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Demand for a new product is often highly uncertain. As the developer of a new product, the manufacturer
may reduce the uncertainty of the product’s demand through observing progress in his product develop-
ment process or receiving demand signals directly from customers. This paper first shows that a central-
ized channel always benefits from improved demand information. Yet, to realize this benefit in a
decentralized manufacturer–retailer channel, the manufacturer needs to disclose his private demand
information to the retailer. We show that the manufacturer’s incentive to share his improved demand
information depends on the supply contract signed with the retailer. Furthermore, mandating the man-
ufacturer to disclose his improved demand information can actually reduce the total channel profit. We
provide managerial insights by analyzing three widely used contract forms. We investigate whether
these contracts are robust under an unanticipated demand information update observed by the manufac-
turer. We show that the quantity flexibility contract with a high return rate is not robust. The buyback
contract, however, is robust and always achieves information sharing while preserving channel
performance.

Published by Elsevier B.V.
1. Introduction

Consider a distribution channel with a manufacturer and a
retailer. The manufacturer introduces a new product, and the retai-
ler places orders to the manufacturer and stocks inventory to sat-
isfy uncertain customer demand. The manufacturer and retailer
sign a distribution contract long before the new product is intro-
duced to consumers. For example, electronics manufacturers’ often
sign contracts with resellers a few quarters to a few years in ad-
vance. This time-window between contract signing and actual dis-
tribution is even longer for products with long life cycles such as
automotive. During this time-window, the manufacturer prepares
and improves production and distribution related processes. Simi-
larly, the reseller uses this time-window to prepare its retail stores
and train sales associates.1 This time-window is often known as
product and retail readiness. This paper considers the situation in
which both firms share demand information at the beginning of this
time-window and sign a contract. After signing the contract and
during this time-window, the developer of the new product – the
B.V.
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manufacturer – may obtain new demand information from sources
that are not accessible to the retailer. At the time contract is signed,
however, firms often do not anticipate and write a complex contract
that consider various information update scenarios. Even when they
do, the time-to-market pressure often requires firms to work with
simple yet incomplete contracts (see, for example, Tirole, 1988 for
several other reasons why firms sign incomplete contracts). Hence,
this paper investigates whether widely used, simple contracts, such
as price-only and buyback contracts, are robust under such informa-
tion updates. More specifically, this paper investigates whether or
not a simple contract, which is designed without anticipating a de-
mand information update, can still induce firms to share the demand
information update. To address this question, we also investigate
when sharing this information is beneficial for both firms.

Demand information has been proven to be valuable in manag-
ing operations (e.g., Fisher and Raman, 1996; Iyer and Bergen,
1997). The manufacturer can perform market research on his prod-
uct through focus groups and then update his demand information
accordingly. For example, Apple Computers has been obtaining
information from their user groups before introducing new prod-
ucts.2 The company distributes prototypes to understand potential
user preferences and demand. This way Apple Computers may
obtain demand information that is not available to its retailers,
2 http://www.apple.com/usergroups/.
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such as Bestbuy. Another example arises when the manufacturer
uses a waterfall strategy. The manufacturer introduces the new
product to different markets sequentially, sales data from the lead
markets can give the manufacturer opportunities to update his de-
mand information for successive markets (Kalish et al., 1995). We
show that a centralized channel always benefits from improved
demand information. Yet, to realize this benefit in a decentralized
manufacturer–retailer channel, the manufacturer needs to disclose
his private demand information to the retailer. We determine
whether the manufacturer, after signing a supply contract, has an
incentive to share his improved demand information with the re-
tailer. We are primarily interested in how robust the supply con-
tracts are under an unanticipated demand information update. In
addition, we also investigate the impact of mandatory information
disclosure on the total channel profit.

In practice, firms often prefer simple contracts that are easy to
administer. Hence, commonly used contracts are observed to be
simpler than theoretical predictions (Holmstrom and Milgrom,
1987). A contract is simple if it meets two criteria. First, the contract
specifies few parameters, such as the price-only contract which
stipulates a per-unit payment. Second, a contract is simple if it is
state-independent and does not depend on various conditions.
Hence, it does not have several ‘‘if” clauses. This may require a firm
to design the contract based on simple scenarios and static informa-
tion. In most cases, anticipating every possible contingency is also
impossible and not practical. The firms cannot always identify
every possible contingency in advance. Thus, they cannot write a
complete contract that defines what to do in every possible contin-
gency (incomplete contracts).3 An ideal contract is a simple yet a ro-
bust contract that can keep the incentives aligned even in the face
of an unpredicted change in the system after the contract terms
are signed. This paper focuses on unanticipated demand informa-
tion update that the manufacturer obtains and whether the con-
tracts are robust when subject to this new information update.

The manufacturer’s willingness to share his private information
depends on his contractual relationship with the retailer. A
contract that coordinates the channel initially might not preserve
efficiency when demand information changes dynamically or
unexpectedly, because it either cannot induce information sharing
or generates a new distortion in the retailer’s cost structure. In-
stead of designing incentive-compatible contracts, we focus on
evaluating the performance of some widely used contract forms
when information asymmetry emerges after contracting. Among
the supply contract forms that we investigate, the buyback con-
tract consistently eliminates information asymmetry and achieves
the channel’s first-best solution, but the price-only contract and
the quantity flexibility contract behave differently.

We show that under a price-only contract the manufacturer
does not have an incentive to share demand information when
the channel’s service level is high. Similarly, under a quantity flex-
ibility contract the manufacturer does not have incentive to share
information when the return ratio is high. We also show that when
the manufacturer has no incentive for information sharing, man-
dating him to disclose his private information eliminates informa-
tion asymmetry but results in lower channel profit. Furthermore,
one would expect either a greater loss of sales under a price-only
contract or larger excess inventory under a quantity flexibility
contract. Hence, without aligning channel incentives, purely
emphasizing information sharing could result in poor inventory
decisions that lower the channel performance.

Both the buyback contract and the quantity flexibility contract
offer the retailer return options; the former allows partial credit/
full returns, while the latter allows full credit/partial returns.
3 Tirole (1988) provides several examples of incomplete contracts.
Pasternack (1985) has shown that both contract forms can coordi-
nate a channel and allow the manufacturer and the retailer to
divide the total channel profit arbitrarily. These contracts target
the downside risk of the retailer by reducing her cost of overage.
They do not change the retailer’s underage cost. In other words,
these two contracts are shown to be equivalent in several aspects
(see Kaya and Özer, forthcoming). Our analysis, however, shows
that these contracts perform differently when the manufacturer
obtains an unanticipated demand information. We show that a
buyback contract can always achieve information sharing; whereas
a quantity flexibility contract cannot. While both a buyback con-
tract and a quantity flexibility contract could achieve information
sharing, the former can preserve its first-best performance, but
the latter cannot.
2. Literature review

Firms can reduce demand uncertainty if they can collect demand
related information and use this information in making inventory
decisions. The benefit of improved demand information is often
evaluated through a form of forecast updates. Fisher and Raman
(1996) study the benefit of using early sales in demand forecasting.
Iyer and Bergen (1997) examine the benefit of quick response
through which one can shorten production lead time and hence ob-
tain more time to collect demand related information. Gallego and
Özer (2001) study the value of advance demand information. Chen
(2001) shows that a company can gain advance demand informa-
tion and hence improve profitability through offering incentives
to customers who are willing to accept shipment delays. Using
the convex ordering concept, we also evaluate the benefit of im-
proved demand information. In addition, we consider the incentive
issue in a decentralized manufacturer–retailer channel where the
manufacturer observes the improved demand information. Our
results demonstrate that better demand information cannot
guarantee improved profitability for the whole channel.

The benefit of reducing demand uncertainty might not be real-
ized in a decentralized channel because of incentive-misalignment
problems. Channel inefficiency could exist because the transfer
price generates distortion in the retailer’s cost structure. Miyaoka
and Hausman (2008), as well as Yue and Raghunathan (2007),
show that under such a distortion better demand information
could actually decrease a channel’s expected profit. A number of
papers study contracts that can eliminate the distortion, including
the work on return policies by Pasternack (1985) and the study on
quantity flexibility contract by Tsay (1999). Quite often channel
inefficiency is due to information asymmetry among channel
members. The remedy is to align the members’ incentives to in-
duce credible information sharing. Most studies in this stream fo-
cus on constructing incentive-compatible schemes through the
principal-agent framework. Examples are study on asymmetric
information about the retailer’s cost structure (e.g., Corbett and
Tang, 1999) and studies on asymmetric information on the de-
mand level for the manufacturer’s product (e.g., Chu, 1992; Cachon
and Lariviere, 2001; Özer and Wei, 2006). By modeling demand
uncertainty, we also examine the manufacturer’s incentive to share
his private demand information explicitly. Rather than designing
contracts to eliminate information asymmetry, we focus on evalu-
ating the performance of widely discussed contract forms when
the manufacturer privately observes updated demand information.

Next we clarify the boundaries of our research by discussing
what we do not study. This paper focuses on a supply chain setting
in which the manufacturer offers the contract (as in Chu, 1992).
Other supply chain scenarios are also possible. For example, the
downstream firm may have better demand information, such as in
the supplier–manufacturer context studied in Cachon and Lariviere
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(2001) and Özer and Wei (2006). We refer readers who are inter-
ested in other contexts to their paper and references therein. This
paper also does not aim to investigate complex signaling or screen-
ing mechanisms through which the new demand or cost informa-
tion could be credibly shared (as in Corbett and Tang, 1999; Ha,
2001; Özer and Wei, 2006). Instead, the present paper’s focus is
merely on understanding whether a simple contract, designed with-
out anticipating a demand information update, can continue to in-
duce firms to credibly share this demand information update. Note
that if such a contract is available, then there is no reason to design
a complex contract to screen this information because the manufac-
turer will voluntarily share this information. Finally, we assume that
the contract is signed long before the actual sales season. In partic-
ular at a time when both firms have common demand information.
We note that there are various other plausible scenarios that one can
investigate – hence supply chain contracting literature has grown
tremendously over the last decade. We welcome other researchers
contribution to extend this work and study other settings.

The rest of the paper is organized as follows. In Section 3, we
formulate our model and establish a benchmark based on the cen-
tralized channel. In Section 4, we address channel incentives for
information sharing and channel performance. In Section 5, we
conclude the chapter.
3. Centralized channel: the benchmark

The new product’s selling season is shorter than its production
leadtime, so the retailer has one ordering opportunity. In other
words, the manufacturer is selling to a retailer who operates as a
newsvendor. Several high technology products, such as high
definition televisions, and fashion apparel industry face similar
dynamics. A toy manufacturer often decides how many items to
manufacture in Asia and ship to North American retailers who sell
during the Christmas season. Due to possibility of obsolescence or
the nature of the business, the retailer does not have the ability to
store inventory from one selling season to the next. Furthermore,
the single selling season is not long enough to place a second or-
der; that is, there is only one opportunity to stock the new product.
In the computing industry, some retailers procure products in a
single order for the entire life-cycle of a product. This process is re-
ferred to as ‘‘life-time-buy”. We refer the reader to Kaya and Özer
(forthcoming) for various other scenarios in which a newsvendor
setting could be applicable.

After signing the contract and before introducing the product to
the market, the manufacturer may update the product’s demand
information, which reduces demand uncertainty. For example, the
manufacturer may obtain an unanticipated information regarding
the new product’s life cycle. This information impacts demand for
the product. We provide an example to illustrate how this new infor-
mation can affect demand. Let T denote the random life-cycle for the
product. The following function is the simplest possible example of
how the life-cycle can affect the demand for the product. D = g(T) + �,
where g(�) is a nondecreasing function and � is a zero mean random
error term independent of T. This inverse relation between time and
demand is intuitive and it is also well established (see, for example
Billington et al., 1998; Erhun et al., 2007). The demand variance is gi-
ven by Var(D) = Var(g(T)) + Var(�), where Var(g(T)) is due to the new
product’s life-cycle uncertainty and Var(�) is due to the inherent
market uncertainty. Observing the new product’s production readi-
ness processes may provide information to reduce uncertainty in the
product’s life-cycle. This information may reduce the demand
uncertainty for the product. Yet, this information often is not avail-
able to the retailer if the manufacturer does not share it.

We model the reduction in demand uncertainty by the convex
ordering relationship (Müller and Stoyan, 2002).
Definition 1. Let X and Y be random variables with finite means.
We say that X is larger than Y in convex order X Pcx Y, if
E[h(X)] P E[h(Y)] for all convex functions h(�).

Let D1 and D2 be random variables that represent the demand

distribution respectively before and after an information update.
If D1 Pcx D2, then we have (1) E[D1] = E[D2] and (2) Var[D1] P
Var[D2]. These two results are due to Theorem 1.5.3 in Müller
and Stoyan (2002). Note that T1 Pcx T2, where Ti denotes the length
of the new product’s life-cycle before and after information update,
implies D1 Pcx D2. When D1 Pcx D2, D2 provides a more accurate
prediction for the product’s demand due to its smaller variance.
Let fi(x) and Fi(x) denote the probability density and cumulative
distribution functions for demand Di, i = 1,2. We assume that these
distributions are continuous, invertible, and strictly increasing.

The product’s unit retail price is p, and its unit production cost is
c. Each unsold product at the end of the selling season has a salvage
value cs. We assume that c > cs to avoid the unrealistic scenario in
which the channel makes unlimited profits. We also assume that
p > c to ensure the production is profitable. Let EPi

sðQÞ denote
the expected channel profit when the channel’s production quan-
tity is Q and demand is Di, i = 1,2. We have

EPi
sðQÞ � �cQ þ

Z Q

0
ðcsðQ � xÞ þ pxÞfiðxÞdxþ

Z 1

Q
pQfiðxÞdx

¼ ðp� cÞQ � ðp� csÞIiðQÞ: ð1Þ

Here IiðQÞ �
R Q

0 FiðxÞdx is the expected leftover inventory when the
production quantity is Q and the demand distribution is Di. Under
demand Di, the optimal production quantity and the optimal ex-
pected profit for the centralized channel are

QI
i � F�1

i
p� c
p� cs

� �
and ð2Þ

EPi
s Q I

i

� �
� ðp� cÞQ I

i � ðp� csÞIi Q I
i

� �
for i ¼ 1;2: ð3Þ

We use Fi QI
i

� �
¼ p�c

p�cs
to denote the channel’s optimal service level

under demand distribution Di. Note that Fi QI
i

� �
represents the

probability of satisfying all demand during the selling season when
the production quantity is QI

i , a term that is commonly referred as
Type I service level (Nahmias, 2001). Given our assumptions regard-
ing the cost parameters, the channel’s service level is strictly
between zero and one.

Lemma 1. If D1 Pcx D2, then EP2
s ðQ

I
2ÞP EP1

s ðQ
I
1Þ.

Lemma 1 shows that the centralized channel always benefits

from improved demand information. Note that EP2
s QI

2

� �
�

EP1
s Q I

1

� �
gives the value of the improved information. The convex

ordering of D1 and D2, however, does not imply any ordering
between the optimal production quantities. In fact, Gerchak and
Mossman (1992) show that, for some demand distributions, a
reduction in demand uncertainty might increase the optimal
inventory level. Next, we obtain additional insights into the pro-
duction quantity by using the cut criterion concept introduced by
Karlin and Novikoff (1963).

Definition 2. Let X and Y be two random variables with cumula-
tive distributions FX(�) and FY(�), respectively. We say that X and Y
satisfy the cut criterion at q0 if there exists q0 <1 such that
FX(q) P FY(q) "q < q0 and FX(q) 6 FY(q) "q P q0.

The above definition essentially states that two random vari-

ables satisfy the cut criterion if their cumulative distribution func-
tions cross exactly once (or equivalently if their density function
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cross exactly twice). Cut criterion is not a restrictive condition. Sev-
eral pairs of random variables can satisfy this condition. For exam-
ple, two normally distributed random variables with the same
mean satisfy the cut criterion at q0 equal to the mean. In fact, any
random variable with unimodal probability distribution satisfy
the cut criterion. Note also that in the above definition X and Y
do not have to be from the same family of distributions. However,
the cut criterion is stronger than convex ordering; that is, D1 Pcx D2

does not guarantee the satisfaction of the cut criterion.

Lemma 2. If D1 and D2 satisfy the cut criterion at q0 <1, then
QI

1 P QI
2 for F1ðq0Þ 6 p�c

p�cs
and QI

1 6 QI
2 otherwise.

The above result shows that the ordering between Q I
1 and Q I

2

depends on the channel’s optimal service level and the crossing
location of F1(�) and F2(�). For example, when both D1 and D2 are
normally distributed with the same mean, we have F1(q0) = 0.5.
Thus, if the optimal service level is below 50%, the channel’s opti-
mal production quantity increases when demand uncertainty
decreases.

4. Information sharing and channel performance

In the decentralized channel, the retailer faces the customer de-
mand, while the manufacturer manages the production. Both firms
maximize their own profits from the product. Production cost c is
incurred at the manufacturer, and the unit retail price p is collected
at the retailer. At the end of the selling season, each unsold product
is salvaged at value cs. The payment between the manufacturer and
the retailer depends on an agreed upon contract, and the retailer
has only one ordering opportunity.

Both firms have the demand information D1 and agree to honor
a supply contract prior to the sales season. When both firms agree
on the contract terms, they do not anticipate possibility of an infor-
mation update. Recall that the goal is to investigate whether some
widely used contracts that are shown to be equivalent are also
equally robust under a set of unpredictable events that affect de-
mand information. To investigate this question, we introduce a
random ‘‘perturbation” to the system after the contract design
problem is solved. To do so, suppose that the manufacturer ob-
serves demand signals and updates his demand information to
D2. Note that this new perturbation is not part of the sequence of
events that the manufacturer or the retailer had anticipated.
Hence, this ‘‘stage” in the sequence does not exist when the man-
ufacturer offers the contract. The question we investigate is
whether the agreed upon contract is robust enough to keep incen-
tives aligned such that the manufacturer would reveal this private
information. This would be the case if he is not worse off under
the agreed upon contract or if he is mandated by the contract to
do so. The retailer updates her demand information to D2 if the
manufacturer shares this unanticipated private information. The
manufacturer delivers the amount ordered by the retailer prior
to the selling season.

From Lemma 1, we know that the centralized channel benefits
from updating the demand information from D1 to D2. We are
interested in determining whether the decentralized channel can
also benefit from the improved demand information. To do so,
we investigate the manufacturer’s incentive to share his private
information and the impact of mandatory information disclosure
under three widely used contract forms.

4.1. Price-only contracts

A price-only contract specifies only the wholesale price w > c
that the retailer pays for each product. Even when no information
asymmetry exists, a price-only contract cannot achieve channel
coordination unless the manufacturer sells the product at its
production cost. In practice, however, price-only contracts are
common because of their simplicity.

Given a wholesale price w, the retailer orders to maximize her
profit based on her demand information. The retailer’s optimal
order quantity, her expected profit, and the manufacturer’s profit
are given by

Q �i ¼ F�1
i

p�w
p� cs

� �
; ð4Þ

EPr Q �i
� �

¼ ðp�wÞQ �i � ðp� csÞI2 Q �i
� �

and ð5Þ
PmðQ �i Þ ¼ ðw� cÞQ �i for i 2 f1;2g: ð6Þ

Note that the manufacturer’s profit depends indirectly on the retai-
ler’s demand information through her order quantity. The retailer
orders Q �2 units only when the manufacturer shares his improved
demand information D2. Although the retailer’s optimal order
quantity with information sharing is different from that without
information sharing, all channel members’ true expected profits de-
pend on D2.

The retailer’s problem is the same as the problem for the cen-
tralized channel except for the marginal profit. As shown by Lem-
ma 1, the retailer always benefits from learning the manufacturer’s
improved demand information D2. The manufacturer, however,
will voluntarily share this information only if his payoff from doing
so is nonnegative.

Given a wholesale price w, the manufacturer’s profit increases
with the retailer’s order quantity. Thus, the manufacturer benefits
from sharing D2 if Q �2 P Q �1. Let EPsðQ �i Þ � Pm Q �i

� �
þ EPr Q �i

� �
rep-

resent the expected total channel profit when the retailer’s order
quantity is Q �i . Note that EPs Q �1

� �
and EPs Q �2

� �
represent, respec-

tively, the expected total channel profit when the retailer has
and does not have information D2. The following proposition
reveals issues in information sharing under a price-only contract.

Proposition 1. Assume that D1 and D2 satisfy the cut criterion at
q0 <1.

(i) For F1ðq0ÞP p�w
p�cs

, we have Pm Q �2
� �

P Pm Q �1
� �

; otherwise,
PmðQ �2Þ < Pm Q �1

� �
.

(ii) For F1ðq0ÞP p�w
p�cs

, we have EPs Q �2
� �

P EPs Q �1
� �

.

(iii) For F1ðq0Þ < p�w
p�cs

and F2 Q �1
� �

6
p�c
p�cs

, we have EPs Q �2
� �

6

EPs Q �1
� �

.

Part (i) of Proposition 1 shows that the manufacturer receives a
positive payoff from sharing his improved demand information
only when F1ðq0ÞP p�w

p�cs
. Otherwise, by keeping this information

private the manufacturer gains additional profit. Recall that p�w
p�cs

is
the optimal service level for the retailer as well as for the channel.
From the definition of the cut criterion, we know that probability
distributions of D1 and D2 determine q0 and F1(q0). If we use F1(q0)
as a threshold, then the result states that information sharing is
achievable only when the channel’s service level p�w

p�cs
is lower than

the threshold F1(q0). As a result, there exists a conflict between the
channel’s service level and the manufacturer’s incentive for infor-
mation sharing. For example, when D1 and D2 are both symmetric
and unimodal, one can verify that F1(q0) = 0.5. In this case, the man-
ufacturer receives a positive payoff from sharing the improved de-
mand information only when the channel’s optimal service level is
below 50%.

Parts (ii) and (iii) of Proposition 1 reveal that having the man-
ufacturer disclose his information lowers total channel profit
when the manufacturer does not benefit from doing so. This result
is counter-intuitive at first, since one expects higher channel profit
from information sharing. Detailed analysis reveals that the
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underlying causes are the double marginalization effect and the
properties of Fi(�). When F1ðq0Þ < p�w

p�cs
; w > c implies F1ðq0Þ < p�c

p�cs
.

From Eq. (2), we have QI
1 P QI

2 and Q �1 P Q �2; that is, the optimal
order quantity for both the centralized channel and the retailer are
smaller under the improved demand information. Because of the
double marginalization effect, we have QI

1 > Q �1; that is, the opti-
mal order quantity for the retailer is smaller than that for the cen-
tralized channel. When the impact from double marginalization is
larger than that from the improved demand information, we could
observe QI

1 P Q I
2 P Q �1 P Q �2. Recall that QI

2 is the optimal order
quantity for the centralized channel under the improved demand
information. Information sharing shifts the retailer’s optimal order
quantity from Q �1 to Q �2, a quantity that is even lower than QI

2. As a
result, we have EPsðQ I

2ÞP EPsðQ �1ÞP EPsðQ �2Þ; that is, informa-
tion sharing reduces the expected total channel profit. In sum-
mary, under a price-only contract, the retailer always benefits
from having improved information D2, but her benefit may come
at a cost for the manufacturer.

4.2. Quantity flexibility contracts

Under a quantity flexibility contract, the manufacturer and the
retailer agree on the wholesale price w and a return fraction limit
r 2 (0,1). If the retailer’s order quantity is Q, then she can return up
to rQ units to the manufacturer for a full refund. Pasternack (1985)
has shown that the quantity flexibility contract can coordinate the
channel and allow an arbitrary division of total channel profits be-
tween channel members. Recall that both the manufacturer and
the retailer can salvage each unsold product at a unit price of cs.
Since cs < w, the retailer uses her return option before disposing
of leftover inventories.

Under a quantity flexibility contract, the retailer chooses her
optimal order quantity by maximizing the following expected
profit function:

EPi
rðQÞ ¼ �wQ þ

Z ð1�rÞQ

0
ðpxþwQr þ csðð1� rÞQ � xÞÞfiðxÞdx

þ
Z Q

ð1�rÞQ
ðpxþwðQ � xÞÞfiðxÞdxþ pQFiðQÞ

¼ ðp�wÞ
Z Q

0
xfiðxÞdxþ ðp�wÞQFiðQÞ

� ðw� csÞ
Z ð1�rÞQ

0
FiðxÞdx;

where Fið�Þ � 1� Fið�Þ. The retailer’s demand information Di de-
pends on whether the manufacturer discloses his private demand
information. The expected profit function is concave and the retai-
ler’s optimal order quantity Q �i must satisfy the following condition:

Fi ð1� rÞQ �i
� �
1� FiðQ �i Þ

¼ ðp�wÞ
ðw� csÞð1� rÞ for i 2 f1;2g: ð7Þ

With the retailer’s order quantity Q �i , the retailer’s and the manufac-
turer’s expected profits are, respectively,

EPr Q �i
� �

¼ ðp�wÞ
Z Q�i

0
xf2ðxÞdxþ ðp�wÞQ�i F2 Q �i

� �
� ðw� csÞ

Z ð1�rÞQ�i

0
F2ðxÞdx and

EPm Q �i
� �

¼ ðw� cÞQ �i � ðw� csÞ
Z ð1�rÞQ�i

0
rQ �i f2ðxÞdx

� ðw� csÞ
Z Q�i

ð1�rÞQ�i
Q �i � x
� �

f2ðxÞdx:

We focus on investigating a quantity flexibility contract that
achieves channel coordination when the channel members sign
the contract. Demand information is D1, and the retailer’s optimal
order quantity Q �1 is equal to the channel’s optimal order quantity
QI

1 when F1 Q �1
� �

¼ F1 QI
1

� �
. From Eq. (2) that F1 QI

1

� �
¼ p�c

p�cs
. By

substituting QI
1 in Eq. (7) and solving for w, we obtain the following

condition:

ðw; rÞ ¼
ðc � csÞpþ csð1� rÞðp� csÞF1 ð1� rÞQI

1

� �
ðc � csÞ þ ð1� rÞðp� csÞF1 ð1� rÞQI

1

� � ; r

0
@

1
A: ð8Þ

Any pair (w,r) that satisfies the above condition coordinates the
channel before the demand information update.

If the manufacturer discloses his improved demand informa-
tion, then the retailer updates her demand information to D2 and
orders Q �2. When the retailer’s on-hand demand information is Di,
Eq. (7) implies that the retailer’s optimal service level is

Fi Q �i
� �

¼ 1� ðw�csÞð1�rÞFi ð1�rÞQ�ið Þ
ðp�wÞ . After the retailer updates her infor-

mation, we have F2 Q �2
� �

– F1 Q �1
� �

¼ F1 QI
1

� �
; that is, the channel

is no longer coordinated. The following lemma states that the opti-
mal service level in a decentralized channel could be higher than
that in a centralized channel.

Lemma 3. Assume that D1 and D2 satisfy the cut criterion at q0. If
q0 2 ðð1� rÞQ�1;Q

�
1�, then F2 Q �2

� �
P F1 Q�1

� �
.

The above result indicates that under a quantity flexibility con-
tract, the channel loses its first-best performance. One might hope
that the quantity flexibility contract can at least induce the manu-
facturer to share his improved demand information. The following
result states that this is not always true. Recall that EPs Q �i

� �
repre-

sents the expected total channel profit when the retailer’s order
quantity is Q �i . Note that Q �2 satisfies Eq. (7) under demand distri-
bution F2, so Q �2 depends on the value of the return ratio r. We
use Q �2ðrÞ to emphasize this dependency.

Proposition 2. Assume that D1 and D2 satisfy the cut criterion at q0,
and let a = sup{q : F1(q) = 0}. If SðqÞ � F2ðqÞ

F1ðqÞ is increasing in q 2 (a,q0),

fi(�) is symmetric for i 2 {1,2}, and Q �1 > EðD1Þ, then there exists a
r̂ 2 ð0;1Þ such that for any r 2 ½̂r;1Þ we have

(i) Q �2ðrÞP Q �2ðr̂Þ ¼ Q �1,
(ii) EPs Q �1

� �
P EPs Q �2ðrÞ

� �
,

(iii) EPm Q �1
� �

P EPm Q �2ðrÞ
� �

.

Proposition 2 states that there exists a return ratio r̂ such that
the retailer will order the same quantity under both demand distri-
butions D1 and D2. If the return ratio r is larger than r̂, part (i)
shows that the retailer orders more under demand distribution
D2. However, part (iii) states that the manufacturer receives nega-
tive payoff from disclosing D2. Thus, if the return ratio of a quantity
flexibility contract is above the threshold r̂, the self-interested
manufacturer does not have an incentive to share his information.
Note that both normal and uniform distributions satisfy the condi-
tions stated in Proposition 2.

Part (ii) states that mandating the manufacturer to disclose his
improved demand information D2 reduces total channel profit
when the return ratio is above the threshold r̂. This appears coun-
ter-intuitive at first, because one usually expects better channel
performance under improved demand information. Careful analy-
sis, however, reveals that this result is due to the distortion in
the retailer’s cost structure and the behavior of Fi(�). By the symme-
try of fi(�), we have q0 = E(D1). Since Q �1 ¼ QI

1 > EðD1Þ, we have
F1 Q I

1

� �
> F1ðq0Þ. From Lemma 2 we have Q I

1 P Q I
2. That is, the cen-

tralized channel orders less after improving the demand informa-
tion. Lemma 3 indicates that when the return ratio r is high,
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Fig. 2. An example of total channel profit with demand forecast update.
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updating demand distribution to D2 results in F2 Q �2
� �

P F2 QI
2

� �
,

which equivalently means Q �2 P QI
2. That is, information sharing

distorts the retailer’s cost structure, which offers her the opportu-
nity to take advantage of the return limit to achieve a service level
higher than the channel’s optimum. When cost distortion results in
a large increase from QI

2 to Q �2 and updating demand information
generates a small reduction from Q I

1 to Q I
2, we could have

Q �2 P Q I
1 ¼ Q �1 P Q I

2. Recall that QI
2 is the optimal order quantity

for the centralized channel under the improved demand informa-
tion D2. Information sharing shifts the retailer’s optimal quantity
from Q �1 to Q �2, a quantity that is further away from Q I

2. As a result,

we have EPs QI
2

� �
P EPs Q �1

� �
P EPs Q �2

� �
; that is, information

sharing reduces the expected total channel profit. Note that the
magnitude of cost distortion, as well as the difference between
Q �2 and Q I

2, depends on both the return ratio r and the behavior
of Fi(�); whereas, the difference between QI

1 and Q I
2 depends only

on the behavior of Fi(�).
We demonstrate results from Theorem 3 further through an

example. Fig. 1 plots the manufacturer’s payoff from information
sharing with respect to the return ratio r. Reduction in demand
uncertainty is the largest for Curve C and the smallest for Curve
A. For all three cases, the manufacturer’s payoff from sharing infor-
mation is positive when r 2 ð0; r̂Þ and negative when r 2 ðr̂;1Þ.
Curve C has the largest positive payoff when r 2 ð0; r̂Þ and the larg-
est negative payoff when r 2 ðr̂;1Þ. This implies that a large reduc-
tion in demand uncertainty could give the manufacturer either a
strong incentive or a strong dis-incentive in information sharing.
Therefore, setting a proper return ratio r is very important for a
quantity flexibility contract to induce information sharing.

Fig. 2 plots the total channel profit with respect to the return ra-
tio r. Line A and Line B represent channel profits under centralized
control with demand D1 and D2, respectively. Curve C and Curve D
illustrate the total channel profit under quantity flexible contracts
that satisfy the condition in Eq. (13). In Curve C, the retailer always
has access to new demand D2, while in Curve D, she has access to
D2 only when the manufacturer has an incentive to share his new
demand information D2. For the centralized channel, profit is al-
ways higher with smaller demand variance. Both Curve C and
Curve D are below Line B, which shows that the performance of
quantity flexible contracts is always worse than the first-best solu-
tion. When the return ratio r is larger than r̂, Curve C lies below
Curve D, which illustrates that sharing information could worsen
channel performance. When the return ratio r is very large, Curve
Fig. 1. An example of manufacturer’s payoff from information sharing under
quantity flexible contracts.
C even drops below Line A. This emphasizes that, in a decentralized
channel, more information could be harmful if one does not design
the channel contract carefully. In other words, if the contract is not
robust, the unanticipated signals affecting manufacturer’s demand
information could be quite harmful. In summary, quantity flexibil-
ity contracts with high return rates are not robust contracts.

Recall the similar result in Proposition 1 for a price-only
contract. The difference between these results lies in how the retai-
ler’s order quantity changes when the manufacturer discloses his
improved demand information. Under a quantity flexibility
contract, the channel could be worse off, since we could have
Q �2 P QI

1 ¼ Q �1 P Q I
2. That is, given the new information, the retai-

ler’s optimal order quantity is larger than that of the centralized
channel. Thus, one would expect larger excess inventory. On the
other hand, under a price-only contract, the channel could be
worse off, since we could have Q I

1 P Q I
2 P Q �1 P Q �2. That is, given

the new information, the retailer’s optimal order quantity is smal-
ler than that of the centralized channel. Thus, one would expect a
greater loss of sales.

4.3. Buyback contracts

In a buyback contract, the channel members set the wholesale
price w and the return credit cr so that the manufacturer agrees
to pay the retailer for each unsold product. We assume that
w > cr P cs. When the retailer’s demand information is Di for
i = 1,2, the retailer’s optimal order quantity, her expected profit,
and the manufacturer’s expected profit are

Q �i ¼ F�1
i

p�w
p� cr

� �
; ð9Þ

EPr Q �i
� �

¼ ðp�wÞQ �i � ðp� crÞI2 Q �i
� �

; and ð10Þ
EPm Q �i

� �
¼ ðw� cÞQ �i � ðcr � csÞI2 Q �i

� �
; ð11Þ

respectively. As under a quantity flexibility contract, the retailer
bases her order on either D1 or D2, depending on whether the man-
ufacturer discloses his private information.

We also focus on investigating a buyback contract that achieves
channel coordination and eliminates the double marginalization
effect when the contract was first signed. Recall that the firms sign
the buyback contract when the demand information is D1. The re-
tailer’s optimal order quantity also maximizes the channel profit if
F�1

1
p�w
p�cr

� �
¼ F�1

1
p�c
p�cs

� �
, which is equivalent to
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p�w
p� cr

¼ p� c
p� cs

: ð12Þ

Correspondingly, EPr Q �1
� �

¼ p�cr
p�cs

� �
EPs Q �1

� �
, which states that the

division of channel profit is independent of the demand informa-
tion D1.

Proposition 3. For a buyback contract that satisfies Eq. (12) , we
have (i) EPm Q �2

� �
P EPm Q �1

� �
and (ii) EPs Q �2

� �
P EPs Q�1

� �
.

Once w and cr are chosen to coordinate the channel, both the
manufacturer and the retailer receive a fixed portion of the total
channel profit. The division of the profit is independent of the de-
mand information. Furthermore, the manufacturer knows that the
retailer’s optimal order quantity under D2 maximizes the total
channel profit because updating the demand information from D1

to D2 does not distort the retailer’s cost structure. When demand
uncertainty decreases, both the manufacturer’s profit and the re-
tailer’s profit increase because the total channel profit increases.
Hence, under the buyback contract the manufacturer has an incen-
tive to share his improved demand information and the channel’s
best performance is preserved. We find that buyback contracts per-
form well because the division of channel profits between channel
members is independent of the demand distribution.

Recall that EPi
sðQÞ denotes the expected channel profit when

the new product’s demand information is Di. Similarly, let
EPi

mðQÞ and EPi
rðQÞ, respectively, to represent the manufacturer’s

and the retailer’s expected profit when the new product’s demand
information is Di. For the centralized channel, the benefit from
improving the new product’s demand information is DEPs �
EP2

s ðQ
I
2Þ � EP1

s ðQ
I
1Þ. From Proposition 3 we know that the manu-

facturer has the incentive to share D2 with the retailer. Subse-
quently, the retailer would order Q �2 instead of Q �1. Thus, the
manufacturer’s and the retailer’s benefits from sharing this infor-
mation are DEPm � EP2

m Q �2
� �

� EP1
m Q �1
� �

and DEPr � EP2
r Q �2
� �

�
EP1

r Q �1
� �

, respectively. We have DEPs = DEPm + DEPr, because

Q �i ¼ Q I
i for a buyback contract that satisfy condition as specified

in Eq. (12). The following proposition characterizes the manufac-
turer’s and retailer’s benefits from sharing information.

Proposition 4. DEPm is increasing (and DEPr is decreasing) in cr. In
addition, limðw�crÞ!0DEPm ¼ DEPs.
5. Conclusion

This paper uses the concept of convex ordering to model
information updates that reduce a new product’s demand uncer-
tainty. In a centralized channel, we show that reducing demand
uncertainty improves the channel’s expected total profit. In a
decentralized channel, as the developer of the new product, the
manufacturer may observe improved demand information after
signing a supply contract with the retailer. We evaluate the manu-
facturer’s incentive to share his improved demand information as
well as the impact of mandatory information disclosure. Among
the contract forms addressed, we determine that the price-only
contract achieves information sharing only when the channel’s
optimal service level is low, while the quantity flexibility contract
achieves information sharing only when the return ratio is low. The
buyback contract, however, always achieves information sharing
and preserves channel performance. We also contribute to the
existing literature by showing that for the quantity flexibility con-
tract and the price-only contract, mandating the manufacturer to
disclose his private information eliminates information asymmetry
but may result in lower channel profit. Close examination reveals
that the inefficiency is from the distortion in the retailer’s cost
structure and the behavior of the demand distribution.
Previous studies have shown that both buyback contracts and
quantity flexibility contracts can coordinate a channel. In addition,
both contract forms allow the manufacturer and the retailer to di-
vide the total channel profit arbitrarily. Hence, it has been argued
that these contracts are equivalent. However, our study shows
that these contracts performances are significantly different when
unanticipated information evolution generates information asym-
metry at the manufacturer’s side. On one hand, a buyback contract
that coordinates the channel before information updates can
always achieve information sharing and preserve the first-best
performance. On the other hand, a similar quantity flexibility con-
tract loses the first-best performance even when information
sharing is achievable. This difference in channel performance oc-
curs because changes in demand uncertainty under the quantity
flexibility contract introduce new distortion into the retailer’s cost
structure. In summary, in an environment where the manufac-
turer has a better opportunity in reducing demand uncertainty
for a new product, the buyback contract stands out as the most
effective solution in preserving channel performance under fre-
quent information updates. Hence, we conclude that buyback con-
tracts are robust under unanticipated demand information
updates. This may be one of the reason why buyback contracts
are more prevalent in practice.

There are various opportunities for future research. One
immediate research question is to design contracts that are
incentive compatible with respect to demand information up-
dates although the resulting contract will surely be not as simple
as those discussed in this paper. It would also be interesting to
study the performance of contracts in long-term relationships
in which multiple ordering and demand information updates
are possible. In addition, we have shown that price-only con-
tracts are not robust under information updates. Why then this
contract is still used widely? Recent research has started to
investigate these issues (Özer et al., 2009). Yet, more research
is needed to shed light on what makes a contract robust and
amenable for implementation.

Appendix A

Proof of Lemma 1. The proof is done by showing EP2
s Q I

2

� �
P

EP2
s QI

1

� �
P EP1

s Q I
1

� �
. The first inequality is from the definition of

QI
2. Note that given a production quantity Q and demand realiza-

tion d, the channel profit, which is given by (p � c)Q � (p � cs)
(Q � d)+, is a concave function in d. From the definition of convex
ordering, D1 Pcx D2 indicates E(h(D1)) P E(h(D2)) for all convex
functions h(�). The second inequality follows from letting hðdÞ ¼
� ðp� cÞQI

1 � ðp� csÞ QI
1 � d

� �þ� 	
. h
Proof of Lemma 2. First we show that if F1ðq0Þ 6 p�c
p�cs

, then

QI
1 P QI

2. Assume for a contradiction that QI
1 < Q I

2. Since F2(q) is

increasing in q, we have F2 Q I
1

� �
< F2 QI

2

� �
. Recall that by definition

of QI
i we have F1 Q I

1

� �
¼ F2 Q I

2

� �
¼ p�c

p�cs
. This indicates

F2 Q I
1

� �
< F1 Q I

1

� �
. From the definition of cut criterion, we have

q0 > Q I
1, or equivalently, F1ðq0Þ > F1 Q I

1

� �
. This contradicts the ini-

tial condition F1ðq0Þ 6 p�c
p�cs

. Thus, we must have QI
1 P Q I

2. A similar
contradiction argument proves that QI

1 6 Q I
2 for F1ðq0ÞP p�c

p�cs
. h
Proof of Proposition 1. Notice that from Lemma 2 we have
Q �1 P Q �2 for F1ðq0Þ 6 p�w

p�cs
and Q �1 6 Q �2 otherwise. Part (i) follows

directly from this result since the manufacturer’s profit function
equation (6) is increasing in the retailer’s order quantity.
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To prove part (ii) note first that the retailer’s profit is maximized
at Q�2 when the demand is D2, that is EPr Q �2

� �
P EPr Q �1

� �
. Together

with part (i), this result implies that Pm Q�2
� �

þ EPr Q �2
� �

¼
EPs Q�2

� �
P EPs Q�1

� �
when F1ðq0ÞP p�w

p�cs
, which concludes the proof

of part (ii).
When F1ðq0Þ < p�w

p�cs
, we have

EPs Q �2
� �

� EPs Q �1
� �

¼ ðp� cÞ Q �2 � Q �1
� �

� ðp� csÞ
Z Q�2

0
F2ðxÞdx�

Z Q�1

0
F2ðxÞdx

 !

¼ ðp� csÞ
Z Q�1

Q�2

F2ðxÞdx� p� c
p� cs

Q �1 � Q �2
� � !

6 ðp� csÞ F2 Q �1
� �

Q �1 � Q �2
� �

� p� c
p� cs

Q �1 � Q �2
� �� �

;

where the inequality is because Q �1 P Q �2 when F1ðq0Þ < p�w
p�cs

and F2(�)
is an increasing function. If F2 Q �1

� �
6

p�c
p�cs

, then EPs Q �2
� �

� EPs

Q �1
� �

6 0, which implies part (iii). h
Proof of Lemma 3. When Q �2 P Q �1 P q0, we have F2 Q �2
� �

P
F1 Q �2
� �

P F1 Q �1
� �

, where the first inequality is from D1 and D2 sat-
isfies the cut criterion at q0. When Q �2 < Q �1, we have q0 > ð1�
rÞQ �1 > ð1� rÞQ �2 and consequently F1 ð1� rÞQ �1

� �
> F1 ð1� rÞQ �2

� �
>

F2 ð1� rÞQ �2
� �

by the property of the cut criterion. F2 Q �2
� �

> F1 Q �1
� �

follows directly from Fi Q �i
� �

¼ 1� ðw�csÞð1�rÞFi ð1�rÞQ�ið Þ
ðp�wÞ , which con-

cludes the proof. h
Proof of Proposition 2. Let r̂ be the return ratio that satisfies
p�w

ðw�csÞð1�r̂Þ ¼ 1: Note that Q �1 and Q �2ðr̂Þ should satisfy the first order

condition

F1 ð1� r̂ÞQ �1
� �

1� F1 Q �1
� � ¼ F2 ð1� r̂ÞQ �2ðr̂Þ

� �
1� F2 Q �2ðr̂Þ

� � ¼ 1: ð13Þ

We have F1 ð1� r̂ÞQ �1
� �

¼ 1� F1 Q �1
� �

¼ F1 2EðD1Þ � Q �1
� �

. The first
equality is from Eq. (13) and the second is from f1(�) being symmet-
ric. This indicates Q �1 ¼

2EðD1Þ
2�r̂ . Similarly, we can verify that

Q �2ðr̂Þ ¼
2EðD2Þ

2�r̂ , which leads us to Q �2ðr̂Þ ¼ Q �1 because E(D1) = E(D2)

from convex ordering. Note that r̂ ¼ 2 1� EðD1Þ
Q�1

� �
. By our assumption

that EðD1Þ < Q �1 and D1 is symmetric, we have EðD1Þ
Q�1
2 1

2 ;1
� �

, which

indicates r̂ 2 ð0;1Þ. This shows the existence of r̂ as a feasible return
ratio for which the retailer order quantity is the same before and
after information update.

Because E(D1) = E(D2) and both D1 and D2 are symmetric, we
have F1ðEðD1ÞÞ ¼ F2ðEðD2ÞÞ ¼ 1

2. Since D1 and D2 satisfy the cut
criterion at q0, we have F1(q0) = F2(q0), which indicates q0 = E(D1). For
any r 2 ½̂r;1Þ,

ð1� rÞQ �2ðr̂Þ 6 ð1� r̂ÞQ�2ðr̂Þ ¼ ð1� r̂Þ2EðD1Þ
2� r̂

< EðD1Þ:

By our assumption that F2ðqÞ
F1ðqÞ

is increasing in (a,q0), where
a = sup{q : F1(q) = 0} and r̂ 6 r we have

F2 ð1� rÞQ �2ðr̂Þ
� �

F2 ð1� r̂ÞQ �2ðr̂Þ
� � 6 F1ðð1� rÞQ �2ðr̂ÞÞ

F1 ð1� r̂ÞQ �2ðr̂Þ
� � : ð14Þ

From Eq. (13),

1
1� F2 Q �2ðr̂Þ

� � ¼ F1 ð1� r̂ÞQ �1
� �

1� F1 Q �1
� �� �

F2 1� r̂ð ÞQ �2ðr̂Þ
� � :
Therefore,

F2 ð1� rÞQ �2ðr̂Þ
� �

1� F2 Q �2ðr̂Þ
� � ¼ F2 ð1� rÞQ �2ðr̂Þ

� �
F2 ð1� r̂ÞQ �2ðr̂Þ
� �� F1 ð1� r̂ÞQ �1

� �
1� F1 Q �1

� �
6

F1 ð1� rÞQ �2ðr̂Þ
� �

F1 ð1� r̂ÞQ �2ðr̂Þ
� �� F1 ð1� r̂ÞQ �1

� �
1� F1ðQ �1Þ

due to Eq: ð14Þ

¼
F1 ð1� rÞQ �1
� �

1� F1ðQ �1Þ
because Q �2ðr̂Þ ¼ Q �1

¼
F2 ð1� rÞQ �2ðrÞ
� �

1� F2 Q �2ðrÞ
� � due to Eq: ð7Þ:

It can be shown that @ F2ðð1�rÞqÞ
1�F2ðqÞ

� �.
@q P 0. Together with the

above inequality, this implies that Q �2ðrÞP Q �2ðr̂Þ for any r 2 ½r̂;1Þ.
Therefore, there exists an r̂ 2 ð0;1Þ such that for all r 2 ½r̂;1Þwe have
Q �2ðrÞP Q �2ðr̂Þ ¼ Q �1.

Based on the definition of EPs(�), for any r 2 ½r̂;1Þ we have

EPs Q �1
� �

� EPs Q �2ðrÞ
� �

¼ ðp� cÞ Q �1 � Q �2ðrÞ
� �

� ðp� csÞ
Z Q�1

Q�2ðrÞ
F2ðxÞdx

P ðp� csÞ Q �2ðrÞ � Q �1
� �

F2 Q �1
� �

� ðp� cÞ Q �2ðrÞ � Q �1
� �

P ðp� csÞ Q �2ðrÞ � Q �1
� �

F1 Q �1
� �

� ðp� cÞ Q �2ðrÞ � Q �1
� �

¼ 0:

The first inequality is from Q �2ðrÞP Q �1 for r 2 ½r̂;1Þ and F2(�) is an
increasing function; the second inequality is because D1 and D2 sat-
isfy the cut criterion at q0 = E(D1) and Q �1 > EðD1Þ; the last equality is
from F1 Q �1

� �
¼ p�c

p�cs
.

For any r 2 ½̂r;1Þ, we have EPm Q�1
� �

P EPm Q �2ðrÞ
� �

comes
directly from EPs Q �1

� �
P EPs Q �2ðrÞ

� �
but EPr Q �1

� �
6 EPr Q�2ðrÞ

� �
,

since Q�2ðrÞ is the retailer’s optimal order quantity under demand
distribution D2. h
Proof of Proposition 3. Let D � EPmðQ �2Þ � EPmðQ �1Þ, that is

D ¼ ðw� cÞ Q �2 � Q �1
� �

� ðcr � csÞ
Z Q�2

0
F2ðxÞdx�

Z Q�1

0
F2ðxÞdx

" #
:

ð15Þ

Note that a coordinating buyback contract with (w,cr) should satisfy
Eq. (12). Hence, @w

@cr
¼ p�c

p�cs
, which is also equal to F2 Q �2

� �
from the def-

inition in (9). This gives us

@D
@cr
¼ F2 Q �2

� �
Q �2 � Q �1
� �

�
Z Q�2

Q�1

F2ðxÞdx P 0:

The inequality is because
R Q�2

Q�1
F2ðxÞdx 6

R Q�2
Q�1

F2 Q �2
� �

dx ¼ F2 Q �2
� �

Q �2 � Q �1
� �

for Q �2 P Q �1 and
R Q�1

Q�2
F2ðxÞdx > F2ðQ �2Þ Q �1 � Q �2

� �
for

Q �2 < Q �1. Thus, D is increasing in cr.
Note that cr is also increasing in w. From Eq. (12), when cr = cs

we have w = c. Hence D = 0. For any w P c, we have cr P cs and
since D is increasing in cr we have D P 0, which proves part (i) of
the proposition.

Note that EPs Q�i
� �

¼ EPm Q �i
� �

þ EPr Q�i
� �

. Part (ii) comes
directly from EPr Q�2

� �
P EPr Q�1

� �
, since Q�2 is the retailer’s opti-

mum order quantity under demand distribution D2. h
Proof of Proposition 4. Notice that from p�w
p�cr
¼ p�c

p�cs
, we have

ðw� cÞ ¼ ðcr � csÞ p�c
p�cs

and Q �i ¼ QI
i . From Eq. (11),

DEPm ¼ ðw� cÞ Q �2 � Q �1
� �

� ðcr � csÞ
Z Q�2

0
F2ðxÞdx�

Z Q�1

0
F1ðxÞdx

 !

¼ cr � cs

p� cs

� �
ðp� cÞ Q �2 � Q �1

� ��

� ðp� csÞ
Z Q�2

0
F2ðxÞdx�

Z Q�1

0
F1ðxÞdx

 !!
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¼ cr � cs

p� cs

� �
ðp� cÞ QI

2 � QI
1

� ��

�ðp� csÞ
Z QI

2

0
F2ðxÞdx�

Z QI
1

0
F1ðxÞdx

 !!

¼ cr � cs

p� cs

� �
DEPs:

Since p, cs, and DEPs are independent of cr, it follows directly from
the above equation that DEPm is increasing in cr.

To prove limðw�crÞ!0DEPm ¼ DEPs, it suffices to show limðw�crÞ!0

cr�cs
p�cs

� �
¼1. Note that from p�w

p�cr
¼ p�c

p�cs
, we have ðw�crÞ¼ðp�crÞ

1� p�c
p�cs

� �
. Since 1� p�c

p�cs
>0, as (w � cr) ? 0, we must have cr ? p

and consequently cr�cs
p�cs
!1. This concludes the proof. h
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