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Abstract: This paper discusses the retailer-manufacturer Stackelberg model under the background of 

green supply chain. The manufacturer needs to decide product green degree and the retailer needs to 

determine green promotion levels. This study considers the optimal decision-making, profit and social 

welfare of each member of the supply chain under the three decision scenarios: government does not 

subsidize, government subsidizes manufacturers, and government subsidizes retailers, in order to 

provide reference for the government to promote the implementation of green supply chain strategies. 

The results show that government subsidies have a positive effect on the implementation of green supply 

chains. Moreover, the government's strategy of subsidizing manufacturers will improve the product 

green degree, social welfare, and the profits of manufacturers and retailers. And the strategy of 

subsidizing manufacturers is shown to be better through comprehensive analysis. When consumers' 

preference for green products is low, the green promotion level is highest when retailers are subsidized, 

but the unit subsidy gain of social welfare is greater when manufacturers are subsidized. 

Keywords: Green supply chain, Stackelberg game model, Government subsidies. 

1. Introduction 

The issue of global warming is one of the most severe challenges facing human society in the 21st 

century. With the rapid growth of economy, a large amount of petrochemical energy has been consumed, 

causing serious environmental pollution. Under the circumstances, green supply chain was proposed by 

the Michigan State University Manufacturing Research Association as early as 1996, which emphasizes 

the minimization of environmental impact and the maximization of resource efficiency in the entire 

product life cycle. Scholars have begun to carry out related research in the field of green supply chain 

management over the years. Studies found that companies have encountered many obstacles in the 

process of developing and implementing green supply chains, such as increased corporate burden, 

insufficient technical support, information asymmetry, and cultural differences, etc. Therefore, the 

government often offers subsidies to the enterprises or consumers to encourage the optimization of green 

supply chain strategies from the perspectives of process improvement, carbon emission reduction, and 

pollution emissions. For example, Jiayi et al. [1] studied the form of government subsidies for basic 

commodities. They explored the consumer welfare and manufacturer's profit under three scenarios: 

government subsidizes consumers only, manufacturers only, or both, and showed the optimal subsidy 

plans in different environments. Jonathan et al. [2] studied how the timing of government subsidies for 

consumers to purchase green products affects the promotion of green technologies. Maxime C. et al. [3] 

studied how government subsidies for green technologies affect the production and pricing decisions of 

suppliers when demand is uncertain. Other related researches include Dmitry [4], Kelly [5], Sangeeta [6], 

etc. In addition to government subsidies, manufacturers and retailers will adopt cooperative emission 

reduction strategies in response to consumers' preference for green products. Hui Li et al. [7] studied the 

impact of manufacturers' carbon emission reduction levels and retailers' low-carbon promotion efforts on 

the closed-loop supply chain in one case of non-cooperative game and three cases of cooperative game. 

Tao Li et al. [8] studied the impact of revenue sharing and cost sharing contracts provided by retailers on 

emission reduction efforts and corporate profitability. 

More relevant studies have shown that the improvement of consumer environmental awareness is 

helpful to the implementation of green supply chain management strategies. For example, Liu [9] pointed 

out that the improvement of consumer environmental awareness can benefit highly environmentally 

friendly companies; Ghosh and Shah [10-11] studied the optimal strategy when product pricing and 

greenness are affected by consumers' environmental awareness. In fact, the improvement of consumers’ 
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environmental awareness is a gradual process. In addition to the guidance of the government, retailers 

need to make more promotion efforts in the promotion of green products. Most of the existing studies 

considered the case of providing subsidies to manufacturers and consumers, and few considered offering 

subsidies to retailers for green promotion. In addition, the existing research on green supply chain mostly 

considers the dominant position of manufacturers, but actually it is not uncommon for retailers to 

dominate in practice. For example, Wal-Mart formulated a "sustainable development" strategy as early 

as 2005, and begin to formulate a sustainable production evaluation plan for its global food procurement 

network suppliers in 2011, in order to establish a green corporate image from all aspects, and to make 

continuous efforts to actively implement green marketing. In summary, under the retailer-dominated 

market condition, this paper discusses the optimal supply chain strategy and social welfare of the three 

subsidy policies: no subsidy, subsidizing manufacturers, and subsidizing retailers, expecting to provide 

a reference for the government, retailers and manufacturers to implement green supply chain strategies. 

2. Problem Description 

In a two-stage supply chain composed of a single manufacturer and a single retailer, the retailer 

occupies a dominant position. Considering that consumers have a preference for green products, 

manufacturers and retailers are willing to increase consumer preference for products through research 

and development of the green products and green promotion. In order to encourage the production and 

sales of green products, the government will launch a green product subsidy policy. This paper mainly 

considers the impact of different subsidy strategies on the profits of all parties in the supply chain under 

three different cases: no subsidy, subsidizing manufacturers, and subsidizing retailers. The manufacturer 

produces a green product, mainly by developing new technologies and introducing new equipment to 

reduce the impact on the environment during the production process. Assume that 𝑤 is the wholesale 

price of the product produced by the manufacturer, and 𝑒 is the green degree (𝑤, 𝑒 > 0). As consumers 

have a certain preference for green products, retailers will invest in the advertisement or other measures 

for green promotion, thereby increasing the sales of green products. Suppose the retailer's selling price 

is 𝑝, and the green promotion effort level is 𝑧. It should be noted that the cost coefficient of both green 

quality input and green investment effort are assumed to be 1 in this study. The reason is that according 

to many literatures, although the cost coefficient is considered, it has been found that the cost coefficient 

and green degree and profit is always negatively correlated, that is, the larger the cost coefficient, the 

lower the manufacturer’s green production motivation, and the profit will be reduced then. For simplicity, 

only the case where the cost coefficient is 1 is taken into discussion. Similarly, we standardize the 

manufacturer's unit cost 𝑐 to 0, which will not affect the overall conclusion of this study. 

As market demand is affected by the price, green degree and green promotion level of the product, 

the demand function is assumed as 𝐷 = 𝑎 − 𝑝 + 𝑘(𝑒 + 𝑧), where 𝑎 represents the potential market 

demand, (𝑒 + 𝑧) represents the green level of the product perceived by consumers, and 𝑘 represents 

consumers' preference for green products. The higher the green degree of the product produced by the 

manufacturer, the higher the R&D cost it needs to invest in. Set the manufacturer's cost function as 𝑒2, 

which means that the green degree of the product will be increased to 𝑒 with the input cost 𝑒2. The 

higher the green promotion level of the product, the higher the cost the retailer has to pay. Let 𝑧2 denotes 

the retailer’s green promotion cost, and 𝑤 denotes the wholesale price per unit paid by the retailer to the 

manufacturer. The retailer's cost function is 𝑤𝐷 + 𝑧2. Referring to the description of social welfare by 

Zhou Yanju [12], this paper assumes that the total government revenue is 𝑆𝑊 = 𝐶𝑆 + 𝜋 − 𝐺𝑆 + 𝑠𝑒𝐷, 

which is composed of consumer surplus 𝐶𝑆, total supply chain profit 𝜋, government subsidy amount 

𝐺𝑆, and the government's preference for product greenness 𝑒𝐷, that is, the total social welfare. When the 

demand is 0, �̌� = 𝑎 + 𝑘(𝑒 + 𝑧), then the consumer surplus is expressed as 𝐶𝑆 = (�̌� − 𝑝)𝐷/2. The total 

profit of the supply chain is the sum of the retailer's profit 𝜋𝑀 and the manufacturer's profit 𝜋𝑅. The 

amount of government subsidies is related to the subsidy coefficient 𝑡. 𝑒𝐷 represents the degree of 

improvement of the environmental quality level. The higher the green degree 𝑒 of the product, the higher 

the degree of environmental improvement. Let 𝐴𝑗
𝑖 denote the variable expressions under each subsidy 

case, where 𝑖 ∈ {𝑀，𝑅} represents the manufacturer and retailer respectively, and 𝑗 ∈ {𝑁，𝑀，𝑅} 

respectively represent three cases: no subsidy, subsidizing manufacturers, and subsidizing retailers. In 

order to simplify and clearly describe the problem, the following assumptions are made. (1) The 

information between the manufacturer and the retailer is completely symmetrical. (2) Considering the 

profit-seeking between manufacturers and retailers, set 𝑝 > 𝑤. (3) Consumers have a preference for 

green products, and this preference should be within a reasonable range based on the actual situation.  

Related symbols and their meanings are shown in Table 1. 
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Table 1: Symbols and description. 

Symbol Description 

𝑤 Wholesale price 

𝑝 Retailer selling price 

𝑚 Retailer margin 

𝑒 Product green degree 

𝑧 Green promotion effort level 

𝑎 Potential market demand 

𝑘 Consumers' preference for green products 

𝑡 Government subsidy coefficient 

3. Model 

3.1. No subsidy (model N) 

When the government does not provide subsidies, the decision-making process is divided into two 

stages. In the first stage, the retailer determines its marginal profit 𝑚 and green promotion effort level 

𝑧. In the second stage, the manufacturer determines its wholesale price 𝑤 and product green degree 𝑒 

by following the retailer's decision. According to the assumption that consumer preference is within a 

reasonable range, let 0 < 𝑘 < √
8

3
. When the government does not subsidize, the profit function and 

social welfare of manufacturers and retailers are shown in equations (1)(2)(3). 

{
𝜋𝑁

𝑀(𝑤𝑁, 𝑒𝑁) = 𝑤𝑀(𝑎 − 𝑚𝑁 − 𝑤𝑁 + 𝑘𝑒𝑁 + 𝑘𝑧𝑁) − 𝑒𝑁
2

𝑠. 𝑡. 𝑒𝑁
∗ > 0, 𝑤𝑁

∗ > 0
                                      (1) 

{
𝜋𝑁

𝑅(𝑚𝑁, 𝑧𝑁) = 𝑚𝑁(𝑎 − 𝑚𝑁 − 𝑤𝑁 + 𝑘𝑒𝑁 + 𝑘𝑧𝑁) − 𝑧𝑁
2

𝑠. 𝑡. 𝑚𝑁
∗ > 0, 𝑧𝑁

∗ > 0
                                      (2) 

𝑆𝑊𝑁 = 𝐶𝑆𝑁 + 𝜋𝑁 − 𝐺𝑆𝑁 + 𝑒𝑁𝐷𝑁                                                        (3) 

Lemma 1. The manufacturer’s best wholesale price is 𝑤𝑁
∗ =

2𝑎

8−3𝑘2 and product green degree is 

𝑒𝑁
∗ =

𝑎𝑘

8−3𝑘2 . The retailer’s optimal profit margin is 𝑚𝑁
∗ =

𝑎(4−𝑘2)

8−3𝑘2  and the green promotion effort 

level is 𝑧𝑁
∗ =

𝑎𝑘

8−3𝑘2 . 

Proposition 1. Substituting Lemma 1 into the price and profit function of the manufacturer and retailer 

as well as the social welfare function, 𝑝𝑁
∗ =

𝑎(6−𝑘2)

8−3𝑘2  , 𝜋𝑁
𝑀 =

𝑎2(4−𝑘2)

(8−3𝑘2)2 , 𝜋𝑁
𝑅 =

𝑎2

8−3𝑘2 , 𝑆𝑊𝑁
∗ =

2𝑎2(7−2𝑘2+𝑘)

(8−3𝑘2)2  is obtained. 

Proposition 2. The optimal solution 𝑤𝑁
∗, 𝑝𝑁

∗, 𝑧𝑁
∗, 𝑒𝑁

∗ and profit function 𝜋𝑁
𝑀∗

, 𝜋𝑁
𝑅∗

, social welfare 

𝑆𝑊𝑁
∗ all increase with consumers' green preference 𝑘. And the positive effects of 𝑘 on the optimal 

product green degree 𝑒𝑁
∗ and the optimal promotion level 𝑧𝑁

∗ are the same. 

Proposition 2 shows that the higher the consumer's green preference, the higher the profits of 

manufacturers and retailers, and the higher the social welfare. The main reason is that consumers' green 

preference improves the green degree of products and the green promotion level, so that the wholesale 

and sales prices are at a high value, leading to increased profits. 

Proposition 3. If 0 < 𝑘 < √
4

3
, then the retailer's optimal profit growth rate will be higher than that of 

the manufacturer; if √
4

3
< 𝑘 < √

8

3
, then the manufacturer's optimal profit growth rate will be higher than 

that of retailers. 

Proposition 3 shows that when consumers have a low green preference, the retailer's profit growth 

rate is higher than that of the manufacturer, and vice versa. Consumers may be divided into low 

preference type and high preference type. According to the analysis of the actual situation, low preference 

consumers are less concerned about the greenness of the product, and they generally make purchase 

decisions directly based on the green promotion of the retailer, instead of taking actively investigating 
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the real situation of the green degree of the product. Hence, the increase in green preference has a greater 

positive impact on retailers, and vice versa. 

3.2. Subsidizing the Manufacturer (model M) 

In this model, the government subsidizes the manufacturer to improve the product green degree, and 

the product subsidy per unit is set as 𝒕𝒆, and the decision-making process is divided into two stages. In 

the first stage, the retailer determines its marginal profit 𝒎 and green promotion effort level 𝒛. In the 

second stage, the manufacturer decides its wholesale price 𝒘 and product green degree 𝒆 by following 

the retailer's decision. According to the assumption that consumer preference is within a reasonable range, 

let 𝟎 < 𝒌 <
√𝟐(𝟏𝟐−𝒕𝟐)−𝟐𝒕

𝟑
. Each decision variable is related to the government subsidy coefficient 𝒕. 

When the government subsidizes the manufacturer, the profit function and social welfare of the 

manufacturer and retailer are shown in equations (4) (5) (6). 

{
𝜋𝑀

𝑀(𝑤𝑀, 𝑒𝑀) = (𝑤𝑀 + 𝑡𝑒𝑀)(𝑎 − 𝑚𝑀 − 𝑤𝑀 + 𝑘𝑒𝑀 + 𝑘𝑧𝑀) − 𝑒𝑀
2

𝑠. 𝑡. 𝑒𝑀
∗ > 0, 𝑤𝑀

∗ > 0
                            (4) 

{
𝜋𝑀

𝑅 (𝑚𝑀, 𝑧𝑀) = 𝑚𝑀(𝑎 − 𝑚𝑀 − 𝑤𝑀 + 𝑘𝑒𝑀 + 𝑘𝑧𝑀) − 𝑧𝑀
2

𝑠. 𝑡. 𝑚𝑀
∗ > 0, 𝑧𝑀

∗ > 0    
                                  (5) 

𝑆𝑊𝑀 = 𝐶𝑆𝑀 + 𝜋𝑀 − 𝐺𝑆𝑀 + 𝑒𝑀𝐷𝑀                                                      (6) 

Lemma 2. The retailer’s optimal selling price is 𝒑𝑴
∗ =

𝒂(𝟐+𝒌(𝟏−𝒕)+𝒕−𝒕𝟐)

𝟖−𝟑𝒌𝟐−𝟒𝒌𝒕−𝟐𝒕𝟐  and green promotion effort 

level is 𝒛𝑴
∗ =

𝒂𝒌

𝟖−𝟑𝒌𝟐−𝟒𝒌𝒕−𝟐𝒕𝟐. The manufacturer’s optimal wholesale price is 𝒘𝑴
∗ =

𝒂(𝟐−𝒌𝒕−𝒕𝟐)

𝟖−𝟑𝒌𝟐−𝟒𝒌𝒕−𝟐𝒕𝟐 and 

product green degree is 𝒆𝑴
∗ =

𝒂(𝒌+𝒕)

𝟖−𝟑𝒌𝟐−𝟒𝒌𝒕−𝟐𝒕𝟐 . Thus, the manufacturer’s profit is 𝝅𝑴
𝑴∗

=

𝒂𝟐(𝟒−𝒌𝟐−𝟐𝒌𝒕−𝒕𝟐)

(𝟖−𝟑𝒌𝟐−𝟒𝒌𝒕−𝟐𝒕𝟐)
𝟐 , the retailer’s profit is 𝝅𝑴

𝑹 ∗
=

𝒂𝟐

𝟖−𝟑𝒌𝟐−𝟒𝒌𝒕−𝟐𝒕𝟐 , and the social welfare is 𝑺𝑾𝑴
∗ =

𝒂𝟐(𝟏𝟒−𝟒𝒌𝟐+𝟐𝒌(𝟏−𝟒𝒕)+𝟐𝒕−𝟓𝒕𝟐)

(𝟖−𝟑𝒌𝟐−𝟒𝒌𝒕−𝟐𝒕𝟐)𝟐 .  

Proposition 4. 𝒆𝑴
∗, 𝒛𝑴

∗, 𝒑𝑴
∗ , 𝒘𝑴

∗, 𝝅𝑴
𝑴∗

, 𝝅𝑴
𝑹 ∗

, 𝑺𝑾𝑴
∗  all increase with the government subsidy 

coefficient 𝒕.  

Proposition 4 shows that with the increase of the government subsidy coefficient, the profits of the 

manufacturer and retailer increase. The main reason is that government subsidies have reduced the costs 

of manufacturers and retailers to some extent, thus making them more willing to improve product green 

degree and green promotion level. Consumers’ preference for greenness makes the wholesale and sales 

prices at a high level, leading to increased profits. In addition, the increase in the government subsidy 

coefficient will lead to an increase in social welfare. 

Proposition 5. 𝒆𝑴
∗, 𝒛𝑴

∗, 𝒑𝑴
∗, 𝝅𝑴

𝑴∗
, 𝝅𝑴

𝑹 ∗
, 𝑺𝑾𝑴

∗  are all increasing functions of consumers’ green 

preferences 𝒌. With the increase of consumers’ green preference 𝒌, 𝒘𝑹
∗ decreases when 𝟎 < 𝒌 <

𝟔−𝟑𝒕𝟐−√𝟑√𝟏𝟐−𝟏𝟐𝒕𝟐+𝒕𝟒

𝟑𝒕
, and increases when 

𝟔−𝟑𝒕𝟐−√𝟑√𝟏𝟐−𝟏𝟐𝒕𝟐+𝒕𝟒

𝟑𝒕
< 𝒌 <

√𝟐𝟒−𝟐𝒕𝟐−𝟐𝒕

𝟑
. 

Proposition 5 shows that the higher the consumer's green preference, the higher the profit, product 

green degree and green promotion level of manufacturers and retailers. It is worth noting that with the 

increase in consumers' green preference, the product price will continue to be improved, but the product 

wholesale prices will decrease first and then increase. In addition, the increase of consumers' green 

preference will lead to the increase of social welfare. 

3.3. Subsidizing the Retailer (model R) 

In this model, the government subsidizes the retailer to improve its green promotion, and the product 

subsidy per unit is set as 𝑡𝑧. The decision-making process is divided into two stages. In the first stage, 

the retailer decides its marginal profit 𝑚 and the green promotion effort level 𝑧. In the second stage, 

the manufacturer decides its wholesale price 𝑤 and product green degree 𝑒 by following the retailer's 

decision. According to the assumption that consumer preference is within a reasonable range, let 0 <

𝑘 <
√2(12−𝑡2)−𝑡

3
. Each decision variable is related to the government subsidy coefficient 𝑡. When the 
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government subsidizes the manufacturer, the profit function and social welfare of the manufacturer and 

retailer are shown in equations (7) (8) (9). 

{
𝜋𝑅

𝑀(𝑤𝑅 , 𝑒𝑅) = 𝑤𝑅(𝑎 − 𝑚𝑅 − 𝑤𝑅 + 𝑘𝑒𝑅 + 𝑘𝑧𝑅) − 𝑒𝑅
2

𝑠. 𝑡. 𝑒𝑅
∗ > 0, 𝑤𝑅

∗ > 0
                                      (7) 

{
𝜋𝑅

𝑅(𝑚𝑅, 𝑧𝑅) = (𝑚𝑅 + 𝑡𝑧𝑅)(𝑎 − 𝑚𝑅 − 𝑤𝑅 + 𝑘𝑒𝑅 + 𝑘𝑧𝑅) − 𝑧𝑅
2

𝑠. 𝑡. 𝑚𝑅
∗ > 0, 𝑧𝑅

∗ > 0    
                            (8) 

𝑆𝑊𝑅 = 𝐶𝑆𝑅 + 𝜋𝑅 − 𝐺𝑆𝑅 + 𝑠𝑒𝑅𝐷𝑅                                                         (9) 

 Lemma 3. The retailer’s optimal selling price is 𝑝𝑅
∗ =

𝑎(6−𝑘2−𝑘𝑡−𝑡2)

8−3𝑘2−2𝑘𝑡−𝑡2  and green promotion effort 

level is 𝑧𝑅
∗ =

𝑎(𝑘+𝑡)

8−3𝑘2−2𝑘𝑡−𝑡2. The manufacturer’s optimal wholesale price is 𝑤𝑅
∗ =

2𝑎

8−3𝑘2−2𝑘𝑡−𝑡2 and 

product green degree is 𝑒𝑅
∗ =

𝑎𝑘

8−3𝑘2−2𝑘𝑡−𝑡2. Thus, the manufacturer’s profit is 𝜋𝑅
𝑀∗

=
𝑎2(4−𝑘2)

(8−3𝑘2−2𝑘𝑡−𝑡2)2, 

the retailer’s profit is 𝜋𝑅
𝑅∗

=
𝑎2

8−3𝑘2−2𝑘𝑡−𝑡2 , and the social welfare is 𝑆𝑊𝑅
∗ =

𝑎2(14−4𝑘2+2𝑘(1−2𝑡)−3𝑡2)

(8−3𝑘2−2𝑘𝑡−𝑡2)2 . 

Proposition 6. 𝑒𝑅
∗, 𝑧𝑅

∗, 𝑝𝑅
∗, 𝑤𝑅

∗, 𝜋𝑅
𝑀∗

, 𝜋𝑅
𝑅∗

, 𝑆𝑊𝑅
∗  all increase with the government subsidy 

coefficient 𝑡. 

Proposition 6 is similar to Proposition 4, indicating that no matter which subsidy strategy the 

government adopts, the increase in the subsidy coefficient will lead to the improvement of social welfare 

and the profits of the two members in the supply chain. 

Proposition 7. 𝑒𝑅
∗, 𝑧𝑅

∗, 𝑝𝑅
∗, 𝑤𝑅

∗, 𝜋𝑅
𝑀∗

, 𝜋𝑅
𝑅∗

, 𝑆𝑊𝑅
∗ increase with consumers’ green preference 𝑘. 

Proposition 7 is similar to the conclusion of Proposition 5. It should be noted that when the 

government adopts the strategy of subsidizing retailers, the increase in consumers’ green preference 𝑘 

will lead to the steady growth of wholesale price 𝑤𝑅
∗, which is different from the conclusion obtained 

in Proposition 5 that the wholesale price first decreases and then increases with 𝑘. 

4. Analyze 

According to the analysis in the previous section, the range of 𝑘  is obtained to be 0 < 𝑘 <
√2(12−𝑡2)−2𝑡

3
 by finding the intersection of all the assumptions. The optimal strategies and profit functions 

of the manufacturer and retailer under the three scenarios are obtained, as shown in Table 2. 

Table 2: Equilibrium solutions and profits of three models. 

Symbol Model N Model M Model R 

𝑤 
2𝑎

8 − 3𝑘2
 

𝑎(2 − 𝑘𝑡 − 𝑡2)

8 − 3𝑘2 − 4𝑘𝑡 − 2𝑡2
 

2𝑎

8 − 3𝑘2 − 2𝑘𝑡 − 𝑡2
 

𝑒 
𝑎𝑘

8 − 3𝑘2
 

𝑎(𝑘 + 𝑡)

8 − 3𝑘2 − 4𝑘𝑡 − 2𝑡2
 

𝑎𝑘

8 − 3𝑘2 − 2𝑘𝑡 − 𝑡2
 

𝑝 
𝑎(6 − 𝑘2)

8 − 3𝑘2
 

𝑎(2 + 𝑘(1 − 𝑡) − 𝑡+𝑡2)

8 − 3𝑘2 − 4𝑘𝑡 − 2𝑡2
 

𝑎(6 − 𝑡2 − 𝑘2 − 𝑘𝑡)

8 − 3𝑘2 − 2𝑘𝑡 − 𝑡2
 

𝑧 
𝑎𝑘

8 − 3𝑘2
 

𝑎𝑘

8 − 3𝑘2 − 4𝑘𝑡 − 2𝑡2
 

𝑎(𝑘 + 𝑡)

8 − 3𝑘2 − 2𝑘𝑡 − 𝑡2
 

𝜋𝑀 
𝑎2(4 − 𝑘2)

(8 − 3𝑘2)2
 

𝑎2(4 − 𝑘2 − 2𝑘𝑡 − 𝑡2)

(8 − 3𝑘2 − 4𝑘𝑡 − 2𝑡2)2
 

𝑎2(4 − 𝑘2)

(8 − 3𝑘2 − 2𝑘𝑡 − 𝑡2)2
 

𝜋𝑅 
𝑎2

8 − 3𝑘2
 

𝑎2

8 − 3𝑘2 − 4𝑘𝑡 − 2𝑡2
 

𝑎2

8 − 3𝑘2 − 2𝑘𝑡 − 𝑡2
 

𝑆𝑊 
2𝑎2(7 − 2𝑘2 + 𝑘)

(8 − 3𝑘2)2
 

𝑎2(14 − 4𝑘2 + 2𝑘(1 − 4𝑡) + 2𝑡 − 5𝑡2)

(8 − 3𝑘2 − 4𝑘𝑡 − 2𝑡2)2
 

𝑎2(14 − 4𝑘2 + 2𝑘(1 − 2𝑡) − 3𝑡2)

(8 − 3𝑘2 − 2𝑘𝑡 − 𝑡2)2
 

Proposition 8. 𝑒𝑀
∗ > 𝑒𝑅

∗ > 𝑒𝑁
∗ . When 0 < 𝑘 <

√160−15𝑡2−5𝑡

10
, then 𝑧𝑅

∗ > 𝑧𝑀
∗ > 𝑧𝑁

∗ ; when 

√160−15𝑡2−5𝑡

10
< 𝑘 <

√2(12−𝑡2)−2𝑡

3
, then we have 𝑧𝑀

∗ > 𝑧𝑅
∗ > 𝑧𝑁

∗. 
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Proposition 8 shows that compared with the scenario where the government does not provide 

subsidies (model N), the optimal product green degree and green promotion level of the two scenarios 

with government subsidies (model M and model R) are improved, indicating that government subsidies 

have a positive effect on the improvement of product green degree and green promotion level. The green 

degree of products is the highest when the government directly subsidizes manufacturers, which shows 

that it is more effective for the government to subsidize manufacturers than to subsidize retailers in 

improving product green degree. When consumers' preference for green products is low, the level of 

green promotion is the highest when subsidizing retailers, and vice versa. 

Proposition 9. 𝜋𝑀
𝑀∗

> 𝜋𝑅
𝑀∗

> 𝜋𝑁
𝑀∗

;  𝜋𝑀
𝑅 ∗

> 𝜋𝑅
𝑅∗

> 𝜋𝑁
𝑅∗

; 𝑆𝑊𝑀
∗ > 𝑆𝑊𝑅

∗ > 𝑆𝑊𝑁
∗; When 0 < 𝑘 <

1−𝑡

2
, 𝑆𝑊̅̅̅̅

�̅�
∗ > 𝑆𝑊̅̅̅̅

�̅�
∗; When 

1−𝑡

2
< 𝑘 <

√2(12−𝑡2)−2𝑡

3
, 𝑆𝑊̅̅̅̅

�̅�
∗ < 𝑆𝑊̅̅̅̅

�̅�
∗. 

Proposition 9 indicates that when the government provides subsidies, social welfare and the profits 

of manufacturers and retailers have a certain increase. And the government’s strategy of subsidizing 

manufacturers will make social welfare as well as the profits of manufacturers and retailers higher. 

Therefore, it is obvious that the strategy of subsidizing manufacturers is better. When the consumers’ 

preference is low, the unit subsidy gain of social welfare is greater when subsidizing the manufacturer 

than subsidizing the retailer. 

Proposition 10. The relationship between 𝑤∗, 𝑝∗ and 𝑘 under the three subsidy strategies is shown 

in Figure 1-2. 

 

Figure 1: Optimal Strategy 𝑤∗(𝑎 = 1, 𝑡 = 0.9) 

Figure 1-2 show that 𝑤𝑅
∗ > 𝑤𝑁

∗, that is, the wholesale price of products when subsidizing retailers 

is always greater than that with no subsidy. As 𝑘 increases, 𝑤𝑀
∗ surpasses 𝑤𝑁

∗ and 𝑤𝑅
∗ in turn. 

This indicates that when consumers' preference for green products is beyond a certain level, the wholesale 

price in model M will be higher than that of model R and model N, and the wholesale price decided by 

subsidized manufacturers has the highest growth rate at this point. 

 
Figure 2: Optimal Strategy 𝑝∗(𝑎 = 1, 𝑡 = 0.9) 

When 𝑘 is low, 𝑝𝑁
∗ > 𝑝𝑅

∗ > 𝑝𝑀
∗; when 𝑘 is at the middle level, 𝑝𝑅

∗ > 𝑝𝑁
∗ > 𝑝𝑀

∗; when 𝑘 is 

high, 𝑝𝑀
∗ > 𝑝𝑅

∗ > 𝑝𝑁
∗. It shows that if consumers have a low preference for green products, the price 

of products is the highest when government does not provide subsidy; when the preference is at an 

intermediate level, the product price is the highest when the retailer is subsidized; and if the preference 
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is strong, the product price is the highest when the manufacturer is subsidized. 

5. Conclusion 

This paper discusses the optimal strategy and social welfare benefits of the supply chain in a retail-

dominated market environment under three subsidy policies: no government subsidy, subsidizing 

manufacturers, and subsidizing retailers. Results show that when the government provides subsidies, the 

social welfare and the profits of manufacturers and retailers, as well as their optimal product green degree 

and green promotion level, will all increase to a certain extent. And the government’s strategy of subsidizing 

manufacturers will lead to greener products, higher social welfare and profits of manufacturers and retailers. 

Thus, the strategy of subsidizing manufacturers is shown to be better through comprehensive analysis. 

When consumers' preference for green products is low, the green promotion level is higher when subsidizing 

retailers, but the unit subsidy gain of social welfare is greater when subsidizing manufacturers. The situation 

of joint subsidies for manufacturers and retailers can be further explored in the future. 
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Appendix Proofs of Propositions, Lemmas 

Since the proof methods of the Proposition and Lemma of the three models are similar, the appendix 

only shows the proof of model N & model M, and the proof of Proposition 6, 7 in model R is omitted. 

Proof of Lemma 1&Proposition 1. The Hessian matrix of 𝜋𝑁
𝑀(𝑤𝑁, 𝑒𝑁) is obtained to be [

−2 𝑘
𝑘 −2

]. 

According to the hypothesis 0 < 𝑘 < √
8

3
, the Hessian matrix is proven to be negative definite, indicating 

that the manufacturer's profit 𝜋𝑁
𝑀(𝑤𝑁, 𝑒𝑁) is a concave function of the wholesale price 𝑤𝑁  and the 

product green degree 𝑒𝑁, so there is a unique maximum point. Let the first-order conditions equal to 0, 

according to the backward induction method, we can obtain 𝑒𝑁
∗ =

𝑎𝑘

8−3𝑘2 , 𝑤𝑁
∗ =

2𝑎

8−3𝑘2, According to 

the hypothesis 0 < 𝑘 < √
8

3
, we can know that 𝑒𝑁

∗, 𝑤𝑁
∗ > 0, which conforms to the assumptions above. 
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Substituting 𝑒𝑁
∗, 𝑤𝑁

∗  into the retailer's profit function 𝜋𝑁
𝑅(𝑚𝑁, 𝑧𝑁) , we obtain the Hessian matrix: 

[

4

−4+𝑘2 −
2𝑘

−4+𝑘2

−
2𝑘

−4+𝑘2 −2
] . According to the hypothesis 0 < 𝑘 < √

8

3
, the Hessian matrix is proven to be 

negative definite, indicating that the retailer's profit is a concave function of 𝑚𝑁, 𝑧𝑁, and there is a unique 

maximum point. Let the first-order conditions equal to 0, according to the backward induction method, 

we can obtain 𝑚𝑁
∗ =

𝑎(4−𝑘2)

8−3𝑘2 , 𝑧𝑁
∗ =

𝑎𝑘

8−3𝑘2. According to the hypothesis 0 < 𝑘 < √
8

3
, we can know 

𝑚𝑁
∗, 𝑧𝑁

∗ > 0, which conforms to the assumptions above. Thus, lemma 1 is proved. Substituting the 

𝑒𝑁
∗, 𝑤𝑁

∗, 𝑚𝑁
∗𝑧𝑁

∗  obtained by Lemma 1 into the social welfare and the profit function of the 

manufacturer and retailer, Proposition 1 can be obtained. 

Proof of Proposition 2. According to the hypothesis 0 < 𝑘 < √
8

3
, it can be obtained: 

∂𝑤𝑁
∗

∂𝑘
=

12𝑎𝑘

(8−3𝑘2)2 > 0,
∂𝑒𝑁

∗

∂𝑘
=

∂𝑧𝑁
∗

∂𝑘
=

𝑎(8+3𝑘2)

(8−3𝑘2)2 > 0,
∂𝑝𝑁

∗

∂𝑘
=

20𝑎𝑘

(8−3𝑘2)2 > 0,
∂𝜋𝑁

𝑅 ∗

∂𝑘
=

6𝑎2𝑘

(8−3𝑘2)2 > 0,
∂𝜋𝑁

𝑀∗

∂𝑘
=

2𝑎2𝑘(3𝑘2−16)

(3𝑘2−8)3 > 0,
∂𝑆𝑊𝑁

∗

∂𝑘
=

2𝑎2(12𝑘3−52𝑘−8𝑠−9𝑘2𝑠)

(−8+3𝑘2)3 > 0. 

Proof of Proposition 3. According to Proposition 2, when 
∂𝜋𝑁

𝑀∗

∂𝑘
>

∂𝜋𝑁
𝑅 ∗

∂𝑘
, we can obtain the range of 𝑘: 

√
4

3
< 𝑘 < √

8

3
 , and vice versa. 

Proof of Proposition 4. According to Lemma 2, it can be obtained that 
∂𝑝𝑀

∗

∂𝑡
=

𝑎(3𝑘3+2(−2+𝑡)2+2𝑘𝑡(2+𝑡)+𝑘2(1+6𝑡))

(8−3𝑘2−4𝑘𝑡−2𝑡2)2 ,
∂𝑧𝑀

∗

∂𝑡
=

4𝑎𝑘(𝑘+𝑡)

(8−3𝑘2−4𝑘𝑡−2𝑡2)2 ,
∂𝑤𝑅

∗

∂𝑡
=

𝑎(3𝑘3−8𝑡+6𝑘2𝑡+2𝑘𝑡2)

(8−3𝑘2−4𝑘𝑡−2𝑡2)2 ,
∂𝑒𝑀

∗

∂𝑡
=

𝑎(8+𝑘2+4𝑘𝑡+2𝑡2)

(8−3𝑘2−4𝑘𝑡−2𝑡2)2 ,
∂𝜋𝑀

𝑀∗

∂𝑡
=

2𝑎2(𝑘+𝑡)(−8+𝑘2+4𝑘𝑡+2𝑡2)

(8−3𝑘2−4𝑘𝑡−2𝑡2)3 ,
∂𝜋𝑀

𝑅 ∗

∂𝑡
=

4𝑎2(𝑘+𝑡)

(8−3𝑘2−4𝑘𝑡−2𝑡2)2 ,
∂𝑆𝑊𝑀

∗

∂𝑡
=

2𝑎2(−8+4𝑘3+2𝑡(1+𝑡)(−8+5𝑡)+𝑘2(−5+17𝑡)+12𝑘(−2+𝑡(−1+2𝑡)))

(8−3𝑘2−4𝑘𝑡−2𝑡2)3 . According to the condition 0 < 𝑘 <

√2(12−𝑡2)−2𝑡

3
, it is derived that 

∂𝑝𝑀
∗

∂𝑡
> 0,

∂𝑒𝑀
∗

∂𝑡
> 0,

∂𝑧𝑀
∗

∂𝑡
> 0,

∂𝑤𝑀
∗

∂𝑡
> 0,

∂𝜋𝑀
𝑀∗

∂𝑡
> 0,

∂𝜋𝑀
𝑅 ∗

∂𝑡
> 0,

∂𝑆𝑊𝑀
∗

∂𝑡
> 0. 

Proof of Proposition 5. According to Lemma 2, we can obtain  
∂𝑝𝑀

∗

∂𝑘
=

𝑎(3𝑘3+2(−2+𝑡)2+2𝑘𝑡(2+𝑡)+𝑘2(1+6𝑡))

(−8+3𝑘2+4𝑘𝑡+2𝑡2)2 ,
∂𝑒𝑀

∗

∂𝑘
=

𝑎(8+3𝑘2+6𝑘𝑡+2𝑡2)

(−8+3𝑘2+4𝑘𝑡+2𝑡2)2 ,
∂𝑤𝑀

∗

∂𝑘
=

𝑎(6𝑘(2−𝑡2)−3𝑘2𝑡−2𝑡3)

(−8+3𝑘2+4𝑘𝑡+2𝑡2)2 ,
∂𝑧𝑀

∗

∂𝑘
=

𝑎(8+3𝑘2−2𝑡2)

(−8+3𝑘2+4𝑘𝑡+2𝑡2)2 ,
∂𝜋𝑀

𝑀∗

∂𝑘
=

2𝑎2(3𝑘3+9𝑘2𝑡+2𝑡(−4+𝑡2)+8𝑘(−2+𝑡2))

(−8+3𝑘2+4𝑘𝑡+2𝑡2)3 ,
∂𝜋𝑀

𝑅 ∗

∂𝑘
=

2𝑎2(3𝑘+2𝑡)

(−8+3𝑘2+4𝑘𝑡+2𝑡2)2 ,
∂𝑆𝑊𝑀

∗

∂𝑘
=

2𝑎2(−8+12𝑘3+9𝑘2(−1+4𝑡)+6𝑡(−4+𝑡(−1+2𝑡))+2𝑘(−26+𝑡(−8+19𝑡)))

(−8+3𝑘2+4𝑘𝑡+2𝑡2)3 . According to the condition 0 < 𝑘 <

√2(12−𝑡2)−2𝑡

3
, it is derived that 

∂𝑝𝑀
∗

∂𝑘
> 0,

∂𝑒𝑀
∗

∂𝑘
> 0,

∂𝑧𝑀
∗

∂𝑘
> 0,

∂𝜋𝑀
𝑀∗

∂𝑘
> 0,

∂𝜋𝑀
𝑅 ∗

∂𝑘
> 0,

∂𝑆𝑊𝑀
∗

∂𝑘
> 0. Finding the 

range of 𝑘 according to the condition 
∂𝑤𝑅

∗

∂𝑘
> 0, we obtain the monotonicity of 𝑤𝑅

∗ with respect to 𝑘. 

Proof of Proposition 8. Let ∇𝑒1
∗ =

𝑒𝑀
∗

𝑒𝑅
∗ , ∇𝑧1

∗ =
𝑧𝑀

∗

𝑧𝑅
∗ , then we have ∇𝑒1

∗ =
(𝑘+𝑡)(−8+3𝑘2+2𝑘𝑡+𝑡2)

𝑘(−8+3𝑘2+4𝑘𝑡+2𝑡2)
, ∇𝑧1

∗ =

𝑘(−8+3𝑘2+2𝑘𝑡+𝑡2)

(𝑘+𝑡)(−8+3𝑘2+4𝑘𝑡+2𝑡2)
. According to known conditions 0 < 𝑘 <

√2(12−𝑡2)−2𝑡

3
 and 0 < 𝑡 < 1, we can 

obtain ∇𝑒1
∗ > 1 . When 0 < 𝑘 <

√160−15𝑡2−5𝑡

10
, ∇𝑧1

∗ < 1  and 𝑧𝑅
∗ > 𝑧𝑀

∗ ; when 
√160−15𝑡2−5𝑡

10
< 𝑘 <

√2(12−𝑡2)−2𝑡

3
, ∇𝑧1

∗ > 1 and 𝑧𝑀
∗ > 𝑧𝑅

∗. 

Proof of Proposition 9. Suppose 𝑆𝑊̅̅̅̅
�̅�
∗ =

𝑆𝑊𝑀
∗

𝐺𝑆𝑀
∗ , 𝑆𝑊̅̅̅̅

�̅�
∗ =

𝑆𝑊𝑅
∗

𝐺𝑆𝑅
∗ , we can obtain that when 0 < 𝑘 <

1−𝑡

2
, 

𝑆𝑊̅̅̅̅
�̅�
∗ > 𝑆𝑊̅̅̅̅

�̅�
∗, and when 

1−𝑡

2
< 𝑘 <

√2(12−𝑡2)−2𝑡

3
, 𝑆𝑊̅̅̅̅

�̅�
∗ < 𝑆𝑊̅̅̅̅

�̅�
∗. 


