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Aiming at the two-echelon newsvendor problem in which the market demand of commodities is random both in normal sales
period and in liquidation period, this paper studies the pricing and ordering decision of retailers by using rational expectation
equilibrium under the condition of considering consumersʼ strategic behavior and rapid response mechanism. Then, the decisionmaking problem under retailersʼ initial order quantity commitment is discussed, as well as the eﬀect of commitment mechanism
on supply chain performance. On this basis, both the two-part pricing contract and revenue-sharing contract are introduced to
achieve supply chain coordination aiming at the proﬁt maximization under the initial order quantity commitment mechanism.
The results show that the rapid response mechanism can reduce the negative impact of consumers’ strategic behavior, and the
initial order quantity commitment can further reduce the impact and improve the retailers’ proﬁt. Both the two-part pricing
contract and revenue-sharing contract can coordinate the whole supply chain in which the two-part pricing contract can
distribute proﬁt arbitrarily between manufacturers and retailers while the revenue-sharing contract can share risks among
members of the supply chain.

1. Introduction
Newsvendor model is the basic model of stochastic storage
theory, and it mainly discusses the retailers’ decision-making
problem under uncertain demand. The newsvendor model
has always been a hotspot in operations management research. A large number of researchers have made in-depth
discussions on pricing and ordering under uncertain conditions and expanded the classical newsvendor model from
many aspects. At present, most of the studies on newsvendor
problem are single-echelon; that is, the market demand of
commodities in normal sales stage is random. After the end
of the sales stage, all the remaining commodities (if any) can
be sold in full clearance with residual value. It is more
reasonable to assume that the decision-making procedure is
a two-echelon newsvendor model with random market
demand of commodities both in normal sales period and in
liquidation period. Since the classical newsvendor model can

be regarded as a special case of the two-echelon newsvendor
model, it is more general to study the two-echelon stochastic
demand.
In traditional supply chain management research,
consumersʼ behavioral characteristics are often ignored.
These documents assume that customers are passive participants who do not participate in supply chain decisions, as
long as the consumerʼs reserved value of the product is not
lower than the current retail price of the product, consumers
will immediately buy goods. However, due to ﬁerce market
competition, discounted sales have become a commonly
used promotional method. Faced with wave after wave of
price reductions, consumers gradually learned to wait for the
best buying opportunity. This rational behavior of consumers is called strategic customer in marketing. In this case,
consumers are no longer passive recipients of prices, and
strategic consumers will compare the consumer surpluses
that they can obtain when manufacturers implement
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diﬀerent price stages, thereby deciding when to buy. Current
research has found that consumerʼs strategic behavior will
have a great impact on supply chain membersʼ decisions and
supply chain performance. Ignoring consumerʼs strategic
behavior may cause huge losses to decision makers. For
example, Coase, the Nobel Prize winner in economics, found
in his classic 1972 literature that in the face of consumers’
waiting behavior, monopolistic retailers only set their retail
prices as marginal production costs so that retailers can only
obtain Zero proﬁt; Anthes [1] research shows that if 10% of
passengers believe that future ticket sales will reduce prices
and choose to postpone the purchase, then airlines will lose
at least 1% of their proﬁts. Therefore, it is necessary to
incorporate consumerʼs strategic behavior into our research.
Since the production of goods requires a certain lead
time, retailers basically need to order in advance. In this case,
it is often diﬃcult to accurately match the order quantity and
the demand quantity, which can easily cause insuﬃcient
supply or waste. Make-to-order is the most eﬀective way to
solve the above problems. Companies such as Toyota use
order-oriented inventory strategies to signiﬁcantly increase
their own proﬁts and reduce their risks. However, for
seasonal commodities such as clothing and food, due to the
low value of these commodities and the short sales cycle, the
average consumer will not book such commodities. In this
case, a quick response strategy will be an eﬀective response.
The rapid response system of the famous Spanish clothing
brand ZARA should be a classic case in operation management. The company has an eﬃcient supply chain system
to ensure that it is the only fashion company in the world
that can distribute the produced clothing to more than 850
specialty stores worldwide in 15 days. The rapid response
mechanism eﬀectively solves the balance between inventory
and demand and is a green and sustainable operation improvement strategy [2, 3]. At the same time, because the
retailer has maintained a low inventory level, it also gives
consumers the expectation that it is diﬃcult to reduce prices
in the future, so it is a common mean to respond to the
strategic consumers.
In the decentralized supply chain, “double marginalization” is universal. In order to avoid its adverse eﬀects, it is
an important part of the research in the supply chain
management to increase the overall proﬁt of the supply
chain and realize the Pareto improvement of the proﬁt of
each member. Constraining the decision of each member in
the supply chain and realizing supply chain coordination
through the supply chain contract is an eﬀective method.
Under the traditional supply chain, the centralized supply
chain is usually the most proﬁtable situation, and this proﬁt
level is the goal of supply chain coordination. However, due
to the inﬂuence of consumersʼ strategic behaviors, the
proﬁt level under centralized conditions is not necessarily
the most proﬁtable. Therefore, it is necessary to ﬁnd a
higher level of overall supply chain proﬁt as the goal of
supply chain coordination and to introduce a reasonable
coordination contract to realize supply chain coordination,
and at the same time, according to the needs of practical
applications, rationally proﬁts are distributed and risks are
shared among supply chain members.

Complexity
Based on the above reasons, this paper studies a twostage supply chain system consisting of a manufacturer and a
retailer. When the retailer is faced with two-echelon uncertain demand, considering the strategic behavior of
consumers, the rapid response mechanism is introduced.
The following three issues are discussed:
(1) In a centralized supply chain system, when consumers have strategic behavior, the equilibrium
initial output of the supply chain and the retail price
of goods in the ﬁrst echelon are determined.
(2) How to cope with consumersʼ strategic behavior and
improve the overall performance of supply chain
through rapid response and initial order commitment mechanism of retailers.
(3) Because the retailerʼs one-sided initial order commitment is not credible, how to solve the problem of
unreliable commitment, then achieve the maximum
performance of the supply chain as a whole, and
allocate proﬁts and risk among the members of the
supply chain.
The remaining parts of this paper are organized as
follows. Section 2 gives a literature review; Section 3 is the
basic setting of the model; Section 4 discusses the pricing and
ordering decision-making of supply chain under centralized
circumstances; Section 5 studies the role of retailerʼs initial
order commitment; Section 6 introduces two-part pricing
contracts and revenue-sharing contracts to coordinate the
supply chain; Section 7 is the numerical experiment; and
Section 8 gives the conclusion. The prospects of research are
discussed.

2. Literature Review
The newsvendor model is the basic model of stochastic
storage theory. It mainly discusses the decision-making
problem of retailers under uncertain demand. Under the
assumption that the market demand of commodities is
random and the retail price is exogenous, the classical
newsvendor model studies the retailerʼs decision-making
method to maximize the expected proﬁt. The newsvendor
model has been the focus of operation management research
since it has been put forward. A large number of researchers
have conducted in-depth discussions on newsvendor and
expanded the newsvendor model from many directions. For
example, Petruzzi and Dada [4], Agrawal and Seshadri [5],
and Dana and Petruzzi [6] have studied the joint decisionmaking problem of inventory and retail price under the
condition of random market demand and price sensitivity.
Kyparisis and Koulamas [7] discussed the optimal decisionmaking of retailers under the condition of nonlinear price
sensitivity plus a stochastic variable demand function.
Khouja [8] introduced multiple discount strategy to improve
the sales volume and optimize the proﬁt of retailers by
continuously reducing the retail price of goods in the sales
echelon. Ma et al. [9] extended the demand distribution
from uniform distribution and normal distribution to arbitrary distribution on the basis of Khouja and studied the
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situation of reducing discount price according to nonlinearity. Cachon and Kok [10] regarded the residual value of
goods after the normal selling period as the decision variable
of the retailer and discussed the joint decision of the retailerʼs
inventory and residual value under the setting of the
newsvendor model. Based on the classical newsvendor
model, the uncertainty of commodity supply is considered
by Tang et al. [11]. Alfares and Elmorra [12] and Raza [13]
analyzed the expectation and variance of commodity demand, while the distribution function was unknown. As a
generalization, Adhikary et al. [14] studied the free distribution newsvendor model when the demand was a fuzzy
random variable.
At present, most of the studies assume that the market
demand of commodities in the normal sales stage is random.
After the end of the sales echelon, all the remaining commodities (if any) can be sold in full clearance with residual
value. The residual value set in the model is often less than
the production cost, and the promotion is very strong, so this
assumption has certain rationality. A more reasonable assumption is that the demand for goods is a random variable
in multiple sales stages. Lee et al. [15] assumed that the
market demand of commodities is divided into two stages
[16] and that the market demand of each stage is a random
variable, and the optimal ordering strategies of retailers are
studied for retailers with only one order opportunity and
two orders opportunity. Linh and Hong [17] and Hematyar
and Chaharsooghi [18] aimed at a two-echelon supply chain
system consisting of a single manufacturer and a single
retailer. When retailers are faced with stochastic demand in
both sales stages, the pricing and ordering of supply chain
members and channel coordination are studied. Our model
follows the assumption of two-echelon uncertain demand.
The biggest diﬀerence from the above research is that we
consider the strategic behavior of consumers.
The research on consumer strategic behavior is also
closely related to this paper. Coaseʼs [19] classical literature
ﬁrst focuses on the impact of consumer strategic behavior on
retailer’s pricing and performance. It is found that in the face
of consumersʼ waiting behavior, monopoly retailers only set
their retail price as marginal production cost so that retailers
can only get zero proﬁt. On the basis of Coase [19], a large
number of subsequent literatures have studied the optimal
decision-making problem based on consumer strategic
behavior under diﬀerent conditions. Mersereau and Zhang
[20], Liu and Cooper [21], and Yan and Ke [22] have studied
dynamic pricing strategies based on strategic consumers.
Cachon and Swinney [23], Yin et al. [24], and so on took
inventory as decision variable and discussed the ordering
strategy based on strategic consumers. There are also some
studies that regard retail price and order volume as decision
variables, such as Lai et al. [25] assuming that both strategic
and myopic consumers exist in the market, focusing on the
pricing and inventory strategy formulation of retailers after
introducing the ﬁnal price matching strategy (PM). Dong
and Wu [26] expanded to two stages of joint inventory and
retail price decision-making. Su and Zhang [27] ﬁrstly
considered the strategic behavior of consumers in the twoechelon supply chain system, which was composed by
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introducing manufacturers. The subsequent literature has
been expanded on the basis of Su and Zhangʼs research. Yang
[28] studied the two-stage pricing and ordering problem in a
supply chain system consisting of a manufacturer and
competing retailers, taking into account the strategic behavior of consumers. Li and Wang introduced repurchase
contracts to discuss supply chain coordination for diﬀerent
types of strategic consumers. Ahmadi et al. [29] studied the
decision-making of supply chain members in the face of grey
market and strategic consumers and introduced wholesale
price contracts and quantities to coordinate the supply
chain. Hu et al. [30] analyzed the optimal prices and trade-in
rebates for successive-generation products with strategic
consumers and limited trade-in duration. Che et al. [31]
studied the pricing decisions of retailers facing strategic
consumers with low-carbon preferences in two situations
based on a two-stage pricing model.
Related to this study is the literature on rapid response
and supply chain coordination. Fisher and Raman [32]
studied the role of rapid response mechanism in responding
to demand uncertainty. Iyer and Bergen [33] introduced
rapid response mechanism in supply chain channel selection
and coordination. After introducing rapid response mechanism, the decision-making of manufacturers and retailers
was analyzed by model analysis. Choi et al. [34] studied the
eﬀect of rapid response on supply chain when retailersʼ risk
preferences were random. In the study by Chan et al. [35],
considering the reduction of production lead time, greenhouse gas emissions and energy waste may become more
serious, and a two-stage rapid response supply chain system
with clean technology was proposed. Xu et al. [36] explored
the eﬀect of consumer disappointment aversion on the
online seller’s decisions about pricing, ordering, and quick
response. In addition, some studies combine the quick response mechanism with the consumerʼs strategic behavior.
Cachon and Swinney [23] studied the two-stage pricing and
inventory strategy formulation of retailers under the assumption that there are both myopic customers, discountonly customers, and strategic customers in the market.
Swinney [37] studied retailersʼ decision-making when facing
both strategic and myopic consumers under the condition of
second order and analyzed the eﬀect of rapid response
mechanism. Dong and Wu [26] studied two-echelon dynamic pricing and ordering strategies with strategic consumers and rapid response mechanism. Similar to our study
are the studies of Yang et al. [22] and Wang et al. [2]. Yang
et al. [22] analyzed the role of rapid response systems in
responding to consumer strategic behaviors in four diﬀerent
supply chain structures, and Wang et al. [2] introduced rapid
response mechanisms to study pricing and ordering issues
under coexistence conditions of both the strategic and
myopic consumers. However, they are all carried out under
the framework of the classic newsvendor model. Yang et al.
[22] did not realize the distribution of proﬁts and risks when
discussing supply chain coordination, while Wang et al. [2]
did not involve supply chain coordination.
Two-part pricing is a common way of charging in
economics. Similar to ﬁxed cost and variable cost in cost
theory, the seller divides the cost into two parts when selling

4
goods: the ﬁrst part is a ﬁxed cost and the second part is the
unit price of goods, through which complete price discrimination can be realized. Io [38] ﬁrst proposed two-part
pricing theory, and subsequent researchers introduced the
theory into supply chain management, forming two-part
pricing contract. Under the condition that retailers are
dominant, the market demand of goods is sensitive to
retail price, and the retail price is random, and the coordination of supply chain with two-part pricing contracts
is studied by Lau et al. [39]. Wang et al. [40] extended the
basis of Lau et al. [39]. Based on discussion of two-part
pricing contract, a new batch discount contract was
established to achieve supply chain coordination. The
research and application of revenue-sharing contract are
very extensive. The most classical literature is Cachon and
Lariviere [41]. This paper introduces the theory of revenuesharing contract in detail, compares it with other supply
chain coordination contracts, and discusses the advantages
and limitations of revenue-sharing contract. Some
scholars study supply chain coordination based on multiple contracts. For example, Saha [42] considered the
impact of manufacturers’ eﬀorts on commodity demand,
combined revenue sharing and rebates as tools for supply
chain coordination, and proposed three diﬀerent types of
rebate inducement contract. Saha and Goyal [43] studied
the ordering and pricing decision-making problems in a
two-echelon supply chain in which the demand depends
on the inventory level and sales price of the product. They
realize supply chain coordination through a combination
contract of the rebate contracts, wholesale price discount
contracts, and cost sharing contracts; diﬀerent coordination contracts have their own advantages and disadvantages, which is convenient for managers to make
reasonable choices according to actual needs. Based on
this, this article will also introduce diﬀerent contracts to
the supply chain coordination.
At present, most of the literatures that have been studied
under framework of the newsvendor model are based on the
single-period newsvendor model, and only a few literatures
involved the two-stage newsvendor model. As far as the
author knows, there is no research on the decision-making
and coordination of the supply chain based on the two-stage
newsvendor problem taking into account both the consumersʼ strategic behaviors and a quick response mechanism. Compared with the current literatures, our research
has three main diﬀerences: ﬁrstly, under the basic setting of
two-stage uncertain demand for the two-echelon supply
chain system for the ﬁrst time, the strategic behavior and
rapid response mechanism of consumers are comprehensively considered (from the current literatures). Secondly,
because of the existence of strategic consumers, the proﬁt of
supply chain under centralized conditions is not necessarily
the same. We introduce the retail price commitment
mechanism to improve the overall performance of the
supply chain and ﬁnd the goal of supply chain coordination.
Thirdly, we use diﬀerent coordination mechanisms to
achieve the supply chain coordination so that proﬁts and
risks could be allocated in diﬀerent ways among the supply
chain members.

Complexity

3. The Basic Model
This paper considers a two-echelon supply chain system
consisting of a single manufacturer and retailer and a large
number of consumers with strategic behaviors. The supply
chain structure is shown in Figure 1. The notations used in
this paper are shown in Table 1, and any other additional
notations and assumptions will be listed where they are
needed.
Similar to the sales process set by Lee et al. [15], the sales
process of goods is divided into two stages. The ﬁrst stage is
the normal sales period, and the retailer will sell the goods at
the retail price p. The second stage is the discount sales
period. In this stage, the retailer will sell the goods at the
retail price h(h < p) and h is an exogenous variable. At the
end of the second stage, the retailer no longer clears the
goods but returns the surplus goods to the manufacturer or
sells them to the scrap collector. Each unit of the goods
receives the residual value s.
It is assumed that the market demand faced by retailers
in each stage is random variable Xi , i � 1, 2 where Xi is
independent of each other. Fi (x) and fi (x) represent the
distribution function and distribution density function of
the random variable, respectively. Assume that Xi is a
continuous random variable and satisﬁes Xi > 0. Then, X �
X1 + X2 denotes the total market demand of two echelons,
and F(x) and f(x) denote the distribution function and
density function of X, respectively. In addition, the requirements of the ﬁrst stage are required to meet the increasing failure rate (IFR), i.e., f1 (x)/(1 − F1 (x)) on the
monotonic increment of x. Petruzzi and Dada [4], Su and
Zhang [27], and Yang et al. [22] have used this hypothesis for
many commonly used distributions, such as uniform distribution and normal distribution.
Assuming that the retailer has two order opportunities
before the beginning of the ﬁrst phase of the sales period, the
ﬁrst order is placed with the manufacturer at the wholesale
price c1 . Then, the actual demand information in the ﬁrst
phase is learned (that is, as the sales season approaching,
obtaining an accurate estimate for the actual value of the
random variable X1 ), and the retailer can place an order
from the manufacturer again at the wholesale price c2 . The
retailer needs to decide the initial order quantity Q and the
retail price p during the ﬁrst period of sale to maximize its
own proﬁt. For the manufacturerʼs second production, since
the production preparation period is short and the output is
generally small, it is reasonable to set the unit production
cost to rise, so c1 < c2 . In order to ensure that the retailer does
not only place a second order and that the second order can
only be used to satisfy the ﬁrst order is insuﬃcient in the ﬁrst
stage of sales, assume s < h < c1 < c2 . As a result, the whole
sales operation process is shown in Figure 2.
Assuming that in the ﬁrst stage there are many homogeneous consumers in the market, their evaluation of the
goods isv. And they all have strategic behavior; that is,
consumers know that after the end of the ﬁrst stage of sales
period, if there are still goods not sold out, retailers will
discount sales in the second stage. Consumers will maximize
their expected utility as the goal to make the optimal
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Retailer R
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Figure 1: Supply chain structure.
Table 1: Notations.
Notation
Description
Parameters
h
Retail price in the second stage
Xi
The demand for product in the i stage, i � 1, 2
Distribution function of random variable Xi
Fi (x)
fi (x)
Distribution density function of random variable Xi
Unit production cost of the product when the ﬁrst
c1
order is placed
Unit production cost of the product when the second
c2
order is placed
Unit residual value of remaining product after the sales
S
period
Consumersʼ valuation of product during normal sales
v
period
Consumers’ reservation price for product during
r
normal sales period
Decision variables
p
Retail price in the ﬁrst stage
Q
Retailerʼs initial order quantity

purchase timing. In the second stage, consumers have no
more choices, which is consistent with the classical newsvendor model. Under the exogenous retail price h, they
decide whether to buy goods or not.
Assuming that the manufacturerʼs production capacity is
inﬁnite, it can fully satisfy the retailerʼs initial and second
orders; the members of the supply chain are risk-neutral, and
the consumerʼs valuation of the goods in the ﬁrst stage does
not change with time, that is, the same in both sales stages,
and the time value of the funds is not taken into account.
Events occur in the following order.
Firstly, retailers estimate the retail price r of consumers
in the ﬁrst stage ξ r and then determine the optimal retail
price p and the initial order quantity Q. At the same time,
consumers estimate Q and obtain the probability ξ prob that
they can buy goods in the discount sales period so as to
determine the retail price r.
Next, the actual selection of the random variable X1 is
worth it. If Q < X1 , the retailer will place a second order at
the price of c2 to meet the market demand in the ﬁrst stage
and then sell all the goods at the retail price p in the ﬁrst
stage of the sales period; otherwise, without a second order,
the retailer will continue to sell the goods at the retail price h
after the ﬁrst stage of the sales period, and if there are surplus
goods after the second stage of the sales period, all remaining
goods will be disposed of with residual s.

4. Centralized Supply Chain
Firstly, the pricing and ordering decisions of retailers in
centralized supply chain are discussed. In the setting of
centralized supply chain, manufacturers and retailers as a

whole are collectively referred to as retailers in order to
express conveniently.
According to the sequence of events mentioned above,
the consumerʼs decision-making in the ﬁrst stage is analyzed. Before the ﬁrst stage of sales, the retailer will announce the retail price p of the ﬁrst stage, and the initial
order quantity is the retailerʼs private information.
Therefore, consumers need to estimate Q, which is to estimate the probability ξ prob that the goods can be bought at
the price h after the end of the ﬁrst stage of sales. Then, with
the goal of maximizing utility, the purchase timing is
decided, namely:
maxv − p, (v − h)ξ prob .

(1)

The ﬁrst term v − p in the above expression represents
the consumer surplus obtained by purchasing goods in the
ﬁrst stage, and the second term (v − h)ξ prob represents the
expected surplus obtained by purchasing goods at the end of
the season. So, if and only if v − p ≥ (v − h)ξ prob , the retail
price of the commodity is p ≤ v − (v − h)ξ prob , and the
strategic consumer will choose to buy the commodity in the
ﬁrst stage. Therefore, in the ﬁrst stage, consumers retain the
price of goods as r � v − (v − h)ξ prob .
The retailerʼs decision-making is analyzed below.
Because the retailerʼs reserved price is also the consumerʼs
private information, the retailer needs to estimate it,
assuming that ξ r represents the estimation of the consumerʼs reserved price. Obviously, in order to maximize
proﬁts, the retailerʼs retail price in the ﬁrst stage should be
ﬁxed p � ξ r . Initial order quantity Q � arg max π(p, Q), in
which
+

π(p, Q) � pE X1 ∧Q + p − c2 E X1 − Q + hE
+

+

+

·  Q − X1  ∧X2  + sE Q − X1  − X2  − c1 Q.
(2)
In this paper, we use “∧” to denote the small between
them and “∨” to denote the large, for example (X − Q)+ �
(X − Q)∨0. In formula (2), pE(X1 ∧Q) is the proﬁt obtained
by selling goods at retail price p in the ﬁrst stage, (p −
c2 )E(X1 − Q)+ is the expected proﬁt from the second
order when the initial order quantity is insuﬃcient,
hE[(Q − X1 )+ ∧X2 ] expresses the proﬁt obtained by selling
goods at retail price h in the second stage, the residual value
sE[(Q − X1 )+ − X2 ]+ denotes the income of goods obtained
by the retailer after the second stage of sale, and c1 Q expresses the initial order cost.
In determining the value of ξ prob and ξ r , this paper uses
the rational expectation hypothesis. Rational expectation is
put forward by Muth [44]. The so-called rational expectation
is that every economic actorʼs expectation of future events is
rational; that is, consumers use their own maximum effectiveness as the criterion of action, producers take proﬁt
maximization as the criterion of action, and any economic
actorʼs anticipated future situation when making current
decisions is always completely accurate. It is in line with the
actual situation in the future. Thus, the following deﬁnitions
can be obtained.
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First order Q

The first stage of sale
at retail price p

The second stage of
sales at retail price h

At residuals s
handling surplus commodities

Second order after understanding the actual
demand information of the first stage

Figure 2: Diagram of operation process.

Deﬁnition 1. In the two-echelon newsvendor model based
on consumer strategic behavior under the rapid response
mechanism,
a
rational
expectation
equilibrium
(p, Q, ξ prob ξ r ) should satisfy the following ﬁve conditions:
(i)
(ii)
(iii)
(iv)
(v)

r � v − (v − h)ξ prob
p � ξr
Q � arg max π(p, Q)
ξ prob � F1 (Q)
ξr � r

Conditions (i), (ii), and (iii) indicate that retailers and
consumers should make rational decisions; that is, consumers should maximize consumer surplus and retailers
should maximize expected proﬁts; conditions (iv) and (v)
indicate that consumers and retailersʼ estimates of private
information are consistent with the actual situation, which is
the core of rational expectations.
According to Deﬁnition 1, we can get two conditions
that the retailerʼs decision variables should satisfy under the
condition of rational expectation equilibrium (introducing
subscript c to represent rational expectation equilibrium
state, that is, the case of centralized supply chain):
pc � v − (v − h)F1 (Q), Qc � arg max π(p, Q).

(3)

Proposition 1. In the equilibrium of rational expectations,
consumers in the ﬁrst stage will buy goods in the ﬁrst stage,
and there exists only pc and Qc to maximize the proﬁt of
retailers.
Proof. The expected proﬁt of the retailer obtained by formula (2) is as follows:
π(p, Q) � p − c2 E X1  + c2 − c1 Q − c2 − h
Q

Q

(4)

·  F1 (x)dx − (h − s)  F(x)dx.
0

0

Therefore, the ﬁrst-order condition is as follows:
zπ
� c2 − c1  − c2 − hF1 (Q) − (h − s)F(Q) � 0.
zQ

(5)

Let
g(Q) � (c2 − c1 ) − (c2 − h)F1 (Q) − (h − s)F(Q),
then the function g(Q) monotonously decreases on Q in the
interval [0 + ∞), and because g(0) � (c2 − c1 ) > 0, g(∞) �
(s − c1 ) < 0; therefore, the proﬁt function has a unique
stationary point Qc . According to the second-order condition z2 π/zQ2 � − (c2 − h)f1 (Q) − (h − s)f(Q) < 0, the only

stationary point is the maximum point. From formula (3),
we can see that the retail prices pc and Qc are one-to-one
correspondence under the equilibrium condition, so pc is
the only one that exists. Proof is completed.
Proposition 2. This guarantees the unique existence of
equilibrium solution under the assumption of rational expectation. Qc is the solution of equation g(Q) � 0. However,
when the random variable Xi is normal or Poissonʼs distribution, it will be very diﬃcult to solve the analytical expression of Qc from the equation because of the complexity of
the distribution function. Therefore, the numerical solution of
Qc can be calculated by the method of ﬁxed step search in
practical application. Property 1 discusses the relationship
between retailerʼs initial order quantity, retail price in the ﬁrst
stage, and proﬁt and parameters c2 and h:
Property 1. With other parameters unchanged, when the
unit cost c2 of the second order increases, the retailerʼs initial
order quantity Qc increases, and the retail price pc and proﬁt
πc of the ﬁrst stage decrease monotonously. When the retail
price h of the second stage increases, the initial order
quantity Qc and proﬁt πc increase accordingly.
Proof. If Q is regarded as a function of c2 , we solve the
derivative of both sides of formula (5) on c2 and it can be
obtained as follows:
dQ
1 − F1 (Q)
�
> 0.
dc2
c2 − hf1 (Q) +(h − s)f(Q)

(6)

Therefore, the initial order volume of retailers increases
monotonously with the value of c2 . From formula (3), the
retail price pc will decrease accordingly.
The same is true as follows:
dQ
F1 (Q) − F(Q)
�
> 0.
dh
c2 − hf1 (Q) +(h − s)f(Q)

(7)

Therefore, the initial order volume of retailers increases
monotonously with the value of h. Substitute (3) into (4) to
obtain the following:
πc (p, Q) � v − (v − h)F1 (Q) − c2 E X1  + c2 − c1 Q
Q

Q

− c2 − h  F1 (x)dx − (h − s)  F(x)dx.
0

0

(8)
Then, we solve the derivative of formula (8) on c2 based
on the envelope theorem as follows:
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Q
dπ c
� − E X1  + Q −  F1 (x)dx � E Q∧X1  − E X1  ≤ 0.
dc2
0
(9)

Therefore, proﬁts πc are decreasing monotonously with
respect to c2 . The same is true as follows:
Q
Q
dπ c
� F1 (Q)E X1  +  F1 (x)dx −  F(x)dx,
dh
0
0

(10)

Q

� F1 (Q)E X1  +  F1 (x)F(x)dx.

5. Initial Order Quantity Commitment

0

Because F(x) and F1 (x) are the distribution functions of
X � X1 + X2 and X1 , respectively, we have F(x) < F1 (x) for
∀x ∈ [0, Q]. Therefore, F1 (x) − F(x) ≥ 0. Therefore, from
the sign-preserving property of deﬁnite integrals, we can see
that dπc /dh ≥ 0 and the proﬁt πc increases monotonously
with respect to h. Proof is completed.
The conclusion of Property 1 is easy to understand. With
the increase in c2 , retailers have more proﬁt margin in the
ﬁrst order, so they will increase the initial order quantity. The
probability that consumers can buy goods in the second
stage will also increase with the increase in initial order
quantity, which causes retailers to have to reduce retail prices
in the ﬁrst stage. Therefore, under the condition that other
parameters remain unchanged, the retailerʼs proﬁt will decrease; the increase in h means that the same number of
goods will get more proﬁt in the second stage, so the retailerʼs proﬁt will increase. Because pc � v − (v − h)F1 (Q), it
should be pointed out that the relationship between pc and h
is diﬃcult to determine because v − h will decrease with the
increase in h and F1 (Q) will increase with the increase in
order quantity.
In the absence of a second-order opportunity, the retailerʼs proﬁt function is as follows:
+

(11)

+ vE Q − X1  − X2  − c1 Q.

+

Q

+ c2 − c1 Q − c2 − h  F1 (x)dx (13)
0

Subscript 1 indicates that there is only one order opportunity. From formulas (2) and (11),
πc (p, Q) − π1 (p, Q) � p − c2 E X1 − Q ≥ 0.

In the rational expectation equilibrium hypothesis, the retailerʼs initial order quantity is the retailerʼs private information, which cannot be directly observed by consumers but
is estimated according to the principle of rational expectation equilibrium.
If the retailer discloses the ﬁrst-order quantity Q to the
consumer before the ﬁrst stage of sales, which is diﬀerent
from the previous rational expectation equilibrium, then the
consumers in the ﬁrst stage do not need to estimate the
probability of the goods they can buy after the ﬁrst stage, and
the probability of the goods they can buy is F1 (Q).
According to the principle of maximizing consumer surplus,
consumers make their own purchase timing decision, that is,
maxv − p, (v − h)F1 (Q). While v − p ≥ (v − h)F1 (Q), they
will choose to buy in the ﬁrst stage, and otherwise, they will
wait. Therefore, when the retail price of the ﬁrst stage satisﬁes p ≤ v − (v − h)F1 (Q), consumers will buy goods ahead
of time, so in order to maximize proﬁts, the retail price of the
ﬁrst stage should be set as follows: pq � v − (v − h)F1 (Q), in
which the subscript q denotes the quantity commitment
mechanism. Then, the optimal initial order quantity of the
retailer should be Q∗q � argπq (p(Q), Q), in which
πq (p(Q), Q) � v − (v − h)F1 (Q) − c2 E X1 

+

π1 (p, Q) � pE X1 ∧Q + hE Q − X1  ∧X2 
+

period will be correspondingly reduced, which can be effective to reduce the impact of strategic consumers’ waiting
behaviors on the retailersʼ proﬁts. Second, because retailers
have a second-order opportunity, they can eﬀectively avoid
loss of proﬁts caused by insuﬃcient order quantities. Based
on this, in the supply chain operations practice of enterprises, if the conditions permit the introduction of a rapid
response mechanism, it can improve the eﬃciency of the
supply chain, increase the proﬁt level of the supply chain,
and have practical application value.

Q

− (h − s)  F(x)dx.
0

(12)

Therefore, we could get the following property.
Property 2. For ﬁxed parameters c1 , s, h, v, and c2 , the retailerʼs proﬁt satisﬁes πc (p, Q) ≥ π1 (p, Q).
According to the conclusion of Property 2, the introduction of rapid response mechanism can eﬀectively reduce
the negative impact of consumer strategic behavior and
improve the proﬁt level of retailers. There are two reasons for
the increase in the retailersʼ proﬁts. First, the initial order
quantity will be reduced in the case of two ordering opportunities; that is, the probability that consumers will be
able to buy goods during the end-of-season processing

Proposition 3. Retailers have a unique initial order quantity
commitment, which maximizes the proﬁts πq (Q).
Proof. The derivation of equation (13) on Q can be obtained
as follows:
dπ q
� − (v − h)E X1 f1 (Q) − c1 − h + c2 − hF1 (Q)
dQ
− (h − s)F(Q).
(14)
So, the ﬁrst-order condition is as follows:
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F1 (Q)

− (v − h)E X1 f1 (Q)
c − h
F(Q)
− 1
+ c2 − h − (h − s)
 � 0.
F1 (Q)
F1 (Q)
F1 (Q)

Set G(Q) � − (v − h)E(X1 )f1 (Q)/F1 (Q) − (c1 − h)/F1
(Q) + (c2 − h) − (h − s)F(Q)/F1 (Q).
Because the distribution function of X1 satisﬁes the
monotonic incremental failure rate, that is, f1 (Q)/F1 (Q)
increase with respect to Q and F1 (Q) decreases with respect
to Q, F(Q) increases with respect to Q. Therefore, G(Q)
decreases monotonously in (0, +∞). Because G(0) � c2 −
c1 > 0, G(∞) � − ∞, the equation G(Q) � 0 has a unique
root. Moreover, F1 (Q) is greater than zero in (0, +∞),
equation (14) has a unique root; that is, there is a unique
stationary point Q∗q for πq (Q).
Then, πq′(0) � c2 − c1 > 0 and πq′(∞) � s − c1 < 0. Therefore, πq (Q) is a quasi-concave function, and Q∗q is the
maximum point of πq (Q). The proof is completed.
This paper compares the relationship between retailer
decision variables and proﬁt level under rational expectation
equilibrium and initial order commitment mechanism. The
conclusions are given by the following property.

(15)

products, conveying to consumers that the supply of
products exceeds demand, and the expectation that they will
not sell at a price reduction in the future prompts consumers
competing to buy in the normal sales period. Therefore, it
will eﬀectively improve their own proﬁt levels.
However, such a commitment alone is not credible.
Because if this commitment is credible, under the initial
order quantity commitment mechanism, the retailer can sell
product at a relatively high retail price. Then, the retailer
“behind the promise” to increase the initial order quantity
can increase its own proﬁts. This means that retailers have
the urge to deviate from the equilibrium order quantity. The
essential reason for the unreliable commitment is that the
order quantity and retail price under the initial order
quantity commitment mechanism are not the Nash equilibrium solution of the game between the retailer and the
consumer. In order to solve the credibility problem of
promises, the coordination problem of the supply chain will
be studied in the next section.

Property 3. Q∗q < Qc , pq > pc and πq (Q∗q ) > πc (Qc ).

6. Supply Chain Coordination
Proof. As can be seen from (14),
πq′(Q) � − (v − h)E X1 f1 (Q) + c2 − c1 

(16)

− c2 − hF1 (Q) − (h − s)F(Q).
Under the assumption of rational expectation, the retailerʼs order quantity Qc should satisfy formula (5):
c2 − c1  − c2 − hF1 (Q) − (h − s)F(Q) � 0.

(17)

Therefore, πq′(Qc ) � − (v − h)E(X1 )f1 (Qc ) < 0.
According to the nature of the function of πq (Q) and
πq′(Q), we get that the proﬁt functions πq (Q) and πc (Q) have
the same function expression under the initial order quantity
commitment mechanism and rational expectation equilibrium. So, it can be obtained as shown in Figure 3 that
Q∗q < Qc and πq (Q∗q ) > πc (Qc ). From the relationship between the initial order quantity and the retail price
p � v − (v − h)F1 (Q), it can be concluded that pq > pc .The
proof is completed.
It can be known from Property 3 that the retailer reduces
the initial order quantity by committing to the initial order
quantity, thereby changing the consumerʼs expectation; that
is, the probability that the product can be purchased at the
end of the season clearing period will decrease. At the same
time, the retailer increases the retail prices in normal sales
period, hedging the loss of the reduction in the number of
product sold, which eﬀectively reduces the adverse eﬀects of
consumersʼ strategic behavior. Therefore, retailers can increase their own proﬁt levels by committing to the initial
order quantity. In the practice of operations management,
many manufacturers have adopted similar marketing
methods. For example, manufacturers promise the production quantity of products by launching limited edition

Under the condition that consumers have strategic behavior,
the retailerʼs proﬁt level in the initial order quantity commitment mechanism is higher than that in the centralized
situation, so the goal of supply chain coordination should be
deﬁned as the proﬁt level in the initial order quantity
commitment mechanism. Next, we discuss the use of twopart pricing contract and revenue-sharing contract to
achieve supply chain coordination.
6.1. Two-Part Pricing Contract. Suppose that a two-part
pricing contract (L, w) is signed between the manufacturer
and the retailer, where L is the ﬁxed fee part, w is the
wholesale price of the retailerʼs ﬁrst order, and the unit price
of the second order is the manufacturerʼs production cost c2
(the reason why the wholesale price of the second order is set
as the marginal production cost is that supply chain coordination can be achieved through parameters L and w, and
the system can be established). Part of the proﬁts lost by the
manufacturer can be compensated by a ﬁxed fee. Under this
contract, the retailerʼs proﬁt is as follows (subscript L denotes the value of decision variables and proﬁts under twopart pricing contract, subscript R denotes the retailer, and
subscript M denotes the manufacturer):
πRL � pE X1 ∧Q + p − c2 E X1 − Q
+

+
+

+ hE Q − X1  ∧X2  + sE Q − X1  − X2 

+

− wQ − L.
(18)
The proﬁt of the corresponding manufacturer is as
follows:
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Q
π′ (Q∗q ) = 0
π′ (Qc) < 0

π′ (Q)

Figure 3: Comparisons of centralized SC and initial order quantity
under order quantity commitment mechanism.

πM
L � w − c1 Q + L.

(19)

Proposition 4. When w � c1 + (v − h)E(X1 )f1 (Q∗q ) under
the conditions of two-part pricing contract (L, w), it can be
R
concluded that pL � pq , QL � Q∗q and πL � πM
L + πL �
∗
πq (Qq ).
Proof. According to equation (18), it can be proved that the
retailerʼs proﬁt under two-part pricing contract is as follows:
Q

π RL � p − c2 E X1  + c2 − wQ − c2 − h  F1 (x)dx
0

Q

− (h − s)  F(x)dx − L.
0

(20)
From formula (20), we have the following:
zπRL
� c2 − w − c2 − hF1 (Q) − (h − s)F(Q) � 0.
zQ

(21)

Similar to the proof method in Proposition 1, it is easy to
prove that equation (21) has a unique root QL , which is the
equilibrium order quantity in the game between retailers and
consumers under the assumption of rational expectation
equilibrium. Substituting w � c1 + (v − h)E(X1 )f1 (Q∗q )
into formula (21), we obtain the following:
c2 − c1 − (v − h)E X1 f1 Q∗q  − c2 − hF1 QL 

(22)

− (h − s)F QL  � 0.
As can be seen from Proposition 2, Q∗q is the only root of
equation (14), so there is
c2 − c1 − (v − h)E X1 f1 Q∗q  − c2 − hF1 Q∗q 
− (h −

s)FQ∗q 

(23)

� 0.

According to formulas (22) and (23), we get
(c2 − h)[F1 (QL ) − F1 (Q∗q )] + (h − s)[F(QL ) − F(Q∗q )] � 0.
Because both F1 (Q) and F(Q) are strictly monotonic
function of Q, (c2 − h) > 0, (h − s) > 0, QL � Q∗q must be

valid. Moreover, since the retail price of the ﬁrst stage
corresponds to the initial order quantity one by one, it is
established that pL � pq . Finally, the expression of πL obtained by adding formulas (18) and (19) is exactly the same to
that of πq , so it holds that πL � πq (Q∗q ) when the order
quantity and retail price are equal. Proof is completed.
In traditional supply chain management, the two-part
pricing contract generally requires manufacturers to set the
wholesale price of a unit product as their unit production
cost so as to encourage retailers to order more and make
their orders reach the order level of the supply chain under
centralized conditions. However, according to the results of
Proposition 3, the wholesale price of retailers in two-part
pricing contract (L, w) should be ﬁxedw � c1 +
(v − h)E(X1 )f1 (Q∗q ) > c1 , which means that the wholesale
price should be higher than the marginal cost of products,
which is inconsistent with the conclusion of traditional
supply chain management. The reason lies in the inﬂuence of
consumerʼs strategic behavior. After considering the consumerʼs strategic behavior, the proﬁt level of the initial order
commitment mechanism is higher than that of the centralized supply chain. Therefore, the manufacturers increase
the wholesale price to “force” the retailers to reduce the
order quantity, which will improve the performance level of
the whole supply chain. Of course, the manufacturers are
“willing” to do so.
In traditional supply chain management, the ﬁxed fee
part L in the two-part pricing contract is the compensation
for the manufacturerʼs proﬁt and L is always greater than 0.
However, after considering the strategic behavior of consumers, since w > c1 is established, manufacturers can proﬁt
by selling goods themselves, so L may also play a role of
compensation for retailersʼ proﬁts, that is to say, L < 0 is also
possible. In short, by adjusting the value of L, the proﬁt can
be arbitrarily distributed among the supply chain members.
Finally, it should be pointed out that in the two-part
pricing contract, the proﬁt of the manufacturer is ﬁxed, so it
does not need to bear any risks and all risks are borne by the
retailer. In the next section, the revenue-sharing contract
will be introduced to coordinate the supply chain. The
advantage of the revenue-sharing contract is that the risk is
also allocated while the revenue is shared.
6.2. Revenue-Sharing Contract. Suppose the manufacturer
and the retailer sign a revenue-sharing contract (w, λ),
where w is the wholesale price of the unit commodity when
the retailer ﬁrst orders to the manufacturer and the manufacturer will share 1 − λ parts of the retailerʼs total revenue.
Under the above revenue-sharing contract, the retailerʼs
proﬁt is (subscript s means revenue-sharing contract) as
follows:
+

+

πRs � λpE X1 ∧Q + pE X1 − Q + hE Q − X1  ∧X2 
+

+

+

+ sE Q − X1  − X2   − wQ − c2 E X1 − Q .
(24)
The ﬁrst bracketed part of the above expression represents the total revenue of the retailer during the whole sales
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process, including the revenue from the sale of the goods in
the ﬁrst stage (including the ﬁrst order and the second
replenishment), the revenue from the sale of the goods in the
second stage, and the income from the disposal of the residual value of the goods at the end of the two sales stages.
The last two items are the ﬁrst- and second-order costs,
respectively.
The proﬁt of the corresponding manufacturer is as
follows:
πM
s � (1 − λ)pE X1 ∧Q + pE X1 − Q
+

+
+

+

+ hE Q − X1  ∧X2  + sE Q − X1  − X2  
+ w − c1 Q.
(25)

Proposition 5. For any revenue-sharing ratio 0 ≤ λ < 1, there
exists a unique wholesale price ws for the ﬁrst-order unit.
When ws satisﬁes ws � c2 − (c2 − λh)F1 (Q∗q )− λ(h − s)
F(Q∗q ), there exists ps � pq , Qs � Q∗q , and the total proﬁt πs of
the supply chain at this time is πs � πRs + πM
s � πq .
Proof. According to (24), under the revenue-sharing contract, the retailerʼs proﬁt function is as follows:
πRs � λp − c2 E X1  + c2 − wQ − c2 − λh
Q

Q

(26)

·  F1 (x)dx − λ(h − s)  F(x)dx.
0

0

Therefore, the ﬁrst-order condition obtained from formula (26) is as follows:
zπRs
� c2 − w − c2 − λhF1 (Q) − λ(h − s)F(Q) � 0.
zQ
(27)
Substituting ws � c2 − (c2 − λh)F1 (Q∗q ) − λ(h − s)F(Q∗q )
into equation (27), we have the following equation:
c2 − λhF1 (Q) − F1 Q∗q  + λ(h − s)F(Q) − FQ∗q  � 0.

(28)
Since both F1 (Q) and F(Q) are strictly monotonic
function of Q and (c2 − λh) > 0, λ(h − s) > 0, equation (28)
has a unique root Q∗q , that is, Qs � Q∗q . Similar to the proof
process in Proposition 3, it is easy to prove that there is ps �
pq and πs � πRs + πM
s � π q . Proof is completed.
According to formula (14), the optimal initial commitment order quantity Q∗q of the retailer should satisfy the
following equation:
c2 − c1 − (v − h)Ε X1 f1 Q∗q  − c2 − hF1 Q∗q 
− (h − s)FQ∗q  � 0.

(29)

Therefore, for any proportion of revenue sharing λ, it
holds the following:

ws � c1 +(v − h)Ε X1 f1 Q∗q  − (h − λh)F1 Q∗q 
+(1 − λ)(h − s)FQ∗q .

(30)

It could be seen that the wholesale price ws may be
greater than c1 , for example, when λ � 1. This is diﬀerent
from the setting of parameters of revenue-sharing contract
in traditional supply chain coordination theory. In traditional supply chain management, ws is usually set equal to or
less than the unit marginal cost of production in order to
encourage the retailers to order much more. In return,
manufacturers will share part of the proﬁts from retailersʼ
sales. In the case that consumers have strategic behavior,
manufacturers tend to set the price ws to be greater than c1 ,
for the same reason as the two-part pricing contract discussed earlier.
By reasonably setting the parameters of revenue-sharing
contract, the coordination of supply chain is also realized,
and the proﬁt of manufacturer is closely related to the
stochastic demand, so the manufacturer also shares part of
the risk of supply chain and makes up for the shortcomings
of the two-part pricing contract. The disadvantage of the
revenue-sharing contract is that when λ � 1, the manufacturer could still get proﬁts (w − c1 )Q, which were monopolized by the manufacturer and could not be distributed
among the supply chain members.

7. Numerical Examples
Assume that c1 � 5, v � 15, and s � 2. At the same time, it is
assumed that the market demand X1 of the product in the
ﬁrst stage obeys a normal distribution with mean value u �
75 and standard deviation σ � 20 and the market demand X2
in the second stage obeys a normal distribution with mean
value u � 25 and standard deviation σ � 15. Since X1 and X2
are independent, X � X1 + X2 ∼ N(100, 252). When the
second unit order price c2 increases from 5.5 to 6.5, the
retailerʼs corresponding equilibrium retail price, initial order
quantity, and proﬁt are shown in Figure 4.
It can be seen from Figure 4 that with the increase in the
second-order price c2 , the retail price and proﬁt level of the
retailer in the ﬁrst stage decrease monotonously, and the
initial order quantity increases monotonously, which is
consistent with the conclusion of Property 1. With the increase in the second-order cost, the retailerʼs proﬁt decreased
very quickly. When c2 increased from 5.5 to 6.5, it increased
by 18.18%, while the proﬁt decreased from 499.9 to 309.9, a
decrease in 38%, which shows that c2 has a great impact on
retailersʼ proﬁts. Therefore, in practice, taking eﬀective
measures to reduce the cost of rapid response is of great
signiﬁcance for reducing the adverse eﬀects of consumer
strategic behavior and improving the performance level of
the supply chain.
When the second unit order price c2 increases from 5.5
to 6.5, if the initial order quantity remains unchanged, after
the introduction of the quick response mechanism, compared with only one order opportunity, the proﬁt diﬀerence
is shown in Figure 5.
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Figure 4: The relationship between the second-order price and the ﬁrst retail price, order volume, and proﬁt.
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Figure 5: Proﬁt diﬀerence between quick response mechanism and single order situation.

It can be seen from Figure 5 that the introduction of a
rapid response mechanism can always increase the retailerʼs
proﬁt level, which is consistent with the conclusion proved
by Property 2, and fully reﬂect the value of rapid response.
We also found that as the unit cost of the second order
increases, the proﬁt increase brought about by the rapid
response is getting smaller and smaller, because as the cost of
the second order increases, the eﬀect that can be obtained
through the rapid response decreases.
Suppose v � 15, h � 4.5, s � 2, X1 ∼ N(75, 202), and
X2 ∼ N(25, 152), Figure 6 shows when the second unit
order price c2 increases from 5.5 to 6.5, the comparison of
the rational expectation equilibrium and the initial order
quantity commitment mechanism.
It can be seen from Figure 6 that the initial order
quantity commitment mechanism has a relatively large

decline in the initial order quantity relative to the rational
expected equilibrium situation. This is also the most eﬀective
means to deal with strategic consumers. It can also be seen
that the proﬁt level has been greatly increased after committing to the initial order quantity. For example, when
c1 � 5, c2 � 6, v � 15, h � 4.5, s � 2, X1 ∼ N(75, 400), and
X2 ∼ N(25, 225), under the assumption of rational expectation equilibrium, initial order quantity Qc � 72.2, retail
price of the ﬁrst stage pc � 10.3345, and the retailerʼs proﬁt
πRc � 383.0678. Under the initial order quantity commitment mechanism, the initial order quantity Q∗q � 27.9, the
retail price of the ﬁrst stage pc � 14.9027, and the retailerʼs
proﬁt πRc � 695.4776. The proﬁt has nearly doubled. The
result of this example is consistent with Property 3. At the
same time, it can be seen that after introducing the initial
order commitment, the probability of consumers being

12

Complexity

Retail price

16
14
12
10
5.5

5.6

5.7

5.8

5.9
6
6.1
Unit price for second order

6.2

6.3

6.4

6.5

6.2

6.3

6.4

6.5

6.2

6.3

6.4

6.5

Rational expectation equilibrium
Initial order commitment mechanism

Initial order quantity

(a)

80
60
40
20
5.5

5.6

5.7

5.8

5.9
6
6.1
Unit price for second order

Rational expectation equilibrium
Initial order commitment mechanism
(b)

800

Profit

700
600
500
400
300
5.5

5.6

5.7

5.8

5.9
6
6.1
Unit price for second order

Rational expectation equilibrium
Initial order commitment mechanism
(c)

Figure 6: Comparison of rational expectation equilibrium and initial order quantity commitment mechanism.

able to buy product in the second stage is greatly reduced
by reducing the initial order volume, thus “forcing”
consumers to buy product in the ﬁrst stage and greatly
increasing the retail price in the ﬁrst stage. The proﬁt of
retailers has been greatly improved, which shows that the
eﬀect of the initial order commitment mechanism is
obvious.
In two-part pricing contract, if the parameter is set to
w � 5.9814 and L � 0, then the retailerʼs proﬁt πRL �
668.0978, the manufacturerʼs proﬁt πM
L � 27.3798, and the
total proﬁt of the supply chain πL � 695.4776. The calculation results are consistent with the conclusion given in
Proposition 3. The total proﬁt of the supply chain is the same
as that of the retailer under the initial order commitment
mechanism, which shows that the two-part pricing contract
achieves the coordination of the supply chain. If the value of

L is reset, the proﬁt can be distributed arbitrarily between
manufacturer and retailer.
Under the revenue-sharing contract, when the revenuesharing ratio λ increases from 0 to 1, the corresponding
wholesale price, retailerʼs proﬁt, and manufacturerʼs proﬁt
change as shown in Figure 7.
As can be seen from Figure 7, with the increase in
revenue-sharing ratio λ, the wholesale price has been rising
and is greater than the manufacturerʼs production cost c1 ;
retailerʼs proﬁts are increasing and manufacturerʼs proﬁts
are decreasing, which is consistent with the theory of revenue-sharing contract. It should be pointed out that no
matter what value the λ takes, the proﬁt of the manufacturer
is greater than 0. At the end when λ � 1, when the retailer
monopolizes all its proﬁts, the manufacturer still gets 27.37
proﬁt, that is to say, the other proﬁt 668.1 except 27.37 can be
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Figure 7: Wholesale price and proﬁt under diﬀerent revenue-sharing proportions.

arbitrarily allocated among the supply chain members by
adjusting the value of the λ.

8. Conclusion
In this paper, the optimal decision-making of supply chain
members and the coordination of supply chain in the twoechelon newsvendor model are studied based on consumersʼ
strategic behavior and rapid response mechanism under the
condition that retailers are faced with two-stage stochastic
demand. Based on the assumption of rational expectation,
the equilibrium retail price and initial order quantity of
retailers in a centralized supply chain are given, and the
inﬂuence of the change of relevant parameters on retailersʼ
decision-making is analyzed. The retailerʼs decision-making
under the initial order commitment mechanism and its
impact on supply chain proﬁt are discussed. On this basis,
aiming at the proﬁt level under the initial order quantity
commitment mechanism, two-part pricing contract and
revenue-sharing contract are introduced to coordinate the
two-echelon supply chain system composed of a single
manufacturer and a single retailer. It is proved that both
coordination mechanisms can achieve supply chain coordination under reasonable contract parameters. At the same
time, the two-part pricing contract can distribute proﬁts
arbitrarily among the supply chain members by adjusting
the value of the ﬁxed fee. The advantage of the revenuesharing contract is that the manufacturers and retailers share

proﬁts while sharing risks. In practical application, enterprise managers can reasonably choose diﬀerent supply chain
coordination mechanisms according to their own needs.
This paper studies the supply chain system of a single
manufacturer and a single retailer. It will be a future research
direction to analyze the pricing and coordination of supply
chain under the competition of multiple manufacturers and
retailers. This paper assumes that the retail price of goods in
the second stage is an exogenous variable, which can be
considered as an endogenous variable in the follow-up study.
This paper assumes that all consumers are homogeneous,
and the evaluation of goods is the same. When consumers
are of diﬀerent quality, the decision-making problem needs
further study [45–48].
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