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We study the important problem of how to assure credible forecast information sharing between a supplier
and a manufacturer. The supplier is responsible for acquiring the necessary capacity before receiving

an order from the manufacturer who possesses private forecast information for her end product. We address
how different contracts affect the supplier’s capacity decision and, hence, the profitability of the supplier and
the manufacturer. We fully develop two contracts (and provide explicit formulae) to enable credible forecast
information sharing. The first is a nonlinear capacity reservation contract under which the manufacturer agrees
to pay a fee to reserve capacity. The second is an advance purchase contract under which the manufacturer is
induced to place a firm order before the supplier secures the component capacity used to build the end product.
These contracts serve a strategic role in information sharing. The capacity reservation contract enables the
supplier to detect the manufacturer’s private forecast information, while the advance purchase contract enables
the manufacturer to signal her forecast information. We show that channel coordination is possible even under
asymmetric forecast information by combining the advance purchase contract with an appropriate payback
agreement. Through our structural and numerical results we also show that the degree of forecast information
asymmetry and the risk-adjusted profit margin are two important drivers that determine supply chain efficiency
and which contract to adopt.
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1. Introduction
To deliver on time, the component supplier (he) must
secure capacity prior to receiving firm orders from the
manufacturer who uses these components to build the
end product. To do so, the supplier relies on demand
forecast. In such a decentralized supply chain, how-
ever, the manufacturer (she) often has better demand
information because of her proximity to consumers.
This forecast information asymmetry creates an incen-
tive problem: the manufacturer can influence the sup-
plier’s capacity decision by exaggerating her forecast.
Anticipating this, the supplier does not consider the
forecast information provided by the manufacturer to
be credible. The supplier therefore decides on the com-
ponent capacity based on his less accurate forecast.
Lack of credible forecast information sharing results
in securing insufficient or excessive component capac-
ity. This improper action leads to significant profit
losses for both parties. Finally, the consumer also
suffers from high price tags and lack of product
availability.
Forecast manipulation is widespread in many

industries from apparel to high technology. Personal

computer (PC) and electronics manufacturers often
submit “phantom orders” to induce their suppliers
to secure more component capacity (Lee et al. 1997).
In 2001, Solectron, a major electronics supplier, had
$4.7 billion in excess component inventory because of
inflated forecasts provided by its customers (electron-
ics and telecommunications manufacturers) (Engardio
2001). Anticipating such forecast inflation, the sup-
plier may discount the forecast provided by the man-
ufacturer. Unfortunately, this caution can also lead
to huge losses. In 1997, Boeing’s suppliers were not
able to fulfill Boeing’s large orders because they did
not believe Boeing’s optimistic forecasts provided ear-
lier (Cole 1997). This incentive problem may also be
observed in the downstream supply chain; that is,
between the manufacturer and the retailer. General
Motors (GM), for example, relies heavily on forecast
information provided by its dealers to decide on com-
ponent capacity in GM’s assembly lines. GM admits,
however, that they “purify” the dealers’ forecast infor-
mation before using it.
In this paper, we first show that the structure

of the supply contract plays an important role in
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the distortion of demand forecasts. Lee et al. (1997)
provide four other reasons for distortion of demand
forecasts, such as the rationing game and order batch-
ing; they never mention the form of the contract as a
reason for forecast inflation. Consider first the whole-
sale price contract. The wholesale price for a com-
ponent is often set during the product design stage,
which occurs long before the manufacturer ramps up
the production. On the other hand, capacity commit-
ments are made closer to production. Hence, the fore-
cast sharing problem is often decoupled from product
design and wholesale price negotiations. For example,
senior managers at Ericsson, a major telecommunica-
tions company, state that they often negotiate compo-
nent prices nine months to a year in advance of the
actual production date for a new product. To help its
supplier with capacity planning, Ericsson shares its
final forecast a few months before increasing produc-
tion (Hanstrom et al. 2002). This practice is common
in other industries such as PC manufacturing, semi-
conductor, and automotive. We show that the whole-
sale price contract does not prevent the manufacturer
from inflating her forecast. Hence, the supplier may
not consider the shared forecast information to be
credible and he reverts to his own forecast informa-
tion. We also show that the consequence of this action
could be severe for both parties.
Next, we structure two contracts that the sup-

plier can offer to achieve credible forecast informa-
tion sharing. These contracts induce credible forecast
information sharing by requiring the manufacturer to
back up her forecast. The first contract is a capac-
ity reservation agreement, under which the manufac-
turer pays P�K� to reserve K units of component
capacity. We show that a nonlinear price schedule to
reserve capacity induces credible information sharing,
while maximizing the supplier’s profit and ensur-
ing the manufacturer’s participation. The second con-
tract is the advance purchase agreement, under which
the supplier charges the advance purchase price wa

per unit for orders placed prior to his capacity deci-
sion. The advance purchase contract also achieves
credible forecast information sharing by inducing
the manufacturer to signal her forecast information
with an advance purchase. We also provide a discus-
sion on which contract the supplier should consider
implementing.
To illustrate the strategic role of these contracts,

we compare their performance under an asymmetric
forecast information scenario with their performance
under a symmetric or full forecast information sce-
nario (that is, when the supplier knows the manu-
facturer’s private forecast information). For example,
to reserve capacity, the manufacturer with private
forecast information pays a higher price than what
she would pay when her forecast information is

public. These results show that reserving capacity is
a strategic monetary commitment that enables credi-
ble forecast information sharing. Similarly, to signal
her forecast information, the manufacturer needs to
place a larger advance order than what she would
order when her forecast information is public. Fur-
thermore, the manufacturer may find it profitable to
place an advance order even when the advance pur-
chase price is larger than the wholesale price (i.e.,
the supplier can induce the manufacturer to place
advance orders even without providing a discount).
These results show that an advance purchase is a
strategic quantity commitment that enables credible
forecast information sharing.
The aforementioned supply chain also suffers from

the adverse effect of double marginalization regard-
less of whether the manufacturer holds private fore-
cast information. The supplier and the manufacturer
can eliminate this inefficiency by using coordinating
contracts. For example, we show that a payback con-
tract induces the supplier to secure system-optimal
capacity. To do so, the contract requires the manu-
facturer to reimburse the supplier for unused compo-
nent capacity and enables channel coordination. Yet, a
coordinating contract that achieves a system-optimal
solution for the supply chain under symmetric fore-
cast information often does not induce credible infor-
mation sharing when forecast information is asym-
metric. Hence, the contract that is coordinating under
symmetric forecast information may cease to coor-
dinate the system when the forecast information is
asymmetric. However, we show that by using an
advance purchase contract with a payback agree-
ment, the supplier and the manufacturer can achieve
channel coordination even under asymmetric forecast
information.
We use two different models to analyze the credible

forecast sharing problem. First, we use the screening
game to model and characterize the capacity reser-
vation contract that enables the supplier to screen
the manufacturer’s forecast information. Next, we use
the signaling game to model and characterize the
advance purchase contract that enables the manufac-
turer to signal her forecast credibly. To study both
contracts under a unified framework also enables us
to compare the cost of signaling to the cost of screening.
This comparison reveals that the degree of forecast
information asymmetry and the risk-adjusted profit
margin are two important drivers of supply chain effi-
ciency, and hence for determining which contract to
adopt (see Figure 3, p. 1254).

2. Literature Review
In this paper, we study the strategic problem of how
to assure credible forecast information sharing. The
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forecast sharing problem in nonstrategic settings has
been studied by many authors such as Aviv (2003),
Özer (2003), and Toktay and Wein (2001). Aviv (2003)
provides a comprehensive review of these problems.
Cohen et al. (2003) provide several examples from
various industries of overly optimistic forecasts pro-
vided by the manufacturer to the supplier under col-
laborative forecasting schemes. Through an empiri-
cal study, they estimate the impact of lack of credi-
ble forecast information sharing for a semiconductor
equipment supply chain. Lau and Lau (2001) provide
a newsvendor model to illustrate the impact of fore-
cast information asymmetry. However, these papers
do not explore remedies to avoid forecast inflation or
contracts to enable credible forecast information shar-
ing analytically.
To better position our research in the supply chain

contracting and coordination literature, first, we clar-
ify the distinctions among the form of a contract, the
scenario by which parties arrive at contract parame-
ters (such as who offers the contract), and the result-
ing equilibrium outcomes. A contract is a document
that describes, prior to the trade, the terms of a bind-
ing agreement that specifies the process by which the
amount of trade and cash flow are determined after
the trade (Tirole 1988). Note that having the same
cash flow after the trade under two contracts does not
make these two contracts equivalent unless the same
cash flow is reached under both contracts through all
possible processes. Second, the contract terms can be
negotiated through an iterative process or the contract
could be offered by one party to another as a take-it-
or-leave-it offer. The second interaction is often mod-
eled as a Stackelberg game in which the parties have
the same information about each other’s business. If
channel coordination and arbitrary profit sharing is
achievable, who moves first is less exciting. Clearly,
the party who can dictate the contract takes all of
the profit except for the other party’s minimum reser-
vation profit. On the other hand, under asymmetric
information, who offers the contract is critical. Based
on the interaction, the game could be modeled by a
screening or a signaling game.
A stream of supply chain literature looks at con-

tracting to achieve coordination when parties have
full information about each other’s business parame-
ters, such as profit margins and forecast information.
Researchers have long known that the wholesale price
contract causes system inefficiency because of double
marginalization (Spengler 1950). Supply chain coordi-
nation is possible, for example, by sharing the risk of
low demand as in the buy-back contract (Pasternack
1985) and the quantity flexibility contract (Tsay 1999).
Tomlin (2003), on the other hand, shows that chan-
nel coordination can also be achieved by sharing the
upside potential of high demand through the quantity

premium contract. Cachon (2001) provides an exten-
sive survey of this literature.
Some researchers consider the capacity decision

in a supply chain when parties have full informa-
tion. Cachon (2004) shows how an advance purchase
contract shifts excess inventory risk from the sup-
plier to the manufacturer. Erkoc and Wu (2005) study
the capacity reservation contract with linear prices,
which is a special case of our nonlinear price capac-
ity reservation contract addressed in §5.2. However,
they examine the effect of demand variability. Erhun
et al. (2003) and Taylor and Plambeck (2003) address
the supplier’s capacity decision for a decentralized
supply chain. They consider the impact of sequen-
tial procurement and repeated interaction on capacity
decision, respectively. Brown and Lee (1998) study the
manufacturer’s optimal capacity reservation decision
in the semiconductor industry. Their focus is on char-
acterizing the manufacturer’s reservation decision
when she obtains new information about demand.
They address neither the supplier’s nor the supply
chain’s perspective. All the aforementioned papers
assume that all information, such as the demand
information, is common knowledge.
Iyer and Bergen (1997), Fisher and Raman (1996),

Barnes-Schuster et al. (2002), and Özer et al. (2003)
study supply chains in which the parties obtain a fore-
cast update between selling periods. Barnes-Schuster
et al. (2002) study an options framework that repli-
cates the cash flow of some commonly used con-
tracts. For symmetric information scenarios, as in
the Barnes-Schuster et al. case, the options approach
could be a unifying framework for some con-
tracts. For asymmetric information problems, how-
ever, replicating the cash flow of a contract using an
options framework is not enough to claim that this
framework covers all contracts and resulting equilib-
ria because of the reasons cited earlier. Tang et al.
(2004) study the application of an advance purchase
discount between a retailer and consumers. In their
model, supply chain coordination (hence information
sharing) is not an issue. Yet, all these papers also
assume that the supplier knows the manufacturer’s
forecast information.
Symmetric forecast information is a strong assump-

tion. In practice, information is often privately held
by one member of the supply chain. The informed
party may use her information to improve her prof-
its even at the expense of the other party. Hence, the
uninformed party has a reason not to believe in the
information (true or false) provided. This possibility
precludes credible information sharing. The supply
chain literature that explicitly models asymmetric
information can be classified into two groups. A
group of researchers (Corbett and de Groote 2000, Ha
2001) focus on information asymmetry in production
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cost, and another group (Cachon and Lariviere 2001,
Porteus and Whang 1999) focuses on information
asymmetry in market demand and forecasts. Within
each group, either the uninformed firm offers a con-
tract to induce truthful information revelation, known
as screening in game theory (Fudenberg and Tirole
1991), or the informed firm may take an action to
relay its information credibility to the uninformed
party, known as the signaling game. For a survey of
signaling and screening models in supply chains, we
refer the reader to Chen (2001). A recent research
stream is the asymmetric information regarding the
upstream party’s quality related cost in exerting
unverifiable quality effort (Kaya and Özer 2003).
To the best of our knowledge, Cachon and Lariviere

(2001) produced the only paper that prescribes ana-
lytical remedies for credible forecast sharing between
a supplier and a manufacturer (hence, it is closest to
ours). Important differences in the contract structures
considered and the modeling approaches between our
paper and theirs yield different but complementary
equilibrium results. For example, this paper takes
the perspective of the supplier, whereas Cachon and
Lariviere (2001) take the perspective of the manu-
facturer. Both scenarios are plausible, depending on
the scale and power of the parties involved. How-
ever, when the supplier builds the capacity voluntar-
ily, he is likely to be in a position to offer the contract.
Cachon and Lariviere (2001) show that when the
manufacturer offers the contract, she cannot achieve
channel coordination unless she dictates the capacity
decision (forced compliance in their terminology). On
the other hand, we show that in addition to credi-
ble information sharing, channel coordination is also
achievable even when parties act on their own will.
Bargaining power could be more evenly distributed

and contract terms could be set after an iterative
negotiation process. Hence, as stated by Chen (2001),
studying each extreme of the bargaining power dis-
tribution enables one to predict and limit the out-
come of iterative negotiations. From the supplier’s
perspective, as in our case, the supplier does not need
to set the wholesale price to screen forecast infor-
mation. In other words, credible forecast information
sharing does not depend on who sets the wholesale
price. Hence, the wholesale price could be taken as
exogenous. For example, the wholesale price could
have been set when the supply chain relationship is
established, which is well before the capacity deci-
sion, hence before the forecast sharing problem arises.
We first address this scenario in which the wholesale
price is exogenous. Next, we also address the endoge-
nous wholesale price scenario in which the supplier
simultaneously offers (and sets) the wholesale price
in addition to other contract parameters (if any).

By providing explicit formulas and results for spe-
cific contract terms, we take concepts closer to real
application. Specifically, we provide formulae for (and
fully develop) the nonlinear capacity reservation con-
tract and the advance purchase contract. Cachon and
Lariviere (2001) focus on establishing some proper-
ties of linear price contracts. They do not specify the
optimal contract terms. On the other hand, we fully
characterize the impact of advance purchase on the
supply chain. In particular, we identify two separat-
ing equilibria, one of which requires the supplier to
provide a discount to the manufacturer. We also show
that even without a discount (or even with a higher
price for commitment), the manufacturer is willing to
place firm orders in advance of capacity commitment
because doing so enables her to signal forecast infor-
mation. The contracts considered here also enable us
to compare signaling and screening games. This com-
parison reveals two important drivers of inefficiency:
the degree of forecast information asymmetry and
the risk-adjusted profit margin. Finally, we model the
belief system for private forecast information as a con-
tinuous random variable, instead of a binomial distri-
bution. A continuous distribution enables us to study
a general (and a more realistic) setting than two-type
asymmetric information models, which are often used
for tractability (Fudenberg and Tirole 1991).
The rest of this paper is organized as follows.

In §3, we introduce the asymmetric forecast infor-
mation model and study the centralized system to
establish a benchmark. In §4, we study the whole-
sale price contract and identify two sources of inef-
ficiency: lack of credible forecast information sharing
and double marginalization. In §§5 and 6, we struc-
ture two contracts that enable credible information
sharing. In §7, we show that channel coordination is
possible by combining contracts even under asym-
metric information. In §8, we identify two factors
that affect the performance of the system. We discuss
when to use which contract and provide managerial
insights. In §9, we address the scenario in which the
supplier sets the wholesale price in addition to other
contract parameters (if any).

3. The Model and the Benchmark
Consider a supply chain with a component supplier
and a manufacturer. The supplier secures component
capacity K at unit cost ck > 0 prior to the realization
of the random demand D. When the supplier secures
component capacity, he shares the invoice with the
manufacturer, hence K and ck are common knowl-
edge. The manufacturer observes the demand and
places an order. The supplier produces at unit cost
c > 0 and delivers as much of the order as possi-
ble given the capacity constraint. The manufacturer’s
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payment to the supplier depends on the supply con-
tract negotiated initially. The manufacturer then sells
the product to the end consumer at a fixed unit price
r > 0. We assume that r > c+ck, otherwise production
is not profitable. Unmet demand is lost without addi-
tional stock-out penalty, and unsold inventory has
zero salvage value without loss of generality.
Prior to the component capacity decision, the

supplier and the manufacturer obtain a demand
forecast from a third-party market research firm
(such as Dataquest services of Gartner Group; see
http://www.dataquest.com). In particular, both par-
ties learn �+, where � is a positive constant and  is
a zero-mean continuous random variable with cumu-
lative distribution function (c.d.f.) G�·� and probabil-
ity density function (p.d.f.) g�·�. The manufacturer,
however, often has other forward-looking information
because of her superior relationship with or proxim-
ity to the market and expert opinion about her own
product. Alternatively, the manufacturer might have
obtained new forecast information between the time a
supplier-manufacturer relationship is established (or
when the supplier seeks forecast information from
Gartner) and the time just before the supplier’s capac-
ity decision. Let � denote this manufacturer’s pri-
vate information about demand forecast. In particular,
� is a deterministically known quantity to the man-
ufacturer. The supplier can always ask the manufac-
turer to provide her forecast information. The shared
information would be considered credible only if the
manufacturer does not have any incentive to manipu-
late her forecast information. Otherwise, the supplier
resorts to a prior belief and considers � to be a zero-
mean continuous random variable that takes values in
��� �̄� with c.d.f F �·� and p.d.f f �·�, which is common
knowledge.
To recap, the supplier’s demand forecast informa-

tion is D = � + � + , where � is deterministically
known and � has c.d.f F �·� and  has c.d.f G�·�. On
the other hand, the manufacturer’s forecast informa-
tion is D = � + � + , where � and � are deter-
ministically known and  has c.d.f G�·�. Hence, the
demand forecast information is asymmetric. The sup-
plier learns the uncertain private forecast information
� after this information is shared credibly. The market
uncertainty  is realized at the end of the sales sea-
son. We assume that F �·� and G�·� are twice differen-
tiable, and that f �·� and g�·� are strictly positive over
their supports. To ensure that the realized demand is
always nonnegative, � is assumed sufficiently large
and  is bounded below.
Next, we consider the “first-best” solution. When

the supplier and the manufacturer are vertically inte-
grated, no forecast information asymmetry exists
and no payment between the parties is exchanged.
The integrated firm bases its component capacity

decision on the point forecast �+� and the remaining
market uncertainty. For a given capacity K, the firm’s
expected profit is

�cs�K���= �r − c�Emin��+ �+ �K�− ckK� (1)

where the expectation is with respect to  only. To
decide on the component capacity, the firm maxi-
mizes (1) by setting capacity level to

Kcs ≡�+ �+G−1
(
r − c− ck
r − c

)
� (2)

which is a function of �. We use the centralized
system as a benchmark for the performance of
the decentralized system under both symmetric and
asymmetric forecast information.

4. Wholesale Price Only
The supplier and the manufacturer often establish a
supply chain through a wholesale price agreement.
The supplier decides on component capacity long
after this relationship is established and just before
ramping up the production. Hence, the capacity and
forecast sharing decision is often decoupled from the
wholesale price negotiation. Under this contract, the
manufacturer pays a wholesale price w to the sup-
plier for each unit ordered. Next, we illustrate why
this contract does not enable credible forecast infor-
mation sharing. In fact, it is a reason for the forecast
information asymmetry.
After the parties establish a supply chain, the

sequence of events is as follows: (1) The supplier
decides on the component capacity K to maximize his
profit. (2) The manufacturer observes the demand D
and places an order. (3) The supplier fills the order as
much as possible, at unit cost c; that is, he delivers
min�D�K�. (4) The manufacturer receives the order
and sells at a fixed unit price r > 0. We assume that
w ∈ �c + ck� r�. Note that the manufacturer’s order
decision is equal to the realized demand and it does
not depend on the wholesale price w.
For a given K and �, the manufacturer’s and the

supplier’s expected profits before observing demand
and placing an order are

�m�K��� = �r −w�Emin��+ �+ �K�� (3)

�s�K��� = �w− c�Emin��+ �+ �K�− ckK� (4)

The above expectations are with respect to  only.
When the supplier has access to the manufacturer’s
private forecast information �, i.e., the symmetric
forecast information case, he maximizes (4) by setting
capacity to

Kws ≡�+ �+G−1
(
w− c− ck
w− c

)
� (5)
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Observe that if � is known only to the manufac-
turer, i.e., the asymmetric forecast information case,
the manufacturer has an incentive to inflate her report
of �. This incentive arises because the manufacturer’s
realized profit �m�K��� is increasing in the sup-
plier’s capacity choice K and the supplier’s optimal
capacity Kws is increasing in the manufacturer’s fore-
cast information �. The supplier therefore does not
consider the forecast information provided by the
manufacturer to be credible. As a result, he secures
component capacity based on a prior belief about the
manufacturer’s private forecast information. The sup-
plier’s expected profit would be

E��
s�K���= �w− c�Emin��+ �+ �K�− ckK� (6)

where the uncertainty is because of both � and . The
supplier maximizes (6) by setting capacity level

Kwa ≡�+ �F 	G�−1
(
w− c− ck
w− c

)
� (7)

where F 	G is the distribution function of �+ .
Comparing the centralized system’s capacity deci-

sion Kcs in (2) with the supplier’s capacity decision
under symmetric and asymmetric forecast informa-
tion in (5) and (7) reveals two sources of inefficiency.
The first source of inefficiency is the following. The

supplier’s capacity choice under asymmetric informa-
tion Kwa is not a function of �. Without credible fore-
cast information sharing, the supplier cannot adjust
the capacity to account for the manufacturer’s private
forecast. The consequences of this inefficiency could
be severe for both parties. When the manufacturer’s
private forecast is very high, both parties may lose
sales, resulting in lower profits (as in the Boeing case;
see Cole 1997). When the manufacturer’s private fore-
cast information is low, the supplier may suffer from
excess capacity (as in the Solectron case; see Engardio
2001). The remedy for this inefficiency is to induce
credible information sharing.
The second source of inefficiency is the joint effect

of double marginalization and the market uncer-
tainty . Observe that under symmetric forecast
information, the optimal component capacity Kws is
responsive to �. However, because w < r , Kws is still
less than the centralized system’s capacity choice Kcs .
Hence, total supply chain profit is less than the cen-
tralized system’s profit. Note that the distribution of
market uncertainty , that is, G�·�, is also the source
of this second inefficiency. The remedy for this ineffi-
ciency is to induce sharing the risk of excess capacity.
To summarize, under a wholesale price con-

tract the supplier, the manufacturer, and the sup-
ply chain suffer from two forms of inefficiency: lack
of credible forecast information sharing and double
marginalization. Next, in §§5 and 6, we structure two

contracts that achieve credible forecast information
sharing.

5. Capacity Reservation Contract
The supplier can hold the manufacturer accountable
for her private forecast information by requiring a
monetary commitment before securing component
capacity. This accountability can be achieved by
designing a menu of prices for reserving capacity. The
supplier offers this menu any time before setting the
capacity.

5.1. Asymmetric Forecast Information Scenario
The sequence of events is as follows: (1) The supplier
provides a menu of contracts �K����P���� for all � ∈
��� �̄�. Both capacity and corresponding payment are
functions of private forecast information �. Here, the
supplier’s objective is to find the optimal menu that
maximizes his profit. (2) Given this menu, the manu-
facturer chooses a particular contract �K��̂��P��̂�� that
maximizes her profit. By doing so, she announces her
forecast information to be �̂, which could differ from
her true forecast information �. The supplier receives
the payment P��̂� and builds capacity K��̂� at unit
cost ck. (3) The manufacturer observes the demand D
and places an order. The supplier produces as much
of the order as possible given the capacity constraint;
that is, he delivers min�D�K��̂��. The manufacturer
receives the order and sells at unit price r > 0. Two
decisions are the supplier’s choice for the optimal
menu of contracts that maximizes his profit, and the
manufacturers’ choice from this menu for the optimal
contract that maximizes her profit.
By choosing a contract, the manufacturer defines

her profit, the supplier’s profit, and the total supply
chain profit as

�m�K��̂��P��̂�� �� = �r −w�Emin��+ �+ �K��̂��

− P��̂�� (8)

�s�K��̂��P��̂�� �� = �w− c�Emin��+ �+ �K��̂��

+ P��̂�− ckK��̂�� (9)

�tot�K��̂�� �� = �r − c�Emin��+ �+ �K��̂��

− ckK��̂�� (10)

Expectations are with respect to  only.
The supplier’s challenge is to elicit truthful infor-

mation and to maximize his profit by choosing a
menu of contracts while ensuring the manufacturer’s
participation. We know from the revelation principle
(Fudenberg and Tirole 1991) that the supplier can
limit the search for the optimal menu of contracts to
the class of truth-telling contracts. Under such con-
tracts, the manufacturer truthfully reveals her forecast
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information because by doing so, she maximizes her
profit. Therefore, to identify an optimal menu of con-
tracts, the supplier solves

max
K�·��P�·�

E�s�K����P������ (11)

s.t.
IC: �m�K����P������≥�m�K��̂��P��̂���� for all �̂ �=��

PC: �m�K����P������≥�m
min for all �∈ ����̄��

The expectation in the supplier’s objective is with
respect to �. The first set of constraints is the incen-
tive compatibility (IC) constraints. These constraints
ensure that the manufacturer maximizes her profit by
truthfully revealing her forecast information. The sec-
ond set of constraints is the participation constraints
(PC). They ensure a minimum profit �m

min to the man-
ufacturer regardless of her forecast information. This
minimum profit could be the manufacturer’s profit
from her outside option, or her profit under other
contracts.
In the following lemma, we characterize an equiva-

lent formulation for the feasible region defined by IC
and PC. Using this lemma, we provide a solution to
the supplier’s optimization problem. First, we define
the manufacturer’s optimal profit and the supplier’s
profit as

�m���≡�m�K����P���� ���

�s���≡�s�K����P���� ���
(12)

Lemma 1. (1) A menu of contracts �K����P�����̄�=� is
feasible if and only if it satisfies the following conditions
for all � ∈ ��� �̄�: (i) �m���= �m

min +
∫ �

�
�r −w�G�K�x�−

�− x�dx, and (ii) K��� is increasing in �.
(2) The optimization problem in (11) has the following

equivalent formulation:

max
K�·�

∫ �̄

�

[ H�K������︷ ︸︸ ︷
�tot�K������− 1−F ���

f ���
�r−w�G�K���−�−��

]

· f ���d�−�m
min (13)

s.t. K��� is increasing�

The function H�K���� �� in the integrand of (13)
consists of two terms. The first term is the total sup-
ply chain profit. The second term is the measure of
the cost of the incentive problem because of asymmet-
ric forecast information. Note that without this sec-
ond term, the supplier would choose the capacity that
maximizes the total supply chain profit. Consider the
problem in (13) without the constraint; if the solution
to this unconstrained problem is increasing, then it is
also a solution to the constrained problem. Hence, we

try first to maximize H�·� �� for each �. Given the opti-
mal Kcr ���, we can compute the manufacturer’s opti-
mal profit �m��� from Lemma 1 and solve for the
optimal transfer payment from Equation (8) to obtain

Pcr ���= �r−w�E�min��+�+�Kcr �����−�m���� (14)

Theorem 1. If F ��� has an increasing failure rate (IFR)
and the density g�� is increasing, then
(1) �Kcr ����P cr �����̄� is the optimal menu of contracts

that solves the supplier’s problem in (11) and Kcr is the
solution to H�·� ��’s first-order condition

�r − c��1−G�Kcr −�− ���− ck

− 1− F ���

f ���
�r −w�g�Kcr −�− ��= 0� (15)

(2) Both Kcr ��� and Pcr ��� are increasing in �.
(3) Both �m��� and �s��� are increasing in �.
(4) Kcr ��� < Kcs��� for all � ∈ ��� �̄� and Kcr ��̄� =

Kcs��̄�.
(5) Pcr is concave in Kcr and dPcr/dKcr ≥ �r −w�ck/

�r − c�.

Normal, uniform, and exponential distributions all
satisfy the IFR property. The increasing density con-
dition holds, for example, in the case of a power dis-
tribution with an order greater than or equal to one.
Note that these conditions are sufficient but not nec-
essary. Equations (14) and (15) prescribe the optimal
menu of contracts. Part 2 implies that in exchange for
a higher payment, the supplier secures more compo-
nent capacity when the manufacturer’s forecast infor-
mation is high. The optimal profit �m��� represents
the informational rent of the manufacturer. This rent
is the price that the supplier has to pay to learn the
manufacturer’s private forecast information �. Part 3
shows that this rent is increasing in the manufac-
turer’s forecast information. Part 4 shows that the
resulting capacity is less than that of the central-
ized system’s solution. The difference in capacity is
the system inefficiency because of the information
asymmetry.
Because the optimal Pcr ��� and Kcr ��� are mono-

tone in �, we can construct a function P�K� by setting
P�K�= Pcr ��� if K =Kcr ���. This function can be inter-
preted as a capacity reservation contract. The distinc-
tive feature is that P�K� is nonlinear and concave, as
shown in Part 5 and is illustrated later in the numeri-
cal study. Concavity implies that the supplier charges
less for each additional unit of capacity reserved.
From Part 2, we know that the manufacturer with
high forecast information � reserves a larger compo-
nent capacity. This behavior indicates that by charging
decreasing marginal reservation prices, the supplier
provides more incentive for the manufacturer with a
high forecast to reserve more capacity.
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Remark 1. The manufacturer extracts more rent
when the supplier’s prior belief about � has a larger
domain; that is, when the supplier knows very little
about the manufacturer’s private forecast information
(recall the discussion after Equation (13)). This obser-
vation is interpreted as the cost of screening that the
supplier has to pay to learn the manufacturer’s pri-
vate forecast information. This remark will play an
important role later when we compare the contracts
in §8.3.

5.2. Symmetric Forecast Information Scenario
To better understand the impact of asymmetric fore-
cast information, consider the linear capacity reserva-
tion contract under symmetric forecast information.
The only uncertainty in this case is because of resid-
ual market uncertainty . The sequence of events is
the same as in the previous subsection, except in this
scenario, the supplier offers the linear capacity reser-
vation contract; that is, the manufacturer pays p per
unit of capacity reserved. The expected profit func-
tions prior to demand realization are as follows:

�m�K��� = �r −w�Emin��+ �+ �K�− pK�

�s�K��� = �w− c�Emin��+ �+ �K�+ �p− ck�K�

Note that if �r −w�/�r − c�= p/ck ≡ $, then �m�K���=
$�cs�K��� and �s�K���= �1− $��cs�K���, where �cs

is defined in (1). The manufacturer’s profit is propor-
tional to total supply chain profit, and so is the sup-
plier’s profit. The manufacturer solves maxK �m�K���
or, equivalently, maxK $�cs�K���. Because $ is a con-
stant, the manufacturer reserves the centralized opti-
mal capacity Kcs . Note that the supplier’s optimal
capacity decision is also Kcs ; hence, he has no incen-
tive to build more or less than the reserved capacity.

Theorem 2. Under symmetric forecast information, the
linear capacity reservation contract with p = �r −w�ck/
�r − c� coordinates the channel. The manufacturer captures
�r −w�/�r − c�×100% of the total profit, and the supplier
captures �w− c�/�r − c�× 100% of the total profit.

5.3. Strategic Monetary Commitment
Comparing the optimal contract under asymmetric
forecast information with the above linear reserva-
tion contract (Theorem 1, Part 5; Theorem 2) reveals
that the supplier charges more per unit of reserved
capacity when he does not know the manufacturer’s
private forecast information. In other words, the man-
ufacturer pays more to reserve capacity when the
forecast information is asymmetric. Therefore, reserv-
ing capacity is a strategic monetary commitment that
enables the manufacturer to share forecast informa-
tion credibly.

6. Advance Purchase Contract
The supplier can also hold the manufacturer account-
able for her private forecast information by requiring
a quantity commitment before the supplier secures
component capacity. To do so, the manufacturer pays
the supplier wa for each unit she orders before the
supplier secures capacity; hence the name, advance
purchase. The advance purchase could be costly to
the manufacturer if the realized demand turns out to
be smaller than the advance purchase quantity. Intu-
itively, this commitment limits a manufacturer with
a low forecast � to signal a high forecast by placing
a large order. Next, we show when the advance pur-
chase provides information about � to the supplier.

6.1. Asymmetric Forecast Information Scenario
Given an advance purchase price, the sequence of
events is as follows: (1) Based on her private forecast
information �, the manufacturer places an advance
purchase y at wa to maximize her expected profit.
(2) The supplier updates his belief about � and builds
capacity K to maximize his expected profit. (3) The
manufacturer observes D and places an additional
order of �D − y�+ at the wholesale price w per unit.
The supplier produces and fulfills the order at unit
production cost c, up to the capacity limit K. The man-
ufacturer sells the product at unit price r . We assume
that wa ≥ c+ ck. Two decisions need to be made: the
manufacturer’s advance purchase quantity and the
supplier’s capacity choice.
The above sequence leads to a signaling game

(Fudenberg and Tirole 1991). This signaling game is
embedded within a richer game in which prices are
also decided (see Gibbons 1992, p. 184). The man-
ufacturer knows the true � and makes an advance
purchase to maximize her expected profit. Hence,
the supplier may be able to infer the manufacturer’s
private forecast information from the manufacturer’s
advance purchase quantity. This inference is possible
only when a manufacturer with � orders an advance
purchase quantity that is different from the advance
purchase quantity of any other manufacturer with
� ′ �= �. Such an equilibrium is referred to as a separat-
ing equilibrium. On the other hand, the supplier learns
nothing if the manufacturer orders the same advance
purchase quantity regardless of her private forecast
information �. Such an equilibrium is referred to as a
pooling equilibrium. Because we are interested in cred-
ible information sharing, we focus on the separating
equilibrium. We provide examples of pooling equilib-
ria in an online appendix (available on the Manage-
ment Science website at http://mansci.pubs.informs.
org/ecompanion.html).
A separating equilibrium in our model must meet

the following requirements (see, for example, Mailath
1987). First, the manufacturer’s advance purchase
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quantity y���& ��� �̄� → � must be a one-to-one
strategy for the informed supplier. In this case, the
manufacturer sends different signals for different
forecast information. The supplier correctly infers �
when he sees the advance purchase quantity y���
expected in equilibrium. The supplier’s posterior
belief is � = y−1�y���� with probability one. Second,
the quantity y��� should be incentive compatible for
the manufacturer. Given these requirements, parties
achieve credible information sharing.
To show the existence of the separating equilibrium,

we first assume that it exists. Next, we find the best
response of the manufacturer given the best response
of the supplier at the equilibrium. We conclude by
verifying that the manufacturer has no incentive to
deviate from this equilibrium. In the separating equi-
librium, the supplier correctly infers �. Hence, for a
given advance purchase quantity y and capacity K,
the expected profits for the manufacturer and the sup-
plier are as follows:

�m�y�K��� = rEmin��+ �+ �K�

−wE�min��+ �+ �K�− y�+ −way�
(16)

�s�y�K��� = �w− c�E�min��+ �+ �K�− y�+

+ �wa − c�min�y�K�− ckK� (17)

The expectations in both cases are with respect to 
only. The supplier maximizes his profit by solving
maxK �s�y�K���. Then, the next lemma characterizes
the supplier’s optimal capacity.

Lemma 2. In a separating equilibrium, after receiving
the advance purchase y and correctly inferring �, the
supplier’s optimal capacity is max�Kap���� y�, where

Kap���≡�+ �+G−1
(
w− c− ck
w− c

)
�

For an equilibrium to be separating, the manufac-
turer with the forecast information � must prefer the
advance purchase quantity y��� to any other quan-
tity y��̂�. In other words, the manufacturer should
have no incentive to mislead the supplier. A nec-
essary condition is that the manufacturer’s advance
purchase quantity satisfies the first-order condition

'�m�y��̂��K��̂�� ��

'�̂

∣∣∣∣
�̂=�

= 0�

The proof of the following theorem establishes the
existence of two separating equilibria.

Theorem 3. (1) Interior separating equilibrium: For
wa > rck/�w− c�, there exists a separating equilibrium
with a minimum advance purchase yi��� requirement. In

this equilibrium, the manufacturer with forecast � orders
an advance purchase quantity

yi���≡�+ �+G−1
(
�r −w�ck
w�w− c�

+ w−wa

w

)
�

When the supplier observes an advance purchase y, he
updates his belief about � according to the following
function:

��y�=


�� y ∈ �yi���� yi��̄���

�̄� y > yi��̄��

and builds capacity K�y�=Kap���y�� > y.
(2) Boundary separating equilibrium: For wa ≤ rck/

�w−c�, there exists another separating equilibrium. In this
equilibrium, the manufacturer with forecast � orders an
advance purchase quantity

yb���≡�+ �+G−1
(
r −wa

r

)
�

When the supplier observes an advance purchase quan-
tity y, he updates his belief about � according to the fol-
lowing function:

��y�=




�� y < yb����

�� y ∈ �yb���� yb��̄���

�̄� y > yb��̄��

and builds capacity K�y�= yb���y��= y.

Theorem 3 shows that the supplier can achieve
credible forecast information sharing. Both in inte-
rior and boundary equilibria, the supplier’s capacity
decision is responsive to the manufacturer’s private
forecast information �. In these equilibria, the sys-
tem satisfies more demand (increasing revenue) or
avoids unnecessary capacity investment (reducing
excess cost). When wa > rck/�w − c�, the supplier
secures more component capacity than the manufac-
turer’s advance purchase quantity and leaves room
for additional production. When the supplier pro-
vides a sufficiently low advance purchase price, that
is, when wa ≤ rck/�w − c�, the manufacturer pur-
chases a larger quantity yb in advance. In this case,
the supplier secures just enough capacity to satisfy
this requirement and reduces the possibility of fac-
ing excess capacity. Intuitively, knowing the manu-
facturer’s forecast, the supplier can anticipate that
the manufacturer has a slim chance of observing a
demand larger than yb.
In the next theorem, we provide properties of the

equilibrium profits.
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Theorem 4. The following statements are true in
equilibrium:
(1) Total supply chain equilibrium profit is decreasing

in wa for wa ∈ �c+ ck� rck/�w− c��� and increasing in wa

for wa ∈ �rck/�w− c��w+ ���r −w�ck�/�w− c����
(2) The manufacturer’s equilibrium profit is decreasing

in wa for wa ∈ �c+ ck�w+ ���r −w�ck�/�w− c����
(3) The supplier’s equilibrium profit is increasing in

wa for wa ∈ �rck/�w− c��w+ ���r −w�ck�/�w− c����
(4) Both the manufacturer’s and the supplier’s equilib-

rium profits are increasing in �.
(5) The supplier achieves higher expected profit by offer-

ing an advance purchase price wa when wa ∈ �w�w +
��r −w�/�w− cck��� than under the wholesale price con-
tract for all � ∈ ��� �̄�.

Part 1 implies that for a given w, the supply chain
profit is maximized at either

wa = c+ ck or wa =w+ �r −w�ck
w− c

�

Part 3 characterizes the monotonicity of the supplier’s
profit at the interior equilibrium. At the boundary
equilibrium, the supplier’s optimal profit is

�wa − c− ck�

(
�+ �+G−1

(
r −wa

r

))
�

which is not necessarily monotone. Part 5 shows
that for any wholesale price w, there always exists
a range of advance purchase prices that achieve
credible information sharing and also increases the
supplier’s expected profit over the wholesale price
contract. Note that the manufacturer’s profit is always
decreasing with w. Hence, for the ranges specified in
Parts 2 and 3, the prices wa and w are substitutes.

6.2. Symmetric Forecast Information Scenario
To better understand the above equilibria and the
impact of asymmetric forecast information, we sum-
marize the effect of the advance purchase under sym-
metric forecast information and compare the results
to those under asymmetric information. The sequence
of events is exactly the same as before, except in this
case, from the onset, the supplier knows the manu-
facturer’s forecast information.

Theorem 5. Under symmetric forecast information and
given an advance purchase price wa:
(1) The manufacturer orders nothing in advance if

wa ≥ w.
(2) For a given advance purchase y ≥ 0, the supplier’s

optimal capacity is max�Kap���� y�.
(3) The manufacturer’s optimal advance purchase quan-

tity is

yb ≡�+ �+G−1
(
r −wa

r

)
for wa ≤

wck
w− c

�

yis ≡�+ �+G−1
(
w−wa

w

)
for wa ≥

rck
w− c

�

either yis or yb for

wa ∈
[
wck
w− c

�
rck

w− c

]
�

Note that when the forecast information is symmet-
ric, the manufacturer orders nothing in advance with-
out a discount. The only purpose of an advance order
is to induce risk sharing for the supplier’s capacity
investment. To participate in risk sharing, the man-
ufacturer demands a lower price for her advance
orders. However, when the forecast information is
asymmetric, an advance order also enables credible
information sharing. Next, we provide several obser-
vations by comparing Theorems 3 and 5.

6.3. Strategic Quantity Commitment
First, consider the advance purchase quantity. When
wa ≥ rck/�w− c�, the advance purchase yi��� ≥ yis���;
that is, the manufacturer places a larger advance order
under asymmetric forecast information to signal her
private forecast information �. Conversely, to induce
the same advance purchase, the supplier would need
to offer a smaller discount under asymmetric fore-
cast information. For example, the threshold for yb to
be an advance purchase quantity under asymmetric
information is rck/�w− c�, whereas it is wck/�w− c�
under symmetric information. These differences can
be interpreted as the cost of signaling; that is, the profit
the manufacturer has to forego to ensure the credi-
bility of her signal, which is conveyed through the
advance purchase.
Remark 2. From the above discussion, the cost

of signaling is independent of the prior belief
about � because the equilibrium profit functions,
which are given by substituting equilibrium capacity
and advance purchase to (16) and (17), are indepen-
dent of the distribution F �·�. This remark will play an
important role when we compare the contracts in §8.3.
Second, consider the range of the advance purchase

price wa. Under symmetric forecast information, the
manufacturer orders nothing in advance if wa > w.
But under asymmetric forecast information, the man-
ufacturer orders a positive quantity in advance even if

wa ∈
[
w�w+ �r −w�ck

w− c

]
�

In other words, when the supplier knows the man-
ufacturer’s forecast information, the manufacturer
makes an advance purchase only to take advantage of
the price discount. When the supplier does not know
the manufacturer’s forecast information, however, the
manufacturer is willing to pay an even higher price
for the advance purchase. She pays this price to signal
her forecast information and convince the supplier to
secure more component capacity. Therefore, advance
purchase is a strategic quantity commitment.
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Third, the comparison also explains why the min-
imum advance purchase is required to support the
interior equilibrium under asymmetric forecast infor-
mation. The supplier always knows that � ≥ �.
The manufacturer knows that the supplier knows this
fact. Hence, the manufacturer has no incentive to sig-
nal her private forecast information � when � = �. In
this case, she would prefer placing a smaller advance
order yis��� instead of yi���. The minimum advance
purchase requirement eliminates this trivial case.

7. Channel Coordination
Next, we show how to achieve channel coordination
even under asymmetric forecast information. To do
so, we combine a payback agreement with an advance
purchase contract.
When forecast information is symmetric, the man-

ufacturer’s payoff (the realized profit) with a whole-
sale price contract is always nonnegative, while the
supplier faces the risk of a negative payoff (Equa-
tions (3) and (4)). The manufacturer can share this risk
by offering a payment in the case of excess capacity.
This risk sharing can be achieved by a payback agree-
ment. The sequence of events is the same as the one
for the wholesale price contract with the addition of
a final stage. In this additional stage, the manufac-
turer pays * per unit of unused capacity. The manu-
facturer’s and the supplier’s expected profit functions
for this case are as follows:

�m�K��� = �r −w�Emin��+ �+ �K�

− *E�K− ��+ �+ ��+�

�s�K��� = �w− c�Emin��+ �+ �K�

+ *E�K− ��+ �+ ��+ − ckK�

The supplier solves maxK≥0�s�K�. The optimal capac-
ity is

K* ≡�+ �+G−1
(
w− c− ck
w− c− *

)
�

To achieve channel coordination, we equate K*

with Kcs and solve for * , resulting in * = �r −w�ck/
�r − c− ck�.

Theorem 6. Under symmetric information, the pay-
back contract with * = �r −w�ck/�r − c− ck� coordinates
the channel. The supplier captures �w − c − ck�/�r − c −
ck�× 100% of the total profit, and the manufacturer cap-
tures �r −w�/�r − c− ck�× 100% of the total profit.

When forecast information is asymmetric, to achieve
credible information sharing, we combine the pay-
back with an advance purchase agreement. Under
this new contract, the manufacturer pays wa per unit
of advance purchase, w per unit for purchases after
capacity decision, and * per unit of unused capacity.

We assume that * < ck; otherwise, the supplier builds
infinite capacity. The sequence of events is the same
as the one under the advance purchase contract with
the addition of a final stage in which the manufac-
turer pays *E�K−max�D�y��+ to the supplier for the
unused capacity.

Lemma 3. In a separating equilibrium, after receiving
an advance order y and correctly inferring �, the supplier’s
optimal capacity is max�K*�y�, where

K* ≡�+ �+G−1
(
w− c− ck
w− c− *

)
�

Achieving channel coordination requires three con-
ditions. First, the supplier’s capacity decision should
be equal to the centralized optimal capacity Kcs .
Second, the parties should avoid overproduction
because of advance purchase. Third, the contract
should induce credible information sharing. The fol-
lowing theorem identifies contract parameters that
achieve channel coordination.

Theorem 7. Under contract �wa�w�*� with * = �r −
w�ck/�r − c− ck� and wa ≥ rck/�r − c�, there exists a sep-
arating equilibrium �y*����Kcs����, where

y*���≡�+ �+G−1
(
w−wa

w− *

)
�

In this equilibrium, the manufacturer with forecast � makes
an advance purchase y*���. When the supplier observes an
advance purchase y, he updates his belief about � according
to the following function:

��y�=




�� y < y*����

�� y ∈ �y*���� y*��̄���

�̄� y > y*��̄��

and builds the centralized optimal capacity K�y� =
Kcs���y��. In addition, if wa =w, the contract also achieves
channel coordination. The profit division between the sup-
plier and the manufacturer is �w− c− ck�/�r − c− ck�×
100% and �r −w�/�r − c− ck�× 100%.

To better understand the impact of asymmet-
ric forecast information, we compare the proper-
ties of advance purchase with the payback contract
under symmetric and asymmetric forecast informa-
tion. Under symmetric information, when wa ≥w, the
manufacturer does not purchase anything in advance
(Theorem 5, Part 1). Hence, the advance purchase
with wa = w and a payback price * is essentially
equivalent to having only a wholesale price w with
a payback agreement * as discussed in Theorem 6.
When the manufacturer’s forecast information is pri-
vate, the advance purchase contract, even when wa =
w, has a strategic role: it conveys the manufacturer’s
private forecast information to the supplier in a cred-
ible way.
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8. Performance Comparisons and
Choice of Contracts

Here, we compare performance of all contracts con-
sidered in this paper. We use our previous analyti-
cal results and some numerical examples discussed
later to outline a possible choice of contract selection
strategy.
Technically speaking, when forecast information is

symmetric, the supplier can always increase his as
well as the manufacturer’s profit with a coordinat-
ing linear capacity reservation contract (Theorem 2)
or a payback contract (Theorem 6) over those of any
wholesale price contract. This is possible for two rea-
sons. First, under these contracts, channel coordina-
tion is possible. Hence, the system gains additional
profit over a noncoordinating contract. Second, the
contract also allows parties to share profits arbitrarily.
Hence, Pareto improvement is always possible.
When forecast information is asymmetric, the

advance purchase contract with an appropriate
payback agreement coordinates the system while
enabling arbitrary sharing of profits (Theorem 7).
Because of the two reasons discussed in the pre-
vious paragraph, the supplier can always find an
advance purchase price with a payback agreement
that improves both parties’ profits over any contract.
Hence, technically the supplier should always choose
the coordinating advance purchase contract with pay-
back over any other contract.
Practically speaking, however, the supplier’s con-

tract choice depends on several factors of which the
capacity decision and the resulting expected prof-
its are the most important. However, factors such as
complexities involved in administering contracts, the
transaction costs, rationality and behavioral aspects,
also play an important role in practice (Arrow 1985).
These factors are often very difficult to model, and
hence to quantify their impact on profits. Our pre-
vious results do not consider such factors. Hence, in
what follows, we identify drivers of the (supplier’s,
manufacturer’s, and supply chain’s) expected profits
under different contracts. By going through this anal-
ysis, we will show how, when, and why expected
profits change under various contracts. The supplier
can then decide whether it is worthwhile, for exam-
ple, to sacrifice the simplicity of a contract to gain
additional profits by using a more complex contract.
We begin by illustrating the capacity decisions under
each contract.

8.1. Capacity Comparisons
Consider a supply chain with ck = 2, c = 3, w = 10,
r = 15, and � = 12 units and  and � are both uni-
formly distributed between −5 and 5. The optimal
capacity reservation contract for this case is shown in
Figure 1. Note that the reservation price is nonlinear

Figure 1 Capacity Reservation Contract
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in the reserved capacity. In Figure 2, we plot the opti-
mal capacity level for the centralized and the decen-
tralized systems under three contracts as a function of
the manufacturer’s forecast information �. Note first
that the centralized optimal capacity Kcs is increas-
ing in �, while the supplier’s optimal capacity choice
Kwa under the wholesale price contract is constant
and independent of the manufacturer’s private fore-
cast information. This capacity choice difference could
be significant at extremes. For example, the supplier
secures 40.4% more capacity than the centralized sys-
tem when the manufacturer’s private forecast infor-
mation is � =−5. Note that under the capacity reser-
vation contract, the capacity choice is closer to the
centralized system’s capacity choice. Under this con-
tract, the optimal capacity Kcr is 7.6 units less than
the centralized solution for � = −5, but this differ-

Figure 2 Optimal Capacity as Function of Forecast
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ence reduces to zero with an increase in �. The capac-
ity decision under the advance purchase contract is
closer to that of the centralized system’s capacity deci-
sion. Under this contract, the optimal capacity Kap

is uniformly 1.2 units less than the centralized solu-
tion. Note that the capacity choice difference between
the centralized and the decentralized systems leads to
profit losses that we quantify next.

8.2. Profit Comparisons
In §4, we identified two sources of inefficiency (i.e.,
the difference between centralized system profit and
the total supply chain profit): (1) the joint effect of
double marginalization and market uncertainty, and
(2) forecast information asymmetry. In what follows,
we first define variables to measure these two sources
of inefficiency. Next, we illustrate how the profits
change as a function of these two variables under var-
ious contracts.

Risk-Adjusted Profit Margin. Recall that the sup-
plier’s profit margin is less than the integrated supply
chain’s profit margin per unit of capacity investment.
Hence, the supplier builds less than the supply chain
optimal capacity. Two factors determine the impact
of this inefficiency on the supply chain: the market
uncertainty modeled by  and the supplier’s profit
margin per unit sold or per unit of capacity built;
that is, w − c − ck. Hence, we measure this ineffi-
ciency with risk-adjusted profit margin �w−c−ck�/+;
that is, the supplier’s profit margin per unit sold per
unit of market uncertainty. Note that when w= r , the
supplier has the same risk-adjusted profit margin as
the integrated supply chain.

Degree of Forecast Information Asymmetry. The
severity of supply chain inefficiency because of the
lack of credible forecast information sharing depends
on the belief about the manufacturer’s private fore-
cast information �, which is modeled by a zero-mean
distribution F �·�. A belief distribution with a large
domain and spread models the supplier’s lack of
information about the manufacturer’s private fore-
cast. This lack of knowledge is particularly impor-
tant when the spread of market uncertainty  is small
compared to that of �. In fact, without market uncer-
tainty , the manufacturer has no incentive to mis-
report her forecast information. In other words, the
impact of forecast information asymmetry is signif-
icant when the spread of F �·� is larger than that of
G�·�. Hence, the measure for the degree of informa-
tion asymmetry should include both types of infor-
mation. Let +� and + be the standard deviations of
F �·� and G�·�, respectively. Consider a supply chain
with +� � +. For this supply chain, the inefficiency
because of the lack of credible forecast information
sharing would be large because the supplier’s knowl-
edge of market demand is much less certain than

that of the manufacturer’s. One possible measure of
degree of forecast information asymmetry is the ratio
of the standard deviations +�/+.

Supply Chain Efficiency as a Function of the
Drivers of Inefficiency. Here, we illustrate how total
supply chain profit changes as a function of the two
sources of inefficiency. In particular, we discuss how
and when the supplier can create a Pareto improve-
ment; that is, a mutually beneficial transition from one
contract to another.
Tables 1–4 present the expected profits under each

contract with various parameters before both � is
learned and  is realized. The notation in the tables
is as follows. The superscripts cs, w, p, cr , and
ap denote the centralized system, wholesale price
contract, payback contract, capacity reservation con-
tract, and advance purchase contract, respectively.
The subscripts m and s denote the manufacturer’s and
the supplier’s expected profit, respectively. Expected
profit without a subscript is the total supply chain
profit defined as �x = �x

s +�x
m for x ∈ �w� cr� ap�. For

example, in the case of asymmetric forecast informa-
tion, �w, the total expected supply chain profit with
a wholesale price contract, is calculated by adding
the manufacturer’s expected profit E��m�Kwa� �� (see
Equation (3)) and the supplier’s expected profit
E��

s�Kwa� �� (see Equation (4)). Similarly, for the sym-
metric information case, �w =�m�Kws� ��+�s�Kws� ��.
Table 1 shows profits under the symmetric forecast

information scenario. Consider first the system opti-
mal expected profit �cs and the total profit under the
wholesale price contract �w. When the risk-adjusted
profit margin is �w− c− ck�/+ = 1.20 (first row in
Table 1), the profit loss between �w and �cs is 3.01
�=87�91 − 84�90�, which is a relatively small ineffi-
ciency. As the risk-adjusted profit margin decreases,
however, the supply chain efficiency with a whole-
sale price contract decreases. Note that the supplier
can always improve his profit as well as the manu-
facturer’s profit by offering the coordinating payback
contract instead of using only the wholesale price con-
tract. This is because coordination allows the sup-
plier to eliminate all inefficiency from the system and

Table 1 Symmetric Case: Profits as a Function of Risk-Adjusted Profit
Margin

�w − c− ck �/�� 	cs 	w 	w
s 	w

m 	p
s 	p

m

1.20 8791 8490 2010 6480 2198 6593
1.00 8630 8259 1932 6327 2157 6473
0.86 8469 8029 1854 6175 2117 6352
0.75 8307 7798 1776 6022 2077 6230
0.67 8146 7568 1698 5870 2036 6110
0.60 7985 7380 1620 5760 1996 5989

r = 15, w = 9, c= 2, ck = 5, �= 12, � = 0, �∼ N�0� � 2
� �
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Table 2 Asymmetric Case: Profits as a Function of Degree of Forecast Information Asymmetry

��/�� 	cs 	w 	cr 	ap 	w
s 	w

m 	cr
s 	cr

m 	ap
s 	ap

m wa

0.2 8791 8475 8745 8589 2002 6473 2272 6473 2116 6473 8.80
0.4 8791 8390 8685 8571 1979 6411 2274 6411 2160 6411 8.86
0.6 8791 8282 8626 8571 1944 6338 2288 6338 2233 6338 8.92
0.8 8791 8155 8563 8571 1899 6256 2307 6256 2315 6256 8.99
1.0 8791 8014 8505 8571 1846 6168 2337 6168 2403 6168 9.07
1.1 8791 7917 8476 8571 1817 6100 2376 6100 2471 6100 9.13
1.2 8791 7819 8447 8550 1787 6032 2415 6032 2518 6032 9.19
1.3 8791 7761 8419 8550 1756 6005 2414 6005 2545 6005 9.21
1.4 8791 7659 8395 8549 1724 5935 2460 5935 2614 5935 9.27

r = 15, w = 9, c= 2, ck = 5, �= 12, � ∼ N�0� � 2
� �, �∼ N�0� �5/3�2�, �w − c− ck �/�� = 12

arbitrarily share this benefit by adjusting the whole-
sale price. For this table, the coordinating payback
price is p = �r −w�ck/�r − c− ck� = 3.75. Table 1 fur-
ther illustrates that the supplier achieves a mutu-
ally beneficial outcome with the payback contract and
without having to adjust the wholesale price; that is,
�

p
s > �w

s and �
p
m > �w

m . The magnitude of the total
profit increase for both firms depends on the magni-
tude of the efficiency gain, e.g., 3.01 in the first row
and 6.05 �=79�85− 73�80� in the last row.
Table 2 shows profits under asymmetric forecast

information. We observe that the supply chain ineffi-
ciency under the wholesale price contract increases as
the degree of forecast information asymmetry +�/+

increases. For example, the inefficiency increases from
3.16 �=87�91− 84�75� to 11.32 �=87�91− 76�59� when
+�/+ increases from 0.2 to 1.4 (first and last rows in
Table 2). Note that the total expected supply chain
profits under the capacity reservation contract and
advance purchase contract are higher than under the
wholesale price contract, i.e., �cr > �w and �ap > �w.
The supplier can increase his profit by offering either
a capacity reservation contract or an advance pur-
chase contract. In doing so, he can create a mutual
benefit by keeping the manufacturer’s expected profit
at least as large as her profit under the whole-
sale price contract. To illustrate this outcome for
a given wholesale price, we set the manufacturer’s
expected profit �cr

m (that is, E��m���, Equation (12))
equal to �w

m and solve for the supplier’s optimal
capacity reservation contract. The resulting supplier’s

Table 3 Symmetric Case: Profits as a Function of Risk-Adjusted Profit Margin

�w − c− ck �/�� 	cs 	w 	w
s 	w

m 	p
s 	p

m �w�p� 	p
s 	p

m

3.60 8791 8777 6488 2289 6593 2198 �1292�130� 6502 2289
3.00 8630 8609 6346 2263 6473 2157 �1290�131� 6367 2263
2.57 8469 8450 6204 2246 6352 2117 �1288�133� 6223 2246
2.25 8307 8283 6063 2220 6230 2077 �1286�134� 6087 2220
2.00 8146 8124 5920 2204 6110 2036 �1284�135� 5942 2204
1.80 7985 7956 5778 2178 5989 1996 �1282�136� 5807 2178

r = 15, w = 13, c= 2, ck = 5, �= 12, � = 0, �∼ N�0� � 2
� �

expected profit �cr
s is always greater than �w

s . A sim-
ilar improvement can also be achieved by using an
advance purchase contract. To illustrate this outcome,
for a given wholesale price, we set the manufacturer’s
expected profit �ap

m (that is, E��m�yi�K��� in Equation
(16)) equal to �w

m and solve for the supplier’s optimal
advance purchase price wa shown in the last column
of Table 2. The resulting supplier’s expected profit �ap

s

is always greater than �w
s .

Table 2 also illustrates that although the capac-
ity reservation contract yields higher profits than
the wholesale price contract, the total expected sup-
ply chain profit under the capacity reservation con-
tract decreases as the degree of forecast information
asymmetry increases. For example, the inefficiency
increases from 0.46 �=87�91−87�45� to 3.96 �=87�91−
83�95� when +�/+ increases from 0.2 to 1.4. However,
observe from Columns 2 and 5 that the total supply
chain profit under the advance purchase contract does
not change as much. Consequently, the advance pur-
chase contract results in a greater supply chain effi-
ciency and higher profits when the degree of forecast
information asymmetry is large (+�/+ ≥ 0�8). Hence,
the supplier can optimize the advance purchase price
wa to maximize his profit, while ensuring that the
manufacturer’s expected profit under the advance
purchase contract �ap

m is no less than her profit under
either the wholesale price contract or the capacity
reservation contract. Therefore, when the degree of
forecast information asymmetry is high, the advance
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Table 4 Asymmetric Case: Profits as a Function of Degree of Forecast Information Asymmetry

��/�� 	cs 	w 	cr 	ap 	w
s 	w

m 	cr
s 	cr

m 	ap
s 	ap

m wa

0.2 8791 8760 8778 8765 6474 2286 6492 2286 6479 2286 12923
0.4 8791 8711 8762 8765 6432 2279 6483 2279 6486 2279 12931
0.6 8791 8635 8745 8765 6368 2267 6478 2267 6498 2267 12943
0.8 8791 8546 8726 8765 6285 2261 6465 2261 6504 2261 12949
1.0 8791 8431 8706 8765 6188 2243 6463 2243 6522 2243 12967
1.1 8791 8369 8696 8765 6135 2234 6462 2234 6531 2234 12977
1.2 8791 8304 8686 8765 6081 2224 6462 2224 6541 2224 12988
1.3 8791 8237 8676 8767 6024 2213 6462 2213 6554 2213 13009
1.4 8791 8168 8666 8767 5965 2203 6463 2203 6564 2203 13020

r = 15, w = 13, c= 2, ck = 5, �= 12, � ∼ N�0� � 2
� �, �∼ N�0� �5/3�2�, �w − c− ck �/�� = 36

purchase contract results in a win-win over the capac-
ity reservation and wholesale price contracts. This is
not the case when the degree of forecast information
asymmetry is low, i.e., less than 0.8. Note that the sup-
plier’s expected profit under the capacity reservation
contract is higher than his profit under the advance
purchase contract, i.e., �cr

s > �
ap
s when +�/+ < 0�8.

Tables 3 and 4 replicate the above analysis for dif-
ferent sets of parameter values. Note that the ineffi-
ciency under the advance purchase contract is higher
in Table 2 than in Table 4. This is because the
risk-adjusted profit margin in Table 2 is lower, i.e.,
�w−c−ck�/+ = 2�4 versus 3.6. For example, when the
degree of forecast information asymmetry is +�/+ =
1�4, the inefficiency under the advance purchase con-
tract is 2.42 �=87�91− 85�49� in Table 2 and only 0.24
�=87�91 − 87�67� in Table 4. Hence, the supplier in
the scenario of Table 2 gains more by implementing
a coordinating advance purchase contract with a pay-
back agreement.

8.3. Choice of Contracts
The above discussion shows that the supplier’s con-
tract choice is closely related to the risk-adjusted
profit margin and the degree of forecast information
asymmetry. Note that the profit improvements illus-
trated through numerical examples in the previous
section reflect our structural results shown in previ-
ous sections. Therefore, we can classify the contracts
considered in this paper along these two dimensions
as illustrated in Figure 3. However, we do not explic-
itly draw boundaries between these contracts because
these boundaries depend not only on the expected
profits, but also on unquantifiable factors such as
complexities of contract administration and rational-
ity as discussed prior to §8.1. Next, we summarize
our results through a discussion around this figure.
When the degree of forecast information asymme-

try +�/+ is zero (the symmetric forecast informa-
tion case), the lack of credible forecast information
sharing has no adverse affect. Hence, for a supplier
with a high risk-adjusted profit margin, the wholesale

price contract can be efficient enough to govern the
interaction between the parties. A small efficiency
gain may not justify the use of a complex contract
(e.g., the payback contract) instead of a simple con-
tract (e.g., the wholesale price contract) because of,
for example, complexities involved in administering
contracts. The simplicity of the wholesale price con-
tract makes it desirable for implementation. If the
supplier’s risk-adjusted profit margin is low, however,
then the supplier may consider using a coordinating
contract to eliminate the supply chain inefficiency. He
may, for example, use a coordinating payback contract
or a linear capacity reservation contract (Theorems 2
and 6).
When +�/+ is positive, i.e., when forecast informa-

tion is asymmetric, the supplier can increase the sup-
ply chain efficiency, hence, also his profit by inducing
credible forecast information sharing. He can achieve
this goal by offering either a capacity reservation con-
tract or an advance purchase contract because these
contracts induce credible forecast information sharing
(Theorems 1 and 3).
When the degree of forecast information asymme-

try +�/+ is low, the supplier can achieve higher prof-
its by offering a capacity reservation contract because

Figure 3 Mutually Beneficial Contracts
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the manufacturer extracts less information rent from
the supplier with a capacity reservation contract.
When the degree of forecast information asymmetry
is high, the supplier achieves a higher profit with
an advance purchase contract than with a capacity
reservation contract. The reason for this is as follows.
The manufacturer extracts more information rent (cost
of screening) under a capacity reservation contract
when the degree of forecast information asymmetry is
high (Remark 1). However, the cost of signaling under
an advance purchase contract is independent of the
degree of forecast information asymmetry (Remark
2). Hence, when the degree of forecast information
asymmetry is high, the advance purchase contract
yields relatively more efficient results. For a numeri-
cal example, recall from Table 2 that for +�/+ ≥ 0�8,
the supplier achieves higher profits with an advance
purchase contract, i.e., �ap

s > �cr
s .

When the supplier’s risk-adjusted profit margin is
low, however, elimination of the adverse effect of
double marginalization is also important. The sup-
plier can offer the advance purchase contract with an
appropriate payback agreement and achieve channel
coordination (Theorem 7). However, the benefit of
coordination comes at the expense of increased con-
tract complexity.
The choice of a contract also depends on the com-

pliance regime. For the capacity reservation contract
under asymmetric information, once the manufac-
turer reserves component capacity K and pays P , the
supplier under the terms of trade is obliged to secure
K units of component capacity. This assumption is
common in screening games. Given the agreement,
the capacity choice can be enforced by a court. Alter-
natively, the manufacturer may require the supplier to
share his invoice after securing component capacity.
Note, however, that when the forecast information is
symmetric, the supplier voluntarily builds the system-
optimal capacity (see §5.2). For an advance purchase
contract, neither party needs to keep track of the
other’s action under either asymmetric or symmet-
ric forecast information. The manufacturer does not
need to verify whether the supplier builds the equi-
librium capacity because the supplier also maximizes
his profit by building the equilibrium capacity. In this
sense, the advance purchase contract has an advan-
tage over the capacity reservation contract. For all
contracts considered, the supplier does not need to
observe the realized demand because the manufac-
turer has no incentive to understate or overstate the
realized demand.

9. An Extension: Endogenous
Wholesale Price

In the previous section, we summarize our results
with a recommendation on the choice of contracts.

So far, we have not assumed any process by which
the supplier and the manufacturer choose the whole-
sale price w. This price is often set prior to sharing
the final forecast for the capacity decision (Hanstrom
et al. 2002). Our aim up to now was to identify the
set of contracts that achieve credible forecast informa-
tion sharing just before the capacity decision is made.
By agreeing to a wholesale price w, the manufacturer
does not reveal (or the supplier cannot screen) her
private forecast information because this interaction
does not require the manufacturer to commit to using
the supplier’s capacity. Hence, credible forecast infor-
mation sharing does not hinge upon whether the sup-
plier chooses the wholesale price or not. Nevertheless,
the supplier may simultaneously set the wholesale
price and offer a contract to achieve credible forecast
information sharing. We conclude this paper by pro-
viding explicit solutions for this scenario.
First, we consider the wholesale price contract

of §4. Recall the sequence of events. The manufac-
turer orders only after demand is realized. Hence,
the manufacturer’s order decision is independent of
the supplier’s choice for the wholesale price. The
manufacturer orders a quantity equal to the realized
demand as long as she earns her minimum reserva-
tion profit. Because the supplier’s profit is increasing
in w, he will increase w until the manufacturer is left
with her minimum reservation profit.
Second, we consider the capacity reservation con-

tract of §5. When the supplier simultaneously sets the
wholesale price and offers the capacity reservation
contract, he can include w��� in his menu of contracts.
In particular, he can offer �K����P����w�����̄�=� .

Theorem 8. When the supplier offers a menu of
contracts �K����P����w�����̄�=� , the optimal contract
parameters are

wcr = r� Kcr ���=�+ �+G−1
(
r − c− ck
r − c

)
� and

Pcr ���=−�m
min�

The above result shows that the supplier offers one
contract to the manufacturer, regardless of the manu-
facturer’s forecast information. The supplier sets the
wholesale price wcr = r and pays a fixed fee �m

min to
the manufacturer. In this case, the manufacturer has
no incentive to misreport her forecast information,
and the optimal capacity choice is the centralized sys-
tem solution discussed in §3; that is, Kcr = Kcs . In
other words, by being able to set the wholesale price
in addition to other contract parameters, the sup-
plier leaves the manufacturer with one option; that is,
the manufacturer “sells her business” to the sup-
plier in exchange for receiving the minimum reserva-
tion profit. Hence, the supplier acts as a centralized
system.



Özer and Wei: Strategic Commitments for an Optimal Capacity Decision
Management Science 52(8), pp. 1239–1258, © 2006 INFORMS 1255

Finally, we consider the advance purchase contract.
The supplier chooses wa and w by solving the follow-
ing problem:

max
w

{
max

wa∈�c+ck� rck
w−c �

E�s�yb���� yb���� ���

max
wa∈� rck

w−c �w+ �r−w�ck
w−c �

E�s�yi����Kap���� ��

}
(18)

s.t. �m�y�K���≥�m
min�

Note that the expectations are with respect to �
because the supplier does not know � when setting wa

and w. The constraint ensures that the manufacturer
participates regardless of her forecast information �.

Theorem 9. If the distribution of  has an increasing
failure rate, the following statements are true:
(1) For a given w: (i) in the boundary equilibrium, the

supplier’s profit is unimodal in wa and maximized when
wa =min�rck/�w− c��w∗

a�, where w
∗
a is the maximizer of

E��s�yb���� yb���� ���

= �wa − c− ck�

(
�+G−1

(
r −wa

r

))
�

(ii) In the interior equilibrium, the supplier’s profit is max-
imized when wa =w+ �r −w�ck/�w− c�.

(2) (i) In the boundary equilibrium, any w ≤ rck/w
∗
a+c

maximizes the supplier’s profit. (ii) In the interior equilib-
rium, the supplier’s optimal profit is convex in w and is
maximized when w= r .

(3) The supplier’s optimal advance purchase contract is
wa = r and w= r when �m

min = 0.

Part 1 characterizes the optimal advance purchase
price for a given w in the boundary equilibrium
and in the interior equilibrium, respectively. For w ≤
rck/w

∗
a + c, we have w∗

a ≤ rck/�w− c�. Hence, the sup-
plier can achieve the optimal boundary equilibrium
by setting wa =w∗

a and w to any value between �c+
ck� rck/w

∗
a + c�. Part 2 implies that the optimal inte-

rior equilibrium is achieved at w= r . The supplier can
choose the optimal contract by comparing the opti-
mal profits at the boundary and interior equilibria.
Doing so yields Part 3, which establishes that when
�m
min = 0, the supplier optimally sets the wholesale

price and advance purchase price that are both equal
to r , leaving zero profit to the manufacturer. When
�m
min > 0, the optimal solution to the constraint opti-

mization problem does not have an explicit solution.
An optimal contract is obtained by solving this prob-
lem numerically.
An online supplement to this paper is available on

the Management Science website (http://mansci.pubs.
informs.org/ecompanion.html).
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Appendix. Proofs
Proof of Lemma 1. To prove Part 1, we first show that

we can replace PC with

PC′: �m�K����P���� ��=�m
min�

Note that the manufacturer’s optimal profit �m�K����
P���� �� is increasing in � for any given func-
tion K�·� and P�·�. To show this, we define �̂∗

i ≡
argmax�̂ �

m�K��̂��P��̂�� �i� for i= 1�2; that is, the manufac-
turer with �i maximizes her profit by signaling �̂∗

i . Given
any �1 < �2, we have �m�K��̂∗

1 ��P��̂
∗
1 �� �1� ≤ �m�K��̂∗

1 ��
P��̂∗

1 �� �2� ≤ �m�K��̂∗
2 ��P��̂

∗
2 �� �2�, where the first inequality

is because

'�m�K��̂��P��̂�� ��

'�
= �r −w�G�K��̂�−�− ��≥ 0

and the second is from the definition of �̂∗
2 . Note that

the set of IC constraints implies that �̂∗
i = �i, and hence

�m�K��1��P��1�� �1� ≤ �m�K��2��P��2�� �2�. Hence, PC only
needs to be satisfied at � = �, and the other participa-
tion constraints for � > � are redundant. Note also that the
supplier’s profit is increasing in P�·�, whereas the manu-
facturer’s profit is decreasing. The supplier can therefore
increase his profit by uniformly increasing P�·� until the
manufacturer’s profit is equal to �m

min when her forecast
information is �. Hence, we replace PC with PC′ above.
Next, we show that IC and PC′ imply the two con-

ditions stated in the first part of the lemma. From the
definition in Equation (12) and the IC, we have �m��� =
max�̂ �

m�K��̂��P��̂�� ��. The envelope theorem implies that

d�m���

d�
= '�m�K��̂��P��̂�� ��

'�

∣∣∣∣
�̂=�

= �r −w�G�K���−�− ���

By integrating both sides and using PC′, we arrive at the
first condition. To show the second condition, note that

'2�m�K�P���

'K'�
= �r −w�g�K−�− �� > 0 and

'2�m�K�P���

'K2
=−�r −w�g�K−�− �� < 0�

Hence, for any �1 > �2, it must be the case that K��1�≥K��2�.
For otherwise, we have

0 = '�m�K�P��1�

'K

∣∣∣∣
K=K��1�

>
'�m�K�P��1�

'K

∣∣∣∣
K=K��2�

>
'�m�K�P��2�

'K

∣∣∣∣
K=K��2�

�



Özer and Wei: Strategic Commitments for an Optimal Capacity Decision
1256 Management Science 52(8), pp. 1239–1258, © 2006 INFORMS

where the equality is because of IC and the inequalities are
because of the sign of the second-order derivatives. But this
contradicts the optimality of K��2�.
Conversely, we show that the two conditions imply IC

and PC′. The first condition evaluated at � implies PC′

immediately. Next, observe that

�m�K��̂��P��̂�� ��

=
∫ �

�

'�m�K��̂��P��̂�� x�

'x
dx

=�m�K��̂��P��̂�� �̂�+
∫ �

�̂
�r −w�G�K��̂�−�− x�dx

=�m�K����P���� ��+
∫ �

�̂
�r −w��G�K��̂�−�− x�

−G�K�x�−�− x�� dx�

If � > �̂, then the integrand is nonpositive (because both
K and G are increasing), and hence �m�K��̂��P��̂�� �� ≤
�m�K����P���� ��. This inequality also holds for � < �̂ by a
similar argument. Therefore, the two conditions imply IC.
To prove Part 2, note that using the first condition in

Lemma 1, Part 1 and the fact that the supplier’s profit is
the total supply chain profit minus the manufacturer’s, we
rewrite the objective function in (11) as

E�s�K����P���� �� =
∫ �̄

�

[
�tot�K���� ��−

∫ �

�
�r −w�

·G�K�x�−�−x�dx

]
f ���d�−�m

min�

Using integration by parts and the second condition in
Lemma 1, Part 1, we arrive at the optimization problem in
Equation (13). �

Proof of Theorem 1. For Parts 1 and 2, note that

'2H�K���

'K2
= −�r − c�g�K−�− ��− 1− F ���

f ���

· �r −w�g′�K−�− ���

Hence, if g′�K−�− ��≥ 0, then H�K��� is concave in K. If
we further assume that F ��� has an increasing failure rate,
then

d

d�

(
1− F ���

f ���

)
≤ 0

and we have

'2H�K���

'K'�
= �r − c�g�K−�− ��

− d

d�

(
1− F ���

f ���

)
�r −w�g�K−�− ��

+ 1− F ���

f ���
�r −w�g′�K−�− ��≥ 0�

This implies that Kcr is increasing in �, and hence opti-
mal for the constrained optimization problem. To prove
that Pcr ��� is increasing, we differentiate Equation (14) with
respect to � and use the first condition in Lemma 1 and
verify

dPcr ���

d�
= �r −w��1−G�Kcr ���−�− ���

dKcr ���

d�
≥ 0� (19)

For Part 3, from the first condition in Lemma 1, it follows
that �m��� is increasing in �. Note that �s��� = �r − c� ·
Emin��+�+ �Kcr ����− ckK

cr ���− ∫ �

� �r−w�G�Kcr �x�−�−
x�dx−�m

min. From this, we have

d�s���

d�
= �w− c− ck�G�K

cr ���−�− ��+ �r − c− ck�

· dK
cr ���

d�
�1−G�Kcr ���−�− ��� > 0�

For Part 4, by definition the centralized optimal capacity
Kcs��� is the maximizer of the vertically integrated firm’s
profit �cs�K��� in (1), which is equal to the total supply
chain profit in (10) when the manufacturer announces the
true forecast �. Hence, �tot�Kcs���� �� ≥ �tot�Kcr ���� ��. On
the other hand, recall that Kcr ��� is the maximizer of H�·� ��,
hence we have H�Kcr ���� �� ≥ H�Kcs���� ��. Adding these
two inequalities, we have

1− F ���

f ���
�r −w��G�Kcs���−�− ��−G�Kcr ���−�− ���≥ 0�

Because G is increasing, we have Kcr ��� ≤ Kcs���. When
� = �̄, note that 1−F ��̄�= 0. Hence, we have Kcr ��̄�=Kcs��̄�.
To prove Part 5, note that from (19), we have

dPcr

dKcr
= dPcr/d�

dKcr/d�
= �r −w��1−G�Kcr ���−�− ����

Note that

d

d�

(
dPcr

dKcr

)
=−�r −w�g�Kcr ���−�− ��

(
dKcr

d�
− 1

)
≤ 0�

This implies
d2Pcr

d�Kcr �2
=

d
d�

(
dPcr

dKcr

)
dKcr/d�

≤ 0�
proving concavity. From the definition of the optimal capac-
ity for the centralized problem, we have

�r −w�ck
�r − c�

= �r −w��1−G�Kcs���−�− ����

Because Kcr ���≤Kcs���, we have

dPcr

dKcr
≥ �r −w�ck

�r − c�
� �

Proof of Lemma 2. After receiving the advance purchase
y ≥ 0, the supplier solves maxK �s�y�K���. The profit func-
tion is differentiable everywhere except at K = y. For K < y,

'�s�y�K���

'K
=wa − c− ck > 0�

For K > y, the first-order condition is �w− c��1−G�K−�−
���− ck = 0. The solution is

Kap ≡�+ �+G−1
(
w− c− ck
w− c

)

and the second derivative is −�w − c�g�K − � − �� ≤ 0.
Hence, the optimal solution is max�Kap� y�. �

Proof of Theorem 2. It follows directly from the discus-
sion in §5.2.
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Proof of Theorem 3. First, assume that an interior sep-
arating equilibrium exists. Then, from Lemma 2, we know
that the supplier’s best response, the optimal capacity
choice is Kap���, and because it is an interior equilibrium, we
have yi���≤Kap���. In the equilibrium, when the manufac-
turer chooses yi��̂�, the supplier infers �̂ and builds capacity
Kap��̂�. The manufacturer’s profit is then

�m�yi��̂��Kap��̂�� �� = rEmin��+ �+ ��+ �̂+ k�

−wE�min��+ �+ ��+ �̂+ k�

− yi��̂��+ −way
i��̂��

where

k ≡G−1
(
w− c− ck
w− c

)
�

For this to be an equilibrium, the manufacturer’s profit
must be maximized at �̂ = �. Hence, the first-order condi-
tion must hold at �̂ = �:

'�m�yi��̂��K��̂�� ��

'�̂

∣∣∣∣
�̂=�

= �r −w��1−G�k��

+ �w�1−G�yi���−�− ���−wa�
dyi���

d�
= 0�

Because this has to hold for all �, we conjecture that yi���
is of the form yi���= a+ �. By substituting into the above
equation and solving for a, we get

a=�+G−1
(
�r −w�ck
w�w− c�

+ w−wa

w

)
�

and hence the manufacturer’s best response is

yi���≡�+ �+G−1
(
�r −w�ck
w�w− c�

+ w−wa

w

)
�

To conclude, we verify that when wa ≥ rck/�w− c� and
given the minimum advance purchase requirement yi���,
the outcome �yi����Kap���� is a separating equilibrium with
the following belief: if the manufacturer orders y = yi��� for
any � ∈ ��� �̄� in advance, then the supplier infers that the
manufacturer’s private forecast is � with probability 1. The
supplier’s off-the-equilibrium belief is that if the manufac-
turer orders y > yi��̄� in advance, then the supplier infers
that the private forecast information is �̄ with probability 1.
Note that because of the minimum advance purchase

requirement, the supplier eliminates the possibility that
y < yi���. First, note that in this equilibrium yi��� ≤ Kap���
for all �, hence Kap��� is optimal from Lemma 2. Hence,
the manufacturer’s profit function in the equilibrium is
�m�yi��̂��Kap��̂�� ��. To show that this is maximized at �̂ =
� and that the manufacturer has no incentive to deviate
from �, it is easy to verify that

'�m�yi��̂��Kap��̂�� ��

'�̂

∣∣∣∣
�̂=�

= 0 and

'2�m�yi��̂��Kap��̂�� ��

'�̂2
< 0 for all ��

Hence, given the supplier’s belief and his optimal response
Kap���, the manufacturer with forecast update � ∈ ��� �̄�

prefers to order yi��� rather than any other quantity yi��̂�.
The manufacturer also has no incentive to place an advance
order y > yi��̄�. This is because �m�yi����Kap���� �� ≥
�m�yi��̄��Kap��̄�� ��≥�m�y�Kap��̄�� �� for any y > yi��̄� and
� ∈ ��� �̄�, where the second inequality is because of the fact
that the manufacturer’s profit is decreasing in y (that is,
'�m�y�K���/'y < 0). Therefore, yi��� is optimal if the man-
ufacturer observes �.
Now, suppose that the supplier does not require the

minimum advance purchase. Then, we must specify the
supplier’s off-the-equilibrium belief in the case where
the manufacturer orders y < yi���. For any y < yi���, if the
supplier’s belief is �0 > �, the equilibrium breaks down
because the manufacturer with forecast � ≤ �0 would be
better off ordering y instead of yi���. Hence, the only
possible off-the-equilibrium belief is � for all y < yi���.
But the equilibrium again breaks down in this case for
the following reason. When the supplier knows the man-
ufacturer’s forecast information (symmetric information
case), the optimal advance purchase quantity is yis���
and it is the maximizer of �m�y�Kap���� ��, as defined
in Theorem 5, Part 3, and this is a larger quantity than
yi���. (The results for the symmetric information case;
that is, Theorem 5, do not depend on any other theo-
rem in this paper.) Hence, we have �m�yis����Kap���� �� >
�m�yi����Kap���� �� ≥ �m�yi����Kap���� ��. The manufac-
turer with private forecast � would prefer to order yis���
than the larger quantity yi���. Intuitively, this manufacturer
has no reason to signal her forecast information because the
supplier knows that the forecast cannot be lower than �.
The minimum advance purchase eliminates this trivial case.
To prove the second part, first assume that a bound-

ary equilibrium exists. From Lemma 2, the supplier builds
just enough capacity to satisfy the advance order. Hence,
the manufacturer’s profit function reduces to �m�yb��̂��
yb��̂�� �� = rEmin�� + � + �yb��̂�� − way

b��̂�. Again, the
first-order condition must hold at

�̂ = �&
dyb���

d�
�r�1−G�yb���−�− ���−wa�= 0�

In a separating equilibrium, yb��� cannot be a constant.
Hence, it must be the case that r�1−G�yb���−�−���−wa =
0, and thus yb���=�+ �+G−1��r −wa�/r�.
To conclude, we next verify that when wa < rck/�w− c�,

the outcome �yb���� yb���� is a separating equilibrium with
the following belief: if the manufacturer orders y = yb���
for any � ∈ ��� �̄�, then the supplier infers (hence, updates
his prior belief) that the manufacturer’s forecast is � with
probability 1. His off-the-equilibrium belief that supports
the boundary equilibrium is that if the manufacturer orders
y > yb��̄� in advance, then the supplier infers that the pri-
vate forecast information is �̄ with probability one; if the
manufacturer orders y < yb���, then he infers that private
forecast information is � with probability one.
By an argument similar to that for Part 1, we can ver-

ify that yb��� is the optimal capacity, and the manufacturer
with forecast � prefers to order yb��� rather than any y ≥
yb���. Hence, we only need to show that she also prefers to
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order yb��� rather than any y < yb���. Note that yb��� under
asymmetric information is equal to that under symmet-
ric information (Theorem 5). Hence, �m�yb����yb���� �� ≥
�m�yb����yb���� �� > �m�y�yb���� �� for any y < yb���.
Therefore, the supplier does not need to impose the min-
imum advance purchase requirement because the advance
purchase quantity in this case is the same as the one under
symmetric information. �

Remark. The rest of the proofs are deferred to the online
appendix to this paper at http://mansci.pubs.informs.org/
ecompanion.html.
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