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Abstract 22 

We study the pricing strategies of supply chains of green products under behaviour-based 23 

pricing. Considering consumer preferences for green product functional attributes and 24 

environmental attributes, we construct a two-stage supply chain. The optimal behaviour pricing 25 

of green products is solved, and the effects of green sensitivity and the cost coefficient on the 26 

optimal price are analysed. We find that when consumers are less sensitive to the greenness, with 27 

the increase in the market share of green products, green product retailers will increase the 28 

loyalty price. An increase in greenness sensitivity and a decrease in the greenness cost coefficient 29 

will increase the wholesale prices and retail prices of green products. Consumer attention to the 30 

greenness and a decrease in the initial market share of green products will be conducive to 31 

promoting the greenness and improving the environment. Consumers' emphasis on the greenness 32 

of their products will lead to higher profits for the manufacturers and retailers of green products.  33 

 34 

Keywords: Behaviour-based pricing (BBP); Green product supply chain (GPSC); Green degree 35 

36 
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1 Introduction 37 

Green products are generally regarded as environmentally friendly, resource-saving, healthy and 38 

harmless. In both developed and developing countries, the concept of green product consumption 39 

has become increasingly popular, the supply of green products has been expanding, and the scale 40 

of green consumption has continued to grow (Giri et al., 2019). According to the 2019 Tmall 41 

double 11 green consumption reports, the number of green consumers in Tmall in 2018-2019 42 

exceeded 380 million, 5.8 times the year-on-year growth in 2015. However, there is still a large 43 

gap compared with the monthly active users (more than 600 million) on the platform. Therefore, 44 

we can foresee that in the future, green and nongreen products will coexist in the market with 45 

increasingly strong competition between them. 46 

Consumers' preference for green products is influenced by environmental awareness, 47 

consumer trust, age, location, educational level, information source and many other factors. In 48 

recent years, despite the continuous growth in green consumption, some factors, such as the 49 

green consumption awareness of consumers (Zhu and He, 2017), the insufficient supply and 50 

demand of green products, the unregulated green market (Nuttavuthisit and Thøgersen, 2017), 51 

and the high price of green products (Rahmani and Yavari, 2019), have inhibited consumers' 52 

willingness to consume green products again (Mahenc, 2017). Therefore, in this research, we 53 

assume that consumers who have purchased green products may turn to buying nongreen 54 

products in their later consumption, while consumers who have purchased nongreen products 55 

may also turn to buying green products due to their psychological benefits, novelty, and other 56 

factors (Lin and Huang, 2012). 57 

In the big data era, enterprises can have both online and offline sales channels such as 58 

mobile devices, mobile applications, cookies, information systems and a series of information 59 
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technologies to obtain and record a substantial amount of customer information and use it to 60 

implement differential pricing for loyal and new customers (Rhee and Thomadsen, 2017). For 61 

example, when consumers log on to the shopping website or app of Amazon or JD, they may be 62 

surprised to find that such Internet sellers show them commodities preferred by consumers 63 

according to their purchase information and web-browsing records and that these sellers can 64 

identify whether consumers have ever purchased such commodities before (Wang and Ng, 2018). 65 

Currently, BBP and customer identification are used in many fields, such as commodity sales, 66 

telecommunications services, and travel and housekeeping services. 67 

Therefore, when green and nongreen products compete in the market, especially when 68 

selling products through the Internet, an increasing number of enterprises adopt BBP for new and 69 

old customers. Table 1 presents actual cases of BBP with respect to green products on the 70 

Alibaba platform in 2020. And past evidence has proven that enterprises can increase profits by 71 

using big data to implement BBP. For example, Netflix's profit increased 11.4% after using 72 

differentiated pricing compared with pricing based only on customer display graphics (Shiller, 73 

2014). Therefore, we will discuss the application of BBP in GPSCs in this paper. 74 

Most of the previous literature on GPSC pricing seldom applied behavioural pricing 75 

(Jamali and Rasti-Barzoki, 2018; Sana, 2020), and the advantages of BBP and its successful 76 

practices in other fields provide new ideas for the study of this paper. Some previous research 77 

focused on the combination of BBP and organic product pricing strategies (Liu et al., 2019, 78 

2020), but the model is designed to include only the retailers of the products. They did not 79 

explore the influence of the green product initial market share and green degree sensitivity 80 

coefficient on green product manufacturers' wholesale pricing, green degree decision and profit 81 

after the implementation of BBP in the retail segment. The influence of the green sensitivity 82 
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coefficient and green cost coefficient on BBP, profit and the environment on the GPSC have not 83 

been discussed. In this article, we answer the following questions: 84 

(1) Given the different initial market shares of green products, how does sensitivity to 85 

greenness affect the choice of BBP for green product supply chains? 86 

(2) What are the effects of the initial market shares of green products, sensitivity 87 

coefficients of greenness, and cost coefficients of greenness on wholesale and retail 88 

pricing, greenness, environment, and profits of enterprises in the GPSC? 89 

The rest of the paper proceeds as follows. After the introduction, we give a literature 90 

review. In Section 3, we discuss the assumptions and the problem description of this paper. In 91 

Section 4, solutions to the problem are shown, and the applicable conditions for using BBP are 92 

analysed. Section 5 conducts parametric sensitivity analysis. Section 6 is the numerical 93 

simulation analysis. In Section 7, conclusions and future research suggestions are offered. 94 

 95 

2 Literature review 96 

This work is related to two aspects of literature. The first is the literature on the pricing of green 97 

products. Considering environmental protection, an increasing number of green products are 98 

being produced and marketed. Scholars have researched how these green products compete with 99 

nongreen products. The research questions involve the supply chain channels (the traditional 100 

retail channel and the e-commerce channel), the supply chain structure (decentralized, 101 

centralized and cooperative), the competition type (price competition, green quality competition, 102 

sales effort and advertising investment), consumer environmental awareness (Zhang et al., 2015), 103 

the cost of product greenness (Li et al., 2016) and other factors affecting the pricing and related 104 

decisions of the two types of products in the supply chain (Jian et al., 2019). Stackelberg and 105 
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Nash equilibrium models are mainly used in the analysis. Jamali and Rasti-Barzoki (2018) 106 

studied the pricing problem in the competition between green and nongreen product supply 107 

chains under a dual-channel supply chain consisting of retail and the Internet. Ranjan and Jha 108 

(2019) studied pricing strategies under three different scenarios and realized channel 109 

coordination through surplus profit sharing. Basiri and Heydari (2017) added the consumer price, 110 

green quality of products and retailers' sales efforts to the demand function and analysed the 111 

coordination of green channels in a two-stage supply chain by simulating and comparing three 112 

scenarios. Furthermore, Heydari et al. (2019) studied the optimal decision of a three-tier dual-113 

channel green supply chain and proposed a mathematical programming model developed to 114 

achieve coordination. Liu and Yi (2017) used game theory to analyse the trend of green product 115 

prices with greenness and target advertising input and discussed the pricing strategy of green 116 

supply chains in the context of big data. Rahmani and Yavari (2019) considered the pricing and 117 

greenness decision of the green dual-channel supply chain after joining the interrupted demand. 118 

However, the above research focused on the pricing of green products without BBP 119 

implementation, ignoring the fact that when an increasing number of enterprises can identify 120 

their loyal customers, they may use and are willing to use information about consumers' purchase 121 

history to provide consumers with different prices or products (Li and Jain, 2016). In recent 122 

years, scholars have conducted a considerable amount of research on BBP (references to 123 

Fudenberg and Villas-Boas, 2006, 2012). These studies have involved questions such as whether 124 

the model is dynamic or static (Fudenberg and Tirole, 2000; Shaffer and Zhang, 1995), whether 125 

competition is the third degree of price discrimination or personalized pricing (Jing, 2017; Rhee 126 

and Thomadsen, 2017; Zhang, 2011), and whether BBP harms or improves company profitability 127 

(Jing, 2017; Li and Jain, 2016). For example, Li and Jain (2016) analyse the influence of 128 
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consumer concerns on the enterprise behaviour pricing strategy, finding that the profit obtained 129 

by enterprises from BBP increased with consumer concerns for fairness but reduced consumer 130 

surplus and improved social welfare. Rhee and Thomadsen (2017) studied BBP in a vertical 131 

differentiation model. Choe et al. (2017) proposed a dynamic competition model between two 132 

companies to study the impact of differentiated prices on prices and profits throughout the sales 133 

cycle. Jing (2017) studied how behaviour-based price discrimination (BBPD) affects the 134 

endogenous quality differences and profits of enterprises in a two-stage vertical duopoly. The 135 

BBP model constructed by Colombo (2018) considers the personality characteristics of 136 

consumers. Liu et al. (2019) discussed the impact of government subsidies on the production cost 137 

of organic agricultural products on the behavioural pricing and profits of enterprises when 138 

conducting BBP on organic and ordinary agricultural product producers. Furthermore, Xu et al. 139 

(2020) added consumptive habits data based on BBP to distinguish old and new consumers and 140 

high-cost and low-cost consumers, and they studied how BBP and consumer cost-based pricing 141 

(CCP) affect the price, market share and profit of channel members. 142 

In contrast to the above studies, this study considers a two-stage supply chain consisting 143 

of two manufacturers (a local nongreen product manufacturer and a nonlocal green product 144 

manufacturer) and a green product retailer selling the two products of different greenness. This 145 

paper combines BBP with the pricing strategy of GPSC. It analyses the applicable conditions to 146 

realize BBP equilibrium of GPSC as well as the influence of market share and various 147 

parameters on the pricing, greenness, environment, and profit of green products after using BBP. 148 

Therefore, the main contributions of this paper are as follows. 149 

 Extending the single attribute utility function in the previous BBP model. The 150 

utility function of green products bought by consumers is considered based on 151 
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two aspects—product functional and environmental quality attributes. 152 

 We discuss the pricing and green degree decisions of green product manufacturers 153 

in the implementation of BBP and explore the change in BBP of green product 154 

retail with related parameters by adding green product manufacturers into the 155 

BBP model. 156 

 The influence of market share, the sensitivity coefficient of product greenness and 157 

the cost coefficient of greenness on BBP, as well as greenness, the impact of the 158 

environment and the profits of the GPSC, are analysed. 159 

 160 

3 Problem definition and hypothesis 161 

 162 

3.1 Parameters and variables 163 

In this section, we will first define the symbols used in the paper, as shown in Table 2. 164 

 165 

3.2 Problem definition and Assumptions 166 

This paper considers a two-stage supply chain composed of a local nongreen product 167 

manufacturer, a nonlocal green product manufacturer and a green product retailer, with M for the 168 

manufacturer and R for the retailer. The main framework of the supply chain is shown in Fig.1. 169 

Suppose that two types of manufacturers produce two kinds of different degrees of products with 170 

brand differences: a green product (𝑔) and a nongreen product (b). Non-green product 171 

manufacturers are located locally and produce and sell their own products. Since the 172 

requirements and complexity of green product production and sales are higher than those of 173 

nongreen products, we assumed that the production and sales of green products are separated, 174 
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with green product retailers placing orders with green product manufacturers. 175 

Considering that there are multiple periods throughout the sales cycle, consumers' 176 

purchasing behaviours will change in different periods due to price, environmental preferences, 177 

diversified needs, and novelty-seeking. For convenience of analysis, the whole sales cycle is 178 

standardized into two periods (𝑡 = 0,1). As green manufacturers dominate the supply chain, 179 

before period 𝑡 (𝑡 = 0,1), green product manufacturers first determine green products' wholesale 180 

price and greenness. Since the manufacturers themselves produce and sell nongreen products, 181 

there is no wholesale price. We assume that consumers in each period will not choose either 182 

green or nongreen products of the same category. 183 

The order of the two-period game is as follows: In period 𝑡 = 0, the two types of 184 

products are in competition to obtain the corresponding market share, and the green product 185 

market share is 𝑥0. Purchase histories are public information. Let ℎ(𝑥): [0,1] → {𝑔, 𝑏} describe 186 

the purchase history of each consumer 𝑥, 𝑥 ∈ (0,1); ℎ(𝑥) = 𝑔 imply that consumer 𝑥 purchased 187 

green products in period 𝑡 = 0, while ℎ(𝑥) =b denotes that consumer 𝑥 purchased nongreen 188 

products in period 𝑡 = 0. In period 𝑡 = 1, consumers seek a diversification of purchases, and 189 

green product retailers and nongreen product manufacturers price the two products differently 190 

according to purchase histories. Meanwhile, green product retailers purchase products from their 191 

manufacturers according to market demand 𝑞𝑔 and wholesale price 𝑤𝑔. 192 

 193 

Assumption 1. Product attributes 194 

Following Wang and Hazen (2016), Bansal and Gangopadhyay (2003), we assume that green 195 

products and nongreen products have two attributes. The first is the functional attribute of the 196 

product, denoted by 𝑈. The second is the environmental quality attribute of the product. It is 197 
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assumed that the initial environmental impact of the product is D. Green product manufacturers 198 

will take certain measures to make their green products environmentally friendly. The greenness 199 

of green products is represented by 𝜃, where 𝜃 ∈ [0, 𝐷], and the environmental pollution caused 200 

by the production and consumption of green products is reduced to 𝐷 − 𝜃. 201 

 202 

Assumption 2. Consumer utility 203 

Considering that there are multiple periods in the sales cycle and that the purchase behaviour of 204 

consumers in period 𝑡 = 1 will be affected by the price, the environment and other factors, 205 

following Rhee and Thomadsen (2017), Jamali and Rasti-Barzoki (2018)) and their research on 206 

consumer utilities, it is assumed that in period 𝑡 = 1, the utility of green product consumers will 207 

be influenced by retail price, greenness and transportation cost. Therefore, in period 𝑡 = 1, the 208 

utility function for consumers who purchase green products is U(𝑥)＝𝑈 − 𝑔𝑖 − 𝜏𝑥 + 𝛾𝜃, while 209 

the utility function for consumers who purchase nongreen products is U(𝑥)＝𝑈 − 𝑏𝑖 − 𝜏(1 − 𝑥). 210 

 211 

Assumption 3.𝑪𝒈(𝜽) = 𝝁 𝜽𝟐𝟐  212 

Compared with the production of nongreen products, green product manufacturers will invest 213 

more in the greenness of their products. For convenience of research, this paper mainly considers 214 

the cost of green product manufacturers in terms of greenness. Therefore, suppose that the cost of 215 

green products is 𝐶𝑔(𝜃) = 𝜇 𝜃22  and that the production cost of nongreen products is 0 (Jamali 216 

and Rasti-Barzoki, 2018; Li et al., 2016). 217 

 218 

Assumption 4.𝒈𝒊 > 𝒘𝒈, 𝒘𝒈𝒒𝒈 > 𝑪𝒈𝒃𝒊 > 𝟎 219 
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In period 𝑡 = 1, green retailers must price (loyalty price and poaching price) higher than the 220 

wholesale price of green products because the profit of green product retailers must be positive. 221 

Meanwhile, the revenue of wholesale sales of green products should be greater than the 222 

production cost of green products to ensure that the profit of wholesalers of green products is 223 

positive. In addition, to ensure that nongreen product manufacturers do not lose money, the retail 224 

price of nongreen products (loyalty price and poaching price) must be greater than 0 (Jamali and 225 

Rasti-Barzoki, 2018; Li et al., 2016). 226 

 227 

3.3 The demand functions 228 

Based on the above hypotheses, the utility of consumer x in period 𝑡 = 1 can be defined as 229 

follows: 230 

U(ｘ)＝
{   
   Ｕ− 𝑔𝑜 − 𝜏𝑥 + 𝛾𝜃,  if ℎ(𝑥) = 𝑔 𝑎𝑛𝑑 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑠 𝑡𝑜 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑔

Ｕ− 𝑏𝑛 − 𝜏(1 − 𝑥),             if ℎ(𝑥) = 𝑔 𝑎𝑛𝑑 𝑛𝑜𝑤 𝑠𝑤𝑖𝑡𝑐ℎ𝑒𝑠 𝑡𝑜 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑏
Ｕ − 𝑏𝑜 − 𝜏(1 − 𝑥),   if ℎ(𝑥) = 𝑏 and 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑠 𝑡𝑜 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑏
Ｕ− 𝑔𝑛 − 𝜏𝑥 + 𝛾𝜃,                if ℎ(𝑥) = 𝑏 𝑎𝑛𝑑 𝑛𝑜𝑤 𝑠𝑤𝑖𝑡𝑐ℎ𝑒𝑠 𝑡𝑜 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑔

 231 

For consumers who purchase green productg in period 𝑡 = 0, in period 𝑡 = 1, due to the 232 

influence of price and other factors, they may turn to buying nongreen products. Let 𝑥1𝑔 be given. 233 

Consumers indexed by 𝑥 ≤ 𝑥1𝑔 still consume green products in period 𝑡 = 1 and enjoy loyalty 234 

prices. Consumers indexed by 𝑥 > 𝑥1𝑔, who have bought green products before, switch to 235 product 𝑏 in period 𝑡 = 1. Therefore, 𝑥1𝑔 must satisfy 𝑈 − 𝑔𝑜 − 𝜏𝑥 + 𝛾𝜃 = 𝑈 − 𝑏𝑛 − 𝜏(1 − 𝑥), 236 

as shown in Fig.2. Similarly, 𝑥1𝑏 must satisfy 𝑈 − 𝑏𝑜 − 𝜏(1 − 𝑥) = 𝑈 − 𝑔𝑛 − 𝜏𝑥 + 𝛾𝜃. 237 𝑥1𝑔＝12＋+ 𝛾𝜃2𝜏＋ 𝑏𝑛−𝑔𝑜2𝜏          (1) 238 

𝑥1𝑏 = 12＋+ 𝛾𝜃2𝜏 ＋ 𝑏𝑜−𝑔𝑛2𝜏          (2) 239 
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 240 

4 Model and equilibrium results 241 

The decision variables of nongreen product manufacturers are the loyalty price and poaching 242 

price of nongreen products; the decision variables of green product manufacturers are the 243 

greenness and wholesale price of green products; and the decision variables of green product 244 

retailers are the loyalty price and poaching price of green products. According to the supply 245 

chain structure in Fig.1, the following is the profit function of each member in the supply chain: 246 

The profit of the nongreen product manufacturer (𝑀𝑏) is as follows: 247 𝜋𝑀𝑏(𝑏𝑛, 𝑏𝑜) = 𝑏𝑛(𝑥0 − 𝑥1𝑔)+𝑏𝑜(1 − 𝑥1𝑏)       (3) 248 

The profit of the green product manufacturer (𝑀𝑔) is as follows: 249 

𝜋𝑀𝑔(𝑤𝑔, 𝜃) = 𝑤𝑔(𝑥1𝑔 + 𝑥1𝑏 − 𝑥0) − 𝜇 𝜃22        (4) 250 

The profit of the green product retailer (𝑅𝑔) is as follows: 251 𝜋𝑅𝑔(𝑔𝑛, 𝑔𝑜) = (𝑔𝑜 − 𝑤𝑔)𝑥1𝑔 + (𝑔𝑛 − 𝑤𝑔)(𝑥1𝑏 − 𝑥0)     (5) 252 

By using the reverse solution method to solve the problem, the equilibrium results under 253 

enterprise profit maximization are obtained and are presented in Table 3. The relevant solution 254 

process is shown in Appendix A. 255 

The total environmental impact of two types of products: 256 𝐸∗ = 𝐸𝑔 + 𝐸𝑏 = (𝐷 − 𝜃)(𝑥1𝑔 + 𝑥1𝑏 − 𝑥0) + 𝐷(1 − 𝑥1𝑏 + 𝑥0 − 𝑥1𝑔)= 𝐷 − 𝜃(𝑥1𝑔 + 𝑥1𝑏 − 𝑥0) 257 

= 64𝐷𝜇2𝜏2−16𝐷𝜇𝛾2𝜏−𝜇𝛾𝜏2𝑥02+4𝜇𝛾𝜏2𝑥0−4𝜇𝛾𝜏2+𝐷𝛾4(8𝜇𝜏−𝛾2)2   258 

Lemma 1 To ensure the effectiveness of the equilibrium solution, the range of the 259 

sensitivity coefficient of the greenness is as follows: 260 

1) When 𝑥0 ∈ (0, 47],0 < 𝛾 < √ 44𝜇𝜏𝑥0(5𝑥0+1); 261 
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2) When 𝑥0 ∈ (47 , 35),√4𝜇𝜏(4−7𝑥0)(1−3𝑥0) < 𝛾 < √ 44𝜇𝜏𝑥0(5𝑥0+1); 262 

3) When 𝑥0 ∈ [35 , 1),√4𝜇𝜏(4−7𝑥0)(1−3𝑥0) < 𝛾 < √12𝜇𝜏(4−3𝑥0)(7−5𝑥0) . 263 

Proof: See Appendix A. 264 

Lemma 1 indicates that for different initial market shares of green products, the 265 

consumers' greenness sensitivity will have an impact on whether enterprises in the GPSC choose 266 

BBP. The balance of BBP in GPSC exists only when the consumer's green sensitivity is in a 267 

reasonable range. 268 

 269 

5 Equalization results analysis 270 

In this section, the influence of some parameters on the price, profit, environment, and greenness 271 

of green products in the supply chain in the case of BBP is investigated. 272 

 273 

5.1 Effect of the initial market share of green products on pricing, greenness and environment 274 

Theorem 1 As the initial market share of green products increases, when consumers' green 275 

sensitivity is relatively low (𝛾 < 2√𝜇𝜏), green product retailers will increase the loyalty price of 276 

green products. When consumers' green sensitivity is relatively high (2√𝜇𝜏 < 𝛾 < √8𝜇𝜏), green 277 

retailers will lower the loyalty price of green products. 278 

Proof: Take the first derivative of the green product with respect to parameter 𝑥0: 279 

𝑑𝑔𝑜∗𝑑𝑥0 = 𝜏(−3𝛾2+12𝜇𝜏)−2𝛾2+16𝜇𝜏 , such that 8𝜇𝜏 > 𝛾2; thus, when 4𝜇𝜏 > 𝛾2, 𝑑𝑔𝑜∗𝑑𝑥0 > 0; additionally, when 280 

4𝜇𝜏 < 𝛾2 < 8𝜇𝜏, 𝑑𝑔𝑜∗𝑑𝑥0 < 0. Theorem 1 is proved. 281 

Theorem 1 shows that when the green sensitivity of consumers in the market is relatively 282 
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low, with the increase in the proportion of consumers who buy green products in the previous 283 

stage, green product retailers will have stronger confidence in the future market. However, when 284 

consumers are more concerned about the greenness of products, retailers of green products will 285 

reduce the loyalty pricing of green products with the strengthening of the dominant position of 286 

green products in the initial market. 287 

In previous practical studies on BBP (Wang et al., 2020), companies in different 288 

industries also offered repurchasing customer discounts or increased loyalty prices but did not 289 

discuss the behavioural pricing of green products in the context of different green sensitivities. 290 

However, consumers differ in their green sensitivity to different products (Jamali and Rasti-291 

Barzoki, 2018). According to the different consumers’ green degrees of sensitivity, Theorem 1 292 

corresponds to different initial market share changes and green product retailers' pricing 293 

strategies for loyal customers. 294 

Theorem 2 Increasing the initial market share of green products will reduce the 295 

greenness of green products and have a negative impact on environmental improvement. 296 

Proof: The first derivative of the greenness of green products and the total impact of the 297 

two types of products on the environment with respect to parameter 𝑥0 is derived. 298 

𝑑𝜃∗𝑑 𝑥0 = −𝜏𝛾−𝛾2+8𝜇𝜏 < 0,𝑑𝐸∗𝑑 𝑥0 = 2𝜇𝛾𝜏2(2−𝑥0)(−𝛾2+8𝜇𝜏)2 > 0 299 

We find that the initial market share of green products is not only negatively correlated 300 

with the greenness of green products but also has a negative impact on environmental 301 

improvement. As the initial market share of green products increases, the market share and 302 

wholesale price of green products in the second period decrease (𝑑𝑞𝑔𝑑 𝑥0 = −𝜇𝜏−𝛾2+8𝜇𝜏 < 0,𝑑𝑤𝑔∗𝑑𝑥0 =303 

 −4𝜇𝜏2−𝛾2+8𝜇𝜏 < 0). Thus, green product manufacturers generate less revenue. To reduce the impact of 304 
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the decreased revenue from green products on their profits, green product manufacturers will 305 

reduce the greenness of their products to reduce their costs. This decision will mitigate the 306 

negative impact of the increase in the initial market share of green products on the profits of 307 

green product manufacturers. 308 

On the other hand, the market share of green products in the second period 𝑞𝑔∗  will 309 

decrease with the increase in 𝑥0; when the greenness of green products and the market share in 310 

the second period are reduced, because 𝐸∗ = 𝐷 − 𝜃∗𝑞𝑔∗ , the total impact of the two types of 311 

products on the environment increases. Hence, theorem 2 is proven. 312 

 313 

5.2 The effect of the sensitivity coefficient of greenness on pricing, greenness, environment 314 

and profit 315 

Theorem 3 The prices of green products (wholesale price, loyalty price and poaching price) are 316 

positively correlated with the sensitivity coefficient of greenness. 317 

Proof: The first derivative of the prices of green and nongreen products (loyalty price 318 

and poaching price) with respect to parameter 𝛾 is derived. 319 

𝑑𝑔𝑜∗𝑑𝛾 = 𝑑𝑔𝑛∗𝑑𝛾 = 12𝛾𝜇𝜏2(2−𝑥0)(−𝛾2+8𝜇𝜏)2 > 0，
𝑑𝑤𝑔∗𝑑𝛾 = 8𝜇𝜏2𝛾(2−𝑥0)(−𝛾2+8𝜇𝜏)2 > 0，𝑑𝑏𝑜∗𝑑𝛾 = 𝑑𝑏𝑛∗𝑑𝛾 = −2𝛾𝜇𝜏2(2−𝑥0)(−𝛾2+8𝜇𝜏)2 < 0; 320 

This result means that with the increase in consumer sensitivity to product greenness, 321 

green product manufacturers and retailers increase both their wholesale price and their sales 322 

price (loyalty price and poaching price). At this point, nongreen product manufacturers will 323 

reduce their sale price to reduce the loss caused by the increase in the consumer green sensitivity 324 

coefficient. 325 

Theorem 4 In the context of BBP, consumer attention to the greenness of products not 326 

only promotes the greenness of green products but also improves the environmental effects on 327 
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society. 328 

Proof: The first derivative of greenness and the environment with respect to parameter 𝛾 329 

is derived and is as follows: 330 

𝑑𝜃∗𝑑𝛾 = 𝜏(𝛾2+8𝜇𝜏)(2−𝑥0)(−𝛾2+8𝜇𝜏)2 > 0, 𝑑𝐸∗𝑑𝛾 = − 𝜇𝜏2(3𝛾2+8𝜇𝜏)(2−𝑥0)2(−𝛾2+8𝜇𝜏)3 < 0. 331 

Thus, theorem 4 is proven. It is noted that the sensitivity of consumers to greenness under 332 

the BBP model will influence the decision-making of green product manufacturers. The more 333 

sensitive consumers are to greenness, the more motivated manufacturers of green products are to 334 

improve the greenness of their products, thus promoting the overall green level of society. 335 

Theorem 5 In the context of BBP, consumers' attention to the greenness of products will 336 

help to improve the profits of enterprises in the GPSC. 337 

Proof: The first derivative of the profits of green product manufacturers and retailers 338 

with respect to parameter 𝛾 is derived and is as follows: 339 

𝑑𝜋𝑀𝑔∗𝑑𝛾 = 4𝜇𝛾𝜏2(𝑥0−2)2(−2𝛾2+16𝜇𝜏)2 > 0, 
𝑑𝜋𝑅𝑔∗𝑑𝛾 = 8𝜇2𝛾𝜏3(𝑥0−2)2(−𝛾2+8𝜇𝜏)3 > 0 340 

Therefore, when consumer sensitivity to product greenness increases, the profits of 341 

manufacturers and retailers of green products also increase. As consumer preference for 342 

greenness increases, manufacturers and retailers of green products increase the wholesale price 343 

and retail price, respectively, of green products. Hence, the market share of green products in the 344 

second period does decrease due to the increase in price, but rather, they occupy a larger market 345 

(𝑑𝑞𝑔∗𝑟 = 2𝜇𝛾𝜏(2−𝑥0)(−𝛾2+8𝜇𝜏)2 > 0). Therefore, although the increase in the degree of greenness increases the 346 

cost for green product manufacturers, the sales revenue of green products increases even more, 347 

meaning that the profits of green product manufacturers will also ultimately increase. 348 

The growth rate of the green product retail price with the green sensitivity coefficient 𝛾 is 349 
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faster than that of the wholesale price with the green sensitivity coefficient 𝛾. From theorem 3, 350 

we know 𝑑𝑔𝑜∗𝑑𝛾 = 𝑑𝑔𝑛∗𝑑𝛾 > 𝑑𝑤𝑔∗𝑑𝛾 > 0). Thus, the profits of green product retailers also increase with 351 

the increase in the green sensitivity coefficient 𝛾. 352 

 353 

5.3 The effect of the green degree cost coefficient on pricing 354 

Theorem 6 The prices of green products (wholesale price, loyalty price and poaching price) are 355 

negatively correlated with the green degree cost coefficient. 356 

Proof: The first derivative of the prices of green and nongreen products (wholesale price, 357 

loyalty price and poaching price) with respect to parameter 𝜇 is derived. 358 

𝑑𝑔𝑜∗𝑑𝜇 = 𝑑𝑔𝑛∗𝑑𝜇 = −6𝛾2𝜏2(2−𝑥0)(−𝛾2+8𝜇𝜏)2 < 0，
𝑑𝑤𝑔∗𝑑𝜇 = −4𝛾2𝜏2(2−𝑥0)(−𝛾2+8𝜇𝜏)2 < 0，𝑑𝑏𝑜∗𝑑𝜇 = 𝑑𝑏𝑛∗𝑑𝜇 = 𝛾2𝜏2(2−𝑥0)(−𝛾2+8𝜇𝜏)2 > 0. 359 

This means that the higher the unit cost is to improve the greenness of green products, the 360 

lower the optimal greenness will be. Accordingly, manufacturers and retailers of green products 361 

will reduce the wholesale price and the sale price (loyalty price, poaching price) to increase their 362 

sales volume and maximize profits. As nongreen products narrow the gap between green and 363 

nongreen products, their manufacturers have the confidence to raise their selling prices to obtain 364 

more unit product profits. 365 

 366 

6 Numerical analysis 367 

We use a numerical example to analyse the influence of the initial market share of green products 368 

on the profits of enterprises in the supply chain of green and nongreen products. All parameter 369 

values are set according to the problem hypothesis and satisfy the conditions in lemma 1. 370 

Suppose 𝜏 = 0.3, 𝜇 = 1.2. Then, when 0 < 𝑥0 < 47, 𝛾 = 0.38, and when 47 ≤ 𝑥0 <1, 𝛾 = 1.47. 371 



 

18 

Fig.3 and Fig.4 describe the changes in the profits of enterprises in the supply chain of green and 372 

nongreen products, respectively, corresponding to different initial market shares of green 373 

products. 374 

As evidenced from Fig.3 and Fig.4, the increase in the initial market share of green 375 

products results in a decrease in profits for green product manufacturers in the second period 376 

(
𝑑𝜋𝑀𝑔∗𝑑𝑥0 = 𝜇𝜏2(𝑥0−2)−𝛾2+8𝜇𝜏 < 0). This indicates that when the initial market share of green products is 377 

higher, the wholesale price of green products will be lower and the market share will be reduced 378 

even though the production cost of green products is lower as the production cost is affected by 379 

greenness. Thus, the profits of green product manufacturers will be lower (𝑑𝑤𝑔∗𝑑𝑥0 = −4𝜇𝜏2−𝛾2+8𝜇𝜏 <380 

0, 𝑑𝑞𝑔∗𝑑𝑥0 = −𝜇𝜏−𝛾2+8𝜇𝜏 < 0). Therefore, for manufacturers of green products, a lower initial share of 381 

green products can actually be more beneficial. 382 

With the increase in the initial market share of green products, the profits of 383 

manufacturers of nongreen products in the second period exhibit a trend of first declining and 384 

then increasing. In other words, the more intense the market competition is in the first period, the 385 

lower the profits of nongreen product manufacturers will be in the second period. This is because 386 

the profits of the manufacturers of nongreen products in the second period depend on the sum of 387 

the profits under the sales prices (loyalty price and poaching price) of nongreen products. 388 

Accordingly, the larger the initial market share of green products is, the lower the loyalty price 389 

and the corresponding market capacity of nongreen products will be in the second period (𝑑𝑏𝑏𝑜∗𝑑𝑥0 =390 

−𝜏(−5𝛾2+36𝜇𝜏)−4𝛾2+32𝜇𝜏 < 0, 𝑑(1−𝑥1𝑏)𝑑𝑥0 = −(−5𝛾2+36𝜇𝜏)8(−𝛾2+8𝜇𝜏) < 0). Similarly, the higher the poaching price of non-391 

green products is in the second period, the higher its corresponding market share will be (𝑑𝑏𝑛∗𝑑𝑥0 =392 



 

19 

𝜏(−5𝛾2+44𝜇𝜏)−4𝛾2+32𝜇𝜏 > 0, 𝑑(𝑥0−𝑥1𝑔)𝑑𝑥0 = (−5𝛾2+44𝜇𝜏)8(−𝛾2+8𝜇𝜏) > 0). Therefore, the increased revenue from a 393 

nongreen product’s poaching price is less than the decreased revenue from its loyalty price. 394 

Hence, the profits of nongreen product manufacturers also decrease. 395 

In the second period, the profits of green retailers in the two intervals where 0< 𝑥0 < 47 396 

and 47 < 𝑥0 < 1 exhibit a trend of first decreasing and then increasing. This is because several 397 

factors affecting green product retailers' profits reveal the following trends: as the initial market 398 

share of green products increases, the wholesale price and poaching price of green products 399 

decrease (𝑑𝑔𝑛∗𝑑𝑥0 = −𝜏(−3𝛾2+36𝜇𝜏)−2𝛾2+16𝜇𝜏 < 0), and the market share corresponding to the poaching price 400 

decreases first and then increases (𝑑(𝑥1𝑏−𝑥0)𝑑𝑥0 = −(−7𝛾2+28𝜇𝜏)8(−𝛾2+8𝜇𝜏) . When 𝛾 < 2√𝜇𝜏, the market share 401 

corresponding to the poaching price decreases; when 2√𝜇𝜏 < 𝛾, the market share corresponding 402 

to the poaching price increases and the loyalty price increases and then decreases (𝑑𝑔𝑜∗𝑑𝑥0 =403 

𝜏(−3𝛾2+12𝜇𝜏)−2𝛾2+16𝜇𝜏 . Furthermore, when 𝛾 < 2√𝜇𝜏, loyalty prices increase, and when 2√𝜇𝜏 < 𝛾, loyalty 404 

prices decrease, while the market share corresponding to the loyalty price increases (𝑑𝑥1𝑔𝑑𝑥0 =405 

(𝛾2+20𝜇𝜏)8(−𝛾2+8𝜇𝜏) > 0). As a result, the profits of green retailers fluctuate within different ranges. 406 

 407 

7 Conclusions 408 

Considering that an increasing number of enterprises have been trying to increase profits by 409 

implementing BBP in recent years, this paper studies the pricing strategy of the GPSC when 410 

applying BBP. The main differences between our paper and the existing studies are as follows. 411 

First, when discussing the pricing strategy of the GPSC, the existing literature mostly adopts the 412 
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unified pricing model. However, this paper constructs a two-stage behavioural pricing model of 413 

the GPSC based on the dual preferences of consumers for product functional attributes and 414 

environmental attributes and analyses the conditions for the existence of a BBP balance in the 415 

GPSC. Second, after the implementation of BBP, this paper clarifies the impact of various factors 416 

related to the GPSC (initial market share of green products, sensitivity coefficient of greenness, 417 

cost coefficient of green degree) on the pricing strategy, green degree strategy, profit and 418 

environment of each enterprise in the GPSC. 419 

The main conclusions of the study are as follows. (1) As the initial market share of green 420 

products increases, when consumers' green sensitivity is relatively low (𝛾 < 2√𝜇𝜏), green 421 

product retailers will increase the loyalty price of green products. When consumers' green 422 

sensitivity is relatively high (2√𝜇𝜏 < 𝛾 < √8𝜇𝜏), green retailers will lower the loyalty price of 423 

green products. (2) The wholesale price and sales price of green products (loyalty price and 424 

poaching price) are positively correlated with the sensitivity coefficient of greenness and 425 

negatively correlated with the cost coefficient of the green degree. (3) An increase in consumers' 426 

attention to the greenness of products and a decrease in the initial market share of green products 427 

are conducive to the improvement of product greenness and the environment. (4) Consumers' 428 

attention to the greenness of products will bring higher profits to the manufacturers and retailers 429 

of green products. 430 

Through numerical experiments, we find that with the increase in the initial market shares 431 

of green products, the profits of nongreen product manufacturers first decrease and then increase, 432 

while the profits of green product manufacturers decrease and the profits of green product 433 

retailers present a trend of first decreasing, then increasing, then decreasing and then increasing 434 

again. 435 
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There are some limitations in our work. Our model considers only a supply chain 436 

composed of two manufacturers and one retailer. In the real world, however, supply chains may 437 

contain multiple enterprises. Therefore, one future research direction involves a supply chain of 438 

green or nongreen products that is composed of multiple enterprises. On the other hand, we can 439 

also consider a situation in which green and nongreen products are sold in multiple channels at 440 

the same time. In addition, given the increased government support for environmental protection, 441 

it would be interesting to discuss the pricing of green and nongreen products under government 442 

intervention. Additional factors include environmental barriers, green barriers, tariff barriers, 443 

etc., and the pricing and related decisions of supply chains of green and nongreen products, all of 444 

which can be considered in our future research. 445 

 446 

Appendix A 447 

Proof of equilibrium results in Table 3: First, Eqs. (1) and (2) are substituted into the profit 448 

function of nongreen product manufacturer 𝜋𝑀𝑏, the poaching price and loyalty price at 449 

maximum 𝜋𝑀𝑏 are solved, and simultaneous equations are established{𝑑𝜋𝑀𝑏𝑑𝑏𝑛 = 0𝑑𝜋𝑀𝑏𝑑𝑏𝑜 = 0. Solving the 450 

equations, you get {𝑏𝑛 = 𝑔𝑜2 − 𝜏2− 𝛾𝜃2 + 𝜏𝑥0  𝑏𝑜 = 𝑔𝑛2 + 𝜏2− 𝛾𝜃2 . The expressions of 𝑏𝑛 and 𝑏𝑜 regarding 𝑔𝑜 and 𝑔𝑛 451 

are substituted into the profit functions of Eqs. (1) and (2) and green product retailer 𝜋𝑅𝑔, and the 452 

poaching price and loyalty price when 𝜋𝑅𝑔 is maximum are solved to obtain 453 

{𝑔𝑛 = 3𝜏2 + 𝑤𝑔2 + 𝛾𝜃2 − 2𝜏𝑥0𝑔𝑜 = 𝜏2+ 𝑤𝑔2 + 𝛾𝜃2 + 𝜏𝑥0 . Then, 𝑔𝑜 and 𝑔𝑛 are substituted into 𝑏𝑛 and 𝑏𝑜 and Eqs. (1) and (2). 454 

Then, the wholesale price and greenness of green product manufacturer 𝜋𝑀𝑔 at the maximum can 455 
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be obtained to obtain {𝑤𝑔∗ = 8𝜇𝜏2−4𝜇𝜏2𝑥0−𝛾2+8𝜇𝜏𝜃∗ = 2𝛾𝜏−𝛾𝜏𝑥0−𝛾2+8𝜇𝜏 . Further, other equilibrium results in Table 3 can be 456 

obtained. 457 

 458 

Proof of Lemma 1: According to assumption 4, to ensure the validity of the solution, that is, 459 𝑔𝑖∗ > 𝑤𝑔∗ > 0, 𝑏𝑖∗ > 0,𝑤𝑔∗𝑞𝑔∗ > 𝐶𝑔, 460 

16𝜇𝜏2−3𝛾2𝜏𝑥0+𝛾2𝜏+12𝜇𝜏2𝑥0−2𝛾2+16𝜇𝜏 > 8𝜇𝜏2−4𝜇𝜏2𝑥0−𝛾2+8𝜇𝜏 > 0       (A.1) 461 

32𝜇𝜏2+3𝛾2𝜏𝑥0−𝛾2𝜏−36𝜇𝜏2𝑥0−2𝛾2+16𝜇𝜏 > 8𝜇𝜏2−4𝜇𝜏2𝑥0−𝛾2+8𝜇𝜏 > 0       (A.2) 462 

−5𝛾2𝜏𝑥0−𝛾2𝜏+44𝜇𝜏2𝑥0−4𝛾2+32𝜇𝜏 > 0         (A.3) 463 

48𝜇𝜏2+5𝛾2𝜏𝑥0−7𝛾2𝜏−36𝜇𝜏2𝑥0−4𝛾2+32𝜇𝜏 > 0        (A.4) 464 

𝜇(2𝜏−𝜏𝑥0)2−2𝛾2+16𝜇𝜏 > 0           (A.5) 465 

If Eq. (A.5) is true, then −𝛾2 + 8𝜇𝜏 > 0 must be satisfied. Eq. (A.1) can be simplified to 466 

𝜏(−3𝛾2𝑥0+𝛾2+20𝜇𝜏𝑥0)−2𝛾2+16𝜇𝜏 > 0, and this formula is always true when 𝑥0 ∈ (0,1). 467 

According to Eq. (A.2), (1 − 3𝑥0)𝛾2 < 4𝜇𝜏(4 − 7𝑥0). At this time, if 𝑥0 < 13, then 𝛾2 <468 

4𝜇𝜏(4−7𝑥0)(1−3𝑥0) ; if 𝑥0 > 13, then 𝛾2 > 4𝜇𝜏(4−7𝑥0)(1−3𝑥0) . Otherwise, the wholesale price of green products will 469 

be higher than the retail price (poaching price), and green retailers will lose money. 470 

According to Eq. (A.3), 𝛾2 < 44𝜇𝜏(5𝑥0+1). According to Eq. (A.4), 𝛾2 < 12𝜇𝜏(4−3𝑥0)(7−5𝑥0) , and 471 

when 𝑥0 ∈ (0,1), 44𝜇𝜏(5𝑥0+1) > 0, 12𝜇𝜏(4−3𝑥0)(7−5𝑥0) > 0 are always true. 472 

So when 𝑥0 < 13, 𝛾2 < 𝑚𝑖𝑛 ( 44𝜇𝜏𝑥0(5𝑥0+1) , 4𝜇𝜏(4−7𝑥0)(1−3𝑥0) , 12𝜇𝜏(4−3𝑥0)(7−5𝑥0) ). By comparison, it can be 473 
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seen that when 44𝜇𝜏𝑥0(5𝑥0+1) is the least in the interval, then 𝛾 < √ 44𝜇𝜏𝑥0(5𝑥0+1); when 𝑥0 > 13, 𝛾2 >474 

4𝜇𝜏(4−7𝑥0)(1−3𝑥0) , but 4𝜇𝜏(4−7𝑥0)(1−3𝑥0)  is less than 0 in 𝑥0 ∈ (13 , 47), and by comparison, we know that when 475 

𝑥0 ∈ (13 , 35), 44𝜇𝜏(5𝑥0+1) < 12𝜇𝜏(4−3𝑥0)(7−5𝑥0) . Thus, when 𝑥0 ∈ (0, 47], 0 < 𝛾 < √ 44𝜇𝜏𝑥0(5𝑥0+1). When 𝑥0 > 47, 476 

4𝜇𝜏(4−7𝑥0)(1−3𝑥0) > 0, and when 𝑥0 ∈ (47 , 35), 44𝜇𝜏(5𝑥0+1) < 12𝜇𝜏(4−3𝑥0)(7−5𝑥0) , then 𝑥0 ∈ [35 , 1), 12𝜇𝜏(4−3𝑥0)(7−5𝑥0) <477 

44𝜇𝜏(5𝑥0+1). Thus, when 47 < 𝑥0 < 35, 4𝜇𝜏(4−7𝑥0)(1−3𝑥0) < 𝛾2 < 44𝜇𝜏(5𝑥0+1); when 35 < 𝑥0 < 1, 4𝜇𝜏(4−7𝑥0)(1−3𝑥0) < 𝛾2 <478 

12𝜇𝜏(4−3𝑥0)(7−5𝑥0) , lemma 1 is proven. 479 
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Tables 595 

Table 1. Examples of BBP for green products 596 

 Formaldehyde - resistant 
cleaning 5--n-1 interior wall 

paint by Nippon 

Zeqiu-brand 

natural straws 

Loyalty price  46.4 CNY/L 17.9CNY/100 straws 

Poaching price  45.4 CNY/L 15.4CNY/100 straws 
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Table 2. Parameters and variables 598 

Notation Description 𝜇 Cost coefficient of the green degree 

U Basic consumer satisfaction 𝜏 Transportation cost 𝛾 Sensitivity coefficient of the greenness of unit product 𝜃 Greenness of a green product 𝑖 Customer type: loyal customer (𝑖 = 𝑜), new customer (𝑖 = 𝑛) 𝑔𝑖 Retail price of green products in period 2 with BBP 𝑏𝑖 Retail price of non-green products in period 2 with BBP 𝑥0 Market share of green products in period 1 𝑞𝑗 Market share of product 𝑗 in period 2 (𝑗 = 𝑔, 𝑏) 𝑤𝑔 Wholesale price of green products 

D Initial environmental impact of the product 
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Table 3. Equilibrium results 600 

Variables                                                        Value 𝑏𝑛∗  
−5𝛾2𝜏𝑥0 − 𝛾2𝜏 + 44𝜇𝜏2𝑥0−4𝛾2 + 32𝜇𝜏  𝑏𝑜∗ 

48𝜇𝜏2 + 5𝛾2𝜏𝑥0 − 7𝛾2𝜏 − 36𝜇𝜏2𝑥0−4𝛾2 + 32𝜇𝜏  𝑔𝑜∗  

 𝑔𝑛∗  

16𝜇𝜏2 − 3𝛾2𝜏𝑥0 + 𝛾2𝜏 + 12𝜇𝜏2𝑥0−2𝛾2 + 16𝜇𝜏  32𝜇𝜏2 + 3𝛾2𝜏𝑥0 − 𝛾2𝜏 − 36𝜇𝜏2𝑥0−2𝛾2 + 16𝜇𝜏  𝑤𝑔∗ 8𝜇𝜏2 − 4𝜇𝜏2𝑥0−𝛾2 + 8𝜇𝜏  𝜃∗ 2𝛾𝜏 − 𝛾𝜏𝑥0−𝛾2 + 8𝜇𝜏  𝑞𝑔∗  
2𝜇𝜏 − 𝜇𝜏𝑥0−𝛾2 + 8𝜇𝜏  𝑞𝑏∗  

−𝛾2 + 6𝜇𝜏 + 𝜇𝜏𝑥0−𝛾2 + 8𝜇𝜏  

          𝜋𝑀𝑏∗  
𝜏 (1616𝜇2𝜏2𝑥02 − 1728𝜇2𝜏2𝑥0 + 1152𝜇2𝜏2−400𝜇𝛾2𝜏𝑥02 + 448𝜇𝛾2𝜏𝑥0 − 336𝜇𝛾2𝜏+25𝛾4𝑥02 − 30𝛾4𝑥0 + 25𝛾4 )16(8𝜇𝜏 − 𝛾2)2  

     𝜋𝑀𝑔∗  
𝜇(2𝜏 − 𝜏𝑥0)2−2𝛾2 + 16𝜇𝜏 

     𝜋𝑅𝑔∗  
𝜏 (592𝜇2𝜏2𝑥02 − 448𝜇2𝜏2𝑥0 + 128𝜇2𝜏2−144𝜇𝛾2𝜏𝑥02 + 96𝜇𝛾2𝜏𝑥0 − 16𝜇𝛾2𝜏+9𝛾4𝑥02 − 6𝛾4𝑥0 + 𝛾4 )8(8𝜇𝜏 − 𝛾2)2  
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Figures 602 

 603 

Fig.1 Supply chain structure  604 
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 605 

Fig.2 Consumption patterns and regions of consumers x  606 
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 607 

Fig.3 The impact of 𝑥0 on profits (𝑥0 < 𝟒𝟕 , 𝛄 = 0.38)  608 
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 609 

Fig.4 The impact of 𝑥0 on profits (𝑥0 ≥ 𝟒𝟕 , 𝛄 = 1.47) 610 
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