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Abstract. The deterioration of the natural environment has attracted the attention 

of a wide range of scholars, and there has been a gradual increase in research on 

sustainable supply chains. In this paper, we consider the supply chain of joint 

decision making for inventory and sustainability technology investment. First of 

all, increasing demand variability reduces the optimal profitability of the central-

ized supply chain. Second, in a fair concern manufacturer-dominated Stackelberg 

game model, equilibrium results are derived and it is shown that manufacturer 

will adopt more conservative measures. Finally, the above results are verified by 

Matlab calculation examples. 
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1 Introduction 

Sustainable supply chain will be the main direction of supply chain development, and 

the establishment and practice of sustainable supply chain has become a strategic task 

for the industrial development of all countries [1]. Due to the pressure from government 

regulations and international green barriers, as well as the increase of consumers’ green 

awareness, enterprises actively take measures to invest in sustainability and provide the 

market with resource-saving and environmentally friendly green products. 

There are numerous studies devoted to sustainable supply chain. Zhang et al. [2] 

focused on the impact of consumer environmental awareness and retailer fairness is-

sues. However, marketing research has shown that equity factors play a critical role in 

developing and maintaining channel partnerships. Cui et al. [3] first introduced equity 

concerns into the supply chain environment and studied supply chain coordination. Wu 

and Niederh off [4] improves the traditional fair preference utility function by expand-

ing the reference system. Wang et al. [5] studies manufacturer who faces high cost 

pressures, while retailer with altruistic preferences. Therefore, we consider dynamic 

game of supply chain consisting of a fairness concern manufacturer and retailer. 

The main points of contribution of this paper are threefold: (i) based on the deter-

ministic demand function of Cui et al [3], we propose a stochastic demand that counts 
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on the sustainable investment; (ii) it constructs the fairness concern manufacturer-dom-

inated Stackelberg game model and gives the equilibrium solutions; (iii) it is found that 

the fair concern manufacturer’s decision tends to be more conservative. 

2 Model description 

Supply chain of a sustainable manufacturer and retailer are modeled. Suppose that con-

sumers in the marketplace have positive preference for sustainability, the level of in-

vestment in sustainable technologies is denoted as e, e≥0, the demand function is given 

as follows, 

 D(e)=β(e)+Xκ (1) 

where β(e) is increasing with e, 0≤κ≤1, X is random variable in [ l , l ], with distri-

bution function F(x), density function f(x), finite mean μ and inverse function F-1(x). 

Remark 1. Xκ is the mean-preserving transformed of X, Xκ=κX+(1−κ)μ, and μ is 

the mean value of X. The greater κ is, the greater the range of change in demand[6].  

According to Dong et al. [7], denote the investment cost as I()=ηe2 (e ≥ 0, η>0). The 

order quantity is q, unit cost is c, wholesale price is w. When q exceeds market demand, 

the remainder will be depreciated at the price v. When q is less, there is no out of stock 

penalty. Assuming the initial inventory is 0, the following equation holds, p>c>v. 

Denote πm(q,w,e) and πr(q,w,e) as the manufacturer’s and retailer’s expected profits. 

Considering the function in Equation (1), the manufacturer’s profit is as follows:  

 πm(q,w,e)=(w−c)q−ηe2 (2) 

And the retailer’s expected profit is as follows: 

 πr(q,w,e)=E[pmin(q,D(e))+v(q−D(e))+−wq] (3) 

where D(e) is given in Equation (1), (x)+=max{x,0}. 

Adding up the profits of two members is the profit of the supply chain integrator, 

 πsc(q,e)=E[pmin(q,D(e))+v(q−D(e))+−cq−η2] (4) 

Drawing on Du et al.’s study [8], we utilize the Nash bargaining scheme of both as 

a fairness reference point, which is more in line with reality. 

Assuming the Nash bargaining fair reference is ( m , r ). The manufacturer cares fair 

and the retailer is fair neutral(λm=λ>0, λr=0). Therefore, the utility functions are as: 

 um=πm(q,w,e)−λ( m −πm(q,w,e)) (5) 

 ur=πr(q,w,e) (6) 

According to Binmore et al. [9], the Nash bargaining fair reference ( m , r )is the 

optimal profit( *

m , *

r ), which can make the following model enhancement. 
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 ψ=umur (7) 

where πm+πr=πsc(q,e), πm, πr∈[0, π], um, ur >0. 

Combined the Equations m + r =πsc(q,e) and πm+πr=πsc(q,e), we get the um, 

 um=(1+λ)(πsc−πr)−λ(πsc− r ) (8) 

Substituted um in Equation (7), we get that, 

 ψ(πsc, πr)=(1+λ)(πsc−πr)−λ(πsc− r )ur (9) 

Find the second order partial derivative of ψ(πsc, πr) with πr, we get
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According to the immovable point theorem, the Nash bargaining solution is the de-

sired fair reference, i.e. r = *

r , the retailer’s Nash bargaining fair reference solution 

is: 
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The manufacturer’s Nash bargaining fair reference solution is: 
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The utility function of the manufacturer is : 
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3 Equilibrium results 

This section analyzes the equilibrium results under a centralized system and a dynamic 

decentralized system consisting of the manufacturer fairness concerning and retailer. 

3.1 Centralized supply chain system 

Consider the problem in Equation (4), denote the optimal solution of the centralized 

system by the superscript c and ρ as the stock factor, ρ=(p−c)/(p−v). 

Proposition 1. Consider the profitability of supply chain integrator in Equation (4), 
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i. If for any e≥0, β′′(e)≤0 holds, then πsc(q,e) is a joint concave function of (q,e) 

and there exists the optimal solution(qc,ec), given by the following Equations,  

 qc=κF−1(ρ)+β(ec)+(1−κ)μ (14) 

 (p−c)β′(ec)−2ηec=0 (15) 

where 

 A(q,e)=[q−β(e)−(1−κ)μ]/κ (16) 

ii. The optimal profitability πsc(qc,ec) of the supply chain integrator is given by, 

 πsc(qc,ec)=(p−v)[κTX(ρ)+ρ(β(ec)+(1−κ)μ))]−η(ec)2 (17) 

where TX(ρ) is given by Equation (18), 

 ( ) ( )( )
( )1

,0 1
XF x

X X
l

T F x dx l   
−

= − −    (18) 

iii. For given demand variability κ, qc increases as the level of sustainable invest-

ment effort e increases; for given e, qc increases as the mean value μ of de-

mand increases. 

iv. For given e, qc varies with κ. When 0<ρ≤F(μ), qc of low-profitability products 

decreases with the increase of κ; when F(μ)<ρ<1, qc of high-profit products 

is opposite. 

v. The optimal profitability decreases with increasing demand variability κ. 

Proof: (i) We rewrite Equation (4), 

 πsc(q,e)=(p−c)q−κ(p−v)
( , )

( )
A q

l
F x dx



 −η2 (19) 

Find the first and second partial derivatives of q and e of the Equation (19), we can 

get 

∂πsc(q,e)/∂q=p−c−(p−v)F(A(q,e)),∂2πsc(q,e)/∂q2=−(p−v)f(A(q,e))/κ,∂πsc(q,e)/∂e=(p−v)

F(A(q,e))β′(e)−2η,∂2πsc(q,e)/∂e2=(p−v)F(A(q,e))β′′(e)−(p−v)f(A(q,e))[β′(e)]2/κ−2η,∂2

πsc(q,e)/∂q∂e=(p−v)f(A(q,e))β′(e)/κ. When β′′(e)≤0 holds for any e≥0, the hessian ma-

trix is negative, πsc(q,e) is a joint concave function of (q,e). Let ∂πsc(q,e)/∂q=0, 

∂πsc(q,e)/∂e=0, the optimal solutions can be deprived. (ii) Replace (qc,ec) in Equations 

(14) and (15) into (19). (iii) It is easily to prove from (14). (iv) From (14), ∂qc 

/∂κ=F−1(ρ)−μ. When F−1(ρ)>μ, qc is increasing of κ; when F−1(ρ)≤μ, qc is decreasing of 

κ. (v) From (17), we obtain ∂πsc(qc,ec)/∂κ=(p−v)(TX(ρ)−ρμ), denote MX(ρ)=TX(ρ)/ρ, 

0<ρ<1, we obtain ∂MX(ρ)/∂ρ=
( )

( )1

2/ 0
XF x

X
l

F x dx 
−


, MX(ρ) is increasing of ρ and, 

0

( )XM l



→

= ,

1

( )XM


 
→

=
 , then ( )Xl M     holds for any 0<ρ<1, so TX(ρ)<ρμ holds for any 0<ρ<1.□ 

Remark 2. From Proposition 1(iii), the optimal order quantity increases with the 

level of investment in sustainable technologies as consumers prefer sustainable prod-

ucts. 
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Remark 3. Theorem 1(iv) indicates that the optimal order quantity of high profit 

products (F(μ)<ρ≤1) is greater than the average demand, while the low profit products 

(0<ρ≤F(μ)) is opposite. This finding is in line with Schweitzer and Cachon [10]. 

3.2 Dynamic decentralized supply chain system with fairness concern 

Firstly, the manufacturer decides wholesale price w and e to maximize its utility func-

tion um. Secondly, the retailer optimizes q to maximize its desired profit ur. Denote h(x) 

as the failure rate function of X, h(x)=f(x)/(1−F(x)), g(x)=xh(x). Denote the optimal 

decisions by the superscript d. 

Proposition 2. Consider the dynamic Stackelberg game model with fairness con-

cern, 

i. If X satisfies a uniform distribution on [0,1], β′′(e)≤0 and Equation 

 (2+λ)(β′(e))2+κ(4+λ)(β(e)+(1−κ)μ)≤0 (20) 

for any e≥0 holds, then (qd,ed,wd) exists and derived by following Equations,  

 2κ[(p−c)−(p−v)F(A(qd,ed))]−(2+λ)(p−v)f(A(qd,ed))qd=0 (21) 

 (p−v)β′(ed)[(2+λ)f(A(qd,ed))qd−λκF(A(qd,ed))]−4κηed=0 (22) 

 wd=p−(p−v)F(A(qd,ed)) (23) 

ii. The manufacturer’s optimal profit u
d 

m=um(qd,ed,wd) is given by Equation (24), 

 um(qd,ed,wd)=(1+λ)πm(qd,ed,wd)−λ(1+λ)/(2+λ)πsc(qd,ed) (24) 

where πm(qd,ed,wd) is given in Equation (25) and πsc(qd,ed,wd) is given in (26), 

 πm(qd,ed,wd)=(2+λ)(p−v)(qd)2f(A(qd,ed))/(2κ)−η(ed)2 (25) 

 πsc(qd,ed)=(p−c)qd−(p−v)κ
,( )

( )
d dA

l

q

F x dx


  −η(ed)2 (26) 

iii. The retailer’s optimal profitability π
d 

r =πr(qd,ed,wd) is obtained from Equation (27), 

 πr(qd,ed,wd)=(p−v)[κGLX(ρd)+(β(ed)+(1−κ)μ)] (27) 

where ρd=(p−w)/(p−v) and TX(ρ) is given by equation (18). 

Proof: (i) Using inverse induction, we rewrite the Equation (3), 

 πr(q,e,w)=(p−w)q−κ(p−v)
( , )

( )
A q

l
F x dx



  (28) 

Take the first and second partial derivatives of q of the Equation (28), respectively, 

we get ∂πr(q,e,w)/∂q=p−w−(p−v)F(A(q,e)), ∂2πr(q,e,w)/∂q2=−(p−v)f(A(q,e))/κ<0, 

πr(q,e,w) is strictly concave of q, let ∂πr(q,e,w)/∂q=0, we  obtain 

w(q,e)=p−(p−v)F(A(q,e)). We rewrite the manufacturer’s utility, 

um(q,e,w(q,e))=(1+λ)[(p−c−(p−v)F(A(q,e)))q−ηe2] 
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−λ(1+λ)/(2+λ)[(p−c)q−κ(p−v) ( , )

( )
A q

l
F x dx




]−ηe2]. Take the first and second partial deriva-

tives of q and e, respectively, we can get 

∂um(q,e,w(q,e))/∂q=2(1+λ)[p−c−(p−v)F(A(q,e))]/(2+λ)−(1+λ)(p−v)f(A(q,e))q/κ, 

∂2um(q,e,w(q,e))/∂q2=(1+λ)(4+λ)(p−v)f(A(q,e))/[κ(2+λ)]−(1+λ)(p−v)f′(A(q,e))q/κ2, 

∂um(q,e,w(q,e))/∂e=(1+λ)(p−v)qβ′(e)f(A(q,e))/κ−λ(1+λ)(p−v)F(A(q,e))β′(e)/(2+λ)−4(1+

λ)ηe/(2+λ), 

∂2um(q,e,w(q,e))/∂e2=(p−v)β′′(e)(1+λ)[f(A(q,e))q/κ−λF(A(q,e))/(2+λ)]−(p−v)[β′(e)]2[(1

+λ)f′(A(q,e))q/κ−λ(1+λ)f(A(q,e))/(2+λ)]/κ−4(1+λ)η/(2+λ), 

∂2um(q,e,w(q,e))/∂q∂e=(1+λ)(p−v)β′(e)[f(A(q,e))+f′(A(q,e))q/κ]/κ−λ(1+λ)(p−v)β′(e)f(A(

q,e))/(2+λ)]/κ. If X satisfies uniform distribution on [0,1], β′′(e)≤0 and Equation (20) 

holds for any e≥0, the Hessian matrix is non-negative and um(q,e,w(q,e)) is joint con-

cave. Let ∂um(q,e,w(q,e))/∂q=0, ∂um(q,e,w(q,e))/∂e=0, we get the equilibrium solu-

tions. (ii) Substituting Equations (21), (22), and (23) in (13). (iii) Substituting Equa-

tions (21), (22), and (23) in (28). 

Remark 4. From Equation (14), wholesale price decreases as the level of investment 

in sustainable technology by manufacturer increases, implying that investment in sus-

tainable technologies is beneficial to manufacturer. 

4 Numerical example 

Example 1. Assume v=2, β(e)=2+0.2e, p=10, η=0.3, and c takes 8 or 4. Suppose that X 

is a uniform random variable defined at [0,1]. Table 1 illustrates the impact of demand 

variability on supply chain integrator. 

Table 1. Optimal decisions of the supply chain integrator of different demand variability 

κ 
ρ = 0.75  ρ = 0.25  

qc  ec  πsc(qc,ec)  qc  ec  πsc(qc,ec)  

0.10  2.9250  2.0000  16.3478  2.6083  0.6667  5.0831  

0.30  2.9750  2.0000  16.5893  2.5583  0.6667  4.9766  

0.50  3.0250  2.0000  16.6688  2.5083  0.6667  4.8521  

0.70  3.0750  2.0000  16.4783  2.4583  0.6667  4.6976  

0.90  3.1250  2.0000  15.9098  2.4083  0.6667  4.5011  

Remark 5. According to Table 1, when κ increases, there is no effect on the ec, 

while qc increases for high-profit products and decreases for low-profit products. How-

ever, the profitability of the supply chain decreases as demand variability increases. 

5 Conclusions 

Based on the deterministic demand function of Cui et al [3], we propose a stochastic 

demand that counts on the sustainable investment. The main conclusions are as follows 

(i) In centralized system, the optimal order quantity increases with sustainability tech-

nology investment; low-profit product’s order quantity decreases with the increase of 

κ, and the opposite is true for high-profit product. The optimal profit of the supply chain 
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integrator decreases with increasing κ. (ii) In the manufacturer-dominated Stackelberg 

game model, manufacturer tends to adopt more conservative decisions when consider-

ing equity concerns. Issues that merit further research include (i) Consider how retailer 

behavioral factors affect optimal decision-making. (ii) Consider the impact on the dif-

ferent power leadership. 
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