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Abstract—Direct channels for manufacturers have become the norm. For the study of double sales
channels, single manufacturer, reducing emissions and single retailer promotion coordination problems, to
emissions reductions as state variables, assume that the market demand by reduction, as well as the
influence and promotion efforts to build a single manufacturer and single retailer of three kinds of
differential game model, to investigate the condition of double channels involved in cooperation and the
influence of various parameters on the members of the decision. It is found that under certain conditions,
cost-sharing contracts can improve the profits of each member and the system. With the increase of the
ratio of manufacturer to retailer's promotion cost, the improvement effect of the contract on the profit of the
two members changed significantly. High retailers' low carbon advertising cost and discount rate factor
will reduce the improvement effect of cost-sharing contract.

Keywords—Differential game; Low-carbon supply chain ;Dual channel ; Emission reduction promotion

cooperation.

I INTRODUCTION

The greenhouse effect is the main reason for the
frequent occurrence of global climate change and extreme
weather, and the carbon emission from human economic
activities is the main source of the greenhouse effect [, At
the Copenhagen conference, the Chinese government made
a clear commitment: by 2020, China's carbon dioxide
emissions per unit of GDP will be reduced by 40-50%
compared with 2005 2 At present, the government has
formulated a series of low-carbon policies such as tax,
subsidy and carbon trading, manufacturers have carried out
many emission reduction actions, such as ecological
research and development, energy conservation etc, and
retailers have launched low-carbon price discount,
low-carbon label, low-carbon consumption rebate and other
guiding accelerated  the
implementation of the low-carbon concept . However,

activities, which  have

ISSN: 2456-7620
https://dx.doi.orq/10.22161/ijels.53.40

Galanz press spokesman Ji-lie Lu, pointed out in an online
interview with China economic net that the real driving
force behind the low-carbon concept of the 12th five-year
plan is consumers. Namely the implementation of
low-carbon concept, low-carbon products consumption
scale is the key. How to achieve the concept of low-carbon
environmental protection popular? The key is to segment
consumer demand market and study how manufacturers and
retailers cooperate under the guidance of government

policies.

With the development of the Internet and the
popularity of e-commerce, manufacturers have opened
direct channels. Considering that the product emission
reduction is affected by the manufacturer's emission
reduction efforts, the multi-cycle continuous production has
dynamic changes, and the business operation is often

cross-cycle rather than single-cycle. Therefore, from a
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long-term and dynamic perspective, it is of great
significance to study the low-carbon promotion cooperation
between the upstream and downstream of the supply chain
in the context of dual-channel sales.

1. LITERATURE REVIEW

In terms of dual-channel pricing, most scholars focus
on the channel structure of supply chain and analyze the
conditions for opening direct selling channels and supply
chain coordination contracts. Chianget al. [ believe that the
opening of direct sales channels can increase their own
demand and profits, making retailers lower prices.
Dumrongsiri et al. [ believe that increasing direct sales
channels can improve the overall benefits of dual channels,
while improving the service quality of retailers can increase
the common interests of channel members. Chen et alf®l.
proposed a dual-channel supply chain that could be
coordinated by two-part pricing or revenue-sharing
contracts. Shi-hui Yang ™ studied the two-channel
low-carbon supply chain game led by manufacturers,
solved the optimal solution under different channel
structures, and proposed that the cost-sharing contract +
revenue-sharing contract could realize supply chain
coordination.

In terms of low-carbon supply chain cooperation,
carbon emissions are mostly taken as the state variable to
upstream  and
downstream.Wei-dong Huang™® studied the collaborative

analyze the coordination between
technological innovation of low-carbon supply chain by
using the game theory of differential game, and compared
the collaborative technological innovation decisions of
enterprises under different cooperation modes. From the
perspective of goodwill decline,Qin-peng Wang [4
compared three cooperative strategies led by R, namely,
manufacturers, energy conservation and emission reduction,
and retailers, low-carbon promotion supply chain. Dao-zhi
Zhao *?took carbon emission decline as the state variable
and studied the problem of joint emission reduction and
low-carbon publicity cooperation in upstream and
downstream of R competitive low-carbon supply chain

from a dynamic perspective.

In terms of upstream and downstream advertising
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cooperation in the supply chain, most scholars take the
brand image as the state variable to explore the influence of
the evolution of brand image on the interests of members of
the supply chain. J@rgensenetc (318 from the perspective of
long-term ads and short-term, through the brand image
construction of state variables, manufacturers use the
advertising to build goodwill and retailer promotion of
dynamic game, degree students Fu Qiang ¥ consider the
retailer promotion has a negative effect on manufacturer
brand
manufacturer + retailers, contrast different cooperative
He[ZO]
single

reputation, build a game model of single

game case members advertising decisions;

constructed a differential game model of
manufacturer + double retailers, and compared the problem
of medium advertising cooperation between upstream and
downstream enterprises under two conditions: manufacturer
sharing and non-sharing of advertising  costs.
Zhi-yongZhang™ studied the advertising cooperation and
coordination strategy between manufacturers and retailers
under dual channels from a dynamic perspective.
Da-mingYou 2 compared supply chain feedback balancing
strategies under different decisions by taking low-carbon
products and goodwill as state variables in terms of
ecological r&d, promotion and pricing of low-carbon

supply chains.

Most of the above studies unilaterally studied

dual-channel  structure, upstream and downstream
differential game of supply chain, advertising cooperation
and low-carbon supply chain coordination, but few research
achievements were made on low-carbon dual-channel
supply chain and upstream and downstream collaborative
emission reduction cooperation. Based on this, based on the
research of Chun-giu Xuf?®l, this paper expands online
direct selling and traditional sales channels, discusses the
between the

downstream enterprises of low-carbon supply chain, and

dynamic  cooperation upstream and
analyzes the establishment conditions of cost-sharing
contracts and the optimization effect of contracts on
members' profits, so as to assist enterprises to select and

formulate contracts according to the actual situation.

1. PROBLEM DESCRIPTION AND BASIC
ASSUMPTIONS
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3.1 Problem description

In order to realize the innovation of emission reduction
and low-carbon promotion of dual-channel sales supply
chain, this paper takes the secondary supply chain led by
manufacturers as the research object, that is, manufacturers
call on retailers to build a low-carbon cooperation center,
manufacturers are responsible for promoting ecological
research and development,
energy-saving manufacturing, and build an online direct
selling platform for online sales. Retailers are responsible
for designing and implementing promotion plans for
low-carbon products, such as price discounts, low-carbon
labels, and rebates for low-carbon consumption. To
retailers to participate in
emissions-reduction

low-carbon certification,

collaborative
technologies,
manufacturers will share a percentage of the retailers' r&d
costs. This paper focuses on discussing the effect of
contract formation conditions and contract parameters on
the coordination optimization effect.

encourage
innovation of

3.2 Definition of parameters

J1,Q) V), Eli=m,r,sc; j=C,N,Fis the optimal
profit, the optimal order quantity, the optimal value and the
members' efforts under different decision-making
environments, where m, r, sc refers to the manufacturer, the
retailer and the supply chain respectively, and C,N,F
refers to the three decision-making situations of centralized
decision-making, no-cost-sharing master-slave game and
cost-sharing master-slave game respectively. | is
manufacturer's investment in emission reduction; | is low
carbon promotion cost for retailers; Em(t)iS manufacturer's
efforts to reduce emissions; E, (t) is retailers' low-carbon
promotion efforts; 7,77, >01is the cost coefficient of

manufacturer's emission reduction efforts and the cost
coefficient of retailer's low-carbon promotion; x is

system emission reduction state variable; , gis influence

coefficient of manufacturer's emission reduction efforts on
emission reduction performance and emission reduction
self-attenuation factor; S(t) is manufacturer's subsidy

coefficient for low-carbon promotion of retailers;  is the
number of basic consumers, &,1— J'is the proportion of
direct selling and physical stores; g ,3, >0 is the
influence factors of system emission reduction performance
on dual-channel demand, p >0 is discount rate,

A,k >0 refers to the unit product revenue of the
manufacturer's traditional channel and the retailer's retail
channel respectively, and is constant; ¢ is impact factors

on demand for retailer promotional effort level.
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3.3 model assumptions

® In order to reduce emissions, manufacturers need to
upgrade production technology, machinery and
equipment, apply for low-carbon certification, etc. The
investment of manufacturers | is related to their

efforts £ _(t) assuming that | -05; 2 The cost of

promoting low-carbon advertising for retailers is
related to their efforts E_(t) assuming that| = o.5,,E?

® Manufacturer's emission reduction efforts affect
carbon emission reduction, and the emission reduction
dynamic changes. System emission reduction

performance is x (-, -ox( (1)

® In order to stimulate retailers’ low-carbon publicity,
the manufacturer shall give partial compensation to
the retailers' low-carbon publicity investment, and the
compensation ratio is s(t), and0 < S(t) <1.

® The market demand is composed of direct selling and
retail, ~ assumed that Q (t)=da+ B X(1)
Q () =(-S)a+ XM +uE () -Because  the
promotion publicity in the promotion process of
retailers will increase consumers' awareness of
low-carbon consumption, s > g, .

® Assume the manufacturer's profit margin per unit
product in direct selling and traditional channels,

retailer's profit margin per unit product is A >0, and
k>1

® Suppose thatp >0, risk neutral, both members make

rational decisions, and the goal is to maximize their
own profits.

V. ANALYSIS ON THE COOPERATION
MODEL OF EMISSION REDUCTION AND
PROMOTION OF DUAL-CHANNEL
LOW-CARBON SUPPLY CHAIN

4.1 Centralized decision model(C)

In actual operation, it is difficult to have a central
decision maker whose goal is to maximize the overall
benefit of the supply chain, but the centralized decision
model is the ultimate goal of contract design. Centralized
decision making:

Jmex 3G = [ e QE+kQf + AQ] -1, (E, () 1, (E, () ek

(3

Refer to the solution of the optimal control problem 141,
and assume that the parameters in the model are constants
independent of time. In addition, for the convenience of
writing, the time will not be listed below. The solution
result is shown in proposition 1
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Proposition 1:Equilibrium result of differential game under
centralized decision:

o Ve Xy _[Bi+ Bk + Al o _ (k+A)u

i

T (p+0)m, 1,

(4
Optimal  trajectory of system emission reduction
performance:

X (0 ={X, - [+ Bk + )y o, [y + B (K + M)

(p+0)0m, (p+0)0n,

(5
System profit optimal value function:
JE(X, ) =e(@°X+b") - Inwhich:

o = Bi+B(k+ 1) of = o +(k+A)(A-d)a  (k + )21 B+ Bk + )y’

p+0 P 2pn,
(6

4.2 Stackelberg game model without cost sharing(N)
The manufacturer is the leading party, and the game

order is as follows: firstly, the manufacturer determinesg_;

then, the retailer determines g Both parties make

decisions:

maxJ)' = [ "e QY+ 2Q) - 1,,(E, )}t
P

maxJ) = e kQ! -1, Epdt (8

Proposition 2:

equilibrium result of differential game without cost sharing:
EN (ﬂd+kﬂr)7 EN_ﬂ“i (9)

m =, =

»=r

(p+0)n, m

Optimal  trajectory of system emission reduction

2pi,(p+0)?

promotion, manufacturers give retailers a certain proportion
of subsidies. From a long-term and dynamic perspective,
the game between the two is Stackelberg differential game,
which is represented by F. The game process is as follows:
first, the manufacturer decides the degree of emission

reduction efforts Enf and the proportion of retailers'

low-carbon promotion costsS ;Retailers then decide how
hard to promote low-carbon products EF . The decision of

both parties is:

maxJ; = ["e Q] +kQf - 1, (E,) - S1,(E,)}dt (12)

maxJf = ["e " AQf - (1-9)1,(E }dt (13)

Proposition 3:

Equilibrium result of differential game under cost sharing:
EF (B + 28y EF - Au (14)

" (p+ 9)’7m - (1_S)ﬂr
Optimal track of system emission reduction performance:

X (O)F = (X Lot 2By o, Byt 2507

O(p + ), O(p +0)n,

(15

The optimal value function of system profit is:

IMOX Y =@ X+hE), 3N (X ) = (af X+ D)

of LBtk e _Sa+(-O)ka kit S (B +kB)

* o p+6 ] P p(=S)n, 2p(L-S)’n,  2n.p(p+6)°
afl: — j'ﬂr ng — A(l_é‘)a + ;LZIUZ + iﬁr(ﬂd +kﬁr)2;/2

p+0o p 2p(1=8)n,  pn,(p+6)

(16)

Because g_2-%4_g1_5-24-1,05<1<?2
1+ 1+

an

Explanation: formula (17) 05<4<2is the
establishment condition of S, that is, the establishment
condition of S is that the retailer's marginal revenue of
traditional channel should not be less than half of the
manufacturer's marginal revenue of direct selling channel,
and should not be more than 2 times of the marginal

X (" = (X, La kB - (B +kf)rvevenue of direct selling channel,

performance:
O(p + O, O(p + O,
(10
System profit optimal value function:

INX ) =e P @X+0)), 3N (X, 1) =e (@) X+by')

2
g Bt kA p_Sark(-d)a kit (

4.4 Comparison of the three models
4.4.1 Comparison of emission reduction efforts

Corollary 1:0<E) =E. <ES, ES>ENEFf>EN,

BirkBYY A o QAN 4t (B +kpIIBY

p+0 p P 2om(p+0)? T p+0t T dS T 2pm,  mp(p+0)
(11) Proof: gc_gr _ 71@7 >0,EF —E" =0
4.3 Stackelberg game model with cost sharing(F) (o + 6,
. ] . chEN:ki>OEF*EN: SAu dHErF'N: A N SAu
Manufacturers play a leading role in the cooperation T T, T T T @=s)y, T ds (1-S)p,  (1-S)’n,

between emission reduction and low-carbon promotion. In
order to encourage retailers to promote low-carbon
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Description:
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under centralized decision-making, manufacturers and
retailers have the highest emission reduction efforts.

After the introduction of cost-sharing contract, the
level of retailers' promotional efforts increased, and
the rate of improvement of retailers' promotional
efforts was positively correlated with manufacturers'
cost-sharing ratio.

4.4.2 Comparison of member benefits and member

incentive effect before and after the introduction of
cost contract

V)V ) = SAu*(2k-2-2KS) |

i " 2p(1-S)'n,
2.2
VIV, (=0
2p(1-S)n,
F-N F-N 5/1,“2
VLX)V, (X) = —————[2k-24-(2k-1)S]
2p(1-8)°n, ,
2 (1,2 |2 2 2p2
VRV SIS L 1 Y
2pn, (19 2pm,(p+0)
Description:
e Regardless of the cost-sharing factor, the contract can

increase the retailer's profits. When s« (2k-4)/2k
the manufacturer's profit was higher than its profit
without cost sharing, which was the manufacturer's
participation constraint and also the condition of
establishing the cost sharing contract.

When (2k-22)/(2k-2)<S<(2k-A)jk »  the

improvement effect of the contract on the retailer is
greater than that of the manufacturer; When

(2k—22)/(2k~2) <5 < (2K~ 2)/2k the improvement effect

on the manufacturer is greater than that on the retailer.
At this point, the manufacturer should use the
cost-sharing contract to encourage the retailer to
promote low-carbon.

Cost sharing contract effect on the improvement of the
each member's profits are Influenced by the low
carbon publicity cost coefficient of retailersy , the

proportion of manufacturers to bear the retailer's low
carbon advertising costs ; ,the manufacturers and

retailers channel marginal revenue k,A ,the demand
impact factor 4 and discount rate o of retailers'

promotion effort level. The influence relationship of
some parameters will be analyzed in the example

The optimal profit of supply chain system under
centralized decision is better than that without cost
sharing and contract coordination. The retailer takes
the initiative to participate in the contract, and the
manufacturer takes part in the contract on the
condition that the profit after the cooperation is better
than the profit without cost sharing. As for the
distribution of system incremental profit, it depends
on the negotiation ability of both sides.

V. ANALYSIS OF EXAMPLES

The above theoretical analysis draws general

conclusions. In order to more specifically demonstrate the
impact of cost-sharing contracts on members, specific
examples are given below. Assumptions:

My =57,=4p=09y=2,0=1p=38=2u=2,6=04a=5k=2,1=15X,=0

5.1 Comparison of improvement effect of cost-sharing coefficient S on member and system profit

— — Profitof supply chain under ceniralized decision
Profit of supply chain under cost sharing

Profit of supply chain without cost sharing

Fig.1 System profit comparison of Cost-sharing
and centralized decision-making

Figure 1 shows that the system profit is the largest
under centralized decision-making, followed by the
cost-sharing system, and the system profit without
cost-sharing is the smallest

Figure 2 shows that the profit of retailers under cost
sharing is higher than that without cost sharing, and
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ot sheing

sharing
UNGee ORTereet COSt shaning reto

rofit of realler under Sifierent cost sharing ratio

Cost sharing coefficient/S

Fig.2 The influence of S to profit of Supply
chain member

the profit improvement effect increases with the
increase  of  cost  sharing ratio.  When
S<(2k-2)/2k=073 Mmanufacturers’ profit under cost

sharing is higher than that without cost sharing. When
$>0.73, manufacturers' profit drops sharply and is
lower than that without cost sharing.
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Proft of manufacturer under the cost sharing ratic

Profit of retailer under the cost sharing ratio

Profit of manufacturer without cost sharing

= Profit of retailer without cost sharing

Fig.3 Cost-sharing comparison of Supply chain
member (S=0.3)
Figure 3,4 shows that cost-sharing improved profits for
both manufacturers and retailers. However, different
different
improvement of members' profits, which can be proved by

cost-sharing ratios have effects on the
the vertical distance between the two members' profits
before and after the cost-sharing. As shown in figure 3,
S=03 is verify  that  when

(2k —22)/(2k 1) =04<S <0.73=(2k - A)/2k IS used, the

taken to

Prof
40
Profit of manufaciurer under the cost sharing ratio
15 Profit of retailer under the cost sharing ratio
Prefit of manufacturer without cost sharing
30 == Profitof retaller without cost sharing
Ve
R L i e e
0 4
54

2 4

-
@
c

Fig.4 Cost-sharing comparison of Supply chain
member (S=0.6)

cost-sharing contract has a better effect on the
improvement of manufacturer's profit than

improvement of retailer's profit. Fig4 shows that S =0.6is

on the

taken to verify that when
(2k-22)/(2k—2)=0.4<S<0.73=(2k—A)/2k »  Ccost-sharing
contracts improve retailers' profits better than
manufacturers'.

5.2 The effect of parametersy, , g, , on the improvement effect of cost-sharing contracts

----- Cost-sharing Is Shared with the manufacturer’s profits

Cost-sharing is Shared with the retailer's profits

08 08 1.0

Fig.5 The influence of p to improve the effect of

cost sharing contract

----- Cost-sharing is Shared with the manufacturer's profits
Cost-sharing is Shared with the rataller's profits

Fig.7 The influence of ;, to improve the effect of
cost sharing contract
e In figure 5-75=0.3, the three figures are verified
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= Gost-sharing is Shared with the manufacturer's profiis

o

Cost-gharing is Shared with the retailers peafits

S0

40

Fig.6 The influence of 4 to improve the effect
of cost sharing contract

Cost-sharing is Shared with the manufacturer’s profits

Cost-sharing is Shared with the retailer's profits

Fig.8 The influence of S to improve the effect
of cost sharing contract
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again: whens < (2k —2)/(2k — 1) =0.4, the contract has

a Dbetter effect on the manufacturer's profit
improvement;

Figure 5 shows that the improvement effect of
cost-sharing contracts on members' profits is
negatively correlated with the discount rate p .
However, the effect on the profit improvement effect
of the two members is synchronous, so the parameters
p are not sensitive to the signing of the contract

between the two parties.

Figure 6 shows that with the increase of consumers'
sensitivity to retailers' low-carbon promotion £, the

cost-sharing contract has a more obvious effect on the
improvement of members' profits. The more sensitive
consumers are to low-carbon promotion, the greater
the difference in profit improvement between the two
members, and the greater the incentive for
manufacturers to increase subsidies to retailers.

Figure 7 shows that the improvement effect of
cost-sharing contract on members' profits decreases
with the increase of retailers' low-carbon publicity
cost coefficient 77, . The higher the cost coefficient of
retailers' low-carbon publicity efforts, the less obvious
the incentive effect of manufacturers. Therefore,
manufacturers need to take the issue of low-carbon
publicity costs into comprehensive consideration
when making decisions.

Figure 8 shows that: when's < (2k —24)/(2k — ) = 0.4,
the contract has a better effect on the improvement of
manufacturer's profit, but a smaller effect on both
sides. When
(2k—24)/(2k —2) =0.4< S <0.73=S < (2k - 2)/2k , the
contract improves the retailer's profit better;When
S<(2k-21)/2k =0.73 , manufacturers withdraw from
the low-carbon publicity cooperation. Therefore,
when retailers make decisions, they need to take into
account the leading role of manufacturers and the
demarcation point of cost-sharing ratio.

VI. CONCLUSION

From the perspective of long-term dynamic joint

emission reduction and low-carbon publicity between
manufacturers and retailers, this paper constructs three
differential game models under the dual-channel sales
platform. The following conclusions can be obtained
through the solution of the model:

Retailers' active participation in emission reduction
promotion cooperation, S < (2k - 4)/2k is a prerequisite

for manufacturers to sign cost-sharing contracts.
When the cost-sharing ratio is small and in a range
S e(0,(2k —24)/(2k — A)], the effect of the contract

on the improvement of the manufacturer's profit is
better than that of the retailer's profit, and the
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manufacturer has the incentive to increase the cost
subsidy ratio. When the cost-sharing ratio is further
increased to the range
S e[(2k —24)/(2k— 4),(2k - 4)/2k] , the cost-sharing
contract improves the retailer's profit better than the
manufacturer's profit, but the manufacturer's profit is
still higher than the profit without cost-sharing, so the
manufacturer still signs the contract voluntarily.
When s e[(2k —2)/2k,1] , the manufacturer's profit

was lower than the profit without cost sharing, so the
manufacturer withdrew from the low-carbon publicity
cooperation.

The improvement effect of cost-sharing contract on
members' profits is positively correlated with the
impact factor of retailers' promotion efforts on
demand £ , negatively correlated with the low carbon

publicity cost coefficient 77, and discount rate o , and

1., i are the sensitive parameter signed by both
parties.
It emphasized under double sales channels, low

carbon cost sharing agreement between supply chain
members to improve members of the supply chain profit,
the influence of model does not consider the government
subsidies, such as carbon trading policy, bidirectional

free-riding environmental

regulations affect members

reduction decision, and the state of this contract fails to
reach the centralized decision-making, the further research

direction.
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