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AN ANALYSIS OF SUPPLY CHAIN DECISIONS

WITH ASYMMETRICAL RETAILERS: EFFECTS

OF DISRUPTIONS AND STATIC SERVICE COST

ON COORDINATION MECHANISM

Kebing Chen1, Lei Yang2 and Yanxia Liu1

Abstract. The risk of demand or production cost disruption is one
of the challenging problems in the supply chain management. This pa-
per explores a generalized supply chain game model incorporating the
possible disruptions. We find that a nonlinear Grove wholesale price
scheme can fully coordinate such a supply chain even when both mar-
ket demand and production cost are disrupted. The nonlinear Grove
wholesale price scheme has three sides to coordinate the decision be-
havior of the players. One is that the mechanism can induce the retail
pricing decided by the dominant retailer to be equal with that of the
channel; the second is that the mechanism can induce fringe retailers
to be not priced out of the market; the third is that the mechanism can
ensure that the manufacturer uses minimum incentives to induce the
dominant retailer to sell its product as well as providing the demand-
stimulating service. Disruptions from both demand side and production
cost side may also affect the wholesale price, order quantity as well as
retail price, and the share of the dominant retailer and the subsidy rate
provided by the manufacturer are unity of opposites. We also find that
it is optimal for the manufacturer to keep the original production plan
when the joint-disruption amount is sufficiently small.
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1. Introduction

The risk of demand disruption is one of the challenging problems in operations
management. It has been well recognized that the customers’ demand is possibly
affected by a number of factors such as the selling price, the demand-stimulating
service, and others. Generally, a supply chain is coordinated when the players,
acting rationally, make the decisions that are optimal for the whole supply chain.
Some coordination mechanisms, such as revenue-sharing scheme and quantity dis-
count scheme can be used to regulate the relationship among the supply chain’s
members. Very often, schemes are designed for the static environment such as a
known market demand, or a distribution function in the stochastic environment.
These schemes can be defined as static coordination mechanism. After the pro-
duction plan have been agreed, the marketing environment can often be disrupted
by unexpected haphazard events, which may result in the change of the demand
or production cost to certain extent. For example, the outbreak of earthquake
can cause a large sudden demand for tent; the epidemic of mad cow disease can
affect a large degree of the demand for the beef consumption. There are other
kinds of emergency that have made great tragedy on human beings such as the
power blackouts in August 2003 in North America and tsunami natural disasters
on Indian Ocean in 2005.

The probability of all these unexpected events’ occurring is very small, however,
the consequence is very serious. As reported in [26], disruptions from accidents in
the chemical industry have led to huge economic losses and environmental dam-
ages, from the Bhopal and Exxon Valdez disasters, to the hundreds of lesser events
that continue to occur on a yearly basis. A representative example is the March
2000 fire at the Philips microchip plant in Albuquerque, New Mexico. That plant
supplied chips to Ericsson. However, the fire caused by lighting led to the disrup-
tion of supply to Ericsson. Since Ericsson was sourcing only from that plant, it
could not avoid a production shutdown. As a result, Ericsson suffered $400 mil-
lion in lost sales. Additionally, Robert [35] reported that the labor strike at two
General Motors parts plants in 1998 led to the shutdowns of 26 assembly plants
and ultimately prevented the company from building over 500 000 vehicles and led
to a $809 million quarterly loss. Therefore, the disruptions of environment would
lead to huge loss for the whole system.

Additionally, companies such as Ericsson, Hershey, Apple, Wal-Mart, and a host
of other major companies who rely on timely delivery of products and services to
meet customer needs have incurred major losses due to supply chain disruptions.
Moreover, small scale disruptions occur much more frequently, while the disrup-
tions have made companies aware of the need for active disruption management.

In our paper, we consider coordination of a supply chain consisting of one man-
ufacturer, one dominant retailer and multiple fringe retailers after possible dis-
ruptions. In practical operations within a supply chain, there often is a dominant
retailer in the retail channel, which can be described as the well-known domi-
nant retailer model (see [34,37]). For example, Wal-Mart’s sale volume accounted
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for 39% of Tandy’s in 2002. While, with its $285 billion sales in 2004, Wal-Mart
dwarfed any other competitors and became one of the largest companies in the
world [31]. In such a retail channel, the dominant retailer often is a price leader
and a main or largest distributor of its supplier. Other fringe retailers can be re-
garded as the price followers, and the market demand share of each fringe retailer
is very small [44]. Additionally, we assume that only the dominant retailer can
provide the advertising service to promote sales in such a retail channel. In gen-
eral, the selling price has a well-understood impact on the customer’s purchase
decision, and the demand-stimulating service factor may be more complicated.
We will investigate how the demand-stimulating service affects the decision of the
dominant retailer and how to design the coordination mechanism by addition of
the demand-stimulating service even if both the demand and the production cost
are disrupted.

Differed from game model in the normal operation (i.e., without disruption),
the sudden change of demand or production cost will cause certain deviation costs
in the irregular operation (i.e., with disruption). That is, the deviation penalty is
incorporated into the utility functions of each player or the channel decision-maker
in the irregular operation, e.g., see [7, 45]. For the multiple competing retailers,
we regard that the fringe retailers are identical and the changed amount of the
demand is common knowledge to all players in order to simplify the analysis.
In our coordination mechanism, we assume that deviation costs are shared by
both the manufacturer and dominant retailer. For the irregular operation, when
the demand suddenly increases, the manufacturer should produce more products
ordered by the retailers, which can result in extra deviation charge; additionally,
when the demand decreases suddenly, the manufacturer may cost extra to handle
the redundant production.

This paper mainly studies how to coordinate the supply chain with a dominant
retailer when both the demand and the production cost are disrupted. To adopt
optimal decisions to deal with disruptions from the channel’s perspective would
give distinctive advantages and coordination direction to decision-makers in the
decentralized channel. For the case of competing retailers, most literatures assume
that the retailers are symmetrical, and study the corresponding pricing decision
and coordination mechanism. Few literatures consider the coordination mechanism
for asymmetrical retailers. The main contribution of this paper lies in the following
three sides.

(1) The coordination mechanism is designed for the supply chain with the asym-
metrical competing retailers.

(2) The coordination mechanism induces the retail pricing of dominant retailer to
be equal with that of the channel, simultaneously, ensures that fringe retailers
are not priced out of the market. The mechanism ensures that the manu-
facturer uses minimum incentives to induce the dominant retailer to sell its
product as well as providing the demand-stimulating service.

(3) The optimal wholesale price for the dominant retailer is decreasing with
the disrupted demand, but increasing with the disrupted production cost.
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The wholesale price for each fringe retailer is independent of disrupted pro-
duction cost. Additionally, the share of dominant retailer and the subsidy rate
provided by the manufacturer are unity of opposites.

The remainder of this paper is organized as follows. Section 2 presents the related
literature, and the basic model and centralized decision under the normal oper-
ation are investigated in Section 3. Section 4 considers coordination mechanism
for normal operation with a Grove wholesale price scheme. Section 5 studies the
corresponding scheme for the irregular operation. These analytical results are il-
lustrated by numerical examples in Section 6. Finally, in Section 7, we summarize
the results and point out possible directions for the future research.

2. Literature review

This study is related to the intersection of coordination mechanism and dis-
ruption management in a supply chain compatible with multiple retailers and
stimulating service. As we all know, the optimal supply chain profit is usually
not achieved due to double marginalization in the decentralized decisions. Double
marginalization usually results in the optimal order quantity for the buyer being
lower than the optimal order quantity in a coordinated profit-maximizing supply
chain. It occurs when the manufacturer marks up product to a wholesale price
above manufacturing cost thereby reducing the potential retail margin.

Designing coordination scheme has been an important issue aimed at reconciling
conflicts and achieves a better coordination among players. The excellent introduc-
tion and summaries on coordination management can be found in [5], however, it
does not consider pricing decisions under the demand-stimulating service. In [30],
it assumes that there is a duopoly facing no demand uncertainty and investigates a
symmetric Nash Bargaining model, and it shows that Nash Bargaining can lead to
higher supply chains profits than a vertically integrated chain. In [50], it develops a
game model to synchronize different processing times through strategic placement
of safety stocks at each player’s premise, and finds that a revenue sharing contract
can be used to coordinate the decentralized channel with the uncertain demand.
In [19], it proposes charging the worse performing supplier a penalty and shows
that such a mechanism is able to coordinate the assembly system with uncertain
component yields and demand. In [11], it is assumed that a decentralized supply
chain is consisting of a manufacturer and a retailer where the retailer simultane-
ously determines the retail price and order quantity, and it shows that the type of
easy-to-implement agreement can achieve perfect supply chain coordination. Ad-
ditionally, a buyback contract is an arrangement whereby the manufacturer agrees
to provide the retailer credit for unsold product, see [13]. Similar literatures on
coordination mechanisms can be also found in [1, 27, 42], etc.

An important scheme presented in our paper is similar to the nonlinear whole-
sale price scheme studied in [6], which compares the wholesale price scheme with
the revenue-sharing scheme, and finds that the two schemes are equivalent for
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the supply chain with a manufacturer and a retailer. In [4], it explores coordi-
nation issues in a supply chain with one wholesaler and multiple independent
dispersed retailers and shows that the channel members will improve the channel
and distribute the gains of coordination through bargaining. However, it has not
provided a specific mechanism to coordinate such a supply chain. Further, a quan-
tity discounts scheme is provided to coordinate the supply chain with multiple
independent retailers (see [9]), and a nonlinear wholesale pricing scheme is also
provided to coordinate the supply chain with symmetrical competing retailers,
(see [3]). For the multiple competing retailers, however, there are few literatures
on the design of coordination mechanism when considering the demand disrup-
tion, not to mention the asymmetrical competing retailers. Differing from current
literatures, we will investigate how to design a coordination mechanism to coor-
dinate the supply chain with multiple asymmetrical competing retailers when the
demand is disrupted, and study how the service cost and the demand disruption
affect the coordination mechanism.

In this paper, we develop a single-period game model of supply chain with a
dominant retailer to investigate the optimal decisions of the players, where the
demand-stimulating service is incorporated into the model. Recent studies have
investigated carriers or provider issues and their effects on consumer services and
operating strategies. The seller can use some advertising programs to convince cus-
tomers to purchase their products [21]. In [29], it considers the coordination issue
in a decentralized supply chain composed of one vendor and one buyer, in which
the vendor can offer a single product to the buyer who is faced with service level
constraint. For the co op advertising service [10] investigates the combined effects
of the co op advertising mechanism, the return policy and the channel coordina-
tion, and shows that the cooperative decision policy is always found to be superior
to the non-cooperative decision policy in terms of profit improvement. In [36], it
is assumed that the demand is influenced by both price and advertisement, and it
considers vertical coop advertising along with pricing decisions in a supply chain
consisting of one manufacturer and one retailer. Comparison results reflect the
significant effect the shape of demand-price function may have on optimal values
of decision variables and supply chain members’ profit. In [47], it investigates the
channel coordination by seeking optimal co op advertising strategies and equi-
librium pricing in a two-member distribution channel, and identifies the feasible
solutions to a bargaining problem where the channel members can determine how
to divide the extra profits. Other literatures about co op advertisement can be also
referred, e.g., in [2, 14, 20, 23–25,39, 48].

At the same time, our paper mainly investigates the decisions of dominant re-
tailer. The term of ‘dominant’ implies that a channel player can have the power
of controlling or influencing another member’s decisions. Current literatures con-
sidering the dominant-retailer models often assume that the retailer has stronger
bargaining power than that of the manufacturer, and is a Stackelberg leader in the
channel, for example, see [16, 28, 40], etc. Differing from the current assumption,
we assume that the manufacturer is Stackelberg leader in the channel in our paper,
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while among the multiple competing retailers there is a main or largest retailer
of the supplier, this retailer has higher market power. Similar assumption can be
found in [12,33,43]. In [33], it is assumed that the supply chain is consisting of the
supplier and a dominant retailer, and shows that such a supply chain can be coor-
dinated to the benefit of the manufacturer through either quantity discounts or a
menu of two-part tariffs. It also sheds light on the role of ‘street money’ in chan-
nel coordination and shows that such a practice can arise from a manufacturer’s
effort to mete out minimum incentives to engage the dominant retailer in channel
coordination. In [12], it considers the coordination mechanism of the supply chain
consisting of a dominant retailer. However, they do not consider how the service
cost and the disrupted production cost affect the coordination mechanism.

Additionally, the disruption management in a supply chain is another aspect
closely related to our work. Supply chain disruption management has increasingly
attracted attentions. The concept of disruption management was first introduced
in [15]. One main difference between the coordination under disruptions and the
coordination under normal environment is that the sudden changes of demands and
costs will cause certain deviation costs that do not exist before. For the literatures
on the disruption management, the coordination problem of supply chain consist-
ing of one manufacturer and one retailer after demand disruption is considered,
see [29]. Usually, the disruption can result in extra cost. In order to simplify the
models, the deviation cost is sometimes assumed to be borne by the manufacturer
or shared by both players [46] extends the model into the supply chain with two
competing retailers who have the options of investment on sales promotion, where
the demand is the function of the promotion investment decisions. In [49], it studies
the impacts of supply disruption on the supply chain system by using simulation
approach in which two different distribution function of random variable were used
to express the supply disruption. The disruption management can also be found in
two-stage production and inventory system, see [45]. Additionally [38] presents a
broad range of models for designing supply chains that are resilient to disruptions.
Similar literatures can also be found in [17,22]. However, the above literatures do
not consider the disruption management for the asymmetrical competing retailers.
Differing from the current literatures, therefore, this paper will mainly investigate
how to coordinate the supply chain with the asymmetrical competing retailers
when both cost and demand are disrupted.

3. The basic model

We model a distribution channel consisting of one manufacturer selling its prod-
uct through one dominant retailer and N fringe symmetrical retailers, where
N � 2. The unit production cost of the manufacturer is denoted as c. We as-
sume that the dominant retailer is a price leader and a largest distributor of the
manufacturer and only the dominant retailer can provide the demand-stimulating
service, which goes beyond what the fringe retailers can do. For example, the
dominant retailer can carry on some propagating advertisement to promote the
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product of manufacturer. Let sf be the demand-stimulating service given in the
demand, and the corresponding cost of providing the demand-stimulating service
is denoted as f . In the selling process, we also assume that the dominant retailer
has the decision right of pricing and providing the demand-stimulating service or
not. Once the retail price is settled down by the dominant retailer, all fringe re-
tailers regard it as the market retail price, which is generally consistent with the
marketing operation described earlier where some small retailers use the pricing
book of a large retailer, and similar studies can be found in literatures such as [44].

When the dominant retailer provides the demand-stimulating service, we assume
that the total market demand can be written as following.

qT = a − bp + sf . (3.1)

In the above demand function, a is the market scale, and a > 0. b is denoted as
the price sensitive coefficient, and p is the retail price, which is decided by the
dominant retailer. Similar assumption on the demand can be found in [33, 42].
Here, we assume a+sf > bc to ensure that the order quantity is nonnegative. The
total demand (qT ) for the manufacturer’s product depends on the price charged by
the dominant retailer. The dominant retailer should pay service investment cost,
denoted as f , which will yield sf -unit demand. From equation (3.1), this demand
function implies that the demand is decreasing with retail price but increasing
with a fixed value by the service investment. Similar to [33], both sf and f are
assumed to be static parameters. Additionally, we assume that the total market
demand in the final market without providing the service is denoted as qT,n.

In the retail channel, we assume that the share of the market demand for the
dominant retailer is denoted as γ, and then the market demand for the dominant
retailer can be denoted as qd = γqT , and that for each fringe symmetrical retailer
can be denoted as qr = (1 − γ)qT /N . That is, the demand-stimulating service
provided by the dominant retailer can also be beneficial to the each fringe retailer.
In order to simplify the analysis, we assume that the reservation utilities of the
retailers are all zero. That is, each retailer including the dominant retailer will like
to participate as long as they can gain a nonnegative profit.

First, we first study the centralized decision in which a central planner makes
all decisions to maximize the expected channel profit to provide a benchmark
for the normal operation. The profit of centralized supply chain should be πT =
qT (p − c) − f . Solving the first-order condition of πT for p, we can derive the
optimal retail price of channel, which can be denoted as p∗ = (a + sf + bc)/(2b).
Obviously, the retail price increases with respect to the market scale and the unit
production cost. Inserting the optimal retail price into (3.1) can yield the optimal
production quantity i.e., q∗T = (a + sf − bc)/2 for the manufacturer, and then we
can obtain the corresponding optimal profit of whole supply chain, which can be
denoted as π∗

T = (a + sf − bc)2
/

(4b) − f .
The retail price or the order quantity of centralized channel gives the evalua-

tion criterion for the coordination mechanism when the supply chain is under the
decentralized operation. In order to ensure the dominant retailer to provide the
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corresponding demand-stimulating service, we should make the following assump-
tions.

Assumption 3.1.

(i) The fixed cost of providing demand-stimulating service should satisfy the con-

dition as f � f0 ,where f0 = γsf [sf + 2(a − bc)]/(4b);
(ii) The dominant retailer’s market share should satisfy the inequality as 1 > γ �

1/(N + 1).

Part (i) ensures that the inequality, i.e., γq∗T (p∗ − c) − f � max γ(a − bp)(p − c),
can be satisfied. It means that the profit of dominant retailer is so large that the
dominant retailer would like to provide the demand-stimulating service, and the
profit-driven manufacturer can also have motivation to induce such service even
when the supply chain is in the decentralized operation. For Part (ii), we can give
the following explanation. Since we assume that the dominant retailer is the largest
distributor of the manufacturer, and the share of dominant retailer should be larger
than the average market share of each retailer. That is, the value of γ indicates the
absolute market power for the dominant retailer, who behaves as a monopolist in
setting its price and in deciding whether to provide the demand-stimulating service
investment (see [33]). Such a supply chain can be coordinated by different schemes.
In the following, we will investigate how to realize the channel coordination by the
nonlinear Grove wholesale price scheme for the normal operation as well as the
irregular operation when the demand is disrupted.

4. Coordination mechanism for normal operation

The decentralized supply chain will be coordinated if the dominant retailer ex-
actly sets the retail price equaling to the value obtained in centralized system
and provides the desired service. In order to achieve the supply chain coordina-
tion, the manufacturer can also use a pricing mechanism to implement quantity
discount. Similar to [3, 18], the coordination mechanism aims to align each re-
tailer’s decisions with those of the supply-chain-wide. Based on this idea, a simple
channel-coordinating Grove wholesale price can be designed.

Let the unit wholesale price charged by the manufacturer be w(q, sf ) when the
order quantity of a retailer is q and the cost of service provision of the dominant
retailer is f . Under the nonlinear Grove wholesale price scheme, we denote the
profits of dominant retailer, each symmetrical fringe retailer and manufacturer as
πd, πr and πm, respectively. The profit of dominant retailer can be denoted as
following

πd = (p − w(qd, sf ))qd − f. (4.1)

If the nonlinear Grove wholesale price mechanism provided by the manufacturer
can ensure that the retailers’ decisions are aligned with the decisions of the cen-
tralized decision-maker, and then the supply chain is coordinated. In the nonlinear
Grove wholesale price, we assume that the dominant retailer can obtain a certain
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percentage of the channel’ profit, and the dominant retailer’s share is denoted as
λ1, where 0 < λ1 < 1. To encourage each retailer to order more products and
induce the dominant retailer to provide the demand-stimulating service for their
customers, one of the feasible solutions for the manufacturer is to offer subsidy
policies to the dominant retailer. And then, we let λ2 be the subsidy rate provided
by the manufacturer in a nonlinear Grove wholesale price scheme to the dominant
retailer, where 0 < λ2 < 1. Both the parameters λ1 and λ2 are independent of
retail price or order quantity.

This alignment can be realized by specifying the wholesale pricing function
w(q, sf |λ1, λ2) if the dominant retailer’s profit is transformed into the following.

πd = λ1(a − bp + sf )(p − c) − (1 − λ2)f. (4.2)

The parameters λ1 and λ2 decide that the nonlinear Grove wholesale price mech-
anism can arbitrarily allocate the total profit between the manufacturer and the
retailers, and the split of channel’s profit depends on the players’ relative bar-
gaining power. Usually, the manufacturer, acting as the Stackbelberg leader, can
have stronger bargaining ability than that of the followers. For example, in the
monopolist market, the manufacturer can choose retailers to sell its product, and
the manufacturer will have stronger power in the bargaining problem. So the man-
ufacturer should take as much profit from all retailers as possible. Of course, the
mechanism provided by the manufacturer should ensure that each retailer would
have interest to participate, that is, each retailer should obtain the reservation
utility in the scheme, which gives the direction of the coordination mechanism. In
the following, we will study how to design the mechanism to coordinate such a
supply chain.

First, we should determine the traded wholesale price. From equations (4.1)
and (4.2), it is obvious that the following wholesale price scheme can ensure that
the dominant retailer choose the optimal order quantity of the centralized supply
chain.

w(q, γ|λ1, λ2) =

(

1 −
λ1

γ

) (

a + sf

b
−

q

bγ

)

−

(

λ2f

q
−

λ1c

γ

)

· (4.3)

For the wholesale price presented in equation (4.3), the first term means that when
the dominant retailer’s order quantity is q and the investing level is f in service,
the dominant retailer should pay a variable fee per unit. The second term means
that the dominant retailer should receive a lump sum compensation of λ2f/q,
however, he should also bear part of the manufacturer’s production cost, λ1c/γ.
The fringe retailers will simply pay the variable fee of w(q, γ|λ1, λ2) without the
second term. Additionally, the manufacturer should take as much profit away from
the competitive fringe retailers as possible. It is important for the manufacturer to
choose the proper (λ1, λ2) to achieve it. That is, our scheme is consisting of three
important parameters, i.e. (w, λ1, λ2), to decide the mechanism’s feasibility.

We evaluate the supply chain scheme by two criteria. First, the scheme should
guarantee supply chain coordination, i.e., it can maximize the profit of the whole
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supply chain. Otherwise, it will likely perform sub-optimally. Second, the scheme
should guarantee that the profit of each player should be no less than the reserva-
tion utilities, i.e., the profit of each player under the supply chain scheme should
be no less than the reservation utility. The second criterion is very critical. If the
scheme can guarantee the supply chain coordination but cannot assure the second
condition, then this scheme will be infeasible because achieving coordination may
result in one of the parties to be worse off. The following proposition makes it
clear that such a scheme is feasible and unique.

Theorem 4.1. Under the nonlinear Grove wholesale price scheme (w, λ1, λ2), we

have:

(i) the supply chain with a dominant retailer can be coordinated by the wholesale

price w(q, γ|λ1, λ2) =
(

1 − λ1

γ

)(

a+sf

b
− q

bγ

)

−
(

λ2f
q

− λ1c
γ

)

;

(ii) the dominant retailer and each fringe retailer’s profits are all increasing with

λ1 linearly;

(iii) the optimal decisions (λ∗

1, λ
∗

2) for the manufacturer should be denoted as

λ∗

1 = γ
(Nγ + γ − 1)(a − bc + sf )

(2Nγ + γ − 1)(a + sf ) + bc(1 − γ)
,

λ∗

2 =

⎧

⎨

⎩

0, 0 � f � λ∗

1
sf [sf+2(a−bc)]

4b

1 − λ∗

1
sf [sf+2(a−bc)]

4bf
, λ∗

1
sf [sf+2(a−bc)]

4b
� f � f0;

(iv)
dλ∗

1

dγ
> 0 and

dλ∗
2

dγ
� 0.

Part (i) of Theorem 4.1 shows that such a nonlinear Grove wholesale price can
achieve the channel coordination for the supply chain with a dominant retailer.
That is, the dominant retailer will order the quantity of centralized channel. Part
(ii) implies that the dominant retailer’s bargaining power also affects the benefit
of fringe retailers, that’s, all fringe retailers will be benefited from the increase
of the bargaining ability of dominant retailer. Part (iii) indicates that the higher
the service cost, the higher the subsidy rate provided by the manufacturer in the
current scheme will be. Part (iv) implies that the higher the market share of the
dominant retailer, the higher the dominant retailer’s share of channel profit will
be, however, the smaller subsidy will be provided by the manufacturer. That is, the
dominant retailer’s share in the current coordination mechanism has the reverse
function with that of the subsidy rate, and there exist a restrictive interaction
between these two factors in determining the profit of dominant retailer.

So far, we have designed a nonlinear Grove wholesale price mechanism that
can gain an overall optimal performance of the entire supply chain under the
normal operation. To extend the range of possible disruptions, we will investigate
the corresponding coordination mechanism for the irregular operation in the next
section, and analyze how disruptions from demand and production cost and service
cost affect coordination mechanism.
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5. Coordination mechanism for irregular operation

In the actual operation, there are many occasional events that will result in the
change of demand or production cost suddenly. The coordinated scheme designed
under the static case may become invalid, and then the supply chain should be
re-coordinated when the demand is disrupted. With a certain unpredicted demand
change, the players will make decisions to minimize their total cost or maximize
their total profits when incorporating deviation costs. In general, the existing lit-
erature assumed that the deviation costs are incurred to the manufacturer, for
example [8, 32], etc. Differing from the current literatures, we assume that the
dominant retailer shares deviation costs with the manufacturer. Since the retailer
is directly facing with the changed demand and production cost, it will result in
charge an extra fee by additional order quantity or return surplus items, and both
the manufacturer and each retailer will face the disruptions from demand side and
production cost side. Therefore, it is reasonable to assume that both the manu-
facturer and the dominant retailer should bear the deviation costs. We use the
notation with a tilde (∼) to denote the case when the demand and the cost are
disrupted.

5.1. Centralized supply chain with demand and cost disruptions

In a centralized supply chain system, the manufacturer and the retailers are
vertically integrated in a supply chain, and they seek to maximize the total system
profit of the supply chain after the disruptions are occurred. Here, we assume that
the market scale a is changed into ã = a + ∆a > 0 and the cost of manufacturer
c is changed into c̃ = c + ∆c > 0. ∆a > 0 (∆a < 0) indicates the increased
(decreased) market demand. ∆a is independent of the demand-stimulating service.
∆c > 0 (∆c < 0) indicates the increased (decreased) production cost. Then, the
total demand function can be denoted as q̃T = ã − bp̃ + sf .

The changed demand will result in a production deviation, which is denoted as
∆q = q̃T − q∗T . When the production deviation is larger than zero, i.e., ∆q > 0,
more products should be produced to meet the unplanned increased quantity,
which will result in an extra cost such as the extra machine, labor overtime. Oth-
erwise, there is some leftover inventory which will result in an extra cost such as
holding cost for the unused products. In either case, the demand disruption will
cause disruptions to the original production plan and deviation penalties asso-
ciated with the difference between the original planned quantity and the actual
quantity beyond the planned resources may be required, and should be included
when making the new price and production decisions. Similar to [29], we assume
a unit penalty cost cu � 0 for a unit increased quantity and a unit penalty cost
cs � 0 for a unit decreased quantity. Based on the above assumption, the total
profit of the centralized supply chain should be

π̃T = q̃T (p̃ − c − ∆c) − f − cu(q̃T − q∗T )+ − cs(q
∗

T − q̃T )+, (5.1)
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where (x)+ = max{x, 0}. The first two terms represents the total profit of the
supply chain when both the demand and the cost are disrupted; the third (fourth)
term presents the total penalty cost incurred by the increased (decreased) product.
Generally speaking, some restraint conditions should be given for unit penalty cost
of the decreased production, see [32]. In order to simplify the analysis, we give the
following assumption.

Assumption 5.1. The unit penalty cost for decreased production is less than the

unit production profit, i.e., 0 < cs < c + ∆c + s/b.
Assumption 5.1 means that the unit cost of the decreased production should

be less than a certain value, that’s to say, if the unit penalty cost for decreased
production is too high, the manufacturer would have less production plan since it
is not profitable to produce. Similar to the deduction of reference [32], we derive
the following:

Theorem 5.2. The optimal decisions of the centralized supply chain with the de-

mand and production cost disruptions can be denoted as the following three cases:

(i) when ∆a − b∆c � bcu, the optimal retail price and order quantity are

p̃∗case 1 = p∗ + cu

2 + ∆a+b∆c
2b

and q̃∗T, case 1 = q∗T − bcu

2 + ∆a−b∆c
2 , respectively;

(ii) when −bcs < ∆a − b∆c < bcu, the optimal retail price and order quantity

are p̃∗case2 = p∗ + ∆a
b

and q̃∗T, case 2 = q∗T , respectively;

(iii) when ∆a − b∆c � −bcs, the optimal retail price and order quantity are

p̃∗case 3 = p∗ − cs

2 + ∆a+b∆c
2b

and q̃∗T, case 3 = q∗T + bcs

2 + ∆a−b∆c
2 , respectively.

Assumption 5.1 ensure that the decision of retail price is nonnegative. From Propo-
sition 5.7, we find that when the joint-disruption amount (i.e., ∆a − b∆c) is very
small, i.e., −bcs < ∆a − b∆c < bcu, the optimal production quantity of man-
ufacturer will be unchanged. That is, the deviation penalties can result in the
robustness of production plan. The corresponding scale of the changed demand
can be regarded as a robust scale. Theorem 5.1 gives the evaluation criterion of
decentralized channel coordination when both the demand and the production cost
are disrupted, simultaneously.

5.2. Supply chain coordination with demand and cost disruptions

From Section 4, we know that a nonlinear Grove wholesale price scheme can
be used to coordinate such a supply chain in the normal environment. Here, we
investigate whether this scheme can coordinate such a supply chain consisting of
one dominant retailer after the market scale is disrupted. For the given wholesale
price, the profit of dominant retailer can be denoted as following function when
both the demand and the production cost are disrupted.

π̃d = (p̃ − w̃(q̃d, s̃f ))q̃d − f. (5.2)

Here, we will consider the case that the manufacturer shares the disruption risk
with the dominant retailer, that is, the dominant retailer will bear some part of
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the deviation costs. Similar to the coordination mechanism designed in the normal
operation, the profit of the dominant retailer under the irregular operation can be
denoted as follows

π̃d = λ̃1[(ã−bp̃+s̃f )(p̃− c̃)−cu(ã−bp̃+s̃f −q∗T )+−cs(q
∗

T −ã+bp̃−s̃f )+]−(1−λ̃2)f.

(5.3)
And we can get the following unit wholesale price

w̃(q̃|λ̃1, λ̃2) =

(

1 −
λ̃1

γ

)

(

ã + sf

b
−

q̃

bγ

)

−

[

λ̃2f

q̃
−

λ̃1c̃

γ
−

λ̃1cu

γ

(

1 −
q∗d
q̃

)+

−
λ̃1cs

γ

(

q∗d
q̃

− 1

)+
]

. (5.4)

Similar to equation (4.3), the first part of equation (5.4) means that when the
dominant retailer’s order quantity is q̃ and the investing level is f in service, the
dominant retailer should pay a variable fee per unit to the manufacturer. The
second part contains four terms: the first term means a lump sum compensation
for the dominant retailer, the second term is part production cost borne by the
dominant retailer, the third term and the fourth term are the unit deviation costs
shared by the dominant retailer. That is, in order to receive lump sum compen-
sation, the dominant retailer should bear part of production cost and deviation
cost.

The fringe retailers don’t receive a lump sum compensation cost and simply
pay a variable fee per unit w̃(q̃, s̃f |λ̃) to the manufacturer without the second
part, because they do not provide demand-stimulating service. As the design of
mechanism, the manufacturer should take as much profit away from the fringe
retailers as possible. Similar to Assumption 3.1, we make the following assumption.

Assumption 5.3. The disrupted amounts and the cost of the demand-stimulating

service should satisfy the condition as f � f̃0(∆a, ∆c), where f̃0(∆a, ∆c) =
s̃fγ[s̃f + 2(ã − bc̃)]/(4b).

Assumption 5.3 implies that the following condition can be satisfied.

maxp̃ γπ̃T (p̃|s̃f ) − (1 − γ)f � maxp̃ γπ̃T (p̃|s̃f = 0) − (1 − γ)f.

Theorem 5.1 gives optimal decisions of centralized supply chain with the three cases
of demand disruption. For these disruption cases, the following Theorems 5.4–5.8
present the corresponding coordination mechanisms for the decentralized supply
chain, respectively.

Case 1. ∆a − b∆c � bcu

When the joint-disruption amount satisfies the condition of ∆a − b∆c � bcu,
we have
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Theorem 5.4. The manufacturer can coordinate the supply chain with a

dominant retailer by offering a nonlinear Grove wholesale price scheme as

(w̃∗

case1, λ̃
∗

1,case1, λ̃
∗

2,case1), where

w̃∗

case1 =

(

1 −
λ̃∗

1,case1

γ

)

(

a + ∆a + s̃f

b
−

q̃

bγ

)

−

[

λ̃∗

2,case1f

q̃

−
λ̃∗

1,case1(c + ∆c)

γ
−

λ̃∗

1,case1cu

γ

(

1 −
q∗d
q̃

)+
]

,

λ̃∗

1,case 1 = γ
(Nγ + γ − 1)(a + ∆a + s̃f − bcu − b(c + ∆c))

(2Nγ + γ − 1)(a + ∆a + s̃f ) + (1 − γ)(bcu + b(c + ∆c))
,

and

λ̃∗

2,case 1 =

⎧

⎨

⎩

0 0 � f � λ̃∗

1,case 1
s̃f [s̃f +2(ã−bc̃)]

4b

1 − λ̃∗

1,case 1
s̃f [s̃f +2(ã−bc̃)]

4bf
λ̃∗

1,case 1
s̃f [s̃f+2(ã−bc̃)]

4b
< f � f̃0.

From Theorem 5.4, we can find that the nonlinear Grove wholesale price scheme
has three sides to coordinate the decision behavior of the players. One is that the
mechanism should induce the retail pricing of the retailer to be equal to that of
the channel, which can be realized by w̃∗; the second is that the mechanism should
induce the fringe retailers to be not priced out of the market, which can be realized
by λ̃∗

1; the third is that the mechanism should induce manufacturer uses minimum
incentives to induce the dominant retailer to sell its product as well as provide
the corresponding demand-stimulating service, which can be realized by λ̃∗

2. The
optimal subsidy rate is also influenced by the service cost. Especially, the manu-
facturer will provide more subsidy rate to counterbalance higher service cost from
sales promotion, however, if the service cost is sufficiently low, the manufacturer
may not provide any subsidy to the retailer’s service. Additionally, from the traded
wholesale price, the dominant retailer should bear part of production cost as well
as part of the deviation cost for increased quantity.

In the following, we will analyze the characteristics of the parameters λ̃∗

1 and λ̃∗

2,
which are important factors in determining the dominant retailer’s share of the
whole supply chain with the demand disruption. Comparing decisions under the
normal environment with those under irregular environment, we can derive the
following corollary.

Proposition 5.5. When ∆a − b∆c � bcu, we have:

(i)
∂λ̃∗

1,case 1

∂∆a
> 0,

∂λ̃∗
2,case 1

∂∆a
< 0,

∂λ̃∗
1,case 1

∂∆c
< 0 and

∂λ̃∗
2,case 1

∂∆c
� 0;

(ii) λ̃∗

1,case 1 < λ∗

1 for cu � ∆a < (a + s̃f )(cu + ∆c)/c; λ̃∗

1,case 1 = λ∗

1 for ∆a =

(a + s̃f )(cu + ∆c)/c; and λ̃∗

1,case 1 > λ∗

1 for ∆a > (a + s̃f )(cu + ∆c)/c.
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Proposition 5.5 mainly describes the trend of the coordination strategy for the
supply chain with the demand disruption. From Part (i), we can find that when
joint-disruption amount increases greatly (∆a − b∆c � bcu), the share of the
dominant retailer (λ̃∗

1) is increasing with ∆a, and decreasing with ∆c. However,
the subsidy rate (λ̃∗

2) is decreasing with ∆a, and increasing with ∆c. It implies
that when the demand is increasing greatly, the dominant retailer can potentially
obtain more revenue, which can result in the less subsidy rate. Additionally, when
the production cost increases, the channel’s profit will naturally decrease, and
the manufacturer can decrease the share of retailer, however, he should increase
subsidy rate to ensure that the dominant retailer has interest to cooperation.
In general, the share of the dominant retailer (λ̃∗

1) and the subsidy rate (λ̃∗

2)
are unity of opposites. Part (ii) implies that the share (λ̃∗

1) under the irregular
operation has close relationship with that in the normal operation, which depends
on the amount of changed demand. Specially, only when the changed amount of
demand is larger than a threshold ((a + s̃f )(cu + ∆c)/c), the share of dominant
retailer obtained in the irregular operation can be higher than that obtained in
the normal operation.

Case 2. −bcs < ∆a − b∆c < bcu

When the joint-disruption amount satisfies the condition of −bcs < ∆a−b∆c <

bcu, we have

Theorem 5.6. The manufacturer can coordinate the supply chain with a

dominant retailer by offering a nonlinear Grove wholesale price scheme

(w̃∗

case2, λ̃
∗

1,case2, λ̃
∗

2,case2), where

w̃∗

case2 =

(

1 −
λ̃∗

1,case2

γ

)

(

ã + s̃f

b
−

q̃

bγ

)

−

(

λ̃∗

2,case2f

q̃
−

λ̃∗

1,case2c̃

γ

)

,

λ̃∗

1,case 2 = γ
(Nγ + γ − 1)(a + sf − bc)

(2Nγ + γ − 1)(a + sf ) + 2∆aNγ + (1 − γ)bc
,

and

λ̃∗

2,case 2 =

⎧

⎪

⎨

⎪

⎩

0 0 � f � λ̃∗

1,case 2
s̃f [s̃f+2(ã−bc̃)]

4b

1 − λ̃∗

1,case 2
s̃f [s̃f +2(ã−bc̃)]

4bf
λ̃∗

1,case 2
s̃f [s̃f +2(ã−bc̃)]

4b
< f � f̃0.

Differing from case 1, Theorem 5.6 implies that the traded wholesale price re-
mains same form with that under the normal operation, when the joint-disruption
amount is very small. The three parameters in this case also have similar functions
and managerial insights with the case of ∆a−b∆c � bcu.The traded wholesale price
implies that the dominant retailer should just bear part of production cost. From
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Theorem 5.6, we derive the following:

Proposition 5.7. When −bcs < ∆a − b∆c < bcu, we have

(i)
∂λ̃∗

1,case 2

∂∆c
= 0,

∂λ̃∗
2,case 2

∂∆c
� 0,

∂λ̃∗
1,case 2

∂∆a
< 0; and when a >

(

2Nγ
1−γ

+ 1
)

bc +
(

Nγ
1−γ

− 1
)

s̃f ,
∂λ̃∗

2,case 2

∂∆a
> 0;

(ii) λ̃∗

1,case 2 < λ∗

1 for 0 < ∆a < cu; λ̃∗

1,case 2 = λ∗

1 for ∆a = 0; and λ̃∗

1,case 2 > λ∗

1

for −cs < ∆a < 0.

Differing from case 1, we find that the share of the dominant retailer (λ̃∗

1) is
decreasing in the robust scale. With the decreasing of the dominant retailer’s
share in this case, it can not result in the more subsidy rate (λ̃∗

2) provided
by the manufacturer, except that the demand scale satisfies the condition as
a > (2Nγ/(1 − γ) + 1)bc + (Nγ/(1 − γ) − 1)s. It implies that the coordination
mechanism takes advantage of the favorable increased demand to generate as much
profit as possible for the manufacturer.

Case 3. ∆a − b∆c � −bcs

When the joint-disruption amount satisfies the condition of ∆a − b∆c � −bcs,
we have

Theorem 5.8. The manufacturer can coordinate the supply chain with a

dominant retailer by offering a nonlinear Grove wholesale price scheme

(w̃∗

case3, λ̃
∗

1,case3, λ̃
∗

2,case3), where

w̃∗

case3 =

(

1 −
λ̃∗

1,case3

γ

)

(

a + ∆a + s̃f

b
−

q̃

bγ

)

−

[

λ̃∗

2,case3f

q̃
−

λ̃∗

1,case3(c + ∆c)

γ
−

λ̃∗

1,case3cs

γ

(

q∗d
q̃

− 1

)+
]

,

λ̃∗

1,case 3 = γ
(Nγ + γ − 1)(a + ∆a + s̃f − b(c + ∆c) + bcs)

(2Nγ + γ − 1)(a + ∆a + s̃f ) + (1 − γ)(b(c + ∆c) − bcs)
,

and

λ̃∗

2,case 3 =

⎧

⎨

⎩

0 0 � f � λ̃∗

1,case 3
s̃f [s̃f +2(ã−bc̃)]

4b

1 − λ̃∗

1,case 3
s̃f [s̃f +2(ã−bc̃)]

4bf
λ̃∗

1,case 3
s̃f [s̃f +2(ã−bc̃)]

4b
< f � f̃0.

From the traded wholesale price of this case, we can find that the dominant
retailer will bear part of production cost as well as part of the deviation cost for
the decreased quantity. From Theorem 5.8, we can derive the following
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Proposition 5.9. when ∆a − b∆c � −bcs, we have

(i) when cs = c + ∆c,
∂λ̃∗

1,case 3

∂∆a
= 0 and

∂λ̃∗
2,case 3

∂∆a
< 0 ; when ∀cs ∈ (0, c + ∆c) ∪

(c + ∆c, c + ∆c + sf/b),
∂λ̃∗

1,case 3

∂∆a
> 0,

∂λ̃∗
2,case 3

∂∆a
< 0;

∂λ̃∗
1,case 3

∂∆c
< 0,

∂λ̃∗
2,case 3

∂∆c
� 0;

(ii) λ̃∗

1,case 3 < λ∗

1 for −a < ∆a < −(a + s̃f )(cs − ∆c)/c; λ̃∗

1,case 3 = λ∗

1 for ∆a =

−(a + s̃f )(cs − ∆c)/c; λ̃∗

1,case 3 > λ∗

1 for −bcs � ∆a > −(a + s̃f )(cs − ∆c)/c.

Differing from the previous two cases, we find that when the unit penalty cost
for a unit decreased quantity satisfies cs = c + ∆c, the share of dominant retailer
(λ̃∗

1) is independent with the changed demand, see Part (i) of Proposition 5.9.
However, with the increase of demand in this case, it will result in the less subsidy
rate provided by the manufacturer for this scenario. On the other hand, when then
unit penalty cost satisfies the condition as cs �= c+∆c, we find that the share (λ̃∗

1)
is increasing with the changed demand amount ∆a. Similar to case 1, we can
also find that when the demand is increasing in case 3, the dominant retailer can
potentially obtain more revenue, which can result in the less subsidy rate provided
by the manufacturer.

From Theorems 5.4–5.8, we can derive the following result.

Proposition 5.10. For each case, we always have λ̃∗

1,case i < γ, for i = 1, 2, 3.

Proposition 5.10 implies that the dominant retailer will bear part of the manu-
facturer’s production cost and the deviation cost for the sake of receiving lump sum
compensation in each case of joint-disruption amount. From Theorems 5.4–5.8, in
short, we can obtain the following two aspects managerial insights for each dis-
ruption case. First, the nonlinear Grove wholesales price scheme provided by the
manufacturer can ensure that the fringe retailers are not priced out of the market.
Second, the manufacturer uses minimum incentives to induce the dominant retailer
to sell its product as well as provide the demand-stimulating service. Additionally,
we can show that if the joint-disruption amount increases greatly (∆a−b∆c � bcu),
the dominant retailer will obtain more profit than that in the normal environment;
if the joint-disruption amount decreases greatly (∆a− b∆c � −bcs), the dominant
retailer will obtain less profit than that in the normal environment; otherwise,
the profit of the dominant retailer is unchanged, see the case of joint-disruption
amount satisfying the condition as −bcs < ∆a − b∆c < bcu.

6. Numerical examples

In this section, we present some examples to analyze the effects of the de-
mand disruption on the coordination mechanism to draw more managerial insights
from the theoretical results above. We assume the originally estimated market
scale a = 10, the unit production cost of the manufacturer c = 1.5, the demand-
stimulating service yields sf = 2, the price sensitive coefficient b = 1.5, both
deviation penalty costs cu = 1 and cs = 1, respectively. The number of competing
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Figure 1. Optimal share of the dominant retailer versus demand
disruption with ∆c = 0.

fringe retailer is denoted as N = 10, and the share of the market demand for the
dominant retailer is γ = 0.6, and the cost of providing the demand-stimulating ser-
vice, f , increases from 1 to 5 by a step 1, and the changed amount of demand, ∆a,
increases from –8 to 8, and the changed amount of production cost, ∆c, increases
from –1 to 6. we are interested in the effects of various disruption demands and
demand-stimulating service cost on the channel’s decisions and the coordinated
nonlinear Grove wholesale price scheme.

First, we investigate the effect different disruption amount of demand on the
retailers’ optimal share of channel’s profit when the unit production cost of the
manufacturer is unchanged, which is depicted in Figure 1.

From Figure 1, we know that the larger the changed demand amount, the higher
the optimal total order quantity in both cases 1 and 3 will be. However, when
the disrupted amount of demand is small, i.e., case 2, the optimal total order
quantity remains a fixed constant in this disrupted scale, which is equal with that
obtained in the normal operation, that is, when the disrupted amount of demand
is small, the original production plan of the manufacturer should not be changed.
Figure 1 presents the relationship between the optimal share of dominant retailer
and disrupted demand amount. In both cases 1 and 3, we can find that the shares
(λ∗

1) are increasing with the disrupted demand amount (∆a). However, the entirely
reverse relationship can be found for λ∗

1 and ∆a in the robust scale of case 2. That
is, the manufacturer takes some special measures to induce the fringe retailers to
be not priced out of the market.

Second, we will investigate how the demand disruption effects on the optimal
subsidy rate provided by the manufacturer. Table 1 presents the disrupt scale
of demand under different demand-stimulating service costs (f), and Figure 2
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Table 1. Optimal subsidy rate.

The scale of ∆a for w∗, λ∗2 with ∆c = 0

f “none” 1− λ̃∗1,case 3f̃0

/

γ 1− λ̃∗1,case 2f̃0

/

γ 1− λ̃∗1,case 1f̃0

/

γ 0

1 [–8, –6.25] [–6.25, –3.08] – – [–3.08, 8]

2 [–8, –3.75] [–3.75, –1.5] [–1.5, 1.5] [1.5, 4.71] [4.71, 8]

3 [–8, –1.25] – [–1.25, 1.5] [1.5, 8] –

4 [–8, 1.25] – [1.25, 1.5] [1.5, 8] –

5 [–8, 3.75] – – [3.75, 8] –
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Figure 2. Optimal subsidy rate versus demand disruption with ∆c = 0.

illustrates how both the demand disruption and demand-stimulating service cost
affect the optimal subsidy rate.

Remark 6.1. “None” denotes that the cost f , for the given scope of ∆a goes be-
yond its coordination range of the channel with providing the demand-stimulating
service.

From Table 1, we can find that with the increase of the demand-stimulating
service cost, the feasible region of the disruption amount ∆a becomes smaller.
Intuitively, the channel will not have ability to provide expensive service cost if
the demand is excessively low.

From Figure 2, we find that when the market demand decreases greatly or
the cost of providing the demand-stimulating service is great, the manufacturer
should increase subsidy rate to ensure that the dominant retailer has interest to
cooperation and provision of retail services. That is, the mechanism should induce
manufacturer uses minimum incentives to induce the dominant retailer to sell its
product as well as providing the corresponding demand-stimulating service. When
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Figure 3. The wholesale price for the dominant retailer versus
demand disruption with ∆c = 0.

the market demand increase greatly or the service cost is small, the manufacturer
will decrease rapidly the subsidy rate to obtain as much profit from the dominant
retailer as possible. In fact, we can find that the curve of subsidy rate in case 1
or case 3 is the very steep. However, when the demand change is very small, the
subsidy rate is slightness of the disrupted amount, but only increases rapidly with
the service cost.

The following Figure 3 presents the relationship between the wholesale price for
the dominant retailer and the changed demand amount when the production cost
is unchanged.

Figure 3 indicates that in order to induce the retail pricing of the dominant re-
tailer to be equal with that of the centralized channel, the wholesale price has the
following characteristics. First, the optimal wholesale price is a piecewise continu-
ous and decreasing function of changed demand amount (∆a), that is, the larger
the disrupted market scale, the higher the wholesale price for each feasible service
cost will be. This is mainly because the increasing of the market demand yields
more profit for the dominant retailer; and then the higher wholesale price provided
by the manufacturer can also secure the dominant retailer’s cooperation according
to the coordination mechanism. Second, the optimal wholesale price is decreasing
with the service cost, that is, the higher the service cost (f), the less the wholesale
price for each feasible service cost will be. It implies that the manufacturer should
provide more favorable wholesale price to the dominant retailer to ensure that
the dominant retailer can provide the corresponding demand-stimulating service
according to the coordination mechanism.

Figure 4 presents the relationship between the wholesale price for each fringe
retailer and the changed demand amount when the production cost is unchanged.
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Figure 4. The wholesale price for each fringe retailer versus
demand disruption with ∆c = 0.

Comparing Figures 3 and 4, we can find that the wholesale price for each fringe
retailer has the similar managerial insights with that for the dominant retailer.
Additionally, from Figure 4, the optimal wholesale price for each fringe retailer
is independent of the service cost. That is, the curves of the wholesale price for
each fringe retailer remain same except that the feasible regions of the disruption
amount become smaller when the demand-stimulating service cost increases.

In the following, we will investigate how effects of disruption cost and demand-
stimulating service cost on the channel’s decisions and the coordinated Grove
wholesale price scheme.

Figure 5 investigate the effects different disruption amount of production cost
on the retailers’ optimal share of channel’s profit when the disrupted amount of
demand is ∆a = 3. In general, the share of channel’s profit is decreasing with
the changed amount of production cost except for the robust scale. In the robust
scale, the share of channel’s profit is independent of the disrupted cost. In Figure 6,
we illustrates how the cost disruption, demand-stimulating service cost affect the
optimal subsidy rate when the disrupted amount of demand is ∆a = 3.

From Figure 6, we find that with the increase of the production cost or the
service cost, the manufacturer will improve the subsidy rate the dominant re-
tailer instead. Why does the counter-intuitive case appear? In fact, the increase
of production cost or service cost directly results in low profit for the channel, the
manufacturer should increase subsidy rate to ensure that the dominant retailer
has interest to cooperation and provision of retail services.

Figure 7 investigates how the changed amount of unit production cost and ser-
vice cost affect the wholesale price for the dominant retailer when the changed de-
mand amount is ∆a = 3. From Figure 7, we find that the wholesale price increases



180 K. CHEN ET AL.

-1 0 1 2 3 4 5 6

0.1

0.15

0.2

0.25

Δ c

λ
1

Figure 5. Optimal share of the dominant retailer versus
production cost disruption with ∆a = 3.
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Figure 6. Optimal share of the dominant retailer versus
production cost disruption with ∆a = 3.

with the disrupted unit cost. That is, with the increase of unit production cost, the
manufacturer will raise price to the dominant retailer naturally. However, in order
to ensure that the dominant retailer provision of retail services, the manufacturer
will appropriately cut down the price when the service cost increase. Addition-
ally, the wholesale price for each fringe retailer is independent of the disrupted
production cost, and we do not provide the numerical analysis here.

7. Conclusions

In our study, a mathematic model based game theory has been proposed for
analyzing and designing of coordination mechanism of a supply chain with one
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Figure 7. The wholesale price for the dominant retailer versus
production cost disruption with ∆a = 3.

dominant retailer. Differing from current literatures on the term of ‘dominant’, the
dominant retailer in our paper does not have priority for action, but has market
power in the retail market. We also assume that only the dominant retailer can
provide the demand-stimulating service. This paper investigates how to design the
mechanism to coordinate such a supply chain. Furthermore, we also consider the
form of coordination mechanism for such a supply chain with disruptions from
both demand side and production cost side, and investigate how the demand-
stimulating service affects the decision of dominant retailer and how to design
the coordination mechanism by addition of the demand-stimulating service even
if both demand and production cost are disrupted.

We show that with the nonlinear Grove wholesale price scheme, the centralized
optimal supply-chain profit could be achieved under the decentralized decision. We
find that the coordinated nonlinear Grove wholesale price scheme has the following
characteristics. The coordination mechanism induces the retail pricing of dominant
retailer to be equal with that of the channel, simultaneously, ensures that fringe
retailers are not priced out of the market. The coordination mechanism ensures
that the manufacturer uses minimum incentives to induce the dominant retailer
to sell its product as well as providing the demand-stimulating service. Addition-
ally, the optimal wholesale price for the dominant retailer is decreasing with the
disrupted demand, but increasing with the disrupted production cost, while the
wholesale price for each fringe retailer is independent of disrupted production cost.
Additionally, the share of dominant retailer and the subsidy rate provided by the
manufacturer are unity of opposites.

There are several directions that this research could continue. For examples,
(i) we can relax some assumptions such that there are several dominant retailers
who compete in price or service, and investigate how to coordinate such a supply
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chain by the nonlinear Grove wholesale price. (ii) Since we assume that the demand
scale is exogenously given, the second direct extension of the paper will be the case
for the uncertain demand scale. (iii) We assume that the disruption information is
complete between the manufacturer and the dominant retailer, and one can also
study our game model with asymmetric disruption information and study how to
design an incentive mechanism revealing private information.
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Appendix A

Proof of Theorem 4.1.

Part (i). Since the dominant retailer’s objective function is aligned with the chan-
nel’s, his profit is πd = λ1(a−bp+sf)(p−c)−(1−λ2)f , and then it follows that the
optimal retail price is p∗, and the channel demand is q∗T . Thus, the supply chain
with one dominant retailer can be coordinated, and the profit of the dominant
retailer is obviously increasing with λ1 linearly.

Part (ii). The profit of each fringe retailer can be denoted as follows:

πr = [p∗ −w(q∗r , sf )]q∗r =

{

p∗ −

(

1 −
λ1

γ

) [

a + sf

b
−

(1 − γ)

Nbγ
(a + sf − bp∗)

]}

q∗r ,

which is increasing with λ1 linearly since p∗ > c is require to ensure there is
non-negative unit profit in the channel.

Part (iii). In order to ensure all the retailers obtain nonnegative profits, the
manufacturer will choose a proper λ to achieve it. Obviously, either the dominant
retailer or each fringe retailer obtains the reservation utility. If the dominant re-
tailer gains zero profit, each fringe retailer will obtain a negative profit. Thus, we
let

w(qr , γ|λ1, λ2) =

(

1 −
λ1

γ

) (

a + sf

b
−

qr

bγ

)

= p∗,

and then we can obtain λ∗

1 = γ
(Nγ+γ−1)(a−bc+sf)

(2Nγ+γ−1)(a+sf )+bc(1−γ) . The difference between

the dominant retailer’s maximal profit when the service is provided and that when
it is not is given by

π∗

d − π∗

d,n = λ∗

1

sf [sf + 2(a − bc)]

4b
− (1 − λ2)f.

When 0 < f � λ∗

1
sf [sf+2(a−bc)]

4b
, the manufacturer may not provide the subsidy

to the retailer since the service cost is less than the revenue obtained by the
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dominant retailer. And when f > λ∗

1
sf [sf +2(a−bc)]

4b
, in order to ensure that the

profit of the dominant retailer is nonnegative, the manufacturer should provide a
certain subside to the retailer. Therefore, we can obtain the optimal subsidy rate
provided by the manufacturer to the dominant retailer, which can be denoted as
following:

λ∗

2 =

⎧

⎨

⎩

0 0 � f � λ∗

1
sf [sf +2(a−bc)]

4b

1 − λ∗

1
sf [sf+2(a−bc)]

4bf
λ∗

1
sf [sf+2(a−bc)]

4b
� f � f0.

Part (iv). Performing some algebraic manipulation, we can find both λ∗

1 and λ∗

2

is increasing with γ, obviously. �

Proof of Theorem 5.4. Since we assume that the fringe retailers will not receive
a lump sum compensation cost and simply pay a variable fee per unit w̃(q̃, sf |λ̃)
without the second part because they do not provide service. Additionally, the
manufacturer’s wholesales price schedule must ensure that the fringe retailers are
not priced out of the market and that the manufacturer uses minimum incentives
to induce the dominant retailer to service its product. Therefore, the wholesale
price for each symmetrical fringe retailer should satisfy the following

w(q̃∗r, case1) =

(

1 −
λ̃

γ

)

[

ã + sf

b
−

(1 − γ)

Nbγ
(ã + sf − bp̃∗case 1)

]

= p̃∗case 1·

Solving the above equations, we can obtain that

λ̃∗

1,case 1 = γ
(Nγ + γ − 1)(ã + sf − bcu − bc̃)

(2Nγ + γ − 1)(ã + sf ) + (1 − γ)(bcu + bc̃)
·

When the service is provided, we let the profit of the dominant retailer’s maximal
profit be

π̃d = λ̃∗

1,case 1[(ã − bp̃ + s)(p̃ − c̃) − cu(ã − bp̃ + sf − q∗T )+] − (1 − λ̃2)f,

with

p̃ =
a + ∆a + sf + bc + b∆c + bcu

2b
·

When the service is not provided, we let the profit of dominant retailer’s maxi-
mal profit be

π̃d,n = λ̃∗

1,case 1[(ã − bp̃)(p̃ − c̃) − cu(ã − bp̃− q∗T,n)+],

with

p̃ =
a + ∆a + bc + b∆c + bcu

2b
·
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Performing some algebraic manipulation, we have the difference between the
dominant retailer’s maximal profits when the service is provided and that when it
is not, which can be denoted as following.

π∗

d − π∗

d,n = λ̃∗

1,case 1

sf [sf + 2(ã − bc̃)]

4b
− (1 − λ2)f.

When 0 < f � λ̃∗

1,case 1
sf [sf +2(ã−bc̃)]

4b
, the manufacturer may not provide the sub-

sidy to the retailer since the service cost is less than the revenue obtained by the

dominant retailer. And when f > λ̃∗

1,case 1
sf [sf+2(ã−bc̃)]

4b
, in order to ensure that the

profit of the dominant retailer is nonnegative, the manufacturer should provide a
certain subside to the retailer. Therefore, we can obtain the optimal subsidy rate
provided by the manufacturer to the dominant retailer, which can be denoted as
following:

λ̃∗

2,case 1 =

⎧

⎨

⎩

0 0 � f � λ̃∗

1,case 1
sf [sf +2(ã−bc̃)]

4b

1 − λ̃∗

1,case 1
sf [sf +2(ã−bc̃)]

4bf
λ̃∗

1,case 1
sf [sf +2(ã−bc̃)]

4b
< f � f̃0.

Proof of Proposition 5.5. The proof is obvious, here omitted. �

Proof of Proposition 5.6. For case 2, the wholesale price for each symmetrical
fringe retailer should satisfy the following

w(q̃∗r, case2) =

(

1 −
λ̃

γ

)

[

ã + sf

b
−

(1 − γ)

Nbγ
(ã + sf − bp̃∗case 2)

]

= p̃∗case 2.

Therefore, we can obtain the optimal share of the dominant retailer as following

λ̃∗

1,case 2 = γ
(Nγ + γ − 1)(a + sf − bc)

(2Nγ + γ − 1)(a + sf ) + 2∆aNγ + (1 − γ)bc
·

When the service is provided, we let the profit of the dominant retailer’s maximal
profit be

π̃d = λ̃∗

1,case 2[(ã − bp̃ + sf )(p̃ − c̃)] − (1 − λ̃2)f

with
p̃ = (ã + ∆a + sf + bc)/(2b).

When the service is not provided, we let the profit of the dominant retailer’s
maximal profit be π̃d,n = λ̃∗

1,case 2[(ã − bp̃)(p̃ − c̃)] with p̃ = (ã + ∆a + bc)/(2b).
The difference between the dominant retailer’s maximal profit when the service

is provided and that when it is not is given by

π∗

d − π∗

d,n = λ̃∗

1,case 2

sf [sf + 2(ã − bc̃)]

4b
− (1 − λ2)f.
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Therefore, we have the following subsidy rate.

λ̃∗

2,case 2 =

⎧

⎨

⎩

0 0 � f � λ̃∗

1,case 2
sf [sf +2(ã−bc̃)]

4b

1 − λ̃∗

1,case 2
sf [sf +2(ã−bc̃)]

4bf
λ̃∗

1,case 2
sf [sf +2(ã−bc̃)]

4b
< f � f̃0.

�

Proof of Theorem 5.8. Under case 3, the wholesale price for each symmetrical
fringe retailer should satisfy the following

w(q̃∗r, case 3) =

(

1 −
λ̃

γ

)

[

ã + sf

b
−

(1 − γ)

Nbγ
(ã + sf − bp̃∗case 3)

]

= p̃∗case 3·

Solving the above equations, we can obtain that

λ̃∗

1,case 3 = γ
(Nγ + γ − 1)(ã + s − bc̃ + bcs)

(2Nγ + γ − 1)(ã + s) + (1 − γ)(bc̃ − bcs)
·

The difference between the dominant retailer’s maximal profit when the service is
provided and that when it is not is given as π∗

d − π∗

d,n = λ̃∗

1,case 3
s[s+2(ã−bc̃)]

4b
− (1−

λ2)f .
Therefore, we can obtain the optimal subsidy rate provided by the manufacturer

to the dominant retailer, which can be denoted as following:

λ̃∗

2,case 3 =

⎧

⎨

⎩

0 0 � f � λ̃∗

1,case 3
s[s+2(ã−bc̃)]

4b

1 − λ̃∗

1,case 3
s[s+2(ã−bc̃)]

4bf
λ̃∗

1,case 3
s[s+2(ã−bc̃)]

4b
< f � f̃0.

�

Proofs of Proposition 5.9 is obvious, here omitted.

Proof of Proposition 5.10. Here, we only give the proof the inequality denoted as
λ̃∗

1,case2 < γ.

λ̃∗

1,case2 < γ is equal with the inequality denoted as (Nγ + γ − 1)(a + sf − bc) <

(2Nγ+γ−1)(a+sf)+2∆aNγ+(1−γ)bc. It can be changed into a+sf +bc+2∆a >

0, which can be satisfied by ã > 0 and Assumption 5.1. �
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