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Abstract: A revenue-sharing contract can play an importal& iro coordinating the
distribution of benefits among the upstream and rddiream members of a green
supply chain and improving its overall performandéowever, there are few
guantitative studies on revenue-sharing contractgeen supply chains. To this end,
we first establish a green supply chain game mwaittlltwo kinds of revenue-sharing
contracts, and then compare the results with thenoon centralized control game
model and the decentralized decision game modedisits. By comparing the model’s
results, we can quantitatively analyze the impdcthe contracts on the internal
membership decision variables and the overall pedoce of the supply chain. Our
study also takes consumer sensitivity towards gpgeducts into account to make a
better sense of its impacts on the relative vaembFinally, we propose that a
revenue-sharing contract can effectively improve gineening level of the products
and the overall profitability of the supply chaiftn particular, the retail-led
revenue-sharing contract leads to higher greeniegell compared with the
decentralized control condition. In addition, undleis case, both the manufacturer
and the retailer get higher profits, which is okajr significance to green supply
chain’s establishment and cooperation. In addititve, bargaining revenue sharing
contract can make both product’s greening levelsamply chain’s overall profit even
higher than that under the manufacturer-led revahaeing contract.

Key words: green supply chain; revenue-sharing contract; gamoelel; green

sensitive
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1. Introduction

The great development of economic globalizationuieg companies to
establish a global supply chain instead of theiticadhl limited supply chain. The
global supply chain aims to ensure the timely amlity of material as well as

minimizing the cost of manufacturing, service araf@mance_(Almaktoom et al.,

2016). However, with the expansion of the globgdmw chain, resource consumption
and environmental pollution problems have arousedple's attention(Zhu and

Sarkis,2004 ). Therefore, improving the global dypghain’s resource utilization

efficiency and reducing the impact of manufactummgthe environment have become

a hot topic(Seuring ,2016). Under this circumstarice green supply chain concept

came into being.

A green supply chain is a modern management idéathe goal of minimizing
environmental impacts and maximizing resource iefficy from material acquisition,
processing, packaging, storage, transportation, , use final scrapping

(Srivastava,2007). Establishing green supply chamsise the utilization efficiency

of resources and reduce the impact of the manufagtwn the environment has
attracted the attention of various countries arghiizations. Hundreds of countries
have put energy conservation and environmentaleption into their development

strategies, and continued to  strengthen  and improveelevant

legislation(Mathiyazhagan et al., 2015). For exanghe "Restrictions on the Use of
Certain Hazardous Substances Directive in Eledtrgecad Electronic Equipment”

promulgated by the European Union in 2006(EU-Diwect 2003) prompted
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manufacturers to attach great importance to toxid &azardous substances in
products. Since 2009, China has strengthened emmental protection legislation
and supervision, and has begun to implement enviemtal protection and reduce
energy consumption in the process of business neamagf. Implementing green

supply chain has become an important goal(Luo et 26115) .To motivate the

companies to participate in the green supply chdia, government has provided

subsides for remanufacturers(_Albared, 2008). bwirgly stringent laws and

regulations as well as rising public environmemtabreness have forced the world’s
leading business giants to work with upstream amdndtream companies to build

green supply chains (Sancha et al., 2016). As em12001, Volkswagen and Ford,

two major global automakers, announced the impl¢atiem of green supply chain
management which required suppliers and businassepa to be 1ISO14001 certified

by July 2003 and December 2002(Kushwaha et al.620Adidas, a leading

manufacturer of athletic wear, uses MMVEA and Ea@QGechnology to reduce
harmful substances from materials used in manufagtuto minimize the
manufacturing impact on environment. It can be sdwt the establishment of
collaboration between upstream and downstream peiges by implementing green
supply chains is an irreversible trend.

The green supply chain is not only a hot topicafitigal cycle, but also captures
keen scientific attention. Studies on green sumplgin analysis have continued for
several decades. Current green supply chain résdews mainly focused on case

studies, questionnaires, and other means of gunaditanalysis, and has been less



84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

involved in quantitative research. In recent yeseholars are advancing that research
to establish green supply chain game models totgaavely analyze decision rules
for green supply chain members and promote codparamong them. Ghosh and
Shah (2012) studied a secondary supply chain dowgisf a manufacturer and a
retailer. And they explored the effect of decemteal decision-making and
negotiation while bargaining on the greening lewgélproducts, and then further

proposed a contractual coordination mechanism. ghetnal.(2016) set a dynamic

model with learning and operational inefficiency feets, and obtained
forward-looking and myopic equilibria. They founkat the efficiency of both the
forward-looking and the myopic supply chain is lovilean the static one, and they
also proposed that competition can make supplyncetiiciency and manufacturer's

profit proportion improved. Kannan et al.(2015) poeed a fuzzy criteria approach to

help manufactures to select the best green suppler provided a numerical
application to demonstrate the effectiveness optioposed approach. Nagarajan and
Sosic(2008) discussed mechanisms of collaboratibenwtwo firms develop new
products and face technical uncertainty. They amalyand surveyed several models,
and used cooperative bargaining models to find Bapply chain partners allocate
their profit.

By summing up the previous quantitative researehdiure, we can find that, in
general, the basic dynamic game model commonly urséte study of green supply
chains includes two categories: the decentralizsgistbn-making game model and

the centralized control game model. In the deckméid decision game model,
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manufacturers and retailers make decisions basethen own costs to maximize
their own interests; in the centralized control gamodel, manufacturers and retailers
no longer make individual decisions based on tbem interests, but make collective
decisions to maximize the overall profitability thie supply chain. These two models
have significant meaning for understanding the siesimaking process of supply
chain members and promoting the realization ofdp#mal decision values. At the
same time, these two models have some problentise I[decentralized decision game
model, independent decisions of suppliers and leesaiead to low supply chain
efficiency, which is a common problem in supply iclsa And the centralized control
game model requires a decision-maker who conth@sstipply chain and masters all
information to maximize the overall profitabilityf the supply chain by centralized
decision-making, which is difficult to achieve ieality.

Because both the centralized control model and tecentralized
decision-making model have many shortcomings imisglthe green supply chain’s
profit distribution problems and promoting the cemgtion between manufacturers
and retailers. The integration of supply chain cactt coordination mechanism
provides an important way to further optimize theem supply chain game model and
ensure green supply chain’s stable operation. Tpelg chain contract refers to the
provision set between buyers and sellers by progidippropriate information and
incentives to ensure their coordination and optamize sales channel performance
(Cachon,2003). It includes Buy Back or Return Cacttr Wholesale Price Contract,

Quantity Flexibility Contract, Revenue Sharing CGant and so on(Sluis and
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Giovanni,2016). In particular, the revenue-sharoantract can more effectively

coordinate profit distribution and improve performea compared with the traditional

coordination mechanism (Veen, Venugopal, 2005).ddtide revenue sharing contract,

retailers share a certain percentage of salesswibpliers to obtain a lower wholesale
price, and achieve a fair distribution of interpedfits eventually.

Current research on revenue-sharing contracts eengsupply chains focuses
more on qualitative analysis than quantitative aed® In recent years, researchers
begin to study the impact of revenue-sharing cebt@n green supply chains

guantitatively._Qian and Guo(2014) developed a maeesharing bargaining model

between Energy Service Company and an Energy-U3nggnization to analyze the

impact on energy prices, risk-adjusted discourdsratnd accidents on the ESCO’s
bargaining strategies. Hsueh(2014) integrated catposocial responsibility (CSR)

into supply chain coordination, and established esav mevenue sharing contract
embedding corporate social responsibility to cauaté a two-tier supply chain. The
research found that the contract could not onlyrowe both the CSR performance
and the total supply chain profits, but also enshat each partner could benefit from

that. Arani_and Rabbani(2016) introduced a novekewi revenue-sharing option

contract to coordinate the supply chain and mod#ied through a game theoretic
approach to obtain the order quantity of the retaahd the production quantity of the
manufacturer.

Moreover, green supply chains differ from genetgd@y chains, because green

supply chain coordination objects not only include manufacturers and retailers in
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traditional supply chains, but also include constenbleeting consumer demand for
green products is one of the main purpose of gragpply chain participants

implementing green innovations (Vachon,Klassen,2@sumer sensitivity to

green product affects the greening level of proslactid the size of sales directly,
which in turn affect the profitability of manufacars and retailers.

By taking all above factors into consideration,stimiaper tries to apply the
revenue sharing contract to the green supply chdla. study revenue sharing
contract’s influence on the decision variableshef green supply chain members. The
aim is to explore whether revenue sharing contraatd coordinate the green supply
chain members’ interest conflicts or promote theegrsupply chain‘s establishment.
At the same time, in order to better explore th@ant of consumer consumption
preference on the green supply chain, we also tte&keonsumer sensitivity towards
green products into account. To better study tHkience of the revenue-sharing
contract on green supply chain coordination, wealdisth two revenue-sharing
contract game models: a retailer-led revenue-spacontract game model and a
bargaining revenue-sharing contract game model. filse model represents the
situation that the revenue sharing contract isrdeteed by the retailor who dominates
the green supply chain, while the manufacturerrstiie whole R&D costs and can’t
participate in making the contract. The second rhogj@esents the situation where
the manufacturer refuses the revenue sharing airgraposed by the retailer, while
instead, the manufacturer bargains with the rettil@stablish a new revenue sharing

contract. Then we compare the results of the twaletsowith the results of the
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centralized control game model and the decentdlidecision game model. The
purpose is to find out how revenue sharing contedfeicts the product’s greening
level and the green supply chain’ profit. Finallye hope to provide a reference for

green supply chain’s establishment and management.

2. TheModes

2.1 Mode Hypotheses

We examined a secondary supply chain model congisfia manufacturer who
sells green products to a retailer directly at vwbale prices and a retailer who sells
products to consumers at retail prices. Generatlyms and green products can
replace each other completely in the market. Coessinare sensitive to green
products, and need to consider both the producepnd the greening level when

buying products (Ghosh, Shah, 2015). We make thewimg assumptions, and the

parameters and meanings are listed in table 1:

Table 1: Parameters and its Meaning

Parameter Meaning
a The total market potential
b Consumer sensitivity to price
a Consumer sensitivity to greening level improvement
c The cost of producing green products
q The actual demand of market

m Retailer's margins
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w The wholesale price of products

(1) The retail price of green productsps greening level i, the consumer
sensitivity to green improvements ig. The greaterd is, the higher the
environmental protection of the products will biee greatera is, the more sensitive
consumers are to green products will be. Refetongavaskan’s approach (Savaskan,
2004), we assume that the market’s total potentg@mhand for green products is
and the actual market demandgs The actual market demand changes with the
product’s greening level and retail price. Whendoict's greening level improved or
retail price decreased, the actual market demanalill be higher than the market’s
total potential demand.The market demand is a linear function of product price
and greening level, i.e.q(p,0) =a—bp+ ab. Consumer demand for green
products is proportional ta and 6, and inversely proportional tp. In other words,
consumers prefer inexpensive products, and whepritauct price is lower and the
greening level are higher, product sales are greate

(2) To improve the greening level of products, nfanturers need to invest
funds for new product research and development (R&Dth reference to Banker’s

research (Banker et al., 1998), we assume R&D tegulestment have a quadratic

relationship and that the costs of green productDR&e entirely borne by the
manufacturers. In other words, green product R&Btsd8?, wherel is the green
investment parameter.

(3) The manufacturer’s cost of producing green potsl is c, the wholesale

price to the retailer isv, and the retailer sells the product to consumetkeretail
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price p, so that the gross profit per unit for the retaifem = p — w. To encourage
manufacturers to participate in the green suppéntchwe assume the retailer shares a
certain percentage income with the manufacturer.
Based on the above assumptions:
The profit functionrt for the manufacturer is:
my = (w—c)q—16? (1)
The profit function for the retailer is:

g = (p —w)q )

The total profit function for the supply chain is:
nsc = (p — c)q — 16? 3

2.2 Basic Game Models

To compare with the new revenue-sharing game modelsirst introduce the
decentralized decision game model and the cergdhtipntrol game model.
2.2.1 Decentralized Decision Game M odel

The core idea of the decentralized decision gamdeinis that manufacturers
and retailers make their own decisions based oin ¢ven costs to maximize their
own interests, but the decision-making resultsnan¢ually influential. We examined
the manufacturer-led Stackelberg game model, whigppliers take the initiative and
retailers are passive. The dynamic game order fsllasvs: firstly, the manufacturer
determines the product greening improvement lévednd the wholesale price

using the response function of the retailer; thes retailer reacts to determine the
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product’s retail pricep. The purpose of both the manufacturer and the eetalthe

same that is to maximize their own profits. Givdnststructure, we get the

equilibrium values that are shown in table 2. \I®91) establishes an approach for
the centralized and decentralized channels, anddewelop it here to motivate
revenue-sharing contract analysis.
Using the inverse induction method, first we sollie profit function for the
retailer from Eq. (2):
nr(m) = (p —w)q =m(a—b(m+w) + ab) (4)
We obtain the first derivative and the second deive of m, and set the first
derivative equal to zero:
m(6, w) = =l (5)
Then we solve the profit function for the manufaetufrom Eq. (1):
Ty(w,8) =Ww—c)qg—10*>=(w—-c)(a—b(m+w)+ abf) — 162 (6)
We put the results of Eg. (5) into Eq. (6), andagbthe first and second partial
derivative of w, 8. Then we find that wher2bl — “TZ > 0, m,, IS a strictly concave
function of w and 6.

Next, we set the first derivatives of and 8 equal to zero, and get the optimal

product greening level and the best wholesale foicthe manufacturer:

« __ a(a—bc)
HM ~ 8bI-aZ (7)
« __ 4I(a—bc)
wy = ——t¢ (8)

We put the values of8,, and wy, into Eq. (5), and get the maximum gross

profit margin for the retailer:
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m;/l _ 21(a—bc) (9)

8bI—a?

And the optimal retail price for the products:

* * * 6I(a—bc)
pM = mM + WM = Sbl—a? +c (10)

Finally we put the values of;;, wy,, and p,, into Egs. (1) to (3), and get the

maximum profits for the manufacturer, retailer augply chain:
« _ I(a—bc)?
™ = gip—a?

4bI?(a-bc)?
TL';i _ ( )

(81b—a?)”
« _ Ila=bo)?*(121b—a?)
Msc — (81b—a2)2

2.2.2 Centralized Control Game Model

The centralized control game model, known as th#icat integration game
model, is the ideal state for supply chain managemEhis game model treats the
supply chain as a whole, and manufacturers andemstano longer make individual
decisions based on their own interests, but ratheke collective decisions to
maximize overall profitability of the supply chain.

At this point, the profit of the supply chain is:

msc(p,8) = (p —c)q —16% = (p — c)(a — bp + ab) — 16> (11)
We obtain the first and second partial derivatieésn and 8, and find that
92 92 92 C o . .

when —— g * 352 Tsc — (mnsc)2 > 0, which is 4Ib — a? > 0, m,. is a strictly
concave function opp and 6.

Next, we set the first derivatives e and 6 equal to zero, and get the optimal

retail price and the optimal product greening level

« __ 2I(a—bc)
T 4Ib—a?

(12)
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« _ a(a—bc)
" 4lb—a?

(13)

At this point, the gross profit for the products is

2I(a—bc)
m'=p*—c=
p 4Ib—a?

Finally, we put Eq. (12) and Eq. (13) into Eq. (&bd find that the profit for the

supply chain is:

« _ I(a—bc)?
SC T 4p-a?

2.3 Revenue-sharing Game Models

To achieve integrated management, promote upstagandownstream business
cooperation, and ultimately obtain high overallfpanance are the goals for building
a green supply chain. Here, we establish a retigterevenue-sharing contract game
model and a bargaining revenue-sharing contracegaodel. The core idea is that
retailers will share part of their sales with maatéirers to reduce the burden of green
product development costs and coordinate the bligian of profits, thus encouraging

manufacturers to participate in the green suppanth

2.3.1 Retailer-led Revenue-sharing Contract Game Model

Because the costs of green product R&D are highkben manufacturers are
responsible for all R&D costs, they incur high eaomic risk. Therefore, to encourage
manufacturers to participate in green supply chaetailers and manufacturers
establish a revenue-sharing contract. Because efagymmetry of information,
downstream retailers know more about market dentlaawd upstream manufacturers,
and have obvious advantages in the game. Basdtesa two points, we establish the

retailer-led revenue-sharing contract model, in chiretailers determine the
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proportion of income sharing under the premise rifueing their own interests to
maximize profits. The order and rules of the gameeas follows: the manufacturer
first determines the wholesale priee and the product greening levél On this
basis, the retailer determines the selling ppic®f the products under the premise of
ensuring their own interests to maximize profitsd grovides the revenue-sharing
ratio A (0 < A < 1), indicating that the percentage of retailer incdroen final sales
is A and the remaining — A is shared with the manufacturer.
At this point, the profit for the manufacturer atig profit for the retailer are as
follows:
mr = Ap — w)q (14)
=W —c)q—16%+ (1 -D)(p—w)q (15)
First we get the profit of the retailer:
g =A(p —w)q = A(p —w)(a— bp + ab) (16)
We obtain the first and second derivativespofand set the first derivative equal

to zero, to get:

a+ab+bw
2b

p(w,8) = 17)
Next we get the profit of the manufacturer:

ty= WwW—c)la—bp+ad)—102+ (1 —2D)(p—w)(a—bp+ab) (18)
We put Eg. (17) into Eq. (18), and obtain thetfasd second partial derivatives

92 a2 92 \? .
of w and 8. Then we get that WhegﬁnM *—os Ty — (W) > 0, which is

—a?2? — a? + 4bIA + 4bI > 0, m,, is a strictly concave function of and 6. We

set the first derivatives ofv and 6 equal to zero:



bc+A(a+a0)

317 w(0) = b (29)

__a(a—bc—Aa+Abw)
318 o(w) = —a2+4bI(1+1) (20)
319 According to Eq. (19) and Eq. (20), we can get:

__ 4I(Aa+bc)-a’c
320 wd) = —a?+4bI(1+21) (21)

_ a(a—bc)
321 o) = —a2+4bI(1+1) (22)
322 Therefore, the optimal retail price is:

__ 21(2al+bc+a)—a®c
323 p() = —a2+4bI(1+1) (23)
324 We put Egs. (21), (22), and (23) into Eq. (18), abthin the first derivative ok:
] __ 4bI*(a=bc)?(h?—4bI+4AbI)
325 AR = (4bI+42bI—a?)3 (24)
326 Next we obtain the second derivative xf
92 _ 64b213(a—bc)?(a?—4bI+2AbI)

327 222R = (4bI+42b1—a?)* (25)
328 So, whena? — 4bl + 2Abl < 0, my is a strictly concave function of.
329 We set the first derivative equal to zero:

opt _ 4bl—a’
330 A T (26)
331 Finally we substituting the value d°Ptin the above expressions, we get ¢,

332 9Pt poPt, moPt Pt Pt and moPt. Specific values are listed in Table 2.

333  2.3.2 Bargaining Revenue-sharing Contract Game M odel

334 Compared with traditional supply chains, green suppain is very different. A

335 key factor in success of green supply chains ivalne information sharing and
336  co-operation among upstream and downstream erdgesgpri herefore, in this model,
337 we assume that manufacturers and suppliers havel goomunication. The

338 revenue-sharing ratid is no longer determined by the retailer, but ailely
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determined by the manufacturers and retailers tiirdvargaining. Using the Nash

bargaining game_(Nash, 1950-1953), we simulatebidugaining process between

manufacturers and retailers by establishing theahodthe functionMAXmgz(A) =
myTg. When my reaches the maximum value, the corresponding the optimal
benefit ratio for the game model.

We put Egs. (21) to (23) into Eq. (15) and Eq. (16)

I(a—bc)?

(1) = 4bI+42bI—a? (27)
__ 4AbI*(a—bc)?
mr(A) = (4bI+4AbI—a?)? (28)
Therefore,
MAXT[B(A) = T[MT[R = 4Ab13(a_b6)4 (29)

(4b1+4AbI—a?)3

We obtain the first and second derivativesipfand set the first derivative equal

to zero:

__ 4bl-a?
" 8bl

Ab

(30)

Finally we takeA? back into the above expressions, we gat’, 62, p?, m?,

nly, w8, w2, and the specific values are in Table 2.

3 Model Comparison

A summary of the variables corresponding to optidedision-making under the

four models is shown in Table 2.
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Table 2: Comparison of Equilibrium Values for F&ame Types

Variable Centralized Decentralized Retailer-led Revenue-shari
revenue-sharin ng through
bargaining
1 B 3 4bl — a? 4b]—a?
4bl 8bl
o a(a — bc) a(a — bc) a(a — bc) 2a(a — bc)
4pl — a? 8bl — a? 2(4bl — a?) 3(4bl — a?)
W B 41(a — bc) a+ bc a+ 2bc
8bl — a? 2b 3b
+c
— — a c a Cc
p* 21(a — bc) 6l(a — bc) a8 a_ ¢
4pl — a? 8bl — a? 2b 2 3b 3
- 4I(a—b
te ‘e I(a=bo)  4l(@=bo)
4bl — a? 3(4bl — a?)
o 21(a — bc) 21(a — bc) (a — bo)l 4(a — bc)l
4bl — a? 8bl — a? 4bl — a? 3(4bl — a?)
_ 2
Ty -- M I(a — bc)? 21(a — bc)?
- 2(4b —a?)  3(abl —a?)
h - 4bI*(a — bc)*  I(a — bc)? 21(a — bc)?
(8bl —a®?  4(4bl —a?)  9(4bl —a?)
L 2
i I(a = be)® bc)z I(a—bc)2(121F 3I(a—bc)?  8I(a— be)?
oh-2 (8bl —a? 4(4bl—a?)  9(4bl —a?)

On the basis of the above four models, the optidedision variables are

compared and analyzed, and the following five prige are proposed:

3.1 The optimal revenue-sharing ratio meetsthe condition A? < 2°Pt and is

inversely proportional to consumer sensitivity to green improvements, a

Under a bargaining revenue-sharing contract, tbpgation of the profit{ — 1)

shared by the retailer with the manufacturer isignethan the proportion under a

retailer-led revenue-sharing contract. And the éighe «, the smaller the proportion
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of revenue-sharing.
3.2 The optimal greening level of a product under different conditions meet the
condition that 6* > 6% > 9°Pt > @;,

The greening level of products are highest undercténtralized control
condition, and lowest under the decentralized d&tisondition. Greening level of
the product under the bargaining revenue-sharingyact is higher than that under
the retailer-led revenue-sharing contract. Revesiaing contracts are conducive to
improving the greening level of products and effectommunication will further
improve these attributes in a green supply chain.

Proof: 22 =3>1, .6" > 67

6> _4 * nb opt
gopt_§>1’ S0 >0

8bl — a? > 2(4bl — a?), .0t > 6}

In summary,8* > 62 > g°rt > g;,
3.3 The optimal wholesale price of a green product meets the condition that

wi > woPt > wh

The wholesale price of a green product is the Hgimea decentralized
decision-making contract, followed by the retallea-revenue-sharing contract, while
it is the lowest under the bargaining revenue-sigacontract. The two kinds of
revenue-sharing contracts are conducive to redubmgvholesale price of green

products, especially the bargaining revenue-shaxamgract.

a(a—bc)

Proof: ' 6" = ———

>0, .. (a—bc)>0

By the initial constraint4/b — a? > 0, .".8bI — a? >0
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g opt — _@2(a=be)

Wn T W = Bbi-a?)
a — bc
woPt — wb = >0
6b

SowoPt > b

In summary,w;; > w°Pt > w?
3.4 The optimal retail price of the green product meetsthe conditionsthat
Py > p?t > p® >p

The retail price of green products is highest underdecentralized
decision-making condition, and lowest under thetradimed control condition. The
retail price of green products is higher underrttailer-led revenue-sharing contract
than under the bargaining revenue-sharing contndath is the inverse of the pattern
for greening level of products mentioned in theisec3.2. A revenue-sharing
contract can make green products meet consumernartkto be inexpensive.

Proof: By the initial constrainte? — 4bI + 2Abl < 0

Soa? — 4bl + 2AbI = a® — 2bI — 2bI(1 — 1) > a? — 2bI

Soa? —2bl<a? — 4bl + 2AbI < 0

So,

a? < 2bl (31)

_a?(2bl — a*)(a — bc)
~ 2b(4bI — a?)(8bI — a?)

* opt

Pu—DP >0

Sopyy > poPt

(2bI — a®)(a — bc)
opt _ ,,b —
. 6b(4bl —at) O

S.poPt > pP
, (@bl —a*)(a - bc)
~ 3b(4bl — a?)

b

p’ — >0
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SopP > p*

In summary,p;, > p°?t > p? > p*

3.5 Thetotal profit of the green supply chain meetsthe conditionsthat w3, >
mb > bt > My,

The total profit of the green supply chain is |latgender centralized control
conditions and smallest under decentralized detisiaking conditions. Profitability
under the two revenue-sharing contracts is betweetwo extremes, with profit
under the bargaining condition higher than underm#tailer-led condition.
Revenue-sharing contracts are conducive to impgogieen supply chain

profitability, and effective communication will makhe supply chain more profitable.

Proof:

opt
T[sc > Tse

opt I(a — bc)?(16bI — a?)a?

. = >0
Tsc = TMsc = “44h] — a?)(8b] — a?)?

opt
> 7-[Msc

In summarysz?, > b, > m2Pt

*
> Tysc

4. Numerical analysis

Through the results obtained above, we get fivasdet variables that is the

greening level and price of the product, the prafiitetailer and manufacturer, and the
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overall profit of the green supply chain. To prawe validity of the five decision
variables, we took consumer sensitivity to greeprowementsa as the independent
variable, and the five decision-making variablesh@sdependent variables.

The reasons why we choose consumer sensitivitydengimprovements as
independent variable are as follows: firstly, thensumers' sensitivity to green
products can determine the greening level of gpgeducts directly. If consumers are
sensitive to green products, the products of higteging level are usually more
popular in the market. Therefore, the manufactuirmake efforts to develop high
greening level products to increase its market esh&econdly, products of high
greening level usually means expensive R&D inpuis eosts. Thus, manufacturers
and retailers will adjust the price to make newfipnmaximization for themselves.
And the green supply chain’s total profit will bbanged correspondinglBased on
the above two points, we choose consumer sengititdwards greening
improvementsa as the independent variable to explore its infleeoe the relevant
decision variables. In order to ensure our studhiwithe feasibility region, we refer

to Ghosh and Shan’s research and assign valuearampters, which are shown in

Table 3. We use Matlab to simulate the variabladiffierent situations, and the results
are shown in Figure 1 through Figure 5. Because&#mralized Control game model
aims to make the overall profit of the supply chaiaximal and doesn’t focus on how
to distribute the profits between manufacturer eatdiler, so we can’t draw the profit
of the manufacturer or the retailer. That's thesogawhy in Figure 3 and Figure 4, it

isn’t taken into consideration.
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Table 3 Parameter Assignment
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From Figures 1-5, it can be seen that consumeritisggs to green
improvements is proportional to the greening lefahe products, the retail price, the
manufacturer’s profits, the retailer’s profits, atie total profits of the supply chain.
Consumers tend to buy products with high-greeniegell in markets in which
consumers have high sensitivity to green improvest{emgurel), so green supply
chain participants will increase the R&D to increasles. While the development of
new products will lead to higher production cogispfits of manufacturers and

retailers will rise(Figure 3 and 4) due to highaieprices_(Figure 2) and high sales

volume green products in these markets. The maggeinduce better implementation
of green technology innovation platforms for greepply chain participants.

By comparing variables under the two kinds of rexesharing contracts with
variables under the decentralized decision conditiove can see that the
revenue-sharing contracts play an important roleniproving the greening level of
products, resolving profit conflicts of the parpants, and improving the overall
profit of the green supply chain. From the consummerspective, both
revenue-sharing contracts not only improve the rgreglevel of products compared
with the decentralized decision-making conditiog(ffe 1), but also lower the
price(Figure 2). Therefore, green supply chainsebasn the two kinds of
revenue-sharing contracts are of great benefiotsemers. From the perspective of
green supply chain participants, manufacturer wofare higher under the
revenue-sharing contracts than wunder the deceamdali decision-making

condition(Figure 3). Therefore, manufacturers \&agkcept a revenue-sharing contract
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and participate in a green supply chain. In addjtewhen manufacturers are more
powerful, they will bargain with retailers and reguthe reallocation of profits to
maximize their own profits. For retailers, incredsales income due to improved
greening level of products cannot offset the cdéshareasing the share of profits to
manufacturers, because the revenue-sharing ratibeirbargaining revenue-sharing
contract is lower compared with the retailer-ledersue-sharing contract(Figure 4).
To encourage retailers to accept a bargaining esharing contract, adding new
incentives or appropriately increasing the retairenue-sharing ratio to ensure that
retailer’s profits are not less than that undeetailer-led revenue-sharing contract is
necessary. It is interesting that a retailer-lagtneie-sharing contract increases overall
profits of manufacturers, retailers, and the supgigin, which is of great practical

significance to the establishment of the green lsuppain(Figure 3 4 and 5). From

the overall supply chain point of view, both thgesue-sharing contracts increase the
total profit level compared with the decentraliziztision-making condition, and the
bargaining revenue sharing contract can make thesrab profit level even closer to
that under the centralized control condition(Figie So the bargaining revenue
sharing contract is more conducive to achievingapeémal state of the green supply
chain because the contract mechanism improves potditability and operational
efficiency.

When comparing the results of the two revenue sfazontract game models,
we find that the proportion that the retailer gafram final sales is% under

bargaining revenue sharing contract. It's half loé tproportion under retailer-led
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revenue sharing contract. Since the manufactunerges more income through the
bargaining revenue sharing contract, the manufaectan put more money into green
product R&D process. Consequently, the producesging level reache% :

improved by nearly 33% compared with the retaiertevenue sharing contract. It's
interesting to find that although the greening lesfethe product is raised, the retail
price of the product is even lower. It can be st the bargaining revenue sharing

contract makes the product more "inexpensive". dioee, the total market demand

will be significantly improved. And the total profof the supply chain increased to

8I(a—bc)?

S@bl—a?) correspondingly, which improved by nearly 19% coregawith retailer-led

revenue sharing contract result. Though the retkite revenue sharing contract has
several advantages, it also has an obvious defigidémat the retailer's profit under
this condition is even lower than the profit untlee decentralized condition. That’s
because the retailer shares higher proportion @fiibome to the manufacturer. It's
obvious that the retailer would refuse the barg@nevenue sharing contract. How to
solve the problem has become the key to establigie@n supply chain bargaining
contract coordination mechanism.

In summary, a revenue sharing contract improvegtbening level of products
compared with the decentralized decision conditiand reduces retail prices
significantly. This is especially true for the riétaled revenue-sharing contract,
which improves profits of the manufacturers, reta) and the overall supply chains.
Therefore, revenue-sharing contracts are of grgaificance for establishing green

supply chains and improving their operational éfcy.
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5. Conclusion

Based on cooperation among manufacturers andemstail green supply chains,
a retailer-led revenue-sharing contract game madela bargaining revenue-sharing
contract game model are established. We discusked ihpact of the two
revenue-sharing models on green supply chain’symtogreening levels, prices and
profits. To better understand the results, we rrééxplored and discussed the impact
of consumer sensitivity to green improvements @naibove variables.

From the results, we can see that revenue-shaongract can improve the
greening level of products, and increase the totafit of manufacturer and supply
chain. Thus we draw a conclusion that revenuessgarontract is an important way
to promote the cooperation establishment amongngsegply chain members. In
particular, the retail-led revenue-sharing contraobkes the profits of the
manufacturer, the retailer, and the supply chdirigher than the profits under the
decentralized control condition. It is of greatrsfggance to the establishment and
cooperation of the green supply chain. As for thgghining revenue sharing contract,
it can make the total profit of the green supplhaiohmore favorable than the
retailer-led revenue-sharing contract. However, rigtailer's profit is less than that
under the decentralized model result. Therefotengeappropriate measures to make
up for the retailer's profit loss is of vital impance to bargaining revenue sharing
contract’s successful establishment.

Implementing green supply chain and establishingpecation among upstream

and downstream enterprises are not only the regemé of the economic
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development, but also the needs for supply chaiargrnses to further develop. To
strengthen the revenue sharing contract’s effeatamrdinating green supply chains
and achieve win-win situation among upstream amdndtream enterprises, there are
several aspects needing improvement. Firstly, prises should strengthen the
consciousness of coordination. Business manageosiicshnot focus only on
improving their own profit level. They should s&ivto promote the overall
performance of the supply chain and make decidiamm the long-term interests of
enterprises. Secondly, the supply chain membensiglothange the previous idea that
they should depend on suppliers completely to rekeand design products. They
should start to work with its suppliers and give #nterprises appropriate incentives
to promote and ensure the development of greeruptedo be successful. Lastllge
effective contract coordination mechanism is basethe high quality of information
sharing among enterprises. Therefore, enterprisesld strengthen the information
construction and improve information sharing lewsith sustained efforts like this,
they are able to ensure the validity of the comteamd maximize the profits of the
green supply chain.

Though our study makes several innovations, therestél several shortcomings
and deficiencies remaining in the models. In thiglg we don't take greening level’'s
impact on production and sales costs into condigderaln addition, we regarthe
general demand of the market as a simple lineactifum of product price and
greening level, which makes the adaptability of thedels have some limitations.

The models are also limited to a two-tier greenpsughain consisting of a single
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manufacturer and a single retailer. In the furthwrk, we will consider a green

supply chain composed of several manufacturersrataiers, and account for the
impact of greening level on production and salestoAs can be seen from the
results, the proportion that retailer shares whith manufacturer is much higher under
bargaining revenue sharing contract than that utiteeretailer-led revenue sharing
contract. In order to compensate for the profis)dbe retailer can further negotiate
with the manufacturer to seek a new profit sharatg. The future research can study

on this issue and try to solve the question.
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Highlights

® Two green supply chain game models are given under the revenue-sharing
contract
® Quantitative analysis of the performance of green supply chains are conducted

® The revenue-sharing contract can improve the greening level of the products



