1_ﬁ

participation constraint. Since PC_L is binding, we obtain T = +cK, .

max

This problem is separable in K, and K, , and the optimal values of these capacities do not depend on the
value of . Therefore, the optimal capacities K, and K _ are the same for any value of 2.

E|min(D,K —cK
(if) We differentiate T, with respect to £ and obtain (;TL ! [mln( a ;3)'2M] ¢

supply chain is profitable. Since the supplier's payoff is positive, in a similar manner, it is possible to show
that

L >0, since the

dT, _ r[ E[min(D,K,,)| 4y ]~ (E[min(D,K )| s, ]- E[min(D, K )| 1. ]) |- K,
W -5y

>0.

Proofs of claims in Appendix C

Proof of Proposition C1

We start by showing that there is no separating equilibrium in which the low-type retailer sells shares and
the high type does not. We then prove the converse — that there is no separating equilibrium in which the

high type sells shares and the low type does not.
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First, assume that the low-type retailer sells her shares and the high type does not. In this case, the

decision to sell shares signals to the market and to the supplier that the demand state is low. Therefore, the

market prices these shares based on this inference, and the supplier sets a capacity yL+F‘1(zS).
Accordingly, the value of the shares is B, (z, +F (z,)| 1.,0) and the operational payoff of the low-type
retailer is 7, (0,4, +F"(z,)| 1) . By refraining from selling shares, the low type mimics the high type

and can achieve the accounting payoff of 7, (0, +F (z.)| 1) + Br, (1 + F (z,)| .,0) , which is
higher than the payoff she receives from selling shares (in the case of g < f).

Second, assume that the high type sells shares and the low type does not. Upon offering the shares for
sale, the market and the supplier infer that demand is high, and thus the value of the shares is priced at

Pr(u, + F‘l(zs)|/4H ,0). If the low-type retailer does not sell shares, she will receive the accounting
payoff of 7z, (0, 4, +F *(z,)| 1)+ Br, (1, +F (z,)| 1,0, while by selling shares, she will first receive
the payoff of Az, (uy +F '(z)|uy,0) for the shares, followed by the operational payoff of

7. (0, 4, + F7(2,) | 14,). Note that the following inequality holds for any value of 3:

(0 + FH(z) L) + Breg (uy + FH(zg) |, 0) <70, (0, payy + F 4 (z) | o) + Breg (pay + F 7 (2) | 12y, 0),

such that the low type will always have an incentive to mimic the high type.

Proof of Proposition C2
Assume, to the contrary, that there is a pooling equilibrium in which both retailer types sell the same number
of shares in the supplier. Accordingly, no information is revealed based on the act of selling the shares.
Two options exist after the sale: in the first, there is an advance order that again fails to reveal any
information (i.e., a pooling equilibrium is played also at this stage), while in the second option, there is
information revelation based on the advance order.

First, assume that the advance order does not reveal any information (i.e., a pooling equilibrium with

zero units ordered in advance). In this scenario, the value of the sold shares s

ﬁ[pﬂs(KP|0,yH)+(1— p)ﬂs(KP|O,uL)], and the operational payoff of the high-type retailer is

7, (0,K P | 14, . If, on the other hand, the retailer had not sold any shares (meaning that the low-type retailer

mimicked the high-type retailer), then the high-type retailer earns 7, (0,K" | z,) + Bz, (K" |0, 11, ) , which

is higher than her total payoff when selling the shares.
In the second option, after selling the shares, the retailer signals the state of the demand to the supplier
based on the advance-order quantity. In this case, the shares are sold for the wvalue
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,B[p;rs(,uH +F Nz |G a) + Q- p);rs(,uL+F’l(zs)|0,yH)] based on the anticipation of playing a
separating equilibrium. However, if the retailer had opted not to sell any shares, then she would have
realized an accounting payoff of S, (uy, +F *(z,)|d, 1), which is higher than the value of the shares

when sold based on prior information only. Therefore, the retailer chooses to keep her shares.

Proof of Proposition C3

The retailer solves max , {I1,} based on the subsequent equilibrium played for any value of £

(i) First, assume that the pooling equilibrium is played on the equilibrium path. In this case, the ex-ante
operational payoff of the retailer is pz, (0,K" | )+ (1— p)7, (0,K" | 1), which does not depend on .

Therefore, we conclude that, in this case, no shares will be purchased.
(ii) Second, assume that the separating equilibrium is played on the equilibrium path. In this case, the ex-

ante operational payoff of the retailer is given by

pﬂ'r (quuH + Fil(zs) | ;uH)+ (1_ p)ﬂ-r(OuuL + Fil(zs)lluL) .

Note that the second element does not depend on £, while the first element, through its dependence on the

separating quantity ¢, in turn depends on S (see Proposition 2). If § increases in g, then
7 (G, iy + F(2,) | ) decreasesin S because it decreases in . In this case, the retailer chooses not to

purchase any shares. However, if § decreases in £, then =, (G, +F (z,)|4y) increases in g,

implying that the retailer wishes to purchase the highest possible number of shares in the supplier so as to

minimize the signaling cost. Since, when g < < S, a cheap-talk equilibrium is played, and since, when

B = B, the retailer finances the entire capacity in the market, the retailer chooses A" =min {éﬁ}

(iii) When B<B<p, information is exchanged via cheap talk. In this region, the ex-ante operational
payoff of the retailer is independent of g, and therefore the retailer purchases the lowest possible share in
the supplier, which in this case is E .

(iv) The last case to consider is = . In this scenario, on the equilibrium path, the retailer finances the

entire capacity in the market. Her ex-ante operational payoff is given by

P, +F 72 (Bt + F (2, (B)) | ) + A= Pz, (i + F (2 (B, + FH(Z () L 14,) -
By Lemma E8, 7, (u +F (z,(B)), 1 + F(z,(B))| 1), i e{L,H}, decreases in . Therefore, in this

region, the retailer should purchase a share of S in the supplier.
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Proofs of claims in Appendix D
Proof of Proposition D1
Implicit differentiation of (17) with respect to A (for a given g, ) yields

zr(l—zs)—(zr+ﬂ<1—zr))[R(A)+AdR(A) —zsj

4aq _ el (E.14)
dA A-AQA-z)F (@) ' '
A+F(z)
AFA+FE) - [ FOodx B
Substituting dR(AA) _ ~ Fl) _F@a+F (AZS))‘R(A) into (E.14) yields
dg _ n(a)

. : (E.15)
dA  (-A-z,)F(@- )

where n(A) =z, (1-z,)—(z, + Q- z,))(F(A+ F(z,)) - zs).

dg (1-Fa+F™*@))
dA (1-z)F(G-)

(i) If g>0, the sign of 3—2 is dictated by n(A), where n(A) is a (weakly) decreasing function of A

() If =0,

>0, which proves the claim.

(because F(-) is a (weakly) increasing function of its argument), n(0) =z, (1— F(A+ Ffl(zs))) >0

and limn(A)=-p@1-12,)(1-2,)<0. Thus, a unique value of A,
A—>0

1-2z,

Nz — s
= [ 1+ A/ z, -1)

which satisfies n(é) =0 exists, such that § is a quasi-concave function of A with a maximum at

]—Fl(zs)zF1(R(é))—Fl(zs)>0, (E.16)

A=A
Proof of Proposition D2
We need to examine the service level type Il under the four possible outcomes: when a signaling game
exists, when a cheap-talk equilibrium exists, when the retailer finances the entire capacity in the market,

and when a pooling equilibrium exists.

Case | — Signaling game. In this case, which arises when S < min{ﬁ,é}, the high-type retailer orders in

advance some quantity §, and the supplier secures the capacity level K,, = x4, + F*(z,) > G, whereas the

low-type retailer orders zero units in advance, and the supplier secures the capacity K, = g, + F(z,). The

service level type Il is calculated by
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SL,=p 1—i ]. (g—Fl(zs))f(g)dg}(l— p)[l—i ]. (e-F(z) f(e)de |. (E17)
Hy F(z) Hy F(z)

It is easy to see that this function is independent of S.

Case Il — Cheap-talk equilibrium. In this case, which arises when ﬂe[é,ﬁ), the retailer verbally

communicates the true market condition to the supplier. The supplier secures the capacity
K, = u, +F™(z,) inthe high-market state and K =z +F *(z,) in the low-market state. Therefore, the
service level type Il is the same as in Equation (E.17) and is independent of S.

Case 111 — The retailer finances the capacity. In this case, which arises when g > g, the retailer orders

in advance the quantity g™ = + F *(z,(8)), i e{L,H}, and the supplier builds a capacity to match this

order; i.e., K, =g*" . Therefore, the service level type 1l is calculated by

1 ¢ . 1% .
sty =p|1-— [ (¢:-F 1(Zr(ﬂ)))f(8)d8]+(1 p)[l— [ -F'@B)fE)ds |
Hr 1, () M e )
Since z,(p) increases in S, the service level type Il also increases in S .

Case IV - The pooling equilibrium. In this case, which arises when g < g° e [0, B) , the retailer orders

zero units in advance. Therefore, the supplier builds a capacity K, = K,, = K?, which is independent of 23,

implying that the service level type Il is also independent of }.
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