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This paper studies the problem of sharing demand forecast information in a closed-loop supply chain with the manufacturer
collecting and remanufacturing. We investigate two scenarios: the “make-to-order” scenario, in which the manufacturer schedules
production based on the realized demand, and the “make-to-stock” scenario, in which the manufacturer schedules production
before the demand is known. For each scenario, we find that it is possible for the retailer to share his forecast without incentives
when the collection efficiency of the manufacturer is high. When the efficiency is moderate, information sharing can be realized by
a bargaining mechanism, and when the efficiency is low, non-information sharing is a unique equilibrium. Moreover, the possibility
of information sharing in the make-to-stock scenario is higher than that in the make-to-order scenario. In addition, we analyze the

impact of demand forecasts’ characteristics on the value of information sharing in both scenarios.

1. Introduction

In the past two decades, numerous manufacturers, such as
Xerox and Hewlett Packard, have engaged to collect and
remanufacture their used products. Economic considera-
tions, societal pressure, and legislation have been recognized
as the main motivation for the manufacturers’ operations
of collecting and remanufacturing. For example, the cost of
remanufactured products is 40-65% less than that of new
products. And legislators of Europe and North America have
started to require manufacturers to collect and remanufacture
its used products through the regulation of Extended Pro-
ducer Responsibility [1]. For the collecting operations, many
manufacturers tend to undertake it by themselves, although
some manufacturers collect their used products by their
resellers or the third party. A classic case is that Xerox collects
their used products through providing prepaid mailboxes
to their consumers, thereby improving the performance of
recovery [2].

For the closed-loop supply chain with the manufacturer
collecting used products, it is difficult for the supply chain
members to make decisions of price and production in
the face of a highly uncertain market environment, due

to the rapid changes in economic and business conditions.
Consequently, supply chain members try to forecast the
market demand by using information technology. For exam-
ple, manufacturers could acquire historical data of the past
three years through the Collaborative Retail Exchange data-
sharing program and convert it into demand information
through the third-party data service provider. After obtaining
demand information, whether to share it generally vexes the
supply chain members. For instance, according to a study
of Forrester Research in 2006, only 27% of retailers among
89 retailers shared the point-of-sales (POS) data with their
manufacturers [3].

In view of the observations from current practice, in
this paper, we mainly address the issues of sharing demand
forecasts in a closed-loop supply chain under two differ-
ent types of production. The first is the make-to-order
scenario and the second is the make-to-stock scenario.
And in each scenario both the members can forecast the
demand in an uncertain market environment. In detail, we
primarily investigate the following questions: when does
the retailer share the forecast information voluntarily? If
impossible, how to design a bargaining mechanism to induce
supply chain members to share information? And how
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TABLE 1: The main research problems of the closed-loop supply chain.

Main problems Publications

Network designing
Remanufacturing operations
Reverse channel designing
Inventory management
Information asymmetry

Zhou et al. [4]; Tokhmehchi et al. [5]

Atasu et al. [6]; Zhou et al. [7]; Wu and Zhou [8]

Savaskan et al. [2]; Savaskan and Van Wassenhove [9]; Atasu et al. [10]; Wu and Zhou [11]
Hsueh [12]; Alinovi et al. [13]; Mitra [14]

Zhang et al. [15]; Li et al. [16]

do the forecast accuracy of supply chain members and
the forecasting correlation affect the value of information
sharing?

This paper is relevant to the literature on the closed-
loop supply chain management. Most researchers focus on
network design, remanufacturing operations, reverse channel
design, inventory management, and information asymmetry,
and the primary studies are illustrated in Table 1. In detail,
with respect to network design, Zhou et al. [4] investigate
an equilibrium model of a closed-loop supply chain network
with multiproducts in a stochastic environment. Tokhmehchi
et al. [5] address the issues of closed-loop supply chain
network design, including plants, demand centers, collection
centers, and disposal centers, through a hybrid approach.
In terms of remanufacturing operations, Atasu et al. [6]
examine the impact of green segments, original equipment
manufacturers’ competition, and product life cycle on the
profitability of a remanufacturing system. Zhou et al. [7]
study the control mode of manufacturing and remanufac-
turing activities for original equipment manufacturers in a
decentralized closed-loop supply chain and find that the
original equipment manufacturers could benefit from the
decentralized control mode. Wu and Zhou [8] investigate
the impact of the entry of third-party remanufacturers
on the original equipment manufacturers and find that
the original equipment manufacturers may benefit from
the entry of third-party remanufacturers. With respect to
reverse channel design, Savaskan et al. [2] first study the
manufacturer’s choices of the reverse channel among the
manufacturer collecting mode, the retailer collecting mode,
and the third-party collecting mode. Similarly, Savaskan and
Van Wassenhove [9] investigate the manufacturer’s optimal
choice of the reverse channel but in a competing case; that
is, the closed-loop supply chain has two retailers. Atasu et
al. [10] further study the same problem under the case of
different collection cost functions. Besides, Wu and Zhou
[11] investigate the manufacturers’ optimal reverse channel
choice from the perspective of supply chain competition. In
regard to inventory control, Hsueh [12] studies an inven-
tory control model for a manufacturing/remanufacturing
system, considering the product life cycle. Alinovi et al.
[13] study the inventory management issue in systems
with both manufacturing and remanufacturing, based on
a stochastic Economic Order Quantity model. Mitra [14]
studies inventory control in closed-loop supply chains with
correlated demands and returns, based on deterministic and
stochastic models. However, researchers conduct the above

studies without the consideration of asymmetric informa-
tion. On the information asymmetry side, Zhang et al.
[15] study the manufacturer’s optimal contract design in
a closed-loop supply chain when the retailer’s collection
cost is asymmetric. Li et al. [16] analyze the same problem
but in a reverse channel; that is, they study the contract
designing for a manufacturer when the collector’s cost is
asymmetric under a recovery regulation. However, none of
the papers examines asymmetric demand information in
a closed-loop supply chain. As a complement, we mainly
study the demand forecast sharing problem in a closed-
loop supply chain with the manufacturer collecting used
products.

This paper also belongs to the literature on information
sharing in supply chains. Most researchers assume that only
the retailer could forecast demand and study incentives for
information sharing in various supply chain structures. For
example, Zhang [17] studies information sharing in the supply
chain with a manufacturer supplying to two competing
retailers. Li and Zhang [18] investigate information sharing
in the supply chain with a manufacturer and » retailers.
Ha et al. [19] study incentives for information sharing in
the two competing supply chains each consisting of one
manufacturer and one retailer. Shang et al. [3] examine the
supply chain with two competing manufacturers supplying
to a common retailer. Furthermore, some researchers assume
that both the manufacturer and the retailer can forecast
the uncertain market demand and conduct the research on
information sharing, which is most relevant to our paper. For
example, Yue and Liu [20] study demand forecasts sharing
in a dual-channel supply chain under the make-to-order
scenario and the make-to-stock scenario. Similarly, Mishra
et al. [21] study demand forecasts sharing in a supply chain
consisting of one manufacturer and one retailer, and they
further design a discount based wholesale price contract
to induce the retailer to share information. Yan and Wang
[22] study demand forecasts sharing in the supply chain of
high-tech industries under the make-to-stock scenario and
design a profit sharing mechanism to induce the franchisee
to share its information. Yan et al. [23] study the value of
manufacturer’s cooperative advertising and the cooperative
advertising’s strategic impact on information sharing in a
dual-channel supply chain. However, none of the papers
investigate the information sharing problem in a closed-loop
supply chain.

The remainder of this paper is organized as follows.
Section 2 presents the model framework. Section 3 analyzes
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TABLE 2: Notations of the closed-loop supply chain model.

Symbols Definitions

The unit cost of manufacturing a new product from raw materials
The unit cost of remanufacturing a returned product into a new one
The unit cost of saving due to the remanufacturing operations

The manufacturer’s collection efficiency

The potential market demand

The price sensitiveness of demand

The final market’s demand

The holding cost per unit of inventory

The shortage cost per unit of exceeding quantity

The retailer’s order quantity

The wholesale price of the manufacturer (decision variable)

The manufacturer’s collection rate of used products (decision variable)
The retail price of the retailer (decision variable)

O 4 88 © S TS D> PO

The manufacturer’s output in the MTS scenario (decision variable)

the production mode of make-to-order. Section 4 analyzes  the collection rate can also be interpreted as the fraction of
the production mode of make-to-stock. Section 5 concludes ~ current generation products remanufactured from returned
the paper. units. As a result, the average unit cost of manufacturing can
be written as (1-7)c,,+7c, or ¢,,—TA. We analyze the decisions
of the closed-loop supply chain in a single-period setting. The
notations of the closed-loop supply chain model are shown in
Table 2.

Because the market demand is uncertain, referring to Yue
and Liu [20] and Mishra et al. [21], we further assume ¢ =
¢+, where ¢ represents the mean of primary market demand
turer, on the one hand, produces products by using raw andsrepres.ents the u'ncertainty of'the.market. 'Besides,sisa
or remanufacturing materials and sells them to consumers ~ random var 1ab1§ and is normally distributed with zero mean
through the retailer. On the other hand, she engages to ~ and variance og. In spite of this, the uncertainty demand
collect used products and remanufacture them into new — ¢an be forecasted by firms through analyzing historical data
products. We assume that the unit cost of manufacturing and other methods. We, therefore, assume the manufacturer
a new product directly from raw materials is ¢,, and the and retailer, respectively, have access to demand forecasts
unit cost of remanufacturing a returned product into a new ~ f and f,. Moreover, f; = ¢ + ¢ (i = m,r), where ¢,
one is ¢,. Moreover, let A represent the unit cost of saving and ¢, represent the forecast error of the manufacturer and
due to the remanufacturing operations. Therefore, we have  retailer, respectively. Moreover, ¢; is normally distributed with
A = ¢, — . Furthermore, we assume A > 0, which  mean zero and variance o7 and is independent of ¢. A higher
implies the manufacturer can benefit from the operations of ~ (lower) variance represents a less (more) accurate forecast.
remanufacturing. We further assume the new product and ~ The forecast errors ¢,, and ¢, can be correlated, because the
the remanufactured product without difference due to the =~ manufacturer and the retailer may use similar technology and
advanced remanufacturing technology. As a result, consumer ~historical data during the forecasting process. Accordingly,
could not distinguish the remanufactured products between ~ the extent of correlation between ¢,, and ¢, is denoted by
the new products. Furthermore, the products’ wholesale price ~ p (0 < p < 1). A higher (lower) p implies a higher (lower)
of the manufacturer is represented by w and the retail price  similarity of the technology and data the manufacturer and
of the retailer is represented by p. The final market’s demand ~ the retailer used in their forecasting process. We further
D(p) = ¢ — Bp, where B represents the price sensitiveness ~ assume that po,0,, < o’ and po,0,, < o.; that is, the
of demand and ¢ (¢ > fc,,) represents the potential market ~ covariance is not greater than the variance. The notations of
demand. In addition, the manufacturer’s collection rate of  the demand forecast model are shown in Table 3.
used products is denoted by 7 (0 < 7 < 1), which could In order to mitigate the limitations of the normality
evaluate the performance of the reverse channel. A higher ~ assumption, which allows for negative values of demand,
(lower) collection rate implies a higher (lower) performance  relative to of, we assume ¢ is large. All parameters of
of the reverse channel. Correspondingly, the manufacturer the model, except the forecasts, are common knowledge to
bears the collection cost 077, where 0 represents the manufac-  the manufacturer and the retailer. Actually, the normality
turer’s collection efficiency. A higher (lower) 6 impliesalower ~ assumption and information structure are commonly used in
(higher) collection efficiency of the manufacturer. Note that the previous literature (e.g., [20, 24]).

2. Model Framework

Referring to Savaskan et al. [2], we consider a closed-
loop supply chain consisting of a manufacturer (she) and
a retailer (he). And the manufacturer collects her used
products directly from the customers. Hence, the manufac-
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TABLE 3: Notations of the demand forecast model.
Symbols Definitions
¢ The mean of the potential market demand
€ The random part of the market demand
o; The variance of
o The manufacturer’s forecast
1, The retailer’s forecast
& The forecast error of the manufacturer
&, The forecast error of the retailer
P The extent of correlation between ¢, and ¢,
o’ The variance of ¢,
o’ The variance of €,

Referring to Mishra et al. [21], we first give the following
conditional expectations and variances, which will help in the
analyses of next sections:

E[¢|f]=(1-t)¢+t:f,
E[$| frr ) = HS +If, + Kfp,
E[f | fu) = (1=d,) ¢ +dy S (1)
Var [¢ | f] = £,

Var [¢ | f,, f,,] = Hoy,

where
9
ti=————>
o +0;
2
0y + pEE,,
dp=— 2
oy + 05,
2
0yt PEE,
r 2 2
oy +0;
(2)
2\ 2 2
e (1 -p )amar
- 2\ 42 2 2 (52 2 >
(1 —pP )amar + 0y (Um +o; - zpamar)
i (9 = Pon0,) 0%
- 2\ 42 2 2 (52 2 >
(1 —pP )amar + 0y (Um to; - zpamar)
2 2
© (ar - pamar)ao

T )02 4 a2 (02 + a2~ 2p0,0,)

We analyze two scenarios of production in the fol-
lowing, that is, make-to-order scenario and make-to-stock
scenario, respectively. In the make-to-order scenario (MTO),
the manufacturer schedules her production according to
market demand. Hence, there is no inventory in the supply
chain. However, in the make-to-stock scenario (MTS), the
manufacturer schedules her production Q before the demand
is known but the retailer places the order after the demand is
realized. As a result, while the retailer does not bear costs of
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inventories or shortage, the manufacturer may produce more
or less products. And if the manufacturer produces more, she
has to bear the cost of holding inventories. Accordingly, the
holding cost per unit of inventory is represented by h. If the
manufacturer produces less, she has to bear the shortage cost
as she has to obtain additional units from an external source.
Accordingly, the shortage cost per unit of exceeding quantity
is represented by s.

We consider a multistage game with a sequence of
events as follows: in stage 1, before the manufacturer and
the retailer obtain forecasts, they negotiate on information
sharing between them, mainly through a bargaining mecha-
nism. Specifically, the retailer bargains with the manufacturer
for the allocation of supply chain profit after sharing the
information. If they finally reach an information sharing
agreement, they will truthfully share their forecasts. In stage
2, both the manufacturer and the retailer obtain forecasts
f, and f,, respectively. In stage 3, in the make-to-order
scenario, the manufacturer determines her wholesale price
w and collection rate 7, and then the retailer determines his
retail price p. However, in the make-to-stock scenario, the
manufacturer determines her wholesale price w, collection
rate 7, and production level Q, and then the retailer deter-
mines his retail price p. In stage 4, market demand realizes
and the manufacturer supplies the order to the retailer.
Finally, the manufacturer and the retailer receive their
payoffs.

We solve the multistage game by using a standard back-
ward induction technique. Specifically, we first solve for the
equilibrium decisions of the manufacturer and the retailer
under the case of information sharing and the case of non-
information sharing and then compute the firms’ ex ante
profits of both cases. Based on the ex ante profits, lastly, we
address the equilibrium information sharing decisions.

In terms of the notations of the rest of the paper, II
and 71 represent the expected profit of the MTO scenario
and MTS scenario, respectively. The subscripts M and R
represent the manufacturer and the retailer, respectively.
Besides, the subscripts N and S denote the case of non-
information sharing and information sharing, respectively.
For example, II,,y denotes the manufacturer’s expected
profit of the non-information sharing case in the MTO
scenario.

3. The Make-to-Order Scenario

3.1. No Information Sharing Case. In this case, the man-
ufacturer and the retailer do not share their information.
And the manufacturer and the retailer maximize their own
expected profits, conditional on their own forecast infor-
mation. However, the retailer, as a Stackelberg follower, can
infer the manufacturer’s forecast f,, in this non-information
sharing case. This is because the manufacturer is a Stackelberg
leader and she first optimizes her expected profit by using her
own forecast information f,,,; thus her private information
will be revealed by her optimal policies wy and 7. Hence,
the retailer actually maximizes his expected profits based on
forecasts f,, and f,. Consequently, the expected profits of
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the manufacturer and the retailer, conditional on the forecast
information, are given as follows:

My
= E[((¢ - Bpn) (wy = G + Dry) =173) | fu] s )
Mgy = E[(¢~ Bon) (Pn —wn) | frs fin] -

In stage 3, as a follower, the retailer chooses py to
maximize his expected profit I1,y. Taking the first-order
condition of I, and setting it to zero, we derive the retailer’s
best response function:

p* _ wNﬁ"'E[(p | fr’fm]

- ) 4
N 2 (4)
which results in the retail quantity of the retailer:
|
QNZE(E[¢|fr7fm]_wN/3)- ®)

Next, in the game, by using the retailer’s order quantity
and her forecast f,,, the manufacturer actually maximizes

Hyn=E [(Q;\J (wy =G + ATy) = ’7712\1) | fm] . (6)

It can be shown that II,,y is concave if n > #, =
BA? /8. Taking the first-order conditions and setting it to zero,

we derive the Bayesian Nash equilibrium outcomes of the
manufacturer:

*

(BAZ - 4’7) (H$+ JE [fr | fm] + Kfm) - 43’1%
B(BAZ - 8n)

_ A(ﬁcm - (H$+]E [fr | fm] +Kfm))
e pA* - 81

T ()

Substituting wy; into py; and gy, we can obtain the retailer’s
equilibrium price and order quantity:

pr_ E817f]

(BAZ _4’7) (H$+]E [fr | fm] +Kfm) —4ﬁﬂCm
’ 26 (A1) ’
(8)
NRATIEA
N 2
_ (IBAZ _417) (H$+]E [fr | fm] +Kfm) _4[3’76"1
2(BA* - 8n) '

Based on the above equilibrium decisions, we can obtain
supply chain member’s expected profits of stage 2 through
substituting wy;, 75, and py; into I, and Iy, which are
given by

’1(H$+]E [fr | fm] + Kfm - ﬁcm) (H$+]E [fr | fm] +Kfm —-2F [(/5 | fr’fm] + ﬂcm)

My = ,
MN B (BA* - 81)
€)
2 - 2 2
((ﬁA - 4’7) (H(/) +JE [fr | fm] + Kfm) + (871 - :BA )E [(/5 I fr’fm] - 4ﬁ’7¢m)
Mgy = — :
4P (BA? - 8n)
Next, we aim to derive ex ante profits of the manufacturer . = JOO JOO I df.d

and the retailer before the demand signal is observed. The ex o do w8 (o fon) Afe Afn (10)

10

ante profits of stage 1 can be obtained by taking expectations
with respect to the forecasts f,, and f,; that is,

W= [ [ Mg U ), 7

o= Ul o S sV
HMN_ﬁ(Sn—ﬁAZ)(agm;*W ﬁm)),

where g(f,, f,,) is the density of the bivariate normal proba-
bility distribution of f,, and f,.In Lemma 1, we give the firms’
ex ante profits. All proofs are in the Appendix.

Lemma 1. For the no information sharing case, the ex ante
profits of the manufacturer and the retailer are as follows:

(11)

ot (167°03L, + 02, (B0 - 168%7 +487) (07 1) 02 + (BA% - 81) L,)) 4 (6 - fc,)’

RN —

4BL, (o +07,) (BA ~8y)°

+ 5>
B(BA? - 8n)



where Ly = (1 - pz)afno'f + GSL2 (Ly >0)and L, = crﬁ1 -
2p0,,0, +a> (L, > 0).

3.2. Information Sharing Case. In this case, both the retailer
and the manufacturer share their forecasts in stage 1 of the
game, before the forecasts are observed. Hence, both the
manufacturer and the retailer maximize their expected profits
based on forecast information f,, and information f,. The
manufacturer then maximizes her expected profit

HMS=E[(¢_:Bp)(w_cm+AT)_’772|fr>fm]‘ (12)

Note that the retailer’s optimal problem of this case is
the same as the case of non-information sharing. Therefore,
the retailer’s best response functions of price and quantity
in this case are still similar to those of Section 3.1. Based
on the retailer’s best response functions, we further can
derive the Bayesian Nash equilibrium outcomes in the case
of information sharing:

(ﬁAZ - 4’7)E [¢ | fr’ fm] - 4ﬁ71cm

T B(Ba? —81) ’
= A(ﬁcm_E[(/) | fr’fm])
: BA? -~ 81 ’
(13)
* _ (ﬁAZ _677)E[¢ | fr’fm] _2ﬁ71cm
Fs B(BA” = 81) ’
* 271(ﬂcm _E[¢ | fr’fm])
s = ﬁAz_&'l :

Based on the above equilibrium decisions, we can obtain
supply chain member’s expected profits of stage 2, which are
given by

2
(E [(/5 | fr’fm] B ﬁcm)
B (8- pA?)
_ 4(’1E [¢ | fr’fm] B ‘Bl’]Cm)
- 2
B(BA —8n)
Next, we aim to derive ex ante profits of the manufacturer
and the retailer before the demand signal is observed (i.e., in

stage 1), which can be obtained by taking expectations with
respect to the forecasts f,, and f,.

>

My = 1
(14)

2
Mg .

Lemma 2. For the information sharing case, the ex ante profits
of the manufacturer and the retailer are as follows:

n (‘Tng + (5 - ﬁcm)z L1>

MS T B (8 - A% L,
4’ (Ung + (ﬂ_b - IBCm)Z L1)
B(BA2-s8n)’L,

*

(15)

*

RS ™
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3.3. Information Sharing and Bargaining. In order to analyze
the equilibrium decisions of information sharing in stage 1,
we first make comparisons about ex ante profits between
no information sharing case and information sharing case.
Let Vy;, Vi, and V{ represent the value of information
sharing to the manufacturer, the retailer, and the supply
chain, respectively. Consequently, we have

4 2 2
V* =I5 —TI% . = ™ (Um _Par)
MM TN B (8 - BA?) (0 +02) Ly

V; = Hz*zs - HI*QN

_ (Ba? - 12q) (BA* - 4n) 0307, (0, — o)’ )
4p (B> —sn)’ (3 +02)L,

Vo =V +Vy

(BA* - 12BA%n + 161" 0507, (0, — po, )’
4p(Baz -sn)’ (o + o)Ly

The value of information sharing can be analyzed in detail in
Proposition 3.

Proposition 3. (a) Vy; > 0; (b)) V; > 0ifn, < n < n, and
Vi <0ifn>n; () Vg 20ify, <n<nyandVy < 0if
1 > 13, wheren, = BA* /4 and 13 = (3 + /5)BA*/8.

Proposition 3(a) indicates that the manufacturer can
always benefit from information sharing. The main reason is
that after sharing the information the manufacturer can obtain
more demand information and update it, thereby making better
decisions and earning a higher profit.

Proposition 3(b) indicates that the retailer can also benefit
from information sharing when the collection efficiency is high
(ie, 1, < 1 < ). This is mainly because the manu-
facturer tends to increase the collection rate in this scenario,
thereby decreasing her cost of manufacturing. As a result, the
manufacturer will decrease the wholesale price, which will
decrease the double marginalization effect and will be of benefit
to the retailer. Hence, the retailer’s profit increases in this case,
although he loses the benefits of keeping private information
after sharing the information. However, when the collection
efficiency is low (i.e, n > n,), the retailer’s profit decreases.
This is mainly because the retailer’s loss of sharing information
cannot be compensated from the manufacturer’s collection
operations.

Proposition 3(c) implies that sharing the retailer’s forecast
with the manufacturer benefits the supply chain if the collection
efficiency is high while hurting the supply chain if the collection
efficiency is low. Hence, ifnj; < n < n,, the retailer will share his
forecasts voluntarily without any incentives. If n, < 5 < 13, it is
possible for the manufacturer to induce the retailer to share his
forecasts through incentives. And ifn > 15, information sharing
will not be realized.

Besides, we find that the value of information sharing to the
supply chain members depends on the manufacturer’s forecast
accuracy (o,,), the retailer’s forecast accuracy (o,), and the
forecasting correlation (p). We, therefore, discuss the impact of
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these parameters on the value of information sharing, that is,
Vip Vg, and V' in the following. And these results are given in
Proposition 4.

Proposition 4. (a) 0V,,/do,, > 0, 0V,,/00, < 0, and oVy,/
op < 0.

(b) 0Vy /00, > 0, 0V /00, < 0,anddVy [0p < 0 if 1, <
N < n, and 0Vy /00, < 0, 0V /00, > 0,and0Vy [op > O if
n >,

(c) oV§ Joa,, > 0, OV /0o, < 0,and oV [op < 0 if i, <
1 < 13 and OVg [0a,, < 0, OV /00, > 0,and0V{ [op > O if
n>1s.

Proposition 4(a) indicates that the value of information
sharing to the manufacturer decreases as her forecasts become
precise (i.e., 0, decreases). This is because when the manufac-
turer’s forecasts become more precise, she could make better
decisions and earn a higher profit in the non-information
sharing case. Moreover, V; decreases as o, or p increases. This
is because while the retailer’s forecast accuracy exerts no impact
on the manufacturer’s profits of the non-information sharing
case, the manufacturer’s profits of the information sharing case
increase as the retailer’s forecasts become precise. Furthermore,
a higher p means a higher similarity of f,, and f,. As a result,
the value of information sharing to the manufacturer decreases
as p increases.

Parts (b) and (c) show that the effects of o0,,, 0,, and p
on Vi and Vg are similar to those on Vy; when the collection
efficiency is high. However, the effects will be opposite for a low
collection efficiency. This is mainly because sharing information
does harm to the retailer and the supply chain in this case.

Next, we will focus on the equilibrium decisions of informa-
tion sharing. It is easy to derive the equilibrium whenn, <3 <
n, and 1 > 1n;, based on the results of Proposition 3. When
N, < 1 < 13, we try to design a bargaining mechanism to
induce information sharing between the manufacturer and the
retailer. In this case, we assume that while the manufacturer’s
negotiation power is «,, the retailer’s negotiation power is a,.
Moreover, a; + o, = 1. We let x represent the manufacturer’s
desired profit and y represent the retailer’s desired profit. After
sharing the information, neither the manufacturer nor the
retailer will accept a profit that is less than what each party
could obtain in the non-information sharing case. Besides,
I35 + I is the pie to be allocated. Referring to Nagarajan
and Bassok [25], we then describe the problem of generalizing
Nash bargaining as follows:

Hxle}l,x (x - H;/IN)OCl (}V - H;;N)m2

st. x—Iy >0,
Y- H;N =0, (17)
x+y <y + g
o, +o, =1.

Solving the above problem, we derive x =TTy +a, VS, y =
[z + &, VS5 that is, after information sharing, through
bargaining, the manufacturer and the retailer obtain the payoffs
My + Vs and I, + &, Vs, respectively. The bargaining

7
15 E
No information sharing

10 + nformation-
sharing
n through

bargainin
5+¢ Voluntary /-
information sharing 753
71 Infeasible region
0 b= n | . \ =

0 1 2 3 4 5

FIGURE I: Equilibrium information sharing decisions of the make-
to-order scenario.

results indicate that the allocation of the information sharing’s
value to supply chain depends on the bargaining power of
supply chain members. Specifically, if a member’s negotiating
power is stronger, it will obtain a higher profit allocation. Lastly,
we summarize the equilibrium decisions of information sharing
in Proposition 5.

Proposition 5. (a) When n, < n < n,, information sharing is
a unique equilibrium without any incentives. (b) When 1, <
n < ns, information sharing is a unique equilibrium under
the bargaining mechanism. (c) When n > 1, non-information
sharing is a unique equilibrium.

Proposition 5 can be better depicted by Figure 1. It can be
further shown that (11, — 1) and (11, — 1,) are increasing in
B and A. Therefore, Proposition 5 implies that both the region
of voluntarily sharing information and the region of sharing
information through negotiation become larger as the price
becomes more sensitive to the demand or as the benefits of
remanufacturing become larger.

4. The Make-to-Stock Scenario

In this section, we analyze the make-to-stock scenario, in
which the manufacturer may bear the holding cost or the
shortage cost. Similar to the make-to-order scenario, we first
analyze the case of non-information sharing and then the
case of information sharing and lastly the profit sharing
mechanism.

4.1. No Information Sharing Case. Similar to the make-to-
order scenario, while the retailer knows the forecasts f,, and
f,» the manufacturer only knows f,, in this case. The retailer
who does not hold inventories, therefore, maximizes his
expected profits mpy = E[(¢— Bpn) Py —wN) | fr fin]- Note
that the retailer’s optimization problem is similar to the case
of the make-to-order scenario. In consequence, we can derive
the retailer’s price decision py, = (wyf + El¢ | f,» f,u])/2B
and the order quantity g5, = (1/2)(E[Q| f,, f,,] — wnP).
Next, in the game, the manufacturer maximizes her
expected profit, based on the retailer’s order quantities g5, and



her own forecast f,:

TTMN

=E [(j:o ((¢ = Bow) (wy = 6 + Aty) = 173"
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-f(¢)d¢>) | fm] .
s)

And then the Bayesian Nash equilibrium can be derived. At
last, we can derive the ex ante profits of supply chain members

ey based on the optimal decisions of supply chain members,
f(@)de - L h(Qu = (¢~ Fpw)) which are summarized in Lemma 6.
. dé — jm _ _ Lemma 6. For the no information sharing case, the ex ante
f (¢) ¢ +BON * (¢ Py QN) profits of the manufacturer and the retailer are as follows:
n oy 2 1
*® 0 e
e D) (Ug wor T (6= Fe) )— Son (S +R)L(r)+ ),
4 2 2 2 2 A4 2 2\ ( 2 2 2 2 o 2 (19)
o, (1611 0oL, + 0, ((ﬁ A" - 16BA°n + 48y )(p - l)ar + (ﬂA - 8;1) Lz)) 4n (¢_ ﬁcm)
7.[ = + b
o 4pL, (03 +02,) (BA? - 8n)° B(BA? - 8n)’
where 03, = 0,00/(05 +0,,), 1 = @7 (s/(s + h) (D) is 4 (oiL, + (- o) L)
the density function of the standard normal probability distri- g = ; 5
bution), and L(r) = froo(z - 7)dD(z). B(BA*-8n)" L,
(21)

4.2. Information Sharing Case. In this case, both the man-
ufacturer and the retailer maximize their expected profits
based on the forecast information f,, and information f,.
The retailer’s best response functions of price and order
quantity are the same as those of Section 4.1. And then the
manufacturer maximizes

s = | ([ (6 800 - 60 8 - )

Qs+Bps
F@dg- [ Qs (6~ ps)

. (20)
SUCLIES RICEY N

-f(¢)d¢> | f,,fm].

The ex ante profits of supply chain members can be obtained
and given in Lemma 7.

Lemma 7. For the information sharing case, the ex ante profits
of the manufacturer and the retailer are as follows:

(ot (- pen)' L)
TMs =T B (8- pAR) L,

- %(IS ((s+h)L(r) + hr),

where oy = (1 - p*)o,0°05/((1 = p*)o’,0” + op(02, + 07 —

2p0,,0,)).

4.3. Information Sharing and Bargaining. In the section, we
are going to focus on the value of information sharing and
profit sharing mechanism of the make-to-stock scenario.
Comparing the ex ante profits of non-information sharing
case with those of information sharing case, we have

* _ * *
YM = TTpys — TN

gl (o, - po,)’
~ B(8n—pA) (o2 +02) L,

+%(0N—05)((5+h)L(r)+hr),

VR = Tps — Try
(BA” - 1217) (BA? - 4n) 0307, (0, — po,)”  (22)
4B (BA* - 81)° (03 +02,) L,

® ok *
VS—VM+'VR

(BA* - 128y +1617) 0307, (0, — pO,)’
4B (BA* - 8n)° (02 +02) L,

+%(GN—O’S)((S+]’1)L(7’)+I’H’).

Comparing the information sharing’s value of the make-
to-order scenario with that of make-to-stock scenario, we
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FIGURE 3: The impacts of 0,,, 0,, and p on v;.

find that while the value of information sharing to the retailer
does not change, the value to the manufacturer and the
supply chain is higher in the make-to-stock scenario due to
(1/2)(on — 05)((s + B)L(r) + hr) > 0 (note that o, > 0); this
is mainly because the manufacturer and the supply chain can
save the cost of inventories and shortage in this scenario.

In terms of the impact of 0,,, 0,, and p on the value of
information sharing in the make-to-stock scenario, we find
that the effects of o,,, 0,, and p on the vy are the same as
those of the make-to-order scenario, because vy = V. And
for the impacts of 0,,, 0,, and p on v}, and vg, since the
analytical expressions are too complex to provide meaningful
insights, we, therefore, investigate them through a numerical
study; see Figures 2 and 3. Figure 2 shows that the effects
of 6,,, 0,, and p on v, are also the same as those of the
make-to-order scenario; that is, while o,, poses a positive
effect on v}, 0, and p pose a negative effect on v,,. Figure 3
indicates that o, has a positive effect on vg; 0, and p have a
negative effect on vg. Note that the effects of 0,,, 0,, and p
on vg in the make-to-stock scenario are opposite to those in
the make-to-order scenario when the collection efficiency is
low. This is mainly because the values of information sharing
to the manufacturer are higher and these parameters have
a more positive/negative effect on v}, in the make-to-stock
scenario.

Furthermore, we can derive the equilibrium decisions of
information sharing in Proposition 8.

Proposition 8. (a) When n, < n < n,, information
sharing is a unique equilibrium, although there is no incentive
mechanism. (b) When n, < n < n,, information sharing
is a unique equilibrium through a bargaining mechanism.
And in the equilibrium, the payoffs of the manufacturer and
retailer are 1y + & vg and mpy + (1 — ay)vs, respectively,
where n, is the solution of v¢ = 0 and n, > #u.
(c) When 1 > 1,, non-information sharing is a unique
equilibrium.

The result of Proposition 8(a) is similar to that of the
make-to-order scenario, due to the same value of infor-
mation sharing to the retailer in both scenarios. How-
ever, part (b) indicates that the possibility of information
sharing through bargaining becomes higher in the make-
to-stock scenario, which results from vy > VS and

Hy > 13-

5. Conclusion

In this paper, we investigate the equilibrium decisions of
information sharing in a closed-loop supply chain under
the production modes of make-to-order and make-to-stock,
when the supply chain members can forecast the uncertain
market demand. In both modes, we find that the retailer will
share his forecasts voluntarily when the collection efficiency
of the manufacturer is high, and the retailer will never
share his forecasts when the collection efficiency is low.
Moreover, when the collection efficiency is moderate, we
have designed a bargaining mechanism, which can induce
the retailer to share his forecast information. Besides, we
find the information sharing’s value to the manufacturer and
the supply chain in the make-to-order scenario are lower
than those in the make-to-stock scenario, and the region
of information sharing through bargaining in the make-to-
order scenario is smaller than that in the make-to-stock
scenario.

We also analyze the impact of the forecast accuracy of
supply chain members and the forecasting correlation on the
value of information sharing and our research shows that
in the make-to-order scenario if the manufacturer’s forecasts
become inaccurate or if the retailer’s forecasts become precise
or if the forecasts correlation decreases, the value of informa-
tion sharing to the manufacturer increases. Moreover, when
the collection efficiency of the manufacturer is high (low), the
effects of these forecasting’s parameters on the information
sharing’s value of the retailer and supply chain are similar
(contrary) to those on the information sharing’s value of the
manufacturer. For the make-to-stock scenario, we find that
the effects of supply chain members” forecast accuracy and
the forecasting correlation on the information sharing’s value
of the retailer are the same as those in the make-to-order
scenario.

Although the assumption of obtaining forecasts with-
out incurring any cost is commonly used in the liter-
ature on information sharing, it would be also worth-
while to study the information sharing equilibrium in a
closed-loop supply chain when obtaining forecasts incurs
cost.
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Appendix

Proof of Lemma 1. We first derive IT},,. Substituting E[f, |
fu) = (1=d,))¢+d,, [, into Ty and expanding it, we have
Iy = nL3/B(BA* - 8), where

Ly = 2BHéc,, +2)°¢d,, f, - 21°¢d,, f,,
427, f + 16 2~ 21°F d,, — 2H]B S,

- 2HK$fm - 2]2$fr - H2$2 + ]2$2 (A1)

+ zﬁlcmfr + zﬁKCmfm - zcrzn - 2]2dmfmfr
+ 1, fo = 2K fr = K2

We know that f; = ¢ + ¢; thus E[f;] = ¢. Because Var [¢] =
E[¢?] - (E[¢])?, that is, 02 = E[¢*] — ¢, hence, E[¢?] =
ag + $2. Moreover, E[fiz] = ag + $2 + aiz; this is because
fi = ¢ + 2¢¢; + €. Besides, E[f,.f,] = $2 + po,,0, +
o¢. Consequently, simplifying the expectation of L;, we can

derive the manufacturer’s ex ante profit IT,,,. Similarly, we
can derive the retailer’s ex ante profit ITp,;. O

Proof of Lemma 2. The proof of Lemma 2 is similar to that of
Lemma 1; thus we omit the tedious work. O

Proof of Proposition 3. First, we verify the value of informa-
tion sharing to the supply chain Vg. If BA%/8 < 5 < (3 +
V5)BA% /4, we derive —(B*A* — 128A%y + 161%) > 0; hence,
V&> 0.1 > (3 + V/5)BA% /4, we derive —(B2A* — 12A%n +
161°) < 0;hence, Vg < 0. Similarly, it is easy to verify V,; and
Vy.

{qN (wy = 6+ A1y) — 73— (Qy — ) ¢n < 2Qy + Py,
TTMN =

Furthermore, the manufacturer actually maximizes

TMN

= JOOO (QN (wy + ATy —6,) = ’7T12\r) f(on)ddn

2Qn+Bwy (AS)
S R ICNE STICOETS

0
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Proof of Proposition 4. First, we prove part (c). We have

vy (BA"-12B0%+167) (0,4 — po,) 040,Ls
00, 2B (02, +03)" (BA> - 87)° L,
vy

o0

(B2 =128y + 167°) (1= p?) (0, - po,) 00,0, (A2)
) 2B (BN~ 8n)° L2 S

vy
op
(B2 = 12BA°n + 167°) (0, - po,,) (0,0 — po,) 030,07
2 (BA* ~8n) Ly?

>

where
Ly

= Ug (Grzn (Um - PO}) +0, (Pam - Gr) (Par - 2am)) (A3)

+2 (1 - pz)agofnof + p(l - pz)ofnof > 0.
Combining o,, > po,, 0, > po,,, and the proof of
Proposition 3, part (c) can be derived. Similarly, we can derive
parts (a) and (b). L]

Proof of Proposition 5. 1t is easy to derive Proposition 5; thus,
we omit the tedious work. O

Proof of Lemma 6. For this non-information sharing case, the
retailer’s order quantity g3, = (1/2)(E[$ | f,, f,.] — Bwy)-
However, the manufacturer does not know the retailer’s
forecast f,; she, therefore, believes that the retailer’s order
quantity gy = (1/2)(¢y — Pwy), where ¢y is normally
distributed with mean yy, = H¢ + JE[f, | f,.] + Kf,, and
variance 012\, = 05403 / (03 + afn). Hence, the manufacturer’s
profit can be expressed as follows:

(A.4)
dn (wy =6, + Aty) = ’7712\1 -s(@n - Qn) x> 2Qy + Pwy.

By solving
ImyN :S_(h+s)q><2QN+ﬁwN_/"N> -0,

Qy ON
Fooay -2 (4n7y + PAwy - Apy) =0,

oty 2
5 (A.6)
T 1
ﬁ ) (4 + B + Bs = BATy — 2Pwy)

- J’O" s(Gn — Q) f (dn) dén,
2Qn+Pwy

where f(¢y) is the probability density function of ¢;.

2QN+ﬁwN_.“N>=0

oN

—%ﬁ(h+s)d)<
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simultaneously (note that ®(x) is the density function of
the standard normal probability distribution), we derive
the Bayesian Nash equilibrium outcomes of the manufactu-
rer:

*

_(BA? - an) (HG + JE[ £, | f] + Kf,u) = 4Pnc,
B B(BA? - 8n) ’
o _ A(Ben — (HO+ JE Ly | ful + Kf))

N BA? -8y ’

1

Qy

(471 - ﬁAZ) (H$+ JE [fr | fm] + Kfm) + 4/3’1%
2(A? - 81)

+ —ont
(A7)
where r = ®!(s/(s + h)).

Based on the optimal decisions of supply chain members,
we derive the supply chain members’ expected profits:

’1(H$+]E [fr | fm] +Kfm_ﬁcm) (Hg—b-f_]E [fr | fm] +Kfm -2E [¢ | fr’fm] +ﬁcm)

TTMN =

- %O‘N ((s+h)L(r) +hr),

((ﬁAz - 4’7) (H$+]E [fr | fm] +Kfm) + (877_ ﬁAz)E [(/5 | fr’fm] _4ﬁl7cm)

B (BA? - 8n)

(A.8)

2

TIRN =

The ex ante profits of supply chain members can be
derived by taking expectations of 7).y and 7y with respect
to the forecasts f,, and f,. O

Proof of Lemma 7. For this information sharing case, the
manufacturer believes that the retailer’s order quantity g5 =
(1/2)(¢s — Pws), where ¢g is normally distributed with mean

us = Ho + Jf, + Kf,, and variance oz = Hoay. Hence, the
manufacturer actually maximizes

TTps = LOO (515 (wy + ATy —¢,) - WTIZ\J) f (¢s) dops

J2Q3+ﬁws (A )
_ 9

h(Qu =ds) f (¢s) ds

[ @) f (@5 dgs
2Qs+Pws

where f(¢g) is the probability density function of ¢.
By solving 0m,s/0Qg = 0, 0my5/0Tg = 0, and 0y q/
OJwg = 0 simultaneously, we derive the fact that

* (ﬁAZ - 471)E [(/5 | fr’ fm] - 4[’)’7Cm

s B (BA? 1) ’
T; _ A(ﬁcm ;;[ﬁb;nfr’fm])’ (A.lO)
g - B W Lfo bl ety 1

2(BA* - 8n) 2

4B (BA2 - )

Based on the above equilibrium decisions, we can obtain
supply chain member’s expected profits of stage 2, which are
given by

- __W(E[(P'fr’fm]_ﬁcm)z
e B(BA* —8n)

- %os (s + W) L(r) + hr), (A1)

_ 4(’7E [¢ | fr’fm] —ﬁV[Cm)Z.
B (A2~ 8n)°

RS

The ex ante profits of stage 1 can be obtained by taking
expectations with respect to the forecasts f,, and f,. O

Proof of Proposition 8. Similar to the proofs of Propositions 3
and 5, we can derive Proposition 8. O
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