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Abstract. This paper determines categories of contracts that facilitate vertical information
sharing in a supply chain while precluding horizontal information leakage among com-
peting newsvendors. We consider a supply chain in which retailers replenish inventory from
a common supplier to satisfy uncertain demand and are engaged in newsvendor compe-
tition. Each retailer has imperfect demand information. Yet one of the retailers (the in-
cumbent) has a more accurate demand forecast than the other (the entrant). Information
leakage among such competing retailers precludes vertical information sharing and is often
the reason for many retailers to abandon collaborative forecast-sharing initiatives, leading
to suboptimized supply chains. We show that whether a contract can prevent informa-
tion leakage depends on how the inventory risk (i.e., cost of supply-demand mismatch) is
allocated among the supplier and retailers in conjunction with the allocation of profits. We
categorize contracts according to how they allocate inventory risk among firms when
compared with a wholesale-price contract. This comparison yields four mutually exclusive
and collectively exhaustive categories of contracts. A downside-protection contract is one that
effectively reduces retailers’ cost of excess inventory by shifting some of their overage cost to
the supplier. Examples of such contracts include buy-back and revenue-sharing contracts.
An upside-protection contract is one that effectively increases retailers’ cost of inventory
shortage by shifting some of the supplier’s underage cost to retailers. Examples of such
contracts include penalty and rebate contracts. A two-sided protection contract combines the
properties of the previous two categories. A no-protection contract is one that fails to shift
firms’ cost of inventory shortage or excess from one to the other. Examples of such
contracts include wholesale-price and two-part tariff contracts. We show that no-protection
contracts, which are extensively used in practice, cannot prevent information leakage,
whereas others may do so. We also show that preventing information leakage could be costly
for the supply chain (i.e., low channel efficiency). We conclude by illustrating how our
unified framework to study a variety of contracts can enable a firm to determine the best-
performing contract (among many) that precludes information leakage while almost coor-
dinating the channel. For example, we show why buy-back contracts perform significantly
better than revenue-sharing or rebate contracts.

History: Accepted by Serguei Netessine, operations management.
Funding: Financial support was received from the National Science Foundation [Grant 1644935].
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1. Introduction

retailers compete to satisfy uncertain demand. To

This paper determines supply chain contracts that can
prevent information leakage among competing re-
tailers (an incumbent and an entrant) who source from
a common supplier to fulfill uncertain market demand.
The retailers face the classic newsvendor problem in that
each must order from the supplier and stock inventory
before the sales season, during which inventory replen-
ishment is not possible. In deciding how much inventory
to stock, each retailer maximizes her own expected
revenue minus the expected cost of supply-demand
mismatch (i.e., cost of overage and underage). Customers
who do not find the product available at their preferred
retailer may visit the other retailer, and hence, the
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complicate matters, one of the retailers (the in-
cumbent) often has private demand information that
neither the other retailer (entrant) nor the supplier
possesses. This informational advantage benefits the
incumbent in deciding how much inventory to stock
and in capturing the entrant’s market share. However,
if the incumbent transfers this information to the
supplier, the supplier may find it profitable to leak the
incumbent’s private forecast information to the entrant;
inducing a more competitive environment and a higher
order quantity by mitigating demand forecast un-
certainty. As a result, the incumbent could lose her
informational advantage and face fierce competition


http://pubsonline.informs.org/journal/mnsc
mailto:chen3yw@ucmail.uc.edu
https://orcid.org/0000-0001-6243-868X
https://orcid.org/0000-0001-6243-868X
mailto:oozer@utdallas.edu
https://orcid.org/0000-0001-5552-0968
https://orcid.org/0000-0001-5552-0968
https://doi.org/10.1287/mnsc.2018.3200

5620

Chen and Ozer: Preventing Information Leakage
Management Science, 2018, vol. 65, no. 12, pp. 5619-5650, @ 2019 INFORMS

with her rival. Therefore, such information leakage deters
firms from vertically sharing information in horizontal
competition and even from participating in collaborative
forecast-sharing initiatives, leading to suboptimized
supply chain relationships. Our goal in this paper is to
identify contracts that can prevent information leakage,
characterize properties of information leakage pre-
vention conditions, and quantify the resulting supply
chain profits.

Demand information leakage among competing re-
tailers in a supply chain negatively affects profitability
of firms from various industries. Several related an-
ecdotes have been recorded over the past two decades.
For example, Anand and Goyal (2009) highlight the case
of Liz Clairborne, an apparel supplier currently owned
by JCPenney. The company faced stiff resistance from
its retailers to share their private demand information,
fearing the company would leak such valuable informa-
tion to competing retailers (Salmon and Blasberg 1997).
In addition, the authors report more recent cases in-
volving such companies as Walmart and Newbury Comic.
Similarly, Kong et al. (2013) report United Kingdom ap-
parel retailers” reluctance to share their point-of-sale data
with their supplier, owing to concerns that the supplier
might leak such sensitive information to competing re-
tailers (Adewole 2005). Furthermore, these authors dis-
cuss why a specialized toy retailer, which is able to
identify market trends earlier than discount retailers, may
be unwilling to share her demand information with her
supplier.

The literature is abundant with examples of the perils
of vertical information sharing in various industries from
apparel and toy retailers to high technology. The majority
of these industry examples have also been used repeat-
edly in the operations management literature to motivate
the classic newsvendor problem (e.g., an environment in
which a retailer often has one replenishment opportunity
to stock inventory and satisfy uncertain demand for a
short life-cycle product that requires relatively long
replenishment leadtimes). In such markets, retailers’
order quantities would not necessarily affect market
price of a product. To begin with, the supplier (e.g.,
Liz Claiborne) often sets the price, and hence prices
do not differ much across retailers. Therefore, unlike
the previous literature on this topic, we analyze in-
formation leakage among competing newsvendors
and their common supplier.

This paper shows why and how firms in the afore-
mentioned supply chains need to jointly optimize ma-
terial flow (i.e., stocking decisions and hence allocation
of inventory risk in the face of uncertain demand and
competition) and information flow (i.e., sharing of de-
mand information vertically) as well as financial flow
(ie., allocation of profits). We show how some contracts
that are primarily used for optimizing operational im-
peratives (e.g., how much to order and stock) affect

firms’ informational imperatives (e.g., whether to share
private demand information vertically). We also show
ignoring operational imperatives and optimizing fi-
nancial imperatives alone also leads to deficient infor-
mation flows (e.g., information leakage) and suboptimal
performance (e.g., loss of profits and low channel ef-
ficiency). To quantify and understand the joint role of
these three flows on supply chain performance, we
provide a unified framework that encompasses a wide
range of contracts extensively studied in the literature
(e.g., wholesale-price, buy-back, rebate and revenue-
sharing contracts).

Our analysis reveals that information leakage is due to
the expected supply—demand mismatch cost. In other
words, supply-demand mismatch drives firms’ infor-
mation imperatives in addition to their well-known role
in replenishment decisions. We also show that con-
tracts designed only to distribute financial flows
without proper distribution of inventory risk among
firms cannot prevent information leakage in a supply
chain. We show that allocation of inventory risk
(i.e., cost of supply-demand mismatch) in conjunc-
tion with allocation of financial flows is necessary to
prevent information leakage. In addition, we illus-
trate the properties of contracts (i.e., sufficient con-
ditions) that prevent information leakage, and quantify
the resulting order quantities and profits.

This study also enables us to categorize contracts
in terms of how the supply chain’s inventory risk is
shared among the supplier and retailers compared with
the wholesale-price contract. We define a contract as a
downside-protection contract if it effectively reduces re-
tailers’ cost of excess inventory (downside risk due to
potentially low demand) by shifting some of their over-
age cost to the supplier. Such a shift encourages retailers
to carry additional inventory because they are now less
concerned about potentially observing a low demand,
hence protecting the supply chain for a possible down-
side risk (low demand). Buy-back and revenue-sharing
contracts fall within this category. We define a contract
as an upside-protection contract if it effectively increases
retailers’ cost of inventory shortage (upside risk due to
potentially high demand) by shifting some of the sup-
plier'sunderage cost to retailers. Such a shift encourages
retailers to carry additional inventory as well, but this
time it is because retailers are more concerned about
potentially observing a high demand, hence protecting
the supply chain for upside risk (high demand). Penalty
and rebate contracts fall within this category. We define
a contract as a two-sided protection contract if the contract
increases retailers’ cost of inventory shortage while re-
ducing their cost of excess inventory by reallocating
inventory risk among firms. Combinations of some re-
bate and buy-back contracts fall within this category.
Finally, we define a contract as a no-protection con-
tract if it is only designed to reallocate financial flows
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without shifting any party’s cost of inventory shortage
or cost of excess inventory. Wholesale-price and two-
part tariff contracts fall within this category. Together
these four categories of contracts are mutually exclusive
and collectively exhaustive (ie., they cover a large class of
supply chain contracts).

We show that no-protection contracts cannot prevent
information leakage, whereas the other three categories
may do so. We show how much each retailer needs to
optimally order in such a competitive market. We quantify
the resulting supply chain profits and channel efficiency
and show that preventing information leakage with
certain contracts (e.g., a two-sided protection contract)
can result in low channel efficiency (i.e., firms leaving
money on the table). We illustrate how our unified
framework to study a variety of contracts can help a firm
to select the best-performing contract (among those that
preclude information leakage) and almost coordinate
the channel.

The rest of this paper is organized as follows. In
Section 2, we review the relevant literature. In Section 3,
we introduce the model and formally define the afore-
mentioned four categories of contracts. In Section 4, we
establish two benchmarks that are used in establishing
nonleakage conditions. In Section 5, we provide the nec-
essary and sufficient nonleakage conditions to prevent
information leakage. In Section 6, we quantify the non-
leakage conditions and the resulting profits. In Section 7,
we conclude.

2. Literature Review

Three streams of literature informed and inspired our
research: information leakage in horizontal competi-
tion, vertical information sharing in competing supply
chains, and newsvendor competition.

The first stream of literature studies information
leakage in horizontal competition (Li 2002; Zhang 2002;
Li and Zhang 2008; Anand and Goyal 2009; Kong et al.
2013, 2016). These studies analyze retailers engaged in
Cournot or Bertrand competition and source from a
common supplier. Each retailer is endowed with private
demand information. In Li (2002), Zhang (2002), and
Li and Zhang (2008), each retailer decides whether to
share her private demand information (i) with the sup-
plier only, (i) with the supplier and retailers who share
information, or (iii) with everyone (i.e., make their de-
mand information public) before the supplier determines
the wholesale price. The authors show that the wholesale
price cansignal private information to other retailers that
do not participate in information sharing. Hence, even
if a retailer decides not to disclose her information to
other retailers and the supplier agrees not to share her
information with nonparticipating retailers (under con-
fidentiality agreements), the retailer’s private information
can still be leaked indirectly. Anand and Goyal (2009)
and Kong et al. (2013) deviate from the aforementioned

studies in two important aspects. First, they consider a mo-
del in which one of the two retailers—the incumbent—
receives her private demand information after the parties
agree on the contractual terms, which specify the finan-
cial and product delivery terms. Second, the supplier
actively decides whether to leak the incumbent retailer’s
private information to the other retailer (entrant). Anand
and Goyal (2009) show that wholesale-price contracts
cannot prevent information leakage. In other words, the
supplier would have incentive to leak the incumbent’s
proprietary information about the market to the entrant,
and hence would do so when it is profitable. Kong et al.
(2013) show that revenue-sharing contracts can prevent
such information leakage for limited but not all market
environments.

The present paper analyzes a sequence of events
similar to that of Anand and Goyal (2009) and Kong
et al. (2013) because we also would like to capture the
impact of obtaining new and private demand informa-
tion after parties agree on establishing a supply chain by
agreeing on the terms of trade. However, we deviate
from their work in three important dimensions. First,
these authors study market environments in which
one retailer (the incumbent) has perfect demand infor-
mation, that is, knows demand precisely. Our model
considers a general market environment that allows
retailers” demand forecast to be imperfect, including
that of the incumbent. Second, they assume that re-
tailers are engaged in Cournot competition. Thus, in
their model, retailers’ total order quantity perfectly
matches market demand for the product. By contrast,
our retailers are engaged in newsvendor competition.
Therefore, our model can be used to study those in-
dustries in which supply and demand mismatches are
inherent. Finally, Anand and Goyal (2009) and Kong
et al. (2013) investigate the roles of one specific type
of contract, namely the wholesale-price contract and
revenue-sharing contract, respectively. We show that
a single contract type (including the revenue-sharing
contract) cannot guarantee to prevent information
leakage for all possible market environments. We pro-
vide a general approach that considers a number of
practically implemented and well-studied contracts,
including wholesale-price and revenue-sharing con-
tracts, in a unified framework, allowing us to identify
contracts that can prevent information leakage for a va-
riety of market environments. In fact, we also observe
that buy-back contracts perform significantly better
than revenue-sharing contracts in that they can prevent
information leakage for a wide range of market envi-
ronments while nearly coordinating the supply chain.

The second stream of literature investigates vertical
information sharing in competing supply chains (Ha and
Tong 2008, Ha et al. 2011, and Shamir and Shin 2015 and
references therein). These papers consider competition
among two supply chains, each of which consists of one
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supplier and one retailer. Retailers from different supply
chains are engaged in Cournot competition, and they
may be endowed with private and superior demand
forecast information that the supplier does not have.
Ha and Tong (2008) and Ha et al. (2011) explore whether
each supplier has incentive to invest in acquiring the
retailer’s private forecast information. Shamir and Shin
(2015) show that if one retailer has superior demand
forecast information that neither the supplier nor the
competing retailer has, then by making this superior
forecast information publicly available to both the sup-
plier and competitor, this retailer could credibly share
the forecast information with her supplier. Although
this literature is not about information leakage, we find
it useful in informing our research. We consider a sup-
ply chain in which two competing retailers are served
by one common supplier, rather than two separate
suppliers, and hence the possibility of information
leakage horizontally.

The third stream of literature introduces and studies
the newsvendor competition model (Parlar 1988, Lippman
and McCardle 1997, Netessine and Rudi 2003). This model
is used in characterizing horizontal competition in in-
dustries that face the possibility of supply and demand
mismatch. In a newsvendor competition model, each
retailer decides on the order quantity to stock before
observing the uncertain and exogenously specified
demand to maximize expected profit net of the expected
cost of overage and underage. Each retailer first satisfies
her own demand as much as possible from her stock.
The retailer may either run out of inventory with unmet
demand or have excess inventory. Next, some of those
customers who do not find the product available at their
preferred retailer may visit other retailers. If that retailer
also does not have enough stock, then demand is lost.
Hence, the retailers compete to satisfy uncertain demand.
These authors study a variety of settings (centralized,
decentralized, and different demand allocation mecha-
nisms) and resulting equilibrium outcomes. All demand
information is common knowledge in this literature. The
present paper uses a similar newsvendor competition
model and builds on this literature by incorporating a
different information scenario to study the information
leakage problem.

We refer the reader to Kaya and Ozer (2012) for a
recent review of the wide range of practically implemented
supply chain contracts. To the best of our knowledge,
they are the first to propose a contract categorization
approach that categorizes a large number of contracts
in terms of how the supply chain’s excess inventory
and inventory shortage risks are shared among the
members of a supply chain. The authors use this contract
categorization to study how each category of contracts
helps to coordinate decisions in a supply chain and
achieves channel coordination. A similar categorization

enables us to determine contracts that can prevent in-
formation leakage.

3. Model Framework

Here, we first model the interaction between the two
competing retailers and their supplier, the uncertain
demand representing the general market condition as
perceived by the retailers, and provide the resulting
profits. We introduce the model without the need to
specify the contract type. Next, we illustrate how the
model encompasses a wide variety of contract types by
providing specific examples. Finally, we introduce con-
tract classification, which proves useful in determining
properties of contracts that prevent information leakage.

3.1. Sequence of Events and Expected Profits
Consider a supply chain with one supplier (referred
to as “he,” indexed by s) and two competing retailers
(each is referred to as “she”) who sell substitutable
products. Each retailer is endowed with uncertain de-
mand during a sales season. Each retailer’s demand
state is either high or low and is possibly correlated
with the other retailer’s demand state. One of the re-
tailers (“the incumbent,” indexed by i) learns of her
own demand state # € {H, L} before the sales season
commences because of her superior relationship with
end customers. However, the other retailer (“the en-
trant,” indexed by ¢) does not know her own demand
state f, € {H,L}. When the incumbent’s demand state
ist; € {H,L}, the incumbent’s demand is given by D; =
pi + ne. The term y represents the incumbent’s mean
demand in state t;, with the property that i, > uf. The
term re represents the unpredictable demand shock on
the incumbent’s market. The random variable € repre-
sents unsystematic total market uncertainty and has
a zero mean strictly increasing cumulative distribution
function F(-) and a probability distribution function f{(-)
supported on [€,€]. The term n € (0,1) represents the
impact of the unsystematic total market uncertainty on
the incumbent’s market. Similarly, when the entrant’s
demand state is t, € {H, L}, her demand is given by
D, = p§ + (1 - n)e, with the property uf; > uf. The term
1 — nrepresents the impact of the unsystematic total
market uncertainty on the entrant’s demand.

The prior belief is such that the incumbent’s demand
is in a high state ¢; = H with probability A € (0,1), or in
alow state t; = L with probability 1 — A. We remark that
the incumbent knows her demand state with certainty.
However, the entrant only knows that the incumbent’s
demand state is high with probability A. The retailers’
demand states are correlated. If the incumbent’s de-
mand state is high, t; = H, the entrant’s demand is in a
high state t, = H with probability A" € [0,1], or in a low
state t, = L with probability 1 — A’. If the incumbent’s
demand state is low, t; = L, the entrant’s demand is
in a low state f, = L with probability 1. In other words,
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the incumbent has deeper understanding about the
product, the fashion trend, and the market condition
than the entrant has. The incumbent’s superior knowl-
edge of the market and well-operated established busi-
ness model allow her to attract more customers than
the entrant does. Therefore, when the incumbent’s mar-
ket condition is good (t; = H), the entrant’s market
condition may or may not be good. When the in-
cumbent’s market condition is bad (f; = L), the en-
trant’s market condition cannot be better. We provide
the glossary of notation in Appendix A.

The sequence of events is as follows. (1) The supplier
and the two retailers agree on the contract T that spec-
ifies the financial and product delivery terms. (2) The
incumbent observes her demand state t; € {H, L} and
orders g; units from the supplier to maximize her ex-
pected profit, anticipating that the supplier may leak
this order information to the entrant. (3) The supplier
decides whether to leak the incumbent’s order quantity
to the entrant. (4) The entrant orders g, units from the
supplier, taking into account the leaked information (if
leaked). Hence, the interaction between the incumbent
and the supplier/entrant leads to a signaling game.
(5) The supplier produces at a per-unit cost c and de-
livers g; units to the incumbent and g, units to the en-
trant. (6) Demand at both retailers is realized.

Retailers fulfill demand according to the following
rule. Each retailer first fulfills her own demand (pri-
mary source of demand) from her available inventory.
Next, if retailer I € {i, e} fails to fulfill all her demand D,
then a fraction ay, € [0, 1] of retailer I's unmet demand
spills over and visits retailer k # . Retailer k fulfills de-
mand spilled from retailer I (secondary source of de-
mand) as much as possible. Therefore, retailer k’s total
effective demand is given by

Dy = Dy +ag(D; - q1)°,

which depends on the other retailer I's order quantity
q1- We drop g; from the argument of retailer k’s total
effective demand function for expositional clarity. In-
stead, we explicitly state this dependency in the text
when needed.

The retail price for fulfilling one unit of demand is
p > c. On the basis of the terms of the contract T, money
and products are transferred. Unsold product has no
salvage value. All information except two retailer de-
mand states is common knowledge. Our competing
newsvendor model is similar to that of Parlar (1988),
Lippman and McCardle (1997), and Netessine and
Rudi (2003).

Below, we introduce the resulting profit functions in
their most general form, which does not require us to
specify the contract terms. This general form enables us
to determine key characteristics of contracts that af-
fect the equilibrium strategies. Later in this section, we

illustrate that many widely used and carefully studied
supply chain contracts (such as buy-back and revenue-
sharing contracts) can be represented by this gen-
eral form.

Conditional on the incumbent’s demand state t; €
{H, L}, the integrated firms total expected profit does
not depend on the contract T and is given by

ni,.(fﬁ, qe) = (Cf, +C)E, []Ee[ﬂﬁﬂ{bs,q;‘}
+I'['Ii'l'l{Dg, qg}] |ti‘] - C,{,(q;‘ + 'q'e); (1)

where the expectation E, [-] is with respect to the en-
trant’s demand state f,, the expectation E.[-] is with
respect to €, and ¢/, = p — cand ¢ = c are the integrated
firm’s unit underage and overage costs, respectively.

Conditional on the incumbent’s demand state t; €
{H, L}, the incumbent’s expected profit depends on the
contract T and is given by

[T, (i, 9e; T) = (c], + ¢}) By [Ec[min{D;, q;}| |:] — cigi — 1,
)

where ¢/, >0 and ¢}, > 0 are retailers” unit underage and
overage costs, respectively.! A positive (negative) k'
represents a fixed fee paid (received) by the incumbent
to (from) the supplier; that is, money transfer that is in-
dependent of order quantities and the incumbent’s de-
mand state. The underage and overage costs depend only
on the contract T, and the fixed fee may depend on both
the contract T and the ex ante specified values of possible
demand realizations.” We drop T from the argument of
these cost functions for expositional clarity. Instead, we
explicitly state this dependency in the text when needed.

Similarly, conditional on the incumbent's demand
state #; € {H, L}, the entrant’s expected profit depends
on the contract T and is given by

IT; (9, 4e; T) = (¢}, + ¢, )Ex [Ee[min{D, g} |t)] - c;9e — h°,
(3)

where h® represents the fixed fee transferred between
the entrant and the supplier.

Conditional on the incumbent’s demand state t; € {H, L},
the supplier’s expected profit is given by

IT; (4, e; T) =TT (93, 9¢) — 1T, (90,96 T) = IT; (9:,9; T)
= (& + ) By [Ee[min{D;, g}
+min{D,, g.}||ti] - c(qi + qe) +h' + 1,
4)

where ¢§, = ¢! — ¢ is the supplier’s unit underage cost
and ¢ £ ¢! — ¢’ is the supplier’s unit overage cost. We
assume ¢, ¢ # 0 simultaneously.’ The supplier’s unit
underage and overage costs depend on the contract T
(i.e., ¢, and ¢ depend on the contractual terms) and
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could be positive or negative, unlike retailers” unit un-
derage and overage costs.

3.2. Contract Examples

Next, we provide examples to illustrate how one can
derive the profit functions under various contracts from
the aforementioned general profit functions.

Wholesale-Price Contract (w): Each retailer pays the
supplier w € (c,p) for each unit ordered. The retailers’
and the supplier’s profits are given by Equations (2)-(4),
where ' =0,h*=0,c, =p-w, ¢, =w, ¢ =w—c, and
¢ =—(w-c).

Two-Part Tariff Contract (w,F; F.): The supplier
charges the incumbent and entrant upfront lump-sum
payments F; and F,, respectively, in addition to a per-
unit wholesale price w. The retailers” and the supplier’s
profits are given by Equations (2)-(4), where h' = F;,
ht=F,c =p-w,c=w,¢ =w-cand ¢ = —(w —c).

Buy-Back Contract (w,b): Each retailer pays the sup-
plier w € (¢, p) for each unit ordered. At the end of the
sales season, the supplier buys back unsold inventories
from retailers at unit price b € (0, w). The retailers’ and the
supplier’s profits are given by Equations (2)-(4), where
h=0, ¥=0,c=p-w, .=w-b, ¢ =w—-c, and
& =b—(w-c).

Revenue-Sharing Contract (w, f): Each retailer pays the
supplier w for each unit ordered. At the end of the sales
season, each retailer keeps f € (0, 1) fraction of her sales
revenue and transfers 1 — f fraction of her sales revenue
to the supplier. The terms of the contract are such that
we((c—(1-f)p)*.fr), because otherwise retailers
would make negative profits if w > fp, retailers would
order infinite amount if w < 0, and the supplier would
make negative profit if w < c— (1 —f)p. The retailers’
and the supplier’s profits are given by Equations
(2)-(4), where KW' =0, =0, c,=fp-w, ¢ =w,
cS=([1-flp+w-c and ¢§ = —(w—0c).

Penalty Contract (w, u): Each retailer pays the supplier
w>c for each unit ordered. At the end of the sales
season, the supplier charges each retailer a unit penalty
price u for each unit of unsatisfied demand in the re-
tailer's own market. For the retailer who also fulfills the
other retailer’'s demand after fulfilling her own de-
mand, the supplier rewards her for the demand she
fulfills for the other retailer at a unit reward price u > 0.
The terms of the contract are such that u>(w-p)*,
because otherwise, retailers’ profits are maximized by
ordering no item. The retailers” and the supplier’s pro-
fits are given by Equations (2)-(4), where h' = uE,[u} ],
he =uB[pg), c,=p-w+u, c,=w, ¢, =w-u-c,
and ¢ = —(w —c).

Rebate Contract (w,r,K): Each retailer k € {i,e} pays
the su]’::plier w>c for each unit ordered and her fixed
fee* KX. At the end of the sales season, the supplier
offers retailers a rebate reward r > 0 for each sold item.
The terms of the contract are such that r>(w-p)*,

because otherwise, retailers would make negative profit.
The retailers” and the supplier’s profits are given by
Equations (2)-(4), wherehi = K, ¥ = K*, ¢, =p—w+7,
cd=w,c=w-r—-c,and ¢ = —(w—c).

3.3. Contract Classification

Our goal is to determine the properties of a range of
contracts for which the supplier does not leak the in-
cumbent’s order quantity information to the entrant.
We categorize contracts under four categories based
on how the inventory risks are shared between the
supplier and retailers. This categorization plays a key
role in determining the conditions that affect equilib-
rium outcomes.

Downside-Protection Contracts: A contract belongs to
this category if the retailer’s per-unit overage cost with
this contract is smaller than her per-unit overage cost
with a wholesale-price contract while her per-unit
underage cost remains the same. In other words,
compared with the wholesale-price contract, contracts
in this category effectively reduce a retailer’s cost of
excess inventory (downside risk due to facing poten-
tially low demand) by shifting the cost of excess in-
ventory to the supplier. Because having excess
inventory becomes less costly, these contracts provide
incentive for retailers to order and carry more inven-
tory. Therefore, these contracts protect the supply chain
against downside risk. Note that ¢ = ¢, —c/, and ¢} =
cl'—cr. Hence, these contracts increase the supplier’s
overage cost while keeping his underage cost un-
changed. In addition, note that under the wholesale-
price contract, ¢ >0 and ¢ +¢ =0. Hence, all
contracts in this category satisfy the following prop-
erties: ¢;, >0 and ¢, +¢; >0, in addition to ¢, >0 and
¢’ >0. Buy-back and revenue-sharing contracts’ target
at mitigating retailers” downside risk. Thus, these con-
tracts are downside-protection contracts.

Upside-Protection Contracts: A contract belongs to this
category if the retailer’s per-unit underage cost with
this contract is larger than her per-unit underage cost
with a wholesale-price contract while her per-unit
overage cost remains the same. In other words, com-
pared with the wholesale-price contract, contracts in
this category effectively increase a retailer’s cost of in-
ventory shortage (upside risk due to facing potentially
high demand) by shifting the cost of insufficient
inventory to the retailer. Because having inventory
shortage becomes more costly, these contracts provide
the incentive for retailers to order and carry more in-
ventory. Therefore, these contracts protect the supply
chain against upside risk. Note that ¢§ = ¢, — ¢/, and
¢5 = ¢l — c’. Hence, these contracts reduce the supplier’s
underage cost while keeping his overage cost un-
changed. Recall that the wholesale-price contract
has properties such that ¢ <0 and ¢ +c; = 0. Hence,
all contracts in this category satisfy the following
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properties: ¢ <0 and ¢ + ¢ <0, in addition to ¢}, >0
and ¢} >0. Penalty and rebate contracts target at in-
creasing retailers” upside risk. Thus, these contracts are
upside-protection contracts.

Two-Sided Protection Contracts: A contract belongs to
this category if, with this contract, the retailer’s per-unit
underage cost is larger and her per-unit overage cost
is smaller than, respectively, her per-unit underage and
overage costs with a wholesale-price contract. In oth-
er words, compared with a wholesale-price contract,
contracts in this category simultaneously increase a re-
tailer’s cost of inventory shortage (upside risk) while
reducing her cost of excess inventory (downside risk) by
reallocating cost of demand-supply mismatch between
the retailer and the supplier. Because having inventory
shortage becomes more costly and having excess in-
ventory becomes less costly, these contracts provide
incentive for retailers to order and carry more in-
ventory. Therefore, these contracts protect the supply
chain against both upside and downside risks. Note
that under any wholesale-price contract, ¢, >0, ¢, <0,
and ¢ +c; = 0. Hence, all contracts in this category sat-
isfy the following properties: ¢, <0, ¢ > 0, and ¢, ¢ # 0
simultaneously, in addition to ¢}, >0 and ¢ > 0. Combi-
nations of some rebate and buy-back contracts studied
in Taylor (2002) fall within the two-sided protection
category.

No-Protection Contracts: A contract belongs to this
category if the retailer’s per-unit underage and over-
age costs with this contract remain the same as her per-
unit underage and overage costs with a wholesale-price
contract, respectively. In other words, this category of
contracts does not shift inventory risk (cost of overage
or shortage due to uncertain demand) from one firm to
another. Therefore, these contracts do not protect the
supply chain against either the upside or the downside
risk. Such contracts are primarily used to transfer and
share profits (i.e., rearrange financial flows) without
changing inventory risk profiles. Note that ¢, = ¢, -
¢’ and ¢ =c! —c’. Recall that the wholesale-price
contract has properties such that ¢ >0, ¢ <0, and
¢ + ¢ =0. Hence, all contracts in this category sat-
isfy the following properties: ¢, >0, c;<0, and
c; + ¢, =0, in addition to ¢}, >0 and ¢/, >0. Wholesale-
price and two-part tariff contracts neither increase
retailers” upside risk nor decrease retailers’ down-
side risk. Hence, they belong to the category of no-
protection contracts.

The four categories of contracts defined above are
collectively exhaustive and mutually exclusive within
the class of contracts that do not depend on possible
demand scenarios defined ex ante. Any such supply
chain contract falls within exactly one of these four
categories. Subsequent sections clarify why we introduce
these four categories of contracts. Briefly, we show that
the supplier always has incentive to leak information

(i.e., nonleakage equilibrium does not exist) under a no-
protection contract. In contrast, the supplier may have
incentive not to leak (i.e., nonleakage equilibrium exists)
only when firms use a downside-protection, an upside-
protection, or a two-sided protection contract. In other
words, we also show that contracts designed only to
distribute financial flows (e.g., allocation of profits)
without proper allocation of inventory risk among
firms cannot prevent information leakage in a sup-
ply chain. In addition, we derive the necessary and
sufficient nonleakage conditions for each category
and provide transparent insights on the profit im-
plications of these conditions and resulting con-
tracts. To establish these results, we first analyze two
benchmarks.

4. Benchmark Analysis

We consider two benchmarks by fixing the supplier’s
decision. The first benchmark is obtained by assuming
that the supplier never leaks the incumbent’s order
quantity information to the entrant. The second bench-
mark is obtained by assuming that the supplier always
leaks this information.® A scenario can be imagined in
which strict contract terms are put in place to prevent
any leakage (corresponding to the first benchmark)
or another scenario in which all three firms know
the incumbent’s demand state (corresponding to
the second benchmark). In the first benchmark, the
retailers” equilibrium order quantities correspond to
those under the equilibrium in which the supplier has
no incentive to leak the incumbent’s order quantity to
the entrant. In the second benchmark, the retailers’
equilibrium order quantities correspond to those under
the equilibrium in which the supplier has incentive
to leak. We use these benchmarks to determine the
nonleakage equilibrium conditions in the subsequent
sections.

We denote the critical ratio for retailers as

,
a_ Gy

= re
CH+CO

zr

The retailers’ critical ratio depends on the contract T,
which we drop from the argument of this ratio for
expositional clarity. The following lemma is used later
to derive and characterize equilibrium order quantities
and the incentive compatibility conditions. We provide
all proofs in Appendix B.

Lemma 1. Under a contract T, suppose the incumbent’s
demand state is t; € {H, L}; then,

1. The incumbent’s best response to the entrant’s order
quantity qe, qy(qe;z,) = arg maxqizul'lii(q;, ge; T), is de-
creasing’ in q. and greater than y} +nF~(z,).

The entrant’s best response to the incumbent’s order quantity
Gir 9:(qi, A; 2:) = arg max, .o ATT5(q:, qe; T) + (1 - AT (g5,
qe; T) éargmaxqezul'le(q;, qe.A;T), is decreasing in g,
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increasing in ui; and A, respectively, and greater than
us + (1 - F (). ‘

2. The incumbent’s expected profit, 11, (qi,qe; T), is in-
creasing in q; € [0,4;,(q,;2,)] and decreasing in g, € R,.

The entrant’s expected profit, I1(g;, ge, A; T), is increasing
in q. € [0, q(qi A; z,)] and decreasing in q; € R,.

3. Under full information and Nash game: suppose the
entrant precisely knows the demand state t; € {H,L} and
both retailers place their orders with the supplier simultaneously;
then, there exists a Nash equilibrium (g}, (z,), ., (z,)), where

9in(2) = G qln(zr); z0) and qly(z,) = 4,(q(2), L 2:),
qg_(zr) = q&(qi(zr); z,) = F}_ + T,'P_l(zr) and
'qg[_(zr) = q;(qg_(zr)t{);zr) = P’i + (1 - q)P_l(zr)t

and has the following properties: gt (z,)> gt (z,) and
ng(Zr) > qi(zr)-

4. Under full information and Stackelberg game: suppose
the entrant precisely knows the demand state t; and the en-
trant places an order after observing the incumbent’s order
quantity q;; then, the incumbent’s equilibrium order quantity,
i (zr) £ argmax, o TT, (4i, 42(qi, Wt = H}; 2,); T), has the
properties that q5,(z,) > qh(z,) and g3 (z,) = g5 (z,), and the
entrant’s equilibrium order quantity, g5, (z,) = q}(q5 (z.),

1{ti‘ = H}r z,), has the property HWtqu(zr) € (qgf_(zr)t ngH(Zr)]
and qi(zr) = QEL(Zr)-

Lemma 1 characterizes retailers” best responses to
each other, their resulting profits, and their equilibrium
order quantities. It shows that the retailers’ critical ratio
is a sufficient statistic that determines retailers” best
responses to each other’s order quantities. Part 1 char-
acterizes each retailer’s best response order quantity.
Notice first that when one of the retailers (incumbent or
entrant) orders more, the other retailer orders less as
aresponse. With a higher level of inventory, each retailer
is more likely to satisfy her own demand, resulting in
fewer spillovers to the other retailer who, as a result,
optimally orders less from the supplier. However, each
retailer orders at least a minimum quantity regardless of
how much the other retailer orders. For example, the
incumbent optimally orders a minimum of yj + nF~(z,)
units. This amount is the optimal newsvendor order
quantity when the incumbent faces only her primary
source of demand D;. Had the incumbent not received
any spillover demand from the entrant (e.g., ai = 0), this
minimum order would have been the incumbent’s opti-
mal order quantity. Hence, the incumbent orders and
stocks enough inventory to hedge against at least her
own uncertain demand plus some extra to satisfy pos-
sible spillover demand from the entrant. Similarly, the
entrant’s minimum order quantity is y§ + (1 —n)F~(z,).
In addition, the entrant optimally orders more when the
incumbent faces a large market size (or when the entrant

believes the incumbent’s market size is more likely to
be in a high demand state) because the incumbent’s un-
satisfied demand is more likely to spill over to the entrant
in that case.

Part 2 shows that each retailer’s profit decreases if the
other retailer orders more from the supplier because
each would face lower demand from the secondary
demand source (i.e., the other retailer’s unfilled de-
mand). Each retailer would increase her optimal order
quantity, increasing their corresponding profits, until
they both reach to their corresponding best response
order quantity as specified in part 1. These observations
partially show why an incumbent retailer would like
her order quantity (or knowledge of her demand state)
to be kept confidential and not leaked to the entrant
retailer.

Part 3 shows what happens whenboth retailers order
from the supplier without observing each other’s order
decisions and the incumbent’s demand state is public
knowledge (i.e., under full information). When the
entrant knows the incumbent’s demand state to be low
t; = L, then a Nash equilibrium would be to order and
hedge against only one’s own uncertain demand (pri-
mary demand source). In other words, in the low de-
mand state, the retailers do not order extra in the hopes
of fulfilling other’s unsatisfied demand.® However, when
the incumbent’s demand state is high t; = H, they both
order more than what is optimal for their respective pri-
mary demand source, to compete on satisfying unfilled
(ie., spillover) demand from the other retailer.

Part 4 shows what happens when the entrant ob-
serves the incumbent’s order quantity (or when the
supplier always leaks this information) before the en-
trant places an order with the supplier. When the en-
trant knows the incumbent’s demand state to be low
ti = L, then a subgame perfect equilibrium would be to
order and hedge against only one’s own uncertain
demand (primary demand source), as in part 3. In other
words, in the low demand state, the retailers do not
order extra in the hopes of fulfilling other’s unsatisfied
demand. However, when the entrant knows the in-
cumbent’s demand state is high t; = H, both retailers
order more than what is optimal for their respective
primary demand source and compete on satisfying the
secondary demand source (i.e., spill over demand from
the other retailer). Unlike the equilibrium under the
Nash game in part 3, however, the incumbent competes
even more aggressively in this case. In particular, the
incumbent uses her first mover advantage and orders
a quantity higher than what she would have ordered
under a simultaneous move game (i.e., §34(z:) > g5;(z))
to deter the entrant from taking advantage of the market
information that the entrant obtains in a sequential move
game (i.e., the incumbent’s order quantity). By doing
s0, the incumbent makes it difficult for the entrant to
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compete and go after the incumbent’s unsatisfied de-
mand. As a result, the entrant’s secondary source for
demand shrinks (i.e., less spillover demand from the
incumbent compared with a simultaneous move game).
Hence, the entrant as the second mover optimally orders
a quantity thatis less than what she would have ordered
under a simultaneous move game (i.e., qp(z/) < g5y(2)).

4.1. Benchmark |: Supplier Never Leaks Information
Suppose the supplier never leaks the incumbent’s order
quantity to the entrant. This benchmark helps us char-
acterize the retailers’ order quantities in the nonleakage
equilibrium, if it exists, in which the supplier does not
leak the incumbent’s order quantity to the entrant. As a
result, the entrant cannot infer the incumbent’s demand
state from the incumbent’s order quantity. Hence, the
entrant’s order quantity does not depend on the in-
cumbent’s demand state. The incumbent and the
entrant play a simultaneous move game with asym-
metric information in the incumbent’s demand state.
Lemma 1 part 3 (i.e., Nash game with full information)
helps us characterize Bayesian Nash equilibrium for
this game with asymmetric information (as stated in
the following theorem).

Theorem 1. Under a contract T, suppose the supplier never
leaks information; then, we have a Bayesian Nash equilib-
rium, as the solution to the following equations

qit (z) =arg max T} (q;, 4> (z,); T) when t; € {H,L}, and
7:20

9¢'(zr) = arg max ATT;(qj;1(z,), 4e; T)
3e20

+ (1= Mg (zr), 95 T),
which has the following properties:

1. qg}-r[(zr) >45-1(Zr) and qg(zr) = qu(Zr);

2. qy(zr) € (Q‘EL(Zr), ng(Zr))-

Recall from Lemma 1 part 3 that if the entrant were to
know the incumbent’s demand state, then her equilib-
rium order quantity would be g%, (z,) when t; € {H, L}.
However, the entrant cannot make an ordering deci-
sion based on the incumbent’s demand state because
the supplier commits not to leak the incumbent’s order
quantity to the entrant. Thus, the entrant optimally bal-
ances between the possibility of the realization of the
incumbent’s high and low demand states and chooses
an intermediate order quantity g (z,), which falls between
her optimal order quantities under a full information case,
that is, between (g% (z,), 4%(z-)). Hence, anticipating the
entrant’s order strategy, when the demand state is high,
the incumbent orders more than her order quantity under
full information, gf,(z,), because the entrant orders
95(zr) — ¢ (z,) units less than optimal had the entrant
known the incumbent’s demand state is high. In other
words, the incumbent knows she is more likely to face

high unfilled demand (spillovers) from the entrant. Hence,
she orders and stocks more than what she would have
ordered under full information (33(z,) > gf,(z,)) to cap-
ture this extra flow of demand due to the entrant’s in-
formational disadvantage. However, when the demand
state is low, without knowing this information, the
entrant orders more than needed. This higher order
quantity will likely result in fewer spillover demands
to the incumbent. Hence, anticipating this outcome, the
incumbent optimally orders her minimal best response
order quantity g% (z,), which, as we know from Lemma 1
part 3, is the order quantity to hedge against only the
incumbent’s uncertain primary demand source. There-
fore, if the supplier does not leak the incumbent’s order
information, then the incumbent orders at least what
she would order under the full information scenario.
However, the entrant ends up ordering less from the
supplier when incumbent’s demand state is high. Note
that if the supplier were to decide when to leak the in-
cumbent’s high demand state to the entrant, he would
be trading off the benefit of leaking this information
(i.e., higher order quantity from the entrant) versus
the cost (i.e., lower order quantity from the incumbent).
We will revisit this trade-off later to obtain nonleakage
equilibrium conditions. Note also that, similar to
Lemma 1, the retailers’ critical ratio is a sufficient
statistic that determines nonleakage equilibrium order
quantities.

4.2. Benchmark Il: Supplier Always

Leaks Information
Suppose the supplier always leaks the incumbent’s
order information to the entrant. In this case, the entrant
forms a posterior belief about the incumbent’s demand
state and determines her best response order quantity
on the basis of the incumbent’s order quantity and her
updated belief. This benchmark characterizes a perfect
Bayesian equilibrium (PBE) that includes two retailers’
equilibrium order quantities and how the entrant up-
dates her belief about the incumbent’s demand state.
Lemma 1 part 4 (ie., Stackelberg game with full in-
formation) helps us characterize the resulting equilib-
riums for this game with asymmetric (ie., incomplete)
information.
Theorem 2. Under a contract T, suppose the supplier always
leaks information; then, PBE exists, with the following results.
There exists > p; and A(pyy) € (0,1] for pi; € (ui, ),
with the property that A(y;) is decreasing in pi; € (up, pi.),
such that’

1. (Separating equilibrium) When pi; > Ej{’
a. The incumbent’s order quantity is given by

qu(Zr)
?. )= {
T2 q&(zr)

when t; =H,
when t; = L.
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b. The entrant’s posterior belief on the probability that
the incumbent’s demand state is high after being informed
with the incumbent’s order quantity q; is given by

Aaz) = 1 when g #q(z)),
MEIZV0 when g = qi.(zr)

c. The entrant’s best response to the incumbent’s order

quantity q; is

. — ‘?2(‘?5» l;zr)
qu(QUZr) { q;(qs;O}Zr)

when q; # i (zr),
when q; = g, (/).

In the PBE, the incumbent’s order quantity is g} (z,), and the
entrant’s order quantity is

é@h{

when g(z,) = g3(z),

i

when q4(z,) = g} (z,)-

2. (Pooling equilibrium) When i, € (ui, p;) and A €
©, Aur),
a. The incumbent’s order quantity is given by

qi (z) = g5 (z), V t;€ {H,L}.

b. The entrant’s posterior belief on the probability that
the incumbent’s demand state is high after being informed
with the incumbent’s order quantity q; is given by

1 when q; # q(z,),
A when q; = g5 (z).

92u(zr)

95.(z,)

Ae(‘?i; Z,-) = {

c. The entrant’s best response to the incumbent’s order

quantity q; is

o 9.(qi, 1;2,)
ﬁwﬁ){@mmm

when q; # 4 (z:),
when q; = g (/).

In the PBE, the incumbent’s order quantity is g% (z,), and the
entrant’s order quantity is

qu(z?') = q;(qﬁ’_(zr)t ’1; z?’)t

which is greater than g%, (z,).
3. (Semiseparating equilibrium) When iy € (i, p ) and
A € [Apg) 1),
a. The incumbent’s order quantity is given by
G (zr) wp.p>® and iy (z)wp. 1-p*
when t; = H,
when t; =L,

q;:‘,-(zr) =
q&(zr)

where p*° is a solution to the following equation

n;—f (qg-f(z?')t ‘?;(%SH (z0),1;2,); T) <
. A(l =

b. The entrant’s posterior belief on the probability that
the incumbent’s demand state is high after being informed
with the incumbent’s order quantity q; is given by

L\ _ |1 when g #qi(z),
Ae(qi; zr) = { 1 when q; = qi(z,),
A(1-p%)

where A £ Tap=)+a=n) nd is strictly smaller than A.

c. The entrant’s best response to the incumbent’s order

quantity q; is

(9, 1;2y)
A 5z, = {qg(q!t _I r
% (i) q:(gi, A; 2)

when q; # 4y, (z1),
when q; = g (z,).

In the PBE, the incumbent’s order quantity is qjy (), and the
entrant’s order quantity is

when q;‘z-(zr) = QEC,H(Z?');
when q;‘z-(zr) = qu(Z,-),

P = )

q;(q&(zr)t i} Zr)

which is greater than g, (z,).
4. These equilibriums survive the intuitive criterion.

The theorem above shows that three types of equi-
libriums emerge when the supplier always leaks the
information. When the incumbent’s demand state is low,
she has no incentive to pretend to be in the high demand
state, that is, she always orders g4 (z,) = ¢% (z,) in all
equilibriums [as shown in parts 1(a), 2(a), and 3(a)].
When the incumbent’s demand state is high, she chooses
between her equilibrium order quantities in her high and
low demand states, q3,(z,) and g5 (z,), respectively. In
this case, however, the incumbent can mislead the en-
trant to believe the demand state to be low by ordering
g% (z,) units. Her incentive to mislead the entrant de-
pends on two factors related to the market environment:
(i) the difference between the incumbent’s high and low
demand states pi; — pi and (ii) the entrant’s prior belief
on the probability that the incumbent is facing a high
demand state, A. These two factors, therefore, affect the
incumbent’s ordering strategy, leading to three types of
PBE: separating equilibrium, pooling equilibrium, and
semiseparating equilibrium. Figure 1 illustrates how the
market environment (specified by pi; — i and A) de-
fines the equilibrium type.

Consider Theorem 2 part 1 the first market scenario
in which the difference between the incumbent’s high
and low demand states is large (uy — pg > pi — pj).
When the incumbent’s demand state is high, suppose
the incumbent pretends to be in the low demand state
by ordering g5 (z;) and thus inducing the entrant to
order less. In this case, the entrant stocks insufficient
quantities, and as a result her unsatisfied demand flows
to the incumbent, generating a larger secondary source
of demand for the incumbent. However, to signal low
demand the incumbent also ordered too little, and in
doing so she even fails to fully satisfy her own primary
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Figure 1. Three Types of PBE When uj; =10, yj =5, A’ =05, a =08, a,;, = 0.8, ¢ ~ U[-6,6], z, = 0.7
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source of demand (because she placed an order to hedge
against only a low demand state scenario) let alone take
advantage of the large spillover from the entrant. There-
fore, when the difference between the incumbent’s high
and low demand states is high, the incumbent has in-
centive to truthfully reveal her demand state by order-
ing q3,(z). As a result, we have a separating equilibrium
in which the incumbent truthfully reveals her de-
mand state and the entrant places her order under full
information.

Consider Theorem 2 part 2 the second market scenario
in which the difference between the incumbent’s high
and low demand states is small (uj; — pj <pi — pj) and
the entrant’s prior belief on the probability that the in-
cumbent is facing a high demand state is low (A < A(ul;),
or in other words, the entrant believes that the incum-
bent is highly likely to face a low demand state). When
the incumbent’s demand state is high, suppose the in-
cumbent signals the entrant her high demand state by
ordering more than her pooling equilibrium order quan-
tity g5; (z,). In this case the entrant updates her belief and
assumes that the incumbent is facing a high demand state
with probability one. Hence, the entrant also stocks more
inventory to satisfy her primary source of demand. As
a result, the entrant would have fewer unsatisfied de-
mand, reducing the secondary source of demand for the
incumbent. Hence, the incumbent has an incentive to
order ¢f (z,) (and signal low demand) even when she
faces a high demand, to increase her secondary source
of demand (i.e., spillover demand from the entrant).
However, the incumbent faces a trade off. By ordering
more than her pooling equilibrium order quantity 45 ()
(and as a result signaling and possibly revealing her true
high demand state), the incumbent could better serve

2 25 3 35

— iy

her own primary source of demand. Note, however, that
when the difference between the incumbent’s high and
low demand states is small, the expected cost of not
satisfying some of her own primary source of demand
can be dominated by the expected benefit of misleading
the entrant and as a result satisfying a large secondary
source of demand spilled over from the entrant. This
later benefit dominates the cost especially when the
entrant initially believes the incumbent is unlikely to
face a high demand state (i.e.,, A <A(ui;)). In this case,
the incumbent benefits if the entrant does not update
her prior belief about the probability of the incumbent
having a high demand state. Hence, the incumbent op-
timally orders the same quantity g% (z,) regardless of her
demand state. Therefore, the entrant cannot update her
belief after observing the incumbent’s order quantity.
Hence, this market scenario leads to a pooling equilib-
rium in which neither the supplier nor the entrant can
learn the incumbent’s demand state. Notice also that in
this pooling equilibrium, the incumbent orders the same
amount as in the separating equilibrium with a low
incumbent-demand state, which is less than what she
would have ordered in the separating equilibrium with
a high incumbent-demand state (ie., g} (z,) = g5 (z) <
434(z+)). However, the entrant orders more than what
she would have ordered in the separating case with
a low incumbent-demand state (ie., q7(z,)> g% (z)).
This outcome is because the entrant does not know the
incumbent’s demand state in the pooling equilibrium
but only believes the incumbent faces a high demand
state with probability A. So, she orders a little more than
the separating equilibrium order quantity to hedge against
the possibility that the incumbent is actually facing a high
demand state.
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Consider now Theorem 2 part 3 the third market
scenario in which the difference between the incumbent’s
high and low demand statesis small (u}; — p <l — pp),
but unlike in part 2, the entrant’s prior belief on the
probability that the incumbent is facing a high demand
stateishigh (A > A(ui;)). When the incumbent’s demand
state is high, the incumbent faces a trade-off in signaling
her demand state. Specifically by signaling and possibly
deceiving the entrant that she is in the low demand state
(i.e., by ordering from the supplier the pooling quantity
qf(z;)), the incumbent may increase her secondary
source of demand (because she may induce the entrant
to order less). However, by doing so, she may end up
satisfying less of her own primary source of demand
(because she orders and stocks less inventory than what
is optimal for a high demand state). Unlike in the pre-
vious case, the entrant’s prior belief on the probability
that the incumbent is facing a high demand state is high.
When the incumbent orders the same quantity 47 (z,)
regardless of her demand state (ie, in a pooling or-
dering strategy), the entrant cannot update her belief. As
a result, the entrant continues to believe that the in-
cumbent faces a high demand state and orders a high
quantity. Hence, this deception through always pooling
does not substantially increase the incumbent’s sec-
ondary source of demand. Instead, the incumbent can
randomize her ordering strategy (ie., her signal) when
she faces a high demand state, that is, order g3;,(z,) with
probability p°° and order ¢ (z,) with probability 1 — p°S.
In doing so, the incumbent garbles her signal. As a re-
sult, the entrant cannot perfectly infer from the in-
cumbent’s order quantity whether she is facing a low
demand state. This garbling (i.e., sometimes sending
a signal by placing a low order quantity g} (z,) and
suggesting as though the incumbent is facing a low
demand state) causes the entrant to update her belief
and reduce the probability that the incumbent is facing
a high demand state from A down to A. As a result, the
entrant orders less than what she would have ordered
had she known the true state of the demand. Hence, by
garbling her message in the high demand state (and
deceiving the entrant), the incumbent faces more sec-
ondary demand from the entrant. In summary, when
the incumbent places an order and signals her high
demand state truthfully, the entrant learns the in-
cumbent’s demand state and orders g5,(z,) to satisfy
customers in a high-demand state environment. In this
case, all parties have full information (similar to the
separating equilibrium). However, when the incumbent
orders g, (z,) units, the entrant cannot perfectly infer the
incumbent’s demand state. Hence, the entrant updates
her belief and orders ¢(z,) = 4}(q.(z), A; z,) units. In
this case, only the incumbent knows her true demand
state (similar to the pooling equilibrium). Hence, this
market scenario leads to a semiseparating equilibrium.

Notice also that in this semiseparating equilibrium, the
incumbent on average orders less than what she would
have ordered in the separating equilibrium (i.e., when
the incumbent faces the high demand state, she some-
times orders less to signal low demand state and
deceive the entrant). In contrast, the entrant orders
more than what she would have ordered in the sep-
arating equilibrium (i.e., when the incumbent faces the
low demand state, the entrant cannot perfectly infer
the incumbent’s low demand state and orders more
than the ¢ (z,)).

Finally, we remark that all three types of equilibri-
ums characterized above survive the intuitive criterion,
which we discuss further in Appendix D.

5. Contract Properties for the Existence of

Nonleakage Equilibrium
This section provides the necessary and sufficient
nonleakage conditions for a wide range of contracts. In
addition, we show that no-protection contracts fail to
satisfy these conditions, whereas downside-protection,
or upside-protection, or two-sided protection con-
tracts can.

5.1. Necessary and Sufficient
Nonleakage Conditions

Nonleakage equilibrium exists if and only if the follow-
ing two conditions jointly hold: (i) the supplier has no
incentive to leak the incumbent’s nonleakage equilibrium
order quantity g(z,) to the entrant, and (ii) the incum-
bent has no incentive to deviate from this equilibrium
order quantity. We refer to the first condition as the
supplier’s incentive compatibility condition and the
second one as the incumbent’s incentive compatibility
condition.

Theorem 3. A contract T prevents information leakage if
and only if both the supplier’s and the incumbent’s incentive
compatibility conditions hold:

1. (Supplier’s incentive compatibility condition) When
the incumbent orders qi}i(z,)ﬁ;r t; € {H, L}, the supplier has
no incentive to leak this information to the entrant:

IT; (=), 47 (@ (20); 20); T)
< TG4 (), 4 z); T), when t; € {H,L},  (5)

where qu(qgf(zr)} zy) = qu(Zr)-

2. (Incumbent’s incentive compatibility condition) When
the incumbent’s demand state is t; € {H,L}, for the in-
cumbent’s any order quantity q; # q(z,), either the sup-
plier has no incentive to leak this information to the entrant,
I (9,,92qi:2:); T) < 15 (q4,9Y (z/); T), or the supplier has
incentive to leak this information to the entrant, but the cum-
bent canmot make more profit by deviating from the nonleakage
equilibrium order quantity q;)(z,), 11, (9;,97(qi;z,); T) <
n:i(qlf:(zr)t qu(Zr); T).
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Part 1 establishes the necessary conditions for the
supplier not to leak information. By not leaking the
incumbent’s order quantity information to the en-
trant, the supplier earns at least as much as what he
would have earned had he leaked this information.
Note that the supplier’s incentive compatibility
conditions need to hold in the incumbent’s both high
and low demand states. Suppose this is not the case
and only one condition holds. For example, suppose
the supplier has no incentive to leak when the in-
cumbent’s demand state is low but has incentive to
leak when the incumbent’s demand state is high, so as
to be more profitable by inducing the entrant to order
more. When the incumbent’s demand state is low, al-
though the supplier does not leak, the entrant can cor-
rectly infer that the incumbent’s demand state is low
because she knows that the supplier would have
leaked this information had the incumbent’s de-
mand state been high. Not leaking this information is
a perfect signal that the incumbent’s demand state is
low. Hence, the incentive compatibility conditions
need to hold in the incumbent’s both demand states.
Part 2 gives conditions under which the incumbent
has no reason to deviate from the nonleakage equi-
librium because doing so does not help her to collect
more profit.

We note that Theorem 3 (and comparing Equations
(4) and (5)) also reveals that information leakage is due
to supply—demand mismatch cost. Under any contract
T, the fixed fee transferred between each retailer k €
{i,e} and the supplier, i*, only affects the allocation of
financial flows between the retailer and the supplier.
However, this fixed fee does not affect whether the non-
leakage conditions (Theorem 3) hold. This result identifies
a new consequence of supply-demand mismatch—it
affects firms’ information-sharing prerogatives, besides
affecting inventory-related costs.

Corollary 1. When the incumbent’s high demand state is
sufficiently high, ui; > y' , and the entrant’s demand state is
—H

perfectly and positively correlated with the incumbent’s
demand state, A’ = 1, the necessary and sufficient condition
for a contract T to prevent information leakage is only the
supplier’s incentive compatibility condition.

The corollary shows that in such a market environ-
ment, the entrant would correctly infer both her and
the incumbent’s demand states if the supplier leaked the
incumbent’s nonleakage equilibrium order quantity.
The incumbent has no reason to deviate from the
nonleakage equilibrium as long as the supplier’s in-
centive compatibility conditions hold. To examine
whether a contract supports the nonleakage equilib-
rium, it is necessary and sufficient to only examine
whether the supplier’s incentive compatibility con-
ditions (5) hold in both the incumbent’s high and low
demand states.

5.2. Why Is Reallocating Inventory Risk Among
Retailers and Supplier Necessary?

Here, we show why reallocating inventory risk among

supplier and the retailers is necessary for a contract to

prevent information leakage.

Theorem 4. Nonleakage equilibrium does not exist under
any no-protection contract (e.g., the wholesale price and two-
part tariff contracts) in a supply chain with competing
newsvendors.

Recall that under a no-protection contract, the sup-
plier is penalized from the supply chain’s inventory
shortage (i.e., c; >0) and is rewarded from the supply
chain’s excess inventory (i.e., ¢, = —c;, <0). Hence,
under a no-protection contract, the supplier always has
incentive to induce retailers to order more. As a result,
when the incumbent’s demand state is high, the sup-
plier always has incentive to leak the incumbent’s order
quantity information to the entrant and benefit from
the entrant ordering additional quantity.

No-protection contracts are designed to only enable
profit sharing (i.e., rearranging financial flows) among
firms in the supply chain. However, they do not change
each firm’s inventory risk profile. Therefore, a contract
that only distributes financial flows without proper
distribution of inventory risk among firms cannot
prevent information leakage. For example, wholesale-
price contracts and two-part tariff contracts cannot
prevent information leakage in a supply chain with
competing newsvendors. Two-part tariff contracts are
often extensively used in practice because they achieve
channel coordination in a variety of channel settings
and are simple to administer. However, the above
result identifies a negative consequence of using such
contracts—they cannot prevent information leakage.

To prevent information leakage, we need contracts
that facilitate allocation of inventory risk among firms
in a supply chain, such that the suppliet’s incentive to
induce retailers to order as much as possible can be
eliminated. There are three possible ways to do so. One
is to design contracts that shift retailers’ cost of excess
inventory to the supplier while keeping each party’s cost
of inventory shortage unchanged, such that (i) the
supplier is not rewarded by the supply chain’s excess
inventory but incurs a cost from it (Le., ¢ > 0); and (ii) the
supplier still incurs cost from the supply chain’s in-
ventory shortage (i.e., ¢, >0). These contracts are es-
sentially downside-protection contracts with ¢} > 0. The
second possible way to prevent information leakage is
to design contracts that shift the supplier’s cost of in-
ventory shortage to retailers while keeping each party’s
cost of excess inventory unchanged, such that (i) the
supplier is not penalized from the supply chain’s in-
ventory shortage but is rewarded from it (i.e., ¢, <0);
and (ii) the supplier is still rewarded from the supply
chain’s excess inventory (i.e., ¢ <0). These contracts are
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essentially upside-protection contracts with ¢ <0. The
third possible way is to design contracts that simulta-
neously shift the supplier’s cost of inventory shortage to
retailers and shift retailers” cost of excess inventory to the
supplier, such that ¢ > 0 and ¢, < 0."" These contracts
are essentially two-sided protection contracts. The fol-
lowing theorem shows that only these three categories of
contracts may lead to nonleakage equilibrium.

Theorem 5. Nonleakage equilibrium exists only if the con-
tract is a downside-protection contract with ¢ >0, or an
upside-protection contract with c, <0, or a two-sided pro-
tection contract.

A downside-protection contract with ¢ >0 shifts
retailers’ downside risk (due to facing low demand) to
the supplier and penalizes the supplier for the supply
chain’s excess inventory. Hence, when the incumbent’s
demand state is high, a downside-protection contract
can deter the supplier from leaking the incumbent’s
demand information and inducing the entrant to order
more by increasing the supplier’s expected cost of
excess supply chain inventory. By contrast, the upside-
protection contract with ¢ <0 shifts the supplier’s
upside risk (due to facing high demand) to retailers and
rewards the supplier for the supply chain’s inventory
shortage. Hence, when the incumbent’s demand state
is high, an upside-protection contract can deter the
supplier from leaking the incumbent’s demand in-
formation and inducing the entrant to order more.
A two-sided protection contract both shifts the sup-
plier’s upside risk (due to facing high demand) to re-
tailers and shifts retailers” downside risk (due to facing
low demand) to the supplier. In addition, a two-sided
protection contract rewards the supplier for the supply
chain’s inventory shortage and penalizes the supplier
for the supply chain’s excess inventory. Hence, when
the incumbent’s demand state is high, a two-sided
protection contract can deter the supplier from leaking
the incumbent’s demand information and inducing the
entrant to order more by simultaneously increasing the
supplier’s expected reward of supply chain inventory
shortage and his expected cost of excess supply chain
inventory. Downside-protection, upside-protection, and
two-sided protection contracts have the functionality to
distribute inventory risk among firms, in addition to
distributing financial flows. These results show that
a contract needs to be able to redistribute inventory risk
to prevent information leakage.

5.3. Further Characterization of

Nonleakage Conditions
The supplier’s profit in Equation (4) consists of two
parts: fixed revenue, including transfer payments re-
ceived from retailers, minus the variable of expected
inventory cost due to possible shortage or excess (e.g.,
expected cost of supply-demand mismatch). The

supplier’s decision to leak depends only on the variable
expected inventory cost (i.e., it is independent of the
revenue). Specifically, this decision depends on how the
supply chain’s excess inventory and inventory short-
age change if the supplier leaks the incumbent’s order
quantity information to the entrant. The next lemma
characterizes the change in total excess inventory and
unmet demand as a result of information leakage for a
market environment with ui; > i and A’ =1 (ie., in
such a market, the entrant can correctly infer the in-
cumbent’s demand states if the supplier were to leak the
incumbent’s nonleakage equilibrium order quantity).

Lemma 2. We define AO,(z,) and AU, (z,) as the changes
in the supply chain’s excess inventory and unmet demand,
respectively, due to information leakage when the incumbent’s
demand state is t; € {H,L}. We have AOgy(z,)>0 and
AUgy(z,) <0 when the incumbent’s demand state is high or
AOL(z,) < 0and AUL(z,) > 0 when the incumbent’s demand
state is low.

When the incumbent’s demand state is high, the
entrant would order more if she were informed of the
incumbent’s order quantity. Such information leakage
would lead to an increase in the supply chain’s total
inventory (AOx(z,) >0) and a decrease in the expected
amount of unsatisfied demand (AUy(z,) <0). When the
incumbent’s demand state is low, the entrant would
order less if she were informed of the incumbent’s
order quantity. Such leakage would lead to a decrease
in the supply chain’s total inventory and an increase in
the supply chain’s expected inventory shortage. We note
that the magnitudes of such an excess and shortage due
to leakage are functions of retailers’ critical ratio z,,
because retailers face customers, not the supplier.

Theorem 6. We define yei(zr)%|%f(§—i%| for t; e {H,L}.

Then,
1. A downside-protection contract supports nonleakage
equilibrium if and only if ¢}, /c; < yu(z,) and ¢, /c} > yi(z;).
2. An upside-protection contract supports nonleakage
equilibrium if and only if ¢5 /¢ > yy(z,) and ¢S, /c5 < yi(z,).
3. When agy =a, =1, we have that every downside-
(upside-) protection contract that supports nonleakage equi-
librium has z, € (0,z;) (zr € (z1,1)).

Parts 1 and 2 show that information leakage critically
depends on the ratio of the change in excess inventory
to the change in unsatisfied demand due to information
leakage, that is, y;(z,). We refer to this ratio as the
supply chain’s critical leakage ratio, which is in closed
form for normally distributed demand, and can be
calculated easily using a simple spreadsheet. Similarly,
given the terms of a downside contract or an upside
contract, the supplier’s cost ratio ¢, /¢ can be calculated
and it can be verified quickly whether the proposed
contract can stop information leakage by checking the
conditions in the above theorem. Hence, the cost ratio
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and critical leakage ratio are sufficient statistics that
determine whether a contract supports nonleakage
equilibrium.

Part 3 shows that in a very competitive market (i.e.,
when all unmet demand of a retailer flows to the other
retailer), these contracts cannot prevent information
leakage and at the same time coordinate the supply
chain (ie., z, # z;). To prevent information leakage,
supply chain efficiency needs to be sacrificed to reward
the supplier for being tight-lipped about the incum-
bent’s demand information. With a downside-protection
contract, avoiding information leakage leads the supply
chain to carry less inventory than system optimal. By
contrast, with an upside-protection contract, avoid-
ing information leakage leads the supply chain to carry
more inventory than system optimal. We consider other
market conditions and two-sided protection contracts
in the next section.

6. Quantifying Nonleakage Conditions and

Supply Chain Profits

We first quantify and illustrate the necessary and
sufficient conditions that prevent information leakage
in a supply chain. Next we investigate how a contract
that prevents information leakage affects supply chain
profits. To do so, we focus on one representative contract
from each of the three categories of contracts, namely
buy-back contracts, rebate contracts, and the combina-
tion of the two. All our discussions continue to hold for
other contracts. For each firm in the supply chain k €
{i,e,s} and a given contract T, when the incumbent’s
demand state is t; € {H,L}, the expected profit is
given by

IT (45 (z1), 4Y (z0); T) whenI=N,
nt (q:;: (Z")’ ‘?ﬁ(‘?}?,. (Zr); Zr); T) when [ = A,

where N refers to Benchmark I in Section 4.1 (i.e., the
supplier never leaks the information) and A refers to
Benchmark II in Section 4.2 (i.e., the supplier always
leaks). The supply chain’s total expected profit is given
by IT(T) = IT, (T) + II5(T) + I (T). The integrated
firm’s optimal expected profit, which does not depend
on a contract, is given by

I'li;* A ﬂ,"ﬁé I'[é_ (q;, qg], for t; € {H,L}.

I,(T) 2 {

In what follows, we first illustrate in a figure (e.g., Figure 2)
the range of contract parameters that can be used to
prevent information leakage. Next, we pick five contracts
(within this figure) that prevent information leakage and
report firms’ corresponding expected profits in a table
(e.g., Table 1). We also report the total supply chain’s
expected profit in the nonleakage equilibrium and com-
pare that profit with the integrated firm’s optimal
expected profit. This comparison helps us quantify the

expected cost of preventing information leakage to the
supply chain (and also the expected value of demand
information to the incumbent). We set ui; = 12, ui =10,
ui; =8, 4 =6,A=0571=09,1n=06,p=1,c=0.9,
ai = 0.9, a,; = 0.9, and € that is uniformly distributed on
[-3,3] to define our base case market environment.
We also discuss how the strength of competition among
retailers affects outcomes by analyzing variants of the
base case market environment.

6.1. Buy-Back Contracts

The shaded area in Figure 2 represents all buy-back
contracts that prevent information leakage (i.e., all buy-
back contracts that satisfy the conditions in Theorem 3).
Recall that the main driver of information leakage is the
supply-demand mismatch. We observe that for a given
wholesale price w, to prevent information leakage, buy-
back price b can neither be too low nor too high
(i.e., b € [by, by]). The lower curve represents the lowest
buy-back price b; that allows for no information leakage
when the incumbent’s demand state is high. For any
buy-back contract that falls on this curve, the supplier
is indifferent to leak because his additional expected
benefit from a reduction in inventory-shortage cost due
to leaking the incumbent’s high demand state to the
entrant is completely offset by his additional expected
cost of excess inventory. For any buy-back price with
b’ > by, the supplier incurs more downside risk, that is,
he is penalized more from each unsold product.
Hence, under higher buy-back prices, the supplier has
less incentive to leak the incumbent’s high-demand
state information to induce the entrant to order more.

Figure 2. Buy-Back Contracts That Prevent Information
Leakage
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Table 1. Expected Profits Under Buy-Back Contracts That
Prevent Information Leakage

T=@b 4 IL(T) I(T) IE(T) 4T LTI

(091,005 H 1.04 0.47 0.15 1.66 99.39%

L 0.76 0.44 012 1.32 99.58%

E.[] 090 0.46 0.14 1.49 99.47%

(093,015 H 0.78 0.35 0.52 1.65 98.79%
L 0.57 0.33 0.42 132 99.58%

E,[] 068 0.34 0.47 1.49 99.14%

(095,030) H 0.61 0.28 0.77 1.66 99.39%
L 0.45 0.26 0.62 1.33 99.95%

E,[] 053 0.27 0.70 1.49 99.64%

(097,055) H 0.34 0.15 117 1.66 99.39%
L 0.25 0.14 093 1.32 99.58%

E,[] 030 0.15 1.05 1.49 99.47%

(099,085) H 0.11 0.05 1.49 1.65 98.79%
0.08 0.05 1.19 1.32 99.58%

L
E,] 010 005 134 149  99.14%

However, this buy-back price must also be set such that
b’ < by, for the supplier not to leak the information when
the incumbent’s demand state is low. As the buy-back
price increases, the supplier incurs more downside risk,
that is, he is penalized more from each unsold product.
Hence, under higher buy-back prices, the supplier has
more incentive to leak the incumbent’s low-demand
state information to induce the entrant to order less.
The upper boundary represents the price above which
the benefit of leaking this information (hence a reduc-
tion in expected cost of inventory excess) surpasses
the incremental expected cost of inventory shortage.
Therefore, preventing information leakage requires the
buy-back price to be neither too low nor too high.
Next, we analyze the impact of buy-back contracts
on each firm’s expected profit. Among buy-back con-
tracts that fall in the shaded area of Figure 2, we ran-
domly pick five of them (marked as circles) and report
the resulting profits in Table 1. We observe that all
leakage-proof buy-back contracts listed in Table 1
capture at least 99.14% of the integrated firm's opti-
mal expected profit. We also remark that among all
contracts that fall into the shaded area in Figure 2, a buy-
back contract with (0.91,0.06) results in the lowest
channel efficiency of 99.10%. These observations show
that a buy-back contract can both prevent information
leakage and almost coordinate the supply chain (ie.,
preventing information leakage results in a small cost).

6.2. Rebate Contracts

The shaded area in Figure 3 represents all rebate con-
tracts that prevent information leakage. For a rebate
contract (w,r,K), the fixed fee term K¥ with k € {i,e}
only facilitates the reallocation of the supply chain’s
total profit among firms in the supply chain. It does not
affect order quantities and the resulting allocation of
inventory risk. Hence, it has no effect on the supplier’s

leakage decision. Therefore, we drop it from our ensuing
discussions. We observe that for a given wholesale price
w, to prevent information leakage, rebate reward r can
neither be too low nor too high (ie, r € [r,r;]). The
lower curve represents the lowest reward rate r; that
allows for no information leakage when the incumbent’s
demand state is high. For any rebate rate with r* > r;, the
supplier incurs less upside risk, that is, he rewards re-
tailers more for each fulfilled demand. Hence, under
higher rebate rates, the supplier has less incentive to leak
the incumbent’s high-demand state information to in-
duce the entrant to order more. However, this rebate
rate must also be set such that v’ < r, for the supplier not
to leak the information when the incumbent’s demand
state is low. Under higher rebate rates, the supplier has
more incentive to leak the incumbent’s low-demand
state information to induce the entrant to order less.
The upper boundary represents the rebate rate above
which benefit of leaking this information surpasses the
reward loss from the reduction of excess sales to the
entrant (hence, excess inventory). Therefore, preventing
information leakage requires rebate rate to be neither too
low nor too high.

Among the rebate contracts that fall in the shad-
ed area of Figure 3, we randomly pick five of them
(marked in circles in Figure 3) and report the resulting
profits in Table 2. We observe that a rebate contract that
prevents information leakage is far from coordinating
the supply chain. Among all rebate contracts that pre-
vent information leakage in Figure 3 (represented by
the shaded area, including the five contracts marked with
circles), the one that achieves the highest total supply
chain expected profit, E,[IT} \(T)], is the one with the
wholesale price w = 2.13 and the rebate rate r = 1.73.
Under this contract, the firms capture at most 84.79% of
the integrated firm’s optimal expected profit, E,[IT;"].
Hence, a rebate contract that prevents information leak-
age may result in firms leaving a large amount of profit on
the table (i.e., the supply chain profit loss is as high as
15.21%). Preventing information leakage by using a rebate
contract is costly in this base case market environment.

6.3. Combination of Buy-Back and
Rebate Contracts

We combine the buy-back with rebate contracts to
obtain a two-sided contract. Under such a contract
(w, b, 1, K), each retailer pays the supplier w > c for each
unit ordered and a fixed fee K. At the end of the sales
season, the supplier buys back unsold inventories from
retailers at unit price b € (0,w) and also offers a rebate
reward r> 0 for each unit of sales. The retailers’ and the
supplier’s profits are given by Equations (2)-(4), i = K,
h*=K° ¢, =p—w+r, c,=w-b, ¢, =w-r—c, and
¢, =b—(w —c). Recall from Section 3 that a two-sided
protection contract is defined to satisfy conditions ¢;, < 0
and ¢ > 0. Therefore, we set r>w—cand b>w —c.
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Figure 3. Rebate Contracts That Prevent Information
Leakage
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We highlight an important observation. For the buy-
back and rebate combined contract (which is a two-
sided protection contract), there is no combination of
contract parameters that can satisfy the necessary and
sufficient conditions to prevent information leakage for
the base case market environment. We remark that
a downside, upside, or a two-sided contract cannot
always be designed to prevent information leakage for
every possible market environment. Hence, to prevent
information leakage in the base case market environ-
ment, one needs to use the buy-back contract (among
the three specific contracts considered here). In other
words, a specific form of contract (e.g., rebate contract)
cannot always be designed to prevent information
leakage for all possible market environments. Hence,
one needs to have a unified framework to understand
how other types of contracts impact information leakage
across a variety of market environments. The present
paper provides such a framework.

To facilitate the analysis of the nonleakage conditions
and the allocation of supply chain profit among firms
for buy-back and rebate combined contracts, we con-
sider a different market environment specified by
py =12, pi =10, pg =8, =4, A=03, A’=06,
n=07,p=1c=06, a;, =09, a, =09, and € that is
uniformly distributed on [-5,5]. The shaded area in
Figure 4 represents all buy-back and rebate combined
contracts that prevent information leakage. The fixed
fee K does not affect the allocation of inventory risks
among firms and hence does not play a role in the
supplier’s leakage decision. Therefore, we focus on the
effect of r and b for a family of contracts with the same

Table 2. Expected Profits Under Rebate Contracts That
Prevent Information Leakage

T=@n t II(T) TE(T) IE(T) IE(T) IT,(T)/I
(2.00,2.40) H 0.69 0.55 0.15 1.39 83.22%
L 0.07 0.08 0.04 0.19 14.33%
E[-] 0.38 0.32 0.09 0.79 52.74%
(2.20,2.10) H 0.82 0.58 0.18 1.58 94.60%
L 0.23 0.21 0.12 0.56 42.25%
E[-] 0.53 0.40 0.15 1.07 71.43%
(2.40,3.50) H 0.65 0.37 0.27 1.29 77.24%
L 0.02 0.01 0.11 0.14 10.56%
E[-] 0.33 0.19 0.19 0.71 47.73%
(2.60,2.70) H 0.65 0.37 0.27 1.29 77.24%
L 0.02 0.01 0.11 0.14 10.56%
E[-] 0.33 0.19 0.19 0.71 47.73%
(2.80,3.60) H 0.69 0.66 0.12 1.47 88.01%
L 0.04 0.06 0.19 0.29 21.88%
E[-] 0.37 0.36 0.16 0.88 58.75%

wholesale price w = 0.8. We highlight four observa-
tions. First, from Figure 4, we observe that buy-back
and rebate combined contracts with sufficiently high
buy-back price b and rebate reward r prevent infor-
mation leakage. Second, from Table 3, which reports
profits under five randomly picked contracts from the
shaded area in Figure 4, we observe that a buy-back
and rebate combined contract that prevents informa-
tion leakage is far from coordinating the supply chain.
Among all contracts that prevent information leakage
in Figure 4 (represented by the shaded area), the one
that achieves the highest total supply chain expected
profit, E[IT} \(T)], is the one with the buy-back price
b =0.30 and the rebate rate r = 0.62. Under this con-
tract, the firms capture 88.48% of the integrated firm’s
optimal expected profit, E, [IT}"]. Hence, this combined
contract that prevents information leakage results in
firms leaving significant profit on the table (i.e., the supply
chain profit loss is as high as 11.52%).

6.4. Impact of the Strength of Competition

The competition between the incumbent and the en-
trant is stronger when demand for each retailer is
highly correlated (e.g., high A’) and a larger fraction of
unfilled demand spills over to the other retailer. The
previous analysis was for A" = 0.9 (with a; = a,; = 0.9)
corresponding to what we refer to as strong competition.
Here we focus on two more market environments with
a medium strength competition, A’ =0.5, and weak
competition, A’ = 0.1, while keeping everything else the
same. We also focus on the buy-back contract because
it performs better than the others for the base case
market environment. We defer the corresponding
figures and tables to Appendix C. We highlight three
observations. First, in these two market environments,
rebate contracts can no longer prevent information
leakage, but buy-back contracts can. Second, all our
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Figure 4. Buy-Back and Rebate Combined Contracts That
Prevent Information Leakage
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observations reported for the strong competition case
(i.e., A" = 0.9) continue to hold under the medium and
weak competition market environments. These ob-
servations illustrate that buy-back contracts can both
prevent information leakage and nearly coordinate the
supply chain in a wide range of market environments
with different levels of competition.

6.5. Comparison of the Three Contracts in the Same
Market Environment

Here we compare the above three categories of contracts
in the same base case market environment specified in
the beginning of this section. We study the supplier’s
equilibrium leakage decision and the supply chain’s fi-
nancial performance under the buy-back contract (w, b) =
(0.96,0.05), the rebate contract (w,r) = (2.76,2.00), and
the buy-back and rebate combined contracts (w,b,r) =
(2.80,0.50,2.00). All these contracts have the same re-
tailers’ critical ratio z, = 0.08. Results are reported in
Table 4. We observe that the buy-back contract can both
prevent information leakage and almost coordinate the
supply chain. However, in the same market environ-
ment, the rebate contract and the buy-back and rebate
combined contract can only coordinate the supply chain
at the expense of loosing the incumbent’s privacy.

6.6. Summary of Results

Aforementioned analyses show that several categories
of contracts can be used to prevent information leak-
age in a supply chain as long as they fall under one of
the three categories of contracts (each having different
necessary and sufficient conditions). However, these

Table 3. Expected Profits Under Buy-Back and Rebate
Combined Contracts That Prevent Information Leakage

T=@hbn 4 TT) TEM) TEM TLT) I,/
(080024076) H 29 047 210 553  9392%
L 127 111 122 360  832%
EJ[] 212 079 166 457  89.42%
(080034056) H 368 049 141 558  9477%
L 203 096 068 367 8491%
E] 28 073 105 463  90.60%
(080,044,058 H 193 085 256 534  90.70%
L 18 060 090 338  7820%
E] 191 073 173 436  8541%
(080054,028) H 253 124 174 551  9358%
L 217 058 085 360  832%%
E] 235 091 130 456  89.23%
(080064070) H 266 095 102 463  7864%
L 09 070 053 222  5136%
E] 18 083 077 343  67.09%

analyses also show that a downside, upside, ora two-
sided protection contract cannot always prevent
information leakage for every possible market envi-
ronment. In addition, these analyses reveal that pre-
venting information leakage (although necessary for
firms to participate and work together) could be costly
for the supply chain. Hence, these observations to-
gether further highlight the importance of having
a unified framework to study different contract types
and their roles in information leakage. Such a frame-
work enables us to choose a contract that performs the
best (i.e., prevents information leakage while not
leaving much profit on the table). The present paper
provides the framework and conditions to achieve this
goal. Finally, we also observe that buy-back contracts
prevent information leakage for a wide range of mar-
ket environments while nearly coordinating the supply
chain (leaving little money on the table).

7. Conclusion

In today’s global supply chains, many customer-driven
firms share a common supplier with their competitors.
For example, Intel, a leading semiconductor manufac-
turer, supplies processors to computer assemblers that
sell almost perfectly substitutable products. Various
other industries and supply chain settings, as discussed
extensively in the literature, face information leakage
problem when two competitors’ supply chains cross and
utilize a common supplier. Hence, an incumbent such as
Apple who has proprietary knowledge of the consumer
electronics market would be concerned about losing this
informational advantage to an entrant. Such concerns
oftenlead a prominent manufacturer /retailer/brand
to be very strict with her supplier agreement and choice.
Knowing this fact, the supplier may prefer to design an
agreement to eliminate such concerns. This paper pro-
vides a unified framework to characterize the conditions
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Table 4. Expected Profits Under Three Categories of Contracts

T Supplier’s decision b M(T) TE(T) TE(T) Th(T) Hﬁl,(T),i’l'Ii"
Buy-back Never leak H 0.45 0.21 1.01 1.67 99.21%
(0.96,0.50) L 0.33 0.19 0.80 1.33 99.03%
E,[] 039 0.20 091 1.50 99.13%
Rebate Always leak H 1.23 0.26 0.19 1.67 99.55%
(2.76,2.00) L 0.51 0.15 0.68 1.33 98.92%
Ey[] 087 0.20 0.43 1.50 99.27%
Buy-back and Always leak H 0.97 0.46 0.25 1.68 99.42%
rebate combined L 0.38 0.36 0.60 1.33 99.17%
(2.80,0.50,2.00) Ey[-] 067 0.41 0.42 1.50 99.31%

required for a wide range of supply chain contracts
that can prevent information leakage in such supply
chains. The framework can also enable a supplier to
choose the best contract (among many) that can pre-
vent information leakage while ensuring high channel
efficiency.

Our study also shows that the incentive to leak in-
formation is due to how the supply chain’s expected
supply—demand mismatch costs are distributed among
the supplier and retailers. We show that no-protection
contracts, such as wholesale-price and two-part tariff
contracts, cannot prevent information leakage. These
contracts need to be amended in one of the three
possible directions to prevent information leakage. The
first direction is to amend the wholesale-price con-
tract to shift some of the excess-inventory cost from
the retailers to the supplier while keeping each party’s
inventory-shortage cost unchanged, such that the sup-
plier is punished from the supply chain’s unsold in-
ventory and unmet demand. This amendment results
in what we define as downside-protection contracts. Ex-
amples of this category of contracts include buy-back
and revenue-sharing contracts. The second direction is
to amend the contract to shift some of the inventory-
shortage cost from the supplier to the retailers, while
keeping each party’s excess-inventory cost unchanged,
such that the supplier is rewarded by the supply chain’s
unsold inventory and unmet demand. This amendment
results in what we define as upside-protection contracts.
Examples of this category of contracts include penalty
and rebate contracts. The third direction is to amend the
contract to both shift some of the inventory-shortage
cost from the supplier to the retailers and shift some of
the excess-inventory cost from the retailers to the sup-
plier, such that the supplier is rewarded by the supply
chain’s unmet demand but is punished from the sup-
ply chain’s unsold inventory. This amendment results
in what we define as two-sided protection contracts.

Examples of this category of contracts include combi-
nations of some rebate and buy-back contracts.

The paper also characterizes conditions required for
each category of contracts to prevent information
leakage. These conditions specify how much inven-
tory overage and underage costs need to be reallocated
to prevent information leakage. We also show that a
downside, upside, or a two-sided contract cannot al-
ways prevent information leakage for every possible
market environment. Therefore, studying different
forms of contracts under a unified framework is nec-
essary to identify a leakage-proof contract for any
possible market environment. The paper provides the
framework to achieve such a goal. The paper also in-
vestigates the impact of each category of contracts on
the supply chain profits. For example, we show that
buy-back contracts (a downside-protection contract)
aremore effective than other contracts because they can
prevent vertical information leakage while nearly co-
ordinating the supply chain (i.e., leaving little money
on the table) for a wide range of market environment.
We believe these results have potential to help firms
from various industries to reevaluate whether a pre-
existing contract used in their respective industry (e.g.,
rebates in the retail industry) could prevent informa-
tion leakage, and decide how to amend contracts to
prevent information leakage while attaining high sup-
ply chain profits.
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Appendix A. Summary of Notation

Demand

Cost parameters

t;: the incumbent’s demand state, t; € {H,L}
t.: the entrant’s demand state, t, € {H,L}

D;: the incumbent’s demand

D,: the entrant's demand

pi : the incumbent’s mean demand in state #
pi : the entrant’s mean demand in state t;

€: noise term of the aggregate demand

F(-): cumulative distribution function of €

c: supplier’s unit production cost

p: retailers’ sales price

: retailers’ unit underage cost
retailers” unit overage cost

: supplier’s unit underage cost
supplier’s unit overage cost

: integrated firm’s unit underage cost

: integrated firm's unit overage cost

OO0 00

A:probability that the incumbent’s demand state is high : retailers” critical ratio
A’: probability that the entrant’s demand state is high
conditional on that the incumbent’s demand state is high
n: the incumbent’s market share on €
ay: fraction of the incumbent’s unmet demand that
flows to the entrant
a4 fraction of the entrant’s unmet demand that flows to
the incumbent

Decision variables

qy: retailer k's order quantity, where k € {i,e}
qit,(Ge; zr ): the incumbent’s best response to the entrant’s order quantity 4.,
when the incumbent’s demand state is t;
q.(gi, A; z.): the entrant’s best response to the incumbent’s order quantity g;,
under the entrant’s belief that the probability that incumbent’s demand state is high is A
qf;,(z-): retailer ks equilibrium order quantity in the full information scenario
when the incumbent’s demand state is #;, where k € {i,e} and t; € {H, L}
q;,(z;): the incumbent’s equilibrium order quantity in the Stackelberg game
when the incumbent’s demand state is #;, where k € {i,e} and t; € {H, L}
i (z-): the incumbent’s equilibrium order quantity when the incumbent’s demand state is
given that the supplier never leaks
qN(z,): the entrant’s equilibrium order quantity given that the supplier never leaks
q4.(z-): the incumbent’s equilibrium order quantity when the incumbent’s demand state is
given that the supplier always leaks
G2(g;;:z,): the entrant’s best response to the incumbent’s order quantity g; in the equilibrium
given that the supplier always leaks
Ae(qi; zr): the entrant’s posterior belief on the probability that the incumbent’s demand state is high
after being informed with the incumbent’s order quantity g; given that the supplier always leaks

Profit functions

I1} (41, q.): the integrated firm’s expected profit when the incumbent’s demand state is t,
l'Ih (:,9e; T): firm k's expected profit when the incumbent’s demand state is #;, where k € {i,¢,s}

Appendix B. Proofs

Proof of Lemma 1. For part 1, we begin with proving the
properties of the incumbent’s best response function. For the
incumbent’s profit function, when the incumbent’s demand
state is high, we have

ITL, (i, Ge; T)
8q,-
— (i, + ) (AP (uy + ne + aa(u; + (1 - n)e —q.) "< 4))
+ (1= A)P(uy + ne + as(ps + (1 —n)e—q.) < q1)) + -
Hence, awaré+{fm<0andazn—”;ﬁ@{0

Following Topkis (1998, theorem 2.8.1), the property that

% < 0 implies that g;;(q.; z) is decreasing in g,.

In addition, we have
LT, (qi,qe; T) |
9q: qi=piy +F 20)
= = (c, + &) (V'P(nle — F (7)) + ity + (1 - 1)e —4¢) *< 0)
+(1=A)P(n(e = F'(z,)) + aei(p§, +(1—n)e —qe)*<0)) +c,
> —(d, + ) (A B(n(e—F'(z)) <0)
+(1-A)P(n(e—F(z)) <0)) +c
=—(d, +c)Pe—F (z)<0)+,
=0.

Hence, the property that —HT;%"‘— <0 implies that g3,(q.;z,) >
pi+nF1(z,).
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When the incumbent’s demand state is low, we have

ITTL: (q:,9.; T)
8q,-

— (cl+ ) P(up+ ne+ aei(uf + (1-n)e — ge)* < q1) + ¢,

Hence,

Following Topkis (1998, theorem 2.8.1), the property that

I i Afe . . * . . .
_Héq%i_ﬂ < 0 implies that g;, (q.; ) is decreasing in g,.

In addition, we have

PTI (9,45T) PTL (9:.4.:T)
_BW <0 and —E}q}_ <0.

I (4;,9:;T)
9qi I‘FF‘L“TF' (zr)
= (¢, + &)P(nle = F'(z,)) + aei(pf + (1 = n)e — 4. *< 0) + ¢,
— (e +)P(nle-F'(z)) <0) +¢,
=0.

PIL ff{/fe

Hence, the property that D < 0 implies that g; (4:; z/) >

gt + nF1(z,).
Now, we prove the properties of the entrant’s best re-
sponse function. We have

an%(q:’; e, T)

a4,
= (¢, + &) (N P(u; + (1= me + i (u; + 1€ — 1) "< ge)
+ (1= A)P(uf + (1-n)e+ aie(uly + ne — g:) < q.)) + ¢,

and
TR - -+ )Pl + (1=
+ ae(ul + ne—qi) < q.) + c.
Hence, we have

T(g;, g, A; T) _

| PT095T)
29.9q;

94,94

P} (G 4e; T)

9994, <0.

+(1-2)

Therefore, following Topkis (1998, theorem 2.8.1), we have
that g}(q;, A; z,) is decreasing in g;.

We have
aZHE(q“ "v]'e; (]l’fl T) aZHH(qH Qe; T) (-1 )aZHL(qH "v]'e; T)
9q.Iuy eIty eIty

Therefore, following Topkis (1998, theorem 2.8.1), we have
that g}(q, A; z,) is increasing in ;.

We have
y]'_[e(ql'f "v]'e; (]"fl T'} (q“ "v]'e; T) al_[ (q» Qe; T) 0
4.9 4. 4. ’

where the inequality follows properties that uj,>pu! and
i > i . Therefore, following Topkis (1998, theorem 2.8.1),
we have that g(q;, A; z,) is increasing in A.

In addition, we have

al_[?'f (q& QE; T) |
T qe=piy +(1-1)F(z)
== (e + Q)P — pi + (1 - (e - F'(z))

+ g (f; + ne— i) *< 0)
+ (1 =A)P((1 -n)(e—F'(z,))
+ (kg +1€ = 4:) "< 0)) +
> — (e, +E)AP((1—n)(e-F(z) <0)
+ (1 =A)P((1 -n)e—F'(z,) £0)) +c,
=—(c, +c)Ple-F'(z)<0)+c
=0,

where the inequality holds since uf; > yf and z, € (0,1) imply
F'(z,) € (€&), and

T} (gi, qe; T) |
2 = H1-nF (z)
=—(c, +c))P((L —n)(e = F'(z,)) +a(uf, +ne—q:)*<0) + ¢,
2 (¢ +eB(1 - e~ F(2) <0) +,
=0.

Therefore, the property that Aazn;,;:é;,,;n +

(1- A)—f—:ﬁq‘— <0 implies that for A>0, g(q, A;z) =
argmax, ., T1°(q;, Ge, A; T) > pf + (1= MF(z,), and for A =0,
q:(:,0;2,) = pé + (1 —)F~(z,).

For part 2, for the incumbent’s profit function, when the
incumbent’s demand stateist; € {H, L}, following the property
that i‘g& 20 for g; <q; (qe:2), established above in
proving part 1 of this lemma, we have that Hf(q,, qe;T) is
increasing in g; € [0, 4, (9;z,)]. In addition, the property that
IT; (qi, ge; T) is decreasing in g, € R, holds since the term in
the expectation on the RH.S. of Equation (2), min{D, q;} =
min{D; + ai(De —ge)*, g}, is decreasing in ge.

For the entrant’s profit function, following the property
that Q—Eﬂ—” ( :q:ibﬂ >0 for g. <gi(g; A;z,), established above in
proving part 1 of this lemma, we have that I'*(g;, g, A; T) is
increasing in g, € [0, 4;(g;, A; z;)]. In addition, the property that
T1°(qy, ge, A; T) is decreasing in g; € R, holds since the term in
the expectation on the R.H.S. of Equation (3), min{D,,q,} =
min{D, + aie(D; — gi)*, g}, is decreasing in g;.

For part 3, suppose the entrant precisely knows the in-
cumbent’s demand state t; € {H,L}; then, (¢} (z,), 4, (z/)) is
a Nash equilibrium if and only if it satisfies the conditions

PIF(ge AT) _
a7

s, (z/) = argmax TT, (4;, 4, (2.); T),

720

e (zr) = argmaxTT; (73 (z,), e T)-
fi'e
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£ (70q:T)

Following the properties that —‘—:;*— <0and —‘—qz— <0,
(qh,(z7),9% (z¢)) needs to be solutions to the following
equations

AT, (i, oy, (2,); T) -0
9 qi=q, (=) '
T, (i, (2,),9e; T) -0
e i)

If we rename g; as q1 and g. as g2, then we can directly repeat
the proof of Netessine and Rudi (2003, proposition 4) to get
the property that there exists a solution to above equations.
Therefore, a Nash equilibrium (qj, (z,), g5 (z,)) exists.

Now, we show that when the incumbent’s demand state
is low, one Nash equilibrium takes the form gj; (z) = yj +
NF~(z,) and g% (z,) = p¢ + (1 —)F~Y(z,). This holds since

al_[:‘_ 9 qu(Zr); T)
94 =g (z2)
=—(c, +c))P(nle—F'(z,)) + aa(1 —n)e = F'(z,))* < 0) +c
=—(c, +c))P(e-F(z)<0) +c,
=0,

and

IL (qf (2),9e; T}|
a € e =‘if_ (Z'rJ

=—(c, +c)P((L—n(e—F'(z) +aen(e —F ' (z,)) < 0) +c
=—(c, +c)P(e-F(z)<0)+c,
=0.

In addition, following part 1 in this lemma that g3,(ge; z/) >
ui; +nF'(z,) and the assumption that pi,;>pui, we have
q51(z) > qi1 (z,). Following the proof of part 1 in this lemma
that q3(qi,1;z)> p§ + (1 — n)F*(z,), we have ¢5;(z) > qf; (z/).

For part 4, for t; € {H,L} and any g; < g}, (z,), we have
IT; (:,q:(q, 1{t;=H};2,); T) <TT, (4:,4; (47, (z.), {t; =H}; 2,); T)=
H{,(ql'f quf(zr); T) = 1_[ (‘Tﬁ,(zr) '{‘:"et,(zl') T) 1_[ (‘Lt,(zr) QE(QR,(ZF)
1{ti = H}; z); T), where the first inequality follows parts 1
and 3 of this lemma that ¢; < q};(z,) = pi + nF '(z,) <pl; +
nF(z,) < qu (z), part 1 of this lemma that q(g;, A;z) is
decreasing in g;, and part 2 of this lemma that I, (g;, 4.; T) is
decreasing in g, the first and the second equalities follow the
property that q;(q}, (z,),1{t; = H}; z,) = g} (z,), the second in-
equality follows the property that qj, (z,) = q;, (45, (z/); z,).
Therefore, q;, (z/) 2 4}, (2/)-

Now, we analyze the scenario that t; = L. Recall from part 1
of this lemma that ¢;(g;,0;z,) > g, (z,). For any g;, we have
T, (9i,9:(9:,0;20); T) < TT,(q, 901 (2); T) T, (93 (20), G5 (20); T) =
IT (45 (z,),4}(q}.(z,),0;2,); T), where the first inequality fol-
lows part 1 of this lemma that g3(g;, 0;2,) > g7, (z,) and part 2 of

this lemma that IT(g;,q.;T) is decreasing in g,, the second
inequality follows part 3 of this lemma that gj(z,)=
9;.(q5.(z+);2+), the equality follows part 3 of this lemma that
9.1 =r), 0;2r) = . (zr)- Therefore, qj; (zr) = i, (zr)-

Next, we analyze g5, (z-). When t; = H, following the proof
of part 1 of this lemma, we have 3,(z,) = 4:(93,(z,), 1, z) >
u§ + (1 -=n)FY(z,) = gf.(z,). In addition, following part 1 of
this lemma that g(qi, 1; z/) is decreasing in g; and the result
proved in this part that g3,(z,) > qfy(z,), we have g3,(z,) =
731z, 1 2) £ q.qin(z), 1:2:) = Gy (z,). When t =L, fol-
lowing Lemma 1 part 3, we have g3, (z,) = q:(q5.(z,), 0;z,) =
9.1 @), 0:z,) =4 (z). O

Proof of Theorem 1. Define the entrant’s profit function
G, Gie, e; T) 2 AT (Gt 4e; T) + (1 = AT (G, e T)-

We have that (¢};(z.), 4 (z,), 4’ (z,)) is a Bayesian Nash equi-
librium if and only if it satisfies the conditions

91(z,) = arg maxIT; (qa1, g, (z,); T),

ig=0

i (zr) = arg max IT; (qi, 4, (z:); T),
qi.z0

@' (zr) = arg max IT (98 ), G 20), 43 T).
e =

For the incumbent’s profit function, when the incumbent’s
demand state is high, we have

ATy (qirt, 4e; T)
3@';‘H
== (¢}, + o) (A'P(uy + ne +au(uf; + (1 - n)e —qe) "< qinr)
+ (1= A" )P(py + e + ai(uy + (1 - n)e — )" < qa)) + -

I (g 4e5T) . P
Hence, —Hgm— is decreasing in qg.
For the incumbent’s profit function, when the incumbent’s
demand state is low, we have

OTT. (qir, Ge; T)
aqiL
= —(d, +c))P(uj, +1e + aa(uf + (1 n)e — ) "< qu) +
Hence, a—‘%’:L is decreasing in g .
For the entrant’s profit function, we have
I (G, Giv, Ges T)
a9,
= (6, + C)ANP4y + (1= e + iy + e — )< )
+ A1 = A )P(ug + (1 = n)e +ai(ply +ne = qin) *< qe)
+(1= DP(pg + (1 —n)e +aie(uy +ne —qu)* < qe)) +c..

I (e Ai4e ) .
Hence, —L540 is decreasing in .
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Following above properties that Eﬂgﬁﬂ is decreasing in

qiri, Q_H}%q';q_,nls decreasing in g, and ﬂ‘{‘:ﬁ’—[*lis decreasing
in qe, (q},(z:), 4% (), Y (zr)) needs to be solutions to following
equations

Ty (gin, 42 (2,); T))| -0

it lfmﬂﬂ;(zf) ’

I (qie, g2 (z,); T)‘ -0

9 =)

AT (g3 (zr), 411 (zr), Ge; T))| -0
aqf |qe=q’f (zr)

If we rename g as g1, i ad g2, and g, as g3, then we can
directly repeat the proof of Netessine and Rudi (2003,
proposition 4) to get the property that there exists a solution
to above equations. Therefore, there exists a Bayesian Nash
equilibrium (q};(z,), i} (z/), 4} (z/))-

Now, we characterize the properties of the Bayesian Nash
equilibrium. We proceed in the following steps.

Step 1: we show that ¢V (z,) > g5 (z,).

We have

TS (ahy(z0), 4Y 1), e T)|
a4,

|‘r‘e=‘f:£(2rJ
== (e + ) (APl + (1 - n)e
+ ey + 1€ = qipy (z2))* < 71 (20))
+ A= A)P(u; +(1-n)e
+ @i (g + m€ — Gy ()" < 41.(20)
+ (1 =)P(y; +(1-n)e
+ (1, +ne — g (20))* < i) + ¢,
2 = (e, + &) (AP, + (1 - n)e < gz, (7))
+A(L= A)P(ui + (1 - n)e < 4. (=)
+ (1= A)P(pf + (1= n)e < q(z) +
== (ch + )(ANP(ug — pi +(1-n)(e = F'(z)) <0)
+A1-A)P((1-n)(e-F'(z)) <0)
+(1-ANP((1-n)(e-F'(z)) <0)) +c
> = (¢, + G)(AVP((1=n)(e - F'(z)) < 0)
+A1-A)P((1-n)(e-F'(z) <0)
+(1-ANP((1-n)(e-F'(z)) <0)) +c
=—(c,+)P(e—F'(z) <0) +c,
=0.

E (qur.q04.) . L
Because =572 is decreasing in g, we have 4} (z,) > gy (2,)-

Step 2: we show that gl (z,) = gl (z,).
We have

AT, (qiz, 9 (z,); T)
i 0= =)

= = (el + ) P(u + ne +au(ug + (1 - n)e - .'(z0))"
= LIE_(Z,)) +0,
=—(c, + &) P(n(e = F'(z/)) + aai(uf + (L —n)e
- qy(zr)ré 0) +ey
== (ci + )P(n(e - F'(z)) <0) + ¢
=0,
where the third equality follows the property that q2(z) >
gt (z:) = p¢ + (1 —)F~1(z,). Therefore, ¢ (z,) = qf (z,).
Step 3: we show that g),(z,) > gl (z,) and g2 (z,) <ql(z).

Define A;2 g%, (z,) — ¥y(z,) and A, 24Y (z,) - gl (z/). Tn the
Bayesian Nash equilibrium, we have

MLy (qir1, 9, (z0); T))|
e l‘m=q§,(2rJ
== (el + ) (A" Pugy + ne +aai(giy + (1= n)e — 47’ z))*
< () + (1= A)P(uy + ne
+aei (g + (1 = n)e - q.'(z))* < () +c,
== (el + ) (A" Pugy + ne +aai(siy + (1= n)e
= Ge(zr) = Ae)" < () — )
+ (1= A)P(ly + ne +aqi(ug + (1 —n)e
= Gen(z:) = Ae)" < Gip(2,) - A)) +¢,
=0.
In the full information scenario that the entrant knows that

the incumbent’s demand state is high, in the Nash equilib-
rium, we have

AT, (1, 6 (2,); T)
i i =g (2r)
= = (d, + ) (A"B(uyy + ne +aai(ug; + (1 - n)e
— Gens(20)) "< Gy (2r))
+ (1= V)P (g + 1€ + a(uf + (1 = n)e = gops(z,)*
< qin(z,)) + ¢,
=0.

Therefore, the two equilibrium conditions above imply that
either A; = A, =0, 0or A;>0and A, >0, or A; <0 and A, <0.

Now, we prove that A; >0 and A, > 0. We prove by using
the contradiction argument. Suppose A; > 0. Following the
property that for a€(0,1) and A>0, (x—A)—alb—
(y+A) " <(x—-A) —alb-y)" +aA <x—alb-y)*, we have
Ae = Ag.
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Therefore, we have

IS (q(20), g (z1), 95 T))|
aq. |

Ge=q (/)
== (el + ) (A P(u; + (1 —n)e
+ (i + 1€ — q;(2)) < 47 21))
+ AL = A)P(ug + (1= n)e + a(pyy + ne - qixr(z))*
<q'(z)
+ (1= AP(uf, + (1 - n)e +ap (i, + ne — gy (z,))*
<4 (z) +¢,
== (el + ) (A P(u; + (1 —n)e
+ a,;,{pi; +1e— qu(zr) + Ai)+5 ‘?fi_(zr) + Af)
+AQ = A)P(uf +(1-n)e
+ ‘I*(Pil +1e— QfH(Zr) + A!')+5 ‘?fi_(zr) + Af)
+ (1= A)P(uf, + (1= n)e +ap(ug, + 1€ = g (20))*
<4 (z) +¢,
< =(d, + Q) AV P(pg; + (1 -n)e
+ i (g + 1€ — Gy ()" < go(22)
+ AL = A)P(ug + (1= n)e + ae(pyy + ne - g (z))*
= qu(zr)) +(1=A)P(ug + (1-n)e+ ‘Iif(Pi +ne— qu(Zr))+
<@ (z0)) + ¢, < = (¢, + ) (AAP(ug; + (1= )e
+aie(pls + 1€ — gip(2,)) < qi(z)) + A1 = A)P(us, + (1 - n)e
+ ey + 1€ — Qi () < Gl (2)) + (1 = A)P(uf + (1 -n)e
+ el + ne — qi(20))* < 4l (z)))) + ¢,
=—(d +c)(Azr + (1 = A)z) + ¢}, = 0.

The first inequality follows the property that for a € (0,1)
andA, > A, (x +A,) —alb - (y— &))" = (x+ A) —ab - y)* -
alA; = x —a(b — y)*. The second inequality follows the prop-
erty that QE(Z,) > qu(zr)-

This  result  contradicts the  property  that

Iy q{:’(z’f‘q(z’) e = 0. Therefore, A; >0 and A, > 0, i.e.,
.
-‘»I%(Zr) > qFH(Zr) and '??r(zr) < qu(z,)_ a

Proof of Theorem 2. The thresholds on the market state and
its likelihood, i.e., ;_qu and A(ul;), are defined as follows:
ph, & minful, > i TL(q5,(2), 0q54(@), 12,); T)
> TTyy(qic(20), 91 (1), 0;2,); T)},
Ay £ min{A, € (0,11 : T, (73:(z), 4 (Gis(20), 1,z,); T)
=M, (. (z), 4. (qin 20), Ae; 20); T}, Vi € (pi, el

We begin with proving the following results that are used
in this proof.

First, we show that

7, (z) = argmax IT, (4;,4,(q:, A; z.); T), Vi € {H,L}, A € [0,1].
q;E[UAfL(ZrJ]

For any q; €[0,q}(z)], we have IT,(q;,q:(q:,4;2);T) <
]'_[{; (ql'f q: (qi (ZF )f (]l’fl Zy ); T’} = ]'_[lt; (quL (ZF )f q:(qu (ZF )! (]l’!l Zy ); T)! wmm
the first inequality follows the condition g; <gf (z,), Lemma 1

part 1 that g}(g;,A;z,) is decreasing in 4;, and Lemma 1 part 2
that IT; (4;,q.;T) is decreasing in g, the second inequality
follows Lemma 1 part 1 that IT, (;,4.;T) is increasing in
qi € [0, qFL(ZF)]-
Second, we define
Atz A) 2 (G (20), 92 20), 1200 T) = Ty (. (22),
7y (z1), A;z2); T).
We show that Af(ui, A) is increasing in pf, and A, respec-
tively. Consider i, > pi;. In the proof below, all notation with

‘hat’ is associated with the environment that the incumbent’s
average demand is I; when her demand state is high. We have
A (P A)
> 1T, (1 — pia + G (20), 33y — iy + Gua(2), T2); T)
- HlH(qu(zr)f @:(q;_(zy), A; Z,),' T)
> Ty (i = di + (20, B2y = iy + Gia(2), L,2); T)
- HlH(qu(zr)f ‘I:(‘Ii(zr)f A; Z,),' T)
=TL, (04 — uy + G(2), 0:95,(z), 2., T)
- T0,((z0), 9291 (20), A3 20); T)
= D, = g + T(q(20), 43(95,(2)), ,2,); T)
- T0,((z0), 9291 (20), A3 20); T)
> I}, (q3,(2), 4. (q54(20), 1,2,); T)
— T (i (20,8, (@1 (20), As20); T) = Ay, A),
where the second inequality follows Lemma 1 part 1 that
9:(qi,A;z) is increasing in pi; and Lemma 1 part 2 that
I1i(g,qe; T) is decreasing in g,, the first equality follows the
property that L, @y py* 0D _ M5(0086T) 51 q the result that
3:,-, a‘i’e
immediately follows this property that §;(fi; — ui; + qiu(z0), 1;
z,) = (q3;(z), 1;2,), the second equality follows the prop-
erty that T, (8, — uly + 41, T) = i — iy + TT(qi, 4 T), the
third inequality follows the property that 1°[fq (g, 9 T) < [k, —
uiy + ITi; (g, e; T). Therefore, Al (ui;, A) is increasing in pp.
For any A,A€[0,1] with A<A, we have IT,(gf(z),
7:q5 @), A2 T) STy (2), 4.(q, (z1), A; z,); T), where the
inequality follows Lemma 1 part 1 that gi(g; A;z,) is in-
creasing in A and Lemma 1 part 2 that I (g, q.; T) is de-
creasing in 4. Therefore, A}, (i}, A) is increasing in A.
Third, we show that when i, > gf; (z,) — ne, Aly(ui;, A) > 0.
Define
I}, (g3 T) = (¢}, +¢})Ee [min{Dy, g;} |t; = H| - cjg; — I
to be the incumbent’s expected profit derived from serving
her own market when the incumbent’s demand state is high.
Define 7jy(z) £ argmax, o ITj;(4i; T)-
When pui; > gl (z,) — ne, we have
Ay, A) = Ty (@34 (20), G (a2 20), 1; T)
- M, (qi(2), 4@ 20), A; 20); T)
=T, (45,2, (@5 (20), 152,); T) — T (g (2,); T)
e 1_[lH (‘?LH (Zr)f -?:(EI;'H(Zr)f 1,'2,),' T) - 1_[lH (qu(zr); T)
2 10}, i (2,); T) - T(qi(2); T) 2 0,
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where the second equality follows the property that the
condition pi; > gl (z,) — ne implies that g} (z,) <pi; + ne for
all € € [¢, €], the second inequality follows the property that
1_[H (91,96 T) = ﬁ;;(q:; 7).

Fourth, following the second property proved in this
theorem above that A} (u};,0) is increasing in uj;, and the
third property proved in this theorem above that A (u;, 0) >
0 when pi; is large enough, there exists yf > yij, such that

w2 min{ugy > pi 2 Ajy(pi, 0) > 0}.
Therefore, for any ui; € (uj,
M =, Ay, 0) 2 0.

Fifth, following the property that A, (ul;, 1) = IT,(gi,(z.),
05, 12, T) ~ Ty (g5 z), G 2), 1) T) 20, when
uir € (up, 1)), because A (uy,0) <0, there exists A(uj) €
(0,1], such that

A2 minfA, €(0,1] : Aly(uiy,A) =0}

Therefore, following the second property proved in this
theorem above that Ay (uy, Ae) is increasing in 1., we have
that for any A, < A(ui,), AL (ui;, A.) <0,and forany A, > A(ui,),
M A) 20 .

In addition, for pj, iy € (u,p,) with pj <fi, for any
Ae>A(ul), we have Al (R, Ae) > Aly(py, A(uh)) 2 0, where
the first inequality follows the second property proved in this
theorem that Al (ui;, A.) is increasing in pi; and A,, respec-
tively. Therefore, A(fi;) < A(u,), ie., A(ul;) is decreasing in
M € (Hp, 1y))-

Now, we use above results to prove this theorem.

Case 1: we show that when yij; > it , there exists a sepa-
rating equilibrium, as characterized in this theorem.

First, when the entrant’s posterior belief about the
incumbent’s demand state is given by A.g;z) =

[ 1 wheng; # qu(z,)’ the entrant’s best response is given by
0 when g; = q; (z) . F
70qi;20) = 4(qi, Ae(qis z0);20) = {q:(q,-, Lz)  whengi#qy(z)
T %.(a:,0; z)  when g;=qj (z,)

Second, we compute the incumbent’s equilibrium order
quantity given the entrant’s best response function g (g;; z-) =
q:(qi, Ae(gi; zr); zr). When the incumbent’s demand state is
high, we have

1), Ay(py,0)<0, and for any

ng( H}-;(‘?u qu ('?u' ZF); T) = max{ n'.';?x ]'_[lH (Qb q: ("-ii; 11. ZF); T)!

i > qg (2r)

max ]'_[ ( L e( 110 ZF) T)
pelog ey el

= max{l'[H(qu(z,), ‘if:(‘LSH (Zr)z 1;' Zr)f' T)!
I, (. (z0), 9:(q3, (20), 0; 2,); T)}
= T (q3(2r), 9:(@34(2:), 15 2,); T),

where the second equality follows the property proved in
the first step of this proof that for any A, €[0,1], g% (z,) =
argmax o or ()] H‘;{(q,-,q:(q,-, Ae;z,); T) and Lemma 1 part 4
that q5,(z,) >q% (z,), the third equality follows the fourth
property proved in this theorem above that when pi; > p ,
Al (i, 0) 2 0. Therefore, q(z,) = Gips(2/)-

When the incumbent’s demand state is low, for any g; > 0,
we have T 1 i, qA(qu z);T) = Hi(qif 9.1, Ae(qi: 2);z); T) < Hi
(i, 9:2@); T) < TT(q.(20), 94, (z:); T) = T (q7. (20), G2 (9. (z:); 20);
T), where the first inequality follows Lemma 1 part 1 that
q:(i, Ae(gi;2,); 2) = g1 (2,), and Lemma 1 part 2 that TTi (g;,
ge; T) is decreasing in g., the second inequality follows the

property that g7 (z/) = 47, (71(z); zr). Therefore, g7 (zr) = g (z)-
Third, we verify that the entrant’s posterior belief function,

1 when g; # g% (z,) »

(]le irZy) = i fies Ba e
(-? Z;) {0 whenql-=q£(zr) satisties Bayes’ rule
We have

A - Prob (44 (z) = qi(z) It: = H)
(]le 5 ) Zr) = i
(iralze); 20) A - Prob (g7 (z+) = gi(z0) It = H)
+(1-2)- Prob (7 (z) = q(z) It: = L)
A
= I = ']_’
and
" a4 =q. . =
A )z = ProP @) = g @)1t = H)

A~ Prob (¢} 1) = g,(2r) I = )
+ (1 - (]L) - Prob (qﬂ,(zr) = qi(zr) |t1' = L)
0

=_=0

1-A

Case 2: we show that when pj; € (pi, pi) and A € (0, A(3y)),
there exists a pooling equilibrium, as characterized in this
theorem.

First, when the entrant’s posterior belief about the incumbent’s
1 when q; # g5(z)
A when g; = ¢ (z)’
the entrant’s best response is given by ¢ (q:z,) = 4}(q:,
AGiz); ) = { 4:(qi,1;z,)  when g; # q,-FL(zr)_

9.@i,A;z)  when q; = 4;;(z)

Second, we compute the incumbent’s equilibrium order
quantity given the entrant’s best response function g (g;; z/) =
q:(q:i, Ae(qy; 2¢); Z). When the incumbent’s demand state is high,
we have

demand state is given by A.(g;;z,) = {

maxTT(q:,q5(qi;z); T)
q:=0

=max4 max HIH ("-i'if "v]':('?iz 1; Zr); T)!
4>y (z)

0% (=)
= max{TT; (i (z0), 02 =2, 122 T),
T (92(z0), 929 (20), A; 2,); T)}

= qu(qﬂ(zr ) qZ(qu(Zr), A z);T),
where the second equality follows the property proved in
the first step of this proof that for any A, € [0,1], gj(z,) =
arg max o r ()] H‘;{(q,-,q:(q,-, Ae;z:);T) and Lemma 1 part 4
that q3,(z:) >gi;(z+), the third equality follows the property
proved in the fifth step of this proof that when pj; € (uj, 1)
and A< A(uk,), AL(ui,, A) <0. Therefore, q4,(z,) = g (z,).

max I, (q: 4:(qi Asz0); T)}
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When the incumbent’s demand state is low, for any g; > 0,
we have TT;(q;, 4/ (qi:2:); T) = T1(qi, 32q1, Ae(qi; 20);20); T) <
H}_ (g1, qu(Zr); T)< H}_ (qi(zr)f QEL (z):T) = Hi(qfl_(zr)f QZ(QFL(ZJ,
A;z); T) =TIk (gk (z,), 2 (g5 (z); z,); T), where the first in-
equality follows Lemma 1 part 1 that g}(qi, Ae(qi; 2:); z¢) 2
g!,(z;) and Lemma 1 part 2 that IT; (g;, q.; T) is decreasing in
ge, the second inequality follows the property that g} (z,) =
9345 (z,); z,), the second equality follows the property that
when i (z)> up +1€, G0 (20),A527) 240 (20) > pi + (1-1)e,
ie., the incumbent cannot steal the entrant’s demand when
the entrant’s order quantity is q;(q% (z,),A;z,) or qf; (z,). There-
fore, QE(Z,) =-‘»]'E_(Z,).

Third, we verify that the entrant’s posterior belief function,

1 £ gF (2,
Adgiz) = when 412 q? = ), satisfies Bayes’ rule.
A when 4; = 4 (z:)
We have
A Prob (g (2r) = qi (2t = H)
Aelqin(z);2,) = i, q

A-Prob (42 (z,) = 44 (z))It = H)
+(1=A)-Prob (g3, (z) = qi.(z) |t = L)
A
TA+(1-2)

Case 3: we show that when pi; € (Pu!” Jand A €[A(u)), 1),
there exists a semi-separating equﬂanum as characterized
in this theorem. For notational clarity purpose, we define

ssa _ AQ—pT)
A = M)A

First, when the entrant’s posterior belief about the incumbent’s
demand state is given by A (ql-; z) = { 155 when qi # qa_(zr)
ASS when gq; = g5 (z,)’

the entrant’s best response is given by gt(q:;z) =

. (g, 1;zr when gq; # g;,(z/
9:(q:, r‘me(-‘»rf;zr);zr)={ﬂq ) 9 # 4 (zr)

=A

9., A%%;z)  when gi =qj; (zr)
Second, we compute the incumbent’s equilibrium order
quantity given the entrant’s best response function g (g;; z,) =
q:(qi, Ae(g:; 2.); z,). When the incumbent’s demand state is
high, we have

max IT,(q;, 42(q5:z); T)
=0

=max{ max TT4,(q1,q5(qi,1;2:); T),
max ITy(q: q.(q:, (,ls
i 17092 (4:

4> Gy (=)
)7
H(q,'SH(zr)f -‘»Ie(fiffH (z/),1;2,); T),
My (qi.(20), 9 (9 (z0), A% 2,); T) },

where the second equality follows the property proved in
the first step of this proof that for any A. € [0,1], g5 (z) =
argmax o s )1 IT; (4i, 4; (i, Ae; 2,); T) and Lemma 1 part 4
that g,(z,) > gl (z,). Therefore, gi,(z,) = {953;(z,), 41.(z:)}-
When the incumbent’s demand state is low, for any q; > 0,
we have Hi(q:; (-‘»Iu z); T) = H:‘_('?n G (qi, Ae@i; z2); z0); T) <
I G0, 3(z); T) < T (971.(=0), Ger(20); T) = T (972.(z), 7:(4i.(z0),
A5,z T) = T (g @), g (zr); 2); T), where the first

= max{

inequality follows Lemma 1 part 1 that q;(q;, Ac(q;; z,); z) =
g/.(z,) and Lemma 1 part 2 that IT (g;, g; T) is decreasing
in g, the second inequality follows the property that g}; (z,) =
1 (q:1.(21); z1), the second equahty fo]]ows the property that
when g (z,) >y +ne, q;(q;(z), A°%2,) 2 g, (z,) > pf +
(1 - n)e, i-e., the incumbent cannot steal 1he entrant’s demand
when the entrant’s order quantity is g;(q5; (z.), A%°; z,) or g% (z,).
Therefore, g} (z) = qi.(z).

Third, we verify that the entrant’s posterior belief function,

Ae(qi;ze) = {1 when g; # qé (ar) , satisfies Bayes’ rule.
when g; = qy (zr)
We have
A ) = PO @) = ) = H)
A - Prob (q;-‘;‘f(z,) = g34(z) |t = H)
+(1=A)-Prob(q4(z,) = qi(z) |t: = L)
_Ap_
Ap L
and
Af(qu(z,); 2) = A - Prob (q;';:(z,) =g (z) |t = H)

A - Prob (44 (zr) = qi(z) |t = H)
+(1=A)-Prob (g4 (z) = g5 (z) [t = L)

_ A1l-p)
TAl-p)+(1-A)

Finally, we prove that all three types of equilibriums
characterized in Theorem 2 survive the intuitive criterion.
Consider the incumbent’s any order quantity g; that is off the
equilibrium path, ie., g; € R \{q} (z)}\{q54(z)} for the sep-
arating and the semi-separating equilibriums and g; €
R, \{gi.(z)} for the pooling equilibrium.

Define

T (45: T) = (€3 +)Ee[min{Di, gi} It = L] ~ cGgi ~ W
to be the incumbent’s expected profit derived from serving
her own market when the incumbent’s demand state is low.

For any A’ € [0,1], we have

14, 93(q:, A’ 2,); T) <TIi(q1, 451 (2,); T) < TT (7. (2,), 951.(20); T)
=101 (q.(2); T) = T (qi(2:), 42 (. (20); 2:); T),

where the first inequality follows Lemma 1 part 1 that
0:qi,A'32,) = pf, + (1= F'(z,), part3 that g (z,) = pf + (1 -
nF(z,) and part 2 that IT (g, g; T) is decreasing in g,, the
second inequality follows Lemma 1 part 3, the first equality
fo]lows the property that g; (z,) < pf + (1 - n)e (equivalently

F!(z,) <€) implies g (z,) <p! +ne (eqmvalenﬂy Fl(z,)<e),
the second equality follows the definition of %'(g;; z,) given in
Theorem 2 that g (q;; z,) = q:(q:, Ae(qi; z,); ), Lemma 1 part 1
thatq:(-,-;z,) = uf + (1 — n)e and the argument for the validity
of the first equality.

Therefore, the incumbent’s any order quantity g; that is
off the equilibrium path is equilibrium dominated when the
incumbent’s demand state is low.

Recall from Theorem 2 that A.(g;;2,) =1 for all g; that is
off the equilibrium path, i.e., the entrant believes that the
probability that the incumbent’s demand state is low is zero.



Chen and Ozer: Preventing Information Leakage
Management Science, 2019, vol. 65, no. 12, pp. 5619-5650, © 2019 INFORMS

Therefore, all three types of equilibriums characterized in
Theorem 2 survive the intuitive criterion. O

Proof of Theorem 3. Given that the incumbent orders g (z,)
when t; € {H, L}, the supplier’s profit function satisfies the
condition

IE (7} (z0), @7 (@3 (z,); z2); T) < T (q}) 20), 4 (=,); T),
when t; € {H,L}.

Given that the incumbent’s demand state is t; € {H, L}, for the
incumbent’s any order quantity g; # qf;; (z¢), either the in-
cumbent’s profit is worse off if she chooses q; and the supplier
leaks this information to the entrant, i.e.,

H{,(q:‘f qf(q:‘; Zr)f' T} = 1_[ u,(zr) qN(zr) T)

or the supplier’s profit is worse off if he receives the order
quantity information g; from the incumbent and decides to
leak this information to the entrant, i.e.,

IT, (3i,9¢ (i z0); T) < TT; (g1, 4. (z0); T).

Now, we prove the property that (g} (z,); z/) = 42 (z,).
We proceed in two steps. First, we have ¢(qYi(z/);z) =
q:(q%;(z), 1; z¢), which follows Theorem 1 part 1 that q}};(z,) >
q%(z,), Lemma 1 part 3 that g5;(z,) > 4% (z,), and Theorem 2
that Ae(qi;z,) = 1 when g; # g% (z/).

Second, we prove the property that q:(q%,(z.), 1; z,) = qN(z,).
We have

ma(;;f_-'—rw‘ D o (e + @) WR(y + (1
+aie(uly +1e — gi) < qe)
+(1= )Py + (1 —ne
+a; (U + 1€ - 4) < ) + ¢,

and

aq.

— (¢ + )P(uf + (1 = e + aie(py, + e — 4)*< ge) + ¢,
Hence,

FTT; (43, Ge; T)
o
Thus, the entrant’s best response order quantities g(z),

9:(q%:(zr), L;z¢), and g}(q}} (), 0; z/) satisfy the following first
order conditions:

<0, when t; € {H,L}. (B.1)

IATTy (3, (z:), 4 T) + (1 - VT (g} ), e T))|

=0
94 |q,=:,-3‘ &)

(B.2)

ITE, (g% (z,), ge; T) -0 (B.3)
a € fp‘F‘{Z(‘ﬂ:;(ZrJﬂ;er

and

and

I (i (21), e; T)| —0. (B.4)
94 qe=a:{ iy (20).02)

We have g(4ii(z,),0;z,) = 4(q.(z), 0:2,) = e (z7) <4 (1),
where the first equality follows Theorem 1 part 1 that g} (z,) =
g5 (z,), the second equality follows Lemma 1 part 3, and
the inequality follows Theorem 1 part 2. Thus, this prop-
erty, Equation (B.1) for t; = L and Equation (B.4) jointly imply

TG (43 (2:) 4eiT) | < M5 (4 (2:)4eiT) |

g ‘fe— = g ‘i’ . (2r) =0. Henoe, this re-

=

sult and Equatlon (B.2) jointly imply —H—ﬂsfl | o=z 2 0-
Therefore, Equation (B.1) for ; = H and Equation (B.3) jointly
imply 7.(q}}(z,), 1;2) 2 4 (z;). ©

Proof of Corollary 1. We denote by Q the set of the in-
cumbent’s all possible order quantities with which the sup-
plier does not leak. We consider the following three scenarios.

Scenario 1: When the incumbent’s demand stateist; € {H, L},
the incumbent chooses an order quantity g; € Q\{g} (z,)}. Since
the entrant cannot observe the incumbent’s deviation from
q5 (z,), shestill orders g} (z,). Because g, (42 (z,); /) = g}y (z,), the
incumbent cannot be more profitable if she deviates from g}y (/).

Scenario 2: When the incumbent’s demand state is high,
the incumbent chooses an order quantity g; ¢ Q. We have
491,92 (952,); T) < Hi;(q’}; (@), 92 Giks(20);2,); T) = Hi; @za(2r),
Terr(@); T) = U‘H(QFH(ZJ Qerr(z); T) < TIy(@ip(20), 2 2); T) <
IT4,(qN,(zr), 42 (z,); T), where the first equality follows Theorem 2
part 1, the second equality follows Lemma 1 part 4 that when
AT =1, qiSH (z:) = q{—H(zr) and qu(Z,) = qu(Z,), the second in-
equality follows Theorem 1 that Y (z) <qf;(z-) and Lemma
1 part 2 that the incumbent’s profit is decreasing in the
entrant’s order quantity, the third inequality holds since
qi(zr) = q;(qN (z,); ;). This result entails that the incumbent
cannot be more profitable if she deviates from gl;(z,) when
her demand state is high.

Scenario 3: When the incumbent’s demand state is low, the
incumbent chooses an order quantity g; ¢ Q. For expositional
clarity, we introduce

IT(q5;T) 2 (¢}, + &) Be[min{Dy, gi} |t = L] - cjqi — I

to denote the incumbent’s expected profit derived in her
own market when her demand state is low. We have
UL(-‘»M"(-'»IH z); T) <TI (9 (=z0), 47 @iz ze); T) =TT, (471 (2r),
"‘:'leL (Zy), T) = Hi’_.(qf]'_ (Zy), T) = Hi’_.(qFL (Zl') qe (Z,) T) 1_[}_. (qf{(zr),
qY(z); T), where the first equahty follows Theorem 2 that

qi(z) = 4.(z), and thus q7(q7.(z); 2) = 7 @iL(z); 2) = @1
(z;), the second equality holds since the property that

g‘(éj—:fi = 1Z; implies that the entrant’s unmet demand never
el L

flows to the incumbent, the third equality holds since the
property that q(z,) > ¢f,(z,) proved in Theorem 1 implies
A A 20 i A : P

o <derw = 12; and this result further implies that the
entrant’s unmet demand never flows to the incumbent, the
fourth equality follows Theorem 1 that g (z,) = g, (z,). This
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result entails that the incumbent cannot be more profitable
if she deviates from g} (z,) when her demand state is low.
The analyses of the three scenarios above indicate that
if the inequalities (5) with #; = H and L both hold, then the
incumbent has no incentive to deviate from the nonleakage
equilibrium order quantity g} (z,) when t; € {H,L}. 0

Proof of Theorem 4. Under a no-protection contract, there
exists a wholesale price w € (c,p), such that ¢, =—c =
w —c>0. Following Equation (4), the supplier's profit is
IT; (qi, 9e; T) = (w — c)(g; + ge) + b + . Thus,

H?—I(qm(zr)f q:‘(qm(zr)'zr)' T) -1 (-‘»I;(Zr) qN(zr)' T)
= (w — ) (qi(z:) + 42 Gira(z); 20)) — @ — Nits(z2) + 7 (22))

= - o). (73 (z); z0) = g7 (1))
=0,

where the inequality follows Theorem 3 part 1 that
qMgh(z:); z) = q¥(z,). As a result, nonleakage equilibrium
does not exist under a wholesale-price contract. 0O

Proof of Theorem 5. Supposec;, > 0,c, <0, and ¢} and ¢} do
not equal zero simultaneously. We show that

8(i, ) 2 (¢, + ¢)(min{D;, g} + min{D,, .}) — c(q: + q¢)

is increasing in q. € R,.

First, g(g;, g.) is continuous in g,.

Second, we show that g(g;, g.) is increasing in g, €
For g, € [0,D,), we have

[0,D.).

84, ) = (¢, + c})( min {D;+ ai(De—qe), 4} +Ge) — ¢3(Gi + ge)-

Therefore,
8g(g;, %) _ (e + &) = el {Di +ae(De — qe) < qi} +1) = ¢
= ¢,(1 - a1{D; + au(D. —q¢) < q:})
- Csoﬂﬂ'l{D; + ﬂﬂ'{De - qe) < q,}
=0,

where the inequality follows the conditions ¢, > 0 and ¢ < 0.
Third, we show that g(g;,4.) is increasing in g, € [D,, o).

For g, € [D,, ), we have
8(di,q:) = (¢ + &)(min{D;, g;} + min{D,, 4.}) - &(g; + qe)-
Therefore,
a irHe =,
g(;q % _ ( ) {ge < D} -
= 1fa < D} - (1 -1fa. < D))
>0,

where the inequality follows the conditions ¢, > 0 and ¢ < 0.

Therefore, the three steps above jointly imply that
£(q:,9.) is increasing in g, € R,. Therefore, IT; (q;4.; T) =
E. [Ec[g(qi, g)]|t:] + I + I is increasing in g,. As a result,
following Theorem 3 part 1 that g7 (g};(z); z/) > 2 (z/), we

have T%;(q3;(z), 72 (qix:(z,); 2); T) 2 TT(@ii(20), 42’ 20); T), e,

when the incumbent’s demand state is high, the supplier al-
ways has incentive to leak.

Hence, if the inequalities (5) with t; = H holds, then either
¢>0and ¢ >0,0rc,<0and ¢;<0,0orc, <0and ¢, >0. O

Proof of Lemma 2. We note that

A0, (z/) = Ee[(qiy(z:) — Di(qe @ 2 ); 2))" + (32 (a3 (21); 20)
— De(qiy (z)) I:]
- Ee[(73(z) - Di(@}'(z))* + (9" (=)
—De(q3, (=) |1,
AU, (z/) = Ee[(Dia; (q,(20); z0)) = i, (2))" + (Delq; 21))
— 00 @i (z0); z0)) " |t:] = Ee[(Di(g; (zr))
— iy @) +De(qiyz1)) = ¢ (2)" |81

First, we consider the scenario that the incumbent’s de-
mand state is high.

Recall from Theorem 1 part 1 that q,(z,) > q;(z,). Hence,
if the entrant orders g, < qu (z;), then the condition g, > pf; +
(1-n)e implies gl},(z,)> pi; + ne. Hence, the entrant does
not have the chance to use her excess inventory to satisfy
the incumbent’s unmet demand, i.e., for q. < gf,;(z), (g —

De(‘iﬁ;(zr))r = (qe - D.)*.
We have

AOu(z,) = Ee[(qif,(z:) — Dilql 93y z):2))'* + (7 (i1 (2); 20)

-D.(q}(z)))* It = H]
—Ee[(qi1:(z) = Di(gy' z))* + (32 (z)
-De(qi;(z))* It: = H]

= Ee|(7i11(2) = Di@ers(2)))* + (qers(22)
—D.(qis(z:)))* It: = H]
-E[(4},(z) - Di(g) ()" + (42'(z:)
—De(qi; ()" It = HJ

> Ec[(4e(z) — De(qis(z)))* |t = H] = Ec[ (7' (z7)
_De("'hH(Zr))) [t = H]

= Ee[(q2u(z:) = De)* |t = H]

- E[()'(z:) - D.)* |t = H]

()
- ﬁ P(ge > D, | = H)dg,
qu‘IJ(ZrJ

‘i{H(ZrJ .
= f P(qe > p; + (1 - n)e)dge >0,
q'e=qiq(z1‘)

where the second equality holds since Theorem 2, and
Lemma 1 parts 1-2 imply 4.(q3(2.); z7) = 4:(q3(20), 1 z7) =
q.q5z) 1z) = qu(z,) the first inequality follows Theo-
rem 1 part 2 that q(z) <gl,(z/) and the property that
(i — Di(qe))* is increasing in g., the third equality follows
Theorem 1 part 2 that 4)'(z,) <4};(z;) and the property that
(9 — De(q;(zr))r = (g — D.)* when g, < q;;(z,), the second
inequality follows Theorem 1 part 2 that g7 (z,) <qly(z,),
Lemma 1 part 3 that P(gf,(z,) > p§; + (1 —n)e) = z,>0, and
the property that P(ge > u$; + (1 — n)e) is continuous in ge.
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We have

AUy(z,) = E[(Di(qf (qi(zr): 1)) — Gz (2))* + (De(giss )
- 32, (z.);z)* |t = H]
—E[(Di(q) () — ;)" + (De(g;(z)
- (z)" |t = H]
= B[ (Di(qiu(2:) — qiti(z))* + (De(qo(zr)
—qiu(z)* |t = H]
—E[(Di(@' (z)) — 41 z)* + (De(qirs(20))
-q, ()" |t = H]
< e[ (De(q3i(2r)) — qpa(z)* i = H]
—E[(De(qy(z)) — ' (2))" |t = H]

(z) _
== P eéDe(; (Zr))lti=Hde
-/::;ai‘(er L i Ma

(2)

== Pe—De,' T 1'=Hde
< -/q:f(m{ < De(qip(z)) |t = H)dg

fﬂ"m P(qe < 15y + (1 - n)e)dge <O
Ge=qt (z) fe =t e

where the second equality holds since Theorem 2, and
Lemma 1 parts 1-2 imply 47 (q3(z); ") = 4:(qii(z:), 1;2/) =
9:(q%4(z,), 1; ) = qfy(z,), the first inequality follows Theorem 1
part 2 thatq}'(2,) <qi(z,) and the property that (g; — Di(.))* is
increasing in g, the second inequality follows Theorem 1 part 2
that g (z,) <q5;(z,) and the property that De(g;) > D, the third
inequality follows Theorem 1 part 2 that 4 (z/) < gf;(z,), Lemma 1
part 3 that P(ql,(z) < u§+(1-n)e)=1-2>0, and the
property that P(g. < u¢, + (1 —n)e) is continuous in g,.

Next, we consider the scenario that the incumbent’s de-
mand state is low.

Recall from Theorem 1 part 1 that 4 (z,) = 4}, (z,). Hence, if
the entrant orders . > ¢f; (z/), then the condition g}y (z,) > pi +
ne implies ge > pf + (1 — n)e. Hence, the entrant does not have
the chance to use her excess inventory to satisfy the incum-
bent’s unmet demand, ie., for q. > g (z,), (g — Di(g.))* =
(g: — Dy)*. If the entrant orders g, = g, (z,), then the condition
ge> 1t + (1 —n)e implies g} (z,) > u} + ne. Hence, the incum-
bent does not have the chance to use her excess inventory to
satisfy the entrant'’s unmet demand. Therefore, P(q}; (z,) >
D.(qY(z)) |t =L) = P(gl.(z;) = De|t; = L) = z,.

We have

AOw(z) = Ee| (g} (z7) — Dl (g7 (2:); )" + (4 (g} (z0); z¢)
—De(qy(z))* It: = L]
- Ee[ (i (z7) - D@2 (z)))" + (4)'(z/)
—De(qy (z))* It = L]
= Ee[(q) () — D)* + (/' (q3(2); 20)
- De(q )" It = L]
- Ec[(g)(z:) - D))" + (4 (z)-De(qy =) * |t = L]

=Ee[(q:‘(qg(zr);zr) - De(qf'}[_(zr)))+ |t1' = Jr—‘]_ ]EE[{q?(Zr)
- D) |t = L]

e (2r) -
=- f P(ge > De(qy (z7)) |t = L)dg. <0,
fJe= eL(Zf
where the second equality follows Theorem 1 part 2 that
q; (z/) >4, (2,) and the property that (4; — Di(q.))* = (q: — Di)*
when g, > g, (z,), the inequality follows Theorem 1 part 2 that
a2 (z7) > 45,(2,), the property that P(q7, (z,) > De(q}(z/)) |t: = L) =
z,>0, and the property that P(q. > D.(q} (z,)) |t; = L) is con-
tinuous in g,.
We have

AUL(z,) = Ee[(Di( (aY @);z)) — q)(z))* + (Dl (z,)
- @Y @)z) It =L]
- E[(Di(q)'(z)) - 431 (z))" + (Delgii(z,)
-qV @)t |t =L]
> Ee[(De(q} (1)) — 42z 2 )* |t = L]
— Ee[D.(q)(z)) — (@' )" |t = L]

qY(z) _
- f ' P(g. < D) I = L)dg,

Je =i, (z)
>0,

where the first inequality follows Theorem 1 part 2 that
q2'(z)>qf(z:) and the property that (Di(g.) —q)* is in-
creasing in g, the second inequality follows Theorem 1
part 2 that ¢Y(z,)>qf; (z,), the property that P(q},(z,) <
De(qY(z)) |ti=L) =1 -2 >0, and the property that P(g <
D.(g}(z)) |t = L) =1 =z, >0 is continuous in g.. 0O

Proof of Theorem 6. When #; € {H, L}, inequality (5) holds if
and only if c;AOy (z,) + c; AU;(2,) = 0. Following Lemma 2 of
the signs of AOy(z,) and Al (z) for t; € {H,L}, these con-
ditions are equivalent to the conditions ¢yu(z,) =¢;, and
oYLz < G-

For downside-protection contracts, we now show that
conditions cyu(z,) = ¢ and ciyL(z,) < ¢, are equivalent to
conditions %é Yu(z,) and %2 y.(z,). First, suppose condi-
tions ¢Syu(z,) = ¢, and cy.(z,) < ¢, hold. Because ¢, >0 and
Yu(z,) > 0, the condition ¢}y (z,) = ¢, implies ¢ > 0. Thus, we
have % < yu(z,) and %2 y1(z,). Second, suppose conditions
%< yn(z,) and % > y1(z,) hold. Because ¢, >0 and y1(z,) >0,
the condition %2 yi(z;) implies ¢ > 0. Thus, we have cjyy
(z;) = c;, and ¢jy1(z,) < cj,. Therefore, conditions ¢ yn(z,) = cj,
and ¢y1(z) < ¢ hold if and only if conditions & < y#(z,) and
%> y;(z) hold.

For upside-protection contracts, because ¢ <0, conditions
cSyu(z,) = ¢, and ¢Sy L(z,) < ¢S are equivalent to the conditions
%2 Yu(z,) and % <yi(z)-

Now, we prove part3.If g, = 4, = 1, then the change in the
supply chain’s excess inventory and unmet demand, AO;(z,)
and AUy, (z,), respectively, can be written in the following
compact form:
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AOH(ZF) 2 Ee{(qli(zr) + q:‘(qli(zr) Zr) -D;-D, )+|t1']
- Ee[(q3(z) + 4. (2:) — Di = De)*|ti]
Auh(zr) 2 Ee[(Di +D, - qN(Zr) - qA(‘If:r(Zr) Zr))+|ti]
—Ee[(Di + De - "'Lt,(zr) qN(Zr))+|t!
Suppose a downside-protection contract with z, > z; pre-

vents information leakage. On the one hand, note that
Theorem 5 implies ¢ > 0. Thus,

I I S R S I ol E o
¢ c—C  T5% " 15% < 1—sz-!1 % _ I
5 5 - - 5 - _ ’
c c c c 1-z,

where the inequality follows the condition z, > z; and ¢} >0.

On the other hand, when t; = L, we have ¢2(g)(z,);z,) =
o) <@ F(en) + @ @)iz) - ph —p) =2 €(0,1).
Because F(¢’)>F(e) if F(e) € (0,1) and €’ > €, F(g}}.(z/) + 4" (z/) —
ui — u$) €(z,,1]. Hence, the intermediate value theorem im-
plies that there exists v, €(z,,1), such that

(gt () (z)z) ;
AOL(Z,) = F(q — U

- upq
g=q (z)+q¥ ) t

/*&'(zfmi“(zr) F( ; )i
= - q - -
ez
= —o1(q) (z/) — Ga(20)),
and
i 2 e g (2 ze) e
AUL(z,) = ‘“ UL _ Flg— i, - ))dg
(gl (z)
iz gy (zr) i e
] R
=1y (2 )+q2 (s ,szerJ
= (1 = o )(q) (=) — gl (20))-
Hence,
_—=AOc(z;) _ w Zy c,
rilz) = AULz) 1-v 1-2z ZE'

which violates the nonleakage conditions given by Theorem 6
part 1.

Therefore, the condition z, € (0, z;) is necessary for downside-
protection contracts to prevent information leakage.

Suppose an upside-protection contract with z, <z; pre-
vents information leakage. On the one hand, recall that an
upside-protection contract is defined to satisfy the condition
implies ¢ <0. Thus,

¢ e o @ 1-z

where the inequality follows the condition z, < z; and 5 <0.
On the other hand, when t; = H, we have ¢/ (q};(z);2/) =
QeH(Zr)}qe (Zr) F(q;H(Zr)"' qN(Zr) tuH tuH) =z € (0 1) Be-
cause F(¢)>F(e) if F(e)e(0,1) and € >e¢, F(g);(z,)+
92 (¥ (z0);20) — piy — ;) € (zr, 1]. Hence, intermediate value
theorem implies that there exists vy € (z;,1), such that

i )+ (g (2 i) )
AOu(z) = ] F@q - iy — pS)dq = op(fy(2)
g=q(z)+q (=)

- q? (Zr ))!

AUtz fﬁ;(@)ﬂf(ﬁﬁ;(szzr)(l K i — 1))dg
Zr) = — TMTAE T
H a=q )+ (=) B
= —(1 - o) (qiu(z) - ')
Hence,
B AOH(Zr) _ Um Zy (,‘;
V) = Uy 1= 1-7

which violates nonleakage conditions given by Theorem 6
part 2.

Therefore, the condition z, € (z;, 1) is necessary for upside-
protection contracts to prevent information leakage. O

Appendix C. Additional Results on Nonleakage
Conditions and Profits

We study two market environments that differ from the
market environment studied in Section 6 only in A/, with
A’ =05 and A" = 0.1, respectively. All other parameters re-
main the same, that is, pi; =12, pf =10, p§; =8, 1§ =6,
A=05 1n1=06p=1¢c=09, 2,=09, a,;,=09, and € is
uniformly distributed on [-3,3]. The shaded areas in Fig-
ure C.1 represent all buy-back contracts that prevent in-
formation leakage.

Next, we analyze the impact of buy-back contracts on each
firm’s expected profit. Among those buy-back contracts that
fall in the shaded area of Figure C.1, we randomly pick five of
them (marked in circles in the figure) and report the resulting
profits in Tables C.1 and C.2. We report additional results in
Table C.3 on each firm’s expected profit in equilibrium under a
series of buy-back contracts with different parameters. For each
selected wholesale price w, we consider three different values
of the buy-back price b. We make the following observa-
tions. By fixing the wholesale price w, the integrated firm's
total expected profit under the buy-back price b that pre-
vents information is very close to the ones under other buy-
back prices that lead to the leakage equilibrium. In addition,
these leakage-proof contracts only result in a small loss
from the integrated firm’s optimal expected profit.

Appendix D. Intuitive Criterion
We remark that all three types of equilibriums characterized
in Theorem 2, the separating equilibrium, the pooling equi-
librium, and the semiseparating equilibrium, survive the
intuitive criterion. It is worth noting that the pooling and the
semiseparating equilibriums do not survive the intuitive
criterion in many other signaling games (see, e.g., Cho and
Kreps 1987). In contrast, these two types of equilibriums
survive the intuitive criterion in our newsvendor competition
game. First, in our model, the entrant orders at least the
quantity that maximizes her expected profit derived from her
own market, gf; (z,), because each retailer satisfies her own
demand before leftover demand spills over to the other re-
tailer, irrespective of the incumbent’s order quantity and the
entrant’s belief on the incumbent’s demand state. Second,
when the incumbent’s demand state is low, the entrant’s
demand state is also low with certainty and the market
uncertainty € is split between the incumbent and the entrant
with fixed proportions 1 and 1 — 1), respectively.

Therefore, when the incumbent distorts her order quantity
to be less than her equilibrium order quantity in her low demand
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Figure C.1. Buy-Back Contracts That Prevent Information Leakage
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Table C.1 Expected Profits Under Buy-Back Contracts That Prevent Information Leakage

T = (w,b) b IT,(T) IE,(T) IE,(T) IT(T) It (T)/11Y
(0.98,0.09) H 0.19 0.09 1.25 1.53 99.08%
0.15 0.09 1.08 131 99.07%
B[] 0.17 0.09 117 142 99.07%
(0.98,023) H 0.14 0.07 131 153 99.08%
0.12 0.07 1.13 1.31 99.07%
B[] 0.13 0.07 1.22 142 99.07%
(0.99,047) H 0.10 0.05 1.38 153 99.08%
0.08 0.05 118 131 99.06%
E.[-] 0.09 0.05 1.28 1.42 99.07%
(0.99,0.30) H 0.06 0.03 142 151 97.86%
0.05 0.03 123 131 98.48%
E.[-] 0.06 0.03 1.32 1.41 98.15%
(1.00,076) H 0.02 0.01 148 151 97.85%
L 0.02 0.01 128 131 98.48%
B[] 0.02 0.01 1.38 141 98.14%

Table C.2 Expected Profits Under Buy-Back Contracts That Prevent Information Leakage

T=(w,b) f I (T) IT; (T) IT; (T) I(T) 1 (T)/T1
(0.96,0.17) H 0.46 022 0.84 1.52 99.45%
037 022 073 1.32 99.55%
E,[] 042 022 078 1.42 99.50%
(0.97,0.24) H 0.36 0.17 0.99 1.52 99.35%
L 029 0.17 0.86 1.32 99.43%
Eq[] 0.32 0.17 092 1.42 99.38%
(0.98,0.46) H 026 0.12 1.14 1.52 99.35%
021 0.12 0.99 1.32 99.43%
Eq[] 023 0.12 1.07 1.42 99.39%
(0.99,0.21) H 0.15 0.07 128 1.51 98.69%
0.12 0.07 111 1.31 98.63%
E[] 0.14 0.07 1.20 1.41 98.66%
(1.00,0.71) 0.05 0.02 143 1.51 98.52%
L 0.04 0.02 124 1.31 98.53%
E,[] 0.05 0.02 1.34 1.41 98.52%

state g} (z,), she would never receive any spillover from the ~ maximum expected profit derived from her own market.
entrant. Note that the incumbent’s equilibrium order quantity =~ Therefore, the incumbent would be worse off if she
in her low demand state, g};(z,), enables her to capture the  distorted her order quantity in the downward direction.
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Table C.3 Expected Profits Under Buy-Back Contracts
T=(w,b) Supplier's decision E[IT(T)] E,[TE(T)] Ey[TE/(T)] E,[IL(T)] E, [T (T)])/E[IT;"]
(0.94,0.10) Always leak 0.56 0.33 0.61 1.50 99.24%
(0.94,0.30) Never leak 0.59 0.30 0.60 1.50 98.91%
(0.94,0.50) Always leak 0.57 0.34 0.59 1.50 98.99%
(0.96,0.20) Always leak 0.37 0.22 0.92 1.51 99.43%
(0.96,0.40) Never leak 0.39 0.20 0.91 1.50 99.35%
(0.96,0.60) Always leak 0.38 0.23 0.91 151 99.66%
Endnotes cost ¢, <0. Under this contract, the supplier is neither rewarded nor

'Ifc; <0 orifd, = 0and ¢, >0, then the incumbent’s optimal decision
would be to order an infinite quantity; if ¢, > 0 and ¢, <0, then the
incumbent’s optimal decision would be to order nothing.

?Contracts that do not satisfy this property, such as the quantity
flexibility contracts, are beyond the scope of the family of contracts
considered in this paper.

® Otherwise, the supplier’s profit is independent of retailers’ order
quantities. In that case, the supplier has no incentive to participate in
the business.

“We consider a fixed-fee rebate contract that combines the two-part
tariff and linear rebate by introducing a rebate term into a two-part
tariff contract (see Cachon and Lariviere 2005). This contract prevents
the supplier’s expected profit from being negative. The linear-rebate
contract alone is not implementable because the supplier’s expected
profit is negative (see Taylor 2002 who, as a remedy, proposes
a target-rebate contract under which rebates are implemented if sales
quantity exceeds a target level).

§ For a revenue-sharing contract (w, ), wehave d, = fp —wand ¢, = w.If
we compare this with the wholesale-price contract (w + (1 — f)p), which
hasc], = fp —wand ¢ = w+ (1 —f)p, then this revenue-sharing contract
has a smaller unit overage cost and the same unit underage cost.
Therefore, a revenue-sharing contract is a downside-protection contract.
© We remark that the information exchange between the supplier and
the entrant (i.e., information leakage) is not a cheap-talk. In other
words, the supplier can credibility leak the incumbent’s order
quantity information to the entrant by showing, for example, the
paid invoice because the supplier receives a binding order (not
a forecast) and a corresponding payment from the incumbent.

T oA

" Throughout the paper, we use “decreasing,” “increasing,” “greater

than,” and “smaller than” in the weak sense.

8 This property holds because (1) two retailers’ demands are perfectly
correlated when the incumbent’s demand state is low; that is, the
entrant’s demand state is low with probability 1 and the market
uncertainty € is split between the incumbent and the entrant with
fixed proportions 1 and 1 — 1, respectively; (2) each retailer has the
priority to satisfy her own demand before it spills to the other retailer.
¥ The thresholds on the market state and its likelihood, that is, g, and
A(ply), are defined in the proof.

1%Recall that for downside-protection or upside-protection contracts,
if the supplier’s unit underage cost ¢, or the supplier’s unit overage
cost ¢; is zero, then the contract cannot prevent the supplier from
inducing retailers to order as much as possible. By contrast, a two-
sided protection contract with either the supplier’s unit underage cost
c;, or the supplier's unit overage cost ¢ that is equal to zero may
prevent the supplier from doing so. Consider a two-sided contract
that has zero unit underage cost ¢, =0 and strictly positive unit
overage cost c;>0. Under this contract, the supplier is neither re-
warded nor punished from the supply chain’s excess inventory.
However, he is penalized from the supply chain’s inventory shortage.
Therefore, the supplier suffers from inducing retailers to order too
much. Following a similar argument, consider a two-sided contract that
has zero unit overage cost ¢, = 0 and strictly negative unit underage

punished from the supply chain’s excess inventory. However, he is
rewarded from the supply chain’s inventory shortage. Therefore, the
supplier has incentive to motivate retailers not to order too much.
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