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In light of the combination of overconfident manufacturer – rational retailer – green-preferring 

consumers, this paper establishes a Stackelberg game model under the carbon emission 

constraint, obtains the optimal green and emission reduction strategy and optimal pricing 

strategy in case of decentralized decision-making using the backward induction method, and 

further analyzes the impacts of the manufacturers’ overconfidence and the consumers’ green 

preference on the optimal decision and profit of the supply chain. According to the results of 

the study, under certain conditions, the low-carbon supply chain will no longer be “low-

carbon” and the carbon tax policy will be ineffective; over-confident manufacturers will reduce 

the investment in carbon emission reduction while increasing the wholesale price of unit 

products; rational retailers may expand the market demands for products at the expense of 

some of its profit margins; the profits of the supply chain system and its members are all 

negatively correlated with the manufacturer’s overconfidence level, but positively correlated 

with the consumers’ green preference level. Finally, the model is proved to be effective through 

example analysis, showing that it can provide some reference for relevant supply chain 

enterprises when they are making decisions on emission reduction investment. 
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1. INTRODUCTION

Since the World Climate Conference was held in 

Copenhagen in December 2009, governments around the 

world have successively issued policies to reflect the 2012- 

2020 global emission reduction agreement, so as to jointly 

respond to climate changes. China also promised that, by the 

end of 2020, it will reduce the carbon emission per unit of GDP 

by more than 40 % compared with that in 2005. Nowadays, 

many cities in China are suffering from smog and sandstorms 

[1], which are bringing serious impacts on people’s life quality 

and socio-economic development. Such environmental 

problems have caught wide attention from scholars, especially 

the global warming caused by the emission of greenhouse 

gases like carbon dioxide, which has now become a research 

focus. 

In order to control carbon dioxide emissions, governments 

have actively implemented carbon emission reduction policies 

[2]. There are many ways to reduce carbon emissions, such as 

carbon cap, carbon tax policy and carbon trading policy. 

Comparatively speaking, the carbon tax policy is favoured by 

developed countries because of its low cost [3]. China is also 

actively promoting the implementation of the carbon tax 

policy. As the ecological environment deteriorates, people are 

paying more attention to the sustainable supply chain 

management, and consumers are also becoming more aware of 

the importance of environmental protection, and as a result, 

they have a stronger preference and are more willing to pay for 

low-carbon green products. Therefore, it is of great practical 

significance to study the optimal decision-making problem of 

green supply chain under the carbon tax policy. 

As mentioned above, global warming has caused 

widespread concern in the international community, and green 

development has gradually become the common 

understanding for the whole world. Most of the existing 

literatures only consider the adjustment of production and 

pricing strategies by supply chain enterprises under the 

government’s carbon tax policy constraint, but few considers 

carbon emission enterprises’ investment in green emission 

reduction technology [4-6]. In fact, reducing the amount of 

carbon emission requires great technological and capital 

investment from carbon emission companies, which inevitably 

leads to an increase in costs. Therefore, it is an important 

decision-making problem for relevant enterprises as how to 

balance carbon emission and green technology investment and 

make the optimal strategy. Liu et al. [7] constructed a 

quadratic function to describe the relationship between 

greenness and cost. Xie [8] introduced government subsidies 

in the analysis of the greenness of and pricing decisions on 

green supply chain products. Drake et al. [9] studied the 

impacts of carbon tax, carbon cap and trading mechanism on 

enterprises’ green technology choices and capacity decisions. 

Basiri and Heydari [10] studied the channel coordination 

problem of the two-tier green supply chain through a 

mathematical programming model. Jamali [11] established a 

two-channel competition model for green and non-green 

supply chains. Most of the existing research in this field 

assumes that decision makers are completely rational and does 

not consider their cognitive bias. 

A large number of psychological studies show that 

individuals often tend to be overconfident in real economic life 

[12]. De Bondt et al. [13] verified the existence of 

overconfidence through empirical research. Ren and Croson 

[14] further confirmed that overconfidence is a possible reason
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for the “pull to centre” effect in newsvendor decision-making. 

Li et al. [15] demonstrated that overconfidence is one of the 

most consistent, powerful and widespread cognitive biases 

that influence decision making in the context of random 

outcomes. Liu et al. [16] studied the impact of dual 

overconfidence behaviour and demand updating on port 

service supply chain decision making. Xu et al. [17] explored 

the impact of the logistics service provider’ overconfidence 

behaviour on the decision making for a supply chain with 

demand surge. 

In summary, there are few studies considering green supply 

chain decision making under the carbon emission constraint, 

and most research assumes that decision makers are 

completely rational. This paper explores the optimal green 

emission reduction and Stackelberg pricing game strategies of 

supply chain enterprises subject to the carbon emission 

constraint under the joint effect of consumers’ green 

preference and manufacturers’ overconfidence. The main 

contributions of this paper are as follows: 1) it takes into 

account the impacts of both the consumers’ green preference 

and the manufacturers’ overconfidence on the optimal 

decision-making of the supply chain, and the existing 

literatures mostly consider only one of these two factors; 2) By 

comparing the carbon emission of a green supply chain with 

that of a non-green supply chain, it concludes that the low-

carbon supply chain will no longer be “low-carbon” under 

certain conditions, and that the carbon tax policy may become 

ineffective. 

 

 

2. PROBLEM DESCRIPTION AND PARAMETER 

HYPOTHESES 

 

In a secondary supply chain system, the manufacturer 

produces a type of green products, and the retailer buys them 

and sells them to the market. The retailer and the manufacturer 

constitute a Stackelberg game relationship with complete 

information, where the retailer is the leader and the 

manufacturer are the follower. The manufacturer has two 

decision variables - the wholesale price 𝑤 and the greenness 𝜃 

of the product, while the retailer has only one decision variable 

- the profit margin per unit product 𝑚. The production cost per 

unit product 𝑐 of the manufacturer is an exogenous variable 

and 𝑤 > 𝑐 . In the entire supply chain, only the carbon 

emission generated by the manufacturer is considered. In order 

to produce green products, the manufacturer needs to invest 

part of its capital in production to obtain the green production 

technology. Obviously, the investment cost is positively 

correlated with the greenness of the product. To facilitate 

modelling and analysis, the following hypotheses are made: 

Hypothesis 1 The market demand function is a linear 

function of the selling price, and consumers have a purchasing 

preference for green products, so it is assumed that the linear 

function of the market demand 𝑞𝑟(𝑝, 𝜃) is: 

 

𝑞𝑟(𝑝, 𝜃) = 𝑎 − 𝑏𝑝 + 𝜆𝜃                         (1) 

 

where, 𝑎 represents the product market capacity and 𝑎 > 0; 𝑝 

is the retail price of the product and 𝑝 = 𝑤 + 𝑚 ; 𝑏  is the 

consumers’ price sensitivity and 𝑏 > 0 ;  𝜃  represents the 

greenness of the product; and 𝜆  represents the consumers’ 

sensitivity to green products, and 𝜆 > 0  indicates that the 

increase in the greenness of the manufacturer’s product can 

expand the market demand for the product. 

Hypothesis 2 The manufacturer is the main body with 

carbon emission. This paper considers the constraint of the 

carbon tax policy on the carbon emission of enterprises. 

Suppose that the government imposes a carbon tax of 𝑡 per 

unit product that involves carbon emission on the 

manufacturer. In order to reduce carbon tax, the manufacturer 

will actively reduce the carbon emission during the production 

process, that is, it will invest in emission reduction technology 

to increase the greenness of the product. By reference to 

literature [18], it is assumed that 

 

𝐻(𝜃) =
1

2
𝛼𝜃2                                 (2) 

 

where, 𝛼 represents the green emission reduction cost and 𝛼 >

0; 𝜃  is the greenness of the product and 𝜃 =
𝑒−𝑒′

𝑒
, where 𝑒 

represents the initial carbon emission per unit product, and 

𝑒′ = 𝑒(1 − 𝜃) indicates the carbon emission per unit product 

after the manufacturer implements the invested green 

technology. Due to technical limitations, the manufacturer is 

unlikely to achieve zero carbon emission, so it is assumed that 

0 ≤ 𝜃 < 1. 

Hypothesis 3 In the eyes of a rational manufacturer, the 

market demand for the product is 𝑞𝑟(𝑝, 𝜃) , but if the 

manufacturer is overconfident, it will overestimate the market 

demand for the green product. So in the eyes of an 

overconfident manufacturer, the market demand for the green 

product is 

 

𝑞𝑚(𝑝, 𝜃) = 𝑘(𝑎 − 𝑏𝑝 + 𝜆𝜃)               (3) 

 

where, 𝑘 is the manufacturer’s overconfidence factor, and 𝑘 ≥
1 ; the greater the value of 𝑘 , the more overconfident the 

manufacturer is. 

 

 

3. OPTIMAL DECISION MAKING FOR A RETAILER-

LED GREEN SUPPLY CHAIN  

 

This section considers the master-slave Stackelberg game 

strategy for a fully rational retailer and an overconfident 

manufacturer in the decentralized decision-making model. 

Before the selling season, the retailer first determines the profit 

margin per unit product 𝑚 . After knowing the retailer’s 

decision, the manufacturer determines the greenness 𝜃 and the 

wholesale price 𝑤  of the product. Both sides of the supply 

chain aim to maximize their own profits. Their respective 

profit functions are: 

 

𝜋𝑟(𝑚) = 𝑚𝑞𝑟(𝑝, 𝜃) = 𝑚(𝑎 − 𝑏𝑚 − 𝑏𝑤 + 𝜆𝜃)    (4) 

 

𝜋𝑚(𝑤, 𝜃) = 𝑤𝑞𝑟(𝑝, 𝜃) − (𝑐 + 𝑡)𝑞𝑚(𝑝, 𝜃) −
1

2
𝛼𝜃2 =

[𝑤 − (𝑐𝑘 + 𝑡𝑘)](𝑎 − 𝑏𝑚 − 𝑏𝑤 + 𝜆𝜃) −
1

2
𝛼𝜃2      (5) 

 

Proposition 1 When the parameter satisfies 2𝑏𝛼 − 𝜆2 > 0, 

(i) the optimal profit margin of the rational retailer is 𝑚∗ =
𝑎−𝑏(𝑐𝑘+𝑡𝑘)

2𝑏
; and (ii) the optimal green emission reduction level 

of the overconfident manufacturer’s product is 𝜃∗ =
𝜆[𝑎−𝑏(𝑐𝑘+𝑡𝑘)]

2(2𝑏𝛼−𝜆2)
, and the optimal wholesale price is 𝑤∗ =

𝛼[𝑎−𝑏(𝑐𝑘+𝑡𝑘)]+2(𝑐𝑘+𝑡𝑘)(2𝑏𝛼−𝜆2)

2(2𝑏𝛼−𝜆2)
. 
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∂ πm(w, θ)

∂w
= (a − bm − bw + λθ) − b[w − (ck + tk)] = 0 

∂ πm(w,θ)

∂θ
= λ[w − (ck + tk)] = 0        (6) 

 

Combine the above equations, and there are: 

 

{
w =

α[a−bm+b(ck+tk)]−λ2(ck+tk)

2bα−λ2

θ =
λ[a−b(ck+tk+m)]

2bα−λ2

            (7) 

 

Since the Hessian matrix of πm(w,θ) is: 

 

H(w, θ) = [

∂2 πm(w,θ)

∂w2

∂2 πm(w,θ)

∂w ∂θ

∂2 πm(w,θ)

∂w ∂θ

∂2 πm(w,θ)

∂θ2

] = [
−2b λ

λ −α
]   (8) 

 

The first-order principal minor is 
𝜕2𝜋𝑚(𝑤,𝜃)

𝜕𝑤2 = −2𝑏 < 0 . 

When 2bα-λ2>0, det[H(w,θ)]>0, so H(w,θ) is a negative 

definite matrix, and (7) is the only optimal solution for the 

manufacturer’s profit. 

Substitute (7) into (4), and there is: 

 

πr(m) =
mbα[a−bm−b(ck+tk)]

2bα−λ2              (9) 

 

Calculate the first and second derivatives of π=r(m) with 

respect to 𝑚, and there are: 

 
d πr(m)

dm
=

bα[a−2bm−b(ck+tk)]

2bα−λ2           (10) 

 
d2πr(m)

dm2 =
−2αb2

2bα−λ2 < 0                    (11) 

 

So 𝜋𝑟(𝑚) is a strictly concave function of 𝑚. Let 
𝑑𝜋𝑟(𝑚)

𝑑𝑚
=

0, that is, the retailer’s optimal profit margin 𝑚∗ is: 

 

m∗ =
a−b(ck+tk)

2b
                          (12) 

 

Substitute the value of 𝑚∗  into (7), and we have the 

equilibrium wholesale price and the optimal greenness of the 

overconfident manufacturer’s product as follows: 

 

{
w∗ =

α[a−b(ck+tk)]+2(ck+tk)(2bα−λ2)

2(2bα−λ2)

θ∗ =
λ[a−b(ck+tk)]

2(2bα−λ2)

      (13) 

 

Note: The green emission reduction cost considered in this 

paper is the cost of a new technology in which the 

manufacturer invests in a lump sum, so it is generally assumed 

that 𝛼 has a large value [19], and accordingly the condition 

2bα-λ2>0 in Proposition 1 normally holds. 

Proposition 2 When the parameter satisfies 3bα-2λ2>0, the 

manufacturer’s optimal wholesale price increases with the 

increase of its overconfidence factor 𝑘 , but the retailer’s 

optimal profit margin and the manufacturer’s green emission 

reduction investment decreases with the increase of the 

overconfidence factor 𝑘. 

Proof: from (12) and (13), it can be known that: 

 
dm∗

dk
= −

t+c

2
< 0                  (14) 

dw∗

dk
=

(3bα−2λ2)(t+c)

2(2bα−λ2)
> 0                (15) 

 
dθ∗

dk
=

−λb(t+c)

2(2bα−λ2)
< 0                        (16) 

 

The overconfident manufacturer will overestimate the 

market demand brought about by the green emission reduction 

investment, but the retailer is completely rational. It will not 

order the excess products produced by the manufacturer due 

to overconfidence, so with the manufacture’s overconfidence 

increasing, in order to avoid its loss and maximize its profit, 

the manufacturer will, on one hand, reduce its green emission 

reduction investment to reduce the risk of overproduction, and 

on the other hand, increase the wholesale price of the product 

to obtain more profit. After the wholesale price of the 

manufacturer increases, if the profit margin of the rational 

retailer does not change or increase, the retail price of the 

product will increase, which will lead to further shrinking of 

the market demand for the product, so the rational retailer may 

increase the market demand for the product at the expense of 

some of its profit margin so as to maximize its total profit. 

Proposition 3 When the parameter satisfies 2bα-λ2>0 and 

the supply chain reaches the Stackelberg equilibrium: (i) the 

optimal retail price of the product is 𝑝∗ =
𝛼[𝑎−𝑏(𝑐𝑘+𝑡𝑘)]+2(𝑐𝑘+𝑡𝑘)(2𝑏𝛼−𝜆2)

2(2𝑏𝛼−𝜆2)
+

𝑎−𝑏(𝑐𝑘+𝑡𝑘)

2𝑏
; (ii) the maximum 

market demand for the product is 𝑞𝑟
∗(𝑝, 𝜃) =

𝑏𝛼[𝑎−𝑏(𝑐𝑘+𝑡𝑘)]

2(2𝑏𝛼−𝜆2)
. 

Proof: Substitute (12) and (13) into the retail price of the 

product 𝑝 = 𝑤 + 𝑚, and there is: 

 

p∗ =
α[a−b(ck+tk)]+2(ck+tk)(2bα−λ2)

2(2bα−λ2)
+

a−b(ck+tk)

2b
    (17) 

 

Further, from qr(p,θ)=a-bp+λθ, the optimal demand 

𝑞𝑟
∗(𝑝, 𝜃)  for the product at equilibrium can be obtained as 

follows: 

 

qr
∗(p, θ) =

bα[a−b(ck+tk)]

2(2bα−λ2)
                   (18) 

 

Proposition 4 When the parameter satisfies 2bα-λ2>0 and 

the supply chain reaches the Stackelberg equilibrium: (i) the 

maximum profit of the rational retailer is 𝜋𝑟(𝑚) =
𝛼[𝑎−𝑏(𝑐𝑘+𝑡𝑘)]2

4(2𝑏𝛼−𝜆2)
; (ii) the maximum profit of the overconfident 

manufacturer is 𝜋𝑚(𝑤, 𝜃) =
𝛼[𝑎−𝑏(𝑐𝑘+𝑡𝑘)]2

8(2𝑏𝛼−𝜆2)
; and (iii) the 

maximum profit of the entire supply chain system is 

𝜋𝑚𝑟(𝑤, 𝜃, 𝑚) =
3𝛼[𝑎−𝑏(𝑐𝑘+𝑡𝑘)]2

8(2𝑏𝛼−𝜆2)
. 

Proof: Substitute (12) and (13) into (4) and (5), respectively, 

and we can calculate the maximum profit of the rational 

retailer 𝜋𝑟(𝑚) and the maximum profit of the overconfident 

manufacturer 𝜋𝑚(𝑤, 𝜃) respectively as follows: 

 

πr(m) =
α[a−b(ck+tk)]2

4(2bα−λ2)
                     (19) 

 

πm(w, θ) =
α[a−b(ck+tk)]2

8(2bα−λ2)
                 (20) 

 

Add the above two equations, and we obtain the maximum 

profit of the supply chain system: 

 

𝜋𝑚𝑟(𝑤, 𝜃, 𝑚) =
3𝛼[𝑎−𝑏(𝑐𝑘+𝑡𝑘)]2

8(2𝑏𝛼−𝜆2)
           (21) 
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Below the constraint of the carbon tax policy on the 

manufacturer’s green emission reduction is discussed. 

Suppose 𝐸𝑙 = 𝑒(1 − 𝜃∗)𝑘 𝑞𝑟
∗(𝑝, 𝜃) , representing the carbon 

emission of the green supply chain, that 𝑞𝑟
0(𝑝) represents the 

order quantity of the rational retailer in the supply chain with 

no investment in green emission reduction and that 𝐸0 =
𝑒𝑘 𝑞𝑟

0(𝑝) indicates the carbon emission of the supply chain 

with no investment in green emission reduction, then ∆𝐸 =
𝐸𝑙 − 𝐸0 means the difference in carbon emission between the 

green supply chain and the non-green one. 

Proposition 5 If the parameter satisfies 2𝑏𝛼 − 𝜆2 > 0, (i) 

when 𝜆 > √
2𝑏2𝛼𝑡𝑘

𝑎−𝑏𝑐𝑘
, 𝑞𝑟

∗(𝑝, 𝜃) > 𝑞𝑟
0(𝑝) ; (ii) when 𝜃∗ <

𝑞𝑟
∗(𝑝,𝜃)−𝑞𝑟

0(𝑝)

𝑞𝑟
∗(𝑝,𝜃)

, ∆𝐸 > 0, where 𝑞𝑟
0(𝑝) =

𝑎−𝑏𝑐𝑘

4
. 

Proof: (i) In the non-green supply chain model, there is no 

need to consider the impact of the carbon tax policy and the 

investment cost of green emission reduction, so the profit 

function for the overconfident manufacturer is 𝜋𝑚(𝑤) =

(𝑤 − 𝑐𝑘)(𝑎 − 𝑏𝑚 − 𝑏𝑤) . From 
𝑑𝜋𝑚(𝑤)

𝑑𝑤
= 0 , the optimal 

wholesale price 𝑤0 can be obtained as follows: 

 

w0 =
a−b(m−ck)

2b
                         (22) 

 

The profit function for the retailer is 𝜋𝑟(𝑝) = 𝑚(𝑎 − 𝑏𝑚 −

𝑏𝑤) = 𝑚 [𝑎 − 𝑏𝑚 −
𝑎−𝑏(𝑚−𝑐𝑘)

2
]. From 

𝑑𝜋𝑟(𝑝)

𝑑𝑚
= 0, it can be 

seen that the optimal profit margin 𝑚0 is: 

 

m0 =
a−bck

2b
                              (23) 

 

Substitute (23) into (22), and the optimal wholesale price of 

the overconfident manufacturer is 𝑤0 =
𝑎+3𝑏𝑐𝑘

4𝑏
. So the 

optimal order quantity for the rational retailer in the supply 

chain with no investment in green emission reduction is: 

 

qr
0(p) = a − b(w0 + m0) =

a−bck

4
        (24) 

 

qr
∗(p, θ) − qr

0(p) =
bα[a − b(ck + tk)]

2(2bα − λ2)
−

a − bck

4
 

=
λ2(a−bck)−2b2αtk

4(2bα−λ2)
                 (25) 

 

2bα-λ2>0, so when λ2(a-bck)-2b2αtk>0, i.e. when 𝜆 >

√
2𝑏2𝛼𝑡𝑘

𝑎−𝑏𝑐𝑘
, 𝑞𝑟

∗(𝑝, 𝜃) > 𝑞𝑟
0(𝑝). 

(ii) Substitute 𝐸𝑙 = 𝑒(1 − 𝜃∗)𝑘 𝑞𝑟
∗(𝑝, 𝜃)  and 𝐸0 =

𝑒𝑘 𝑞𝑟
∗(𝑝) into ∆𝐸 = 𝐸𝑙 − 𝐸0, and we have: 

 

∆E = e(1 − θ∗)k qr
∗(p, θ) − ek qr

0(p)     (26) 

 

So when 𝜃∗ <
𝑞𝑟

∗(𝑝,𝜃)−𝑞𝑟
0(𝑝)

𝑞𝑟
∗(𝑝,𝜃)

, there is ∆𝐸 > 0. 

The conclusion of proposition 5 (i) shows that when the 

green preference of consumers reaches a certain level, the 

market demand for products in the green supply chain will 

always be greater than that for the products in the non-green 

supply chain, which indicates that consumers’ awareness of 

environmental protection expands the market demand for 

green products. The conclusion of proposition 5 (ii) shows that 

when the manufacturer’s green emission reduction efficiency 

is below a certain level, the carbon emission of the green 

supply chain will be even greater than that of the non-green 

one, indicating that under certain conditions, the low-carbon 

supply chain will no longer be “low-carbon”, and that the 

carbon tax policy may also be ineffective. 

 

 

4. EXAMPLE ANALYSIS 

 

This section uses the software Matlab to perform example 

analysis of the above model. It specifically discusses how the 

over-confident manufacturer chooses the optimal green 

emission reduction investment strategy under the carbon tax 

policy, and performs sensitivity analysis on parameters such 

as overconfidence factor and green preference coefficient to 

reveal the impacts of manufacturers’ overconfidence 

behaviour and consumers’ green preference behaviour on the 

optimal decision and profit of the supply chain. Further 

analysis shows that the manufacturer’s green emission 

reduction efficiency is the key factor affecting its carbon 

emission. Through adjustment of the 𝑘 value, the conclusion 

is verified that the carbon emission of the green supply chain 

may also be greater than that of a non-green one. According to 

the definitions of parameters in the model and their 

relationships, the values of the parameters are assumed, as 

shown in Table 1. Based on the equilibrium solution and the 

values of the parameters in the model, the following values are 

obtained: 𝑚∗ = 1.42 , 𝑤∗ = 7.98 , 𝜃∗ = 0.70 , 𝑝∗ = 9.40 , 

𝑞𝑟
∗(𝑝, 𝜃) = 8.14 , 𝜋𝑟(𝑚) = 3.30 , 𝜋𝑚(𝑤, 𝜃) = 1.65  and 

𝜋𝑚𝑟(𝑤, 𝜃, 𝑚) = 4.95. 

 

Table 1. Parameter setting 

 
Parameter a b c λ α t k 

Value 100 10 6.5 3.5 10 0.01 1.1 

 

 
 

Figure 1. Impact of k on the optimal decision of the supply 

chain 

 

Figure 1 and Figure 2 show the impacts of 𝑘 on the optimal 

decision and profit of the supply chain. Figure 1 shows that 

under the carbon tax policy, the optimal wholesale price of the 

manufacturer increases as the value of 𝑘 increases, while the 

optimal profit margin of the retailer and the green emission 

reduction investment of the manufacturer decrease as the value 

of 𝑘 increases, thus verifying the correctness of proposition 2. 

As can be seen from Figure 2, as the value of 𝑘 increases, the 

profits of both the overconfident manufacturer and the rational 

retailer gradually decrease, so the profit of the entire supply 
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chain also declines. This shows that the overconfident 

manufacturer overestimates the market demand, and such 

cognitive bias makes the decision making of the entire supply 

chain deviate from the optimal one, which leads to the 

reduction of the supply chain profit. It indicates that in a green 

supply chain led by the retailer under the carbon tax policy, it 

is particularly important to pay attention to the negative impact 

of the manufacturer’s overconfidence on the green supply 

chain. 

 

 
 

Figure 2. Impact of k on the profit of the supply chain 

 

 
 

Figure 3. Impact of λ on the optimal decision of the supply 

chain 

 

 
 

Figure 4. Impact of λ on the profit of the supply chain 

 

Figure 3 and Figure 4 show the impacts of λ on the optimal 

decision and profit of the supply chain. Figure 3 shows that the 

optimal wholesale price and the green emission reduction 

investment of the overconfident manufacturer increase with 

the increase of the 𝜆 value. Judging from the trend of the curve, 

the green emission reduction investment is more sensitive to 

the changes in the green preference of consumers, while the 

optimal profit margin of the retailer is not affected by the green 

preference of consumers. As can be seen from Figure 4, as 

consumers’ green preference increases, the profits of the 

manufacturer, the retailers and the entire supply chain all 

increase. The reason is that the increase in the consumer’s 

green preference can stimulate the expansion of product 

market demand, so that the entire supply chain system can 

benefit from it. 

Figure 5 shows that when the initial carbon emission per 

unit product is 𝑒 = 2, under certain conditions, the market 

demand for the product in the green supply chain under the 

carbon tax policy is always greater than that in the non-green 

one; at the same time, when the manufacturer’s 

overconfidence is low, the carbon emission of the green supply 

chain is smaller than that of the non-green one, but as the value 

of 𝑘 increases, the carbon emission of the green supply chain 

also increases, and when k=1.5, the carbon emission of the 

green supply chain already exceeds that of the non-green one, 

which indicates that the green supply chain will no longer be 

“low-carbon”, thus verifying proposition 5. 

 

 
 

Figure 5. Green supply chain vs. non-green one in terms of 

market demand and carbon emission 

 

 

5. CONCLUSION  

 

In light of the combination of overconfident manufacturer – 

rational retailer – green-preferring consumers, this paper 

establishes a Stackelberg game model under the carbon 

emission constraint, and discusses the optimal emission 

reduction investment and pricing strategies for a supply chain 

under the carbon tax policy. The results show that: 1) under 

certain conditions, the optimal wholesale price of the 

overconfident manufacturer is positively correlated with its 

level of overconfidence, but the optimal profit margin of the 

rational retailer and the emission reduction investment of the 

manufacturer are negatively correlated with the level of 

overconfidence; 2) the profits of the manufacturer, the retailer 

and entire supply chain decline as the manufacturer’s 

overconfidence increases, but increase as the consumers’ 
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green preference increases; 3) under special conditions, the 

carbon emission of a green supply chain may be greater than 

that of a non-green one, and in this case, the carbon tax policy 

is ineffective. 

There is still a lot of room for further research on this subject. 

Potential topics include the coordination of the green supply 

chain with carbon emission taken into account; the optimal 

decision-making problem for the supply chain when the 

retailer is also involved in green emission reduction; the 

circumstance when the manufacturer’s overconfidence is 

asymmetric information. 
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