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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 inwhich 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 othersmay 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].

Keywords: supply chain risk management • information leakage • newsvendor competition • contract categorization • buy-back •
revenue-sharing • rebate • two-part tariff • wholesale-price

1. Introduction
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
eachmust order from the supplier and stock inventory
before the sales season, during which inventory replen-
ishment is not possible. In deciding howmuch 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

retailers compete to satisfy uncertain demand. To
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
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with her rival. Therefore, suchinformation leakagedeters
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 ofinformation 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
offirms 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 Blasberg1997).
In addition, the authors report more recent cases in-
volving such companies as Walmart and Newbury Comic.
Similarly, Kong et al. (2013)reportUnitedKingdomap-
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 (Adewole2005). 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 howfirms in the afore-

mentioned supply chains need to jointly optimize ma-
terialflow (i.e., stocking decisions and hence allocation
of inventory risk in the face of uncertain demand and
competition) and informationflow (i.e., sharing of de-
mand information vertically) as well asfinancialflow
(i.e., allocation of profits). We show how some contracts
that are primarily used for optimizingoperational 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 optimizingfi-
nancial imperativesalone also leads to deficient infor-
mationflows (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 threeflows 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 drivesfirms’infor-
mation imperatives in addition to their well-known role
in replenishment decisions. We also show that con-
tracts designed only to distributefinancialflows
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 offinancialflowsisnecessaryto
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-protectioncontract 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 anupside-protectioncontract if it effectively increases
retailers’cost of inventory shortage (upside risk due to
potentially high demand) by shifting some of the sup-
plier’s underage 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
acontractasatwo-sided protectioncontract if the contract
increases retailers’cost of inventory shortage while re-
ducing their cost of excess inventory by reallocating
inventory risk amongfirms. Combinations of some re-
bate and buy-back contracts fall within this category.
Finally, we define a contract as ano-protectioncon-
tract if it is only designed to reallocatefinancialflows
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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 (i.e., 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 afirm
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

Section2, we review the relevant literature. In Section3,
we introduce the model and formally define the afore-
mentioned four categories of contracts. In Section4,we
establish two benchmarks that are used in establishing
nonleakage conditions. In Section5,weprovidethenec-
essary and sufficient nonleakage conditions to prevent
information leakage. In Section6, we quantify the non-
leakage conditions and the resulting profits. In Section7,
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.
Thefirst stream of literature studies information

leakage in horizontal competition (Li2002; Zhang2002;
Li and Zhang2008; Anand and Goyal2009; 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, (ii) with the supplier and retailers who share
information, or (iii) with everyone (i.e., make their de-
mand information public)beforethe supplier determines
the wholesale price. The authors show that the wholesale
price can signal 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 informationafterthe parties
agree on the contractual terms, which specify thefinan-
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
similartothatofAnandandGoyal(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)andKong
et al. (2013) investigate the roles of one specifictype
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 andwell-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-
rietyofmarketenvironments.Infact,wealsoobserve
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
Tong2008,Haetal.2011, and Shamir and Shin2015and
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 informationwith her supplier. Although
this literature is not about information leakage, wefind
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 (Parlar1988,Lippman
and McCardle1997,NetessineandRudi2003). 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 retailerfirst 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 notfind 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 Özer (2012)fora

recent review of the wide range of practically implemented
supply chain contracts. To the best of our knowledge,
they are thefirst to propose a contract categorization
approach that categorizes a large number of contracts
in terms of how the supply chain’sexcessinventory
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, wefirst 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 bys) 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 byi) learns of her
own demand stateti∈{H,L}before the sales season
commences because of her superior relationship with
end customers. However, the other retailer (“the en-
trant,”indexed bye) does not know her own demand
statete∈{H,L}. When the incumbent’s demand state
isti∈{H,L}, the incumbent’s demand is given byDi
μiti+η. The termμ

i
ti
represents the incumbent’s mean

demand in stateti, with the property thatμ
i
H>μ

i
L.The

termη 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
functionF(·)and a probability distribution functionf(·)
supported on[,̄]. The termη∈(0,1)represents the
impact of the unsystematic total market uncertainty on
the incumbent’s market. Similarly, when the entrant’s
demand state iste∈{H,L},herdemandisgivenby
De μete+(1−η), with the propertyμ

e
H>μ

e
L. The term

1−ηrepresents the impact of the unsystematic total
market uncertainty on the entrant’sdemand.
The prior belief is such that the incumbent’s demand
is in a high stateti Hwith probabilityλ∈(0,1),orin
a low stateti Lwith probability 1−λ. 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 probabilityλ. The retailers’
demand states are correlated. If the incumbent’s de-
mand state is high,ti H, the entrant’s demand is in a
high statete Hwith probabilityλ∈[0,1], or in a low
statete Lwith probability 1−λ. If the incumbent’s
demand state is low,ti L, the entrant’s demand is
in a low statete Lwith 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-
nessmodelallowhertoattractmorecustomersthan
the entrant does. Therefore, when the incumbent’smar-
ket condition is good (ti H), the entrant’s market
condition may or may not be good. When the in-
cumbent’s market condition is bad (ti L), the en-
trant’s market condition cannot be better. We provide
the glossary of notation in AppendixA.
The sequence of events is as follows. (1) The supplier

and the two retailers agree on the contractTthat spec-
ifies thefinancial and product delivery terms. (2) The
incumbent observes her demand stateti∈{H,L}and
ordersqiunits 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 ordersqeunits 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 costcand de-
liversqiunits to the incumbent andqeunits to the en-
trant. (6) Demand at both retailers is realized.
Retailers fulfill demand according to the following

rule. Each retailerfirst fulfills her own demand (pri-
mary source of demand) from her available inventory.
Next, if retailerl∈i,e{ }fails to fulfill all her demandDl,
then a fractionalk∈0,1[ ]of retailerl‘s unmet demand
spills over and visits retailerk l. Retailerkfulfills de-
mand spilled from retailerl(secondary source of de-
mand) as much as possible. Therefore, retailerk‘stotal
effective demandis given by

D̄k Dk+alkDl−ql
( )+

,

which depends on the other retailerl‘s order quantity
ql. We dropqlfrom the argument of retailerk’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 contractT, 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 stateti∈
H,L{ }, the integratedfirm’s total expected profit does
not depend on the contractTand is given by

ΠIti(qi,qe) cIu+c
I
o

( )
EteE min D̄i,qi

{ }[[

+min D̄e,qe
{ }]

|ti
]
−cIoqi+qe
( )

, (1)

where the expectationEte·[]is with respect to the en-
trant’s demand statete, the expectationE ·[]is with
respect to,andcIu p−candcIo care the integrated
firm’s unit underage and overage costs, respectively.
Conditional on the incumbent’s demand stateti∈
H,L{ }, the incumbent’s expected profit depends on the
contractTand is given by

Πitiqi,qe;T
( )

cru+c
r
o

( )
EteE min D̄i,qi

{ }[ ]
|ti

[ ]
−croqi−h

i,

(2)

wherecru>0andc
r
o>0 are retailers’unit underage and

overage costs, respectively.1A positive (negative)hi

represents afixedfee paid (received) by the incumbent
to (from) the supplier; that is, money transfer that is in-
dependent of order quantities and the incumbent’sde-
mand state. The underage and overage costs depend only
on the contractT,andthefixed fee may depend on both
the contractTand the ex ante specified values of possible
demand realizations.2We dropTfrom 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
stateti∈H,L{ }, the entrant’s expected profit depends
on the contractTand is given by

Πetiqi,qe;T
( )

cru+c
r
o

( )
EteE min D̄e,qe

{ }[ ]
|ti

[ ]
−croqe−h

e,

(3)

whereherepresents thefixed fee transferred between
the entrant and the supplier.
Conditional on the incumbent’s demand stateti∈H,L{ },
the supplier’sexpectedprofitisgivenby

Πstiqi,qe;T
( )

ΠItiqi,qe
( )

−Πitiqi,qe;T
( )

−Πetiqi,qe;T
( )

csu+c
s
o

( )
EteE min D̄i,qi

{ }[[

+min D̄e,qe
{ }]

|ti
]
−csoqi+qe
( )

+hi+he,

(4)

wherecsu≜c
I
u−c

r
uis the supplier’s unit underage cost

andcso≜c
I
o−c

r
ois the supplier’s unit overage cost. We

assumecsu,c
s
o 0 simultaneously.3The supplier’s unit

underage and overage costs depend on the contractT
(i.e.,csuandc

s
odepend 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

supplierw∈(c,p)for each unit ordered. The retailers’
and the supplier’sprofits are given by Equations (2)–(4),
wherehi 0,he 0,cru p−w,cro w,csu w−c,and
cso −(w−c).
Two-Part Tariff Contract (w,Fi,Fe): The supplier

charges the incumbent and entrant upfront lump-sum
paymentsFiandFe, respectively, in addition to a per-
unit wholesale pricew. The retailers’and the supplier’s
profits are given by Equations (2)–(4), wherehi Fi,
he Fe,c

r
u p−w,cro w,csu w−c, andcso −(w−c).

Buy-Back Contract (w,b): Each retailer pays the sup-
plierw∈(c,p)for each unit ordered. At the end of the
sales season, the supplier buys back unsold inventories
from retailers at unit priceb∈(0,w). The retailers’and the
supplier’sprofits are given by Equations (2)–(4), where
hi 0,he 0,cru p−w,cro w−b,csu w−c,and
cso b−(w−c).
Revenue-Sharing Contract (w,f): Each retailer pays the

supplierwfor each unit ordered. At the end of the sales
season, each retailer keepsf∈(0,1)fraction of her sales
revenue and transfers 1−ffraction of her sales revenue
to the supplier. The terms of the contract are such that
w∈((c−(1−f)p)+,fp), because otherwise retailers
would make negative profits ifw≥fp, retailers would
order infinite amount ifw≤0, and the supplier would
make negative profitifw≤c−(1−f)p. The retailers’
and the supplier’s profits are given by Equations
(2)–(4), wherehi 0, he 0, cru fp−w,cro w,
csu (1−f)p+w−c, andcso −(w−c).
Penalty Contract (w,u): Each retailer pays the supplier

w>cfor each unit ordered. At the end of the sales
season, the supplier charges each retailer a unit penalty
priceufor 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 priceu>0.
The terms of the contract are such thatu>(w−p)+,
because otherwise, retailers’profits are maximized by
ordering no item. The retailers’and the supplier’spro-

fits are given by Equations (2)–(4), wherehi uEti[μ
i
ti
],

he uEte[μ
e
te
],cru p−w+u,cro w,csu w−u−c,

andcso −(w−c).
Rebate Contract (w,r,K): Each retailerk∈i,e{ }pays

the supplierw>cfor each unit ordered and herfixed
fee4Kk. At the end of the sales season, the supplier
offers retailers a rebate rewardr>0 for each sold item.
The terms of the contract are such thatr>(w−p)+,

because otherwise, retailers would make negative profit.
The retailers’and the supplier’sprofits are given by
Equations (2)–(4), wherehi Ki,he Ke,cru p−w+r,
cro w,csu w−r−c,andcso −(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 thatcsu cIu−c

r
uandc

s
o

cIo−c
r
o. 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, csu>0andc

s
u+c

s
o 0. Hence, all

contracts in this category satisfy the following prop-
erties:csu>0 andc

s
u+c

s
o>0, in addition toc

r
u>0 and

cro>0. Buy-back and revenue-sharing contracts
5target

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 thatcsu cIu−c

r
uand

cso cIo−c
r
o. 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 thatcso<0andc

s
u+c

s
o 0. Hence,

all contracts in this category satisfy the following
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properties:cso<0andc
s
u+c

s
o<0, in addition toc

r
u>0

andcro>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, theretailer’sper-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,csu>0,c

s
o<0,

andcsu+c
s
o 0. Hence, all contracts in this category sat-

isfy the following properties:csu≤0,c
s
o≥0, andc

s
u,c
s
o 0

simultaneously, in addition tocru>0andc
r
o>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 theretailer’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 onefirm 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., rearrangefinancialflows) without
changinginventoryriskprofiles. Note thatcsu cIu−
cruandc

s
o cIo−c

r
o. Recall that the wholesale-price

contract has properties such thatcsu>0,c
s
o<0, and

csu+c
s
o 0. Hence, all contracts in this category sat-

isfy the following properties:csu>0, c
s
o<0, and

csu+c
s
o 0, in addition tocru>0andc

r
o>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 whenfirms use a downside-protection, an upside-
protection, or a two-sided protection contract. In other
words, we also show that contracts designed only to
distributefinancialflows (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 profitim-
plications of these conditions and resulting con-
tracts. To establish these results, wefirst analyze two
benchmarks.

4. Benchmark Analysis
We consider two benchmarks by fixing the supplier’s
decision. Thefirst benchmark is obtained by assuming
that the supplierneverleaks the incumbent’s order
quantity information to the entrant. The second bench-
mark is obtained by assuming that the supplieralways
leaks this information.6A scenario can be imagined in
which strict contract terms are put in place to prevent
any leakage (corresponding to thefirst benchmark)
or another scenario in which all threefirms know
the incumbent’s demand state (corresponding to
the second benchmark). In thefirst 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

zr≜
cru
cru+c

r
o

.

The retailers’critical ratio depends on the contractT,
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 AppendixB.

Lemma 1.Under a contract T, suppose the incumbent’s
demand state is ti∈{H,L}; then,
1.The incumbent’s best response to the entrant’s order

quantity qe,q
∗
iti
(qe;zr) arg maxqi≥0Π

i
ti
(qi,qe;T), is de-

creasing7in qeand greater thanμ
i
ti
+ηF−1(zr).

The entrant’s best response to the incumbent’s order quantity
qi,q

∗
e(qi,λ;zr) arg maxqe≥0λΠ

e
H(qi,qe;T)+(1−λ)Π

e
L(qi,

qe;T)≜arg maxqe≥0Π
e(qi,qe,λ;T), is decreasing in qi,
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increasing inμiH andλ, respectively, and greater than

μeL+(1−η)F
−1(zr).

2.The incumbent’s expected profit,Πiti(qi,qe;T), is in-
creasing in qi∈[0,q

∗
iti
(qe;zr)]and decreasing in qe∈R+.

The entrant’s expected profit,Πe(qi,qe,λ;T), is increasing
in qe∈0,q

∗
e(qi,λ;zr)

[ ]
and decreasing in qi∈R+.

3.Under full information and Nash game: suppose the
entrant precisely knows the demand state ti∈{H,L}and
both retailers place their orders with the supplier simultaneously;

then, there exists a Nash equilibrium(qFiti(zr),q
F
eti
(zr)), where

qFiH(zr) q∗iH(q
F
eH(zr);zr)and q

F
eH(zr) q∗eq

F
iH(zr),1;zr
( )

,

qFiL(zr) q∗iL(q
F
eL(zr);zr) μiL+ηF

−1(zr)and

qFeL(zr) q∗eq
F
iL(zr),0;zr
( )

μeL+(1−η)F
−1(zr),

and has the following properties: qFiH(zr)>q
F
iL(zr)and

qFeH(zr)>q
F
eL(zr).

4.Under full information and Stackelberg game: suppose
the entrant precisely knows the demand state tiand the en-
trant places an order after observing the incumbent’sorder
quantity qi; then, the incumbent’s equilibrium order quantity,

qSiti(zr)≜arg maxqi≥0Π
i
ti
(qi,q

∗
e(qi,1{ti H};zr);T), has the

properties that qSiH(zr)≥q
F
iH(zr)and q

S
iL(zr) qFiL(zr), and the

entrant’s equilibrium order quantity, qSeti(zr)≜q
∗
e(q
S
iti
(zr),

1{ti H};zr), has the property that q
S
eH(zr)∈(q

F
eL(zr),q

F
eH(zr)]

and qSeL(zr) qFeL(zr).

Lemma1characterizes 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.
Noticefirst that when one of the retailers (incumbent or
entrant) orders more, the other retailer orders less as
a response. 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 ofμiti+ηF

−1(zr)
units. This amount is the optimal newsvendor order
quantity when the incumbent faces only her primary
source of demandDi. Had the incumbent not received
any spillover demand from the entrant (e.g.,aie 0), this
minimum order would have been the incumbent’sopti-
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 isμeL+(1−η)F

−1(zr).
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’sun-
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’sunfilled 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 when both 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
ti 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’sunsatisfied demand.8However, when
the incumbent’s demand state is highti H, they both
order more than what is optimal for their respective pri-
mary demand source, to compete on satisfying unfilled
(i.e., 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 highti 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 herfirst mover advantage and orders
a quantity higher than what she would have ordered
under a simultaneous move game (i.e.,qSiH(zr)≥q

F
iH(zr))

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
so, 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 that is less than what she would have ordered
under a simultaneous move game (i.e.,qSeH(zr)≤q

F
eH(zr)).

4.1. Benchmark I: Supplier Never Leaks Information
Suppose the supplier never leaks the incumbent’sorder
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.
Lemma1part 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

qNiti(zr) arg max
qi≥0

Πiti(qi,q
N
e(zr);T)when ti∈{H,L},and

qNe(zr) arg max
qe≥0

λΠeH(q
N
iH(zr),qe;T)

+(1−λ)ΠeL(q
N
iL(zr),qe;T),

which has the following properties:

1.qNiH(zr)>q
F
iH(zr)and q

N
iL(zr) qFiL(zr);

2.qNe(zr)∈(q
F
eL(zr),q

F
eH(zr)).

Recall from Lemma1part 3 that if the entrant were to
know the incumbent’s demand state, then her equilib-
rium order quantity would beqFeti(zr)whenti∈{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’shighandlowdemandstatesandchooses
an intermediate order quantityqNe(zr), which falls between
her optimal order quantities under a full information case,

that is, between(qFeL(zr),q
F
eH(zr)).Hence,anticipatingthe

entrant’s order strategy, when the demand state is high,
the incumbent orders more than her order quantity under
full information,qFiH(zr), because the entrant orders
qFeH(zr)−q

N
e(zr)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 (qNiH(zr)>q

F
iH(zr))tocap-

ture this extraflow of demand due to the entrant’sin-
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 quantityqFiL(zr), which, as we know from Lemma1
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
Lemma1,theretailers’critical ratio is a sufficient
statistic that determines nonleakage equilibrium order
quantities.

4.2. Benchmark II: 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’sdemand
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’sdemandstate.
Lemma1part 4 (i.e., Stackelberg game with full in-
formation) helps us characterize the resulting equilib-
riums for this game with asymmetric (i.e., incomplete)
information.

Theorem 2.Under a contract T, suppose the supplier always
leaks information; then, PBE exists, with the following results.
There existsμi

H
≥μiLandλ(μ

i
H)∈(0,1]forμ

i
H∈(μ

i
L,μ

i

H
),

with the property thatλ(μiH)is decreasing inμ
i
H∈(μ

i
L,μ

i

H
),

such that9

1.(Separating equilibrium) WhenμiH≥μ
i

H
,

a.The incumbent’s order quantity is given by

qAiti(zr)
qSiH(zr) when ti H,

qFiL(zr) when ti 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 qiis given by

λe(qi;zr)
1 when qi qFiL(zr),

0 when qi qFiL(zr).

{

c.The entrant’s best response to the incumbent’sorder
quantity qiis

qAe(qi;zr)
q∗e(qi,1;zr) when qi qFiL(zr),

q∗e(qi,0;zr) when qi qFiL(zr).

{

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

qAe(zr)
qSeH(zr) when qAiti(zr) qSiH(zr),

qFeL(zr) when qAiti(zr) qFiL(zr).

{

2.(Pooling equilibrium) WhenμiH∈(μ
i
L,μ

i

H
)andλ∈

(0,λ(μiH)),
a.The incumbent’s order quantity is given by

qAiti(zr) qFiL(zr),∀ti∈{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 qiis given by

λe(qi;zr)
1 when qi qFiL(zr),

λ when qi qFiL(zr).

{

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

qAe(qi;zr)
q∗e(qi,1;zr) when qi qFiL(zr),

q∗e(qi,λ;zr) when qi qFiL(zr).

{

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

qAe(zr) q∗e(q
F
iL(zr),λ;zr),

which is greater than qFeL(zr).
3.(Semiseparating equilibrium) WhenμiH∈(μ

i
L,μ

i

H
)and

λ∈[λ(μiH),1),
a.The incumbent’s order quantity is given by

qAiti(zr)

qSiH(zr)w.p.p
SSand qFiL(zr)w.p.1−p

SS

when ti H,

qFiL(zr) when ti L,

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

where pSSis a solution to the following equation

ΠiH(q
S
iH(zr),q

∗
e(q
S
iH(zr),1;zr);T)

ΠiH q
F
iL(zr),q

∗
eq
F
iL(zr),

λ(1−pSS)

λ(1−pSS)+(1−λ)
;zr

( )

;T

( )

.

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 qiis given by

λe(qi;zr)
1 when qi qFiL(zr),

λ̄ when qi qFiL(zr),

{

whereλ̄≜
λ(1−pSS)

λ(1−pSS)+(1−λ)
and is strictly smaller thanλ.

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

qAe(qi;zr)
q∗e(qi,1;zr) when qi qFiL(zr),

q∗e(qi,̄λ;zr) when qi qFiL(zr).

{

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

qAe(zr)
qSeH(zr) when qAiti(zr) qSiH(zr),

q∗e(q
F
iL(zr),̄λ;zr) when qAiti(zr) qFiL(zr),

{

which is greater than qFeL(zr).
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 ordersqAiL(zr) qFiL(zr)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,qSiH(zr)andq

F
iL(zr),respectively.In

this case, however, the incumbent can mislead the en-
trant to believe the demand state to be low by ordering
qFiL(zr)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 statesμiH−μ

i
Land (ii) the entrant’s prior belief

on the probability that the incumbent is facing a high
demand state,λ. These two factors, therefore, affect the
incumbent’s ordering strategy, leading to three types of
PBE: separating equilibrium, pooling equilibrium, and
semiseparating equilibrium. Figure1illustrates how the
market environment (specified byμiH−μ

i
Landλ)de-

fines the equilibrium type.
Consider Theorem2part 1 thefirst market scenario
in which the difference between the incumbent’s high
and low demand states is large (μiH−μ

i
L≥μ

i

H
−μiL).

When the incumbent’s demand state is high, suppose
the incumbent pretends to be in the low demand state

by orderingqFiL(zr)and thus inducing the entrant to
order less. In this case, the entrant stocks insufficient
quantities, and as a result her unsatisfied demandflows
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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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’shigh
and low demand states is high, the incumbent has in-
centive to truthfully reveal her demand state by order-
ingqSiH(zr). 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 Theorem2part 2 the second market scenario

in which the difference between the incumbent’shigh
and low demand states is small (μiH−μ

i
L<μ

i

H
−μiL)and

the entrant’s prior belief on the probability that the in-
cumbent is facing a high demand state is low (λ<λ(μiH),
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-
tityqFiL(zr). 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
orderqFiL(zr)(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 quantityqFiL(zr)
(and as a result signaling and possibly revealing her true
high demand state), the incumbent could better serve

her own primary source of demand. Note, however, that
when the difference between the incumbent’shighand
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 benefitdominatesthecostespeciallywhenthe
entrant initially believes the incumbent is unlikely to
face a high demand state (i.e.,λ<λ(μiH)). 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 quantityqFiL(zr)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’sdemandstate.Noticealsothatin
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 (i.e.,qAiti(zr) qFiL(zr)<
qSiH(zr)). However, the entrant orders more than what
she would have ordered in the separating case with
a low incumbent-demand state (i.e.,qAe(zr)>q

F
eL(zr)).

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 probabilityλ. 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.

Figure 1.Three Types of PBE WhenμeH 10,μeL 5,λ 0.5,aie 0.8,aei 0.8, ∼U[−6,6],zr 0.7
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Consider now Theorem2part 3 the third market
scenario in which the difference between the incumbent’s
high and low demand states is small (μiH−μ

i
L<μ

i

H
−μiL),

butunlikeinpart2,theentrant’s prior belief on the
probability that the incumbent is facing a high demand
state is high (λ≥λ(μiH)). 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
qFiL(zr)), 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 qFiL(zr)
regardless of her demand state (i.e., 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 (i.e., her signal) when
she faces a high demand state, that is, orderqSiH(zr)with

probabilitypSSand orderqFiL(zr)with probability 1−p
SS.

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 quantityqFiL(zr)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 fromλdown toλ̄. 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 ordersqSeH(zr)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

ordersqFiL(zr)units, the entrant cannot perfectly infer the
incumbent’s demand state. Hence, the entrant updates
her belief and ordersqAe(zr) q∗e(q

F
iL(zr),̄λ;zr)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 theqFeL(zr)).
Finally, we remark that all three types of equilibri-
ums characterized above survive the intuitive criterion,
which we discuss further in AppendixD.

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 quantityqNiti(zr)to the entrant, and (ii) the incum-
bent has no incentive to deviate from this equilibrium
orderquantity. Werefertothefirst 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 qNiti(zr)for ti∈{H,L}, the supplier has
no incentive to leak this information to the entrant:

Πsti(q
N
iti
(zr),q

A
e(q
N
iti
(zr);zr);T)

≤Πsti(q
N
iti
(zr),q

N
e(zr);T),when ti∈{H,L}, (5)

where qAe(q
N
iH(zr);zr)≥q

N
e(zr).

2.(Incumbent’s incentive compatibility condition) When
the incumbent’sdemandstateisti∈{H,L}, for the in-
cumbent’s any order quantity qi qNiti(zr), either the sup-
plier has no incentive to leak this information to the entrant,
Πsti(qi,q

A
e(qi;zr);T)≤Π

s
ti
(qi,q

N
e(zr);T), or the supplier has

incentive to leak this information to the entrant, but the incum-
bent cannot make more profit by deviating from the nonleakage
equilibrium order quantity qNiti(zr),Π

i
ti
(qi,q

A
e(qi;zr);T)≤

Πiti(q
N
iti
(zr),q

N
e(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 atleast 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’sbothhigh
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’sdemandstateishigh,soas
to be more profitablebyinducingtheentranttoorder
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’sde-
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’sbothdemandstates.
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, thefixed fee transferred between each retailerk∈
{i,e}and the supplier,hk, only affects the allocation of
financialflows between the retailer and the supplier.
However, thisfixed fee does not affect whether the non-
leakage conditions (Theorem3) hold. This result identifies
a new consequence of supply–demand mismatch—it
affectsfirms’information-sharing prerogatives, besides
affecting inventory-related costs.

Corollary 1.When the incumbent’s high demand state is
sufficiently high,μiH≥μ

i

H
, and the entrant’s demand state is

perfectly and positively correlated with the incumbent’s
demand state,λ 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’sdemandstatesifthesupplierleakedthe
incumbent’s nonleakage equilibrium order quantity.
The incumbent has no reason to deviate from the
nonleakage equilibrium as long as the supplier’sin-
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.,csu>0) and is rewarded from the supply
chain’s excess inventory (i.e.,cso −csu<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., rearrangingfinancialflows) among
firms in the supply chain. However, they do not change
eachfirm’s inventory risk profile. Therefore, a contract
that only distributesfinancialflows without proper
distribution of inventory risk amongfirms 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 amongfirms
in a supply chain, such that the supplier’sincentiveto
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’scost
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 (i.e.,cso>0); and (ii) the
supplier still incurs cost from the supply chain’sin-
ventory shortage (i.e.,csu>0). These contracts are es-
sentially downside-protection contracts withcso>0. The
second possible way to prevent information leakage is
to design contracts that shift the supplier’scostofin-
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’sin-
ventory shortage but is rewarded from it (i.e.,csu<0);
and (ii) the supplier is still rewarded from the supply
chain’s excess inventory (i.e.,cso<0). These contracts are
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essentially upside-protection contracts withcsu<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 thatcso≥0andc

s
u≤0.

10These 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 cso>0,oran
upside-protection contract with csu<0, or a two-sided pro-
tection contract.

A downside-protection contract with cso>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 withcsu<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 amongfirms, in addition to
distributingfinancialflows. 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’sprofitinEquation(4)consistsoftwo
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’sorder
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 withμiH≥μ

i

H
andλ 1(i.e.,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 defineΔOti(zr)andΔUti(zr)as the changes
in the supply chain’s excess inventory and unmet demand,
respectively, due to information leakage when the incumbent’s
demandstateisti∈{H,L}. We haveΔOH(zr)>0and
ΔUH(zr)<0when the incumbent’s demand state is high or
ΔOL(zr)<0andΔUL(zr)>0when 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 (ΔOH(zr)>0) and a decrease in the expected
amount of unsatisfied demand (ΔUH(zr)<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 ratiozr,
because retailers face customers, not the supplier.

Theorem 6.We defineγti(zr)≜|
ΔOti(zr)

ΔUti(zr)
|for ti∈{H,L}.

Then,
1.A downside-protection contract supports nonleakage

equilibrium if and only if csu/c
s
o≤γH(zr)and c

s
u/c
s
o≥γL(zr).

2.An upside-protection contract supports nonleakage
equilibrium if and only if csu/c

s
o≥γH(zr)and c

s
u/c
s
o≤γL(zr).

3.When aie aei 1, we have that every downside-
(upside-) protection contract that supports nonleakage equi-
librium has zr∈(0,zI)(zr∈(zI,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,γti(zr). We refer to this ratio as the
supply chain’scritical 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 ratiocsu/c

s
ocan 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 retailerflows to the other
retailer), these contracts cannot prevent information
leakage and at the same time coordinate the supply
chain (i.e.,zr zI). 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 eachfirm in the supply chaink∈
{i,e,s}and a given contractT, when the incumbent’s
demand state isti∈{H,L}, the expected profitis
given by

Πktil(T)≜
Πkti(q

N
iti
(zr),q

N
e(zr);T) whenl N,

Πkti(q
A
iti
(zr),q

A
e(q
A
iti
(zr);zr);T) whenl A,

{

whereNrefers to Benchmark I in Section4.1(i.e., the
supplier never leaks the information) andArefers to
Benchmark II in Section4.2(i.e., the supplier always
leaks). The supply chain’s total expected profit is given

byΠItil(T) Πitil(T)+Π
e
til
(T)+Πstil(T). The integrated

firm’s optimal expected profit, which does not depend
on a contract, is given by

ΠI,∗ti≜maxqi,qe≥0
ΠItiqi,qe
( )

,forti∈{H,L}.

In what follows, wefirst illustrate in afigure (e.g., Figure2)
the range of contract parameters that can be used to
prevent information leakage. Next, we pickfive contracts
(within thisfigure) that prevent information leakage and
reportfirms’corresponding expected profits in a table
(e.g., Table1). We also report the total supply chain’s
expected profit in the nonleakage equilibrium and com-
pare that profit with the integratedfirm’soptimal
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 setμiH 12,μiL 10,
μeH 8,μeL 6,λ 0.5,λ 0.9,η 0.6,p 1,c 0.9,
aie 0.9,aei 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 Figure2represents all buy-back
contracts that prevent information leakage (i.e., all buy-
back contracts that satisfy the conditions in Theorem3).
Recall that the main driver of information leakage is the
supply–demand mismatch. We observe that for a given
wholesale pricew, to prevent information leakage, buy-
back pricebcan neither be too low nor too high
(i.e.,b∈[bl,bh]). The lower curve represents the lowest
buy-back priceblthat allows for no information leakage
when the incumbent’s demand state ishigh. 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>bl, 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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However, this buy-back price must also be set such that
b<bhfor the supplier not to leak the information when
the incumbent’s demand state islow. 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 eachfirm’s expected profit. Among buy-back con-
tracts that fall in the shaded area of Figure2, we ran-
domly pickfive of them (marked as circles) and report
the resulting profits in Table1. Weobservethatall
leakage-proof buy-back contracts listed in Table1
capture at least 99.14% of the integratedfirm’sopti-
mal expected profit. We also remark that among all
contracts that fall into the shaded area in Figure2,abuy-
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 (i.e.,
preventing information leakage results in a small cost).

6.2. Rebate Contracts
The shaded area in Figure3represents all rebate con-
tracts that prevent information leakage. For a rebate
contract(w,r,K), thefixed fee termKkwithk∈{i,e}
only facilitates the reallocation of the supply chain’s
total profit amongfirms 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 rewardrcan
neither be too low nor too high (i.e.,r∈[rl,rh]). The
lower curve represents the lowest reward raterlthat
allows for no information leakage when the incumbent’s
demand state ishigh.Foranyrebateratewithr>rl,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 thatr<rhfor the supplier not
to leak the information when the incumbent’sdemand
state islow. 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 Figure3, we randomly pickfive of them
(marked in circles in Figure3) and report the resulting
profits in Table2. We observe that a rebate contract that
prevents information leakage is far from coordinating
the supply chain. Amongallrebate contracts that pre-
vent information leakage in Figure3(represented by
the shaded area, including thefive contracts marked with
circles), the one that achieves the highest total supply
chain expected profit,Eti[Π

I
tiN
(T)],istheonewiththe

wholesale pricew 2.13 and the rebate rater 1.73.
Under this contract, thefirms capture at most 84.79% of
the integratedfirm’s optimal expected profit,Eti[Π

I,∗
ti
].

Hence, a rebate contract that prevents information leak-
age may result infirms leaving a large amount of profiton
the table (i.e., the supply chain profitlossisashighas
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,r,K), each retailer pays the supplierw>cfor each
unit ordered and afixed feeK. At the end of the sales
season, the supplier buys back unsold inventories from
retailers at unit priceb∈(0,w)and also offers a rebate
rewardr>0 for each unit of sales. The retailers’and the
supplier’sprofits are given by Equations (2)–(4),hi Ki,
he Ke,cru p−w+r,cro w−b,csu w−r−c,and
cso b−(w−c). Recall from Section3that a two-sided
protection contract is defined to satisfy conditionscsu≤0
andcs0≥0. Therefore, we setr≥w−candb≥w−c.

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

T (w,b) ti Πitil(T) Πetil(T) Πstil(T) ΠItil(T) ΠItil(T)/Π
I,∗
ti

(0.91,0.05) H 1.04 0.47 0.15 1.66 99.39%

L 0.76 0.44 0.12 1.32 99.58%
Eti[·] 0.90 0.46 0.14 1.49 99.47%

(0.93,0.15) H 0.78 0.35 0.52 1.65 98.79%

L 0.57 0.33 0.42 1.32 99.58%

Eti[·] 0.68 0.34 0.47 1.49 99.14%
(0.95,0.30) H 0.61 0.28 0.77 1.66 99.39%

L 0.45 0.26 0.62 1.33 99.95%

Eti[·] 0.53 0.27 0.70 1.49 99.64%

(0.97,0.55) H 0.34 0.15 1.17 1.66 99.39%
L 0.25 0.14 0.93 1.32 99.58%

Eti[·] 0.30 0.15 1.05 1.49 99.47%

(0.99,0.85) H 0.11 0.05 1.49 1.65 98.79%
L 0.08 0.05 1.19 1.32 99.58%

Eti[·] 0.10 0.05 1.34 1.49 99.14%
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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 amongfirms
for buy-back and rebate combined contracts, we con-
sider a different market environment specified by
μiH 12,μiL 10,μeH 8,μeL 4,λ 0.3,λ 0.6,
η 0.7,p 1,c 0.6,aie 0.9,aei 0.9, and that is
uniformly distributed on[−5,5]. The shaded area in
Figure4represents all buy-back and rebate combined
contracts that prevent information leakage. Thefixed
feeKdoes not affect the allocation of inventory risks
amongfirms and hence does not play a role in the
supplier’s leakage decision. Therefore, we focus on the
effect ofrandbfor a family of contracts with the same

wholesale price w 0.8. We highlight four observa-
tions. First, from Figure4, we observe that buy-back
and rebate combined contracts with sufficiently high
buy-back priceband rebate rewardrprevent infor-
mation leakage. Second, from Table3, which reports
profits underfive randomly picked contracts from the
shaded area in Figure4, we observe that a buy-back
and rebate combined contract that prevents informa-
tion leakage is far from coordinating the supply chain.
Amongallcontracts that prevent information leakage
in Figure4(represented by the shaded area), the one
that achieves the highest total supply chain expected
profit,Eti[Π

I
tiN
(T)], is the one with the buy-back price

b 0.30 and the rebate rater 0.62. Under this con-
tract, thefirms capture 88.48%of the integratedfirm’s
optimal expected profit,Eti[Π

I,∗
ti
]. 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., highλ) and a larger fraction of
unfilled demand spills over to the other retailer. The
previous analysis was forλ 0.9(withaie aei 0.9)
corresponding to what we refer to as strong competition.
Here we focus on two more market environments with
a medium strength competition,λ 0.5, and weak
competition,λ 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 AppendixC. 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

Figure 3.Rebate Contracts That Prevent Information
Leakage

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

T (w,r) ti Πitil(T) Πetil(T) Πstil(T) ΠItil(T) ΠItil(T)/Π
I,∗
ti

(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%
Eti[·] 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%

Eti[·] 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%

Eti[·] 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%

Eti[·] 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%

Eti[·] 0.37 0.36 0.16 0.88 58.75%
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observations reported for the strong competition case
(i.e.,λ 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’sfi-
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 ratiozr 0.08. Results are reported in
Table4. 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

analyses also show that a downside, upside, or a 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
aunified 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
often lead 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

Figure 4.Buy-Back and Rebate Combined Contracts That
Prevent Information Leakage

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

T (w,b,r) ti Πitil(T)Π
e
til
(T)Πstil(T)Π

I
til
(T)ΠItil(T)/Π

I,∗
ti

(0.80,0.24,0.76) H 2.96 0.47 2.10 5.53 93.92%

L 1.27 1.11 1.22 3.60 83.29%
Eti[·] 2.12 0.79 1.66 4.57 89.42%

(0.80,0.34,0.56) H 3.68 0.49 1.41 5.58 94.77%

L 2.03 0.96 0.68 3.67 84.91%

Eti[·] 2.86 0.73 1.05 4.63 90.60%
(0.80,0.44,0.58) H 1.93 0.85 2.56 5.34 90.70%

L 1.88 0.60 0.90 3.38 78.20%

Eti[·] 1.91 0.73 1.73 4.36 85.41%

(0.80,0.54,0.28) H 2.53 1.24 1.74 5.51 93.58%
L 2.17 0.58 0.85 3.60 83.29%

Eti[·] 2.35 0.91 1.30 4.56 89.23%

(0.80,0.64,0.70) H 2.66 0.95 1.02 4.63 78.64%
L 0.99 0.70 0.53 2.22 51.36%

Eti[·] 1.83 0.83 0.77 3.43 67.09%
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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’sunsoldin-
ventory and unmet demand. This amendment results
in what we define asdownside-protectioncontracts. Ex-
amples of this category of contracts includebuy-back
andrevenue-sharingcontracts. 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 asupside-protectioncontracts.
Examples of this category of contracts includepenalty
andrebatecontracts. 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 astwo-sided protectioncontracts.

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)
are more 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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Table 4.Expected Profits Under Three Categories of Contracts

T Supplier’s decision ti Πitil(T) Πetil(T) Πstil(T) ΠItil(T) ΠItil(T)/Π
I,∗
ti

Buy-back
(0.96,0.50)

Never leak H 0.45 0.21 1.01 1.67 99.21%
L 0.33 0.19 0.80 1.33 99.03%

Eti[·] 0.39 0.20 0.91 1.50 99.13%

Rebate

(2.76,2.00)

Always leak H 1.23 0.26 0.19 1.67 99.55%

L 0.51 0.15 0.68 1.33 98.92%
Eti[·] 0.87 0.20 0.43 1.50 99.27%

Buy-back and

rebate combined

(2.80,0.50,2.00)

Always leak H 0.97 0.46 0.25 1.68 99.42%

L 0.38 0.36 0.60 1.33 99.17%

Eti[·] 0.67 0.41 0.42 1.50 99.31%
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Appendix A. Summary of Notation

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

∂ΠiH(qi,qe;T)

∂qi

−cru+c
r
o

( )
λPμiH+η+aeiμ

e
H+1−η
( )

−qe
( )

+≤qi
( )(

+1−λ( )PμiH+η+aeiμ
e
L+1−η
( )

−qe
( )

+≤qi
( ))

+cru.

Hence,
∂2Πi

H
(qi,qe;T)

∂qi∂qe
≤0 and

∂2Πi
H
(qi,qe;T)

∂q2
i

≤0.

Following Topkis (1998, theorem 2.8.1), the property that
∂2Πi

H
(qi,qe;T)

∂qi∂qe
≤0 implies thatq∗iH(qe;zr)is decreasing inqe.

In addition, we have

∂ΠiH(qi,qe;T)

∂qi
|qiμiH+ηF−1(zr)

−cru+c
r
o

( )
λPη −F−1(zr)

( )
+aeiμ

e
H+1−η
( )

−qe
( )

+≤0
( )(

+1−λ( )Pη −F−1(zr)
( )

+aeiμ
e
L+1−η
( )

−qe
( )

+≤0
( ))

+cru

≥−cru+c
r
o

( )
λPη −F−1(zr)

( )
≤0

( )(

+1−λ( )Pη −F−1(zr)
( )

≤0
( ))

+cru

−cru+c
r
o

( )
P −F−1(zr)≤0
( )

+cru

0.

Hence, the property that
∂2ΠiH(qi,qe;T)

∂q2
i

≤0impliesthatq∗iH(qe;zr)≥
μiH+ηF

−1(zr).

Demand Cost parameters

ti: the incumbent’s demand state,ti∈{H,L} c: supplier’s unit production cost

te: the entrant’s demand state,te∈{H,L} p: retailers’sales price
Di: the incumbent’s demand cru: retailers’unit underage cost

De: the entrant’s demand cro: retailers’unit overage cost

μiti: the incumbent’s mean demand in stateti csu: supplier’s unit underage cost
μete: the entrant’s mean demand in stateti cso: supplier’s unit overage cost

: noise term of the aggregate demand cIu: integratedfirm’s unit underage cost

F(·): cumulative distribution function of cIo: integratedfirm’s unit overage cost

λ: probability that the incumbent’s demand state is high zr: retailers’critical ratio
λ: probability that the entrant’s demand state is high

conditional on that the incumbent’s demand state is high

η: the incumbent’s market share on

aie: fraction of the incumbent’s unmet demand that
flows to the entrant

aei: fraction of the entrant’s unmet demand thatflows to

the incumbent

Decision variables

qk: retailerk‘s order quantity, wherek∈{i,e}

q∗iti(qe;zr): the incumbent’s best response to the entrant’s order quantityqe,
when the incumbent’s demand state isti

q∗e(qi,λ;zr): the entrant’s best response to the incumbent’s order quantityqi,

under the entrant’s belief that the probability that incumbent’s demand state is high isλ
qFkti(zr): retailerk‘s equilibrium order quantity in the full information scenario

when the incumbent’s demand state isti, wherek∈{i,e}andti∈{H,L}

qSiti(zr): the incumbent’s equilibrium order quantity in the Stackelberg game

when the incumbent’s demand state isti, wherek∈{i,e}andti∈{H,L}
qNiti(zr): the incumbent’s equilibrium order quantity when the incumbent’s demand state isti
given that the supplier never leaks

qNe(zr): the entrant’s equilibrium order quantity given that the supplier never leaks

qAiti(zr): the incumbent’s equilibrium order quantity when the incumbent’s demand state isti
given that the supplier always leaks

qAe(qi;zr): the entrant’s best response to the incumbent’s order quantityqiin the equilibrium

given that the supplier always leaks
λe(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 quantityqigiven that the supplier always leaks

Profit functions

ΠIti(qi,qe): the integratedfirm’s expected profit when the incumbent’s demand state isti
Πkti(qi,qe;T):firmk‘s expected profit when the incumbent’s demand state isti, wherek∈{i,e,s}
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When the incumbent’s demand state is low, we have

∂ΠiL(qi,qe;T)

∂qi

−cru+c
r
o

( )
PμiL+η+aeiμ

e
L+1−η
( )

−qe
( )

+≤qi
( )

+cru.

Hence,
∂2ΠiL(qi,qe;T)

∂qi∂qe
≤0 and

∂2ΠiL(qi,qe;T)

∂q2
i

≤0.

Following Topkis (1998, theorem 2.8.1), the property that
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−1(zr).

Now, we prove the properties of the entrant’s best re-
sponse function. We have
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Therefore, following Topkis (1998, theorem 2.8.1), we have
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We have
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For part 2, for the incumbent’sprofit function, when the

incumbent’s demand state isti∈{H,L}, following the property

that
∂Πiti
(qi,qe;T)

∂qi
≥0forqi≤q

∗
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proving part 1 of this lemma, we have thatΠiti(qi,qe;T)is
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∗
iti
(qe;zr)]. In addition, the property that

Πiti(qi,qe;T)is decreasing inqe∈R+holds since the term in
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For the entrant’s profit function, following the property

that∂Π
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+,qe}, is decreasing inqi.
For part 3, suppose the entrant precisely knows the in-

cumbent’s demand stateti∈{H,L}; then,(q
F
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(zr),q

F
eti
(zr))is

a Nash equilibrium if and only if it satisfies the conditions

qFiti(zr) arg max
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(zr);T),
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qe≥0
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F
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(zr),qe;T).
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Following the properties that
∂2Πiti

(qi,qe;T)

∂q2
i

≤0 and
∂2Πeti

(qi,qe;T)

∂q2e
≤0,

(qFiti(zr),q
F
eti
(zr))needs to be solutions to the following

equations

∂Πiti(qi,q
F
eti
(zr);T)

∂qi

⃒
⃒
⃒
⃒
qiqFiti

(zr)

0,

∂Πeti(q
F
iti
(zr),qe;T)

∂qe

⃒
⃒
⃒
⃒
qe qFeti

(zr)

0.

If we renameqiasq1andqeasq2, 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(qFiti(zr),q

F
eti
(zr))exists.

Now, we show that when the incumbent’s demand state
is low, one Nash equilibrium takes the formqFiL(zr) μiL+
ηF−1(zr)andq

F
eL(zr) μeL+(1−η)F

−1(zr). This holds since

∂ΠiL(qi,q
F
eL(zr);T)

∂qi

⃒
⃒
⃒
qiqFiL(zr)

−(cru+c
r
o)Pη −F−1(zr)

( )
+aei(1−η) −F

−1(zr)
( )

+≤0
( )

+cru

−(cru+c
r
o)P −F−1(zr)≤0
( )

+cru
0,

and

∂ΠeL(q
F
iL(zr),qe;T)

∂qe

⃒
⃒
⃒
⃒
qe qFeL(zr)

−(cru+c
r
o)P(1−η) −F

−1(zr)
( )

+aieη −F−1(zr)
( )

+≤0
( )

+cru

−(cru+c
r
o)P −F−1(zr)≤0
( )

+cru
0.

In addition, following part 1 in this lemma thatq∗iH(qe;zr)≥

μiH+ηF
−1(zr)and the assumption thatμ

i
H>μ

i
L, we have

qFiH(zr)>q
F
iL(zr). Following the proof of part 1 in this lemma

thatq∗e(qi,1;zr)>μ
e
L+(1−η)F

−1(zr), we haveq
F
eH(zr)>q

F
eL(zr).

For part 4, forti∈{H,L}and anyqi≤q
F
iti
(zr), we have

Πiti(qi,q
∗
e(qi,1{ti H};zr);T)≤Π

i
ti
(qi,q

∗
e(q
F
iti
(zr),1{ti H};zr);T)

Πiti(qi,q
F
eti
(zr);T)≤Π

i
ti
(qFiti(zr),q

F
eti
(zr);T) Πiti(q

F
iti
(zr),q

∗
e(q
F
iti
(zr),

1{ti H};zr);T),where thefirst inequality follows parts 1

and 3 of this lemma thatqi≤q
F
iL(zr) μiL+ηF

−1(zr)<μ
i
H+

ηF−1(zr)≤q
F
iH(zr), part 1 of this lemma thatq

∗
e(qi,λ;zr)is

decreasing inqi, and part 2 of this lemma thatΠ
i
ti
(qi,qe;T)is

decreasing inqe, thefirst and the second equalities follow the

property thatq∗e(q
F
iti
(zr),1{ti H};zr) qFeti(zr), the second in-

equality follows the property thatqFiti(zr) q∗iti(q
F
eti
(zr);zr).

Therefore,qSiti(zr)≥q
F
iti
(zr).

Now, we analyze the scenario thatti L. Recall from part 1
of this lemma thatq∗e(qi,0;zr)≥q

F
eL(zr). For anyqi, we have

ΠiL(qi,q
∗
e(qi,0;zr);T)≤Π

i
L(qi,q

F
eL(zr);T)≤Π

i
L(q
F
iL(zr),q

F
eL(zr);T)

ΠiL(q
F
iL(zr),q

∗
e(q
F
iL(zr),0;zr);T),where the first inequality fol-

lows part 1 of this lemma thatq∗e(qi,0;zr)≥q
F
eL(zr)and part 2 of

this lemma thatΠiL(qi,qe;T)is decreasing inqe, the second
inequality follows part 3 of this lemma thatqFiL(zr)
q∗iL(q

F
eL(zr);zr), the equality follows part 3 of this lemma that

q∗e(q
F
iL(zr),0;zr) q

F
eL(zr). Therefore,q

S
iL(zr) q

F
iL(zr).

Next, we analyzeqSeti(zr). Whenti H, following the proof
of part 1 of this lemma, we haveqSeH(zr) q∗e(q

S
iH(zr),1;zr)>

μeL+(1−η)F
−1(zr) qFeL(zr). In addition, following part 1 of

this lemma thatq∗e(qi,1;zr)is decreasing inqiand the result
proved in this part thatqSiH(zr)≥q

F
iH(zr), we haveq

S
eH(zr)

q∗e(q
S
iH(zr),1;zr)≤q

∗
e(q
F
iH(zr),1;zr) qFeH(zr). Whenti L, fol-

lowing Lemma1part 3, we haveqSeL(zr) q∗e(q
S
iL(zr),0;zr)

q∗e(q
F
iL(zr),0;zr) qFeL(zr).□

Proof of Theorem 1.Define the entrant’s profit function

ΠeN(qiH,qiL,qe;T)≜λΠ
e
H(qiH,qe;T)+(1−λ)Π

e
L(qiL,qe;T).

We have that (qNiH(zr),q
N
iL(zr),q

N
e(zr))is a Bayesian Nash equi-

librium if and only if it satisfies the conditions

qNiH(zr) arg max
qiH≥0

ΠiH(qiH,q
N
e(zr);T),

qNiL(zr) arg max
qiL≥0

ΠiL(qiL,q
N
e(zr);T),

qNe(zr) arg max
qe≥0

ΠeN(q
N
iH(zr),q

N
iL(zr),qe;T).

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

∂ΠiH(qiH,qe;T)

∂qiH

−cru+c
r
o

( )
λPμiH+η+aeiμ

e
H+1−η
( )

−qe
( )

+≤qiH
( )(

+1−λ( )PμiH+η+aeiμ
e
L+1−η
( )

−qe
( )

+≤qiH
( ))

+cru.

Hence,
∂Πi
H
(qiH,qe;T)

∂qiH
is decreasing inqiH.

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

∂ΠiL(qiL,qe;T)

∂qiL

−cru+c
r
o

( )
PμiL+η+aeiμ

e
L+1−η
( )

−qe
( )

+≤qiL
( )

+cru.

Hence,
∂ΠiL(qiL,qe;T)

∂qiL
is decreasing inqiL.

For the entrant’s profit function, we have

∂ΠeN qiH,qiL,qe;T
( )

∂qe

−cru+c
r
o

( )
λλPμeH+1−η

( )
+aieμ

i
H+η−qiH
( )

+≤qe
( )(

+λ1−λ( )PμeL+1−η
( )

+aieμ
i
H+η−qiH
( )

+≤qe
( )

+1−λ( )PμeL+1−η
( )

+aieμ
i
L+η−qiL
( )

+≤qe
( ))

+cru.

Hence,
∂Πe
N
qiH,qiL,qe( )
∂qe

is decreasing inqe.
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Following above properties that
∂Πi
H
(qiH,qe;T)

∂qiH
is decreasing in

qiH,
∂Πi
L
(qiL,qe;T)

∂qiL
is decreasing inqiL, and

∂Πe
N
qiH,qiL,qe( )
∂qe

is decreasing

inqe,(q
N
iH(zr),q

N
iL(zr),q

N
e(zr))needs to be solutions to following

equations

∂ΠiH(qiH,q
N
e(zr);T)

∂qiH

⃒
⃒
⃒
⃒
qiHqNiH(zr)

0,

∂ΠiL(qiL,q
N
e(zr);T)

∂qiL

⃒
⃒
⃒
⃒
qiLq

N
iL
(zr)

0,

∂ΠeN(q
N
iH(zr),q

N
iL(zr),qe;T)

∂qe

⃒
⃒
⃒
⃒
qe qNe(zr)

0.

If we renameqiHasq1,qiLadq2, andqeasq3, 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(qNiH(zr),q

N
iL(zr),q

N
e(zr)).

Now, we characterize the properties of the Bayesian Nash
equilibrium. We proceed in the following steps.
Step1: we show thatqNe(zr)>q

F
eL(zr).

We have

∂ΠeN q
N
iH(zr),q

N
iL(zr),qe;T

( )

∂qe

⃒
⃒
⃒
⃒
⃒
qe qFeL(zr)

−cru+c
r
o

( )
λλPμeH+1−η

( )((

+aieμ
i
H+η−q

N
iH(zr)

( )
+≤qFeL(zr)

)

+λ1−λ( )PμeL+1−η
( )(

+aieμ
i
H+η−q

N
iH(zr)

( )
+≤qFeL(zr))

+1−λ( )PμeL+1−η
( )(

+aieμ
i
L+η−q

N
iL(zr)

( )
+≤qFeL(zr))) +c

r
u

≥−cru+c
r
o

( )
λλPμeH+1−η

( )
≤qFeL(zr)

( )(

+λ1−λ( )PμeL+1−η
( )

≤qFeL(zr)
( )

+1−λ( )PμeL+1−η
( )

≤qFeL(zr)
( ))

+cru

−cru+c
r
o

( )
λλPμeH−μ

e
L+1−η
( )

−F−1(zr)
( )

≤0
( )(

+λ1−λ( )P1−η
( )

−F−1(zr)
( )

≤0
( )

+1−λ( )P1−η
( )

−F−1(zr)
( )

≤0
( ))

+cru

>−cru+c
r
o

( )
λλP1−η

( )
−F−1(zr)

( )
≤0

( )(

+λ1−λ( )P1−η
( )

−F−1(zr)
( )

≤0
( )

+1−λ( )P1−η
( )

−F−1(zr)
( )

≤0
( ))

+cru

−cru+c
r
o

( )
P −F−1(zr)≤0
( )

+cru

0.

Because
∂Πe
N
qiH,qiL,qe( )
∂qe

is decreasing inqe,wehaveq
N
e(zr)>q

F
eL(zr).

Step2: we show thatqNiL(zr) qFiL(zr).
We have

∂ΠiL(qiL,q
N
e(zr);T)

∂qiL

⃒
⃒
⃒
⃒
qiLqFiL(zr)

−cru+c
r
o

( )
PμiL+η+aeiμ

e
L+1−η
( )

−qNe(zr)
( )

+
(

≤qFiL(zr)
)
+cru

−cru+c
r
o

( )
Pη −F−1(zr)
( )

+aeiμ
e
L+1−η
( )((

−qNe(zr)
)
+≤0
)
+cru

−cru+c
r
o

( )
Pη −F−1(zr)
( )

≤0
( )

+cru
0,

where the third equality follows the property thatqNe(zr)>
qFeL(zr) μeL+(1−η)F

−1(zr). Therefore,q
N
iL(zr) qFiL(zr).

Step3: we show thatqNiH(zr)>q
F
iH(zr)andq

N
e(zr)<q

F
eH(zr).

DefineΔi≜q
F
iH(zr)−q

N
iH(zr)andΔe≜q

N
e(zr)−q

F
eH(zr). In the

Bayesian Nash equilibrium, we have

∂ΠiH(qiH,q
N
e(zr);T)

∂qiH

⃒
⃒
⃒
⃒
qiHq

N
iH
(zr)

−cru+c
r
o

( )
λPμiH+η+aeiμ

e
H+1−η
( )

−qNe(zr)
( )

+
((

≤qNiH(zr)
)
+1−λ( )PμiH+η

(

+aeiμ
e
L+1−η
( )

−qNe(zr)
( )

+≤qNiH(zr)
))
+cru

−cru+c
r
o

( )
λPμiH+η+aeiμ

e
H+1−η
( )(((

−qFeH(zr)−Δe
)
+≤qFiH(zr)−Δi

)

+1−λ( )PμiH+η+aeiμ
e
L+1−η
( )((

−qFeH(zr)−Δe
)
+≤qFiH(zr)−Δi

))
+cru

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

∂ΠiH(qiH,q
F
e(zr);T)

∂qiH

⃒
⃒
⃒
⃒
qiHqFiH(zr)

−cru+c
r
o

( )
λPμiH+η+aeiμ

e
H+1−η
( )(((

−qFeH(zr)
)
+≤qFiH(zr)

)

+1−λ( )PμiH+η+aeiμ
e
L+1−η
( )

−qFeH(zr)
( )

+
(

≤qFiH(zr)
))
+cru

0.

Therefore, the two equilibrium conditions above imply that
eitherΔi Δe 0, orΔi>0 andΔe>0, orΔi<0 andΔe<0.
Now, we prove thatΔi>0 andΔe>0. We prove by using

the contradiction argument. SupposeΔi≥0. Following the
property that for a∈(0,1)and Δ≥0, (x−Δ)−a(b−
(y+Δ))+≤(x−Δ)−a(b−y)++aΔ≤x−a(b−y)+, we have
Δe≥Δi.
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Therefore, we have

∂ΠeN q
N
iH(zr),q

N
iL(zr),qe;T

( )

∂qe

⃒
⃒
⃒
⃒
⃒
qe qNeL(zr)

−cru+c
r
o

( )
λλPμeH+1−η

( )((

+aieμ
i
H+η−q

N
iH(zr)

( )
+≤qNe(zr)

)

+λ1−λ( )PμeL+1−η
( )

+aieμ
i
H+η−q

N
iH(zr)

( )
+

(

≤qNe(zr)
)

+1−λ( )PμeL+1−η
( )

+aieμ
i
L+η−q

N
iL(zr)

( )
+

(

≤qNe(zr)
))
+cru

−cru+c
r
o

( )
λλPμeH+1−η

( )((

+aieμ
i
H+η−q

F
iH(zr)+Δi

( )
+≤qFeL(zr)+Δe

)

+λ1−λ( )PμeL+1−η
( )(

+aieμ
i
H+η−q

F
iH(zr)+Δi

( )
+≤qFeL(zr)+Δe

)

+1−λ( )PμeL+1−η
( )

+aieμ
i
L+η−q

F
iL(zr)

( )
+

(

≤qNe(zr)
))
+cru

≤−cru+c
r
o

( )
λλPμeH+1−η

( )((

+aieμ
i
H+η−q

F
iH(zr)

( )
+≤qFeL(zr)

)

+λ1−λ( )PμeL+1−η
( )

+aieμ
i
H+η−q

F
iH(zr)

( )
+

(

≤qFeL(zr)
)
+1−λ( )PμeL+1−η

( )
+aieμ

i
L+η−q

F
iL(zr)

( )
+

(

≤qNe(zr)
))
+cru<−c

r
u+c

r
o

( )
λλPμeH+1−η

( )((

+aieμ
i
H+η−q

F
iH(zr)

( )
+≤qFeL(zr)

)
+λ1−λ( )PμeL+1−η

( )(

+aieμ
i
H+η−q

F
iH(zr)

( )
+≤qFeL(zr)

)
+1−λ( )PμeL+1−η

( )(

+aieμ
i
L+η−q

F
iL(zr)

( )
+≤qFeL(zr)

))
+cru

−cru+c
r
o

( )
(λzr+(1−λ)zr)+c

r
u 0.

Thefirst inequality follows the property that fora∈(0,1)
andΔe≥Δi,(x+Δe)−a(b−(y−Δi))

+≥(x+Δe)−a(b−y)
+−

aΔi≥x−a(b−y)
+. The second inequality follows the prop-

erty thatqNe(zr)>q
F
eL(zr).

This result contradicts the property that
∂Πe
N
qN
iH
(zr),q

N
iL
(zr),qe;T( )

∂qe

⃒
⃒
⃒
⃒
qe qNeL(zr)

0. Therefore,Δi>0 andΔe>0, i.e.,

qNiH(zr)>q
F
iH(zr)andq

N
e(zr)<q

F
eH(zr).□

Proof of Theorem 2.The thresholds on the market state and
its likelihood, i.e.,μi

H
andλ(μiH), are defined as follows:

μi
H
≜min μiH≥μ

i
L:Π

i
H(q

S
iH(zr),q

∗
e(q
S
iH(zr),1;zr);T)

{

≥ΠiH(q
F
iL(zr),q

∗
e(q
F
iL(zr),0;zr);T)

}
,

λ(μiH)≜min λe∈(0,1]:Π
i
H(q

S
iH(zr),q

∗
e(q
S
iH(zr),1;zr);T)

{

ΠiH(q
F
iL(zr),q

∗
e(q
F
iL(zr),λe;zr);T)

}
,∀μiH∈(μ

i
L,μ

i

H
),

We begin with proving the following results that are used
in this proof.
First, we show that

qFiL(zr) arg max
qi∈[0,qFiL(zr)]

Πiti(qi,q
∗
e(qi,λ;zr);T),∀ti∈{H,L},λ∈[0,1].

For anyqi∈[0,q
F
iL(zr)], we haveΠ

i
ti
(qi,q

∗
e(qi,λ;zr);T)≤

Πiti(qi,q
∗
e(q
F
iL(zr),λ;zr);T)≤Π

i
ti
(qFiL(zr),q

∗
e(q
F
iL(zr),λ;zr);T),where

thefirst inequality follows the conditionqi≤q
F
iL(zr), Lemma1

part 1 thatq∗e(qi,λ;zr)is decreasing inqi, and Lemma1part 2

thatΠiti(qi,qe;T)is decreasing inqe, the second inequality

follows Lemma1part 1 thatΠiti(qi,qe;T)is increasing in
qi∈[0,q

F
iL(zr)].

Second, we define

ΔiH(μ
i
H,λ)≜Π

i
H(q

S
iH(zr),q

∗
e(q
S
iH(zr),1;zr);T)−Π

i
Hq

F
iL(zr),
(

q∗e(q
F
iL(zr),λ;zr);T

)
.

We show that ΔiH(μ
i
H,λ)is increasing inμ

i
H andλ, respec-

tively. Consider̂μiH>μ
i
H. In the proof below, all notation with

‘hat’is associated with the environment that the incumbent’s

average demand iŝμiHwhen her demand state is high. We have

ΔiH(̂μ
i
H,λ)

≥Π̂iH(̂μ
i
H−μ

i
H+q

S
iH(zr),̂q

∗
e(̂μ
i
H−μ

i
H+q

S
iH(zr),1;zr);T)

−Π̂iH(q
F
iL(zr),̂q

∗
e(q
F
iL(zr),λ;zr);T)

≥Π̂iH(̂μ
i
H−μ

i
H+q

S
iH(zr),̂q

∗
e(̂μ
i
H−μ

i
H+q

S
iH(zr),1;zr);T)

−Π̂iH(q
F
iL(zr),q

∗
e(q
F
iL(zr),λ;zr);T)

Π̂iH(̂μ
i
H−μ

i
H+q

S
iH(zr),q

∗
e(q
S
iH(zr),1;zr);T)

−Π̂iH q
F
iL(zr),
(

q∗e(q
F
iL(zr),λ;zr);T

)

μ̂iH−μ
i
H+Π

i
H(q

S
iH(zr),q

∗
e(q
S
iH(zr),1;zr);T)

−Π̂iH q
F
iL(zr),
(

q∗e(q
F
iL(zr),λ;zr);T

)

≥ΠiH(q
S
iH(zr),q

∗
e(q
S
iH(zr),1;zr);T)

−ΠiHq
F
iL(zr),
(

q∗e(q
F
iL(zr),λ;zr);T

)
ΔiH(μ

i
H,λ),

where the second inequality follows Lemma1part 1 that
q∗e(qi,λ;zr)is increasing inμ

i
H and Lemma1part 2 that

ΠiH(qi,qe;T)is decreasing inqe, thefirst equality follows the

property that
∂̂Πe
H
(̂μi
H
−μi
H
+qi,qe;T)

∂qe

∂Πe
H
(qi,qe;T)

∂qe
and the result that

immediately follows this property that̂q∗e(̂μ
i
H−μ

i
H+q

S
iH(zr),1;

zr) q∗e(q
S
iH(zr),1;zr), the second equality follows the prop-

erty thatΠ̂iH(̂μ
i
H−μ

i
H+qi,qe;T) μ̂iH−μ

i
H+Π

i
H(qi,qe;T), the

third inequality follows the property that̂ΠiH(qi,qe;T)≤̂μ
i
H−

μiH+Π
i
H(qi,qe;T). Therefore,Δ

i
H(μ

i
H,λ)is increasing inμH.

For anyλ,λ̂∈[0,1]with λ<λ̂, we haveΠiH(q
F
iL(zr),

q∗e(q
F
iL(zr),̂λ;zr);T)≤Π

i
H(q

F
iL(zr),q

∗
e(q
F
iL(zr),λ;zr);T),where the

inequality follows Lemma1part 1 thatq∗e(qi,λ;zr)is in-

creasing inλand Lemma1part 2 thatΠiH(qi,qe;T)is de-

creasing inqe. Therefore,Δ
i
H(μ

i
H,λ)is increasing inλ.

Third, we show that whenμiH>q
F
iL(zr)−η,Δ

i
H(μ

i
H,λ)≥0.

Define

Π̃iH qi;T
( )

≜cru+c
r
o

( )
E min Di,qi

{ }
|ti H

[ ]
−croqi−h

i

to be the incumbent’s expected profit derived from serving
her own market when the incumbent’s demand state is high.
Defineq̃∗iH(zr)≜arg maxqi≥0Π̃

i
H qi;T
( )

.
When μiH>q

F
iL(zr)−η, we have

ΔiH(μ
i
H,λ) ΠiH(q

S
iH(zr),q

∗
e(q
S
iH(zr);zr),1;T)

−ΠiH(q
F
iL(zr),q

∗
e(q
F
iL(zr),λ;zr);T)

ΠiH(q
S
iH(zr),q

∗
e(q
S
iH(zr),1;zr);T)−̃Π

i
H(q

F
iL(zr);T)

≥ΠiH(̃q
∗
iH(zr),q

∗
e(̃q
∗
iH(zr),1;zr);T)−̃Π

i
H(q

F
iL(zr);T)

≥Π̃iH(̃q
∗
iH(zr);T)−̃Π

i
H(q

F
iL(zr);T)≥0,
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where the second equality follows the property that the
conditionμiH>q

F
iL(zr)−η implies thatq

F
iL(zr)<μ

i
H+η for

all ∈[,̄], the second inequality follows the property that
ΠiH(qi,qe;T)≥Π̃

i
H(qi;T).

Fourth, following the second property proved in this
theorem above thatΔiH(μ

i
H,0)is increasing inμ

i
H, and the

third property proved in this theorem above thatΔiH(μ
i
H,0)≥

0 whenμiHis large enough, there existsμ
i

H
≥μiL, such that

μi
H
≜min μiH≥μ

i
L:Δ

i
H(μ

i
H,0)≥0

{ }
.

Therefore, for anyμiH∈(μ
i
L,μ

i

H
),ΔiH(μ

i
H,0)<0, and for any

μiH≥μ
i

H
,ΔiH(μ

i
H,0)≥0.

Fifth, following the property thatΔiH(μ
i
H,1) ΠiH(q

S
iH(zr),

q∗e(q
S
iH(zr),1;zr);T)−Π

i
H(q

F
iL(zr),q

∗
e(q
F
iL(zr),1;zr);T)≥0, when

μiH∈(μ
i
L,μ

i

H
), becauseΔiH(μ

i
H,0)<0, there existsλ(μ

i
H)∈

(0,1], such that

λ(μiH)≜min λe∈(0,1]:Δ
i
H(μ

i
H,λe) 0

{ }
.

Therefore, following the second property proved in this
theorem above thatΔiH(μ

i
H,λe)is increasing inλe, we have

that for anyλe<λ(μ
i
H),Δ

i
H(μ

i
H,λe)<0, and for anyλe≥λ(μ

i
H),

ΔiH(μ
i
H,λe)≥0.

In addition, forμiH,̂μ
i
H∈(μ

i
L,μ

i

H
)with μiH<μ̂

i
H, for any

λe>λ(μ
i
H), we haveΔ

i
H(̂μ

i
H,λe)≥Δ

i
H(μ

i
H,λ(μ

i
H)) ≥0, where

thefirst inequality follows the second property proved in this

theorem thatΔiH(μ
i
H,λe)is increasing inμ

i
H andλe, respec-

tively. Therefore,λ(̂μiH)≤λ(μ
i
H), i.e.,λ(μ

i
H)is decreasing in

μiH∈(μ
i
L,μ

i

H
).

Now, we use above results to prove this theorem.
Case1: we show that whenμiH≥μ

i

H
, 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 λe(qi;zr)
1 whenqi qFiL(zr)

0 whenqi qFiL(zr)

{

, the entrant’sbestresponseisgivenby

qAe(qi;zr) q
∗
e(qi,λe(qi;zr);zr)

q∗e(qi,1;zr) whenqi q
F
iL(zr)

q∗e(qi,0;zr) whenqi q
F
iL(zr)

{

.

Second, we compute the incumbent’s equilibrium order
quantity given the entrant’s best response functionqAe(qi;zr)
q∗e(qi,λe(qi;zr);zr). When the incumbent’s demand state is
high, we have

max
qi≥0
ΠiH(qi,q

A
e(qi;zr);T) max max

qi>qFiL(zr)
ΠiH(qi,q

∗
e(qi,1;zr);T),

{

max
qi∈[0,qFiL(zr))

ΠiH(qi,q
∗
e(qi,0;zr);T)

}

maxΠiH(q
S
iH(zr),q

∗
e(q
S
iH(zr),1;zr);T),

{

ΠiH(q
F
iL(zr),q

∗
e(q
F
iL(zr),0;zr);T)

}

ΠiH(q
S
iH(zr),q

∗
e(q
S
iH(zr),1;zr);T),

where the second equality follows the property proved in
thefirst step of this proof that for anyλe∈[0,1],q

F
iL(zr)

arg maxqi∈[0,qFiL(zr)]
Πiti(qi,q

∗
e(qi,λe;zr);T)and Lemma1part 4

thatqSiH(zr)>q
F
iL(zr), the third equality follows the fourth

property proved in this theorem above that whenμiH≥μ
i

H
,

ΔiH(μ
i
H,0)≥0. Therefore,q

A
iH(zr) qSiH(zr).

When the incumbent’s demand state is low, for anyqi≥0,
we haveΠiL(qi,q

A
e(qi;zr);T) Π

i
L(qi,q

∗
e(qi,λe(qi;zr);zr);T)≤Π

i
L

(qi,q
F
eL(zr);T)≤Π

i
L(q
F
iL(zr),q

F
eL(zr);T) Π

i
L(q
F
iL(zr),q

A
e(q
F
iL(zr);zr);

T),where thefirst inequality follows Lemma1part 1 that

q∗e(qi,λe(qi;zr);zr)≥q
F
eL(zr),andLemma1part 2 thatΠ

i
L(qi,

qe;T)is decreasing inqe, the second inequality follows the

property thatqFiL(zr) q∗iL(q
F
eL(zr);zr). Therefore,q

A
iL(zr) qFiL(zr).

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

λe(qi;zr)
1 whenqi qFiL(zr)

0 whenqi qFiL(zr)

{

, satisfies Bayes’rule.

We have

λe(q
S
iH(zr);zr)

λ·Prob(qAiti(zr) qSiH(zr)|ti H)

λ·Prob(qAiti(zr) qSiH(zr)|ti H)

+(1−λ)·Prob(qAiti(zr) qSiH(zr)|ti L)

λ

λ
1,

and

λe(q
F
iL(zr);zr)

λ·Prob(qAiti(zr) qFiL(zr)|ti H)

λ·Prob(qAiti(zr) qFiL(zr)|ti H)

+(1−λ)·Prob(qAiti(zr) qFiL(zr)|ti L)

0

1−λ
0.

Case2: we show that whenμiH∈(μ
i
L,μ

i

H
)andλ∈(0,λ(μiH)),

there exists a pooling equilibrium, as characterized in this

theorem.
First, when the entrant’s posterior belief about the incumbent’s

demand state is given byλe(qi;zr)
1 when qi qFiL(zr)

λ when qi qFiL(zr)

{

,

the entrant’s best response is given byqAe(qi;zr) q∗e(qi,

λe(qi;zr);zr)
q∗e(qi,1;zr) whenqi qFiL(zr)

q∗e(qi,λ;zr) whenqi qFiL(zr)

{

.

Second, we compute the incumbent’s equilibrium order
quantity given the entrant’s best response functionqAe(qi;zr)
q∗e(qi,λe(qi;zr);zr). When the incumbent’s demand state is high,
we have

max
qi≥0
ΠiH(qi,q

A
e(qi;zr);T)

max max
qi>qFiL(zr)

ΠiH(qi,q
∗
e(qi,1;zr);T),

{

max
qi∈[0,qFiL(zr))

ΠiH(qi,q
∗
e(qi,λ;zr);T)

}

maxΠiH(q
S
iH(zr),q

∗
e(q
S
iH(zr),1;zr);T),

{

ΠiH(q
F
iL(zr),q

∗
e(q
F
iL(zr),λ;zr);T)

}

ΠiH(q
F
iL(zr),q

∗
e(q
F
iL(zr),λ;zr);T),

where the second equality follows the property proved in

thefirst step of this proof that for anyλe∈[0,1],q
F
iL(zr)

arg maxqi∈[0,qFiL(zr)]
Πiti(qi,q

∗
e(qi,λe;zr);T)and Lemma1part 4

thatqSiH(zr)>q
F
iL(zr), the third equality follows the property

proved in thefifth step of this proof that whenμiH∈(μ
i
L,μ

i

H
)

andλ<λ(μiH),Δ
i
H(μ

i
H,λ)<0. Therefore,q

A
iH(zr) qFiL(zr).
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When the incumbent’s demand state is low, for anyqi≥0,

we have ΠiL(qi,q
A
e(qi;zr);T) ΠiL(qi,q

∗
e(qi,λe(qi;zr);zr);T)≤

ΠiL(qi,q
F
eL(zr);T)≤Π

i
L(q
F
iL(zr),q

F
eL(zr);T) ΠiL(q

F
iL(zr),q

∗
e(q
F
iL(zr),

λ;zr);T) ΠiL(q
F
iL(zr),q

A
e(q
F
iL(zr);zr);T),where the first in-

equality follows Lemma1part 1 thatq∗e(qi,λe(qi;zr);zr)≥

qFeL(zr)and Lemma1part 2 thatΠ
i
L(qi,qe;T)is decreasing in

qe, the second inequality follows the property thatq
F
iL(zr)

q∗iL(q
F
eL(zr);zr), the second equality follows the property that

when qFiL(zr)>μ
i
L+η,q

∗
e(q
F
iL(zr),λ;zr)≥q

F
eL(zr)>μ

e
L+(1−η),

i.e., the incumbent cannot steal the entrant’s demand when
the entrant’sorderquantityisq∗e(q

F
iL(zr),λ;zr)orq

F
eL(zr).There-

fore,qAiL(zr) q
F
iL(zr).

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

λe(qi;zr)
1 whenqi qFiL(zr)

λ whenqi qFiL(zr)

{

, satisfies Bayes’rule.

We have

λe(q
F
iL(zr);zr)

λ·Prob(qAiti(zr) qFiL(zr)|ti H)

λ·Prob(qAiti(zr) qFiL(zr)|ti H)

+(1−λ)·Prob(qAiti(zr) qFiL(zr)|ti L)

λ

λ+(1−λ)
λ.

Case3: we show that whenμiH∈(μ
i
L,μ

i

H
)andλ∈[λ(μiH),1),

there exists a semi-separating equilibrium, as characterized
in this theorem. For notational clarity purpose, we define

λSS≜ λ(1−pSS)
λ(1−pSS)+(1−λ)

.

First, when the entrant’s posterior belief about the incumbent’s

demand state is given byλe(qi;zr)
1 whenqi qFiL(zr)

λSS whenqi qFiL(zr)

{

,

the entrant’s best response is given byqAe(qi;zr)

q∗e(qi,λe(qi;zr);zr)
q∗e(qi,1;zr) whenqi qFiL(zr)

q∗e(qi,λ
SS;zr) whenqi qFiL(zr)

{

.

Second, we compute the incumbent’s equilibrium order
quantity given the entrant’s best response functionqAe(qi;zr)
q∗e(qi,λe(qi;zr);zr). When the incumbent’s demand state is
high, we have

max
qi≥0
ΠiH(qi,q

A
e(qi;zr);T)

max max
qi>qFiL(zr)

ΠiH(qi,q
∗
e(qi,1;zr);T),

{

max
qi∈[0,qFiL(zr))

ΠiH
(
qi,q

∗
e

(
qi,λ

SS;zr
)
;T
)
}

max ΠiH(q
S
iH(zr),q

∗
e(q
S
iH(zr),1;zr);T),

{

ΠiH
(
qFiL(zr),q

∗
e

(
qFiL(zr),λ

SS;zr
)
;T
)}
,

where the second equality follows the property proved in

thefirst step of this proof that for anyλe∈[0,1],q
F
iL(zr)

arg maxqi∈[0,qFiL(zr)]
Πiti(qi,q

∗
e(qi,λe;zr);T)and Lemma1part 4

thatqSiH(zr)>q
F
iL(zr). Therefore,q

A
iH(zr) {qSiH(zr),q

F
iL(zr)}.

When the incumbent’s demand state is low, for anyqi≥0,

we haveΠiL(qi,q
A
e(qi;zr);T) ΠiL(qi,q

∗
e(qi,λe(qi;zr);zr);T)≤

ΠiL(qi,q
F
eL(zr);T)≤Π

i
L(q
F
iL(zr),q

F
eL(zr);T) ΠiLq

F
iL(zr),q

∗
e(q
F
iL(zr),

(

λSS;zr);T) ΠiL(q
F
iL(zr),q

A
e(q
F
iL(zr);zr);T),where the first

inequality follows Lemma1part 1 thatq∗e(qi,λe(qi;zr);zr)≥
qFeL(zr)and Lemma1part 2 thatΠ

i
L(qi,qe;T)is decreasing

inqe, the second inequality follows the property thatq
F
iL(zr)

q∗iL(q
F
eL(zr);zr), the second equality follows the property that

when qFiL(zr)>μ
i
L+η,q

∗
e(q
F
iL(zr),λ

SS;zr)≥q
F
eL(zr)>μ

e
L+

(1−η), i.e., the incumbent cannot steal the entrant’sdemand
when the entrant’sorderquantityisq∗e(q

F
iL(zr),λ

SS;zr)orq
F
eL(zr).

Therefore,qAiL(zr) qFiL(zr).
Third, we verify that the entrant’s posterior belief function,

λe(qi;zr)
1 whenqi qFiL(zr)

λ whenqi qFiL(zr)

{

, satisfies Bayes’rule.

We have

λe(q
S
iH(zr);zr)

λ·Prob(qAiti(zr) qSiH(zr)|ti H)

λ·Prob(qAiti(zr) qSiH(zr)|ti H)

+(1−λ)·Prob(qAiti(zr) qSiH(zr)|ti L)

λp

λp
1,

and

λe(q
F
iL(zr);zr)

λ·Prob(qAiti(zr) qFiL(zr)|ti H)

λ·Prob(qAiti(zr) qFiL(zr)|ti H)

+(1−λ)·Prob(qAiti(zr) qFiL(zr)|ti L)

λ(1−p)

λ(1−p)+(1−λ)
.

Finally, we prove that all three types of equilibriums
characterized in Theorem2survive the intuitive criterion.
Consider the incumbent’s any order quantityqithat is off the
equilibrium path, i.e.,qi∈R+\q

F
iL(zr)
{ }

\{qSiH(zr)}for the sep-
arating and the semi-separating equilibriums andqi∈
R+\q

F
iL(zr)
{ }

for the pooling equilibrium.
Define

Π̃iLqi;T
( )

≜ cru+c
r
o

( )
E min Di,qi

{ }
|ti L

[ ]
−croqi−h

i

to be the incumbent’s expected profit derived from serving
her own market when the incumbent’s demand state is low.
For anyλ∈[0,1], we have

ΠiL(qi,q
∗
e(qi,λ;zr);T)≤Π

i
L(qi,q

F
eL(zr);T)<Π

i
L(q
F
iL(zr),q

F
eL(zr);T)

Π̃iL(q
F
iL(zr);T) ΠiL(q

F
iL(zr),q

A
e(q
F
iL(zr);zr);T),

where the first inequality follows Lemma1part 1 that
q∗e(qi,λ;zr)≥μ

e
L+(1−η)F

−1(zr), part 3 thatq
F
eL(zr) μeL+(1−

η)F−1(zr)and part 2 thatΠ
i
L(qi,qe;T)is decreasing inqe, the

second inequality follows Lemma1part 3, thefirst equality
follows the property thatqFeL(zr)<μ

e
L+(1−η)(equivalently

F−1(zr)< ) impliesq
F
iL(zr)<μ

i
L+η (equivalentlyF

−1(zr)< ),
the second equality follows the definition ofqAe(qi;zr)given in
Theorem2thatqAe(qi;zr) q∗e(qi,λe(qi;zr);zr), Lemma1part 1
thatq∗e(·,·;zr)≥μ

e
L+(1−η)and the argument for the validity

of thefirst equality.
Therefore, the incumbent’s any order quantityqithat is

off the equilibrium path is equilibrium dominated when the
incumbent’s demand state is low.
Recall from Theorem2thatλe(qi;zr) 1 for allqithat is

off the equilibrium path, i.e., the entrant believes that the
probability that the incumbent’s demand state is low is zero.
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Therefore, all three types of equilibriums characterized in
Theorem2survive the intuitive criterion. □

Proof of Theorem 3.Given that the incumbent ordersqNiti(zr)
whenti∈{H,L}, the supplier’s profit function satisfies the
condition

Πsti(q
N
iti
(zr),q

A
e(q
N
iti
(zr);zr);T)≤Π

s
ti
(qNiti(zr),q

N
e(zr);T),

whenti∈{H,L}.

Given that the incumbent’s demand state isti∈{H,L}, for the
incumbent’s any order quantityqi qNiti(zr), either the in-
cumbent’s profit is worse off if she choosesqiand the supplier
leaks this information to the entrant, i.e.,

Πiti(qi,q
A
e(qi;zr);T)≤Π

i
ti
(qNiti(zr),q

N
e(zr);T),

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

Πsti(qi,q
A
e(qi;zr);T)≤Π

s
ti
(qi,q

N
e(zr);T).

Now, we prove the property thatqAe(q
N
iH(zr);zr)≥q

N
e(zr).

We proceed in two steps. First, we have qAe(q
N
iH(zr);zr)

q∗e(q
N
iH(zr),1;zr), which follows Theorem1part 1 thatq

N
iH(zr)>

qFiH(zr), Lemma1part 3 thatq
F
iH(zr)>q

F
iL(zr), and Theorem2

thatλe(qi;zr) 1 whenqi qFiL(zr).
Second,weprovethepropertythatq∗e(q

N
iH(zr),1;zr)≥q

N
e(zr).

We have

∂ΠeH(qi,qe;T)

∂qe
−cru+c

r
o

( )
λPμeH+(1−η)
((

+aieμ
i
H+η−qi
( )

+≤qe
)

+1−λ( )PμeL+(1−η)
(

+aieμ
i
H+η−qi
( )

+≤qe
))
+cru

and

∂ΠeL(qi,qe;T)

∂qe

−cru+c
r
o

( )
PμeL+(1−η)+aieμ

i
L+η−qi
( )

+≤qe
( )

+cru.

Hence,

∂2Πeti(qi,qe;T)

∂q2e
≤0,whenti∈{H,L}. (B.1)

Thus, the entrant’s best response order quantitiesqNe(zr),
q∗e(q

N
iH(zr),1;zr), andq

∗
e(q
N
iL(zr),0;zr)satisfy the followingfirst

order conditions:

∂λΠeH(q
N
iH(zr),qe;T)+(1−λ)Π

e
L(q
N
iL(zr),qe;T)

( )

∂qe

⃒
⃒
⃒
⃒
⃒
qe qNe(zr)

0

(B.2)

and

∂ΠeH(q
N
iH(zr),qe;T)

∂qe

⃒
⃒
⃒
⃒
qe q∗e(q

N
iH
(zr),1;zr)

0 (B.3)

and

∂ΠeL(q
N
iL(zr),qe;T)

∂qe

⃒
⃒
⃒
⃒
qe q∗e(q

N
iL
(zr),0;zr)

0. (B.4)

We have q∗e(q
N
iL(zr),0;zr) q∗e(q

F
iL(zr),0;zr) qFeL(zr)<q

N
e(zr),

where thefirst equality follows Theorem1part 1 thatqNiL(zr)

qFiL(zr), the second equality follows Lemma1part 3, and

the inequality follows Theorem1part 2. Thus, this prop-

erty, Equation (B.1) forti Land Equation (B.4) jointly imply
∂Πe
L
(qN
iL
(zr),qe;T)

∂qe
|qe qNe(zr)≤

∂Πe
L
(qN
iL
(zr),qe;T)

∂qe
|qe qFeL(zr) 0. Hence, this re-

sult and Equation (B.2) jointly imply
∂Πe
H
(qN
iH
(zr),qe;T)

∂qe
|qe qNe(zr)≥0.

Therefore, Equation (B.1)forti Hand Equation (B.3)jointly

implyq∗e(q
N
iH(zr),1;zr)≥q

N
e(zr).□

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

Scenario1: When the incumbent’s demand state isti∈{H,L},
the incumbent chooses an order quantityqi∈Q\{q

N
iti
(zr)}.Since

the entrant cannot observe the incumbent’s deviation from
qNiti(zr), she still ordersq

N
e(zr).Becauseq

∗
iti
(qNe(zr);zr) qNiti(zr),the

incumbentcannotbemoreprofitable if she deviates fromqNiti(zr).

Scenario2: When the incumbent’s demand state is high,
the incumbent choosesanorderquantityqi/∈Q. Wehave

ΠiH(qi,q
A
e(qi;zr);T)≤Π

i
H(q

A
iH(zr),q

A
e(q
A
iH(zr);zr);T) Π

i
H(q

S
iH(zr),

qSeH(zr);T) ΠiH(q
F
iH(zr),q

F
eH(zr);T)≤Π

i
H(q

F
iH(zr),q

N
e(zr);T)≤

ΠiH(q
N
iH(zr),q

N
e(zr);T),where thefirst equality follows Theorem2

part 1, the second equality follows Lemma1part 4 that when

λ 1,qSiH(zr) qFiH(zr)andq
S
eH(zr) qFeH(zr), the second in-

equality follows Theorem1thatqNe(zr)<q
F
eH(zr)and Lemma

1part 2 that the incumbent’sprofitisdecreasinginthe

entrant’s order quantity, the third inequality holds since

qNiH(zr) q∗iH(q
N
e(zr);zr). This result entails that the incumbent

cannot be more profitable if she deviates fromqNiH(zr)when

her demand state is high.

Scenario3: When the incumbent’s demand state is low, the
incumbent chooses an order quantityqi/∈Q. For expositional
clarity, we introduce

Π̂iL(qi;T)≜(c
r
u+c

r
o)E[min{Di,qi}|ti L]−croqi−h

i

to denote the incumbent’sexpectedprofit derived in her
own market when her demand state is low. We have

ΠiL(qi,q
A
e(qi;zr);T)≤Π

i
L(q
A
iL(zr),q

A
e(q
A
iL(zr);zr);T) ΠiL(q

F
iL(zr),

qFeL(zr);T) Π̂iL(q
F
iL(zr);T) ΠiL(q

F
iL(zr),q

N
e(zr);T) Π

i
L(q
N
iL(zr),

qNe(zr);T),where thefirst equality follows Theorem2that

qAiL(zr) qFiL(zr),andthusq
A
e(q
A
iL(zr);zr) qAe(q

F
iL(zr);zr) qFeL

(zr), the second equality holds since the property that
qF
iL
(zr)−μ

i
L

qF
eL
(zr)−μ

e
L

η
1−ηimplies that the entrant’s unmet demand never

flows to the incumbent, the third equality holds since the
property thatqNe(zr)>q

F
eL(zr)proved in Theorem1implies

qF
iL
(zr)−μ

i
L

qNe(zr)−μ
e
L

<
qF
iL
(zr)−μ

i
L

qF
eL
(zr)−μ

e
L

η
1−ηand this result further implies that the

entrant’s unmet demand neverflows to the incumbent, the
fourth equality follows Theorem1thatqNiL(zr) qFiL(zr).This
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result entails that the incumbent cannot be more profitable
if she deviates fromqNiL(zr)when her demand state is low.
The analyses of the three scenarios above indicate that

if the inequalities (5)withti HandLboth hold, then the
incumbent has no incentive to deviate from the nonleakage
equilibrium order quantityqNiti(zr)whenti∈{H,L}.□

Proof of Theorem 4.Under a no-protection contract, there
exists a wholesale pricew∈(c,p),suchthatcsu −cso
w−c>0. Following Equation (4), the supplier’sprofitis
Πsti(qi,qe;T) (w−c)(qi+qe)+h

i+he.Thus,

ΠsH(q
N
iH(zr),q

A
e(q
N
iH(zr);zr);T)−Π

s
H(q

N
iH(zr),q

N
e(zr);T)

(w−c)(qNiH(zr)+q
A
e(q
N
iH(zr);zr)) − (w−c)(q

N
iH(zr)+q

N
e(zr))

(w−c)(qAe(q
N
iH(zr);zr)−q

N
e(zr))

≥0,

where the inequality follows Theorem 3part 1 that
qAe(q

N
iH(zr);zr)≥q

N
e(zr). As a result, nonleakage equilibrium

does not exist under a wholesale-price contract. □

Proof of Theorem 5.Supposecsu≥0,c
s
o≤0, andc

s
uandc

s
odo

not equal zero simultaneously. We show that

g(qi,qe)≜(c
s
u+c

s
o)
(
min D̄i,qi
{ }

+min D̄e,qe
{ })

−cso(qi+qe)

is increasing inqe∈R+.
First,g(qi,qe)is continuous inqe.
Second, we show thatg(qi,qe)is increasing inqe∈[0,De).

Forqe∈[0,De), we have

g(qi,qe) (csu+c
s
o)
(
min Di+aeiDe−qe

( )
,qi

{ }
+qe
)
−cso(qi+qe).

Therefore,

∂g(qi,qe)

∂qe
(csu+c

s
o)
(
−aei1Di+aeiDe−qe

( )
≤qi

{ }
+1
)
−cso

csu
(
1−aei1Di+aeiDe−qe

( )
≤qi

{ })

−csoaei1Di+aeiDe−qe
( )

≤qi
{ }

≥0,

where the inequality follows the conditionscsu≥0 andc
s
o≤0.

Third, we show thatg(qi,qe)is increasing inqe∈[De,∞).
Forqe∈[De,∞), we have

g(qi,qe) (csu+c
s
o)min Di,qi

{ }
+min D̄e,qe

{ }( )
−cso(qi+qe).

Therefore,

∂g(qi,qe)

∂qe
(csu+c

s
o)1qe≤D̄e
{ }

−cso

csu1qe≤D̄e
{ }

−cso
(
1−1qe≤D̄e

{ })

≥0,

where the inequality follows the conditionscsu≥0 andc
s
o≤0.

Therefore, the three steps above jointly imply that
g(qi,qe)is increasing inqe∈R+. Therefore,Π

s
ti
(qi,qe;T)

Ete[E[g(qi,qe)] |ti]+h
i+heis increasing inqe.Asaresult,

following Theorem3part 1 thatqAe(q
N
iH(zr);zr)≥q

N
e(zr),we

haveΠsH(q
N
iH(zr),q

A
e(q
N
iH(zr);zr);T)≥Π

s
H(q

N
iH(zr),q

N
e(zr);T),i.e.,

when the incumbent’s demand state is high, the supplier al-
ways has incentive to leak.
Hence, if the inequalities (5) withti Hholds, then either

csu>0 andc
s
o>0, orc

s
u<0 andc

s
o<0, orc

s
u≤0 andc

s
o≥0. □

Proof of Lemma 2.We note that

ΔOti(zr) E
[
(qNiti(zr)−̄Di(q

A
e(q
N
iti
(zr);zr)))

++
(
qAe(q

N
iti
(zr);zr)

−D̄e(q
N
iti
(zr))
)
+|ti
]

−E
[
(qNiti(zr)−̄Di(q

N
e(zr)))

++qNe(zr)
(

−D̄e(q
N
iti
(zr))
)
+|ti
]
,

ΔUti(zr) E
[
(̄Di(q

A
e(q
N
iti
(zr);zr)) −q

N
iti
(zr))

++
(
D̄e(q

N
iti
(zr))

−qAe(q
N
iti
(zr);zr)

)
+|ti
]
−E[(̄Di(q

N
e(zr))

−qNiti(zr))
++(D̄e(q

N
iti
(zr)) −q

N
e(zr))

+|ti].

First, we consider the scenario that the incumbent’s de-
mand state is high.
Recall from Theorem1part 1 thatqNiH(zr)>q

F
iH(zr).Hence,

if the entrant ordersqe≤q
F
eH(zr), then the conditionqe>μ

e
H+

(1−η)impliesqNiH(zr)>μ
i
H+η.Hence,theentrantdoes

not have the chance to use her excess inventory to satisfy
the incumbent’s unmet demand, i.e., forqe≤q

F
eH(zr),(qe−

D̄e(q
N
iH(zr)))

+ (qe−De)
+.

We have

ΔOH(zr) E (qNiH(zr)−̄Di(q
A
e(q
N
iH(zr);zr)))

++
(
qAe(q

N
iH(zr);zr)

[

−D̄e(q
N
iH(zr))

)
+|ti H

]

−E (qNiH(zr)−̄Di(q
N
e(zr)))

++qNe(zr)
([

−D̄e(q
N
iH(zr))

)
+|ti H

]

E (qNiH(zr)−̄Di(q
F
eH(zr)))

++qFeH(zr)
([

−D̄e(q
N
iH(zr))

)
+|ti H

]

−E (qNiH(zr)−̄Di(q
N
e(zr)))

++qNe(zr)
([

−D̄e(q
N
iH(zr))

)
+|ti H

]

≥E[(qFeH(zr)−̄De(q
N
iH(zr)))

+|ti H]−E qNe(zr)
([

−D̄e(q
N
iH(zr))

)
+|ti H

]

E[(qFeH(zr)−De)
+|ti H]

−E[(qNe(zr)−De)
+|ti H]

∫qF
eH
(zr)

qe q
N
e(zr)

Pqe≥De|ti H
( )

dqe

∫qFeH(zr)

qe q
N
e(zr)

Pqe≥μ
e
H+(1−η)

( )
dqe>0,

where the second equality holds since Theorem 2, and
Lemma1parts 1–2 implyqAe(q

N
iH(zr);zr) q∗e(q

N
iH(zr),1;zr)

q∗e(q
F
iH(zr),1;zr) qFeH(zr), thefirst inequality follows Theo-

rem1part 2 thatqNe(zr)<q
F
eH(zr)and the property that

(qi−D̄i(qe))
+is increasing inqe, the third equality follows

Theorem1part 2 thatqNe(zr)<q
F
eH(zr)and the property that

(qe−D̄e(q
N
iH(zr)))

+ (qe−De)
+whenqe≤q

F
eH(zr), the second

inequality follows Theorem1part 2 thatqNe(zr)<q
F
eH(zr),

Lemma1part 3 thatPqFeH(zr)≥μ
e
H+(1−η)

( )
zr>0, and

the property thatPqe≥μ
e
H+(1−η)

( )
is continuous inqe.
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We have

ΔUH(zr) E (̄Di(q
A
e(q
N
iH(zr);zr)) −q

N
iH(zr))

++ D̄e(q
N
iH(zr))

([

−qAe(q
N
iH(zr);zr)

)
+|ti H

]

−E (̄Di(q
N
e(zr)) −q

N
iH(zr))

++ D̄e(q
N
iH(zr))

([

−qNe(zr)
)
+|ti H

]

E (̄Di(q
F
eH(zr)) −q

N
iH(zr))

++ D̄e(q
N
iH(zr))

([

−qFeH(zr)
)
+|ti H

]

−E (̄Di(q
N
e(zr)) −q

N
iH(zr))

++ D̄e(q
N
iH(zr))

([

−qNe(zr)
)
+|ti H

]

≤E[(̄De(q
N
iH(zr)) −q

F
eH(zr))

+|ti H]

−E[(̄De(q
N
iH(zr)) −q

N
e(zr))

+|ti H]

−

∫qF
eH
(zr)

qe qNe(zr)

Pqe≤D̄e(q
N
iH(zr)) |ti H

( )
dqe

≤−

∫qF
eH
(zr)

qe qNe(zr)

Pqe≤De(q
N
iH(zr)) |ti H

( )
dqe

−

∫qF
eH
(zr)

qe q
N
e(zr)

Pqe≤μ
e
H+(1−η)

( )
dqe<0,

where the second equality holds since Theorem 2, and
Lemma1parts 1–2 implyqAe(q

N
iH(zr);zr) q∗e(q

N
iH(zr),1;zr)

q∗e(q
F
iH(zr),1;zr) qFeH(zr),thefirst inequality follows Theorem1

part 2 thatqNe(zr)<q
F
eH(zr)and the property that(qi−D̄i(qe))

+is

increasing inqe, the second inequality follows Theorem1part 2

thatqNe(zr)<q
F
eH(zr)and the property thatD̄e(qi)≥De,thethird

inequality follows Theorem1part 2 thatqNe(zr)<q
F
eH(zr),Lemma1

part 3 thatPqFeH(zr)≤μ
e
H+(1−η)

( )
1−zr>0, and the

property thatPqe≤μ
e
H+(1−η)

( )
is continuous inqe.

Next, we consider the scenario that the incumbent’s de-
mand state is low.
Recall from Theorem1part 1 thatqNiL(zr) qFiL(zr). Hence, if

the entrant ordersqe≥q
F
eL(zr), then the conditionq

N
iL(zr)>μ

i
L+

ηimpliesqe>μ
e
L+(1−η). Hence, the entrant does not have

the chance to use her excess inventory to satisfy the incum-

bent’s unmet demand, i.e., forqe≥q
F
eL(zr),(qi−D̄i(qe))

+

(qi−Di)
+. If the entrant ordersqe qFeL(zr), then the condition

qe>μ
e
L+(1−η)impliesq

N
iL(zr)>μ

i
L+η. Hence, the incum-

bent does not have the chance to use her excess inventory to

satisfy the entrant’s unmet demand. Therefore,PqFeL(zr)≥
(

D̄e(q
N
iL(zr)) |ti L) PqFeL(zr)≥De|ti L

( )
zr.

We have

ΔOL(zr) E
[
(qNiL(zr)−̄Di(q

A
e(q
N
iL(zr);zr)))

++
(
qAe(q

N
iL(zr);zr)

−D̄e(q
N
iL(zr))

)
+|ti L

]

−E (qNiL(zr)−̄Di(q
N
e(zr)))

++qNe(zr)
([

−D̄e(q
N
iL(zr))

)
+|ti L

]

E (qNiL(zr)−Di)
++
(
qAe(q

N
iL(zr);zr)

[

−D̄e(q
N
iL(zr))

)
+|ti L

]

−E[(qNiL(zr)−Di)
++(qNe(zr)−̄De(q

N
iL(zr)))

+|ti L]

E[(qAe(q
N
iL(zr);zr)−̄De(q

N
iL(zr)))

+|ti L]−E qNe(zr)
([

−D̄e(q
N
iL(zr))

)
+|ti L

]

−

∫qNe(zr)

qe qFeL(zr)

Pqe≥D̄e(q
N
iL(zr)) |ti L

( )
dqe<0,

where the second equality follows Theorem 1part 2 that
qNe(zr)>q

F
eL(zr)and the property that(qi−D̄i(qe))

+ (qi−Di)
+

whenqe≥q
F
eL(zr), the inequality follows Theorem1part 2 that

qNe(zr)>q
F
eL(zr), the property thatPq

F
eL(zr)≥
(

D̄e(q
N
iL(zr)) |ti L)

zr>0, and the property thatPqe≥
(

D̄e(q
N
iL(zr)) |ti L)is con-

tinuous inqe.
We have

ΔUL(zr) E (̄Di(q
A
e(q
N
iL(zr);zr)) −q

N
iL(zr))

++ D̄e(q
N
iL(zr))

([

−qAe(q
N
iL(zr);zr)

)
+|ti L

]

−E (̄Di(q
N
e(zr))−q

N
iL(zr))

++ D̄e(q
N
iL(zr))

([

−qNe(zr)
)
+|ti L

]

≥E[(̄De(q
N
iL(zr)) −q

A
e(q
N
iL(zr);zr))

+|ti L]

−E[̄De(q
N
iL(zr)) − (q

N
e(zr))

+|ti L]
∫qNe(zr)

qe qFeL(zr)

Pqe≤D̄e(q
N
iL(zr)) |ti L

( )
dqe

>0,

where the first inequality follows Theorem1part 2 that
qNe(zr)>q

F
eL(zr)and the property that(̄Di(qe)−qi)

+ is in-
creasing inqe, the second inequality follows Theorem1
part 2 thatqNe(zr)>q

F
eL(zr),thepropertythatPq

F
eL(zr)≤
(

D̄e(q
N
iL(zr)) |ti L) 1−zr>0, and the property thatPqe≤

(

D̄e(q
N
iL(zr)) |ti L) 1−zr>0 is continuous inqe.□

Proof of Theorem 6.Whenti∈{H,L}, inequality (5) holds if
and only ifcsoΔOti(zr)+c

s
uΔUti(zr)≥0. Following Lemma2of

the signs ofΔOti(zr)andΔUti(zr)forti∈{H,L}, these con-
ditions are equivalent to the conditionscsoγH(zr)≥c

s
u and

csoγL(zr)≤c
s
u.

For downside-protection contracts, we now show that
conditionscsoγH(zr)≥c

s
uandc

s
oγL(zr)≤c

s
uare equivalent to

conditions
csu
cso
≤γH(zr)and

csu
cso
≥γL(zr). First, suppose condi-

tionscsoγH(zr)≥c
s
uandc

s
oγL(zr)≤c

s
uhold. Becausec

s
u>0 and

γH(zr)>0, the conditionc
s
oγH(zr)≥c

s
uimpliesc

s
o>0. Thus, we

have
csu
cso
≤γH(zr)and

csu
cso
≥γL(zr). Second, suppose conditions

csu
cso
≤γH(zr)and

csu
cso
≥γL(zr)hold. Becausec

s
u>0 andγL(zr)>0,

the condition
csu
cso
≥γL(zr)impliesc

s
o>0. Thus, we havec

s
oγH

(zr)≥c
s
uandc

s
oγL(zr)≤c

s
u. Therefore, conditionsc

s
oγH(zr)≥c

s
u

andcsoγL(zr)≤c
s
uhold if and only if conditions

csu
cso
≤γH(zr)and

csu
cso
≥γL(zr)hold.

For upside-protection contracts, becausecso<0, conditions
csoγH(zr)≥c

s
uandc

s
oγL(zr)≤c

s
uare equivalent to the conditions

csu
cso
≥γH(zr)and

csu
cso
≤γL(zr).

Now, we prove part 3. Ifaie aei 1, then the change in the
supply chain’s excess inventory and unmet demand,ΔOti(zr)
andΔUti(zr), respectively, can be written in the following
compact form:
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ΔOti(zr)≜E[(q
N
iti
(zr)+q

A
e(q
N
iti
(zr);zr)−Di−De)

+|ti]

−E[(qNiti(zr)+q
N
e(zr)−Di−De)

+|ti]

ΔUti(zr)≜E[(Di+De−q
N
it(zr)−q

A
e(q
N
it(zr);zr))

+|ti]

−E[(Di+De−q
N
iti
(zr)−q

N
e(zr))

+|ti]

Suppose a downside-protection contract withzr≥zIpre-
vents information leakage. On the one hand, note that
Theorem5impliescso>0. Thus,

csu
cso

cIu−c
r
u

cso

zI
1−zI
cIo−

zr
1−zr
cro

cso
≤

zr
1−zr
cIo−

zr
1−zr
cro

cso

zr
1−zr

,

where the inequality follows the conditionzr≥zIandc
s
o>0.

On the other hand, whenti L, we haveqAe(q
N
iL(zr);zr)

qFeL(zr)<q
N
e(zr),F(q

N
iL(zr)+q

A
e(q
N
iL(zr);zr)−μ

i
L−μ

e
L) zr∈(0,1).

BecauseF(’)>F()ifF()∈(0,1)and’>,F(qNiL(zr)+q
N
e(zr)−

μiL−μ
e
L)∈(zr,1]. Hence, the intermediate value theorem im-

plies that there existsvL∈(zr,1), such that

ΔOL(zr)

∫qN
iL
(zr)+q

A
e(q
N
iL
(zr);zr)

qqN
iL
(zr)+q

N
e(zr)

F(q−μiL−μ
e
L)dq

−

∫qN
iL
(zr)+q

N
e(zr)

qqN
iL
(zr)+qAe(q

N
iL
(zr);zr)

F(q−μiL−μ
e
L)dq

−vL(q
N
e(zr)−q

F
eL(zr)),

and

ΔUL(zr)

∫
qN
iL
(zr)+q

A
e(q
N
iL
(zr);zr)

qqN
iL
(zr)+q

N
e(zr)

(1−F(q−μiL−μ
e
L))dq

∫
qN
iL
(zr)+q

N
e(zr)

qqN
iL
(zr)+qAe(q

N
iL
(zr);zr)

(1−F(q−μiL−μ
e
L))dq

(1−vL)(q
N
e(zr)−q

F
eL(zr)).

Hence,

γL(zr)
−ΔOL(zr)

ΔUL(zr)

vL
1−vL

>
zr
1−zr

≥
csu
cso
,

which violates the nonleakage conditions given by Theorem6
part 1.

Therefore, the conditionzr∈(0,zI)is necessary for downside-
protection contracts to prevent information leakage.

Suppose an upside-protection contract withzr≤zIpre-
vents information leakage. On the one hand, recall that an
upside-protection contract is defined to satisfy the condition
impliescso<0. Thus,

csu
cso

cIu−c
r
u

cso

zI
1−zI
cIo−

zr
1−zr
cro

cso
≤

zr
1−zr
cIo−

zr
1−zr
cro

cso

zr
1−zr

,

where the inequality follows the conditionzr≤zIandc
s
o<0.

On the other hand, whenti H, we haveqAe(q
N
iH(zr);zr)

qFeH(zr)>q
N
e(zr),F(q

N
iH(zr)+q

N
e(zr)−μ

i
H−μ

e
H) zr∈(0,1).Be-

cause F(’)>F() ifF()∈(0,1) and ’>,F(qNiH(zr)+
qAe(q

N
iH(zr);zr)−μ

i
H−μ

e
H)∈(zr,1]. Hence, intermediate value

theorem implies that there existsvH∈(zr,1), such that

ΔOH(zr)

∫qN
iH
(zr)+q

A
e(q
N
iH
(zr);zr)

qqN
iH
(zr)+qNe(zr)

F(q−μiH−μ
e
H)dq vHq

F
eH(zr)
(

−qNe(zr)
)
,

ΔUH(zr) −

∫qN
iH
(zr)+q

A
e(q
N
iH
(zr);zr)

qqN
iH
(zr)+qNe(zr)

(1−F(q−μiH−μ
e
H))dq

−(1−vH)(q
F
eH(zr)−q

N
e(zr)).

Hence,

γH(zr)
ΔOH(zr)

−ΔUH(zr)

vH
1−vH

>
zr
1−zr

≥
csu
cso
,

which violates nonleakage conditions given by Theorem6
part 2.

Therefore, the conditionzr∈(zI,1)is necessary for upside-
protection contracts to prevent information leakage. □

Appendix C. Additional Results on Nonleakage

Conditions and Profits
We study two market environments that differ from the
market environment studied in Section6only inλ,with
λ 0.5andλ 0.1, respectively. All other parameters re-
main the same, that is, μiH 12,μiL 10,μeH 8,μeL 6,
λ 0.5,η 0.6,p 1,c 0.9,aie 0.9,aei 0.9, and is
uniformly distributed on[−3,3]. The shaded areas in Fig-
ureC.1represent 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 FigureC.1, we randomly pickfive of
them (marked in circles in thefigure) and report the resulting
profits in TablesC.1andC.2. We report additional results in
TableC.3on eachfirm’sexpectedprofit in equilibrium under a
series of buy-back contracts with different parameters. For each
selected wholesale pricew, we consider three different values
of the buy-back priceb. We make the following observa-
tions. Byfixing the wholesale pricew,theintegratedfirm’s
total expected profit under the buy-back pricebthat 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 contractsonlyresultinasmallloss
from the integratedfirm’s optimal expected profit.

Appendix D. Intuitive Criterion
We remark that all three types of equilibriums characterized
in Theorem2, 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
Kreps1987). 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,qFeL(zr), 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
withfixed proportionsηand 1−η, 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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stateqFiL(zr), she would never receive any spillover from the
entrant. Note that the incumbent’s equilibrium order quantity
in her low demand state,qFiL(zr), enables her to capture the

maximum expected profit derived from her own market.
Therefore, the incumbent would be worse off if she
distorted her order quantity in the downward direction.

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

T (w,b) ti Πitil(T) Πetil(T) Πstil(T) ΠItil(T) ΠItil(T)/Π
I,∗
ti

(0.96,0.17) H 0.46 0.22 0.84 1.52 99.45%

L 0.37 0.22 0.73 1.32 99.55%

Eti[·] 0.42 0.22 0.78 1.42 99.50%
(0.97,0.24) H 0.36 0.17 0.99 1.52 99.35%

L 0.29 0.17 0.86 1.32 99.43%

Eti[·] 0.32 0.17 0.92 1.42 99.38%
(0.98,0.46) H 0.26 0.12 1.14 1.52 99.35%

L 0.21 0.12 0.99 1.32 99.43%

Eti[·] 0.23 0.12 1.07 1.42 99.39%

(0.99,0.21) H 0.15 0.07 1.28 1.51 98.69%
L 0.12 0.07 1.11 1.31 98.63%

Eti[·] 0.14 0.07 1.20 1.41 98.66%

(1.00,0.71) H 0.05 0.02 1.43 1.51 98.52%

L 0.04 0.02 1.24 1.31 98.53%
Eti[·] 0.05 0.02 1.34 1.41 98.52%

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

T (w,b) ti Πitil(T) Πetil(T) Πstil(T) ΠItil(T) ΠItil(T)/Π
I,∗
ti

(0.98,0.09) H 0.19 0.09 1.25 1.53 99.08%
L 0.15 0.09 1.08 1.31 99.07%

Eti[·] 0.17 0.09 1.17 1.42 99.07%

(0.98,0.23) H 0.14 0.07 1.31 1.53 99.08%

L 0.12 0.07 1.13 1.31 99.07%
Eti[·] 0.13 0.07 1.22 1.42 99.07%

(0.99,0.47) H 0.10 0.05 1.38 1.53 99.08%

L 0.08 0.05 1.18 1.31 99.06%
Eti[·] 0.09 0.05 1.28 1.42 99.07%

(0.99,0.30) H 0.06 0.03 1.42 1.51 97.86%

L 0.05 0.03 1.23 1.31 98.48%

Eti[·] 0.06 0.03 1.32 1.41 98.15%
(1.00,0.76) H 0.02 0.01 1.48 1.51 97.85%

L 0.02 0.01 1.28 1.31 98.48%

Eti[·] 0.02 0.01 1.38 1.41 98.14%

Figure C.1.Buy-Back Contracts That Prevent Information Leakage
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Endnotes
1Ifcro<0orifc

r
o 0 andcru>0, then the incumbent’s optimal decision

would be to order an infinite quantity; ifcro≥0 andc
r
u≤0, then the

incumbent’s optimal decision would be to order nothing.
2Contracts 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.
3Otherwise, the supplier’s profit is independent of retailers’order

quantities. In that case, the supplier has no incentive to participate in
the business.
4We 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 Lariviere2005). 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 Taylor2002who, as a remedy, proposes
a target-rebate contract under which rebates are implemented if sales

quantity exceeds a target level).
5For a revenue-sharing contract(w,f),wehavecru fp−wandcro w.If
we compare this with the wholesale-price contract(w+(1−f)p),which

hascru fp−wandcro 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 contractis a downside-protection contract.
6We 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’sorder
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.
7Throughout the paper, we use“decreasing,”“increasing,”“greater
than,“and“smaller than”in the weak sense.
8This 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 proportionsηand 1−η, respectively; (2) each retailer has the

priority to satisfy her own demand before it spills to the other retailer.
9The thresholds on the market state and its likelihood, that is,μi

H
and

λ(μiH), are defined in the proof.
10Recall that for downside-protection or upside-protection contracts,
if the supplier’s unit underage costcsuor the supplier’s unit overage

costcsois 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
csuor the supplier’s unit overage costc

s
othat is equal to zero may

prevent the supplier from doing so. Consider a two-sided contract

that has zero unit underage costcsu 0 and strictly positive unit

overage costcso>0. Under this contract, the supplier is neither re-
warded nor punished from the supply chain’sexcessinventory.

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 costcso 0 and strictly negative unit underage

costcsu<0. Under this contract, the supplier is neither rewarded nor
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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