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ABSTRACT

The revenue-sharing contract mechanism for n-echelon supply chain in green environment is researched in this
paper. It analyzes the decision under the n-echelon green supply chain in three scenarios, namely, the decentralized
decision, centralized decision and revenue-sharing contract, and their optimal policies are also proposed. Further, a
numerical case is given to validate the models and conclusions. It is shown that with the raising green degree the
markup rate of the green product will increase, the optimal order quantity of retailers in the green supply chain will
decrease, and meanwhile, the profits for each member will firstly decrease and then increase. In addition, the profits
for each member in revenue-sharing contract can be improved signally compared to in decentralized decision.
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INTRODUTION

Environmental consciousness has become increasimglyrtant at present, as environmental problems#ecting
the living conditions of the world’s population neoseverely. The efforts to reduce the impact ofrtass activities
on the environment have been labeled as greenysappin management (GSCM). Enterprises engagifgSEM

have experienced both environmental and finan@akfits. Wilkerson (2005b) reported that the GSGMasirable
not only for its environmental consciousness, Hab alue to its profit-bringing potential for thepgly chain

members. Pepsi saved $44 million by switching fraorrugated to reusable plastic shipping contaiferd liter

and 20-ounce bottles. Commonwealth Edison emerbedt&50 million from managing materials and equepin
by a life-cycle management channel.

Recently, more and more scholars engaged in theterklresearch of green supply chain. Beamon (1999)
investigated the environmental factors, summarihedelemental differences between the extendedl\sabgin
and the traditional supply chain, and developedeaerpl procedure towards achieving the green sugipdyn.
Sarkis (2003) posits a strategic decision frameworkgreen supply chain management. Jayaraehah (2003)
provided the models and solution procedures reggritie design network of reverse distribution. &tava(2008)
discussed an integrated comprehensive concepaurakfork which combined descriptive modeling withimjzed
techniques for network design in reverse logistitsanget al (2013) applied game theory to study four models in
view of the three-level green supply chain systemvhich market demand correlated with product gréegree.
Swami and Shah (2013) discussed the coordinatian rofinufacturer and a retailer in a vertical sumblgin that
put in efforts for ‘greening’ their operations. Semesearch has begun to emerge in the area howaotdicate the
green supply chain. Li and Huan(2008) investigadted designing coordination schemes had been otteeatore
issues in the study of supply chain managementn\(2805) and Koulamas (2006) studied that undeeeeRue
Sharing mechanism, the transactions between thalisupnd the buyer were governed by a share oBilnger's
revenue that was received by the supplier. Rfheé (2010) proposed a new type of revenue sharing (R8iract
mechanism for multi-echelon linear supply chainsmMeen the most downstream entity and all upstreatities.
Zhanget al (2012) investigated how to coordinate a one-marnufactwo-retailers supply chain with demand
disruptions by revenue-sharing contracts. By boddia revenue sharing mechanism, Zhang and Liu {2013
proposed supply chain members are motivated t@mrespositively to the cooperation in producing anarketing

1903



Shuna Wang J. Chem. Pharm. Res., 2014, 6(7):1903-1910

green products, and the income of each member deedsed substantially. Palsule-Desai (2013) exainine
revenue-dependent and revenue-independent revéianieg contracts and demonstrated how revenue-depén
contracts enhance supply chain coordination.

However, there are very few studies having addceseissue of green degree for the green suppiyncBased on
the above analysis, details on the established Imonfethe decentralized decision, centralized desisand
revenue-sharing contract under the n-echelon gseeply chain are discussed in later sections, amchmalyze
some pertinent questions in this regard such agffeets of green degree for the equilibrium inegrgproduction.
Further, their optimal policies are also proposed.

EXPERIMENTAL SECTION

The basic model

The basic model used below is similar to the omseuwdised in [3]. Consider a simple linear supplyirck&ructure
with a single enterprise at each of thén>2) echelons. From downstream to upstream in thisainaténote
Enterprise 1 as the most downstream and Enterprasethe most upstream entity. Enterprise 1 selisrdaducts to
the end customers and decides on the order quantitshermore, Enterprise€faces purchasing cost and operational
costs per unit, and can decide the wholesale pfittee Enterprisé-1.

The parameters related in the model are summaaizdxiow.

A Green degree (an abbreviation for the green aatish degree) which customer preferring to paydiaen
product

A, Green degree of non-green product

A, Green degree of green product

Q The order quantity

k Payment coefficient, said the additional amouat tonsumers are willing to pay for each unit iased in the
green degree of their desired product; this alsavstthat different types of consumers.

c, Operational cost of supply chain member i per uhis 23,---n

W,, Wholesale price (per unit) set by the enterpirdetoi, andw,,, =0,i =23:-:n

P, Retail price of non-green products per unit
Retail price of green products per unit

Retailer’s green product markup rate basegdpn

Profit of the green supply chain membei i= 1,23---n

S N RD

Total channel profit in n-echelon green supplyicha

We may assume that there exists a terminal consgroap in the market whose market capacity is 1thedyreen
degree of the product whose wants to buy is randariabled , and the probability density of the green degree

is f (1), which obey uniform distribution, we can gbt-U [/ll,Ah], and f(A)= . As the non-green

h ™71
product has already been in its circulation magusitfore R&D, its retail price is stabilized jag. However, for the
green product with higher cost, the retailer deciole an appropriate price markup in order to engsi@wvn interest.
The markup rate beirg , then the terminal selling price of the green picdwill be p = P, L+ a). Taking the
consumers’ preference for product green degreedoisideration, the unit acceptance level of thesamers for
purchasing the product can be denotegpy+ K(A — A,) = p, obviously, only when consumers’ acceptance level

P~ P

satisfies A = A, +

, consumers are willing to pay green product; otfe, it will prefer non-green goods.

Meanwhile, the market demand of green products feliows:

— [ —|1__ 9B
Q= f(A)oM—[l Wh_m} 1)

The profit of Enterprise 1 is given as below:
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_ ap,
T =|1l+a -W, — 1-—— 2
=[a+a)py -w, -] { Wh_),l)} @
The profit of Enterprisg (i=2,..., n) can be obtained as:
- ap,
7 =(w-w,-Cc)l-———— 3
i ( i i+l |)|: k(Ah _/11):| ( )

It follows that the profit of the total GrSC is gin by:

_ N _ap,
ﬂx—{(lw)po Zci}[l —k(/lh-/ll)} @

i=1

Then-echelon Green Supply Chain M odel

A. Decentralized decision under the n-echelon green supply chain

Under the decentralized decision, in which it isumsed that there is no coordination among GSC, ak.
enterprises act independently and take decisiatsniaximize their respective expected profits. ilt e assumed
that optimization takes place in a Stackelberg eege, where in the time-line Entity n is the fidsticision maker,

and the model is solved through backwards inductorerprisen determines its wholesale prigg , followed by

Enterprisen-1, all the way to Enterprise 2 that determine$)ﬁseW2 . GivenW2 C, and the demand distribution,

Enterprise 1 decides to order Q units from Entegpf. The same order size is passed on from Eiserprto
Enterprise 3, all the way to Enterpris¢3, 6]. Solve the equations below:

_ ap,
Max, 7z =|W =W, =C | |1-———— ©)
- { = _M}

an,

St.Max, 7T, =|L+a)p, - W, —C {1——} (6)
1 [ 0 2 1] k(A, - A,)

Theoreml. Under the decentralized decision, the optimakpmuantity and the green product markup rate is
given by:
a = k(/‘h _/11) TP tW, +G

"D
2,
Q*:k(Ah_Al)-l_po_WZ_cl (8)
2k(A, = A)
. . dr 2p,
Proof. For the decision under decentralized, based orf@rqwe define =- <0,

da? kA, -A)

It is clear that the objective functidggis the strict concave function on parameétegand yield the following:

2000 "W *e) e A7 g
da k(A,—A) da

We get the optimal value ofr", which is Eq. (7). Then insertingp'* in Equation (1), also we can get the optimal
quantityQ labeled as Eq. (8).

Thus, the optimal profits for each member in theegr supply chain under the decentralized decisintiae total
channel profits are shown below:

- [k(/]h _/]1) TP —W, _C1]2
4k(A, =)

(9
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. 1 p,—w—cC (10
T = W—Wﬂ—Ci] e
I 2 KA -A)

* {k()L—/ll)+|q)+V\é+q—229} (A, =A)+p, W —¢]

" 4A,-A)

The Theorem 1 implies a Proposition can be wrigefollowing:

Under the decentralized decision, the bigger difiee in green degree between green product andyneen-
product, the higher markup rate of the green prbdas, and meanwhile, the optimal order quantitsetdiler in the
green supply chain will be less.

1D

B. Centralized decision under the n-echelon green supply chain

Under the centralized decision environment, ittie tooperation relations among supply chain memtsts
members jointly determine the optimal quantity ofgucts by adopting centralized decision, so asdgimize the
total expected profits of the green supply chastesy.

Subsequently, the GSC profit is:

— _N __ ap,
Maxaﬂsc_{(ﬂa)po ;ci}{l k()lh—)ll)} (12)

Theorem2. Under the centralized scenario, the optimal decigiomaximize the profits of GSC system is:

g KA =) - P+ e

(13
2p,
wx k(/‘h _/11) *+ Py _ZCI
Q = (14)
2k(/]h _/11)
2 2
. . : 7Tsc — 2p0
Proof. For the decision under centralized, based on By, (ve define, > - <0
a k(A, = A,)
Therefore, the objective functidi, is strictly concave on the paramer and yields the following:
Where% = 0, We get the optimal value af , which is Eq. (13). Then insertimg** in Eq. (1), so we can get
o
the optimal quantitQ* labeled as Eq. (14).
It follows that the optimal profits of the greerpgly chain system can be written as below:
n 2
|:k(/1h _/]1) * Po _ZCJ
n, = = (15
4k(/]h - /]1)
Theorem3. Q~ >Q’, ifand only ifW, >C, +C, +-+-+C,
n
W, +G =G
Proof. Sufficiency: Eq. (8) and (14) give the conditid®, -Q :2k()l—jl)' where W, >C, +C, +---+C,,
h M
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therefore Q" -Q >0,namely Q> Q.

n
W2+Cl_ZCi n
1 >0, we getW2+Cl—Zq >0, namely,

Necessity: Where Q@™ >Q", so Q" -Q =——— 2
2k(A, = A,) i=1

W, >C,+C,+--++C

n -

*

Theoremd4. The decentralized scenario results in a suboptimedn supply chain profit, i.eZTSC** > T,

*

n
Proof. Based on Eq. (11) and (15), we defimg - IT;c =(w, —ZCI)Z, therefore 77, > TT,

sC
i=1

The Theorem 4 indicates that the total profitshie tentralized decision will be significantly greathan that in the
decentralized decision.

C. Revenue-sharing contract under the n-echelon green supply chain
To avoid sub-optimization contract mechanisms cdme play. The revenue-sharing contract mechanism i
governed by the wholesale prices and the percesitagé the revenues of Enterprise 1 that are shavitl

Enterprisd = 234---nand is denoted b, meanwhile, O<Z:in:2CDi <1. The optimal wholesale prices
which are many combinations of wholesale prices r@venue-sharing contract variables satisfy coatthn and
are able to create win-win outcomes.

Under the revenue-sharing contract mechanism,uhgoge of the Enterprise 1 in green supply chafa maximize
its profit, and the expected profits are given by:

ap
Maxm, =|1-> @, )1l+a)p, W, —¢,| |1-——"— (16)
[a->@)a+ayp ] { kuh_m}
And For Enterprisej = 2 3 [, n
apO
Maxt =|®, +a)p, +W -W,, —C| |1I-——— an
[ i ( )po { 1+1 |] |: k(Ah _Al):|

Theorem5. Under the revenue-sharing contract mechanism, figeri +1in the GSC provides per unit product
for Enterprise i with the wholesale price/,,, and W, is fulfilled as follows:

n n

w, =(@1->®)> ¢ -c (18
i=2 k=1
n
W, =W =G +® > ¢, Hw,, =0 (19
k=1

Proof. Based on Eq. (16) and (17), we define,
2 2 2 2
A7 _ D g andd = B

2 _ a 2 _
da® k(A - 1) da® k(A -A)

Therefore, the objective function& and 77 are all strictly concave on the paramet@r , and

drr, _ drr _
when—==0, —L=
da da

We yield Eq. (20) and (21)
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K(A, —A)L-Y ) +w, +¢

i=2

* kK

al = n _E (20)
2p,d-> @)
i=2
a _ Pk, - A)-(wi -wiy -0 1 (21)
2p, P, 2

After putting the value in Eq. (1), we get EqR2) #1 (23)

@-> @) [k(A, = A) + Pl —w, —¢
Ql = i=2 . (22
2k(A, = A)A-> @)
i=2

wEE_ CDi[k(/]h _/]1) + po] TW; W, —G
2(1, - )9,

Q

(23

Then based on Eqg. (12), (20),(21),(22) and (23)hasee

W, = (1_;¢i)kZ:;Ck —C Wiy, =W G +¢ik2=;'Ck’Hwn+l =0.

Theorem6. Let7Z be the profit of enterprisé under the revenue-sharing contract mechanism,nduwssary
conditions for achieve a win-win outcome respedyigatisfy as following:

n
== 0, (24)
i=2

* kK

=0, (25)

Proof. Putting the values formw, (Eg. (18)) and 0'1 (Eg. (20)) into Eqg. (16), we get

|:k(/1h _/]1) * Po _ici}
L= (1_;cbi) e _Al)IZl

(26)

|:k(/1h _/]1) * Po _ici}

From Eq. (15), we havﬂsc** =
4k(A, - A)

n
Therefore, 77, = (1—ZCDi)7T3C .
i=2

*k ok * %

Similarly, we getz, =@, 7,

177sC

Theorem7. Under the revenue-sharing contract mechanism emvient, the profits distribution coefficient must
satisfy as following:
T _
+— < ®, <1.,0,+P,+--+D, <min
Vg

SC

SC

1 * x
Cc,+C, +-- +C, 7T

C

C,+Cy+-+cC, M - }
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1=23--n (27)
Proof. The profits under the revenue-sharing contracthraeism environment for each member must be more tha
under Decentralized decision, therefore,

771 >r[1*, 7 >m , 1=23--N . Based on Theorem 6, we get
.* ]T**_]T*

7T.H <O, <1 P+ D+t D <=

T, nsc

n n * * * %
Meanwhile, putting the value from, = (1- Z q;i)z c,—-¢>0.74, 75, 7T ,
i=2 k=1
CZ +C3 +...+Cn

This simplifies tap, + ®, +--- + P, <
C1+C2 +...+Cn

Numerical Analysis
In this section we illustrate the above model urdiferent decisions for a numerical example.

We set the parameter values ag; =80, k=5, A, =2, ¢, =5, ¢, =10, ¢, =15, ¢, = 20,The values

of A'S are so chosen the range of green degree varies3rm 11 and , which ensures that we operate nvitie
region of feasibility. Under the revenue-sharing chanism, the profits distribution coefficient are

respectively®, = 025, ®, = 025, &, =03.

Table 1 Effect of changesin green degree on the markup rate, order quantity and the profitsunder the decentralized decision

Al a Q W, Wy W, no\TL T | T | T

3 0.047| 0.375 76.500 62.000 62.0p0 0.§48 1.688 53|38.750 | 12.660
5 0.188| 0.167| 87.000|] 71.000 56.0p0 0.508 1.002 42|0@.008 | 7.522
7 0.328| 0.125 97.500 80.000 50.0p0 0.468 0.938 51|83.750 | 7.030
9 0.469| 0.107] 108.000 89.000 56.0p0 0.484 0.963 261/93.852 | 7.225
11 0.609| 0.097 118.500 98.000 62.000 0.%06 1.p190372, 4.074| 7.636

Table 2 Effect of changesin green degree on the markup rate, order quantity and the profitsunder the revenue-sharing mechanism

Ay | Q W, W W, £ T 71 & 71,

3 3.000 | 5.000 7.500 5.000 10.8900 13.500  13.500 006.p 54.000
5 1.333 | 5.000 | 7.500 [ 5.000] 6.400 8.000  8.0d0  9.600 2.008
7 1.000 | 5.000 7.500 5.000 6.00( 7.50( 7.500 9.000 0.008
9 0.857 | 5000 [ 7.500 [ 5.000] 6174 7.714 7714  9.2570.853
11 [ 0778 | 5000 [ 7500 | 5.000[ 6.533 8.167  8.167  9.80®B2.667

In the numerical illustration, we attempted to laatkcases involving identical as well as dissimilalues of green

degree across various players in the green sup@aiyncThe finding from analyzing the Table 1-2 dxid1-5 are
given below.

(i) Table 1 and Figurel show that under the deaénéd decision the markup rate will enhance wlith increasing
green degree, meanwhile, with the increasing marktg the optimal order quantity of the retailei decrease.
From Table 2, we can get the same conclusion utt@erevenue-sharing contract mechanism. From Kg3t

clears that the order quantity of the retailersemejs on A (green degree) as an increment in the value of
A reduces the order quantity.

(i) Tablel and Fig4 reveal that under the decdimerd decision wholesale prices at the green prisdare highly
sensitive With/]h. A higher green degree leads to the increment egadé prices. On the contrary, Fig5 shows that

wholesale prices only sensitive wihunder the revenue-sharing contract mechanism, favathing with the
green degree.

(iii) Comparing the Table 1 and 2, it indicatesttti®e profits for each member in revenue-sharingtreat can be

improved signally compared to in decentralized sieai. In addition, Fig2 reveals that with the nagsgreen degree
the profits for each member will firstly decreasel dhen increase. In this case, the profits foheaember attain
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the minimum whei.,, = 7. Meanwhile, as the leader of the supply chain,ntiost upstream enterprise can obtain
the more profits.

CONCLUSION

This paper considers three models feechelon green supply chain. Details on the estaddi models of the
decentralized decision, centralized decision anémee-sharing contract are discussed in latersestiand their
optimal policies are also proposed. Comparing thenaal equilibrium strategies, it is concluded thiaé green
supply chain members can achieve win-win conditioder the revenue-sharing contract mechanism model.
Furthermore, a numerical case is given to validaéemodels and conclusions. It is shown that whid taising
green degree the markup rate of the green prodiliciherease, the optimal order quantity of retaile the green
supply chain will decrease, and meanwhile, theiggrddr each member will firstly decrease and tiarease. In
addition, the profits for each member in revenuaristy contract can be improved signally comparednto
decentralized decision. Sensitivity analysis haanhgerformed to exhibit the stability of the optimesults.
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