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INFORMATION SHARING FOR COMPETING SUPPLY CHAINS
WITH DEMAND DISRUPTION

KEBING CHEN!, MEILING FENG! AND LEI YANG%*

Abstract. We investigate pricing decisions and information value in two competing supply chains,
each consisting of one manufacturer and one retailer. Both retailers are engaged in Bertrand retail
competition and are endowed with the private information on the disrupted demand. Three information
sharing scenarios have been considered, i.e., information sharing in both chains, information sharing in
only one chain, and information sharing in neither chain. For each information scenario, there always
exists robustness for each manufacturer’s production plan. That is, when the disrupted amount of
the market demand is sufficiently small, the manufacturer’s production plan or the retailer’s order
quantity will be unchanged. Meanwhile, we also study the information value by comparing these three
information scenarios, and find that the information value not only works in one chain directly, but
also does in the competing chain indirectly. Through comparative analysis, we find that 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.
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1. INTRODUCTION

Over the last two decades, many types of unpredictable events or disasters, such as terrorist acts, natural
calamities, earthquake, economic crises, wars and infectious diseases, are witnessed. When these disasters occur,
major business disruptions follow. These disruptions may pose a significant threat to the supply chain manage-
ment. Supply chain disruption risks, vulnerabilities and uncertainties are now becoming hot issues of interest
amongst academics and practitioners. As many supply chain decision-maker strived to improve their financial
performance, they implemented various plans or initiatives to increase revenue and reduce cost. These initiatives
are powerful and effective in a stable environment with a known market demand, but they have also created
longer and more complex global supply chains, which are more vulnerable to business disruptions in a turbulent
world [1]. Hence, how to handle disruptions in an efficient and effective way has become increasingly important
to the success of supply chain management.
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Supply chain disruptions are unanticipated events that disrupt the normal flow of goods and materials within
a supply chain and, as a consequence, expose channel members to operational and financial risks [2]. Supply chain
disruptions and associated operational and financial risks are the most pressing issue faced by firms in today’s
competitive global environment. F.g., the explosion in 2012 at Evonik industries factory in Germany caused a
global shortage of CDT, a key ingredient of Nylon PA12, which is widely used to make a specialized plastic
for manufacturing components across the global automotive industry. The probability of all these unexpected
events’ occurring is very small; however, the impact is very serious. A representative example is that Ericsson
lost 400 million Euros after their supplier’s semiconductor plant in New Mexico caught fire in 2000 [3]. Moreover,
according to the report from Achilles, large UK manufacturers and average companies lost respectively more
than £58 million and £105000 dealing with the fall-out from supply chain disruptions in 2013. However, new
research shows that much of which could have been prevented by using active disruption management.

The existing studies use the term of irregular operation for the dynamic environment with disruptions to
distinguish it from that in the stable environment without disruptions, where the decision-makers usually make
their decisions as they have planned originally. However, once the unexpected disruption events occur, the
original plan may be not optimal for each decision-maker. Generally, the sudden change of demand or other
factors will result in extra deviation costs for the decision-makers [4]. With the disruption of market demand,
for example, the manufacturer should pay the workers for the overtime work for accelerating production if the
demand increases suddenly, or employ a return policy to handle surplus products if the market demand decreases
suddenly. Due to deviation costs involved, the decision-makers should re-plan their production or procurement
decisions to reduce total costs and improve their financial performance when the market disruption occurs.
Therefore, our first goal of this paper is to design and implement a supply chain capable of coping with and
recovering from disruptions.

Our paper develops competition models of two chains with the common disrupted market demand. Due to the
growing globalization of economy and complex relationships among diverse business partners and competitors,
supply chain competition has undergone tremendous changes in the quest to improve profits and efficiency [5].
The traditional mode of company-to-company competition is starting to give way to a new form of chain-
to- chain competition. Generally, the chain-to-chain competition is concerned with the competition at the
downstream end of two entirely separate chains. Namely, both the product substitutability and horizontal
competition exist between both chains. For example, in the computer industry, large computer manufacturers
like Dell and Hewlett-Packard routinely have their brand name retail stores. The consumers can purchase their
electric appliances, computers and components from the competing retail market, such as monitor, key-board, or
electronic components. Additionally, in the retail industry, ordinary complements are usually sold by the brand
name retail store to the customers and the substitutes can be obtained from other retail stores. This paper will
focus on chain-to-chain competition with different manufacturers selling through their respective retailers that
compete for end customers. Therefore, the second goal is to investigate how the performance and the decisions
of one chain are affected by the rival chain.

Our paper also complements the literature on supply chain disruption management by considering the asym-
metric information. We study a disruption management mode for two identical competing chains, each consisting
of one manufacturer and one retailer. Each retailer can take actions that directly affect market competition,
whereas each manufacturer designs the contract for her retailer. In the actual operation, the retailers often have
better information on the disrupted demand because of their proximity to consumers. Therefore, we assume
that the real information on disruption is only known to the retailers. This asymmetry is represented in terms
of the manufacturer’s uncertainty on the probability distribution of the amount of disrupted demand. Due to
the symmetry of supply chains, three information sharing scenarios on the disrupted demand, i.e., information
sharing in both chains, information sharing only in one chain and information sharing in neither chain, are
considered to investigate the value of information sharing. The third goal is, therefore, to study the information
value and illustrate how the information sharing affects the performance of the channel as well as the rival
channel.
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The remainder of our paper is organized as follows. The next section provides a summary of the relevant
literature. Section 3 presents assumptions and notations used in the whole paper. Section 4 studies the supply
chain operations under three possible information scenarios. The information value of competing supply chains
is investigated in Section 5. In Section 6, experiments are conducted to analyze the sensitivity of the optimal
decisions and profits with respect to disruption parameter. The conclusions are given in Section 7. We give all
the proofs in Appendix.

2. LITERATURE REVIEW

Our paper is closely related to three streams of literature. The first stream of literature concentrates on
information asymmetry and information value. The second stream focuses on the horizontal competition of
supply chains. The last stream examines the disruption management of supply chain.

2.1. Information asymmetry and information value

In existing literature, asymmetric information is very common in supply chain management and has also
received substantial attention [6,7]. The current studies on supply chain management for asymmetric information
mainly focus on two sides: cost and demand. For the case of cost asymmetry, channel members always have some
of their own private information like the upstream firm’s raw material or production costs and the downstream
firm’s handling costs. For example, Cakanyildirim et al. [8] discuss the retailer’s preference of the supplier’s type
under different market conditions, and show that information asymmetry alone does not necessarily induce loss
in channel efficiency. Yang et al. [9] study the value of supplier’s backup production for the manufacturer is not
necessarily larger under symmetric information. In the setting of the assembly systems, Fang et al. [10] show
that when the suppliers’ cost distributions become more positively correlated, the suppliers are always worse
off, but the assembler is better off. The similar studies on asymmetric cost information can also be found in
Ozer and Raz [11], Kostamis and Duenyas [12], and Cao et al. [13], Hsieh and Kuo [14]. For the asymmetric
demand information, Babich et al. [15] show the supplier can extract the entire surplus and attain the first-best
solution in the limit for the supply chain by using a buyback contract for asymmetric demand information. Gan
et al. [16] design the optimal menu of commitment-penalty contracts, and Ren et al. [17] design a wholesale
price contract with a multi-period review strategy profile in governing a long-term repeated interaction within
a supply chain. In addition, there are also other various asymmetry-related issues on, e.g., minimum quality
standards [18], inventory [19], supplier’s reliability [20], retailer’s loss aversion [21], financial markets with two
risky assets [22], or delivery [23].

However, the above studies on information sharing or asymmetry may not hold in real life. In fact, the
players in a supply chain are likely to protect their sales strategies by hiding their private information to their
rival chain, which results in the competition between supply chains under asymmetric information [24]. So it
is interesting but challenging to study what information to share and how to share it in the competing chains.
This paper will investigate how the information structure (information sharing or not) of one chain affects the
decisions rival chain, and study information value by comparing three information sharing scenarios on the
disrupted demand.

2.2. Horizontal competition of supply chains

Most existing literature assumes that each chain has a single supplier selling to an exclusive buyer, and
focuses on how competition influences equilibrium of supply-chain decisions. For example, the earlier study can
be found in the seminal work of McGuire and Staelin [25], which concludes that if two supply chains compete
fiercely, operating in a decentralized pattern is the dominant strategy. Boyaci and Gallego [26] consider three
competition scenarios between the two chains, including the uncoordinated scenario, the coordinated scenario
and the hybrid scenario. Ai et al. [27] find that return policies have different implications in the presence of
chain-to-chain competition as compared to the case of a monopoly chain. The similar studies can be found in
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Liu and Xu [28]. The other various competition-related issues, e.g., product quality [29], advertising [30], post-
entry [31], environmental protection [32], information value [33] and consumer environmental awareness [34]
have been proposed for supply chain management. Unlike these researches, we focus on the effect of different
information scenarios on the decisions of supply chains in a competitive environment, rather than on the
operations within them.

Most of the existing literature assumes competitive environment with deterministic demand, and few considers
how incomplete information affects decision models in competing supply chains. Our exploration is motivated
by Ha and Tong [35] and Ha et al. [36]. Ha and Tong [35] study contracting and information sharing in two
competing supply chains and highlight the importance of contract type as a driver of the value of information
sharing and the role of information sharing capability as a source of competitive advantage under supply chain
competition. Furthermore, Ha et al. [36] design the incentive mechanism for information sharing in competing
chains with production technologies that exhibit diseconomies of scale. Differing with their studies, we focus on
both the optimal decisions and information value in symmetric competing chains when the demand is disrupted,
and study how each manufacturer designs a menu of contract under the environment of both horizontal retail
competition and demand disruption.

2.3. Disruption management

Our study is particularly related to the issue on disruption management of supply chain. The current literature
on supply chain management that explicitly models the disruption can be classified into two streams. One stream
focuses on proactive disruption mitigation including multi-sourcing, expanding capacity, increasing safety stock,
improving flexibility, increasing visibility and lining up alternate transportation modes [37,38], etc.

Another stream, to which our paper belongs, concentrates on disruption recovery. In the disruption-recovery
models, the changes to the original plan induced by a disruption may impose considerable deviation costs
throughout the system. The thought of disruption-recovery model, aiming at minimizing the deviation of actual
operations from intended plans with minimum costs, can provide an effective research between planning and
execution to deal with real-time and unpredictable events [39]. The goal of this disruption management is
to alleviate the consequences of disruptions and risks or, simply speaking, to increase the robustness of supply
chain management. For the disruption-recovery decision, the production plan or the order quantity in the normal
operation (i.e., without disruption) is often preferred option to the decision-maker when the change of decision
environment is low enough. Otherwise, both the manufacturer and the retailer will need to adjust their decisions
correspondingly.

For the single-channel scenario, the abundant theoretical results on the disruption management can be found
in the existing literature. For example, Yu and Qi [4] provide an overview of general applications for disruption
management for supply chain operation. Yang et al. [40] study the problem of recovering a production plan
after a disruption, and propose a dynamic programming method for the problem. They find that a pure demand
disruption is easy to handle; while a greedy method can be used for a pure cost disruption. Generally speaking,
disruptions may result in certain deviation penalties for the change of original production plan. The existing
literature on supply chain disruption management mainly concentrates in three ways: supply-related [41,42],
demand-related [43,44] or miscellaneous risks [45]. The goal of disruption management is to alleviate the con-
sequences of disruptions and risks or, simply speaking, to increase the robustness of supply chain decision.
However, there are very few quantitative models for measuring supply chain robustness when the disruption
occurs.

On supply chain robustness, Xiao et al. [46] investigate incentive mechanism and robustness for a supply chain
with symmetric retailers when the demand is disrupted, and find that managerial results differ while different
player bears the production deviation cost with different contracts. Chen and Xiao [44] discuss disruption
management and robustness of production for a supply chain with a dominant retailer and multiple asymmetric
retailers. When the supply is disrupted, Li et al. [47] characterize the sourcing strategies of the retailer in supply
chain with two competing suppliers. Huang et al. [48] develop a two-period pricing and production decision model
in a dual-channel supply chain with the demand disruption, and also study the production robustness. When
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both cost and demand are disrupted simultaneously, Xiao and Qi [49] apply a quantity discount contract to
coordinate supply chain with one manufacturer and two competing retailers. Additionally, Bundschuh et al. [50],
Hatefi and Jolai [51] and Chen et al. [52] also discuss the design of a supply chain from the perspective of both
reliability and robustness in their researches.

The above literature mostly assumes that the information on the disrupted demand or cost is known to all
the channel members. Meanwhile, the existing disruption-recovery models only converge on the single supply
chain without considering the effect of information structure of the rival supply chain. However, this assumption
is not unreasonable given today’s advanced information technology and increasing awareness of the uncertainty
risks among managers from the different chains [53]. In a very small number of studies, Lei et al. [54] design a
menu of contracts to analyze a simple chain when the retailer is endowed with the private information on the
disrupted demand. Unlike Lei et al. [54], we investigate how the optimal decisions are affected by both different
information scenarios and the retail competition.

Compared with the existing literature, our model is new in the following aspects. First, we investigate pricing
decisions and information value in two competing chains with the asymmetric information on the disrupted
demand. There is little literature considering the information value except Lei et al. [54], in which the case
of the single supply chain is studied. Second, by comparing analytically and experimentally three information
sharing scenarios, we find that information sharing has direct effect in one chain, but also has indirect effect
in the rival chain. We offer several new insights to the related literature [35,36]. E.g., we find that there exists
robustness for each manufacturer’s production plan when the demand is disrupted, and the contract menu will be
changed with the level of disruption. The asymmetric information in most cases can distort the manufacturer’s
original production plan and the wholesale price decision, which may further cause the channel’s performance
loss. Third, while the majority of papers in this stream concentrate on how to design the contract menu to
reveal the asymmetric information that arise within the firm, our focus is on the information value. We find
that information sharing in one chain will be good for the manufacturer but bad for her retailer, while it may
bring benefit to all the players in the rival supply chain.

3. PROBLEM DESCRIPTION

We develop a game model of two competing chains, each consisting of a manufacturer (she) selling a substi-
tutable product to her own retailer (him) only. In our paper, the manufacturers, the retailers, and the chains
are indexed by ¢ = 1,2. Two chains are assumed to be identical, except they may have different information
scenarios on the disrupted market demand. Both manufacturers have identical marginal production costs, which
are denoted as c. Each retailer engages in Bertrand retail competition by determining his retail price (selling
quantities) based on the contract designed by his own manufacturer. That is, direct competition exists be-
tween the retailers, and the indirect competition exists between the manufacturers. Here, for Bertrand retail
competition, we assume that the demand function for retailer 7 is given as follows.

¢i =a—p;+bp;, where i,j=1,2, and i#j. (3.1)

Where a is denoted as the demand scale, p; is the market retail price provided by retailer ¢, g; is the selling
quantity of retailer ¢ and bis the substitutability coefficient with 0 < b < 1. The substitutability coefficient
is a measure of the sensitivity of retailer i’s sale to the change of retailer j’s price, and it also implies the
intensity of competition. We investigate the single-period single-purchasing-opportunity newsboy problem when
considering the retail competition of supply chains. In our setting, we assume that both manufacturers act as
the Stackelberg leaders in their respective chains. Both manufacturers move first separately and simultaneously
by setting unit wholesale prices and a production plans, and the retailers then decides how much to order from
the manufacturers or how to set their respective retail prices. In addition, we assume the reservation profit
of each retailer is zero whether the disruption occurs or not. This assumption is usually used in the supply
chain contracting literature [9], and it is common to be used in the contract on the trading quantity for a
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manufacturer-retailer relationship. When there is not any disruption occurred in the operation, the profit of
retailer ¢ can be written as

IIr; = (pi —wi)(a—p; +bpj), and i=1,2. (3.2)

From the first-order condition of equation (3.2), we derive the optimal retail price and order quantity of retailer 7,
which are denoted as p; = (a+ bp; + w;)/2 and ¢; = (a + bp; — w;)/2, respectively. In addition, the profit of
manufacturer ¢ can be denoted as

Iy = (wi —¢)(a —pi +bp;), and i=1,2. (33)

Then, we derive the optimal wholesale price for manufacturer ¢, denoted as w; = (a + bp; + ¢)/2. Therefore, we
can obtain the following symmetric equilibriums.

Proposition 3.1. For normal operation without disruption, the unique equilibrium solutions can be denoted as

pf =@Ba+c)/(4—-3b), wi=(2a+(2-0b)c)/(4—3b) and ¢} =(a—(1—-0>)c)/(4—3b). (3.4)

Here, the market scale should satisfy a > (1 — b)c. Otherwise, there is no need to satisfy the market demand,
since it is not profitable to produce. In practice, the demand is often disrupted unexpectedly by the haphazard
event, quality reasons, new technology, promotional events of the player and/or its competitors, etc. With the
unpredicted change, each player will adjust his original strategies. For example, the manufacturer may adjust
the wholesale price, while the retailer adjusts the retail price. Here, when the disruption occurs, we assume that
the demand scale a is changed into a = a + Aa, where Aa > 0(Aa < 0) implies that the demand scale increases
(decreases).

Unlike the existing literature, the retailers are endowed with some private information on the disrupted
demand. The asymmetry is represented in terms of the manufacturer’s uncertainty on probability distribution
of the disrupted demand, which characterizes the retailer’s demand types according to their reliability: high and
low. Here, the disrupted amount of demand scale, Aa, is assumed to be a random variable given by

Aayy, with probability B
Aa = (3.5)

Aay,, with probability Gy,

Where Aagy and Aay, correspond respectively to the high and low disruption amounts of market demand with
Aapg > Aap and By + B = 1. By is interpreted as the fraction of high-disruption demand in the market
with By € [0, 1]. Here, 6 = Aay — Aaris denoted as the degree of information asymmetry. A higher value of
(Aag — Aay) implies a larger gap between the equilibrium order quantities under symmetric and asymmetric
information. The assumption of only two disruption types is a simplification of reality, but it is sufficient to
capture the main feature of demand uncertainty in our problem. Similar assumption can be found in Ha and
Tong [35], and Lee and Yang [55]. In addition, we denote the disruption type as D throughout the paper,
where D = Hor L. The disruption type can be observed by the retailers but not the manufacturers, and
we assume that both manufacturers use the same contract. According to the possible information type, each
manufacturer provides her retailer with the wholesale price contract. Based on the wholesale price contracts
offered, both retailer engage in Bertrand competition by simultaneously and independently determining their
respective retail prices. In the following, we will study the value of information sharing. We find that information
sharing in one supply chain may have the following two effects: (1) direct effect due to the changes in decisions
by the players involved in sharing the information and (2) indirect effect (i.e., spillover effect) due to the changes
in decisions by the rival chain.
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4. INFORMATION SCENARIOS AND SUPPLY CHAIN OPERATIONS

This section investigates different information sharing scenarios under a wholesale price contract. The whole-
sale price contract is very popular in practice and is commonly assumed in the information sharing literature.
Since both supply chains are assumed to be identical, information scenarios for the both manufacturers will
have three possible outcomes: SS (information sharing in both supply chains), NS (information sharing in only
one supply chain), and NN (information sharing in neither supply chain). The corresponding sequence of game
can be denoted as follows: (i) each manufacturer independently but simultaneously offers the linear wholesale
price contract to her retailer; (ii) the retailers privately observe the disruption type on the changed demand
(D, where D = H or L); (iii) based on the contract offered, the retailers engage in Bertrand retail competition
by simultaneously and independently determining how to price in their respective retail markets. We can solve
this game by employing backward induction technique.

4.1. SS§ model: Information sharing in both supply chains

In this subsection, we assume that the disrupted demand type Dis known to all the manufacturers and
retailers, where D = H, L. Given the disruption type, manufacturer ¢ offers a unit wholesale price to retailer i,
and retailer ¢ decides his retail price. The unit wholesale price of manufacturer 7 cannot be observable by the
rival, therefore, the manufacturer and the retailer of each supply chain respond directly to the retail price but not
the wholesale price of the competing supply chain. Knowing the disrupted demand type (D) and unit wholesale
price (w;p) and in anticipation of the retail price (p;p) in the rival supply chain, retailer ¢ should determine his
retail price, denoted as p;p, to maximize the profit function as ITp; = (pip — wip)(a+ Aap — pip + bpjp).

For the symmetric information type, manufacturer ¢ offers a unit wholesale price contract to retailer saccording
to the real disruption type D, where ¢ = 1,2 and D = H, L. In the actual operation, the disruption of demand
can result in a production deviation for the original plan designed by each manufacturer, and the changed
production amount is denoted as Ag;p = ¢;p — ¢7. Generally, there are deviation penalties associated with the
difference, which should be included when making the new price and production decisions. For example; (i)
Ag;p > 0 implies that more items should be produced to meet the unplanned increased quantity. With more
products to produce to satisfy the increased demand, some measures such as labor overtime, extra machines
should be taken, which can induce a higher unit production cost for the manufacturer; (i) Ag;p < Oimplies
that there is some surplus items which will result in an extra cost such as holding cost, processing or handling
cost. In either case, the changed demand will cause disruption to the original production plan of manufacturers.
That is, the unit wholesale price or the production quantity for manufacturers may usually different from their
original plan due to the disruption of the market demand.

Similar to Xiao et al. [46], we assume a unit penalty cost for a unit increased quantity, denoted as ¢,, and a
unit penalty cost for a unit decreased quantity, denoted as ¢s. Then, under SS model, the profit of manufacturer 7,
denoted as IT f/g (Wip), can be written as follows.

T —es(gf —@ip)* (4.1)

Let (c]fg , UUZSDS ) be the optimal equilibrium solution for the above model. For the information sharing in both
chains, we have the following results.

max T35 (W;p) = (Wip — ¢)dip — cu(Gip — ¢F)

Proposition 4.1. Under information sharing in both chains, the optimal order quantity of retailer i satisfies

-SS >2q, if Aap >
49;D .
<@, if Aap<

Proofs of all Propositions are given in Appendix B.2. Proposition 4.1 implies that the change of manufacturer i’s
production plan depends on the disrupted amount of the demand. When the disrupted demand is larger than
zero, manufacturer iwill change her production plan by increasing the production quantity, and wvice versa.
Based on Proposition 4.1, we can derive the optimal equilibrium solutions for SS model.
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Proposition 4.2. For the information sharing in both chains, the optimal equilibrium solutions are as follows,
where it =1,2 and D = H, L.

@S5 = q? + Aq(Aap, c,)

7SS

i) If Aar > (1 —b)cy, we have
W 7 L2 ) {wiD = wf + Aw(Aap, ¢y,);

=SS _
- Aayr = (1—b)e, Giwr = 4 + Ag(Aap, cu)
(11) If _(1 _ b)C < Aar < (1 o b)C we have
s 200 w W5 = wl + Aw(Aay, c,)
5SS o
4L =4
and =SS _

wyp =w) + Aar, /(1 —b);

~SS _ o
Gif) 1f d Qe =0 =bcw G = 47 + Aq(Aam, cu)
AaL < _(1 — b)Csa w;S’I:IS’ = w;’ + Aw(AaH,Cu)

@ =q? + Ag(Aag, —cs)
M G585 = wp 4+ Aw(Aay, —e.);
. @b =@
(iv) If —(1—"b)cs < Aap < (1 —b)cy, we have @55 — we + Aap/(1 - b)

. —(1=b)es < Aag < (1 —Db)ey, , ap =q
A% we have ~
Aap, < —(1 = b)cs, wfg:w?+AaH/(1_b)
@57 = q¢ + Aq(Aar, —cs)
and =SS _

wyp = w) + Aw(Aar, —cs);

@5 = q? + Aq(Aap, —c;)

»SS

vi) If Aag < —(1—10b)cs, we have
o) . ( ) {U)m = wf + Aw(Aap, —cs).

The common-used functions are given in Appendix B.1. From Proposition 4.2, each manufacturer should adjust
the corresponding production plan and unit wholesale price to her retailer according to the disruption type and
the di sruption level. To better understand relationship between the ordering decisions and the corresponding
disruption regions, we give the following results.

Corollary 4.3. The unique equilibrium solutions under SS model satisfy the following results

Cj;gf)g > qy, if Aap > (1 —=b)ey,
qff)g = qZ‘Ov if _(1 - b)cs < Aap < (1 — b)Cu
@5 <a, if  Aap < —(1-b)cs.

Corollary 4.3 presents that manufacturer ¢ should increase the extra trading quantity Aq(Aap,c,)when the
demand increases greatly, i.e., Aap > (1 — b)c,; and lower the total trading quantity |Ag(Aap, —cs)| when the
demand decreases greatly, i.e., Aap < —(1 — b)cs. At the same time, we find there is a robust region for the
manufacturer’s production plan. That is, when the disrupted amount of market demand is sufficiently small,
i.e., —(1 =b)es < Aap < (1 — b)ey, each manufacturer will not change her production plan because of the
introduce of deviation penalties. The production plan for the changed amount of —(1 —b)cs < Aap < (1 —b)ey,
has robustness for both disruption types. In addition, with the changed demand, each manufacturer should
adjust her unit wholesale price, and increase the unit wholesale price when the demand increases, or lower the
unit wholesale price when the demand decreases.
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4.2. NN model: Information sharing in neither supply chain

In this subsection, we assume that both manufacturers do not know the real disrupted demand type, D, where
D = H, L. Each manufacturer should charge her retailer with a unit wholesale price, which does not depend on
the disrupted demand type. Therefore, we assume that the unit wholesale price charged by manufacturer 7 is
denoted as w;. At the same time, the wholesale price of manufacturer i cannot be observed by manufacturer j.
Since each retailer knows the disruption type of market demand, D, in anticipation of the retail price (p;p)
decided by retailer j, the profit function of retailer i is same as that in SS model, except that w;p is replaced
by w;. The optimal retail price and the order quantity of retailer i are denoted respectively as follows:

DiD = (a+AaD + bﬁjD +U~)i)/2 and qip = (a—i—AaD + bﬁjp — ﬁ)Z)/Q (4.2)

For the problem of each manufacturer, the unit wholesale price of each manufacturer will be independent of
the demand type since she does not know the real disrupted demand type. Therefore, the expected profit of
manufacturer ¢ can be written as

max 1Y (0:) =Y p=p..Bpl(@i — ¢)Gip — cu(dip — 4))" = cs(¢f — Gip) ™), and i =1,2. (4.3)
Let w3V, pNV,gNY be the equilibrium wholesale price, retail price and order quantity under the demand
type D, respectively, where D = Hor L and ¢ = 1 or 2. Since the decision of manufacturer ¢ is independent of
the demand type, the unit wholesale price can be denoted as wN N = %IN = w%N .

From equations (4.2) and (4.3), we can derive the following results.

Proposition 4.4. When neither supply chain has information sharing, the unique equilibrium solution, denoted
as (W, gNN),i =1,2, and D = H, L, can be denoted as follows.

aY = q? 4+ Aq(Aap, cu) + dnn(Aap, Br)
(i) If Aap > 1—_2[251{5 + (2 — b)cy, we have { ~NN 286

9 Wy = wf +Aw(AaL,cu)+4_3b~
NN _
. 1- &L =45
(ii) If [QﬁHd +(2-0)Ac] < Aar, < —[25}1(5 + (2 — b)ey], we have
2 — _NN ACLL
Wp' =W+

1—b

1-0 GNN — g0 1+ Ag(Aap, Ac) + dnn (A
AaH?ﬂ[—QﬁuH-(Q—b)Ac] 4;ip q) + Aq(Aap, Ac) + onn(Aap, Br)

iii) I B we have GNN — 0 2Bnd
o Aag, < ;—:Z[mﬂ (2 - b)Ad, Wip: = wi + Aw(Aag, Ac) +
CLIYLIN =q
~NN _ o 4
(iv) If ;—:Z[—%Lé (2 - b)es] < Aag < ;—b[ 2680 + (2 — b)Ad], we have { HL T LT 2.
oYY = w? + l ilz

@Y =4 + Aq(Aap, —cs) + dnn(Aap, Bu)

280

4-3b

The common-used functions are given in Appendix B.1. To better understand relationship between the ordering
decisions and the corresponding disruption regions, we give the following corollary.

(v) If Aag < ;—:Z[—QﬁL(S — (2 =b)cy], we have

wﬁj\’ = w{ + Aw(Aar, —cs) +
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Corollary 4.5. The unique equilibrium solution under NN model satisfies the following

1-b 1-9b
ayN >q¢, if Aayg > 2—[ 2006+ (2 — b)Ac] a¥N > q¢, if Aap > —2_b[25H5+(2—b)cu]
1-9b 1-0
AN <q, if Aap < 2—[ 2185 — (2 —b)es] MY N <2, if Aag < 52610 + (2= D) Ad
Q%IN = qy, otherwise qiL =q7, otherwise.

(4.4)
Unlike SS model, the change of the order quantity is closely dependent on disruption type. In the high disruption
type, we will obtain the following insights based on Corollary 4.5. When the demand decreases greatly, i.e.,
Aag < (1 = b)[-26Ld — (2 — b)es]/(2 — b), manufacturer ¢ will decrease the extra trading quantity with the
amount of (|Aq(Aap, —cs) + dnn(Aap, Br)|). When the market demand increases greatly, i.e., Aag > (1 —
b)[—28L0+ (2—b)Ac]/(2 —b), manufacturer ¢ will increase the extra trading quantity, which is depending on the
level of the disruption. Meanwhile, there also exists a robust region for the production plan of each manufacturer
when the changed demand is located between these two threshold values. Similarly, we can obtain the changes
of the production quantity /order quantity for the case of the low disruption type.

4.3. NS model: Information sharing only in chain 2

In this subsection, we assume that the information on the disrupted demand is asymmetric in chain 1, that
is, manufacturer 1 does not know the real disrupted demand type D and charges the unit wholesale price as w1,
while the disrupted demand information is symmetric in chain 2. In anticipation of the retail price (pap) of
retailer 2, the profit function of retailer 1 is the same with that in SS model, except that 1 p is replaced by ;.
Consequently, the retail price and order quantity of retailer 1 can be denoted as follows, respectively,

PiD = ((Z-I-A(ZD + bﬁgD +11~)1)/2 and qQip = (a-l—A(lD + bﬁQD — @1)/2 (45)

Sine we assume that the manufacturer and the retailer of chain 1 respond directly to the retail price of the
competing supply chain, we can derive the following profit for manufacturer 1 in anticipation of the retail price
(p2p) of retailer 2 for each disrupted demand type (D).

maXﬁ]\I\éf (U~}1) = szHyLﬁD[(ﬁJl - C)QﬁD - Cu(dlD - QT)+ - CS(QT - 51D)+]- (4'6)

In chain 2, the information of the disrupted demand is known to manufacturer 2, therefore, the profit function
of manufacturer 2 should be

max IT3}5 (W2p) = (Wap — €)Gop — culGep — 43)" — cs(q8 — Gop) ™ (4.7)

For NS model, it is difficult to give the analytical solutions for all disruption cases, and we just present the
disruption cases with the production quantity of chain 2 being larger or lower than the normal production
quantity, i.e., g5 > S or G5 < ¢5. From equations (4.6) and (4.7), we can derive the following

Proposition 4.6. For NS model, based on qu > g5 or q2D < q3, the unique equilibrium solution, denoted as
(w3, gNF) and (w5, ¢y with D = H, L, can be written as follows.

. 2(4 — 3b)Bud
(i) If Aar > 332 (1- b)cuz, we have
(4—3b
q{VDS = Q1 + Aq(Aa/D,Cu - é) ) Aa/DvﬁH)
. 2016
NS _
W' = w§ + Aw(Aar, c,) + 1-%

; {déVDS = ¢§ + Aq(Aap,c,) + dns(Aap, Br)
an B
wéVDS - 'U}2 + AU)(A(],D, Cu) + 25NS(AG'D7 51‘1)
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b(4 + 3b)5

_ 2(4 30”60
(38— 302)(1+b)

(ii) If max{A(BH,cu),(1—b)cy,} < Aar, < FRETY

) (4430)5 _
A =+ gy e = i

+(1=b)c, and Aay > +(1=b)cy,

we have , )
- 4+ 3b)Aar, + be
NS _ .0 u
R 1302
~ 2+b)(4—3b) -
J @5 = a8 + Aqns(Aar, cu) — %(MﬂAap,O)
an
~ 2+0b)(4—3b) -
w35 = w§ + Awns(Aar, cy) — %5NS(AaDaO)-

2088 (4 —3b%)c, — bAC

(iii) If — < Aap, <max{A (B, cu), (1 —b)cu}

8 — 3b2 4+ 3b )
2066 (4 —3b%)c, — bAc
Aayg > ,
and Aagy 5312 42+ 3
- 4 — 3b%) -
q{VDS = qtl) - %6NS(ACI’D7§H) + B(Cu, AC)
we have

266
w{\/s — U)? —+ 4?—1—131) + C(AQL,C’IMAC)

{ @5 = ¢S + dns(Aap, Bu) + B(Ac, cy)
and

W)y = w§ + 26ns(Aap, Br) + C(Aap, Ac, cy).

() 1 min{= (1= b) o Al=B.—c.)} < Aag < 2020 (W )es thde

) 8 — 3b2 4+ 3b
2Bus (4 —3b2)cs + bAC
d Aagp < — _ ,
e T A+ 3
- 4 — 3b%) -
ay =at - (71))5NS(A(1D»5H) + B(—cs, Ac)
we have

2850
oS = w§ + 4€H3b + C(Aay, —cs, Ac)

{ @5 =¢85 + dns(Aap, Bu) + B(Ac, —cs)
and

w5 = w§ + 26ns(Aap, Bu) + C(Aap, Ac, —cs).

_ 2

and Aap, < —

—(1=0)es € Aag < min{—(1 —b)cs, A(—fL, —cs)}

b(4 + 3b)5
——— — (1 —b) cs,
R
. _ 44 3b)6

. Q1HZQ?§Q{VLS:(JT—(_72
we have

4 Aapg — beg
4 — 3h?
- 2+b)(4—3b) <

4 @35 = a8+ Aqns(Aay, —cs) + %@VSMAGD,O)

nd 4 (2434 - 30)
b

Wy :w§+AwNS(AaH,—cs)+ (SN,Sl(AaD,O).
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. 4—3b%)BL6
(i) If Aag < — 2 - Sb)fL — (1= b)es, 2
_ 4 —3b%) -
a5 = ¢ + Ag(Aap, —c;) — %5NS(AGD,ﬂH)
we have 5
2
=w§ + Aw(Aay, —cs) + 4ﬂ_H3b

@5 = q8 + Aq(Aap, —cs) + dns (Aap, Bu)
and )
w5 = w§ + Aw (Aag, —cs) + 20ns (Aap, Br) -

The common-used functions are given in Appendix B.1. From Proposition 4.6, there is no difference for the unit
wholesale price between the high and low disruption types since the demand information is not shared between
retailer 1 and manufacturer 1. However, manufacturer 2 can provide the more specific and targeted schemes to
her retailer.

According to Proposition 4.6, we can derive the following

Corollary 4.7. Based on c}'éVDS > g5 or c}'éVDS < g8, the unique equilibrium solution under NS model satisfy the
following

(i) For chain 1, we have
(a) GV > qf for Cases (i)-(iv) and %% > ¢f for Case (i); (b)  GN7 = qf for Case (v) and GN° = qf
for Case (ii); (c)  GN7 < qf for Case (v1) and GV > ¢¢ for Cases (iii)—(vi).

(ii) For chain 2, we have
(a) G5 > g8 for Cases (1)—(iii); (b) G5 < ¢S for Case (iv)—(vi).

Corollary 4.7 also presents how the disruption degree affects each manufacturer’s production plan. Meanwhile,
we also find that when the production quantity of chain 2 is larger or lower than the normal production quantity,
the production plan of chain 1 also show its robustness for both disruption types.

5. THE INFORMATION VALUE OF COMPETING SUPPLY CHAINS

Based on three information sharing scenarios investigated in Section 4, here, we will further study how the
information sharing in one chain affects the decisions of the this chain as well as the rival chain. The Propositions
in this section give the theoretical analysis on the information sharing in terms of two sides. That is, one side
is the direct effect of information sharing on supply chain itself and the other side is the spill-over effect on the
rival chain. It’s important to note that it is very difficult for us to conduct a comprehensive analysis and research
for all disruption cases. Here, we just present some comparison among these three models when the disruption
amount is large enough, while the rest of comparison will be presented as numerical analysis.

The following Propositions 5.1 and 5.2 give the comparisons of the optimal wholesale/retail price and order
quantities among these three models under the condition that the changed amount of disrupted demand is large
enough.

an2
Proposition 5.1. When the disruption amount is large enough, i.e., Aay, > W +(1=b)ey or Aag <
_ 2(4-3b%)BLé

sz — — (1 = b)cs, we have
=55 < ~NS =55 ~ ,~NS ~NS < =SS ~NS ~ =SS
) Wy = Wigy, Wy 2 Wajy wyp = Wip, War, 2 Wy ‘ o ‘ ‘
(1) and (the information is changed in chain 1);
~NS SNS 5 5SS NS ~ =59

~SS < ~NS =SS
Dim 2 P Do 2 Do D 2 DiLs Par, 2 Pap
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~NS < ~NN ~NS _ ~NN ~NN _ ~NS ~NN ~ ~NS

. Wy 2 Wopr » Wiy = Wiy Wiy = wip, Wop© 2 Wy ) o ) ‘

(ii) and (the information is changed in chain 2).
SNS < NN NS ~ NN NN~ NS NN < sNS
DoF 2 P2 > Pigr 2 Pin PiL 2 Pip s Par 2 Paf

From Proposition 5.1, regardless of whether the rival chain has information sharing, we find the following
results when the disruption amount is large enough. In the high disruption type, the information sharing of
one chain can result in the higher wholesale prices and the higher retail prices for both chains. However, in
the low disruption type, the information sharing of one chain will decrease the traded wholesale prices for both
chains. For both disruption types, we can give the following explanations: in the higher market demand, it could
actually be very profitable for the manufacturer by increasing the unit wholesale price. In the lower market
demand, the manufacturer will decrease the unit wholesale price when she knows the real information of the
disrupted demand, which can secure the retailer’s cooperation in the low-disruption type.

2
Proposition 5.2. When the disruption amount is large enough, i.e., Aay > % +(1=b)cy, or Aag <

_2(4—3b%)Brs

Y (1 — b)cs, we have the following,
| @ = @E B < g ‘ ‘ S
(1) (the information is changed in chain 1);

~SS ~ ~NS ~SS ~ ~NS
@r Z O &L S Gor

@u = G i <
(ii) (the information is changed in chain 2).
G = a0 ay <ay
When the disruption amount is large enough, Proposition 5.2 implies the following the managerial insights:
in the low disruption type, whether the competing supply chain has information sharing or not, information
sharing in one supply chain can stimulate its retailer to order more products, but reduce the rival retailer’s
order quantity. In the high disruption type, on the other hand, we can also find that whether the competing
supply chain has information sharing or not, the information sharing in one supply chain can result in the less
order quantity for its retailer, but it will increase the order quantity of the rival retailer.
2(4—3b%)Bus

Proposition 5.3. When the disruption amount is large enough, i.e., Aa > =55

_2(4—3b%)BL8
8302

7SS TNS 77SS rTNS
() {HMI Z HMI’ HM2 = HM2
1

+(1=b)cy, or Aag <
(1 —b)cs, the profit of each player will satisfy the following

~ ~ ~ ~ (the information is changed in chain 1);

IR > IIEY, Mgy < 155
) {Hﬁf=ﬂﬁff, 353 > Iy ‘ o R
(ii ~ ~ ~ ~ (the information is changed in chain 2).

IR > IR, TRs < ITR5Y
According to Proposition 5.3, when the disruption amount is large enough, the information sharing in a supply
chain will do better to the manufacturer, but at the expense of sacrificing the retailer’s interest. For example,
155 > NS and IT NS > ﬁgf implies that information sharing in chain 1 benefits manufacturer 1 but
hurts retailer 1, while 17835 > IINY and TN > ITNS implies that information sharing in chain 2 benefits
manufacturer 2 but hurts retailer 2. In addition, we also find that information sharing of one supply chain
may bring benefit to the players in the rival supply chain. For example, 1} ]*\352 > 11 ﬁg implies that information
sharing in chain 1 will do good to the manufacturer in chain 2, while I7 25> II N (1~Y NS> I NN implies that
information sharing in chain 1 (2) will do good to the retailer in chain 2 (1). In the following, we will study
the effect of information sharing in one chain on the performance of both chains. Here, we let II¢; be the total
profit of supply chain 4, that is, IIc; = ITng + Hpiwith i = 1, 2.
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2
Proposition 5.4. When the disruption amount is large enough, i.e., Aay, > 2(43’% +(1=b)cy or Aag <

_2(4-3b%)BLd _

T (1 —b)cs, the profit of each supply chain will satisfy the following

03P > 15N > g7,
i if  0<b<1-—+/3/3;

NN N
gy > g3 > gy,

IS > IES > I3y, if 1-V3/3<b<2V3-3/3
W ;s> mys > nyy, i /B Vas<h<l

8§ >IN > 1Y, if 1-V3/3<b<\/2-2V3/3

1025 > 153 > I8y, if  (/2—-2/3/3<b< 1
From Proposition 5.4, we can derive the following managerial insights.

(1) When the competition between both chains is low enough, i.e., 0 < b < 2y/3 — \/5/3, we have Hévls > Hgf

and Hg*g > Hé\gs with the changed information in chain 1; HgQN > Hé\gs and Hgls > HglN with the changed
information in chain 2. It implies that information sharing in one supply chain will make this chain worse off,
but make the rival chain better off, regardless of whether the information is shared in the rival chain.

(2) When the competition becomes more intense, i.e., 21/3 — \/5/3 <b<4/2—2V3/3, we have 1157 > 1IN
and Hg‘g > Hé.vzs with the changed information in chain 1; and HévQN > Hé.vzs and Hé.vls > Héle with the
changed information in chain 2; It implies that information sharing in one chain will be beneficial to both chains
when the other supply chain also has the information sharing. On the other hand, information sharing in one
chain will make this chain worse off, but benefit the rival chain when this rival chain has no information sharing;
(3) when the competition between chains becomes very fierce, i.e., 1/2 — 2\/3/3 < b < 1, we have Hgf > Hévls
and Hg*g > ngswith the changed information in chain 1; and Hévls > H(Ijle and ngs > HéVQN with the
changed information in chain 2. Namely, the information sharing in one chain will be beneficial to both chains
regardless of whether the disruption information is shared in the rival chain.

From the above analysis, it is not necessarily true that information sharing is better for this chain and worse
for the rival chain. In some cases, the performance of the decentralized supply chain may become worse off if
the information of disrupted demand is shared in this chain. For example, when the competition between both
chains is very low, the direct effect of information sharing on one chain is negative, and its spill-over effect
on the rival chain, however, is positive. Due to the symmetry of both chains, we can also draw the conclusion
that one chain with information sharing sometimes performs worse than the rival without information sharing.
Compared with existing literature, the effect of double marginalization in the decentralized supply chain may be
enlarged when considering both the competition and information sharing. For Bertrand competition, the effect
of the double marginalization can make the chain less aggressive under the condition of information sharing,
while it can make the rival chain more aggressive.

In addition, when both chains have the same information structure, we have: (i) When 0 < b < 1 —+/3/3, we
have TYN > 57 and IEN > 1155 (ii) when 1 > b > 1—+/3/3, we have 135 > YN and 1155 > AN . That
is, when the intense of the competition is high (low) enough, the performance of each chain with information
shared in both chains will be larger (lower) than that with information shared in neither chain. When the level
of competition between both chains is larger than a threshold, the distortions of production quantity in the
decentralized operation will result in the market output much smaller than the monopoly quantity. Meanwhile,
no information sharing in each chain will further aggravate the effect of double marginalization. That is to
say, the player’s relative cost structure under no information sharing is distorted by the transfer price, which
results in less profit for whole chain. However, when the level of competition is low enough, we can draw
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a completely opposite conclusion, which looks counterintuitive. In fact, when the product substitutability is less
than a certain threshold, the distortions of production quantity in the decentralized operation will result in the
market output closer to the monopoly quantity, and information sharing will aggravate the effect of the double
marginalization.

6. NUMERICAL EXAMPLES

In this section, we are interested in the effects of different information scenarios and system parameters on the
decision and performance of each player. The numerical comparisons illustrate how both information sharing
and the demand disruption affect the decisions and expected profits of the players in both competing chains. In
the following examples, we assume that the default values of parameters in the model are given as follows:

a=30, ¢=10, ¢, =5, ¢s=2, b=05 =04 and Aa;=>5.

For the high-disruption type, the following Figures 1 and 2 illustrate how three different information scenarios
affect the order quantity of each retailer and the unit wholesale price of each manufacturer. From both figures,
we find that the increase of high-disruption demand will obviously result in the increase of order quantity for
each information scenario, while it will also promote both manufacturers to raise their unit wholesale prices.
Meanwhile, in the high- disruption type, information sharing yields the less order quantity for the retailer
(GN7 = @75 or g > gl7), but promotes the rival to order more items (7 < gygor g7 = GNY). From
the perspective of the manufacturers, information sharing of one supply chain will increase not only the unit
wholesale price in most cases, but also the unit wholesale price of the rival supply chain. That is, under the
decentralized operation, sharing information can make the manufacturer obtain more profit by providing a
higher unit wholesale price. In addition, among these three information sharing scenarios, we also find that the
asymmetric information under NN model will induce each manufacturer to reduce her unit wholesale price to
her retailer, which in turn will yield a higher traded quantity between the manufacturer and her retailer.
However, for the low-disruption type, Figures 3 and 4 give the some different managerial insights. First, under
the asymmetrical information, the retailer will reduce his order quantity for the low-disruption type even if the
amount of the low disrupted demand remains a constant, see the order quantity of retailer 1 in both NS and NN
models and the order quantity of retailer 2 in NN model. However, retailer 2 in NS model will increase his order
quantity for the low-disruption type when the information of disrupted demand is shared with the manufacturer.
That is, the decease of order quantity in chain 1 due to the asymmetrical information will increase the order
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FIGURE 1. The decision of channel member in chain 1 with the high-disruption type.
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Fi1GURE 3. The decision of channel member in chain 1 with the low-disruption type.

quantity of the rival supply chain. In addition, in SS model, the retailer’s order quantity in the low-disruption
type is independent of the demand amount in the high-disruption type due to the symmetrical information
between the manufacturer and the retailer.

Second, in the low-disruption type, the unit wholesale price under the information sharing in both chains is
always lower than the other two information scenarios. Meanwhile, it is also independent of the demand amount
in the high -disruption type. From Figures 3 and 4, the information sharing in chain 1 can reduce the wholesale
prices of both supply chains. Differing with the high-disruption type, the manufacturer should decrease the
unit wholesale price under the symmetrical information to secure her retailer’s cooperation when the disrupted
demand in the low type. In addition, the information sharing in chain 2 will reduce its traded wholesale price,
but it may increase the wholesale price of chain 1, see the robustness scale of the demand disruption in Figure 3.
On the other hand, the information sharing in a chain can promote its retailer to order more items (Q{VLS < quLS or
G < @), but induce the rival retailer to order the fewer items (57 < g or ¢v° < @VN) regardless of
whether the rival chain has information sharing.



INFORMATION SHARING FOR COMPETING SUPPLY CHAINS WITH DEMAND DISRUPTION

116

795

41 ]
~ F
5 405k —0o— S8 J o 114 o z: -
: i =
| [E®eeNNyp #” = 412 —_——
;t 401 ] R SRCLEEEEEES - - E‘ e T T —
E B g=—To 5 — 5 e o — o — & — 4
s 305f . g ] .
8 & E :
=} 10.8 - 1
; 39t i ‘E’ .
E ’ E 106 ’
£ 2 & . .
£ ®s > ] B “w
g 5 104 E -
'§< 38l o g 8 B
g # B102 wu, B
2 ‘ g :
L 375 o —— k|
kel N R L 10 e L CEEEEEEE [ SRR -
= G e ]
8 ag=—"9 & e o - o o -0 4 i s
o = ) .
£ c k
36.5 L 7 I 1
o 5 . 10 . . % 20 [} 5 10 15 20
The gap between ihe high and low disruption amourns The gap between the high and low disruption amornts
FIGURE 4. The decision of channel member in chain 2 with the low.
480 E
ag0f 1 e
o_ S8 pé po. —r) Py
460 - — NS v 1 — — NS /
---®--- NN o ---5¢--- NN P
a0l ra -3 o a0 9
Z o T
£ 3
£ az0p ~ 2 {1 & 0 ]
: P :
E 400 = /'w/ E § 400 - E
= -~ i o S
& 4 &
£ ae0f /6;_/~ g "é aso ]
E P ]
g w0 7 1 g *0 i
g & &
2 340 = E @ 340 E
B ﬁ% &
320 // 4 a0} 4
300 .~ E 200 i
20 0 10 15 20

5 - 10 - - 15 5
The gap between the high and low disruption amounts The gap between the high and low disruption amounts

FIGURE 5. The expected profit of each manufacturer under three information sharing scenarios.

In the following, we will investigate how information sharing and the disruption affect the performance of
channel members as well as both supply chains.

From Figures 5 and 6, with the increase of the high-disruption demand, each channel member will expect
to obtain more profit. In addition, by comparing of these models, we also draw the conclusion that each
manufacturer will always obtain more expected profit if one chain has information sharing. In fact, according
to these two figures, the information sharing in one chain will benefit not only the manufacturer in this chain
(I35 = 7 or OS5 > IINY), but also the rival (1155 > IS or ITYY > YY), On the other hand, the
information sharing can cause damages to the retailer in this chain (1157 < I8 or IT5y < ITR}Y), while it will
benefit the rival retailer (I7 gg > 1T gzs or I gls > 11 11%/1N ) regardless of whether the rival chain has information
sharing or not.

From Figure 7, we find that when the parameter ¢ is low sufficiently, information sharing in one supply chain
has a very small impact on the expected profit of each chain. From Figure 7, we have Hgf < Héle < Hgls
for chain 1. That is, information sharing of chain 1 can make this chain worse off; while information sharing
of chain 2 can do good to chain 1. Meanwhile, the expected profit of chain 1 under information sharing in
both chains is less than that under information sharing in neither chain. Moreover, with the increase of high-
disruption demand, the effect of information sharing will become more evident. However, for chain 2, the more
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F1GURE 7. The expected profit of each supply chain under three information sharing scenarios.

complex phenomena will be found when the high-disruption demand increases. When the parameter ¢ is higher
than some value, we always have IT15; < 1125, while I157 < IIY7?. It implies that under the condition that
the information is shared in chain 2, the information sharing in chain 1 will do harm to chain 1, but do good
to chain 2. In addition, with the increase of the high-disruption demand, we also find that the profit of chain 2
under NN model is changed from the lowest records to the highest records. It implies that no information sharing
will bring the total supply chain more expected profit by decreasing the expected profit of the manufacturer
but increasing the information rent for the retailer.

7. CONCLUSIONS

Disruption and the related risk management are major topics in the field of supply chain management and
its applications. Our paper investigates the equilibrium decisions of two competing supply chains with the
retailers engaging in Bertrand competition when the market demand is disrupted. Unlike the existing literature
on disruption management, we assume that the retailers have the private information on the disrupted market
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demand. Both retailers compete directly in the same retail market and both manufacturers compete indirectly by
making information sharing and wholesale pricing decisions to influence the retailers’ competition. We consider
three possible information sharing scenarios, i.e., information sharing in both chains, information sharing in
only one chain, and information sharing in neither chain. We present the major content and the corresponding
managerial insights as follows.

(1) Major content
(O For each information sharing scenario, we derive the retailer’s optimal pricing strategy and then formulate
the contract design problem for each manufacturer.
(O We compare analytically and experimentally these information sharing scenarios in terms performances
of each player and supply chain.
(O We explore the characteristic of each player’s equilibrium policies and study how information sharing
affects the decision behavior of each player, and investigate the value of information sharing.

(2) Managerial insights
(O There exists robustness for each manufacturer’s production plan when the demand is disrupted, and the
contract menu provided by each manufacturer will be changed with the level of disruption.
(O In most cases, the asymmetric information can distort the manufacturer’s original production plan and
the unit wholesale price, which may further cause the channel’s performance loss. However, the information
sharing in the low disruption type will decrease the unit wholesale prices for both channels.
(O By comparing these three information sharing scenarios, we find that vertical information sharing has
direct effect in one chain, but also has indirect effect in the rival chain.
(O We find that information sharing in a supply chain will do better to the manufacturer, but at the ex-
pense of sacrificing the interest of her retailer. Meanwhile, information sharing in one chain may bring
benefit to both players in the rival supply chain.

Since disruption management with asymmetric information is a relatively new area of supply chain, there
are many research opportunities. There are several extensions of this work that our research could continue.
First, our analysis might have some limitations: the decentralized decisions of the players are studied for each
supply chain, and it would be meaningful to introduce other contracts to reveal private information of disrupted
demand as well as to achieve channel coordination. Second, it would also be interesting to see how our results
may change when the wholesale price w; in supply chain ¢is observable to retailerjin the competing supply
chainj, who would then attempt to infer from w; the disrupted demand signal that is being shared between the
retailer and the manufacturer in supply chain ¢. Third, a particular demand function is assumed in our paper
and that the cross-price effect is symmetric for analytical simplicity. While this demand function has been
used widely in existing economics and operation management literatures, one can study whether the qualitative
implications can be generalized to other demand functions. Finally, the disrupted amount of the market demand
is assumed to be two-type random variable in our paper. However, it would be challenging but beneficial attempt
to investigate how each manufacturer designs an incentive mechanism when other general assumptions on the
disrupted amount are used.

APPENDIX A.
The most-used functions in the paper are presented as follows:
0=Aag — Aar; Ac= Puc, — Pres;  Aq(Aap, )= (Aap — (1 —b)é)/(4 — 3b);

2(1 -b)[(ap —ar) — Bu(am —ar)]
(2 —b)(4 — 3b) '

Agys(Aap, &)= (1 +b)Aap — (1 —b%)8) /(4 — 3b%);  Awns(Aap,E) = (2(1 +b)Aap + (2 — %)) /(4 — 3b7);

Aw(Aap,é) = (2Aap + (2 — b)) /(4 — 3b);  dnn(Aap, Br) =
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2b[B(ay —ay) — (ap —ag)].

(4 —3b)(8 — 3b?) ’
2(4 —3b%)Bpd . (4 —3b*)Ac — b

2b[3(ay —ar) — (an — ap)]
(4 —3b)(8 — 3b2) ’

(4 +3b)Aap + bé — (4 — 3b*) Ac.

Sns (Aap, B) = ons1(Aap, ) =

A(Bp,¢) = ;. B(¢ Ac) =
(Bp,¢) 8 — 312 4+ 3b » B(E A 16 — 9b2 :
i 2(4 + 3b) Aap + 2bé + (8 — 3b2) Ac
C (Aap, ¢, Ac) = ( ) D16—9b2( JAc

APPENDIX B.

B.1. Proof of Proposition 4.1.

Under information sharing in both chains, each manufacturer can obtain her channel profit by setting the
unit wholesale price as W;p = ap + bp;p — 2¢;p. Here, we assume that ¢, < ¢ when Aap > 0, then we have

i (Wip) = (@ip — ) @ip — ¢ (4 — @ip)

= (ap +bpjp — 2G;p — ¢) &;p — ¢s (47 — Gip)

= (a+bpjp — 2¢;p — ¢)@;p + Aap - §;p — ¢s (4f — Gip)

<(a+bpjp —2¢; —¢) ¢} + Aap - ¢7 — cs (7 — q7)

= i (47) -

The inequality holds because the function (a + bp;p — 2¢]p, — ¢)d;p is concave and increasing with ¢/, when

4ip < 47, and Aap - ¢ip < Aap - g. Therefore, the optimal trading quantity (Gip) is not the optimal solution

of Iy (Wip), which is contradict with our assumption. Therefore, when Aap > 0, we have ¢/, > ¢f.
Similarly, we can show that when Aap < 0, we have ¢, < ¢f.

B.2. Proof of Proposition 4.2.

Equation (4.1) can be transformed into the following two cases equivalently.

max 115} (Wip) = (Wip — ¢)dip — cu(@ip — ) (B.1)
Gip—q; =20
and -
max {L‘Efj (wip) = (Wip — ¢)Gip — ¢s(q — Gip) (B.2)
¢ — ¢p = 0.
The KuhnTucker condition of equation (A.1) is
oL} 4,9 —a@) _
O0w;p 0w;p
w(@ip —qf) =0 (B.3)
p =0
QiD - qzo > 07

where p is the optimal Lagrangian multiplier. Solving equation (A.3), we obtain the following cases.

When Aap > (1 —0b)c, it means that the Lagrangian multiplier ¢ = 0 By differentiating the expected
profit of manufacturer i , we can derive that UUZSDS = (ap + bﬁijS +c+cey) / 2. Then the optimal production
quantity and the unit wholesale price can be denoted as §;5 = ¢¢ + Aq(Aap, ¢,) and @55 = w? + Aw(Aap, ),
respectively
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When 0 < Aap < (1 —b) ¢, it means that the Lagrangian multiplier 4 > 0 which implies that ¢;p — ¢? = 0.
From the first order condition of the expected profit, we can derive that UUZSDS = (ap + bﬁéVDS +etcey—A) / 2.
According to the KuhnTucker condition, we have ¢ = ¢fand w55 = w¢ + Aap/ (1 — b)

Similarly, when Aap < — (1 —b)cs, we can derive that @55 = (ap + bﬁj-VDS +c— cs)/2. Therefore, the
optimal solution of (B.2) can be denoted as follows: G55 = ¢¢ + Aq (Aap, —cs) and 055 = wf + Aw (Aap, —cs)

When —(1 — b)es < Aap < 0, we can derive that 1I)ZSDS = (ap + bﬁévDS +c—cs+ )\)/2. Then, the optimal
solution of (B.2) can be denoted as ¢35 = ¢¢ and w55 = w¢ + Aap/ (1 — b)

Combining two cases, we can obtain the conclusion of Proposition 4.2.

B.3. Proof of Proposition 4.4.
Similar to proof of Proposition 4.2, equation (4.3) can be transformed into the following four cases
max TN (@) = Bl(w; — )G — cul(Gin — q2)) + (1= B) (@i — )Gir, — cul(Gir — q?)]
Gir —q; 20 (B-4)
Gir —q§ =2 0;

max [T N (@;) = B(W; — ¢)Gin — culGin — a2)] + (1 = B) [(@; — ¢)aiz — cs(q? — i)
max T (W) = B[(W0; — €)@imr — ¢s(q) — Gim)] + (1 = B) [(Wi — ¢)Gir, — ¢s(¢f — Gir)]

max I N (0;) = B[(w; — ¢)Ginr — cs(qf — Girr)] + (1 — B) [(W; — €)Gir. — cu(Gir, — )]
4 — qim 20 (B.7)

Note that equation (B.7) means that ¢z > ¢? > ¢;zr. From these conditions, we can draw the conclusion that
Aapy < Aay,. Therefore, it should be removed.
The Kuhn—Tucker condition of equation (B.4) is

oryy O(Girr — q?) o(Gir — q7)
1 3 )\ 1
oy, THT 0w, B
M(QZH - qzo) = 07
Mgz —qf) =0, (B.8)

:0’

where pand A are the optimal Lagrangian multipliers. Solving equation (B.8), we obtain the following.
When Aar > [265 + (2 — b)cy](1 — b)/(2 — b), it means that the Lagrangian multipliers ¢ = 0 and A = 0
From the first order condition of the expected profit, we can derive that

W = [Bu (an + bpym) + Brlas +bpn) + ¢+ e /2.
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Therefore, the optimal production quantity and the unit wholesale price should be

QZ%N - q;) + Aq (ACLD, cu) + S(AG/D,ﬁ) and
WY = wf + Aw (Aag, c,) +235/(4 — 3b), respectively

When Aar < [266+(2—0)c,] (1 —0)/(2—0b) it means that the Lagrangian multipliers A > 0 and p = 0
which implies that ¢;;, — ¢ = 0 By differentiating the expected profit of manufacturer ¢, we can derive that
WNN = [By (am +bpjm) + Br (ar +bpjr) + ¢+ ¢y — A]/2. According to the KuhnTucker condition, we can
derive that ¢y = q? + /(2 —b), 3N = q¢ and @7 = w? + Aar/(1 —b)

When A = 0, > 0 it implies that ¢,z — ¢ = 0 and ¢;z. — ¢ > 0 Therefore, we have ¢;g < ¢;, which is
contradict with the assumption of Aay > Aaj. Therefore, this case should be removed.

When A > 0, > 0 it implies that ¢z — ¢ = 0 and ¢;r — ¢7 = 0 For this case, we can obtain that \ 4 pis
equal to two different values. Therefore, this case should be removed.

Proofs of equations (B.5) and (B.6) are similar to that of equation (B.4), and here are omitted.

B.4. Proof of Proposition 4.6.

Similar to the proof of Propositions 4.2 and 4.4, equation (4.6) can be also transformed into four cases
equivalently. Here, we also give the proof for the following case.

max [1375 (1) = B(01 — g — cu(@in — af)] + (1= B) (@1 — )i — cul@riz — a9)]
0 (B.9)
0

Since the solution for NS model is very complex, and we only consider two cases of Chain 2, i.e., G2p > ¢5 and

Gap < q2 Similar to the proof of Proposition 4.2, we can also derive wéVDS =ap + bp +c+ cu/2 for gap > ¢5

and W35 = ap + bpls + ¢ — ¢ /2for Gop < ¢S.
Here, the KuhnTucker condition of equation (B.9) can be denoted as follows.

oIy 0(qi —

o, M ow
p(Gir —aqf) =0, (qir — q7) =0, (B.10)
p=0,A20,

@) | o i) _,

G —q7 20,q1L —q7 2 0.

(1) When Aay, > W + (1 — b)cy, the Lagrangian multipliers g = 0 and A = 0 By differentiating the ex-
pected profit of manufacturer 1, we can derive that w5 = (By (g + bpen) + B (@r + bpar) + ¢+ cu)/2.
When g2p > ¢§, we have wéVDS = (ap + bﬁ{VDS +c+ cu)/2. Therefore, the optimal production quantities
and the wholesale prices are denoted as ¢y = ¢¢ + Ag(Aap,cy) — SNSjAaD,ﬁH)(4 — 36%) [y =
w + Aw (Aar,c,) +2Bud/(4—3b) and @5 = ¢§ + Aq(Aap,cy) + Sns(Aap, Bu), 035 = w§ +
AU)(A(J,D, Cu) + 25N5'(A(ZD, ﬂH)

When Gop < ¢§, we have @)y = (ap + bp}5 + ¢ — ¢s) /2. However, for this condition, we can derive
Gir, > qf and gar, < g9, which will result in the contradiction for the based assumption on disruption scales.
Therefore, this case should be removed.

(2) When AaL < w + (1 —b) ¢y, the Lagrangian multipliers A > 0 and g = 0 which implies that

8—3b?
Giz — ¢ = 0 By differentiating the expected profit of manufacturer 1, we can derive that @wi'% =
ﬁH(aH+bP2H)+5L(2aL+bp2L)+c+cu A When Gp > ¢S, we have wéVDS _ aD+bP1§> teteu  Then substituting
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_ ap+bpdS+alNS _ ap+bpYs+ady -
NSand @5 into ‘Ehe gtsnctlons of pyy = “2Tp 1oL ( ;id P bD = 1 , respectively we can
4+3 =NS _ 4+3b)Aartbew  =NS 2814
de“Ve iy = a4+ s Gip = afs 0 = wi o+ p T Wy = w + Aw (Aar, cu) + 37757,

Gy = a8+ Aq (Aar, cy)— w(f (AaD, 0) and W35 = w§+Aw (Aar, cy)— wé s (Aap,0).
When ¢ap < ¢9, we have wéVDS =ap + bp +c—cs /2 However, for this case, we can derlve qlL > ¢f and
A > 0, which will yield the contradict result for the disruption scales under these two conditions. Therefore,
this case should be removed.
(3) When A =0 and g > 0 it implies that ;g — ¢f = 0 and G;, — ¢¢ > 0 Therefore, we have ;g < iz, which
will result in the contradiction with the assumption of Aay > Aar. Therefore, this case should be removed.
(4) When A > 0 and g > 0 which implies that ¢;ir — ¢¢ = 0 and ¢;z, — ¢¢ = 0 Under this case, we can obtain
that A + p is equal to two different values. Therefore, this case should be also removed.
The rest results can also be obtained by using the similar mathematical deduction, and here is omitted.

B.5. Proof of Proposition 5.1.
Based on the results presented in Propositions 4.2—4.6, we can derive the following:
2(4 — 3b%)Byé
(a) When Aay, > # + (1 —=b)cy,
(1) For chain 1, we have

N - 2(1 - pB)(ag —ar)
aff -ty = 2D )

295 _ gis _ 40— B)(am —a)
W2t T W2H = TRy (8 — 302)

>0,

55 _ gns _ —2Ban —an) _

Wy, — Wi, = 4— 3
5 N —4bB(an —ar)
SS NS __
— 0
WaL WL T g —32) ~
sss _ sns _ 81— f)an —ar) _

Prm = PAH = 3y (8 — 362)

_ _ 6b(1 — B)(am — ar)
S8 SNS
PaH Pog (4 IR 3b)(8 IR 3b2) > 07

~ ~ _85(6[—1 _G/Nl)
SS NS

- = 0
pPiL PiL (1 3b)(8 3b2) <4,

and ~ ~
55  -ns _ —6bB(ag —ar)

bop —P2p = (4— 3b)(8 — 3b2)

<0.

(2) For chain 2, we have
2(1 - B)2 +b)(aw —ar)

ay gy = AT )
. - —2B8(2+0b)(ag —ar
al oy = 22N )

_ _ —B)(an —a
7 - o =
1

>0,

(
s it = et s



802 K. CHEN ET AL.

Ns  -nN _ —2bBlam —ar)

— — PR L g
P =P = s —ae)

and
Ns v~ _ —4B(am —ar)

A G ST FRETE) <0.

(b) When
2(4-3b*)BLS

Aag <
an 8 — 302

— (1= bes,
we have the same comparison results.

Therefore, we can derive Proposition 5.1.

B.6. Proofs of Propositions 5.2 and 5.3.

By performing some algebraic manipulation, we can derive these results.

B.7. Proof of Proposition 5.4

(i) The total profit of chain 1 can be denoted as Iy = g + gy By comparing the total profit of chain 1
under three different information scenarios, we have the following

NS TNN NS TNN .
Hey —1gp =gy — 1R > 0;

=26(1—B) (27b* — 7207 + 32)(ag — ap)?
(4 — 3b2)2(8 — 3b2)2 '

and
—23(1 — B) (3b% — 6b+ 2)(ag — éL)z_
(4 —3b)%(2 —0)?

g - i =
(ii) Comparing the total profit of chain 2 under three different information scenarios, we have

=55 mns _ 128(1—=B)b8 —b—3b)(amw —ar)®
les = ey = (4 —3b)2(8 — 302) ’

—243(1 - B3) (30 — 6b+2)(ag —ar)?
(4—30)%2(2 — b)? ’

and

—20(1 — B) (3b* —12b° + 8)(am —ar)®
(8 = 3b2)2(2 — b)2

rTINS TNN _
HC2 _HC2 -

By performing some algebraic manipulation, we can derive main profit comparison results as presented in
Proposition.
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