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Abstract: We study a two-echelon supply chain made up of a supplier and a manufacturer, both of
which can reduce their component/product carbon emissions. With the vertical technology spillovers,
we explore the optimal decisions of centralized and decentralized supply chains with price dependent
demand and propose coordination strategy for the decentralized supply chain. Considering the cost
contraction effectiveness of the technology spillovers, the centralized and decentralized game
theoretic models of a two-echelon supply chain are developed to investigate optimal decisions of
pricing and carbon emissions reduction. Through a systematic comparison and numerical analysis, we
show that the profits of both players and the entire supply chain improve with the effect of technology
spillovers increasing. Carbon emissions reduction will be taken by various protective measures so
that the supplier and the manufacturer who do not innovate can hardly share the results of innovating
via the “free-riding” methods when the technology spillover is relatively small. We also propose a
revenue-cost sharing contract through bargaining to enhance the performance of the decentralized
supply chain.
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1. Introduction

From “Pered Nations Framework Convention on Climate Change” to “Kyoto Protocol” and to
“Copenhagen conference”, the voice of energy saving is increasing, while the rapid growth of the
world economy and continuous adjustment of economic structures are leading to environmental
pollution and resource shortages increasingly evident. In order to achieve coordinated development of
economy and the resources and the environment, the development of energy savings and reduce
carbon emissions(ESER) plans to accelerate the construction of energy-saving and environmental
protection standards, labeling and certification system to establish strict low-carbon products[1-2]. At
present, carbon emissions reduction is regulated by the relevant government, but essentially still
belongs to the external governance, the fundamental solution to reduce carbon emissions is emissions
reduction investment, especially the suppliers in the upstream of supply chain. Carbon emissions
reduction investment of the suppliers is to ensure the availability of low-carbon manufacturers of raw
materials and reduce the cost of original raw materials.

Since the 1990s, industrial organization theory is a very active area, and affects the degree of
competition and cooperation in technological innovation from the aspects of market equilibrium and

social welfare. These studies have tried to analyze the impact of technology innovation on supply
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chain decisions, investigate whether the impact of technology innovation on the competitors is positive
or negative, and analyze the effect of technology innovation under different products and market.
Under low-carbon economy, carbon emissions reduction cooperation between enterprises is beneficial
for technology sharing among enterprises, speeding up technical innovation, and improving the
competitiveness of supply chain[3-5]. The increasingly fierce competition and resource constraints in
production strengthen cooperation between the upstream and downstream enterprises and make the
supply chain to form vertical partnership.

The innovation enables the players in supply chain to reduce the production cost, creat the mutual
benefits and enhance the competitive advantage. However, R&D is likely to cause technology
spillover effect thus weakening the their competitive advantage[6-8]. The technology spillovers refer
to the diffusion of technology through the promotion of technical to increase the level of productivity
of other enterprises, is a manifestation of economic externalities, mainly due to the release of technical
information, or with other companies for technical exchanges. The effect of technology spillovers on
the innovation strategies are as the following two aspects. On the one hand due to the reduction of
production cost, the firms need to develop their own technology to improve the research ability; on the
other hand, the firms can be free to share the technology from the other firms’ innovative with the
effect of spillovers, which may damage their enthusiasm of innovation.

The rest of this paper is organized as follows. We begin by summarizing the related literature.
Section 3 presents the centralized and decentralized supply chain models considering emissions
reduction technology spillovers. Section 4 provides an improved revenue-sharing contract through
bargaining. Section 5 presents the numerical analysis for the models. Section 6 discusses the

conclusions and future research.

2. Related Literature

There exist two streams of researches related to our study:

(1) How are the pricing and investment strategy of the supply chain players affected by the spillover?

(2) Which coordinate mechanism can improve the performance of decentralized supply chain and
achieve the Pareto optimum of players?

As mentioned before, many researchers have analyzed technology investment strategies.
D’ Aspremont et al.[9] established a two-stage game model with the decisions of investment and R&D
and compare the equilibrium of decentralized and centralized supply chain. Jasper ef al.[10] found the
duopoly market appear more cooperative and weaker competitive in the presence of the high spillover
effect. Evangelia et al.[11] proposed supply chain R&D incentives principal-agent model in the
presence of technology spillover, and found that technology spillover between enterprises and R&D

cooperation are conducive to increase profits. Wang et al[12] discusses the potential impact of
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spillover on the manufacturer's incentives, proposed the method for improving the reliability of the
supply chain cooperation. Harhoff et al.[13] develops a model in which a monopolist supplier can
improve the downstream product by knowledge spillovers which the downstream enterprise use as a
substitute for their own R&D efforts.

Meanwhile, Henriques et al.[14]compares the rationality of R&D under multidimensional game
perspective, and takes into account the impact of spillover and stability. Suzumura et al.[15]introduces
a suboptimal function the standard of the welfare to verify the positive correlation between R&D
cooperation and the profit of entire supply chain. Kamien et al.[l6]analyze the effects of R&D
cartelization and research joint ventures on firms that engage in either Cournot or Bertrand competition
in their product market. In the literature relating to different products in the market, Steurs et
al.[17]analyzed the spillover effect between upstream and downstream enterprises and found that the
vertical spillover is more effective than horizontal spillover in investment of R&D and social welfare.
Poyago et al.[18] analyzes a simple oligopoly model with information spillover, and find the
equilibrium size of a research joint venture is usually less than the optimum size, which requires all
enterprises to participate in the research joint venture.

Moreover, a number of papers focus on the supply chain coordination. Banerjee et al.[19] studied
the vertical competing-cooperating model among upstream and downstream enterprises, and calculated
the allocated incremental profits from total R&D investment. Kim et al.[20]proposed an innovative
subsidy from the manufacturer, promoting the supplier's innovation and achieving the profit of supply
chain. Amir et al.[21] provided three different cost-sharing mechanisms of R&D cooperation, income
proportional sharing, product proportional sharing and fixed proportional sharing. Debabrata et al.[22]
explore supply chain coordination issues arising out of green supply chain initiatives and explore the
impact of cost sharing contract on the key decisions of supply chain players undertaking green
initiatives. Harsanyi et al.[23] extends Nash's theory of two-person bargaining games with fixed
threats to bargaining situations with incomplete information.

Based on the R&D strategy above, all studies consider either horizontal technology spillover, or the
"free rider" behavior. Our studies share a similar motivation, but comprehensively consider two
dimensions—the horizontal technology spillover and the cooperation of investment, and analyze the

effect of coordination mechanism on the players’ cooperation strategy.

3. Model

In this section, we discuss the modeling assumptions, and the related decision results for a two-
echelon supply chain scenarios—the centralized and decentralized, where the optimal pricing and
carbon emissions reduction strategies for the supplier and the manufacturer are analyzed. The
following assumptions are also needed in our model:

Assumption.1
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The two-echelon supply chain consists of a supplier and a manufacturer, in which the supplier and
the manufacturer are respectively the leader and follower in Stackelberg game. The supplier and the
manufacturer are rational, and under the symmetric information with the technology spillovers,
therefore w > cg and p > w + ¢,

Assumption.2

The manufacturer in the region forms a complete monopoly of the market, and the demand for the
production is only decided by the price of product. According to the above, the market demand

function is written as follows:

Q=a—bp (M

Assumption.3

The production cost generated within a single firm cannot be held privately in full, which is
represented by the effect of technology spillover 6, where 6; represents the technological externality
generated from the manufacturer's carbon emissions reduction, and 6, represents the technological
externality generated from the supplier's carbon emissions reduction. Technology spillovers can be
interpreted as the fraction of technology that flows between firms (i.e. the higher technology spillover,
the higher the frequency of technology flowing between firms), the technology absorption capacity of
firms (i.e. the higher technology spillover, the greater the profit from technology flows).

Assumption.4

Carbon emissions reduction for components and products are helpful for the supplier and the
manufacturer changing the old production methods and updating the obsolete machines to reduce the
production cost. Thus, based on the conditions ofC'(e;) > 0 and C"(e;) > 0, we consider C(e;) is an
increasing and convex function for carbon emissions reduction. For convenience, assume the cost of
carbon emissions reduction for the supplier and the manufacturer both have quadratic mode[24]. So

C(e;) can be given as follows

2

Cle;) = k 67 ®)
Where k is the difficulty coefficient of carbon emissions reductions in components and products. To
guarantee the existence of Stackelberg game, the difficulty coefficient should be satisfied the condition
k > 2b.
Assumption.5
The investment of carbon emissions reductions in components and products affect the players'
marginal cost with technology spillovers. And the marginal costs of component and product are given

by, respectively

(e .

Cm = Cm' — Ym
where ¢, and c,,, are the constant marginal cost of the supplier and the manufacturer, y; = e; +

6.e, and y,, = e, + 0,6, are the total effect of carbon emissions reduction on contributing to reduce
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players' marginal cost[25-27].

The notation is presented as follows:

a The market potential demand
The demand sensitivity coefficient on the price of product

Cs Production cost of component

¢m  Production cost of product

0, The positive technology spillover that the supplier receives from the manufacturer’s
technology of carbon emissions reductions

0, The positive technology spillover that the manufacturer receives from the supplier’s
technology of carbon emissions reductions

k The difficulty coefficient of technology for carbon emissions reduction in components

and products

w Decision variable, the price per component for the supplier

p Decision variable, the price per product for the manufacturer

ey Decision variable, carbon emissions reduction for the supplier

e Decision variable, carbon emissions reduction for the manufacturer

3.1Centralized supply chain

In the centralized supply chain, the decisions are made by the supplier and the manufacturer together,
namely the manufacturer and the supplier acted as a company or an organization decide supply chain
systems profit. Based on the above descriptions and assumptions, the profit of supply chain can be
obtained as
ke,? ke,?

2 2

Apply backward induction to solve the Stackelberg game model for the centralized supply chain.

n=(@—-bp)lp—w—ci—cp+ (1 +6)e; +(1+6))e,] — 4)

Then, the first-order conditions ofrwith respect to p. e;ande,can be given as follows:

on

%=a—b[2p—w—cm—cs+(1+02)el+(1+91)ez]=0 (5)
om
—=(a—bp)(1+6,) —ke; =0 (6)
de;
o
—=(a—bp)(1+6,) — ke, =0 (7
de,

—2b -b(1+6,) —-b(1+0,)
The Hessian matrix H(p,e;,e;) = [—b(1 + 6,) k 0 .We find the
—b(1+6,) 0 k

determinant is less than zero when the difficulty coefficient of carbon emissions reductions meets the
condition that 2k — b(1 + 6;)?> — b(1 + 6,)? > 0 (Assumption.4). The Hessian matrix H; for the
entire supply chain profit function is a negative definite for p. e; and e,.Solving Egs. (5)-(7), we

have the following proposition in the centralized supply chain.
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Proposition 1./n the centralized supply chain, the equilibrium solution of price and carbon

emissions reduction for the entire supply chain is as follows:
(o _alk—b(1+ 01)? — b(1 + 0,)%] — bk(cy + ¢5)
b[2k —b(1+ 6,)?> — b(1 + 6,)?]
¢ (@—bcy —beg)(1+6,)
2k —b(1+6,)?>—b(1+ 6,)?
e,C = (a —bc,, — beg)(1 + 6;)
\ 2k —b(1+6,)?> — b(1 + 6,)?

Consequently, (p¢,e;€,e,%) is the equilibrium solution to maximize the profit of centralized

<e1

supply chain. Further, the profit of supply chain can be obtained as
k(a — bc,, — bcg)?

= bk = b(1+6,)% — b(1 + 6,)7] ®)
Proposition 2.
)20, 228 <o, 22 <,
2) % <0, "’;;f >0, "’;;f > 0;
3) ZL;: <0, a;;: >0, 2392: > 0;

e.f > e’ if 6, >0,
4) {e1€ = e,", if 0, =0,.
et <el, if6,<0,

Proposition 2 indicates that, with the difficulty coefficient of carbon emissions reduction increases,
the price of product will increase and carbon emission reduction will decrease. In terms of the effect of
technology spillovers on the players’ production cost, we find that the players will increase carbon
emissions reductions with the technology spillovers increase, while the price of product will decrease.
Further, carbon emissions reductions for the supplier is more than that of manufacturer when 6; > 6,;
carbon emissions reductions for players are equal when 6; = 6,; of carbon emissions reductions for
the supplieris less than that of the manufacturer when 6; < 6,.
3.2Decentralized supply chain

In the decentralized supply chain, the supplier and the manufacturer are independent and make their
own decisions to maximize profits. Game sequence is as follows: First, the supplier determines the
price and carbon emissions reductions for components. Then, the manufacturer makes decisions on the
price and carbon emissions reduction for products. Based on the above descriptions and assumptions,
the profits of the supplier and the manufacturer are represented as
ke,?

2
ke,?
2

ny=(a—bp)(W—cs+e; +0,e) — ©)

(10)

Ty =(@—bp)(p —Cp —W + e, + 0e1) —
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Given w and e, the first-order conditions of m,, with respecttop and e, can be given as
follows:
am,,
Wza—b(Zp—w—cm+ez+Bzel)=0 (11)
om,,
a—ezza—bp—kezzo (12)

The Hessian matrix is H(p, e,) = [—_be :z] We find the determinant is greater than zero when

the difficulty coefficient of carbon emissions reductions meets the condition that 2k — b > 0
(Assumption.4). Solving Egs. (11)-(12), the optimal price and of carbon emissions reductionsfor the

manufacturer are given as follows

ab — ak — bkw — bkc,, + bke 0,

o 13

P b2 — 2bk (13)
_ —a+bw+bcy, —be b,

- 14

© b— 2k (14

Anticipating the manufacturer’s best response, the supplier determines w and e;. Substituting p

and é, into Eq. (9), we take the first-order conditions of m; with respected w and eq, as follow:

on

a—v;=a—b(2p—cs—w+01e2+92e1)=0 (15)
omg
—=(a—bp) —ke, =0 16
de, ( p) 2 (16)

2bk(b—2k+b6;) bk(b—2k—(b—2k+2b61)6,)
. . _ (b—2k)? (b—2k)?
The Hessian matrix H(w, e;) = Dk(b-2k=(b-2K+20000) | 20k0,(Kk=b+b0:0y)| We find the

(b—2k)2 (b—2k)?
determinant is greater than zero when the difficulty coefficient of carbon emissions reductions meets
the condition that 4k — 2b(1 + 6,)? — b(1 + 6,)? > 0(Assumption.4). Note the Hessian matrix H,
for the decentralized supply chain profit is a negative definite. Solving Eqgs. (15)-(16), we have the
following proposition in the decentralized supply chain.
Proposition 3./n the decentralized supply chain, he equilibrium solutions of price and carbon

emissions reductions for the supplier and the manufacturer is as follows:

(o a(3k —3b—2b6; — 2b8, — b62) + bk(cp + ¢;)
p-= b[4k — 2b(1 + 6,) — b(1 + 6,)7]
o _ (a=bew)(2k = 2b — 2b63 — b3) + bey(2k — b — bb; ~ b63)
J b[4k — 2b(1 + 6,) — b(1 + 6,)7]
p_  (@a—=bcy —bcg)(1+6,)
T 4k —2b(1+6,) — b(1 + 6,)2
b a— bc,, — bcg
’2 T 4k — 2b(1 + 6,) — b(1 + 6,)2

Consequently, (p?,w?,e;?,e,P)is the equilibrium solution to maximize the profits of the

decentralized supply chain. Further, the profits of the players and supply chain can be obtained as
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b k(a — bc,, — bcg)? (17)
S = 2b[ak — 2b(1 + 6,) — b(1 + 6,)7]

»_ 2k —b)k(a—bey = bey)?
2b[4k — 2b(1 + 6;) — b(1 + 6,)2]?

_k(a— bcy — beg)?(6k — 4b — 2b0; — 2b6, — b63)
B 2b[4k — 2b(1 + 6,) — b(1 + 6,)?]?

(18)

Tm

7.".D

(19)

Proposition 4.

o oe,” >
(1) == > 0, <0,

dk ok

< 0;

de,P de,P
L >0, ==
264 264

apP .
(2) 557 < 0s > 0;
op"

661D anD
(3) %<0, Z=> 0,

20, 0,

> 0;

@) {elcc > eZCC, if 0, + 0'
e," =ey,",if0, =0
Proposition 4 indicates that, with the difficulty coefficient of carbon emissions reduction increases,
the price of product will increase and carbon emissions reductions will decrease. In terms of the effect
of technology on the players’ production cost, we find that the players will increase technology for
carbon emissions reduction with the technology spillovers increase, while the price of product will
decrease. Further, carbon emissions reduction for supplier is more than that of the manufacturer when
6, # 0; carbon emissions reductions for players are equal when 6, = 0.
Proposition S./n comparison of the equilibrium solutions obtained from the centralized and
decentralized supply chain, we have :
p¢ <pP;e,¢ > e Pie,¢ > e,Pn¢ >nl
Proposition 5 indicates that the price of components in decentralized supply chain is higher than that
in the centralized supply chain, and carbon emissions reductions for the centralized are higher than that
of the decentralized. As the supply chain from decentralized into centralized, the supplier and the
manufacturer maximize the profits of entire supply chain, and reduce the prices of product to increase
market demand and the profits. Clearly, the reason for higher profitability of the supply chain lies in

the fact that any share of carbon emissions reduction to prevent “free-riding” behavior.
4. Supply chain coordination

The above discussion reveals the performance of the supply chain under different scenarios. It is
important to provide the contract to coordinate the players, so as to enhance the performance of
decentralized. It has been proved by researchers that the centralized supply chain performs better than
that of the decentralized in terms of profit maximization or cost minimization. However, it is not

always possible for the players to act as a centralized system. Therefore, to ensure better result, the
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coordination between the players is essential. Combining the revenue-cost sharing contract[28-30] and
supply chain bargaining[31-33], we propose an effectively coordinated mechanism.

Based on the revenue-cost sharing contract, the fraction of revenue that the manufacturer obtains is
t;(0 < t; < 1), and the supplier obtains the remaining 1 — t; proportion of the revenue. Meanwhile,
the cost of carbon emissions reduction is also shared, the fraction of cost that the manufacturer pays is
t,(0 < t, < 1), and the supplier pays the remaining 1 — t, proportion of the cost. Therefore, the
price of component w = (1 —t;)(p — ¢, + €5 + 0,€1) + tics + €4 + 61 e,, and the profits of the

supplier and the manufacturer are respectively as follows:

2 2

kei?  key?
T =t(a=bp)lp—cs—cm+ (1 +6)e; + (1 +61)e,] —t, T"‘ >

2 2
g =(1—t)(a—bp)[p — cs — cm + (1 + 6)e; + (1 + 6))e] — (1 —t,) ("el 4 Le ) (20)

21

Apply backward induction to solve the equilibrium for the decentralized supply chain. Hence, given

ey, the first-order conditions of m,, with respect top and e, can be given as follows:

am

a—;" =at, —bt;[2p —cs—cpy + (1 +6,)e; + (1 +6,)e,] =0 (22)
om,,
-_— = tl(a - bp)(l + 91) - tzkez == 0 (23)
de,

The Hessian matrix isH(p, e;) = . We find the determinant is

—bt;(1+ 6,) —kt,

greater than zero when the difficulty coefficient of carbon emissions reductions meets the condition
that 2k(1 —t,) — b(1 — t)[(1 + 6;)? + (1 + 6,)?] > 0. Note the Hessian matrix H(p, e,) for the
profit of decentralized supply chain is a negative definite for p and e,. Solving Egs. (22)-(23), we

have
_ ktz[a - me - bCS + b€1(1 + 92)] - abt1(1 + 01)2 (24)
P= b[2kt, — bt,(1 + 61)2]

“2 2kt, — bt (1 + 6,)2

Anticipating the manufacturer’s best response, the supplier determines e;. Substituting p and é,

into Eq. (20), we take the second-order derivatives of m; with e, and find the profit function of the
supplier is strictly concave function. Then, we can obtain carbon emissions reductions

B _ (14 6,)(a — bc,,, — bcy)[2kt,?(1 — t;) — bt;%(1 — t,) (1 + 6,)?]
1 F1 - bztlz(l - tz)(l + 91)2 + FZ - Zktzz + F3 - Zbktltz

Whel‘e Fl == (1 + 91)2 + (1 + 92)2, Fz == Zk(l - tz) - b(l + 02)2, F3 S 2(1 + 91)2 - t2[2(1 +
01)? + (1 + 6,)?]. Substituting Eq. (26) into Eq. (25), we have

e B _ tl(l - tz)(l + 91)((1 - bcm - bCS)[ZktZ - btl(l + 01)2]
2 Fl " b2t12(1 - tz)(l + 91)2 + FZ - Zktzz + F3 " Zbktltz

(26)

27)
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After coordinating, carbon emissions reductions for the supplier and the manufacturer are unique.
By comparing e;® and e,®with carbon emissions reductions in the centralized scenario, we find

C

e, = e B, e,¢ =e,B if t; =t, = t. Then, we obtainthat the revenue-cost sharing contract can

effectively coordinate the supply chain; the profits of the players are 7,8 = (1 —t) -7¢ and 7% =
t-m¢, where t; = t, = t. So the parameters t; and t, are the value negotiated by the bargaining
powers.

Assume that 7 € (0,1) is the bargaining power of the supplier, while that of the manufacturer is
1 — 7. Because the supplier and the manufacturer are respectively the leader and follower, 7 € (0.5,1).
Only if the supply chain achieve Pareto improvement, namely 7,5(t) and m,,2(t) are not less than
the disagreement points 7;”(i = s, m), the coordination mechanism can be accepted by two sides.
Therefore the Nash bargaining of the supply chain is expressed as f;: @ — Z, to each (2,7;%) € 0,

f:(Q,m;B) is the only solution for the revenue-cost sharing contract through bargaining. We now have

the Nash bargaining model:
max6(t) = [nsB(t) - nsD]T[nt(t) - T[mD]l_T (28)

B (), m,B(t) €N } ond X = { B (t), m,,B(t):0 < m;B(t) <n’
mP(t) 2 nP, 1, P (t) = mp,” T, B = gln )] = n¢ —nB(t)

on the theory of Nash bargaining[34], for bargaining power T, existing (2,7;%) € ® and m;Z > 0,

where () = { } Based

then the solution of Nash bargaining satisfies the following equation

T w2 (t) —m,P
1—1 n,B(t) —nP

T[mB(t) = g[nsB(t)] (30)

glnP®]=— (29)

By solving Egs. (29)-(30), we can find the above equilibrium solution of the proportiont is a
function of bargaining power for the supplier.

(-1 @ -n)+1 7"

t*
T[C

Proposition 6.7he revenue-cost sharing contract through bargaining effectively coordinated the
decentralized supply chain, we have:
P’ =p%e’ =e e," = e5nf =n¢
Proposition 6 indicates that the contract through bargaining can improve the performance of the
supply chain to the level of the centralized. The supplier and the manufacturer agree the contract which
promises that their profits will be higher than the decentralized. Moreover, with the emissions

reduction increasing and the products demand decreasing, the supply chain gets less cost and more

profits.
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5. Numerical analysis

In this section, numerical examples are presented to illustrate the effectiveness of above model and
the coordination mechanism. The values of parameters adopted in numerical examples are given as
follows, the parameters are as follows: a = 20, b = 0.05, ¢, = 40, ¢,, =50, 6; = 0.5, 6, = 0.5,
k = 10. With the given data, results can be obtained by using Matlab software.

5.1. Numerical example

Table 1. Equilibrium results under different models in different scenario

t 14 w e; e, g Tm T
Decentralized scenario - 276.69 194.63 0.39 0.19 954.43 199.26 1153.68
Centralized scenario - 152.21 - 1.18 1.18 - - 1294.56
5 =05 0.21 152.21 92.41 1.18 1.18 1024.87 269.70 1294.56
§ T=06 0.20 152.21 93.11 1.18 1.18 1038.96 255.61 1283.52
% =07 0.19 152.21 93.80 1.18 1.18 1053.04 241.52 1283.52
5 =038 0.18 152.21 94.50 1.18 1.18 1067.13 227.43 1283.52
g =09 0.16 152.21 95.20 1.18 1.18 1081.22 213.34 1283.52
g =1 0.15 152.21 95.89 1.18 1.18 1095.31 199.26 1283.52

From Table 1, some inferences are summarized as follows:

(1) When supply chain is centralized scenario, carbon emissions reduction for the supplier and
the manufacturer, and supply chain profits are improved. On the hand, the price of product
is lower than that in decentralized supply chain, which means the centralized decision-
making can enhance the overall efficiency of the supply chain.;

(1))  The revenue-cost sharing contract through bargaining has important implications for not
only the improvement of supply chain performance but also the coordination between the
players of supply chain. The profits of the players and entire supply chain in the coordinated
mechanism are higher than that of the decentralized scenario, and the price of component
and product is lower than that of the decentralized scenario. The supply chain performance
is improved while the incentive compatibility constraint is satisfied through the contract to
reach the effectiveness of centralized decision-making and ensure the win—win situation for
the players of the supply chain;

(ii1))  The total profit in the coordinated scenario is constant. That means when the supplier and
the manufacturer integrate as a whole system, the change of bargaining power does not
affect the profit of entire supply chain. Whereas, under the impact of technology spillovers,
the profit of the supplier increases as the supplier’s bargaining power increases, and the
profit of the manufacturer decreases. The outcome of the aforementioned negotiation
agendas is unfavorable for the manufacturer, and favorable for the supplier under the

equilibrium conditions.
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5.2. Sensitivity analysis on equilibrium strategies

We analyze and compare the strategies and profits of system and its players in different supply chain
structure to investigate the impact of the difficulty coefficient of carbon emissions reduction and the
technology spillovers on the equilibrium strategies.

(1) Impact of difficulty coefficient of emissions reduction
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Figure 2. The impact of the difficulty coefficient on carbon emissions reduction
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Figure 3. The impact of the difficulty coefficient on the supply chain’s profit

As the difficulty coefficient of emissions reduction k varies, decisions and profits in different
scenarios are respectively illustrated in Figure 1-3,
(1) The difficulty coefficient of emissions reduction has a positive effect on pricing strategies
p in both centralized and decentralized scenario, while has a negative effect on the

investment of carbon emissions reductioneand the profit of supply chain . When the


http://dx.doi.org/10.20944/preprints201609.0030.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 September 2016 doi:10.20944/preprints201609.0030.v1
13 0f 18

players invest the emissions reduction, the greater the difficulty coefficient of emissions
reduction (i.e. technology restrict, cost restrict), the higher the cost of emissions reduction,
the lower the investments of emissions reduction and the profits of supply chain.

(i) It is obvious that the difficulty coefficient of carbon reduction is a major obstacle of
increasing the profits of supply chain in the centralized and decentralized scenarios. To
address this issue, the supply chain should give a method to take advantage of the
technology spillover. When the difficulty coefficient of carbon reduction increases, the
supplier as the leader of supply chain, improve the technology of carbon emissions
reduction, and guide the manufacturer to increase the investment of technology, to
guaranteethe profits of players and the entire supply chain.

(2) Impact of technology spillovers for carbon emissions reduction

Figure 4. The impact of technology spillovers on the Figure 5. The impact of technology spillovers on the
product price in the centralized scenario product pricein the decentralized scenario

3 B e
Lo 0o

Figure 6. The impact of technology spillovers on Figure 7. The impact of technology spillovers on
carbon emissions reduction in the centralized scenario carbon emissions reduction in the decentralized
scenario
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Figure 8. The impact of technology spillovers on the Figure 9. The impact of technology spillovers on the
supply chain’s profit in the centralized scenario supply chain’s profit in the decentralized scenario

As the parameters of technology spillovers 8 varies, decisions and profits in different scenarios are
respectively illustrated in Figure 4-9,

(1) The technology spillovers of carbon emissions reduction have a positive effect on the
carbon emissions reduction for the players, and a negative effect on the pricing in the
decentralized and centralized scenarios. When the technology spillovers of carbon
emissions reductions are low, the production cost is high, the cost of carbon emissions
reduction is also high and the price of products will be set higher. When the technology
spillovers of carbon emissions reductions are high, as the production cost decreasing, the
manufacturer will take advantage of the consumer’s proactive response to the reduction of
the product price to increase demand, and carbon emissions reduction amount of the
supplier and the manufacturer will be raised emissions.

(ii) Comparing the centralized and decentralized scenarios, it is shown from in Fig.4 and Fig.5
that the price change interval in the centralized are greater than that in the decentralized
with the technology spillovers increase. The similar situation also holds in carbon emissions
reduction and the profit of supply chain. It can be shown from Figure 6 and Figure 8 that, in
centralized supply chain, the impact of 6; and 6, on supply chain is obvious. The reason
is that carbon emission reduction is made by the supplier and the manufacturer together to
maximize the supply chain profit considering the effect of technology spillovers. Moreover,
the production cost of supply chain member is reduced with the increase of technology
spillovers, the product price is also decreased, and accordingly the product demand is
increased. It can be shown from Figure 7 and Figure 9 that, in the decentralized supply
chain, the impact of 8; on supply chain carbon emissions reduction is not obvious and the
impact of 6, on supply chain carbon emissions reduction is obvious. This indicates that the
change of carbon emissions reduction of supplier is obvious, and the change of carbon
emissions reduction of manufacturer is not obvious. The reason is that the supplier acted as

the leader of supply chain usually induce manufacturer to increase carbon emissions
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reduction by increase his own carbon emissions reduction. However, manufacturer
considers the investment of carbon emissions reduction from the aspect of his own profit,
and this will lead to the "free rider" behavior of manufacturer by employing the supplier’s

investment of carbon emissions reduction.

6. Summary and future research

Innovation is the primary measure to maintain an advance for competitions, nevertheless the
technology spillover is easy to play an inhibitory effect, in which the existing literatures generally
focus on the horizontal technology spillovers on the decisions of duopoly firms. While, this is the first
study from the perspective of the two-echelon supply chain consisting of a single upstream supplier
and a single downstream manufacture, both of whom conduct carbon emissions reduction with vertical
technology spillover to reduce their costs. Using the method of dynamic game, we can obtain the
equilibrium strategies of pricing and carbon emissions reduction, and coordinate the supply chain by
employing the revenue-cost sharing contract through bargaining to. In our work, our work gets several
findings.

(1) Whether it is the centralized or decentralized scenarios, the profits and carbon emissions
reduction always increase with the technology spillovers increasing, conversely the price
of product decrease. When there is technology spillover effect in the decentralized
scenario, the manufacturer may not benefit from the increased technology investment of
supplier, and carbon emissions reduction of manufacturer is less than that of the supplier
as the technology spillovers increases. Whereas, the players can benefit from the increased
technology investment of partner in the centralized scenario, and carbon emissions
reduction of the players is equal.

(i1))  With the difficulty coefficient increases, carbon emissions reduction will decrease. The
players of supply chain will take various protective measures to the technologies, when
the technology spillovers are relatively small. The supplier as the leader of supply chain,
improve the technology of carbon emissions reduction, and guide the manufacturer to
increase the technology investment, to guarantee the profits of players and the entire
supply chain.

(ii1)  The revenue-cost sharing contract through bargaining enhance the performance of
decentralized supply chain perfectly to reach that of centralized supply chain, without
harming the players’ profits. It is beneficial for the supplier and manufacturer, and the
proportions of revenue-cost allocation depend on the bargaining powers of them.

However, our research have several studies can be carried for future. First, we assume the demand is
only influenced by the price, while an extension study should take a multi-factor demand model.

Second, our study is based on two-echelon supply chain with a single supplier and a single
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manufacturer, the more complicated supply chain with three-echelon can be incorporated inthe future

research.
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