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Abstract: In order to evaluate the impact of green production
introduced by the manufacturer and study the competitive
strategy between two retailers, four strategic models among
diverse retailers, i.e., Cournot, Stackelberg and two cases of
collusion, are constructed. The optimal decision is obtained by
the game theory and numerical analysis. The results indicate
that the manufacturer’s marginal profitability is no less than
that of the two retailers. However, due to the manufacturer’s
green cost, the downstream profitability of the supply chain
may exceed the upstream manufacturer’s profitability. The
retailers’ Cournot behavior causes the manufacturer to acquire
the highest profitability and set the highest green level.
However, there is an opposite result in collusion. Two retailers
will choose Cournot pricing when the consumer’s green
sensitivity is higher than a threshold. When consumers are
more sensitive to the price difference of products, retailers
prefer collusion, and then choose the Stackelberg behavior.
Manufacturers’ profitability will increase as competition among
retailers intensifies. Proper competition allows two duopolistic
retailers to acquire a higher profitability.
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nvironmental sustainability is attracting more and
E more attention. Many governments encourage enter-
prises to produce green products, in order to develop the
green economy and improve the ecological environment.
For example, in the three decades from 1989 to 2019, the
Chinese government has made great efforts in environ-
mental protection, including setting energy consumption
caps for dozens of products, implementing laws and regu-
lations such as the environmental protection law and the
water resources protection law'". For enterprises, Haier
joined hands with Chinese home appliance retailers Gome
and Suning to form the first “zero carbon conversion alli-
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ance” in China since 2010. Moreover, environmental
protection has also been taken into consideration by more
and more ordinary consumers. A survey conducted by
Accenture shows 80% of consumers will consider green
features before paying for a product' .

The green supply chain management (GSCM) is a kind
of modern management mode, which considers environ-
mental impact and resource efficiency in the whole supply
chain. Research on GSCM is growing rapidly. On the
one hand, relevant research focused on government subsi-
dy policies, such as different government subsidy models
and green credit policies. On the other hand, the research
focused on contract coordination, such as revenue sharing
contracts and cost sharing contracts.

Enterprises play an key role in the construction and de-
velopment of a sustainable supply chain, especially in
monopoly enterprises, such as China Mobile, China Uni-
com, and China Telecom in the communication industry,
Gome and Suning in the home appliance field. The exist-
ing research on the market mainly focuses on the general
market, while the green monopoly market is neglected.
In the field of green supply chains, how the decisions are
affected by the behavior between the two echelon retailers
in the green supply chain ( GSC) is also neglected. This
paper considers a two-echelon GSC consisting of an envi-
ronment-friendly manufacturer and two oligopolistic re-
tailers, and analyzes the behavior between retailers.

A green supply chain aims to transform products and
processes to make products more environmentally friend-
ly. It is often said that the industry’s unplanned and irre-
sponsible behavior is a potential threat to sustainability.
Researchers, scholars, practitioners and scientists from
different fields have jointly proposed ways to maintain en-
vironmental sustainability. Sheu et al." introduced the
concepts of sustainability and environmental thinking into
GSCM, and found that the environmental pollution prob-
lems accompanying industrial development should be
solved simultaneously during the operating process of sup-
ply chain management. Zhao et al. " found that the eco-
nomic benefits of companies can be increased by impro-
ving the company’s environmental performance ( from
production to sales).

On the macro level, the literature focused on govern-
ment subsidies and green credit. Xu et al. "' studied the
subsidy problem under the duopoly competition environ-
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ment, discussed how to select the subsidy object and for-
mulate the corresponding unit subsidy amount to mini-
mize the total amount of subsidy. Yang et al. '’ considered
a two-echelon GSC with one manufacturer and two capital
constrained retailers, analyzed the impact of credit strate-
gy on the performance of a green supply chain. In the mi-
cro aspect, most of the literature focused on contract co-
ordination. Song et al. "' established a GSC game model
with two revenue sharing contracts. The results showed
that the products’ green level and the whole product can
be effectively improved by a revenue sharing contract. Li
et al. ™ studied the impact of revenue sharing and cost
sharing contracts provided by retailers on emission reduc-
tion and corporate profitability.

The existing research on the monopoly market mainly
focused on the general market. There is pricing competi-
tion between duopolistic retailers, and each retailer can
optimize its retail price to improve its own demand"’.
Modak et al. " studied a three-level supply chain in
which the manufacturer supplies batch products with ran-
dom incomplete quality products. The influence of in-
complete quality products on the optimal decision was an-

alyzed. Hosseini-Motlagh et al.''"

analyzed the perform-
ance of a supply chain consisting of a monopolistic manu-
facturer and two competing retailers under a promotional-
effort credit-period dependent demand. Xu et al. '

duced overconfidence into duopoly supply chain and ana-

intro-

lyzed the effect of retailer overconfidence on supply chain
performance.

Existing research on the green monopoly market is
rare. Qi et al. """’ considered a make-to-order supply chain
with one supplier and two retailers under carbon cap regu-
lation, and analyzed optimal pricing decisions for the de-
centralized and centralized models.

Yang et al. """ considered a two-echelon supply chain
with one supplier and two capital constrained retailers.
The impact of external financing on the best decision of
participants and supply chain performance was discussed.
Wang et al.!"” studied a duopoly market, and analyzed
the influence of consumers’ green preference on members’
optimal decision. However, the research on the competi-
tive strategies among retailers in the green monopoly mar-
ket was scarce.

In this paper, how the strategic behavior between two
echelons influence decision-making in an oligopoly mar-
ket is the
manufacturer’s green production on the decision-making
and green level is analyzed. Secondly, four kinds of stra-
tegic behaviors among two duopolistic retailers are dis-
cussed. Particularly, the impacts of competition intensity
among retailers on the profitability and decisions of sup-
ply chain members are assessed.

discussed.  Firstly, influence of a

1 Problem Description and Assumptions

Fig. 1 depicts a two-echelon green supply chain com-

petitive model. This model consists of a monopolistic
manufacturer investing in green production and two com-
peting retailers. The manufacturer sells products to
“green” sensitive consumer markets through duopolistic
retailers. The manufacturer acts as the Stackelberg leader,
determining the green level of product § and setting the
wholesale price of product w to the retailers. Then, two
duopolistic retailers sharing a common market respond by

setting sale price p and the corresponding order quantity
q.

Retailer 1
», — q,=a,~(b+r)p +rp +of
Manufacturer
(.,0) -
Stage 1 Ret;ller 2 l—> g,=a,~(b+1)p,+rp +al
Manufacturer decides 2
- green level 0 Stage 2
+ wholesale price @ Retailers decide
+ retail price p,

+ retail price p,

Fig.1 Two-echelon GSC competitive model

The linear market demand model is widely used in sup-
ply chain research. In this model, market demand D is
expressed as a linear function of retail price and the prod-
uct green level. The actual demand of the market changes
with the green level of the manufacturer and the retail
price of the two duopolistic retailers.

The demand function of this paper is

D i=1,2;j=3-1i
(1)

where a, represents the potential market size; b represents

the consumers’ sensitivity to the retail price of the prod-

=a,-bp, +r(p,-p,) +ab

i(p, )

ucts decided by the retailers, which indicates how strong-
ly consumers respond to retail prices; parameter r is the
consumers’ sensitivity to the retail price difference of the
products; « is the marginal consumer demand coefficient
of green level. Parameter o must be nonnegative, and the
larger the «, the stronger the consumer’s preference for
green products. In other words, a lower retail price and
higher green level of products will lead to higher market
demand. In a similar model, r represents a “leakage” of
the demand from one retailer to another, corresponding to
switching customers. r is also used as an alternative for
retailers. The demand function is arranged as

D =a,—(b+r)p, +1p; + ab i=1,2;j=3-1i

(2)

Competition is common in the duopoly market. The
competitive intensity is defined as the degree of substitu-
tion between competing products. The competition in this
model is interpreted as the customer transfer caused by the
retail price set by both retailers to the market demand of
the other party. On the influence ratio of retail price to
competitor’s demand between two retailers, t=t/(r +b).
Here, parameter ¢ is the demand substitutability of retail

i(p, )
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price between two retailers, representing the competition
intensity between duopolistic retailers in this paper. When
t =0, the demand is completely independent. Each retail-
er is a monopolist in its own region.

In the demand function, the price competition between
retailers leads to the transfer of consumers between two
retailers. The total demand of the market will not change
due to the competition in this model. Similar demand
functions include Anderson and Bao'"’, Zhang et al. rer
Huang et al. U7 Chen et al. ™.

In this model, the following assumptions are made:

1) The manufacturer and retailers are risk-neutral and
pursue the maximum profit.

2) To improve the green level of the product, manu-
facturers need to invest funds for new product research
and development ( R&D). The R&D investment has a
quadratic relationship with its results and the cost of green
product R&D is entirely borne by the manufacturers.

3) The improvement of the products’ green level will
not affect the marginal production cost.
greenness @ is transparent to consumers. Information be-
tween supply chains can be well transferred.

4) The order quantity of manufacturer and retailer is
equal to the market demand.

The product

2 Competitive Behaviors Model

There are different competitive behavior models be-
tween two duopolistic retailers, i.e. Cournot, collusion,
and Stackelberg. Particularly, in the collusion model, in
different market environments, two retailers choose to set
the same or different retail price. Therefore, two cases of
collusion, co-pricing and unified pricing, have been dis-
cussed in detail.

2.1 Cournot competitive behavior model

Fig. 2 presents the structure of the Cournot model. The
duopolistic retailers independently respond to the retail
price p, and p,. In this behavior, there is no collusion be-
tween retailers,
party acts. Therefore, retailers can make the best decision
independently to maximize profitability.

and each retailer knows how the other

Retailer 1
P
Manufacturer
(@.6) Retailer 2
Stage 1 P,
Manufacturer decides Stage 2
= green level 0 Retailers simultaneously
+ wholesale price decide

+ retail price p, and p,

Fig.2 Cournot model
As analyzed in the market demand function, the order

quantity of duopolistic retailers is

(3a)
(3b)

q, =4, _(b+r)p| +1p, +ab
g, =a,—(b+r)p, +1p, +ab

The manufacturer’s profitability function is
1
Ty = (4, + @) (0 =) -1 (4)

Parameter ¢ represents the unit manufacturing cost, and
parameter I represents the investment coefficient of green
products.

Solving the retailer’s profit function first, we obtain

77; =q1(p1 -w) =[a1 —(b+V)p1 +1p, +ot9](p1 -w)
(5a)

T, =4, (P, —®) =[a, =(b+7r)p, +p, +afl (p, - w)
(5b)

As for the duopolistic retailers, the optimal order quan-
tities and retail price need to be determined. Meanwhile,
consumer demand is the function of retail price p and
green level §. Therefore, the retailers pursue profitability
maximization with retail price as a parameter. The opti-

c

R,

dm
mal retail price p, and p, can be obtained by solving d
1

dmry
=0 and *=0.
dp,
a,r+2a,(b+r) +(2b+3r)(bw + 1w + ab)
P = 2 2 (6a)
4b” +8br +3r
a,r+2a,(b+r) +(2b+3r)(bw + 1w + ab)
Py = 2 2 (6b)
4b" +8br +3r

Substituting the expression of retail price (6a) and (6b)
into the expression of the order quantity (3a) and (3b),
the optimal order quantities of the retailers can be ob-
tained as below:

_(b+nlayr+2a,(b+r) = (2b+3r)(bw-af)]

@ (2b+7)(2b +31)
(7a)
(b+rlar+2a,(b+r) —(2b+3r)(bw—-ab)]
4= (2b +1)(2b +37)
(7b)

Furthermore, the manufacturer’s profit function can be
written as

(b+r)(a, +a, -2bw +2a6) 112
2b+r R
(3)

The profitability of the manufacturer is a concave func-

77;4(@.9) =(w-0)

tion of w and 6.

Taking the second-order partial derivatives of 7y, with
respect to  and 6, the Hessian matrix of the
manufacturer’s profit function is

_4b(b+r) 2(b+r)a
2b+r 2b+r
H = 2(b+ra _7
2b +r
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The manufacturer has the optimal profit. It is required
that the first-order principal minor determinant H, = bI(2b
+7) —(b+ra >0. The corresponding constraint is

(b+r)(a, +a, -2bw+2a6) 1 17
2b+r 2
bI2b+7) —(b+r)a” >0

C
maxmy, , =(@ —¢)
S. t.

The optimal wholesale price w°* and the optimal green

. d d
degree #°" can be obtained by solving M _ 0 and M
dw do
=0.
.. I(a, +a, +2bc)(2b +7) —de(b+1)d’
w = 2 2 2 9
42071 + brl —ba™ —ra’”)
e (a,+a,=2bc)(b+1)a (10)

T 2021 + brl - ba® - 1)

#

Substituting " and #°" into the corresponding expres-
sion, the optimal pricing policies and the corresponding
maximum profitability can be obtained.

2.2 Collusion behaviors model

Fig.3 presents the structure of the collusion model.
Two scenarios of the collusion strategic behaviors are dis-
cussed. Fig.3(a) is the co-pricing model. The two retail-
ers jointly design retail price p, and p, with the goal of
maximizing the downstream profitability of the supply
chain. Fig. 3(b) is the unified pricing model. The two
retailers set a uniform retail price p in the downstream
market. Unified pricing aims at controlling the market
and gaining monopoly profitability. In particular, it is a
non-competitive collusion.

Manufacturer Retailer 1: p,
(w,0) Retailer 2: p,
Stage 1 Stage 2
Manufacturer decides  Retailers simultaneously
- green level 0 decide

+ retail price p, and p,

(a)

+ wholesale price @

Manufacturer Retailer 1: P
(@,0) Retailer 2:
Stage 1 Stage 2
Manufacturer decides  Retailers simultaneously
- green level 6 decide

+ common retail price p

(b)
Fig.3 Collusion behaviors model. (a) Co-pricing model; (b) Uni-
fied pricing model
2.2.1

The two duopolistic retailers jointly design retail price
p, and p, to achieve maximum profitability. The total
profitability of the downstream retail market is given as

+ wholesale price w

Co-pricing model

TR x, =La, = (b+r)p, +1p, +afl (p, —w) +
la, = (b+r)p, +1p, +abl(p, - w) (11)

The total profitability of the downstream retail market
is a concave function of p, and p,.

u, u,
7TR‘ +R,

d
2 _“ and PR I
dp]

gives the optimal retail price of the duopolistic retailers as

Solving the equations of

_ayr+a(b+r) +(b+2r) (bw +af)

P 2b(b +27) (122
_alr+a2(b+r) + (b +2r) (bw + ab)
P> = 26(b +27) (12b)

Substituting (8a) and (8b) into the demand function of
the retailers, the optimal order quantities of the retailers
are

q, =%(a1 - bw + ab) (13a)
q, =]?(a2 - bw + ab) (13b)

Being a leader, the manufacturer knows the retailers’
reaction to the wholesale prices and green degree, and
thus substituting (13a) and (13b), the manufacturer’s
profitability is

u 1 1
Ty 0) =7(w -¢)(a, +a, -2bw +2a0) -7192 (14)

The profitability of the manufacturer is a concave func-
tion of w and 6, and the corresponding constraint is

Maxar ., 5 :%(W—C)(a, +a, —2bw +2ab) —%1492

s. t. 2bl-a’ >0
Solving the equations of ——+ =0 and — =0 gives the
dow de

u,

optimal wholesale price w" and the optimal green degree

euf.
. (a, +a, +2bc) I -2ca’
TV (15)
w (a, +a, =2bc)a
R TYR (16)

Similarly, the optimal pricing policies and the maxi-
mum profitability can be obtained by substituting " and
6" into the corresponding expression.

2.2.2 Unified pricing model

In this model, two duopolistic retailers set a unified
downstream market price, resulting in an eliminating
price competition among retailers. Two retailers are equiv-
alent to an exclusive retailer downstream functionally.

In this way, the price difference of two retailers will no
longer affect the purchase demand of consumers. The de-

mand function is simplified as
g=a-bp+ab (17)

The total profit function of the corresponding down-
stream market is

Ty ox, = (P —w) (a, +a, —-2bp +2a6) (18)
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The total profitability of the downstream retail market
is a non-negative concave function of the unified price p,
and the corresponding constraint is

maxzy ., =(p -w)(a, +a, -2bp +2a6) >0
a, +a, +2ab
)
The optimal unified downstream market price can be

obtained by setting the first derivative of downstream
market profitability with respect to retail price equal to ze-

S. t. pe(a),

ro:

_a, +a, +2bw +2a6
p= 4b

The manufacturer’s profit function is

(19)

77;\1/11 :%(w_c)(al +a, =2bw +2af) _%192 (20)

The profit function of the manufacturer is a concave
function of w and 6, and the corresponding constraint is
u, 1 1 2
mMax ., o =7(w -c¢)(a, +a, -2bw +2a6) —710
s.t. 2bI-—a’ >0

Similarly, the optimal policies of the manufacturer can
be obtained:

(a, +a, +2bc) I -2ca’

21

@ 4bI - 24 2
., (a, +a, -2bc)a

o2 2 T 22

0 4bI -20” (22)

It can be found that under the condition of retailers act-
ing in collusion, the decision-making of the manufacturer
will not be affected by the collusion strategic behavior of
downstream retailers, where

wu‘* :wuz*, 0u‘>:< =0u1*
Substituting (15) and (16) into the manufacturer’s

profit function (14), we can obtain

u, *

my =T

The two retailers set a unified downstream market

price, aiming at controlling the market and gaining mo-

nopoly profits. However, comparing the calculation re-

sults of the two scenarios of the collusion strategic behav-
iors, the result is counter-intuitive.

. 2a,7(b+71) +a,(2b +7)(2b +37) +(4b° +14b°r +15b7° +4r ) w + (4b° +10br +5r°)

qg,ikg = unz,iRJ p?‘* <pP"’ $p;‘* > W:,ikz >7T;:‘*+RZ
With a unified pricing method, retail prices do not rel-
atively increase, and the profitability of retailers declines.
It indicates that cooperation without competition is unde-
sirable, and moderate competition is beneficial to both
sides of the retailers. It can be explained by the lack of
enthusiasm when there is no competition among retailers,
leading to the failure to achieve an ideal purpose of coop-

eration.
2.3 Stackelberg behavior model

Fig. 4 presents the structure of the Stackelberg model.
The duopolistic retailers play a sequential game. An as-
sumption is made that retailer 1 acts as a Stackelberg lead-
er, setting the retail price first. Then, the follower retail-
er 2 adjusts its retail price to maximize the profitability
based on retail price p,.

Manufacturer Retailer 1 Retailer 2
(.0) P, p,
Stage 1 Stage 2 Stage 3
Manufacturer decides Retailer 1 decides Retailer 2 decides
+ green level 6 + retail price p, + retail price p,

+ wholesale price @
Fig.4 Stackelberg model

The profit function of retailer 2 is
=la, = (b+1)p, +1mp, +ab) | (p, —w) (23)
dar,

R, . .
> =0 gives retailer 2’s reac-

S
TR, (p)

Solving the equation of »
2

tion function about retailer 1.

a, +p,r+bw +rw+ ab

(24)
P> = 2(b+1)

Retailer 1 maximizes profitability. Substituting retailer

dm
2’s reaction function into profit function and solving TR
P

=0 gives the optimal retail price for retailer 1:

_2a,b +(a, +2a,)r+(2b2 +5br +2r)w + (2b +3P) af
- 202 +4br + 1)

P
(25a)

Then by substituting (25a) into (24), the optimal re-
tail price for retailer 2 can be easily obtained.

Similarly, the optimal order quantities of ¢," and ¢, for
retailers are

*

Consequently,

25b
2 4(b + 1) (20 +4br+ 1) (25D)
. _@r+2a,(b+r) —(2b+3r) (bw - af) (26a)
= 4(b+1)
2a,7(b +71) +a,(2b + 1) (2b +3r) — (4b* +10br +57°) (bw — af) (26b)
T = 420 +4br + 1)
the manufacturer’s profit function of Thnn = (@-0) (g +40) _%102 (27)

wholesale price and green degree is
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The profitability of the manufacturer is a concave func-
tion of @ and @, and the corresponding constraint is

s . B 1
maxmy, , = (@ -c)(g, +4q,) _7102

s.t. 8bI(b+r)(2b> +4br+r") — (8> +28b°r +

s

296 +8r)a’ >0

T
M M
and ——

dw de
manufacturer’s optimal wholesale price @'* and the opti-
mal green degree 6°".

Solving the equations of gives the

0]

8a,I(b+r)*(2b+7r)(b+2r)F +2a,1(b +r)F(G +br’) +cG[4bI(b +r)F - Ga’) ] (28)
- G[8bI(b + 1) F - Ga']
_[a,(G=br') +a,(G +br’) =2bcG) ] o (29)

95*

8bI(b + 1) F - G’

where

F=2b" +4br+7r, G=8b" +28b°r +29br" +87°

s

Substituting @"* and §°" into the corresponding expres-
sion, the optimal pricing policies and profitability of the
manufacturer can be obtained:

S

o 2L(b+1)[bc(2b+71) (b +2r) G +a,J] +Gl2a, (b+1’ -cGla’ +2a, (b+r)*(2IH - Ga®) (30a)
Pr = GI8bI(b + 1) F - G’
2a,l(b+n)J+1l be(4b® +14b°r +15b7° +47°) G + a,M] + a,FGa® — G(¢G + a,F) o’ (30b)
T G[8bI(b + 1) F - Ga’]
o 1l(a, +a, —2bc) (4b° +14b°r + 14br° +47 )+ br’(a, - bc) ]’ (31)

Ty

where

H=20b" +76b°r +91b°F +36br +4r*

J=8b" +64b'r +1646° ¥ + 16961 +66br' + 87

M =80b° +464b°r + 1044b" ¥ +1 1480°F +
6390 +168br° +16/°

2.4 Corollaries of model analysis

Corollary 1  One retailer with a larger market share
will set a higher retail price than another retailer.

Take the Cournot model as an example. Comparing the
optimal retail price among two duopolistic retailers, there
isp;" =ps" =a, —a,/2b +3r, if a, >a,, then p;” - p;"
>0.

Meanwhile, the competition between duopolistic retail-
ers will result in quite a close retail price. Setting t = r/b
+r, where r e (0,1), r=>5bt/(1 —t) can be obtained.
Substituting r can give

2G[8bI(b + 1) F - G’

—

-1
+1

C * C* 1
Py — D =? (a, -a,) te(0,1)

[\

It can be found that when consumers’ price sensitivity
remains stable, with the increase in the competition inten-
sity ¢, the value of p;” - p;" will gradually decrease.
When ¢ approaches 1, the value of p;” - p;” approaches
0.

Corollary 2 For the Stackelberg game between retail-
ers, the game leader tends to be the retailer with the big-
ger market, who meanwhile obtains a higher profitability.

As the game leader, the retailer can respond to the
market quickly and adjust its strategy, resulting in better
profitability. According to the retailers’ profit expression
WSR‘and 7TSR it can be found that when a, > a,, 77-; >
-

When retailers have the same market share a, = a,,
there is

. (b +7r)(4b +7r) (2bc —o’) P

s
TR, —

It can be found that only if the market factor satisfies
the condition 2bc — a=0, there will be a game leader.

Corollary 3 The manufacturer’s marginal profitability
is no less than the sum of the two duopolistic retailers’
marginal profitability. However, owing to the green cost
of manufacturers, the profitability of downstream market
may exceed the upstream manufacturer’s profitability
when satisfying certain conditions:

when bl <o’ <2bl

then 7y, >y

Proof Taking Cournot as an example, my, — mE - my

TR =0 [8bI(b + 1) (20° +4br +7°) — (8b° +280°r +29b7° +8r°) o’ ]’

Ir(a, +a, -2bc)
S AbI2b+1) - (b+1r)d’
minus upstream manufacturer’s profit function is

> 0, downstream profitability

4(a, -a)’ (a, +a, =2bc)’l
(2b+37° bI2b+1) — (b4
(a, +a, -2bc)’I'b’

[DIC2D + 1) —(b+r)a2]2}

Ty — Ty = %(b +7) {

After simplification,

4 (a, _az)z
5+
(2b +3r)°

1

g(b+r){

C * C * _
TR, " Twm =
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(a, —a, —=2bc)’F(b +r) (o’ - bl)
[bI(2b +71) —=(b+7)a’]’ }

Combining the constraint of Eq. (8) and the non-nega-
tivity of green degree, when o’ —=bI >0, 7y -, >0
can be obtained.

With the manufacturer as the initiator of green supply
chain, the original intention is varied, such as adapting
to the market demand for more profitability, shouldering
social responsibility, or just ensuring compliance with
the requirements of laws and policies. However, due to
the manufacturer’s green investment, the downstream
profitability may exceed the manufacturer’s profit. It is
showed that the green supply chain can be better imple-
mented if the manufacturer can obtain some help. For
instance, the government can set an appropriate policy or
economic support to manufacturers. The retailers can
shoulder part of the green cost and promote green prod-

ucts in the downstream market.
3 Numerical Analysis

Due to the complexity of the case analysis and display re-
sults of the Stackelberg model, the calculation results have
been analyzed using numerical values. The main purpose is
to compare and analyze the strategic behaviors among retail-
ers. The impact of manufacturer’s green production is dis-
cussed. The effect of competition intensity among retailers

on the supply chain members’ profitability is also analyzed.
In this study, assumptions are made that the related pa-
rameters are a =1200, b=7, ¢ =30, =5, [=6.

3.1 The impact of manufacturer’s profitability and deci-
sion

Tab. 1 presents a comparison of manufacturers’ deci-
sion-making and profitability under different strategy
scenarios. From Tab. 1, when a market factor changes
during a certain period, no matter what the market factor
is, the duopolistic retailers’ action in Cournot results in
the highest wholesale price, the green degree and the
highest profitability, middle in the Stackelberg behaviors
scenario, the lowest in the collusion behaviors scenario.

In numerical experiments, the initial market size ratio
set for retailers is 5.5:4.5, a, =660, a, =540. Mean-
while, considering the non-negativity of profit function
and decision variables, the upper limit of « is 8. 13. In
particular, the changes in the market factors are consid-
ered. The comparison uses a certain range for each pa-
rameter, not just a single value.

The comparison results enlighten that manufacturer pre-
fers the Cournot competitive behavior among the retail-
ers. This is because it provides not only the maximum
profitability, but also more environmentally friendly
products.

Tab.1 The comparison of the manufacturers’ decision-making and profitability under different strategy scenarios

The variation range of the parameters

The comparison of variables

b r c 1 o 6 w Ty
(4,10) 5 30 6 5 0 >0° >0" 0’ >0 >0" TV > Ty > Ty
7 (0,20) 30 6 5 0 >0 >6" ®° >0’ >o" T > Ty > Ty
7 5 (20, 40) 6 5 6°>6° >6" o >0 > 0" T > Tht > Ty
7 5 30 (3,15) 5 0°>6° >6" W >0 > T > Ty > Ty
7 5 30 6 (0, 8.13) 6 >6° >0" 0> >0 T > wy > Y
Due to the manufacturer’s green investment, the down- 300
stream  profitability may exceed the upstream — Cournot I
manufacturer’s profitability. Next, the impact of the 25077 ztoalclﬁzilzﬁrg
consumers’ green sensitivity on manufacturers’ profitabili- i
ty is analyzed. S Y
Fig. 5 presents the impact of consumers’ green sensi- &

tivity on manufacturers’ profitability. It can be found
that among the three scenarios, the retailers’ action in
Cournot causes the manufacturer to charge the highest
profitability. The collusion behavior results in the mini-
mum profitability. Moreover, the manufacturer’s profit-
ability under Cournot and Stackelberg behavior is signifi-
cantly higher than that of collusion behavior. Further-
more, the green sensitivity of consumers is conducive to
the manufacturer’s profitability. With the increase in the
consumers’ green sensitivity coefficient o, the profit-
ability of the manufacturer will gradually increase.

Note that, the manufacturer’s profitability does not al-
ways increase with the increase in «. In this numerical

1.5

1.0

0.5
0

Fig. 5
manufacturers’ profitability

The impact of consumers’ green sensitivity on

analysis, when « exceeds a certain threshold (8. 13 in this
experiment), the manufacturer will have a negative prof-
itability. This is because the green level cannot be set
particularly high. A higher green level requires a higher
green cost.
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. .. . g — Cournot
3.2 Analysis on the competitive behaviors among : - - Stackelberg
duopolistic retailers 36 mm —-— Collusion
The duopolistic retailers’ competitive behaviors selec- ,. 341
tion is to obtain a higher market profitability. The manu- % 32¢
facturer set in this paper is a clean manufacturer. It is : 30k
found that the retailers’ action in collusion are not always
able to achieve the goal of cooperation. The collusion de- 28
pends on some market factors, such as the sensitivity of 2.60 zlt

consumers to products. In this analysis, the sum of
retailers’ profitability is chosen for studying the choice of
the competition strategy. In order to study the competitive
behaviors, it is made assumptions that r =5, o =3.

Figs. 6 to 8 present the impact of consumer product
sensitivity on the sum of retailers’ profitability. Fig. 6
presents the impact of consumers’ green sensitivity a on
downstream market profitability 7. It can be found that
the Cournot behavior and the Stackelberg behavior are
very similar. When « is higher than 4. 4, the downstream
market profitability of the Cournot behavior begins to ex-
ceed that of the Stackelberg behavior. For collusion be-
havior, there is the critical point « =3.0. When « <3.0,
the downstream market profitability will exceed the other
two behaviors. In other words, the retailers will choose
to cooperate only when the consumers’ green sensitivity
<3.0. The improvement of consumer’s green sensitivity
will increase retailers’ profitability.

6.5
— Cournot
6.0 --- Stackelberg
== Collusion

Fig.6 The impact of consumers’ green sensitivity on down-
stream market profitability

10 r \ i
¥ — Cournot
gk i\ - - - Stackelberg
i == Collusion
S
~
&
K,
2 -
00

Fig.7 The impact of consumers’ price sensitivity on down-
stream market profitability

Fig.8 The impact of consumers’ price difference sensitivity on
downstream market profitability

Fig. 7 presents the impact of consumers’ price sensitivi-
ty b on downstream market profitability 7r,. It can be
found that the downstream market profitability is nega-
tively correlated with coefficient . When b is less than
5.21, the downstream market profitability of collusion
behavior is significantly lower than that of the Cournot
behavior and Stackelberg behavior. That is to say, other
market factors remain in a stable period, and when b is
less than 5. 21, the duopolistic retailers will choose either
the Cournot or the Stackelberg strategic behavior.

Fig. 8 presents the impact of consumers’ price differ-
ence sensitivity coefficient » on downstream market profit-
ability 7r,. It can be found that the collusion behavior can
significantly reduce the profitability loss caused by the in-
creased price difference sensitivity.

When consumers are more sensitive to the price differ-
ence of products, the collusion behavior results in better
profitability. There is the obvious inflection point r =5.
1. When »>5.1, the retailers are keen on collusion be-
havior. It can also be seen that when r >2, the Stackel-
berg behavior is a better choice when retailers cannot co-
operate.

3.3 The impact of competition intensity

In order to study the impact of competition intensity ¢,
assumptions are made that b =7, ¢ =30, I=6. The ini-
tial market size ratio in this section is 5.5:4.5.

Fig. 9 presents the impact of retailers’ competition
profitability.  The
consumers’ green sensitivity is set to be o« =3. It can

intensity on  manufacturers’
be found that the competition between duopolistic re-
tailers is beneficial for the manufacturer’s profitability.
The duopolistic retailers’ action in Cournot causes the
manufacturer to acquire the highest profitability, while
the collusion behavior results in the lowest profitabili-
ty. Furthermore, the manufacturer’s profitability is
positively related to the competition intensity ¢. It can
be inferred that manufacturers hate the collusion be-
tween retailers. Manufacturers prefer fierce competition

among retailers.
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— Cournot

- - - Stackelberg A
10F —— Collusion £

Fig. 9  The impact of retailers’ competition intensity on
manufacturers’ profitability

Fig. 10 presents the relationship between the down-
stream profitability and the competition strength ¢. The
consumers’ green sensitivity is set to be « =3 in Fig. 10
(a), a =5 in Fig. 10(b). When the consumers’ green
sensitivity is high, just as in Fig. 10(a), the retailers will
not like to choose collusion. With the increase in compe-
tition intensity, the downstream market’s profitability
shows a trend of rising first and then declining. It indi-
cates that for the Cournot behavior and Stackelberg be-
havior, certain competition is beneficial for the total prof-
itability. However, it is necessary to avoid excessive
competition. When the consumers’ green sensitivity is
low, as shown in Fig. 10(b), the more drastically the
duopolistic retail market competes, the smaller the down-
stream market’s profitability is made. There is the crit-
ical point t=0.41.

6.8
6.6
6.4}
: 62} —— Cournot
= - - - Stackelberg
~ 6.0 ici
& --—- Common pricing
X 1 - Unified pricing
sef T
54 ' : ' '
0 0.2 04 0.6 0.8
(a)
3.8F
S L
\;x —— Cournot
2.8} - - - Stackelberg
2.6} - SO'_‘;”“;’" pricing
........... nified pricing
241

t
(b)
Fig. 10  The impact of competition intensity on downstream
market profitability. (a) a =5;(b) a =3

When 7 <0.41, the behavior of Cournot and Stackelberg
has higher downstream market profitability. When the
competition is drastic, the collusion behavior will bring a
higher profitability.

4 Conclusions

1) The marginal profitability of the manufacturer is no
less than the total profitability of the duopolistic retailers.
However, due to the manufacturer’s green investment,
the downstream profitability of the supply chain may ex-
ceed the manufacturer’s profitability. Meanwhile, with the
improvement of consumers’ green sensitivity, the profit-
ability of the manufacturers and downstream retailers will
increase.

2) The duopolistic retailers’ action in Cournot causes
the manufacturer to acquire the highest profitability and
set the highest degree of the green level. However, there
is an opposite result in collusion.

3) Manufacturers’ profitability will increase as compe-
tition among retailers intensifies. Appropriate competition
will benefit both retailers’ profitability.

4) Retailers will not choose collusion when the
consumer’s green sensitivity is higher than a threshold.
When the consumers are more sensitive to price differ-
ence, retailers prefer collusion, and then the Stackelberg
behavior is chosen. In particular, with the increase in
consumers’ sensitivity to price difference, the retailers’
profitability will drop dramatically with the Stackelberg or
Cournot behavior.
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