X/
%®

Scientific

CA

R h
6% Fibiaing

Open Journal of Business and Management, 2020, 8, 2303-2316
https://www.scirp.org/journal/ojbm

ISSN Online: 2329-3292

ISSN Print: 2329-3284

The Impact of Power Structures and Pricing
Methods on the Performance of Dual-Channel
Low-Carbon Supply Chains

Jing Hu

Logistics Research Center, Shanghai Maritime University, Shanghai, China

Email: jinghu550@163.com

How to cite this paper: Hu, J. (2020). The
Impact of Power Structures and Pricing Me-
thods on the Performance of Dual-Channel
Low-Carbon Supply Chains. Open Journal of
Business and Management, 8,2303-2316.
https://doi.org/10.4236/0jbm.2020.85141

Received: August 24, 2020
Accepted: September 27, 2020
Published: September 30, 2020

Copyright © 2020 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

Abstract

This paper considers a secondary low-carbon supply chain consisting of one
manufacturer and one dual-channel retailer. The four game models of retailer
in the two-channel unified pricing and separate pricing and the two power
structures dominated by manufacturer and retailer are constructed. The pa-
per analyzes and compares the choice of retailer pricing methods under the
same power structure and the optimal decision of supply chain members un-
der different power structures. Research shows that a retailer is more willing
to choose separate pricing under the same power structure, and pricing me-
thods have no effect on the manufacturer. Under different power structures,
retailer gains more when he leads the supply chain. For the manufacturer,
when the carbon emission reduction investment cost coefficient is small
(large), manufacturer gains more when retailer (self) dominates.
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1. Introduction

With the rapid development of the global economy, the continuous increase in
greenhouse gas emissions has caused a huge impact on our society and the envi-
ronment. Global climate change has created a huge threat to human survival and
health (Ma, 2019). China is the world’s largest carbon dioxide emitter. There-
fore, more and more manufacturers begin to produce low-carbon products, such
as Gree, Midea and other home appliance companies investing in carbon emis-

sion reduction technology to produce fluorine-free air conditioners, and Tesla
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and other automakers are developing new energy vehicles. On the other hand,
the development of e-commerce has led many retailers to open up online chan-
nels, such as Suning, Gome, Carrefour and Wal-Mart. IKEA, which has always
insisted on offline sales, also launched a small program called “IKEA Pop-up
Store” in 2018. For retailers who have developed dual channels, whether direct
channels and retail channels are priced uniformly is a key issue. In addition, due
to the different resources occupied by supply chain members, different power
structures exist, for example, Wal-Mart, a retailer with a strong advantage in the
supply chain, and Procter & Gamble, a large manufacturer. Both power structure
and pricing methods have an impact on supply chain performance.

Three areas are related to the research in this article. One is the dual-channel
low-carbon supply chain. Xu et al. (2018) considered the coordination of the
manufacturer’s dual-channel supply chain under mandatory carbon emission
control. Ji et al. (2017) considered the emission reduction behavior and channel
selection of supply chain members in the case of only retail channels and dual
channels under the factors of carbon allowance and consumers’ low-carbon pre-
ference. Yang et al. (2018) studied the remanufacturing problem in the manu-
facturer’s dual-channel supply chain, as well as the optimal emission reduction
level and pricing strategy of carbon emissions on the basis of carbon allow-
ances. Ranjan and Jha (2019) studied the pricing strategy and coordination
mechanism between members in a dual-channel supply chain. Wang et al.
(2016) studied channel selection and pricing strategies in the supply chain,
which includes a leading multi-channel retailer and a manufacturer that sells
two levels of differentiated products through direct channels and retail chan-
nels. Liu et al. (2019) studied the channel selection and channel cooperation
strategy issues of low-carbon emission reduction manufacturer. Yu et al. (2019)
studied the impact of consumers’ low-carbon preference differences on manu-
facturer’ dual-channel supply chain pricing strategies. Yang et al. (2017) studied
the channel selection and coordination of the dual-channel low-carbon supply
chain led by manufacturers. Sun (2018) and others studied low-carbon supply
chain emission reduction strategies that consider consumer channel preferences
and low-carbon preferences. The above research on dual-channel low-carbon
supply chain mainly focuses on channel selection, coordination and pricing
strategies, and does not involve power structure issues.

The second is the power structure. Chen and Wang (2015) take the smart-
phone supply chain composed of mobile phone manufacturers and telecom ser-
vice operators as the research object. The optimal retail price decision of manu-
facturers in free and bundling channels under different power structures and the
optimal subsidy decision of telecommunication service operators in bundling
channels are studied. Luo et al. (2018) studied the influence of different power
structures on supply chain pricing decisions. Jin (2018) studied the impact of
different power structures on retailer’ dual-channel supply chain equilibrium

and consumer surplus. The research results show that the different power struc-
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tures of the suppliers will not affect the overall profit and consumer surplus of
the supply chain, but only lead to the redistribution of revenue within the supply
chain system. Lan Tian (2018) studied the impact of different power structures
on supply chain pricing and brand differentiation strategies from the perspective
of supply chain and consumer surplus. Yang Yan (2019) and others have studied
the influence of different power institutions on suppliers’ fulfillment of social
responsibilities. The study found that compared with the supplier’s leadership,
the supplier will perform more social responsibilities under the retailer’s leader-
ship. Wang et al. (2017) studied the influence of power structure on the prices,
demand and profits of dual-channel supply chain members. Scholars at home
and abroad have done a lot of research on the power structure of single-channel
and dual-channel, but they have not considered the influence of power structure
and pricing method on low-carbon supply chain.

The third is a dual-channel supply chain pricing method. Li et al. (2016) dis-
cussed the pricing strategy of supply chain members under centralized and de-
centralized decision-making under the manufacturer’s dual-channel unified
pricing. Yang and Xiao (2017) discussed the channel selection and coordination
issues under the dual-channel unified pricing of manufacturers. Liang et al.
(2018) discussed the pricing strategy and channel selection of manufacturers
under dual-channel separate pricing. Zhou et al. (2017) discussed the supply
chain emission reduction and pricing decisions considering the dual-channel
separate pricing of carbon allowance retailer. Zhang et al. (2018) studied the
manufacturer’s dual-channel supply chain pricing decision considering the risk
of return. Research shows that retailer prefers a dual-channel unified pricing
model, while manufacturer prefers a separate pricing model. There are few li-
teratures on pricing methods, and there is no comprehensive consideration of
power structure and low-carbon supply chain. Therefore, this article takes the
retailer’s dual-channel low-carbon secondary supply chain as the research ob-
ject, considers consumers’ low-carbon preferences and channel preferences,
and studies the impact of pricing methods and power structures on the per-
formance of supply chain members. This article will enrich the research of re-
tailer’s dual-channel low-carbon supply chain.

The rest of this paper is organized as follows. The model description is re-
viewed in Section 2. Section 3 presents the models. Section 4 explores the
changes in the benefits of supply chain members under different pricing me-
thods and different power structures. Section 5 presents conclusions and future

research direction.

2. Model Description

This article mainly studies the impact of different supply chain power structures
and pricing methods on the performance of supply chain members. We consider
a secondary low-carbon supply chain (Incorporate green, low-carbon, and envi-

ronmentally friendly concepts and technologies into the supply chain) consisting
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of a manufacturer and a retailer. Manufacturer sells a single low-carbon product,
and retailer order products from the manufacturer and then sell low-carbon
products through dual channels. The related parameter definitions and decision
variables are shown in Table 1 and Table 2.

Basic assumptions:

1) According to relevant literature, assume that the cost of carbon reduction

and emission reduction invested by the manufacturer in retail channel is

1 . - N .
Ek(er )2 and the cost of carbon reduction and emission reduction invested in

direct channel is %k (&)

2) The demand for low-carbon products is determined by the sales price and
carbon emission reduction level. Under unified pricing, the demand functions of
low-carbon products in retail channel and direct channel are respectively:

g, =0a+Xie, —bp @
g =(1-0)a+ e, ~bp 2
the demand function under separate pricing is
q, =0a+Xie, —p, +bp, @)
Ay =(1-0)a+xe, — py +bp, (2)
Table 1. Parameters.
Parameters definition
a market demand
r consumer low-carbon preference (A >0)
c unit production cost
b cross price sensitivity coefficient (b € [0,1] )
k carbon emission reduction investment cost coefficient (k >0 )
q,,0q, retail channel and direct channel order volume
0,1-6 Consumers’ preference for retail and direct channel (0 e [0,1] )

The revenue of manufacturer, retailer and supply chain in scenario
IT, 11,11, where i=RST,RSF,MST,MSF (The superscript RS means retailer-led, MS

means manufacturer-led, T means unified pricing, and F means separate pricing)

Table 2. Decision variables.

Decision variables definition
P Retailer’s unit product sales price when dual-channel unified pricing
DD Prices of retail channel and direct channel when dual-channel separated
re pricing
w Unit product wholesale price
e, e, Carbon emission reduction levels in retail channel and direct channel
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3) To ensure that the objective function is the concave function of the decision
variable and that the decision variable is greater than 0, assume that
k>2%/[2(1-b)], a>2(1-b)c.

4) p>w>c.In order to ensure the profits of retailer and manufacturer, the
unit product sales price must be higher than the wholesale price, which is higher
than the production cost.

5) The information between the manufacturer and the retailer is symmetrical
and completely rational, pursuing the maximization of their own interests re-
spectively. And consumers understand their carbon emission reduction levels

before buying products.

3. Models

Based on the above assumptions, the revenue function of manufacturer and re-
tailer under uniform pricing is: I, =(p-w)(q, +¢,),

I, = (w=c)(a, +a)-3(e, ) -3

respectively denote a dual-channel low-carbon supply chain led by retailers and

k(e )2 . The superscripts “RST” and “MST’

manufacturers under uniform pricing.
The revenue function of the manufacturer and retailer under separate pricing

| i 1, v 1
is: 1_[r :(pr_w)qr+(pd _W)qd ’ l_[m :(W_C)(qd +qr)_5k(ed) _Ek(er)z .

The superscripts “RST” and “MST” respectively denote a dual-channel low-carbon
supply chain led by retailers and manufacturers under separate pricing.

3.1. Supply Chain Led by Retailer (RS)

When the retailer takes the lead, the retailer is the leader of the supply chain and
the manufacturer is the follower. Retailers have the leading power and first deci-
sion-making power over the supply chain. The decision sequence is shown in

Figure 1.

3.1.1. Retailer Unified Pricing

This game is a Stackelberg game with complete information, which is solved by
reverse induction. To m represent the retailer’s marginal profit, the retail price
of the product is p*" =w™" +m . Substitute Formula (1) and Formula (2) into
[1%7 and set A1 /ow™™ =0. The relationship between W™ and €', e’
is: W = [a +2(1-b)(c—-m)+ (EEST +efT )XJ/[4(1— b)] . Substituting For-
mula (1), Formula (2), W™ into [I7", the Hessian matrix:

Manufacturer Manufacturer
sets the Carbon reductionlevel er,es sets the wholesale price @
l Sequence

Retailer
decides the price p(pr, pi) when
pricing is unified (separate)

Figure 1. Sequence of events when retailer dominates the supply chain (RST/RSE).
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PL HEST PL HrFf]ST |
B aZerRST aerRSTaeg{ST B k[Z(l—b)k—kz] .
N a2 HEST a2 HFI?]ST - 2(1—b) >0
| aegm aerRST PY egST

RST
H

In addition, &2 HIT]ST / azefST <0. That is, the Hessian matrix H®' is nega-
tive definite and has a maximum value. Respectively find the first derivative of
efST,e(?ST , set 6H§ST / 8e,RST =0 and 6H2‘°‘T / 8e§ST =0, and solve these two
equations simultaneously, e =ef°' =[a—2(L-b)(c+m)] 7»/[4(1— b)k - ZKZJ .

. . . S .
Substituting efST , edRST into formula w®' subtracting erRST ,eEST , we get:

W = c+k[a—2(1—b)(c+m)}/[4(1—b)k—2xﬂ )

RS, e®T and formula W into Formula (1) and

Substituting formula e
Formula (2), we get:
ot _ ~(1-b)[a+2(1-b)(c+m)-4a0 |k+a(1-20)A*
' 4(1-b)k —2) ‘
_ -2(1-b)*(c+m)k+a(1-b)(3-40)k —a(1-26):.?
- 4(1-b)k — 21

RST :
RST e, formula W™, into [T, gf"

finding the first derivative of m, so that A[]"" / om=0 gives:
m=[a-2(1-b)c]/[4(1-b)].
Substituting m=[a—2(1-b)c]/[4(1-b)] into W eFT, el T g
the optimal decisions are:
W =c+[a-2(1-b)c |k /[8(1-b)k-41" ],
ef"" = e =[a-2(1-b)c ]2 /[8(1-b)k - 427 ],
1-b)|a-2(1-b)c |k
:%[Za(_me)g )[2-2(-b)c] ]

' 2(1-b)k-2?

RST

Substituting e , Oy and

g5 = %{2&1(1— 20)+

(1—b)[a—2(l—b)c]kJ

2(1-b)k -2’
Then get

pRST*:l a +ZC+[a—2(1—b)C:|k '
411-b Z(l—b)k—?\.2

From this, the revenue of retailer and manufacturer under the retailer-led and
unified pricing is: [15 = [a— 2(1- b)C]2 k/[32(1— b)k —167»2J ,
[P =[a-2(1-b)c | k /[16(1-b)k 827 ].

The benefit of the supply chain is:

RST* 2 2

&1 =3[a-2(1-b)c] k/[32(1-b)k-162?].

3.1.2. Retailer Separate Pricing
Let represents the marginal profit of the retailer’s retail channel and direct
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channel, the retail channel price of the product is, and the direct channel price is
P = w™T +m, . Same as the solution method in 3.1.1, we get the optimal deci-

sion and benefit under retail-led separate pricing:

e =ef" =[a-2(1-b)c |1 /[8(1-b)k-22? ]

W =[ak+6(1-b)ck —4ch’ | /4[ 2(1-b)k -2 |

c(1-b?*)+a(b+0(1-b)) . [a-2(1-b)c]k

o 2(1-b?) 4[2(1-b)k-2? ]
wre C(1-b%)+a[1-0(1-b)] [a-2(1-b)c]k
© 2(1-p%) +4[2(1—b)k—k2]

RSF*=_(1_b)k( (1 b)c+a(1 460 ))
' 4[2(1-b)k -2’ ]
e _ (1-D)K[-2(1-b)c+a(3-40)]

‘ 4[ 2(1-b)k-2? ]

The optimal benefits of retailer and manufacturer under the retailer-led and

+a(1-20)A?

—a(1-20)2?

unified pricing are:

e [@-2@-b)c]k o a?(1-20)" [a-2(1-b)c]k
" 16[2(1-b)k-22]" " 8(L+b) +8(2(1—b)k—k2)

The total revenue of the supply chain is:

a’(1-20)’ s[a 2(1-b)c] k
(1+b) 16[ (1-b)k-2?]

H?SF*

3.2. Supply Chain Led by Manufacturer (MS)

When the manufacturer takes the lead, the manufacturer is the leader of the
supply chain and the retailer is the follower. Manufacturers have the leadership
and first decision-making power over the supply chain. The decision sequence is

shown in Figure 2.

3.2.1. Uniform Pricing

Solve by reverse induction. Substituting Formula (1) and Formula (2) into the
MST

retailer’s revenue, the reaction function of the retailer’s sales price p to
Manufacturer Manufacturer
sets the Carbon reductionlevel e, e sets the wholesale price @
\I/ Sequence
Retailer

decides the price p(p-, ps) when
pricing is unified (separate)

Figure 2. Sequence of events when manufacturer dominates the supply chain (MST/MSEF).

DOI: 10.4236/0jbm.2020.85141

2309 Open Journal of Business and Management


https://doi.org/10.4236/ojbm.2020.85141

J.Hu

T e} W is: p"T =[a+ (e} +¢T )0 +2(1-b)w"T | /4(1-b). Subs-

" into Equations (1) (2), and eliminate p“*". The reaction

MST MST MST MST MST :
o &y W 18:

Q" =[ (36T — e} ) -a(1-40)-2(1-b)w" | /4

titute equation p'\’IS

function of order quantity ¢, to e,

and
7 <020 42 o

Substituting g’ and @}’ into the manufacturer’s income, Let
oTIMT / ow™T =0, the reaction function of W™ to €Y' e}’ is:

wMsT [a+2(1 b)c+( e’ +er“"ST)7»}/e§"ST +e°"

r

Substitute W"*" into p"*",qM",qg}*"

function of q"",g}"*", p™7 to eM™T,el*" is:

0" =[-2(1-b)c—a(3-80)-3e}""2.+ 51 | /8,

and eliminate W™ . The reaction

qeT :[_2(1—b)c+a(5—89)+563”“%—3ermﬂ/8’
pMe [3a+2bc+3 e + MST J/8b

Substituting Formulas (16) and (17) into the manufacturer’s revenue [,

the Hessian matrix can be obtained as:
o2 HMST o HMST |
a(e:VIST )2 6e:V|STaegAST k[4(1_b)k—}\,2]

HYT = = >0.
o2 HMST a2 Hn’\fST 4(1_ b)
MST A MST 2
‘6e oe o(e)
2 pyMsT
In addition, (—”‘)2 <0. That is, the Hessian matrix H™" is negative de-
a e:\/lST

finite and has a maximum value. Let the two equations of O[I}*" / e =0,
ATT™™ /2e}*" =0 be combined:

e = e =[a-2(1-b)c]r/[8(1-b)k-217].
Substituting e?"ST* and eMST into wM® *,quT*,qg"ST*, pMST* , the optimal

decisions are:
W =c+[a-2(1-b)ck/[4(1-b)k-27],
""" =c+3[a-2(1-b)clk/[8(1-b)k-22"],
Qs = 2(1 20)+(1-b)[a-2(1-b)ck /[8(1-b)k-27],

1-b)c [a 2(1-b)c|2?
4 (4b|< 22)

q(;\/IST* (5 _ 86) (
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The optimal benefits of retailer and manufacturer under manufacturer-led
and unified pricing are:

b[a-2(1-b)c]'k® e [2-2(1-b)c] k
2la(a-b)k—22] " 4[4(t-b)k-27 ]
The total revenue of the supply chain is:

M =[a-2(1-b)c] k[6(L-b)k -2 ]/[8(1-b)k-222T .

MST* _

3.2.2. Manufacturer Separate Pricing
The same as the solution method in 3.2.1, we have the optimal decisions and

benefits under manufacturer-led and separate pricing:

e = e =[a-2(1-b)c]A/2[ 4(1-b)k - 4|

r

W' = [ako+c(2(1-b)k-27) | /4(1-b)k-2?
MR _ -2(1-b)k(2(1-b)c+a(1-46))+a(1-26)2’
o al4(1-b)k-22]
ee_ 2(1-D)K(-2(1-b)c+a(3-40))-a(1-20)2
o a[4(1-b)k 7]

wse-_ 1[ 4(1+b)c—a(1-20) s[a 2(1-b)c]k

"4 1+b 4(1-b)k -2’

vsee _ 1[a+4(l+b)c—2a0 6[a-2(L-b)c]k
P 73 1+b T bk

The same as the solution method in 3.2.1, we have the optimal decisions and
benefits under manufacturer-led and separate pricing:

[T = (a-2(1-b)c / 4(1-b)k-27]]

— 1[a2 (1-20Y . 4(1-b)(a-2(1-b)c) K’ }

8| 1+b [4(1—b)k—x2]2

The benefit of the supply chain is:
— 4(1—b)[a2k ~2c(a-(1-b)c)(6(1-b)k -2 )]k
8[4(1-b)k 22

a?(1-20)’ . 2a%k
8(1+b)  8[4(1-b)k-2"]

C

4. Comparative Analysis

4.1. Comparative Analysis under the Same Power Structure

Under the leadership of retailer: 1™ >TI®T, [T =17, e =",
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WRSF™ = WRST" quSF _quST _ a(l—26)/4, qngF _qg%ST _ —a(1—26)/4;
P ™ =—a(1-20)/[4(1+b)], p§-p™T =a(1-20)/[4(1+b)].
Under the leadership of manufacture: [IM™7 >[IV, TIWF =T10°",
MSF* _ GMST* \\ MSF* _ | MSF* qMSF _qMST — a(1—29)/4
=€y 5 = 5 r >

v r
0 - =—a(1-20)/4; p!" - p"T" =—a(1-20)/[4(1+D)],
Py - p" = a(1-20)/[ 4(1+b)].

Conclusion: Regardless of the power structure, the pricing method (uniform
pricing and separate pricing) has no effect on the revenue of the manufacturer,
while the retailer obtains higher revenue under separate pricing. In addition, the
pricing method does not affect the manufacturer’s setting of wholesale price, nor
does it affect the level of carbon emission reduction. Consumers have a greater
preference for which channel, and retailers will set a relatively higher price for
that channel when pricing separately. When 6>0.5 (6 <0.5), the retail chan-
nel price under separate pricing is greater (less than) the sales price under uni-
form pricing, and the order quantity of retail channel under separate pricing is
less than (greater than) the order quantity of retail channel under uniform pric-
ing; The sales price of direct channels is less than (greater than) the sales price
under uniform pricing, and the order quantity of direct channel under separate
pricing is greater (less than) the order quantity of direct channel under uniform
pricing. At that time, the sales prices of the two channels under separate pricing
were the same as the sales prices under unified pricing, and the order quantities

of the two channels were also the same as those under unified pricing.

4.2. Comparative Analysis under Different Power Structures

Proposition 1: Analysis of carbon emission reduction level:

RST* MST* __ \RSF* MSF*

e ey e —ey
~[a-2(1-b)c]3*/[32(1-b)" K" ~24(1-b)kn? + 41" |
>0

Proposition 1 shows that the level of carbon emission reduction led by retail-
ers is better, and the greenness and environmental protection effect are better.
This is because an increase in the level of carbon emission reduction will in-
crease consumer demand, and retailers will encourage manufacturers to increase
the level of carbon emission reduction in order to obtain more revenue, thereby
increasing the degree of greenness.

Regardless of the pricing method, the level of carbon emission reduction is an
increasing function of and. The higher the cost of investing in carbon emission
reduction, the weaker the manufacturer’s investment, so the level of carbon
emission reduction will decrease. The higher consumers’ low-carbon preference
means that consumers are more willing to buy low-carbon products, and manu-

facturers will be more willing to increase their carbon emission reduction levels.

2 2
Proposition 2: Price comparative analysis: when Kk e k—, A , then
2(1-b)'1-b

DOI: 10.4236/0jbm.2020.85141

2312 Open Journal of Business and Management


https://doi.org/10.4236/ojbm.2020.85141

J.Hu

. " . . N . %
S e A A A kE[nﬂrO@ , then

RST RST* RST* MST*

* MST* MST*
< p > pr < pr > pd < pd

Proposition 2 shows that when the carbon emission reduction cost coefficient

p

is low (high), regardless of the pricing method, the retailer-led sales price is
greater (less than) the manufacturer-led sales price.

In the case of unified pricing, the sales price is not affected by consumer
channel preferences. In separate pricing, the retail channel price is an increasing
function of consumer channel preferences, and the direct channel price is a de-
creasing function of. Explain which channel consumers prefer to buy goods, and
retailer will set higher prices in the corresponding channels.

Proposition 3: Comparative analysis of order quantity:
RSF qMSF RSF MSF RST MST RST MST
r

qa, =0y —0G¢ >0;5 ¢~ -0 =d; —0q4 >0.

Proposition 3 shows that no matter what the pricing method, the order quan-
tity under the lead of the retailer is greater than the order quantity under the
lead of the manufacturer. The main reason is that when retailers dominate, they
will prompt manufacturers to increase carbon emission reduction levels, thereby
increasing consumer demand for low-carbon products. And the order quantity
is an increasing function of consumer channel preference 0, and the decreasing

function of carbon emission reduction cost investment coefficient k.
Proposition 4: Comparative analysis of wholesale prices. when

A? 3 RST* MST* RSF* MSF*
ke m,m then w > W , W >W ;when

ke (—37& ,+OOJ , then W™« WM™ N WRFT < WMsFT
4(1-b)

Proposition 4 shows that when the carbon emission reduction investment cost
coefficient is small (large), the wholesale price led by the retailer is greater (less
than) the wholesale price led by the manufacturer.

Regardless of the pricing method, the wis a decreasing function of 4 and an
increasing function of A. When the cost of investing in carbon emission reduc-
tion is high, the investment of manufacturers is greatly reduced. If the wholesale
price is increased, the corresponding retailer will reduce the order quantity.
Therefore, manufacturers will lower wholesale prices to encourage retailers to
place more orders. The higher consumers’ low-carbon preference means that
consumers are more willing to buy low-carbon products, and manufacturers will

raise wholesale prices to obtain more profits.
Proposition 5: Comparative analysis of the benefits of supply chain members:
when k e L i then [T > TIM™, TIRSF" > [IMF"; when
2(1-b) 4(1-b) " oo n

2
€ (%&wj sthen TR <TIW™, TIRF" <[IWF"; when
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2
© (Z(i\’—b) ’+OOJ then H$ST* > H:\AST* > H?SF* > H'rVISF* and HEST* > (l\:IIST* ,

RSF* MSF*
c >l -

Proposition 5 shows that from the perspective of the manufacturer, when
the carbon emission reduction investment cost coefficient is small, the revenue
under the leadership of the retailer is greater than that under the leadership of
the manufacturer. When the carbon emission reduction investment cost coef-
ficient is large, the income under the leadership of the retailer is less than the
income under the leadership of the manufacturer. This is because when the
carbon emission reduction cost coefficient is low and retailer dominate, in or-
der to increase consumer demand for low-carbon products, retailer require
manufacturers to increase their carbon emission reduction levels, but at the
same time, retailer increase their ordering volume so that manufacturer in this
case, the benefits are higher.

And when the carbon emission reduction cost coefficient is large and retailer
dominate, retailer encourage manufacturers to increase their carbon emission
reduction levels. Although retailers increase their orders, they are not enough to
make up for the high cost of manufacturers investing in carbon emission reduc-
tion technologies. In this case, the manufacturer’s profit is small.

From the retailer’s point of view, regardless of the pricing method, the reve-
nue under the leadership of the retailer is always greater than the revenue under
the leadership of the manufacturer.

From the perspective of the overall revenue of the supply chain, regardless of
the pricing method, the total revenue led by the retailer is always greater than

the total revenue led by the manufacturer.

5. Conclusion

Considering the impact of different power structures and pricing methods on
supply chain performance, four game models are constructed respectively for re-
tailer in dual-channel unified pricing and separate pricing, as well as two power
structures led by manufacturer and retailer. The optimal decisions and benefits of
supply chain members under different power structures and different pricing
methods were obtained and compared and analyzed. The study found that:
Under the same power structure, a retailer is more inclined to set different
prices for direct channel and retail channel, that is, separate pricing methods.
This is because there are consumer channel preferences, and retailer will set
higher prices for channels that consumers prefer. When consumers do not have
channel preference (0 =0.5), the selling price under uniform pricing is the same
as the prices under the two channels under separate pricing. For the manufac-
turer, the pricing method does not affect their earnings, nor does it affect the
carbon emission reduction level and the establishment of wholesale prices.

Under different power structures, it is more profitable for retailer to dominate
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themselves. For manufacturer, when the carbon emission reduction investment
cost coefficient is small (large), the benefits are greater when the retailer (self) is
dominant. The level of carbon emission reduction led by retailer is higher than
the level of carbon emission reduction led by manufacturer. This shows that,
compared with the manufacturer’s leadership, the manufacturer will perform
more environmental responsibilities under the leadership of the retailer.

This article focuses on the comparison of different pricing methods and dif-
ferent power structures to enrich the research of retailer’s dual-channel
low-carbon supply chain. The model in this paper can also be extended to con-
sider the impact of pricing method and power structure on the performance of
the supply chain under the asymmetry of information, which will continue to be

improved in future work.
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