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PRICING DECISION AND COORDINATION MECHANISM OF
DUAL-CHANNEL SUPPLY CHAIN DOMINATED BY A RISK-AVERSION
RETAILER UNDER DEMAND DISRUPTION

Bo YAN*, ZHUO CHEN, YAN-PING L1U AND X1A0-XU CHEN

Abstract. This paper studies a dual-channel supply chain composed of a retailer and a supplier,
and discusses the optimal decisions of supply chain participants under decentralized decision-making
without and with demand disruption, respectively. By comparing the optimal decisions in the two
scenarios, we find that the optimal decision after demand disruption is a linear function of the demand
disruption plus optimal decision before demand disruption. Additionally, when the demand disruption
is in interval (—tus2,u1), the optimal total production of the supply chain is equal before and after
demand disruption. Moreover, the profits of the supply chain members and the value of their recognizing
demand disruption are largely affected by the scale of demand disruption. Finally, the results show that
the improved revenue-sharing contract can effectively improve the supply chain performance.

Mathematics Subject Classification. 65D18, 90B50.

Received June 27, 2019. Accepted January 25, 2021.

1. INTRODUCTION

With the development of globalization, the supply chain is more vulnerable to the impact of the external
environment. Especially in recent years, the impact of frequent public health security incidents on the supply
chain cannot be underestimated. For example, the COVID-19 outbreak in 2019 has had a profound impact
on many global supply chains, such as aviation industry, tourism industry and pharmaceutical industry. The
risk of large losses from unexpected events has led many researchers to study how to build more stable supply
chains (e.g., see [19,27-29]). In recent years, an increasing number of scholars pay attention to the strategic
research under the emergency. Some scholars have explained the problem in terms of supply disruption (e.g., see
[1,13,17,31]). However, when an emergency occurs, the supply-demand relationship of the whole supply chain
will change. Severe cases can even lead to supply disruptions. For example, the outbreak of avian influenza can
dramatically increase demand for medicines and dramatically reduce demand for poultry. Demand is hard to
be predicted in current fast-changing market. Therefore, this work will study the optimal decision of the supply
chain members under demand disruption.
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With the rapid development of e-commerce and logistics, suppliers have established their own direct retail
channels, such as Dell, HP, Lenovo and Apple. Thus, the dual-channel supply chain has become the main type
of supply chain system. Based on this fact, this work takes the dual-channel supply chain as the basic model to
explore how the direct retail channel and the traditional retail channel respond to the impact of emergencies.
The facility location problem and its related financial issues also have a significant impact on the configuration
of supply chain structure [23]. Some scholars have paid attention to the impact of demand disruption on supply
chain. Yang and Wu [43] showed that a partially vertically integrated supply chain (SC) structure has the
best robustness, whereas the centralized SC structure, which is considered to be the most profitable, has the
worst robustness. Soleimani et al. [30] believed that the optimal price will be affected by sharing demand
for the direct channel in both centralized and decentralized problems. Yan et al. [41] demonstrated that the
optimal sales decision of the disturbed supply chain is related to market share and demand disruption under
decentralized decision-making. However, large retailers such as Suning and Officeworks occupy the dominant
position throughout the supply chain because of their huge customer resources. The model discussed in this
paper takes sales of computer products of the dominant retailer (such as Suning and Officeworks) as the
prototype to study the optimal decision of dual-channel supply chain under demand disruption. Moreover, the
competition may lead to conflict between the two channels in terms of cross-channel price and operation. Supply
chain decision-makers face certain risks in practical operation, specifically when the external environment of the
supply chain is unstable. Based on the above background, this paper will discuss the dual-channel supply chain
dominated by the retailer.

This paper mainly studies the impact of demand disruption on dual-channel supply chain, focusing on the
following three key issues. First, how does the supply chain make optimal decisions under demand disruption,
including optimal pricing, optimal channel demand, optimal total production and optimal profit? Second, what is
the difference between the direct retail channel and the traditional retail channel affected by demand disruption?
Third, how to use the revenue-sharing contract to coordinate the dual-channel supply chain under demand
disruption?

To answer these questions, the analysis of this paper is divided into three parts. First, a retailer-dominant
Stackelberg model is established. Second, the optimal decision-making of supply chain with and without demand
disruption is discussed and compared. Finally, an improved revenue-sharing contract is established to coordinate
the decentralized supply chain, so as to achieve the optimal dual-channel decision under centralized decision-
making.

The rest of the paper is organized as follows. Section 2 reviews relevant literature. Section 3 describes the
model formulations. Sections 4 and 5 present the model analysis. Section 6 presents numerical case study results.
Finally, Section 7 concludes the paper.

2. LITERATURE REVIEW

The study of dual-channel supply chain originated from the study of price competition of dual-channel
supply chain by Balasubramanian [3]. In recent years, the research mainly focuses on three aspects: the impact
of channel structure on the supply chain, supply chain decision under demand disruption, and supply chains
coordination in case of emergency. An overview is provided in Table 1.

This paper contributes to the literature from the following aspects. Firstly, previous studies mainly focused
on the impact of direct retail channel on dual-channel supply chain. This paper further investigates the impact
of demand disruption on dual-channel supply chain. Moreover, the shortage cost factor and the handling cost
factor are innovatively introduced into the supplier’s expected profit function to explore the impact of demand
disruption cost on the optimal decision of supply chain.

Additionally, previous studies have shown that demand disruption has a profound impact on supply chain
performance. However, few studies focus on the key factors that affect the optimal decision-making of sup-
ply chain participants under demand disruption. Therefore, by comparing the scenario of the decentralized
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TABLE 1. Overview of literature reviews.

(1) The impact of channel structure on the supply chain

Year Main focus
Webb [33] 2002 Brand differentiation strategies between two channels can alleviate contradictions.
Hendershott 2006 Only when online channels have high return and transaction costs, and retailers have
and Zhang a large percentage of sales discounts, do suppliers benefit from maintaining a single
[15] traditional distribution channel. On the contrary, the dual-channel marketing model is

more beneficial to the interests of suppliers.

Arya et al. [2] 2007 Dual-channel sales model could enable both suppliers and retailers to achieve Pareto
optimum if both suppliers and retailers have the advantages of production costs and
sales costs, respectively.

Yan [40] 2011  Suppliers and retailers can reduce the channel conflict of supply chains by formulating
reasonable profit distribution schemes.
Pu et al. [24] 2017 Under deterministic demand, the sales effort level of offline stores under decentralized

setting and the profit of dual channel supply chain are lower than those under centralized
setting, and both decrease with the increase of free-riding consumers.

Chen et al. 2017 Considering the price and quality decisions, it is found that the increase of new channels

[10] can improve the supply chain performance.

Guo [14] 2019 Channel conflict is represented in a dynamic competition between online retailer and
traditional retailer, and online customer reviews affect the purchase decisions of potential
customers by providing information about retail prices in both channels.

Pu et al. [25] 2019  Supply chain firms would prefer the distribution strategy of selling high-end and low-end
products through offline (online) channels and online (offline) channels when consumers
are significantly (minimally) sensitive to the product quality differentiation.

Chen et al. 2020 Compared with centralized model, for any given selling price, the ratio of profit margins of

[11] selling one unit in the direct and retail channels determines the retailer’s service strategy;
and the supplier will raise the level of direct channel service, but put less effort on quality
improvement in the decentralized model.

(2) Supply chain decision under demand disruption

Huang et al. 2012 The results indicate that the optimal output is robust under demand disruption in both

[18] centralized and decentralized dual-channel supply chains.

Lei et al. [20] 2012 When demand and cost disruption are private information, the linear contract menu
can effectively analyze the asymmetric information supply chain under demand and cost
disruption.

Cao et al. [6] 2013 A revenue-sharing method is proposed to coordinate a supply chain consisting of one

supplier and n Cournot competing retailers when the production cost and demands are
simultaneously disturbed.

Cao [5] 2014  An improved revenue-sharing contract is proposed to coordinate the dual-channel supply
chain when the two end competition market demands are simultaneously disturbed.

Chen et al. [9] 2017  The retailer is reluctant to share his private information on the disrupted demand with
his partner because of the fear of information leakage. Meanwhile, the performance of
the whole chain may become worse off if the information of disrupted demand is shared
in this chain.

Behzadi et al. 2018 Three proposed risk management strategies, namely diversified demand market, backup

[4] demand market and flexible rerouting, improve both expected profit and risk measures
in agribusiness supply chains.

Tang et al. 2018  Suitable changes and improvements in revenue-sharing contracts can help coordinate the

[32] dual-channel supply chain with demand disruptions.

Rahmani and 2019 The centralized scenario under demand disruptions leads to achieve the products with a
Yavari [26] higher green degree compared with the decentralized scenario.
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TABLE 1. Continued.

Year Main focus

Hormozzadeh- 2019 Inventory control is used to manage the risk of demand uncertainty. The corporate profit

Ghalati et al. will be maximized if the optimal integration of suppliers and the optimal order quantities

[16] from each supplier are determined.

Yan et al. [42] 2020 The improved revenue-sharing contract can better coordinate the RFID-based fresh agri-
cultural product supply chain after the demand disruption.

Zhao et al. 2020 Demand disruptions can promote supply chain coordination in a fashion supply chain.

j45]

(3) Supply chains coordination in case of emergency

Xiao et al. [37) 2007 In case of demand disruption, a linear or whole unit volume discount program coordina-
tion mechanism can be used to coordinate a supply chain consisting of one supplier and
two competing retailers.

Xiao et al. [36] 2009 In the supply chain composed of a supplier and a retailer, the coordination mechanism of
market demand which is sensitive to retail price and service and the impact of demand
interruption on the coordination mechanism are proposed.

Chen and 2009 In a supply chain consisting of one supplier, one dominant retailer and multiple fringe

Xiao [7] retailers, linear quantity discount schedule and Groves wholesale price schedule are pro-
posed to coordinate demand disruptions.

Zhang et al. 2012 In a one-supplier—two-retailers supply chain, revenue-sharing contracts are used to coor-

[44] dinate demand disruptions.

Chen et al. [8] 2012 A nonlinear Grove wholesale price scheme can fully coordinate such a supply chain even
if both market demand and production cost are disturbed.

Nobil et al. 2018 This research shows that the proposed inventory model with shortage is a convex pro-

[22] gramming problem, so an accurate algorithm for solving these inventory problems is
proposed.

Xu et al. [39] 2019 In the supply of two competing suppliers and one supplier, the bilateral participation

contract can achieve perfect coordination if the competition is weak or if a transfer
payment policy exists.

decision-marking with and without demand disruption, this paper further identifies the key parameters that

affect the optimal pricing and demand of each participant.

Moreover, previous studies have shown that supply chain coordination is an effective way to solve channel
conflict. This paper further studies how to coordinate the dual-channel supply chain under demand disruption.

This work will enrich the literature of solving supply chain channel conflict.

This paper investigates a dual-channel supply chain consisting of one supplier and one retailer. The supplier
opens the direct retail channel, and the retailer opens the traditional retail channel. The operation of the supply

3. MODEL DESCRIPTIONS

chain is illustrated in Figure 1.

c

w p,
Supplier » Retailer > Market

2 |

FI1GURE 1. The structure of the dual-channel supply chain.




PRICING DECISION AND COORDINATION MECHANISM 437

TABLE 2. Symbol description.

Symbol  Description

w The wholesale price, decided by the supplier.

c Unit production cost.

m Wholesale and retail price differential, which is called “markon”.

Di Retail price of Channel 3.

k, The risk-averse coefficient of the retailer.

k The risk-averse coefficient of the supply chain.

D; Demand of channel 3.

D The total demand of the whole supply chain.

Q Total production of the supply chain.

a The potential scale of market demand. And it follows the normal distribution N(a,o?).

Aa The demand disruption caused by the disaster.

p The market share of the direct retail channel.

o The individual price effects of the traditional retail channel.

Q2 The individual price effects of the direct retail channel.

Jé] The cross-price effects of the two channels.

U1 The shortage cost factor.

U2 The handling cost factor.

U The utility functions.

5 Profit of member j in the supply chain.

T The total profit of the whole supply chain.

Sk The market share of the direct retail channel and the demand disruption are divided into 3
intervals in decentralized decision-making.

) For expositional simplicity, we denoted 1) = afJZf;j;f;_lg;ﬂz.

Y1 For expositional simplicity, we denoted y1 = 8 — a2 + a1p + azp — 20p.

Y2 For expositional simplicity, we denoted v2 = 8+ a1 + a1p — Bp.

3 For expositional simplicity, we denoted 3 = a? — 2008 + 2012 — 32,

Y4 For expositional simplicity, we denoted v4 = 303 — 618 + daan — B2,

w The wholesale price determined after coordination.

10} The proportion of the retailer’s sales revenue shared with the supplier.

Notes. Subscripts: ¢ = r and i = d represent the traditional retail channel and the direct retail channel, respectively;
j = s and j = r represents the supplier and the retailer, respectively. £ = 1,2, 3.

Table 2 lists the definitions of the symbols used in the paper.

We assume that the retailer acts as the leader, who is risk averse with a coefficient of risk aversion k,. The
supplier acts as the follower, who is risk neutral. The reasons for applying the above assumptions are as follow.
The retailer is faced with pricing decisions and channel competition from the supplier. Thus, this work focuses
more on the fact that the retailer is more susceptible to demand disruption than the supplier. This two-echelon
supply chain constitutes a Stackelberg game dominated by the retailer. It is also assumed that the loss of supply
chain caused by demand disruption is borne by the supplier. This is because that the supplier is primarily
responsible for the production of the product. When there is excess demand or demand shortage, the supplier
needs to bear the loss of the whole supply chain.

¢ denotes the unit cost of production. w denotes the wholesale price. The retail price of products sold in the
traditional retail channel and the direct channel is denoted as p, and pg, respectively. Let p,. = w + m, and m
represents wholesale and retail price differential which is called “markon”.

The retailer plays a dominant role in the dual-channel supply chain. Therefore, the retailer can obtain a lower
wholesale price by using its bargaining power. In order to attract consumers to purchase goods in the traditional
retail channel the retailer sets the retail price of traditional retail channels lower than that of the direct retail
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channel, that is, pg > p,. For instance the retail price of an Apple computer sold by Officeworks during sales
promotion will be lower than that of the same computer sold on Apple’s official website. The retail price should
be higher than the wholesale price, i.e., p, > w and pg > w.

Let D, denote the demand of the traditional retail channel and D, denote the demand of the direct retail
channel. D = D, 4+ D, represents the total demand of the whole supply chain [5]. We assume that the market
demand of two channels is a linear function of price [17] and the form is as follow:

D, = (1 - p)a— aip, + Bpa, (3.1)
Dy = pa — azpa + Bpr, (3.2)
where a denotes the market demand p is the market share of the direct retail channel. o; and as denote the
individual price effects of the traditional retail channel and the direct retail channel, respectively. The cross-price
effects (8 of two retail channels are assumed as the same. Additionally, the individual price effect is greater than
the cross-price effect [12], i.e., a1 > § and a9 > .
The total demand of the whole supply chain is:

D =a— (a1 = B)pr — (a2 — B)pa. (3.3)
4. COMPARISON OF DECISION BEFORE AND AFTER THE DEMAND DISRUPTION

In this section, the optimal decisions before and after the demand disruption of two-echelon supply chain under
decentralized decision-making will be discussed. In the following discussion, the parameter with superscript
“*” represents the optimal decision of supply chain participants under decentralized decision-making without
demand disruption. The parameter with superscript “—” and the superscript on the right is “#”, which represents
the optimal decision of supply chain participants under decentralized decision-making with demand disruption.

4.1. Decentralized decisions without demand disruption

The dominant retailer first sets the retail price of the traditional retail channel. Then the supplier determines
the wholesale price and retail price of the direct retail channel on the basis of the retailer’s reaction. In this
paper, the backward induction method is used to solve the problem.

The supplier’s expected profit is determined by:

E(rns) = (w—¢)Dy + (pg — ¢)Dg. (4.1)

The retailer’s profit is determined by:
E(m.) = mD,. (4.2)

First, we analyze the supplier’s decision. Because the supplier is risk-neutral, its utility function is the same
as the expected revenue function. Thus, the utility function of the supplier is:

Us(ms) = (w = ¢) Dy + (pa — ¢) Da. (4.3)
By substituting equations (3.1) and (3.2) for equation (4.3), we can obtain the Hessian matrix as follows:

QU2(r,)  OU(m.)

B op? OpgOw . —209 Qﬂ
U (r)  OU2(r.) 28 —2m
Owdpgy Ow?2

Hy; = —2ay < 0, Hy = 4(a1a — 3?) > 0. Under the condition a1 > B and ag > 3, Hy > 0 is satisfied. Us(7s) is
a joint concave function of py and w. Thus, the optimal wholesale price and the optimal direct retail price are
given by:

Dy = (B+a1p—Pp)a
d 2 (a1 — 32)

+ (4.4)

¢
2



PRICING DECISION AND COORDINATION MECHANISM 439

Qg — Qp + a c¢c—m
_ (o2 —aap+ Bp) . . (4.5)
2 (041052 — 62) 2
The retailer is risk-averse, the mean variance theory is applied to obtain the utility function of the retailer
(e.g., see [21,35]) as follows:

U,(n,) = E (my) — kp/var(m,), (4.6)

where the second term is the risk cost of the retailer, and k, reflects the retailer’s attitude towards uncertainty.
The larger the risk aversion coefficient k., the more conservative the retailer’s behaviour. Equation (4.6) reflects
that the retailer must weigh the expected profits against the uncertain risk.
After combining equations (3.1), (3.2), (4.4), (4.5), and p, = w + m, U,(m,) can be easily evaluated as a
concave function of m. Then the optimal added price m is given by:
(1=p) (a—kvo) = (a1 = B)c

* : 4.7
m 20, (4.7)

By substituting equation (4.7) into equations (4.4) and (4.5), the optimal wholesale price and the optimal
direct retail price can be calculated. Additionally, the condition pg > w must be satisfied. Thus, the inequality
a(a1a2—2a16+52)+(0¢1—B)(alag—BQ)c-i-(alag—ﬁz)kTU

a(2a%74a15+a1a2+52)+(a1a2*ﬁ2)krg
the market share that satisfies the condition is closely related to the risk aversion coefficient of the retailer.

condition

< p < 1 needs to be satisfied, which indicates that

Proposition 4.1. Optimal pricing of decentralized decisions without demand disruption is described below:

. a[(l—p)(az+ ) +2016p]  (Bar — B)e+ (1 — p)ko
w* = PP pa—l + To, (4.8)

. (Brap—PBpla ¢
Pi= Haraa =) T2 )

. a[(l—p) (Banaz — ) +2016p] (a1 +B)c— (1—p)ko
Dy = Toy (onas — 37 + Ton . (4.10)

By substituting equations (4.8)-(4.10) into equations (3.1)-(3.3), we can obtain the optimal demand in the
supply chain.

Proposition 4.2. Optimal demand and optimal total production of decentralized decisions without demand
disruption are described below:

(1 —p)(a+ ko) — (o1 — B)c

Dr = ; (4.11)
— — 2

D= B —p)(a— ko) + (B 4@120‘10‘2 +of) ¢+ 2a0p (4.12)

Q* - D* = ayz — FYSC_F (14;f)) (0(1 — ﬁ) ]4}7-(7. (413)

Combining the equations (3.1)-(3.3) and (4.8)-(4.10) with equations (4.1) and (4.2), we can obtain the
optimal expected profits of the supplier and the retailer:

- [4a1p(a1p —2Bp+28) + (1 —p)? (a1a2 + 3ﬂ2)] a? [aﬁ2(372 - 2a1)] c

s 1601 (1e — 32) 8ay (a1ae — (32)
n (a2 — 2048 -fiéljfaz —-36%) ¢ n (1 —p)(2a+ k.o) 162;?1 —B0)dQA - pkro (4.14)
o= (1 —p)(a+ ko) — (1 — B)c][(1 - p)la— ko) — (a1 — 5)0], (4.15)

8041
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4.2. Decentralized decisions with demand disruption

This section discusses the decentralized supply chain with demand disruption. In the case of demand disrup-
tion, the potential demand changes from a to a + Aa. Aa is the demand disruption caused by the unexpected
events. The market demands for the two channels under demand disruption are:

D, = (1-p)(a+ Aa) — 1Py + Da (4.16)
Dy = pla+ Aa) — aspg + Bpr. (4.17)

The total demand of the supply chain under demand disruption is:

D=a+ Aa— (a1 — B)pr — (a2 — B)Pa- (4.18)

If the market demand is larger than the total production, there will be shortage costs. In turn, there will be

handling costs. u; and us denote the shortage cost factor and the handling cost factor, respectively. In addition,

we assume that the supplier undertakes the losses caused by the demand fluctuations of the system. Therefore,
the expected profit functions of the retailer and the supplier after the disruption are:

B(7) =mDy, (4.19)
E(ws) = (W —¢)Dy + (pa — ¢)Da —u1(D — Q)" —uz(Q" — D). (4.20)

If Aa > 0, then D > Q*. If Aa < 0, then D < Q*.

Case 1. When the condition Aa > 0 is satisfied the market demand is larger than the total production. The
expected profit function of the retailer is expressed by equation (4.19), and the expected profit function of
the supplier is:

_ _ = _ — — N
E(7;) = (W —¢)Dy + (pa — ¢)Dg —uy (D — Q%) . (4.21)

The backward induction method is applied to solve the problem. First, the supplier’s decision is calculated.
Because the supplier is risk-neutral, and the utility function of the supplier is:

Us(Ts) = (w0 — C)ﬁr + (Pa — C)ﬁd_ U1 (ﬁ_ Q*)
s.t. D> Q" (4.22)

Substituting equations (4.16) and (4.17) into equation (4.22), it is easy to prove that Us(7) is a joint concave
function of pg and w. Because the constraint pg > w is linear, thus there exists a unique optimal solution.
To solve the aforementioned optimization problem with constraint, the Lagrange multiplier A > 0 is used.
Then the KKT condition of the supplier is calculated as follow:

OU(7s) /0w =0

AD-Q*) =0 (4.23)
D > Q*.
(1) When condition A = 0 is satisfied, the optimal decision is presented as follow:
— _ (Btaip—PBp)(at+Aa c+u
Pd = ( 2(1510‘2,0_)(52) ) + +2 1 194
— _ (aa—anptPBp)(atAa) | ctu;—m (4.24)
w= 2(a1a2—p2%) + 2 ’

By combining equations (4.19) and (4.24), we apply the mean variance theory to solve the utility function
of the expected profit of the retailer.

U, (7r) = mD, — k,+/var (7). (4.25)
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It is easy to determine that U, () is a concave function of m by substituting the relevant variables.
The retailer’s optimal added price in the dual-channel supply chain with the demand disruption is given
by:
—F (I—p)a+Aa—ko)— (1 —B)(c+ur)
2@1

By substituting equation (4.26) into equations (4.24), (4.16), (4.17) and (4.18), combined with the
constraints of pg > w and D > Q*, the optimal pricing and optimal demand of the two channels and
the optimal production of the whole supply chain can be calculated.

(2) When the condition A > 0 is satisfied, similar to the case of A = 0, the optimal added retail price is
calculated as follow:

(4.26)

— (a1 =) (a2 —v¢) mla+Aa) (1-plko
m# o 4&1(0&10&2 — 62) 2(0[10[2 — ﬂQ) 2&1 . (427)

Case 2. When the condition Aa < 0 is satisfied, the expected profit function of the retailer is expressed as
equation (4.19). The expected profit function of the supplier is:

E() = @ — oD, + (i — ¢)Da — ua(Q" — D). (4.28)

Furthermore, the supplier’s decision is analyzed first. The utility function of the supplier is:

Uy(m) = (@ —¢)
s.t.

r+ (Pg — ¢)Dg — u2(Q* — D) (4.29)
<Q".

ol o

The solution process is similar to case 1. For expositional simplicity, only the result of the optimal markon
is shown here.
(3) When the condition A = 0 is satisfied, the optimal markon is calculated as follow:

—_ 1-p)a+la—ko)— (a1~ f)(c—uz)

4.30
20, (4.30)

(4) When the condition A > 0 is satisfied, the optimal markon is calculated as follow:
—F_la—f)(arr—c)  mle+Aa ([1A-pko (4.31)

40[1(&1042 — ﬁQ) 2(0[10[2 — ﬁQ) 20[1

By comparing the above two cases, we find that the optimal markon is equal, which means that the optimal
strategy is the same.

Applying the similar solution under decentralized decision-making without demand disruption, we find that
the channel structure and demand disruption scale are applicable to different decisions. The market share of
the direct retail channel and the demand disruption are divided into 3 intervals as follow:

)

(a102—2018+8%) (at+Aa)+ (a1as—B°) [kro+(a1 =) (c+u1 )] <<l
Sl = (p7 Aa) (a+Aa)(204%74a1ﬁ+o¢1a2+,82)+(041a27['32)kra p ’
Aa > puy

2a1(a276)(a+Aa)7a(a% 7ﬂ2)+(o¢175)730+2(a1a2762)k,,~o’
<p<l,
{(m Aa) r }

2a1 (1 +az2—208)(a+Aa)ta(ar —B)2+2(aras—B2)kro ;

—ug < Aa < YPuy

S

S3

(011042*201ﬁ+,32)(a+Aa)+(a1a2*ﬁ2)[krUJr(al*B)(C*UQ)] <p<1
(p7 ACL) (a+Aa)(2af—4alﬁ+a1a2+[32)+(a1a2—62)1%0 p ’
Aa < —pug
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2 2
For expositional simplicity, we denote ¢ = alzzlilﬂaj;f ;ig; 5~ When solving the optimal pricing decision,
three solutions are found. The optimal pricing decision is related to the range of p and Aa, so we divide p and
Aa into three intervals: Sy, S, and Ss.

The scope of p is given by the condition pg > w, and Aa presents the scale of demand disruption. The scale
of demand disruption is relatively large in intervals S7 and S3, but relatively small in region Ss.

Proposition 4.3. Optimal markon of decentralized decisions with demand disruption is described below:

(1_P)(Q+Aa_k72‘2)l_(al_B)(C"—ul) if (p7 A(I) S Sl7
I L S L(a+A —0)kpo -
m# = ((Zafi%f%‘? - 2(1%?2% - if (p,Aa) € Ss,
(1—p)(a+Aa—kaz)l—(041—ﬁ)(c—m) if (p, Aa) € Ss.

Proposition 4.4. Optimal pricing decision, optimal demand and optimal total production under decentralized
decision-making with demand disruption are described below:

[<1—p>(a14a:1+(§2i?2§p}<a+Aa> + Ba=fetu+d-pkeo if (p, Aa) € 51,
(203 —5a1B+3a102+8%—028) (vsc—r2a) | (1—p)kro
—_ o= roa -39 + e
N [(2041+a1a2f5a1ﬁfaz(4z2£t2£)zaﬂjj;jfgé?*55 201 8] (atAa) if (p, Aa) € Sa,
[(1—p)<alf:1+(§j()ljfc;;fp](a+Aa> + Bar=f)ezua)tU-plkeo if (p, Aa) € Ss,
(ﬂ+t;(1£:aﬂ2pj([;12-)%Aa) + c+2u1 if (p,Aa) € 51,

pf = X - e ey 1 (b A0 € S,
(5-&-3(151—(){32/:)%12-5)-&@) e if (p, Aa) € Ss,
[(3a1a2—i21((1;2j_2§;)ﬂp}(a+Aa> n (a1+ﬁ)(c+zé)17(1fp>kr<f if (p,Aa) € 51,
[3(1—p)(a2—p)(a1+a2—20)+(a1az+3a1f+3a28—T76%)|(a+Aa)  (1—p)k,0o

L A

- e (0 da) €52
L if (p, Aa) € s,
(1—p)(a+Aa+kri)—(a1_ﬁ)(c+u1) if (p, Aa) € Sy,

DF = ¢ iy + 0 - Ry i (hAa) € Sy
(1—p)(a+Aa+kr¢;)—(041—ﬂ)(c—u'z) if (p, Aa) € Ss,
(ﬂ+2a1p—ﬁp)(a+Aa)+(52—iziaﬁm6)(C+U1)—ﬂ(1—0)kr0 if (p, Aa) € S,

Df = { lexttm0i0anen) _ (opiur | _mletbe)if (p, Ad) € 5,
(5+2a1p—ﬂp)(a+Aa)+(52—izfﬁal/3)<0—“2>—5<1“’)’“" if (p,Aa) € Ss,
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y2(a+Aa)+(A—p)(a1—B)kro—y3(ctui) if (p,Aa) € Sy,

4(11

@ — ) ra+(Q—p)(ar—B)kro—ysc if (p,Aa) € S,,

4oy

r2(atAa)+(1=p)(a=Blkro—vs(cuz) ¢ (p,Aa) € Ss.

4oy

For expositional simplicity, we denote: y3 = 8 — o + a1p + agp — 20p, v2 = B+ a1 + a1p — Bp, v3 =
a% — 2018 + 2a100 — B2, and 4 = 304% — 6018 + 4o — 2.

4.3. Comparison of decision without and with demand disruption

Proposition 4.5. The optimal pricing decisions without and with demand disruption are compared as follows:

wr o+ Ly 2y e, 1 (p, Ae) € 53,
W = Yt e ey — e O (o Ad) € 8,
w4 (e tonba ) piimplne _ ot —pius if (p, Aa) € 55,
pi + e gt i 80) €
pi =1 Pt Pt w1 (0 Aa) €5,
pr + s *if(li‘j;_(gsﬁ 2=0)uz if (p, Aa) € S,
py 4 (Gt P PN pedlte | e, if (p, Aa) € 51,
P = = e e e it (A0 € 5y,
pp + (a2 P ptenPlan _ (o i if (p, Aa) € 55,

Proposition 4.6. Optimal demand and optimal total production without and with demand disruption are com-
pared as follow:

Dy 4 U=pfa _ (a—fhuif () Aa) € Sy,
D7# = D: — WAZG_QB) if (p, Aa) € SQ,

Dy Usgae y st if (5, Aa) € 5,

(B+201p—Bp)Aa—(20102—B2—a1 8)us

D + o if (p, Aa) € Sy,
F?: DS"‘WA‘;M if (p,Aa) € Sa,
Dy + (5+2a1p—ﬁp)Aazfla1a2—52—‘115)“2 if (p,Aa) € Ss,
QF + 224 — B if (p, Aa) € Sy,
Q# =4 Q* if (p,Aa) € Sa,
Q#—f—%ﬁaﬁ-% if (p,Aa) € Ss.

Proposition 4.7. When the scale of demand disruption is in the interval (—vuq,Yuq), the direct retail chan-
nel and the traditional retail channel possess the same sales stability. When the scale of the demand disruption
exceeds the interval (—yug, Yuy), the sales stability of the direct retail channel is weaker than that of the tradi-
tional retail channel (see Appendiz A).
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TABLE 3. The value of suppliers’ recognizing demand disruption.

Region AT =l — T
(a2—2a;B+4a1a5-382)u2 | [(1—p)(a1—B)(atkro)+(Ta1—38—3a1p+38p)Aa—(ai—B)clu;
ACL N ’l/)u 161 + 8a
> Yuy
_ (=p(A=p)(atkro)=(a1=F)dda | [A=p)(@102—403+36%) —(4of 8oy ftarazt38%)ptdat]Aa
8a [ 160&1(“1&2*5?
2 2 3 2
YTAa“+[(1—p)a—(a1—B)c]v174Aa (1-p)|[(@1=B)?ctyvriar1Aa+(1—p)(a1—B)"a|kro
0 < Aa < Yur L + T6ar(aroz—F%) + Aauy + 1

16(ar1az—pB2)(a1+az—2p5)

2N 2 3 i
_ Y7 Aa*+[(1—p)a—(a1—B)c)]v1v4Aa (1_P>[(al_/6) ctyrarAa+(l—p) (a1 -8 )a]kro
Yuz < Aa <0 16(a1az—pB2)(a1+az2—20) + 16a1 (a1 az—pF2)

(e —201B+4a102-36%)uf  [(1—p)(a1—P)(atkro)+(Ta1 —3B—Ba1 p+38p)Aa—(a1—B) clus

— Aaus + 7

160 8ay
Aa < —tus 2 2 2 2 21 A2
_ (1=p)[(1—p)(atkro)—(a1—B)c]Aa + [1—p)(a1a2—40T+38%)— (40 —8a1 f+a1az+35%)p+dai]Aa
8ary 16a; (ajas—p32)
TABLE 4. The value of retailers’ recognizing demand disruption.
Region AT = it — I3

(p,Aa) €5y U=p’da® | (=0l _ (a1=p)[1=pla=(ar=fur _ (1=p)l1=p)a=2kro)—(a1=0)(c=u1)]Aa

8a 8a 4oq 4o

(01 =B)2(1=p)®v3akro+(a1 —B)> (1—p)kro+2a37v7Aa®>  (1-p)[a(l—p)—c(a1—B)—2k,o(1—p)]Aa

A g 1602 (ar1az—B2)(a1+az—28) 4oy
(b, Aa) € 52 _ (1 =B)[(A=p)(a—kro)~(e1=B)elAa | (o1 =B)(B+a1p=Bp)(1=p)(athro)=(a1=B)c|Aa
ajtaz—208 8a (a1 ap—B2)

(p,Aa) € 55 (=pAd® | (1=p)7u; | (a1 =B)(1-pla—(ay—P)cjuz _ (1=p)[(A—p)a—2kro) (o1 —F)(ctur)lAa

8aq 8ay 4o 4oy

Interpretation. Proposition 4.7 shows that the direct retail channel is more unstable than the traditional retail

channel in the face of highly fluctuating demand. Therefore, when the dual-channel supply chain responds to the
demand disruption, the scale of demand disruption should be investigated. The corresponding countermeasures
should be made according to the market share of the different channels.

7% and 7F are the profits of the supplier and the retailer when the supply chain members still adopt the
initial optimal pricing decision when the demand is disrupted.

™

® %

= (w" =) [(1 = p) (a+ Aa) — a1p] + Bpgl + (p7 — ) [p (a + Aa) — azpy + Bp;]
—up (Aa)T —uy (Aa)”
mi=m"[(1—p)(a+Aa) - aip; + Bpy].-

AT, =7 — 7% and AT, = g ¥ reflect the value of the supplier’ recognizing demand disruption and

the value of the retailers’ recognizing demand disruption under different demand disruptions, which shown in
Tables 3 and 4.

Conclusion 1

(1) When the demand disruption is within the interval (—tusg,u;), the value of the suppliers’ recognizing
demand disruption is linearly related to the cost factors u; and wus.

(2) When the demand disruption is within the interval (—wus,u;), the value of the retailers’ recognizing
demand disruption is independent of the cost factors u; and us due to the robustness of production.

(3) When the demand disruption exceeds interval (—wus,¥uq), the value of the two participants’ recognizing
demand disruption and the cost factors show a quadratic relationship.



PRICING DECISION AND COORDINATION MECHANISM 445

(4) Regardless of the scale of demand disruption, the value of the two participants’ recognizing demand dis-
ruption and the scale of demand disruption Aa show a quadratic relationship. While the value of the two
participants’ recognizing demand disruption show a linear relationship with the risk aversion coefficient of
the retailer k...

4.4. Managerial insights of dual-channel supply chain with demand disruption

Based on the calculation results of the above model, the managerial insights of this work are summarized as
follows:

(1) Whether there is demand disruption or not, the retailer’s risk aversion attitude has no effect on the direct
retail channel pricing, while the production cost directly affects the optimal pricing of the direct retail
channel pricing. The result shows that the optimal pricing of the direct retail channel pricing is cost driven.

(2) The retailer’s risk aversion coefficient k,., demand disruption Aa, market share of the direct retail channel
p, shortage cost factor u; and handling cost us are the main factors influencing the optimal decision of
supply chain participants under demand disruption. Therefore, to improve the supply chain performance,
we should focus on the influence of the above five factors.

(3) When the market share of the direct retail channel and the demand disruption are in interval Sp, the
optimal demand and total optimal production of the traditional retail channel and the direct retail channel
are inversely proportional to the shortage cost factor u;. Thus, we should improve the production capacity
of the whole supply chain to reduce the negative impact of shortage caused by demand disruption on the
whole supply chain.

(4) When the market share of the direct retail channel and the demand disruption are in interval Ss, the
optimal production of the whole supply chain with demand disruption is same as that without demand
disruption. The result shows that in interval Sy, demand disruption does not affect the optimal demand of
the whole supply chain. The impact of demand disruption on the optimal demand of the two channels is
only a zero-sum game between the traditional retail channel and the direct retail channel.

(5) When the market share of the direct retail channel and the demand disruption are in interval S3, the
optimal demand and total optimal production of the traditional retail channel and the direct retail channel
are directly proportional to the handling cost factor ug. When the demand disruption is in interval Sg, the
production capacity should be reduced to avoid the impact of overproduction on supply chain performance.

(6) If the supplier’s shortage cost factor or the handling cost factor is large, then untimely recognition of the
demand disruption will have a significant impact on its profit. When the scale of demand disruption is in a
robust interval (¢ug,¥uq), the supplier only needs to increase the cost on the basis of normal production.
However, when the scale of demand disruption exceeds the robust interval (1ug,u;), the supplier needs
to pay extra cost for the emergency overtime and the shortage of materials to complete the production
task. Therefore, the value of supply chain participants’ recognizing demand disruption in time is directly
proportional to the scale of demand disruption. Improving the accuracy of demand information is helpful
for supply chain participants to take timely and effective response measures in case of emergency.

5. COORDINATION OF THE RISK-AVERSE SUPPLY CHAIN WITHOUT AND WITH DEMAND
DISRUPTION

This paper uses an improved revenue-sharing contract to coordinate the risk-averse retailer-dominant sup-
ply chain under decentralized decision-making. Firstly, the supplier provides the products to the retailer at a
wholesale price. Subsequently, the retailer returns a certain proportion of the sales revenue (as agreed by both
parties) to the supplier to maximize the overall revenue of the supply chain. And the revenue-sharing contract
ensures that the optimal pricing and order quantity of the supply chain under decentralized decision-making are
as same as those under centralized decision-making. Therefore, we need to calculate the optimal variables under
centralized decision-making prior to coordination. Because the retailer is risk-averse and plays a dominant role
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in the supply chain. Under centralized decision-making, the retailer’s risk-aversion attitude will affect the per-
formance of the whole supply chain. Therefore, this paper assumes that under centralized decision-making, both
the supplier and retailer are risk-averse and work collectively in the supply chain. The risk aversion coefficient
is k.

In the following discussion, the parameter with “A” in the superscript on the right denotes the optimal decision
of supply chain participants under centralized decision-making without demand disruption. The parameter with
“” in the superscript on the right denotes the optimal decision of supply chain participants under centralized
decision-making with demand disruption.

5.1. Coordination of the risk-averse supply chain without demand disruption

This section starts with exploring centralized decisions without demand disruption. Then, the coordination
mechanism is discussed based on the centralized optimal decision without demand disruption.

5.1.1. Centralized decision without demand disruption

The expected profit of the supply chain under centralized decision-making after the demand disruption is:
E(m) = (pr — ¢)Dr + (pa — ) Dy (5.1)
The expected utility function of the supply chain is:
U(r) = E(r) — ky/var(r). (5.2)

Substituting equations (3.1), (3.2) and (5.1) into equation (5.2), it is easy to judge that U () is a joint concave
function of pg and p,. The optimal p; and p, can be calculated by maximizing equation (5.2):

n_ (B+aip—PBp)la—ko) ¢

Pa = 2(0[10[2 — 52) + 2 (53)
A (ag —aop+ Bp)(a— ko) c

p’r' - 2(0[10[2 . ﬁz) + 2 (54)

By substituting equations (5.3) and (5.4) into equations (3.1) and (3.2), we can calculate the optimal decision
as follow:

pla+ ko) = (az = B)e

Di = 2 (5.5)

DN = (1-p)(a+ k‘;) — (a1 — B)c .

Q/\ _ D/\ _ (a -+ kO’) — (a21 + g — 2ﬁ)c (57)
o Loall— 0 + 38+ arp— 2090 (@~ 20%) (s 403 29)68 e

"o 4 (araz = 3?) * 4 (5-8)

5.1.2. Coordination without demand disruption

Referring to the relevant literature by Zhang et al. [41], the improved revenue-sharing contract (w®,¢) is
adopted in this paper in order to coordinate the risk-averse supply chain. Based on the contract, the expected
profits of the supplier and the retailer under the decentralize model are as follows:

72 = (692 +w® = ¢) D, + (b3 — ©) Da (5.9)
7 = [(1—¢)p3 — u°] D, (5.10)
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When the retailer set the retail price, the variance of its expected return is considered. Thus, the utility

function of the retailer is:
Uy (mr) = [(1 = ¢) py — w°] Dy — kpn/var(m). (5.11)

By maximizing the utility function of the retailer, the response function of the retail price on the wholesale
price and the direct retail price is:

(1= 6)[(1 = p)a+ BpE) + arw® — (1= p) (1= 6) ko
20[1 (1 7¢)

After adopting the revenue-sharing contract, the pricing strategy of the supply chain under decentralized
decision-making is as same as that under centralized decision-making. Thus, the conditions p{ = p)* and pj = p))
should be satisfied. Meanwhile, the revenue distribution coefficient ¢ is determined by 7%° > 7¥ and 7° > 7.
Then, the wholesale price under the contract can be calculated as follows:

P = (5.12)

B89 ta0) | (- [(129)(2ar0s-8) teusrlko
w = (1 _ ¢*) 201 (ap g —f32) o 2a; (o g —f32) . (5'13)
+(2a1*5)(0+ul)

201

5.2. Coordination of the risk-averse supply chain with demand disruption

In this section, this work begins with exploring centralized decisions with demand disruption. Then, the
coordination mechanism is discussed based on the centralized optimal decision with demand disruption.

5.2.1. Centralized decision with demand disruption

Under demand disruption, the demand of the traditional retail channel, the direct retail channel and the
total demand are presented in equations (4.16)—(4.18).
Under centralized decision-making after demand disruption, the expected profit of the supply chain is:

E@) = (P, —¢)Dy + (pa — ¢)Dg — u1 (D — Q)" —ua(Q" — D) ™. (5.14)
Similar to Section 4.2, we need to discuss Aa.

Case 3. When the condition Aa > 0 is satisfied, the expected profit of the supply chain is:
BE(7) = (p, — ¢)Dr + (pa — ¢)Da — ur (D — Q"). (5.15)
The variance of the expected profit of the supply chain is:

2c—2p — 2pPq + 20P,. )% 02
’Ua’l“(ﬂ'): ( c D, +u1 T PDd + ppr) g . (516)

The expected utility function of the supply chain is:

U(T) = E(T) — ky/var(T)
s.t. D>Q. (5.17)

U(7) is the joint concave function of pg and p,. The constraint condition D > Q" is linear. Thus, equation
(5.17) has the unique optimal solution. After applying the Lagrange multiplier A > 0 to equation (5.17), the
result is calculated as follows:

a2pg — pla+ Aa) — 8Dy + Mag — 3) — az(c — pa) + Blc — pr) — ur (oo — B) + pko =0
1Py — pa + (X —u1)(ar — B) — au(c —pr) + B(c —Ppa) — (a+ Aa = ko) (1 —p) =0
AD-Q" =0

D>Q"

(5.18)
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Case 4. When the condition Aa < 0 is satisfied, the expected profit of the supply chain is:
E(7) = (p, — ¢)Dr + (pa — ¢)Da — u2(Q" = D).
The variance of the expected profit of the supply chain is:

(—2¢+ 2P, — ug + 2ppg — 2,0197)02.
4

var(m) =
The expected utility of the supply chain is:

U(T) = E(T) — kv/var(T)
st. D<Q".

Similar to case 3, equation (5.21) is solved as follows:

azpa — pla + Aa) — Bpr — Mag — B3) — az(c — Pa) + B(c — pr) +uz(ae — B) + pko =0
1Py — Bpa + (uz2 — A)(a1 — B) — ar(ec — pr) + B(c —pa) — (a+ Aa —ko)(1 —p) =0

NQ =D)=0
D<Q"

(5.19)

(5.20)

(5.21)

(5.22)

The potential scale of market demand affects supply chain decisions more than risk aversion, which means

a+ Aa—ko > 0.

By solving equations (5.18) and (5.22), the optimal decision under centralized decision-making with demand

disruption is calculated as follows:

(ﬁ+a1§(_a€2)2(i;%a_ka) + 5 if Aa> (o1 + a2 —2B)u,

— a1 p— a+Aa—ko a c .

pd’ = (B+ 15((52)2(_;2) ko) + 2(a1+Aaz_25) +3 if — (a1 +as—20)us < Aa < (a1 + as — 208)uq,
R if Aa < — (a1 + a2 — 26)us,
Qe—oppthoarache) 4 etu if Aa > (o1 + a2 — 20)uy,

— as—a at+Aa—ko a c .

P = { laz 22?:;1553(_;2) ) 4+ 2(a1+Aa2_25) + 5 if — (a1 + oz —2B)ux < Aa < (a1 + ag — 26)uy,
B T if Aa < —(a1 +az — 28)us,
p(a+Aa+kU)_2(a2_ﬂ)(c+ul) if Aa > (g +az —20)uy,

D, = p(a+A2a+ka) - 2((aaf+_oi)f;ﬁ) - (a255)c if — (a1 +ag —20)us < Aa < (a1 + ag — 2B)uq,
el Setko) ooz te) if Aa < —(a1 + a2 — 28)uz,
(17p)(a+Aa+ka2)f(a17['3)(c+u1) if Aa > (al Ty — 25)11}17

D, = (m;(i)lfazl_(%;fa) - (C“;mc + (175)’“’ if — (a1 +as —28)us < Aa < (a1 + ag — 28)uy,
(lfp)(aJrAaJrkUz)f(al75)(0711,2) if Aa < _(al ooy — 26)“2;

(a+Aa+ko)—(a;+az—26)(c+u1) if Aa > (al Ty — Qﬁ)uh

Q/ = a+k(7—(a12+a2—2,6)c if — (Oél + Qg — Qﬁ)UQ < Aa < (Oél + Qg — 25)u1,

(atdatho) —(oaton—20)(e—ta)  if Ng < —(c; + g — 28)us.
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The optimal expected profit for a centralized decision-making supply chain is:

[(a1+a272ﬁ)p2+(a272a2p+2ﬁp)p} [(G+Aa)27k'20'2} I (a1+a272ﬂ)(02+u§)

4(a1az—pF2) 4
_ (a+Aa)c+éAa7kU)u1 if Aa > (041 Ty — 2ﬂ)u17
[2(1—p)?+(2B+0a1p—28p)p] [(a+Aa)? —k*c?] 4 (2ko—Aa)Aa
- 4(a1az2—p?) 4(a1ta2—20)
= + (alJrarzﬁ)f*Q(HAa)c if — (a1 + as —28)usy

< Aa < (a1 + az — 28)uy,

[(a1 +as—20)p%+(as —2a2p+25p)p] [(a+Aa)2 —k202] (1+a2—20) (02+u§)
4(0&1 a9 —52) + 4

. (a—i—Aa)c—éAa—kU)uz if Aa < —(a1 + ao — 2ﬁ)u2

Managerial insights
Under centralized decision-making with demand disruption, we find that:

(1) When the demand disruption satisfies the condition Aa > (g + s — 20)u1, the supply chain should pay
more attention to the risk of product shortage.

(2) When the demand disruption satisfies the condition Aa < —(a; + ag — 28)us, the supply chain should pay
more attention to the risk of product surplus.

(3) When the demand disruption satisfies the condition —(a; + s — 28)us < Aa < (ag + as — 203)uq, the
profit of supply chain is not affected by shortage cost and handling cost, which indicates the supply chain
performance is not affected by shortage or overcapacity.

5.2.2. Coordination with demand disruption

Referring to the relevant literature by Zhang et al. [41], the improved revenue-sharing contract (w®, ) is
adopted in this paper in order to coordinate the risk-averse supply chain. Among them, w° represents the
wholesale price determined after coordination. ¢ represents the proportion of the retailer’s sales revenue shared
with the supplier to obtain the wholesale price w°. When the demand is disrupted, the expected revenue function
under the coordination of the supplier and the retailer is:

7e = (¢py +w® —¢) D + (py — ¢) Da —ur (D — Q*)" —ua(Q* — D)* (5.23)
w2 =[(1—¢)p; —w°] D;. (5.24)

The expected utility function of the retailer is:

U (@) =[(1 - ¢)py — w’] Dy — ky\/var (7). (5.25)

To maximize the expected utility function of the retailer, the optimal pricing of the traditional retail channel
can be calculated as follow:
—_ (1-9)[(1 = p)(a+Aa)+ Bpg] + c1w® — (1= p) (1~ ¢) ko

Py = 201 (1= ) . (5.26)

Only when p? = p, and p = p, are satisfied at the same time. The dual-channel supply chain under
decentralized decision-making can achieve coordination. After adopting the improved revenue-sharing contract,

the optimal revenue distribution coefficient ¢ is determined by the following conditions:

> E and 7o > E (5.27)

Then, the relationship between the wholesale price and the profit distribution coefficient in the coordination
contract is determined, as shown in Theorem 5.1.
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Theorem 5.1. After demand disruption, the improved revenue-sharing contract (W, 6) 1 used to coordinate
the dual-channel supply chain dominated by a risk-averse retailer as follows:

B(B+a1p—PBp)(a+Aa) + (A—=p)kro [(1*0)(20102*52)+O¢15P]k0

1-3 201 (1 ez —f3?) a1 20 (12— %) if Aa > vYuq,
( ¢) + Boa=P)letur) v

20(1

B(tarp=fp)atha) | _(Gai=)da | (1=phwo
6) 2a1 (a2 —32) 2a1 (1 a2 —203) aq
_ [(1*P)(2¢11a2*ﬁ2)+0¢1ﬁp]k0 + (2a1—B)c

2a1 (a1az—f32) 201

we =1 (1~ i — pus < Aa < Y,

B(B+arp=Bp)atAa) | (=plkeo [(1-p) (201 a2 —B2)+a1 Bp] ko

1—¢ 2a1(araz—F?) ' Zar(@r0z2=F7) if Aa < —tpus.
( qb) 4+ Boa=P)e—ua) o -

2a1

Theorem 5.1 shows that the optimal wholesale price under the revenue-sharing contract is positively correlated
with the risk aversion coefficient k., while the optimal wholesale price is negatively correlated with the risk
aversion coefficient k. In addition, the optimal wholesale price varies with the range of demand disruption.

Theorem 5.2. When the risk-averse dual-channel supply chain implements the improved revenue-sharing con-
tract for coordination, the relationship between the wholesale prices without and with demand disruption is as
follows:

* 2001 — .
w0+%A if Aa > Yuy,
—0 *0 2001 — a .
wo = w +m lf_wu2<Aa<'l/)U17
wre — Zea—Buz if Aa < —vyu
20(1 - 2

Theorem 5.2 shows that the wholesale price under demand disruption is independent of the risk aversion coef-
ficient k and k,.. In addition, when the demand disruption is within the robust interval (¢us, 1u;), the optimal
wholesale price after demand disruption is based on the optimal wholesale price before demand disruption plus
a linear function of demand disruption Aa. When the scale of demand disruption exceeds the robust interval
(Yug, uq ), the optimal wholesale price after demand disruption is based on the optimal wholesale price before
demand disruption plus a linear function of the shortage cost factor u; or the handling cost factor us.

6. NUMERICAL ANALYSIS

We have referred to the related literature (e.g., see [34, 38]) to implement the simulation. The relevant
parameters are set as a ~ N(100,20%), oy =3, a2 =5, 3=1,p=04,c =4, u; = us = 2 and k, > 0 to
conduct the numerical analysis.

In a dual-channel supply chain dominated by the risk-averse retailer the simulation data is substituted into
the robust interval (—tug,pu1) of demand disruption to calculate the robust interval (—40/3,40/3).

(1) Impact of Aa and k, on pricing decisions and demand decisions.

After substituting the simulation data into Proposition 4.5, the demand disruption is set as Aa =
—25,-10,0, 10, 25. Figure 2 exhibits the effects of Aa and k, on the direct retail price pg, the traditional
retail price p,., the demand of the direct retail channel D;, and the demand of the traditional retail channel
D,.

Figure 2 shows that the direct retail price is independent of the risk aversion coefficient of the retailer k..
However, the traditional retail price and the optimal demand of direct channel are negatively correlated
with the risk aversion coefficient of the retailer k,.. While the optimal demand of the traditional retail
channel is positively correlated with the risk aversion coefficient of the retailer k.. In addition, Figure 2
also shows that the lines generated by the decision variables with demand disruption are parallel to the
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lines generated by the decision variables without demand disruption. Which shows the optimal decision of
supply chain under demand disruption is calculated by adding a linear function of demand disruption Aa
to the optimal decision variable before demand disruption

Impact of Aa and k, on the optimal production under decentralized decision-making.
By substituting simulation data into Propositions 4.2 and 4.5, the optimal total production is affected by
demand disruption Aa and risk aversion coefficient k, (in Fig. 3). The risk aversion coefficient is set as

k, = 2,5,8, 10.

Figure 3 verifies the robustness of the optimal production under decentralized decision-making with demand
disruptions. When the demand disruption is within the robust interval (—40/3,40/3), the optimal produc-
tion with the demand disruption is the same as the optimal production without demand disruption. When
the demand disruption exceeds the robust interval (—40/3,40/3), the optimal production of the supply
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FIGURE 4. Impact of Aa and k, on the profit of the supplier.
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FI1GURE 5. Impact of Aa and k, on the profit of the retailer.

chain changes in the same direction as the market demand. In addition, Figure 3 also shows that the
optimal production of the supply chain is proportional to the retailer’s risk aversion coefficient k..

Impact of Aa and k, on the profit of the supplier and the retailer.

The impacts of Aa and k, on the profit of the supplier and the retailer are shown in Figures 4 and 5. The
left (750, 7mr0) of the two graphs is the profit without demand disruption, and the right (s, ) of the two
graphs is the profit with demand disruption.

Figures 4 and 5 show that the profit of the supplier is directly proportion to the risk aversion coefficient
of the retailer k,.. While the profit of the retailer is inversely proportional to the risk aversion coefficient of
the retailer k.

When the condition Aa > 40/3 is satisfied, the supplier’s profit with demand disruption is larger than
that without demand disruption. When the condition Aa < 40/3 is satisfied, the supplier’s profit with
demand disruption is smaller than that without demand disruption. The supplier’s profit with demand
disruption is the smallest in the robust interval (—40/3,40/3). When the condition Aa > —40/3 is satisfied,
the retailer’s profit with demand disruption is larger than that without demand disruption. When the
condition Aa < —40/3 is satisfied, the retailer’s profit under demand disruption is smaller than that
without demand disruption. The retailer’s profit under demand disruption reaches the maximum in the
robust interval (—40/3,40/3).

Impact of Aa and k, on the value of two participants’ recognizing demand disruption.
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TABLE 5. The parameter combination of decentralized decision-making supply chain under
different demand disruption scale.

Aa  w°

25 (1 — ¢)(4k, — 4.4k + 9.8)
10 (1 — ¢) (4kr — 4.4k 4+ 9.2)
0 (1-¢)(4k, — 4.4k +7.6)
10 (1 - ¢) (4k, — 4.4k + 6)
—25 (1 - ¢) (4k, — 4.4k + 5.4)

Figure 6 depicts the impact of Aa and k, on the value of two participants’ recognizing demand disruption.
Figure 6 shows that the larger the magnitude of the demand disruption, the larger the value of suppliers’
recognizing demand disruption. When the condition Aa > —40/3 is satisfied, the larger k,, the larger the
value of retailers’ recognizing demand disruption. When the condition Aa < —40/3 is satisfied, the smaller
kr, the larger the value of retailers’ recognizing demand disruption.

Coordination of the risk-averse supply chain with demand disruption.

We set Aa = —25,—10,0, 10,25 and calculate the parameters of the revenue-sharing contract under decen-
tralized decision-making, as shown in Table 5.

Table 5 shows that when the improved revenue-sharing contract is adopted under decentralized decision-
making, the contract parameters are inversely proportional to the risk aversion coefficient of the supply
chain system k and directly proportional to the risk aversion coefficient of the retailer k,.. Different revenue
distribution coefficients ¢ and risk aversion coefficients will determine different wholesale prices. Finally,
the revenue-sharing contract makes the supply chain under decentralized decision-making consistent with
the optimal pricing and demand of the supply chain under centralized decision-making before and after the
demand disruption.

7. CONCLUSIONS AND DISCUSSION

This paper analyzes the optimal pricing and demand decision of a dual-channel supply chain dominated by
the risk-averse retailer without and with demand disruption. In addition, this paper also discusses how to use
the improved revenue-sharing contract to coordinate supply chain under decentralized decision-making. Several
findings are derived and summarized as follow.
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First, in the case of demand disruption, the optimal decisions of participants in the dual-channel supply chain
are affected by the retailer’s risk aversion coefficient k,., demand disruption Aa, market share of the direct retail
channel p, shortage cost factor u; and handling cost us. Second, when the demand disruption is within the robust
interval (¢ug,¥uq), the supply chain under decentralized decision-making does not need to adjust the optimal
production plan. Thus, the supply chain only needs to maintain the same optimal production as the supply
chain without demand disruption. Third, the value of two participants’ recognizing demand disruption varies
with the scale of demand disruption and the degree of risk aversion. The value of supply chain management with
demand disruption increases with the scale of demand disruption. Fourth, the results show that the improved
revenue-sharing contract can coordinate the dual-channel supply chain under decentralized decision-making.

However, there are still some limitations in our paper. First, the linear demand function is used in this paper.
This demand function is relatively mature. However, the linear demand function may not be applicable to some
products, such as agricultural products which require freshness. Therefore, the future research can consider
how to construct a generalized demand function. Second, this paper only considers the dual-channel supply
chain consisting of one supplier and one retailer. Thus, the multi-channel and omni-channel supply chains can
be considered in future research. Additionally, this paper considers that the retailer is risk-averse, and further
research can consider the retailer has more risk preference. The impact of supplier’s risk aversion attitude on
supply chain performance is also a potential topic worth studying.

APPENDIX A.

Proof of Proposition 4.7. The coeflicients of traditional retail channel changed demands and direct retail channel
changed demands affected by demand disruption in interval (—tusg,1u;) are & and & respectively. Exceeds
the interval (—wus,vuy), let {5 and &4 represent the coefficients of the changed sales the direct retail channel
and traditional retail channel affected by demand disruption, respectively. We can calculate the relationship as
follow:

B —az+aip+ap—26p £ = 1-p £ = B+ 201p—Bp

4(ay + as — 28) ST Ty M don
(1) When the condition —¢pus < Aa < thuy is satisfied, we can calculate & — & = 0. Thus, the stability of the

two channels is the same at this time.
(2) When the condition Aa > vu; or Aa < —tuy is satisfied, we can calculate

—p_BA2up=Pp (=P = Bau—-DHp
4 40{1 N 40&1

&L =6=|nl=

53*54:1

Ifpy < 3'3;11__%, then &3 > &4. If p1 = 3‘211__%, then &3 = &4. If p1 > 3‘211__%, then &3 < &. Moreover, because the

(a1az—2a18+8%)(a+Aa)+(aras—p2) [kro+(a1—B) (ctu1)]
(a+Aa) (20[{’ —4ay Btaraz+82)+(aras—B2)kro

_ a1 =B (maz — 2B+ %) (a+ Ad) + (ar0z — 52) [kyo + (a1 — B)(c +u1)]
30— (a+ Aa)(202 — 4o 8+ aras + 32) + (a1ag — B2)kro
—(1 = B)(Bau — B) (g — %) (c + u1) — 203 (ag — ar)(a + Aa) — 20y (1o — f2)keo

B (Bar — B) [(a+ Aa)(2a3 — 4o B+ a1z + £2) + (ar1az — 52)k,0] <0

condition

< p < 1 should be satisfied, we can calculate

pL—p

Thus p; < p, and &3 < €. When demand disruption exceeds intervals (—tuz,¥u;), the sales stability of
the direct retail channel is weaker than that of the traditional retail channel.
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