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1 Introduction

It has been a global trend to recycle end-of-use products and produce remanufactured
goods so that manufacturers can reduce their environmental footprint and extract residual
values in used products (Agrawal, Atasu, and Ittersum 2015). As the world’s largest
manufacturer, China recorded a $2.9 trillion value added in manufacturing in 2014 (Levinson
2017). To meet China’s major strategic development needs, its State Council outlined a
“Made in China 2025” Program in May 2015 to promote its manufacturing industry. Different
priorities such as improving manufacturing innovation, integrating information technology
and industry, and enforcing green manufacturing have been identified to help transform China
from a manufacturing giant into a real power. In April 2015, Chinese National Development
and Reform Commission (NDRC) issued a Circular Economy Promotion Plan for 2015. The
document details actions and targets to use resources more efficiently and to better manage
resources and waste in industry, agriculture and municipalities®.

Thanks to increasing environmental consciousness, sustainability concerns, and stringent
recycling regulations in recent years, both businesses and academia have been paying more
attention to managing closed-loop supply chains (CLSCs). Agrawal, Atasu, and Ittersum.
(2015) employ behavioral experiments to study whether and how the presence of
remanufactured products and the identity of the remanufacturer influence the perceived value
of new products. Their results show that the presence of third-party remanufactured products
has a positive effect on the perceived value of the new product.

In practice, the collection rate reflects the collector’s effort in collecting used products,
so this paper adopts the collection rate as an indicator of the collector’s effort. On the other
hand, the retailer can increase the sales of products by boosting brand reputation and engaging
in promotion and advertising campaigns. These activities signify the retailer’s marketing
effort. It is understandable that demand depends on the marketing effort.

This paper explores a closed-loop supply chain (CLSC) with a manufacturer (M), a

retailer (R) and, possibly, a third-party (T), where the market demand is sensitive to the retail

http://chinawaterrisk.org/notices/chinas-circular-economy-plans-for-2015/ (Accessed on May
18, 2016).
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price and marketing effort. To make the presentation gender neutral, we shall denote M as
him, R as her, and T as it. M decides his wholesale price, R chooses her marketing effort and
retail price while the collection rate is determined by a central planner, M, R or T in four
different models depending on who is responsible for collecting used products. Game
theoretic models are established for a centralized CLSC (model I) and decentralized CLSCs
under three structures, manufacturer (M) collection (model II), retail (R) collection (model
I11), and third-party (T) collection (model 1V). Key research questions are: (1) What are the
optimal pricing decisions, marketing effort and collection rate and profits under different
structures? (2) How do the marketing effort coefficient in the demand function and the unit
transfer price from M to the collector affect profits and channel strategies? (3) What is the
best collection structure in terms of profitability, marketing effort level, and collection rate?
(4) How do R’s fairness concerns affect the optimal marketing effort, collection rate, and
supply chain performance?

This paper follows Savaskan, Bhattacharya, and Van Wassenhove (2004) to consider
four collection scenarios: a central planner, M, R or T collects used products. We characterize
and compare equilibrium strategies of the four scenarios. In the centralized CLSC, the central
planner decides the retail price, marketing effort and collection rate. In the decentralized
CLSC, we formulate a Stackelberg game model, where M serves as the leader, setting his
optimal wholesale price, R/T as the follower, determining her/its optimal decisions given his
wholesale price.

The rest of this paper is organized as follows. Section 2 reviews the relevant literature to
put the research in context. The model settings and equilibria are presented in Section 3.
Section 4 conducts comparative studies among the four model structures and examines how
model parameters affect marketing and collection efforts as well as profitability. Section 5
extends base models along two directions: the first extension incorporates R’s distributional
fairness concerns into model Il and the second extension considers potential recycle cost
advantages by R and T compared to the M collection model. Concluding remarks are made in
Section 6.

2 Related Literature



Many researchers in supply chain management study CLSCs from different angles.
Savaskan, Bhattacharya, and Van Wassenhove (2004) investigate four collection models
where the collector can be a central planner, a manufacturer, a retailer, or a third party. This
research expands their model by considering marketing effort dependent demand and the
retailer’s fairness concerns as well as collection cost advantage by R and T. Savaskan and
Van Wassenhove (2006) examine the interaction between decisions in the forward and
reverse logistics channels with competing retailers. Our paper differs by focusing on
collection channel selection and optimal pricing decisions where demand depends on both
retail price and marketing effort.

2.1. Optimal pricing decisions in CLSCs

The first stream of relevant research mainly focuses on remanufacturing problems.
Ferrer and Swaminathan (2006) study new and remanufactured products in monopolistic and
duopolistic scenarios. Atasu, Sarvary, and Van Wassenhove (2008) investigate
remanufacturing as a marketing strategy. The second stream of studies aims to consider
different pricing issues in CLSCs. For example, De Giovanni and Zaccour (2014) introduce a
two-period CLSC game and compare the equilibrium strategies. Chuang, Wang, and Zhao
(2014) establish CLSC models for a high-tech product characterized by a short lifecycle and
volatile demand. De Giovanni (2014) examines a CLSC with a manufacturer and a retailer
who invest in green advertising to build up goodwill dynamics. Yoo, Kim, and Park (2015)
consider pricing and return policies under various supply contracts in a CLSC. Shi et al. (2015)
explore the reverse collection channel selection problem under responsibility sharing in a
CLSC. Giri and Sharma (2015) consider a closed-loop serial supply chain for a single and
multiple manufacturing-remanufacturing cycles by using sequential and global optimizations.
Abbey et al. (2015) empirically examine consumer perceptions of remanufactured consumer
products in CLSCs. Ma et al. (2016) investigate interactions among a single manufacturer, a
single retailer and two recyclers and focus on how cooperative strategies affect CLSC
decision-making. Xiong, Zhao, and Zhou (2016) analyze the performance of
manufacturer-remanufacturing and supplier-remanufacturing in a decentralized CLSC.

Moreover, Yoo and Kim (2016) study the interaction between new and refurbished items in a
4



three-stage CLSC. Esmaeili, Allameh and Tajvidi (2016) investigate the short- and long-term
behaviour of agents in implementing appropriate collection strategies in a two-stage CLSC.
Saha, Sarmah and Moon (2016) study a reward-driven policy for acquiring used products
earmarked for remanufacturing in a CLSC. Zheng et al. (2017) address the impact of forward
channel competition and power structure on a dual-channel CLSC.

Other related works can be found in Amin and Zhang (2012), Chen and Chang (2013),
Jena and Sarmah (2014), Das and Dutta (2015), and Han et al. (2017).
2.2 Optimal pricing decision with fairness concerns

Most studies focus on distributional fairness concerns in the newsvendor problem or
wholesale price contract (Cui, Raju, and Zhang 2007; Caliskan-Demirag, Chen, and Li 2010;
Yang et al. 2013; Katok, Olsen, and Pavlov 2014; Du et al. 2014; Wu and Niederhoff 2014).
More specifically, Cui, Raju, and Zhang (2007) investigate how fairness may affect channel
coordination with linear demand. Then, Caliskan-Demirag, Chen, and Li (2010) provide an
extension of Cui, Raju, and Zhang (2007) to explore supply chain coordination with nonlinear
demand. Yang et al. (2013) extend Cui, Raju, and Zhang (2007) to study the cooperative
advertising problem. Katok, Olsen, and Pavlov (2014) examine the performance of wholesale
pricing when the supply chain members’ fairness concerns are private information. Du et al.
(2014) study the newsvendor problem for a dyadic supply chain in which both the supplier
and the retailer have status-seeking preference with fairness concerns. Wu and Niederhoff
(2014) investigate the impact of fairness concerns on supply chain performance in a two-party
newsvendor setting. Some other papers are concerned with peer-induced fairness (Ho and Su,
2009; Nie and Du, 2016). For instance, Ho and Su (2009) consider peer-induced fairness in
games. Nie and Du (2016) explore the impact of distributional and peer-induced fairness on
decision-making of a two-stage supply chain with one supplier and two retailers.

Our paper differs from the above literature in two aspects:
(i) Most of the aforesaid studies only consider customer return rate of used products. This

research investigates the case that the retailer’s marketing effort enhances market demand,

and studies the joint effect of marketing effort and return rate on the profitability of the



retailer, the manufacturer and the CLSC. We also examine an extension of incorporating
collection cost advantage by R and T compared to the M collection model.

(ii) Existing papers on fairness concerns have analyzed pricing decision and contract
coordination issues in classical forward supply chains. In this research, we introduce
distributional fairness into the CLSC model and explore its impact on the optimal
collection and marketing decisions as well as supply chain performance.

Next, we will address our model assumptions and the four CLSC models.
3 Model Settings and Equilibrium Analysis

We consider a demand function depending on the retail price and marketing effort:

D(p,e)=a—kp+ye Q)

where a measures the market size, k is the price elasticity of demand, e is her marketing effort,
p is the retail price. The total marketing effort cost is %2, where 7 is the marketing cost
coefficient (Mukhopadhyay, Su, and Ghose 2009; Wu, 2013). The parameter y measures the
impact of marketing effort on demand. The market demand can be fulfilled in the selling
period.

7 is introduced as a decision variable to gauge the used-product collection rate that
reflects the collection effort and signifies the reverse channel performance. The total
collection cost is given by C(7)=C.r*+AzD(p,e), where Ciis a scale parameter (Savaskan,
Bhattacharya, and Van Wassenhove 2004; Chuang, Wang, and Zhao 2014).

For the sake of clarity, the following notations are listed in Table 1 and are used to

formulate our CLSC models.

Table 1. The Notations in the CLSC Models

Parameter

Cm The unit cost of manufacturing a new product

Cr The remanufacturing cost, and without loss of generality, it is assumed that
Cm>Cr

A=Cn-Cr The unit cost savings from remanufacturing

A A variable unit cost of collecting and handling one unit of the used product.
The fixed payment per unit is less than the savings generated from
remanufacturing, i.e., A<A (See Savaskan, Bhattacharya, and Van Wassenhove
2004)

c The average unit production cost, c=(1-t)Cm+rcr=Cm-At

C(7) Total collection cost

ne’l2 The cost of marketing effort, where 7 is the marketing cost coefficient

b The unit transfer price from the manufacturer to the collector for each

6



collected used product (See Savaskan et al., 2004)

U The retailer’s equitable payoff parameter

0o The retailer’s disadvantageous inequality parameter

Decision

variables

p The retail price of the product

w The wholesale price of the product, p>w

T The collection rate, i.e., the ratio of products remanufactured from collected
used products

e The marketing effort level

Superscript/

Subscripts

O Optimal values for different models (i=I,11,111,1V,V)

I1; Profit for the supply chain (i=SC), the retailer (i=R), the manufacturer (i=M),
and the third-party (i=3P)

O™ Optimal values for different models (i=Ill, V) in section 5.2

We will consider the following four cases depending on who collects used products.

Firstly, we will investigate the centralized CLSC case where a central planner is responsible

for collection (model 1) and, then, study the case that M collects used products (model 11);

next,

V).

we consider R as the collector (model 111); lastly, T is modeled as the collector (model

3.1 The Centralized System (model I)

In the centralized CLSC model, a central planner determines the retail price, marketing

and collection efforts. This ideal case is examined here to furnish a benchmark for the other

three more realistic decentralized models. The profit of the centralized CLSC can be

expressed as follows:

Mg =(a—kp+ye)(p-c, +Ar)-C 7’ —Ar(a—kp+ye)—%e2 2)
After taking the first-order derivative of ITsc with respect to p, e and z, we have
aHSC —_
a—z—k(Ar+ p-c,)+re—kp+a+Ark=0 ()
Y

al(;l—esczy(Ar+p—Cm)—Ary—77e=O 4)

Ol
a—=(ey—kp+a)A—2CLr—A(ey—kp+a)=0 (5)

T

For notational convenience, let F =2kn—»*,G=a-kc,,J =A—A



Lemmal.If F>0 and 2C_F —k’;J® >0, the profit function IT is strictly concave

in p, e and 7.

Proof. See Appendix.
Combining Egs. (3)-(5) yields Proposition 1.

Proposition 1. The solutions of the first-order conditions for the centralized case are
derived as follows:

L JknG I _ 2)C G > _ 2nkC, G
2C,F —k*pJ?’ 2C F —k’pd?’ 2C, F —k’nJ*’
0" = Alank — 2 Adank + A*ank — 2nkC,c,, +2y°C,c, —2anC, o - nC, G? .
—2C,F +k?*pJ? " 2C F —k*pd?

To ensure that all equilibrium values are meaningful, we give following
assumption 1.
Assumption 1. The scale parameter Ci given in the collection cost function is large
enough that ' < 1. More specifically,

 JkyG+k*pd?
> =T

This assumption follows the same line of thinking in Savaskan, Bhattacharya, and Van

C

Wassenhove (2004). As the numerator of 7' in Proposition 1 is nonnegative given the

basic model setting in Table 1, considering the assumption 2C F-k?*7J3%>0 in
Lemma 1, it is guaranteed that 0 < 7' < 1.
3.2 The manufacturer collects used products (model I1)

In model Il, R determines the marketing effort and retail price, and M collects used

products from the market. In this case, her profit is expressed as follows:
M, =(p-w)(@a-kp-+7e)-Te’ (6)

After taking the first-order derivative of Il; withrespectto p and e, we can derive

that:
a(?R:ye—kp+a—(p—w)k=0 )
P
oI,
=(p-w)y—-ne=0 8
= = (P=W)y = (8)



The Hessian matrix of I, is:

o°Tl, O,

op? opoe -2k y
H(p.e)= , {

oI, OMl, | Ly -7

oedp oe’

2
Since 661:; =-2k<0, if |H(p,e)|:2kn—y2:F>O, then the Hessian matrix of

IT; is negative definite. From Egs. (7) and (8), we derive that

. —kw
e (w,7) = V(—+a) 9)
F
. kw — y*w+a
p" (wy7) = =" (10)
F
His decision problem is to select w and 7 to maximize his profit.
MaxII, =(w—c, +Azr)(@a—kp+ye)—C > — Ar(a—kp+ye)
’ 11)
k(a—kw k(a—kw (
=(w-c, + Ar).m —-C.r° - AT.m

F

After taking the first-order derivative of II,, with respectto W and 7, we obtain

orl,,  nk(Akz — Akt —2kw+ke,, +a) 0

ow F (12)
Ank (—kw+a Ak (—kw +a
= (W) o, - Akra) (13)
The Hessian matrix of IT,, is:
o’n,, o, _ 27k® K’y
2
H(w,z) = ow owor | _ F F
om0, K e
oW or° F )
2 oL 2 2
As E;Wiz“"z%<0, if |H(W,r)|=i::—?[4CLF—k277J2]>O, the Hessian matrix of
IT,, is negative definite. Combining Eqgs. (12) and (13) results in
M
. kGJ
T” Z% (14)
4C F —k"nJd
. ank?J?*-2C (a+kc,)F
W' = — dl L( m) (15)

AC,F —K?pd% )k
(4C, )



Substituting Egs. (14) and (15) into Egs. (9) and (10), we obtain the optimal marketing
effort (e"") and optimal retail price (p'"). Then, we substitute ', p'”, 7" and w"" into Egs. (6)
and (11) and derive the optimal profits of R and M. The following proposition summarizes
the equilibrium result.

Proposition 2. Under the M collection case, his optimal wholesale price (w"") and
used-product collection rate (7'), her optimal retail price (p"") and marketing effort ('), the
optimal demand (D'"), and the individual and supply chain profits are derived as follows

W”*=2CL(a+ ke, )F —ank?J? e 1kIG
(4C F-Kkpd*)k AC F —k*pd?’

- ank®J* +2kC,c, (y2 —17k)+2aCL (yz —377k) " 2GC
p° =- e o
(4C F-k?nd? )k 4C_F —k’pJ’

D" _ 2nkC, G v nCG? s 2nClG°F

T AC F-K*pd? M 4CF—kp3?' * (4CLF_48ngf’

(6C,F —k’nJ?)nC,G?

Mg =1, +117" =
(4 F —k2p2?)’

3.3 The Retailer Collects Used Products (model 111)

In model 11, R is responsible for both marketing effort and collection of used products. Her

decision problem is
MaxTT, = (p—w)(a—kp+ ye)+bzr(a—kp+ye)— %ez —-C.r*—Ar(a—kp+ye), (16)
p.e,t

By taking the first-order derivative of Eq. (16) with respect to p, e and 7, we

derive
%;R:ye—kp+a—(p—w)k—brk+Ark=0 (17)
aaHeR:(p—W)}/-i-bZ'}/—?]e—AT]/:O (18)
a;_IR =b(ey—kp+a)-2C t—A(ey—kp+a)=0 (19)
T

The Hessian matrix of I1; is
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op® dpoe opor
2 2 2

Hper | O 0T &M |

- - b— A
ceop o0& ceor | |7 . "b A(\ )72C
aZHR aZHR aZHR _( - ) ( - )7/ - L
| Omop oroe or? |
o’ll, 0T,
2 op? opo
Since aHZR=—2k<0, |H,(p.e,7)| = P PEI_F . For |H,(p,e,7)|>0 to
op o, 0T,
deop  oe?

hold, we need F >0.
o', 0T, 07T,
op® opoe  opor
o011 o1, o011 2
H.(p,e,7)|= R R R |=-2C F+k?®n(b-A) . For |H.(p,e7) <0
| s(p T)| 2edp 62 oeor L 77( ) | 3(p )|
5 § PR § PR O
orop ore 07’

to hold, we need —2C F +k?p(b—A)’ <0. Under this condition, H(p,e,z) is negative
definite. Combining Eqgs. (17)-(19), we derive that

‘[“'*(W) _ (b_ A) k?](a— kW)

- a (20)
2C, F —Kk?(b- A)
wer o 2C (a—kw) ,
° (W)_ZCLF—kzn(b—A)Z ey

—ank (b - A)2 +2C, (nkW - y2W+a11) 22)
2C.F —k*n(b—A)’

Then, M’s decision problem can be stated as

p"" (W) =

MaxIl,, =(w-c, +Ar)(a—kp+ye)—br(a—kp+ye) (23)
After substituting Egs. (20)-(22) into Eq. (23), M’s problem becomes

2l W=Cpt 5 (A_b)(zA_t;)kZ(_kW_‘_a) 2 ﬂkCL(a—kW)
Ak —2Abyk® +bnk” —4nkC, +2y°C,

24
2C.F —k*(b— A’ &4

MaxI1,, =

After taking the first-order derivative of Eq. (24) with respect to W, we obtain
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My __ 20KC, {(A=D)((c, —2w) A—be, +2wd) yk’

ow (ZCLF—(A—b)Zkzn)Z

+n( A’a—2Ada+(~4c, +8w)C, —ab(b-24))k’ +2C, (-2an+)*(c, —2w))k + 2ay°C, }=0

o’m,, | 4k’C, (2C,F-J(b-A)Kk?p)

2

ow’ (2C.F ~(A-b)’K?n)

2
Under the assumption 2C F-J(b—A)k’s>0 in Lemma 1, we have aalv_v[M <0.

2

Thus, the objective function in Eq. (24) is concave in w. Thus, M’s first-order condition

characterizes the unique best response,
e 1

" 2k(<2C F+k? (b—A))

{A%*nk’c, —2Abyk’c, +b’nk’c, + A%ank®

—-2Adank’® + 24abyk? —ab’nk?® —4yk’C c,, +2y°kC,c,, — 4ankC,_+2ay°C }. (25)
Substituting Eq. (25) into Egs. (20)-(22), we obtain the optimal collection rate (z'""),

1I* Hi* - A1

optimal marketing effort (e"") and optimal retail price (p and

p
proposition 3 summarizes the optimal solutions in R collection model.

). Then, we substitute 7", e

1*

into Egs. (16) and (23) and derive the optimal profits of R and M. The following

Proposition 3. Under the R collection case, M’s optimal wholesale price (W""™), R’s

1* 1*

optimal retail price (p""™), marketing effort ("), used-product collection rate (7'"), the

optimal demand (D"") and individual and supply chain profits are as follows
H* — 1
2k (-2C, F +k*pJ (b— A))

w {A’nk’c, —2Abnk’c +b*nk’c, + A’ank?

—2Adank’® + 24abyk® — ab’nk? —4yk?C c,, +2y°kC,c,, —4ankC,_ +2ay°C },

N A’ank® — Adank?® — Aabyk® + dabnk® — #nk’C, ¢, +y°kC, ¢, —3ankC, +ay°C,
k(-2C,F +k*p (b—A))

e = GC,y £ zl G(b_A)k’?
2C.F -k’nJ(b-A)’ 2 2C F-knd(b-A)’

D" = GnkC, R zl GZ’7CL
2C.F-kpd(b-A)" " 22C F-Kkni(b-A)’
nC.G* (2C,F —Kk*n(b- AY')

" =

4(2C,F ~k*p3 (b— A))

G*1C, (6C,F —k’n(b— A)(2A-3A+D))
4(2C F —k?nd (b-A)) '

n =y e =
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Observation 1. Because M’s profit increases in b, the optimal transfer price b should be set at

b=A under the R collection case.
Proof. See Appendix.

Savaskan et al. (2004) derive the same result when the demand function assumes a
simpler form of D=¢-fp. Thus, this observation confirms that our generalized demand
function does not affect the value of the optimal transfer price (b) when R serves as the
collector.

3.4 The Third-party (T) Collection Model (model 1V)

In reality, many OEM manufacturers prefer to outsource the collection of used products
to independent third parties to exploit their specialization in the recycling process (Savaskan,
Bhattacharya, and Van Wassenhove 2004). In this model, we assume that M is the
Stackelberg leader whereas R and T are the followers. The decision sequence is as follows. M
first determines his wholesale price (W), T decides its collection rate (7 ), and R chooses her

retail price ( p) and marketing effort (e). Next, we use backward induction to solve the

aforesaid problem. For a given w, the two followers’ problems are given by
MaxTT, = (p—w)(a—kp+ 7€)~ ¢’ (26)
Max T =br(a—kp+ye)—C > — Ar(a—kp+ye) (27)
Similar to model Il, IT; is strictly jointly concave in p and e. Based on the R’s reaction

functions in Egs. (9) and (10), we have

. —k
eV (w, 1) = LKW +2) (28)
F
. kw — y*w+a
pY (wr) = = (29)
F
Substituting Eqgs. (28) and (29) into Eq. (27), T’s problem is converted to
b—A)nk(—kw+a
MaxTT,, _( )T"F( *2) o (30)

Taking the first- and second-order derivatives of Il,, with respect to 7, we have

b— A)yk(—kw+a 1 .
61;” :( )’7F( )—ZCLT , 88 £ =-2C_ <0 . Thus, T’s optimal response
T T

function is
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_ nk(—kw+a)(b—A)

V> 31
7 (W) 2FC, (31)
Foragiven p, e and 7, M’sproblem is given by
MaxIT,, =(w—-c, +7(A-Db))(a—kp+ye) (32)

By substituting Egs. (28)-(29) and (31) into Eq. (32), the above problem becomes

EW—Cm +;nk(—kw+ a)(F—éH A)(A—b)j”k(_kW+ 2)
MaxIT,, = — FL (33)

Solving the first-order condition of Eq. (33) yields the following equation that the

optimal wholesale price must satisfy

e _ Adank? — Aabyk® — Aabnk® + ab®yk? +27k”C, ¢, —y°kC,c, + 2ankC, —a)°C,
k( Adnk? — Abnk® — Abpk® +0°nk? + 47kC,_ —2y°C, )

(34)

Substituting Eg. (34) into (28)-(29) and (31), then, into Egs. (26), (27) and (33), we
derive the following result.

Proposition 4. Under the T collection case, M’s optimal wholesale price (W""), R’s
retail price (p"") and marketing effort ("), T’s used-product collection rate (7¥"), the
optimal demand (D"") and individual and supply chain profits are as follows

v C, (2nk’c, —y’ke,, +2ank —ay” ) —ak’y(b— A)(A-b)
k(2C,F —Kk’n(b-A)(A-b))

v Cu (nk*c, —y°ke,, +3ank —ay® ) —ak’n(b— A)(A-b)
k(2C_F —k’n(b—A)(A-b))

W _ GC.y SV G(b—A)nk
2C,F —k*y(b—A)(A-b)’ 2(2C F -Kk*(b-A)(A-D))’

v GrkC, v 1 G2 C?F
2C F —k’n(b—A)(A~b)’ 2(2C,F -K?y(b—A)(A-b))"
v :1 CL (b_A)sznzkz v* CL”GZ
3P 2 1M

4(2¢,F —k?p(b—A)(A-b)) - 2(2C,F -K*n(b-A)(A-b))’

C_nG? (6CLF +kn( A+ 2AA—4Ab—2Ab+3b2))
4(2C F —Kk?y(b—A)(A~b))

v* _
Hsc =
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Now, we make the following observation regarding the optimal b value in the T

collection model.

. . o A+A
Observation 2. M’s profit function is maximized at b= >

Proof. See Appendix.

Savaskan et al. (2004) establish the optimal transfer price (b) as a function of A and the
variable unit collection cost with their simplified demand function under the T collection
model. Observation 2 furnishes a parallel optimal transfer price under our marketing-

-effort-dependent demand function.
4 Comparative Analysis
4.1 Comparisons of the Four Closed-loop Supply Chain Models
We shall carry out comparative analyses of the optimal collection rate and marketing

effort as well as supply chain performance under the four different CLSC models.

1 *

Proposition 5. The optimal product return rates are related as z"V" <z"" <" <7

Proof. See Appendix.

Proposition 5 confirms an interesting finding in Savaskan, Bhattacharya, and Van
Wassenhove (2004) under our generalized demand function: The closer the collector is to the
market, the more efficient the collection rate is. More specifically, Proposition 5 indicates that
the collection effort level under model I is always the best compared to the other three
decentralized cases. This result is natural as all decisions are fully coordinated in this
centralized case. For the three decentralized cases, the collection effort level under R
collection (model 11) is the best, followed by M collection and, lastly, T collection. In the T
collection model, the only way that T can influence market demand to enhance its
profitability is to invest in the collection rate. On the other hand, in the M collection model, M
can not only decide on the collection rate directly, but also strategically set his wholesale
price with a second-degree impact on the collection rate. As such, the M collection model
realizes a higher collection rate than the T collection model. Along the same line, in the R
collection model, R has more tools at her disposal to enhance market demand and her
profitability: setting the retail price and investing in the collection and marketing efforts
conditional upon M’s wholesale price decision. With the second-degree impact on the
collection rate by her retail price and marketing effort decisions, the R collection channel is

able to achieve higher collection efficiency than the M collection model.
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1*

Proposition 6. The optimal marketing efforts are related as e"V" <e"" <e"" <e
Proof. See Appendix.

Proposition 6 establishes a definite relationship for the optimal marketing effort among
the centralized (model 1), M collection (model I1), R collection (model 111) and T collection
(model 1V) cases. It is natural for model | to outperform the three decentralized cases as it is
the fully coordinated scenario. The reason that the marketing investment in model Il
outperforms model 11 is due to the fact that R directly benefits from her marketing effort in
enhancing demand when R is responsible for collecting used products in model 111, but this
benefit is only secondary when M makes collection effort decision in model Il. In the T
collection case, the optimal marketing effort level is less than the other three cases due to the
fact that both M and T will share the increased sales and profits arising from the R’s
marketing efforts while only M claims part of the increased sales and profits in model 11 & IlI.

As such, R is least enthusiastic in exerting marketing efforts under model IV.

Next, we compare the optimal individual and supply chain profits for different models.
Proposition 7. If b=A in model 111 and b=(A+A)/2 in model 1V, we have

(1) The optimal profits of the supply chain in the four models are related as

v 1= e .
g <y <Ige <y,

(2) For the three decentralized cases, M’s profits are related asT1}, "~ <IT), <IT,, ;

(3) For the three decentralized cases, R’s profits are related as TT}y" <TIh" <TI)'".

Proof. See Appendix.

Proposition 7 indicates that the channel profit achieves the best level when the system is
fully coordinated (model I). For the three decentralized cases, both individual and channel
profits attain the highest when R is the collector (model I11), followed by the case when M
serves as the collector (model I1), and lastly the lowest individual and channel profits are
achieved when T is responsible for collection (model 1V). This result resonates the conclusion
on optimal marketing effort in Proposition 6. A higher marketing effort leads to higher market
demand, thereby enhancing profitability. As the optimal marketing effort reaches the highest
level in model Ill, followed by model Il and IV in the three decentralized cases, it is

understandable that both individual and channel profits follow suit.
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4.2 Impact of Model Parameters on Effort Decisions and Profits
Next, we will study the impact of the demand coefficient y and the unit transfer price (b)
on the collection and marketing efforts, and profits of the CLSC.

4.2.1 Impact of the Demand Coefficient y
Recall that the demand coefficient y measures how sensitive market demand responds to
the marketing effort. The higher the y, the more sensitive the demand.

Proposition 8. In model I, Il, 111 and 1V, the optimal collection rate, the optimal marketing
effort, and the channel profit of the CLSC increase in y.
Proof. See Appendix.

Proposition 8 demonstrates that the optimal collection rate, marketing effort level, and
channel profit all increase when the market demand becomes more sensitive to marketing
effort for all of the four CLSC cases. This result is sensible: when market demand is more
responsive, the central planner (the centralized case) or R (the three decentralized cases) is
incentivized to exert more marketing effort. The spillover effect will induce the collector to
make a better collection rate, thereby enhancing channel profitability.

4.2.2 Effect of the Transfer Price b

Now, we examine the impact of the unit transfer price (b) on the collection rate and
marketing effort, as well as the profits of the CLSC. Since b is the unit transfer price from M
to R/T when R/T is the collector of used products, it is irrelevant when the central

planner/manufacturer is responsible for collection. Therefore, the discussion below is
confined to models Il and IV only. Given that the meanings of b and A, it is sensible to

have 0<b <A inthe following discussions.

Proposition 9. (1) In model Il1, the collection rate, marketing effort, individual and channel
profits increase in b.

(2) In model 1V, the collection rate increases in b;

(3) In model 1V, the marketing effort and M’s profit increase inb if 0<b<(A+A)/2, and
decrease inbif (A+A)/2<b<A .
Proof. See Appendix.

Recall that b is the unit transfer price from M to the collector due to the savings from
remanufacturing. Proposition 9 (1) shows that the collection rate and marketing effort, as well
as individual and channel profits increase in b when R is the collector as long as M controls

the unit transfer price to within his optimal level b =A (See Observation 1). This result is
17



natural as R directly benefits from a higher transfer price, which apparently motivates her to
exert more collection and marketing efforts, thereby enhancing her profitability. The spillover
effect of R’s collection and marketing effort decisions is eventually translated into a higher
profit for M and the whole supply chain.

In model 1V, T is responsible for collecting used products, it is sensible that the
collection rate increases when M transfers more savings to T (a larger b). For the meaningful
model parameter range (0 <b < A), R’s marketing effort and M’s profit first increase in b
when it is small and, then, decrease in b when it is sufficiently large. Recall that T’s collection
rate always increases in b. When this transfer price increases within a reasonable range
(0<b<(A+A)/2), R has the motivation to exert more marketing effort and M actually

attains a higher profit as a result of the heightened collection rate and marketing effort.
However, when the transfer price increases beyond the threshold (A+A)/2, the imbalanced

transfer dampens R’s motive for marketing the product and eventually hurts M’s profit.
4.2.3 Effect of the Marketing Effort Cost Coefficient (7)
Now, we will study the impact of the marketing effort cost coefficient (4) on the

collection rate and marketing effort, and profits of the CLSC.
Proposition 10. In model I, 11, I1l and 1V, the optimal collection rate, marketing effort, and
individual and channel profits of the CLSC decrease in #.

Loosely speaking, this proposition is the converse of Proposition 8 and it shows the other
side of the coin. As 7 is the quadratic cost coefficient, the marketing cost increases faster at a
higher #. This curbs the central planner (model I) or R (the other three decentralized cases)
from investing in marketing effort, resulting in a lower collection rate and driving down

individual and channel profitability.

Proof. See Appendix.
5 Extensions

In this section, we shall consider two extensions for the base model. The first
extension entertains the idea that R is concerned with distributional fairness. Model 11
is taken as an example for this extension where M collects used products with R
having distributional fairness concerns. It trivial to extend the same fairness concerns

to the other two models, 111 and V.

5.1 The Manufacturer Collects Used Products with the Retailer Concerning
Fairness (Model V)
18



5.1.1 Model Description

In this case, R will maximize a utility function (see Eg. (35) below) that accounts for
both her profit and her fairness concerns when R makes her price and marketing effort
decisions (Cui, Raju, and Zhang 2007; Caliskan-Demirag, Chen, and Li 2010; Yang et al.
2013; Katok, Olsen, and Pavlov 2014; Nie and Du 2016).

Now, we analyze the case where R cares about profit distributional fairness as reflected
in the disadvantageous inequality (i.e., zIT,, —IT1, >0). In general, her utility function can be
expressed as

Up =TT (P, W) — o, (441, —T1)" (35)

where IT (p,e) =(p—W)(a—kp+7/e)—%ez, ao is her disadvantageous inequality parameter

(0< ¢, <1). x>0 is her equitable payoff parameter and captures her fairness concerns with

the expected profit distribution scheme between herself and M and is exogenous to our model.

We can rewrite R’s objective function as follows:

maxU,(p,e) = (p-w)(@a-kp+ye) —%ez —a{ul(w-c, +Ar)(@a—kp+ye)—C. r°
p.e

—Ar(a—kp+7e)]—[(p—w)(a—kpwe)—geﬂ}

(36)
stu[(w—c, +Az)(a-kp+ye)-C 7’
—Ar(a-kp+ye)l-[(p-w)(a—kp+ ye)—%ez] >0
The profit of the manufacturer is:
MaxII, =(w-c, +Az)(@—kp+ye)—C > — Ar(a—kp+ye). (37)

The following Proposition summarizes both parties’ optimal solutions.

Proposition 11. If there exists the R’s disadvantageous inequality aversion, i.e.,

u(Iay ) (AC, (1+ay + pay ) F = (L+ay)nk?3?) 2 2C, (1+ 0y + pay ) (1+ 0 +3pay ) F
then the optimal used product collection rate ('), wholesale price (w'"), demand (DY),
marketing effort (e""), retail price (p"”), the R’s profit (I1},"), and M’s profit (IT},) are given
by

o (1+a,)IGnk
4C (14 0y + pay ) F — (L+ ap)nk*J? ’

oo (ank?3%—2C F(a+ke,))(1+a,) - 4kuC ayC, F
k((k*73% —4C,F )(1+ay) — 4uC, agF )
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DV = 2(1+ ay + pay ) GnkC, Ve 2y(1+ oy + pay ) GC,
- 4C, (1+ 0y + pay ) F —(L+0p)nk?J? ’ AC (14 0y + poy ) F — L+ ap)nk* I ’

\V*

_J 2ank? (1+aq )+ (—2;7k2CLcrn +2y°kC,c, —6ankC, +2ay°C, )(1+ 0y + 1oy )
k((k?73? —4C,F )(1+ay) — 4uC oo |

v - 2Cn(1+ ay + pay ) (1+ 0y +3uay )FG* . 3 (I+a,)nC,G*

* T [AC, (L4 o+ pag ) F —(L+a)nk? 32 M 4C, (1 ag + pog ) F — L+ o) nk?d?

Proof. This proof is similar to that of Proposition 2 and is thus omitted here.

Now, we investigate the impact of her disadvantageous inequality parameter ao on the
optimal marketing effort, collection rate as well as individual and channel profits. Then, we

derive the following proposition.

Proposition 12. (1) The optimal collection rate, marketing effort, and the M’s profit all
decrease in ag;

(2) If 4C_F -3k*4J* >0, then the R’s profit increases in .

Proof. See Appendix.

Note that ao measures how sensitive R is concerned with the fairness of profit
distributions. In the presence of her disadvantageous inequality ( I1,, —IT; >0), a higher ao
corresponds to a more sensitive retailer. It is natural that R will make less marketing effort
when R feels more strongly about the unfair distribution of profit between M and herself. This

will drive down market demand and lead to a lower collection rate and profit for M.
For R, as long as 4C, F —3k*;4J% >0, which is a slightly stronger condition than that in

Lemma 1, her profit will always increase in ao. This is quite understandable as her fairness
concerns will force M to give up some profit to appease R.
5.1.2 Numerical Studies

Next, numerical studies are carried out to investigate the impact of R’s disadvantageous
inequality parameter ao on the marketing effort, collection rate as well as individual and

channel profits.

To examine the effect of ao on the optimal marketing effort and the supply chain profits,
we allow ap to vary in the range of [0, 0.25]. By assuming a=360, A=10, C,=300, #=4, k=5,
A=15, u=0.8, y=2 and c»,=20, Figs. 1-3 validate Proposition 12. More specifically, Fig. 1
visually depicts a declining marketing effort level when parameter oo increases. Fig. 2 shows a

similar declining trend for M’s collection rate when ao increases. Fig. 3, on the other hand,
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displays how individual and channel profits change with ao. With R’s concerns with
distributional fairness, R’s profit increases, but M’s profit drops when ag increases. This trend
helps to close in the gap of R’s disadvantageous inequality when R feels more strongly about
the distributional fairness. It is worth noting that the system profit suffers slightly in this

numerical experiment due to R’s non-economic fairness concerns.
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Figure 3. The effect of parameter ao on individual and channel profits in Model V

Next, we shall consider another extension to examine the impact of different collection
efficiencies when M, R, or T serves as the collector of used products.
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5.2 Three Decentralized Collection Models with Heterogeneous Collection Costs

In this extension, we investigate the case when M, R, and T with different recycle costs,
respectively, serve as the collector, where M as the collector is taken as the benchmark with a
variable collection cost parameter A. As R is closer to the consumer and T tends to be more
professional in collecting used products, a parameter 0<A<I is introduced to gauge potential
cost advantages with a variable collection cost of AA if R or T serves as the collector.
5.2.1 R Collection Model with AA as the Variable Collection Cost Parameter

We can derive the relevant equilibrium values as follows:
W' = 1

2k (=2C F +(A=AA)(b- AA)k’n)

{A*k32%c + Alank®A* — 2 Abyk®ac,

—2Adank®)+b*nk’c, +24abnk® —ab’nk? — 4nk*C c, +2y°kC, c, —4ankC, +2ay’C },

o — Aank?2? — Adank®A— Aabnk?A+ Aabnk® —nk*C ¢, +y°kC, c, —3ankC, +ay’C,
k(-2C,F +(A=2A)(b-2A)k*n)

e _ GCyy e _ GrkC,
2C F —(A-AA)(b-AA)K*p’ 2C F —(A-AA)(b-2AA)k?*p "
TR :l G(M_b)k” o :1 G*5C,
2-2C F+(A-AA)(b—AA)Kp " ™  2°2C F-(A-AA)(b-AA)K’y '

GnC,

) (L .
4(-2C,F +(A-AA)(b—AA)k’n)

{-A’nk®)’c_ + A*ank®A* + 2Abyk®Ac,

—2Aabrk®A—b?*yk’c, +ab’yk® + 4nk*C c, —2y°kC c, —4ankC, +2ay°C },

Ve GnC,
T 4(-2CF +(A-2A)(b-2A)K)
—4Aabyk? L —24bnk’c,, —b’nk3c, +24abyk’ + ab’yk? +127k°C,c,, — 6y°kC,c,, —12ankC, +6ay’C }.

{-3A%k®2%c,, +3A%ank’® 2% + 2 Adnk®Ac,, +4Abyk3Ac,, — 2 Adank’A

After taking the first-order derivative of IT,,” with respect to b, we derive that

o™ Gx?kC, (4- AL)

>0 .
b 2(-2C,F +(A-AA)(b-AA)K? )

Because the manufacturer’s profit increases in b, the optimal transfer price b should be
set at b=A under the R collection case, which is identical to Observation 1.

5.2.2 T Collection Model with 1A as the Variable Collection Cost Parameter
Similarly, we derive the equilibrium values for this extension model as follows:
WV = Adank? L — Aabyk® L — Aabnk?® +ab*yk® + 27k*C ¢, —y°kC,c,, +2ankC, —ay’C,

k(2C,F —Kk*(b-AA)(A-D))
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oV — Adank® L — Aabyk® L — Aabnk? +ab*zk? + nk°C,c,, —y°kC,c,, +3azkC_—ay’C,
k(2C,F —Kk*(b—AA)(A-b))

Ve GCy Ve nkC,G
2C F -k’n(b-2A)(A-b)’ 2C F -k’n(b-2A)(A-b)’
we_ 1 G(AL-Db)nk e _ 1 G*nC,

" 22C F—kp(b—AA)(A-b)" M  22C,F-Kk*#(b-2A)(A-b)’

v :1 ”CEGZF v :l CLGZ(M_b)Z n’k?
R 1 3P 1
2(2C,F —k?p(b—AA)(A b))’ 4(2C,F —k?n(b—AA)(A b))’

v - G’nC, (APnk®A% + 2Adnk® i~ AAbyk® 4 — 24bpk” +30°nk® +124kC, - 6)°C, ) |

4(2C,F —k2p(b—AA)(A~b))

After taking the first-order derivative of T, with respect to b, we derive that

o, _

1 G’CK™’(-Ai-4+2b)
b 2

(2C.F ~k*p(b—-2A)(A-b))’

Solving the equation oI, /db=0 results in b =%M+%A . This result is consistent
with Observation 2 with A being replaced with 1A .

After substituting b = % AL +%A into TI..", we can derive that

sC !

G*C, (24C,F ~k'n(A-2A))

I**
I1 sc =

2 2)?2
(8C.F —Kk*n(a-2A)')
Taking the first-order derivative of TT{.  with respect to A, we can derive that

oy 26" 'CLAK? (4~ A2)(40C, F —(2A=A) 1k?) 0.

oA (8C.F Kk (A~ 2AY)

This result shows that the supply chain’s profit decrease in /.
5.2.3 Impact of 4 on the Supply Chain Profitability for the Three Decentralized Models
Now, by setting a=360, A=10, C,=300, #=4, k=5, A=15, y=2, and cn=2, we examine the
impact of 2 on the supply chain profitability. If there does not exist any cost advantage for R
or T to collect used products, i.e., 2 = 1, Fig. 4 confirms the conclusion in Proposition 7(1),
MY <T14 <TI4". On the other hand, when the cost advantage of R and T collection models
increases (i.e., when A decreases), the supply chain profitability for the R collection model

(model I11) and T collection model (model 1V) increases. When 1 is sufficiently small (2 is

less than about 0.8 as shown in Figure 4), the supply chain profitability for the T collection
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model (model 1V) surpasses that for the M collection model (model Il). Fig. 4 also
demonstrates that, in terms of supply chain profitability enhancement, the R collection model
(model 111) is more sensitive to the cost advantage parameter 4 than the T collection model
(model IV).
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Figure 4. Comparison among the Models 11, 11l and 1V

6 Conclusions

CLSC studies have received increasing attention in recent years. We address the optimal
pricing strategies in CLSCs where market demand is influenced by R's marketing effort. In
the centralized case, a central planner is responsible for all decisions. In the three
decentralized cases where M, R and T are, respectively, modeled as the collector. In terms of
decisions, M sets a wholesale price, R takes care of the marketing effort and retail price, and
the collector determines the collection rate. Game theoretic models are established to
characterize the interactions among the supply chain members. In the decentralized cases
where M is not the collector, M is modeled as the Stackelberg leader and R and T are treated
as followers.

We derive the optimal pricing strategies for the CLSC members under different
collection structures. We then compare the collection rate and marketing effort (Propositions
5 and 6) in the four models, and find that the centralized model achieves the highest collection
and marketing efforts, followed by R collection and, then, M collection, and lastly T
collection model. We also compare the channel profits in the four models (I, I1, 111, IV) as

well as the profits of R and M in the decentralized cases (models II, 1l and 1V).
We next examine the influence of the demand coefficient (y) on optimal decisions and
profits of the CLSC in different cases. We find that the collection rate and marketing effort as
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well as individual and channel profits all increase when market demand becomes more
sensitive to the marketing effort (a higher y) (Proposition 8). Our further study on the impact
of the unit transfer price b reveals that the collection rate, marketing effort, and individual and
channel profits all increase in b when R serves as the collector (Proposition 9(1)). When T
serves as the collector in model 1V, its collection rate always increases in b. The marketing
effort and M’s profit increase in the unit transfer price b when it is within a reasonable range,
but decrease in b when it is excessive.

Subsequently, we extend model Il to consider a fairness-concerned R. On the one hand,
the optimal collection rate, marketing effort, and M’s profit decrease in R’s disadvantageous
inequality parameter ao. On the other hand, R’s profit increases in ao under certain conditions,
helping to close in the gap between the two supply chain members’ profits when R is a
stronger proponent of fair distributions (a larger ag). We also extend the base models to
accommodate potential collection cost advantages by R and T compared to the M collection
model. We find that: (1) The supply chain always attains the highest profit under the R
collection model and the T collection model achieves a higher profit than the M collection
model when the collection cost advantage is large enough (or a small enough 4); (2) In terms
of supply chain profitability enhancement, the R collection model (model III) is more

sensitive to the cost advantage parameter /A than the T collection model (model V).

One worthy future research opportunity is to consider cost sharing of marketing effort
and collection rate between M and R/T. As illustrated in the numerical studies, R’s fairness
concerns lead to a channel efficiency loss. So, another possible direction is to examine the

contract design issue in coordinating the CLSC with a fairness-concerned R.

Acknowledgments

This work is supported by the National Natural Science Foundation of China under
Grant numbers 71572040, 71601099, and 71671160, the Humanity and Social Science Youth
Foundation of Ministry of Education of China under Grant number 15YJC630091, the
Natural Science Foundation of Jiangsu Province under Grant number BK20160973, the
startup foundation for introducing talents at NUIST, a Natural Sciences and Engineering
Research Council of Canada (NSERC) Discovery Grant, and the Zhejiang Provincial Natural
Science Foundation of China under Grant LY15G010004.

25



References

Abbey, J.D., M.G. Meloy, Jr. V.D.R. Guide, and S. Atalay. 2015. “Remanufactured Products
in Closed-loop Supply Chains for Consumer Goods.” Production and Operations
Management 24(3): 488-503.

Agrawal, V.V., A. Atasu, and K.V. lIttersum. 2015. “Remanufacturing, Third-party
Competition, and Consumers' Perceived Value of New Products.” Management Science
61(1): 60-72.

Amin, S.H., and G. Zhang. 2012. “An Integrated Model for Closed-loop Supply Chain
Configuration and Supplier Selection: Multi-objective Approach”. Expert Systems with
Applications 39(8): 6782-6791.

Atasu, A., M. Sarvary, and L. N. Van Wassenhove. 2008. “Remanufacturing as a Marketing
Strategy.” Management Science 54(10): 1731-1746.

Caliskan-Demirag, O., Y. Chen, and J. Li. 2010. “Channel Coordination under Fairness
Concerns and Nonlinear Demand.” European Journal of Operational Research 207(3):
1321-1326.

Chen, J.M., and C.l. Chang. 2013. “Dynamic Pricing for New and Remanufactured Products
in a Closed-loop Supply Chain.” International Journal of Production Economics 146(1):
153-160.

Chuang, C.H., C. X. Wang, and Y. Zhao. 2014. “Closed-loop Supply Chain Models for a
High-tech Product under Alternative Reverse Channel and Collection Cost Structures.”
International Journal of Production Economics 156: 108-123.

Cui, T.H.,, J. S. Raju, and Z. J. Zhang. 2007. “Fairness and Channel Coordination.”
Management Science 53(8): 1303-1314.

Das, D., and P. Dutta. 2015. “Design and Analysis of a Closed-loop Supply Chain in Presence
of Promotional Offer.” International Journal of Production Research 53(1): 141-165.

De Giovanni, P. 2014. “Environmental Collaboration in a Closed-loop Supply Chain with a
Reverse Revenue Sharing Contract.” Annals of Operations Research 220(1): 135-157.

De Giovanni, P., and G. Zaccour. 2014. “A two-period Game of a Closed-loop Supply

26



Chain.” European Journal of Operational Research 232(1): 22-40.

Du S.F., T. Nie, C. Chu, and Y. Yu. 2014. “Newsvendor Model for a Dyadic Supply Chain
with Nash Bargaining Fairness Concerns.” International Journal of Production Research
52(17): 5070-5085.

Esmaeili, M., G. Allameh, and T. Tajvidi. 2016. “Using Game Theory for Analysing Pricing
Models in Closed-loop Supply Chain from Short- and Long-term Perspectives.”
International Journal of Production Research 54(7): 2152-2169.

Ferrer, G., and J. M. Swaminathan. 2006. “Managing New and Remanufactured Products.”

Management Science 52(1): 15-26.

Giri, B. C., and S. Sharma. 2015. “Optimizing a Closed-loop Supply Chain with
Manufacturing Defects and Quality Dependent Return Rate.” Journal of Manufacturing
Systems 35: 92-111.

Han, X., H. Wu, Q. Yang, and J. Shang. 2017. “Collection Channel and Production Decisions
in a Closed-loop Supply Chain with Remanufacturing Cost Disruption.” International
Journal of Production Research 55(4): 1147-1167.

Ho, T.H., and X. Su. 2009. “Peer-induced Fairness in Games.” American Economic Review
99(5): 2022-2049.

Jena, S.K., and S. P. Sarmah. 2014. “Price Competition and Co-operation in a Duopoly
Closed-loop Supply Chain.” International Journal of Production Economics 156:
346-360.

Katok, E., T. Olsen, and V. Pavlov. 2014. “Wholesale Pricing under Mild and Privately
Known Concerns for Fairness.” Production and Operations Management 23(2):
285-302.

Levinson, M. “U.S. Manufacturing in International Perspective, Congressional Research
Service.” CRS Report R42135 (https://fas.org/sgp/crs/misc/R42135.pdf, accessed on May

23, 2016).
Ma Z, N. Zhang, Y. Dai, and S. Hu. 2016. “Managing Channel Profits of Different
Cooperative Models in Closed-loop Supply Chains.” Omega 59: 251-262.

27


https://fas.org/sgp/crs/misc/R42135.pdf
https://fas.org/sgp/crs/misc/R42135.pdf

Mukhopadhyay, S.K., X. Su, and S. Ghose. 2009. “Motivating Retail Marketing Effort:
Optimal Contract Design.” Production and Operations Management 18(2): 19-211.

Nie T, and S. Du. 2017. “Dual-fairness Supply Chain with Quantity Discount Contracts.”
European Journal of Operational Research 258(2): 491-500.

Saha, S., S.P. Sarmah, and 1. Moon. 2016. “Dual Channel Closed-loop Supply Chain
Coordination with a Reward-driven Remanufacturing Policy.” International Journal of
Production Research 54(5): 1503-1517.

Savaskan, R.C., S. Bhattacharya, and L. N. Van Wassenhove. 2004. “Closed-loop Supply
Chain Models with Product Remanufacturing.” Management Science 50(2): 239-252.

Savaskan, R.C, and L. N. Van Wassenhove. 2006. “Reverse Channel Design: the Case of
Competing Retailers.” Management Science 52(1): 1-14.

Shi, Y., J. Nie, T. Qu, L. K. Chu, and D. Sculli. 2015. “Choosing Reverse Channels under
Collection Responsibility Sharing in a Closed-loop Supply Chain with Re-manufacturing.”
Journal of Intelligent Manufacturing 26(2): 387-402.

Wu, D.D. 2013. “Bargaining in Supply Chain with Price and Promotional Effort Dependent
Demand.” Mathematical & Computer Modelling 58(9-10): 1659-16609.

Wu, X., J. A. Niederhoff. 2014. “Fairness in Selling to the Newsvendor.” Production and
Operations Management 23(11): 2002-2022.

Xiong, Y. Q. ZzZhao, and Y. Zhou. 2016. “Manufacturer-remanufacturing vs
Supplier-remanufacturing in a Closed-loop Supply Chain.” International Journal of
Production Economics 176: 21-28.

Yang, J., J. Xie, X. Deng, and H. Xiong. 2013. “Cooperative Advertising in a Distribution
Channel with Fairness Concerns.” European Journal of Operational Research 227(2):
401-407.

Yoo, S.H., D. Kim, and M. S. Park. 2015. “Pricing and Return Policy under Various Supply
Contracts in a Closed-loop Supply Chain.” International Journal of Production
Research 53(1): 106-126.

Yoo, S.H., and B. C. Kim. 2016. “Joint Pricing of New and Refurbished Items: A Comparison
of Closed-loop Supply Chain Models.” International Journal of Production Economics
182: 132-143.

28



Zhang, P., Y. Xiong, Z. Xiong, and W. Yan. 2014. “Designing Contracts for a Closed-loop
Supply Chain under Information Asymmetry.” Operations Research Letters 42(2):
150-155.

Zheng, B., C. Yang, J. Yang, and M. Zhang. 2017. “Dual Channel Closed Loop Supply

Chains: Forward Channel Competition, Power Structures and Coordination.”

International Journal of Production Research 55(12): 3510-3527.

Appendix A. Proofs in Sections 3, 4 and 5

Proof of Lemma 1. The Hessian matrix of I is
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If-2C F +k’nJ? <0, we have |H;(p,e,7)|<0. W

Proof of Observation 1. After taking the first-order derivative of T1,,~ with respectto b,

we can derive that
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As T1,)" increasesin b, the optimal transfer price b should be set at its upper bound A .H
Proof of Observation 2. Taking the first-order derivative of TT;,” with respectto b, we
have
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Proof of Proposition 5. (1) We can show that:
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(2) If b=4, we can find that:
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(4) Now, we compare the values 7™V with 7™ and ™" as follows,
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After combining the above results, we complete the proof of Proposition 5.l
Proof of Proposition 6. In order to compare the optimal marketing effort level in model 111

with that in model I, we can find that
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Comparing the optimal marketing effort level in model 111 with that in model 11, we have
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After combining the above results, we complete the proof of Proposition 6.l

Proof of Proposition 7. We can prove that
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After combining the above results, we complete the proof of Proposition 7.1

Proof of Proposition 8. (1) Taking the first-order derivative of z and e with respect to y for

models I, I, 111 and IV leads to
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Proof of Proposition 9.
(1) Recall that F >0, A<A, b<A and the optimal valuesof 7z, e, Il; and II,, in
four models are positive. We can prove that
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Proof of Proposition 10. Recall that F >0, A<A, b<A and the optimal values of 7, e,
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Proof of Proposition 12. Recall that F >0, A<A and the optimal values of 7, e, Il,
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Taking the first derivative of TT), with respect to ao, we can derive:
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Combining the above results completes the proof of Proposition 12. 1l
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