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ABSTRACT The decision making of all e-commerce members is an important issue, such as the optimal
green degree and pricing decisions of the e-tailer and supplier when they choose whether to provide green
products or normal products for the market. As many people begin to focus on environmental protection,
green products will become increasingly popular, although their prices are higher than that of normal ones,
and the supplier should pay more to obtain green products than normal ones. Based on different choices, this
study builds four e-teiler and supplier models, presents four proportions, analyzes their optimal decisions
with different scenarios, and evaluates the influences of the green elasticity coefficient, distribution cost,
manufacturing cost and green innovation factor on the e-tailer and supplier. In addition, the influences of the
green elasticity coefficient, distribution cost, manufacturing cost, and green innovation factor on the green
degree of green products are also considered. Through experimental simulations, we illustrate the optimal
green degree and pricing decisions of the e-tailer and supplier, and find that the green elasticity coefficient
and green degree are positively correlated, but distribution cost, manufacturing cost, green innovation factor,
and green degree are negatively correlated. These results have valuable guiding significance for e-tailers and
suppliers making operational decisions with green products.

15 INDEX TERMS Green degree, pricing decisions, green products, alternative choices.

I. INTRODUCTION16

Asmany countries and societies focus on green development,17

an increasing number of customers are consciously buying18

products with green factors. To satisfy the green preferences19

of customers, the e-tailer should order products with green20

factors from the supplier. In other words, the supplier should21

invest more resources in reforming and innovating the pro-22

duction or procurement of products with green factors, which23

would subsequently increase the unit cost of producing or24

buying these products and the wholesale price. In this case,25

the supplier should determine whether to supply products26

with green factors or to sell normal products. When the sup-27

plier sells products with green factors at a higher wholesale28

The associate editor coordinating the review of this manuscript and

approving it for publication was Nikhil Padhi .

price than normal products to the e-tailer, the latter should 29

also decide whether to sell products with green factors at a 30

high retail price or sell normal products at a low retail price. 31

As all sectors of society are paying increasing attention 32

to environmental protection and green development, it is 33

necessary to study green supply chains [1], [2]. The concept 34

of green supply chain can be traced back to the green pro- 35

curement proposed by Webb in 1994 [3], but the concept of 36

green supply chain was first proposed by the Manufacturing 37

Research Council of Michigan State University in 1996, and 38

the teamwasworking on ‘‘environmentally responsible trans- 39

formation research’’ at that time. In 1997, Handfield et al. 40

argued that the green supply chain included all activities 41

related to the flow and transfer of goods and information from 42

raw materials to end users [4]. Paksoy, Zceylan, and Weber 43

developed a multi-objective linear programming model of a 44
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closed-loop supply chain network, which starts with suppliers45

and recycles with decomposition centers [5]. Lakshmimeera46

and Palanisamy designed a conceptual model of GSCM prac-47

tices in the Indian context [6]. Meera and Chitramani believed48

that green is a strategy implemented to improve environmen-49

tal sustainability and competitive advantage; and completed50

an empirical study on 155 manufacturing industries in Tamil51

Nadu, India [7]. Combining manufacturers’ investment in52

green products with the retailer’s risk-aversion behavior, Li,53

Jiang, and Qu found the optimal decisions of a green sup-54

ply chain with a risk-neutral manufacturer and a risk-averse55

retailer [8]. Tang and Wei agreed that the GSCM theory in56

China is still not mature compared to some developed coun-57

tries, and analyzed green supplier selection problems in green58

supply chainmanagement [9].Wei, Chen, andQin considered59

the pricing policy and product greenness in a green sup-60

ply chain with asymmetric heterogeneous preferences, and61

obtained the optimal decisions on product greenness and pric-62

ing strategy based on a game analytic model [10]. Based on63

evidence from manufacturing factories in Accra Metropolis,64

Emmanuel et al. evaluated the relationship between supplier65

innovation initiative, manufacturing firms’ performance and66

green supply chain adoption. They found that green supply67

chain management adoption had a statistically significant68

positive impact on manufacturing firms’ performance [11].69

Tra et al. examined how internal green activities achieve70

environmental performance in 452 South Korean firms using71

a structural equation model. These activities included green72

managerial innovation, green supply chain management, and73

green innovation facilitating firms [12]. Based on traditional74

supply chain performance evaluation theory, Dai and Ye stud-75

ied five main elements in the optimal regulation of green76

supply chains with low carbon. These were financial value,77

internal supply chain process, customer service level, innova-78

tion and learning, and low-carbon development [13]. Mondal79

and Giri considered a closed-loop green supply chain with80

governmental intervention and cap-and-trade policy. They81

investigated competition and cooperation between retailers82

and developed a transfer payment mechanism to achieve83

Pareto improvement for all channel members [14]. In gen-84

eral, with more than 20 years of continuous research on the85

green economy, green logistics and green supply chain by86

many experts and scholars, the fruitful results have great87

positive significance to the sustainable and healthy develop-88

ment of the economy and society, especially environmental89

protection.90

The remainder of this manuscript is structured as fol-91

lows: Section 2 presents the notations used in this study.92

Section 3 introduces models of the e-tailer and supplier, and93

describes their profit function with normal and green prod-94

ucts. Section 4 describes the optimal decisions of the e-tailer95

and supplier for normal and green goods. Section 5 illustrates96

the influences of the green elasticity coefficient, distribu-97

tion cost, manufacturing cost, and green innovation factor98

on e-tailers and suppliers through simulation experiments.99

Section 6 concludes.100

II. NOTATIONS 101

The notations used in this manuscript and their meanings are 102

listed in Table 1. In addition, for the sake of generality, it also 103

use assumptions which include pie > wis > mcis, i ∈ {n, g}, 104

pne > wns + dce, p
g
e > wgs + dce, wns > mcns and w

g
s > mcgs to 105

ensure that both the e-tailer and supplier can earn profits. 106

TABLE 1. Notations.

III. MODELS OF THE E-TAILER AND SUPPLIER 107

In the operational process of the market, where the e-tailer 108

and supplier provide normal products, the supplier initially 109

sets the wholesale price wns of normal products, and then the 110

e-tailer decides on retail price pne . When the market supplies 111

green products, the supplier should determine the wholesale 112

price wgs and green degree θs of green products, whereas the 113

e-tailer should set the retail price pge of green products. 114

The demand of customers in a market that supplies normal 115

products can be calculated using equation (1). Following 116

Ghosh [15], this study proposes that the demand function of 117

customers for green products is linear and inversely propor- 118

tional to retail price and directly proportional to the green 119

degree. The demand for green products in the market can be 120

calculated using equation (2): 121

d = a− bpne . (1) 122

d = a− bpge + rθs. (2) 123
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When choosing to provide green products, the supplier124

must invest resources and costs in green transformation and125

innovation. This additional cost, which is recoded as g(θs),126

is only related to the green degree θs of green products127

following Ghosh [15] and Swami [16] and can be obtained128

using equation (3).129

g(θs) =
gθ2s
2
. (3)130

A. MODELS WITH NORMAL PRODUCTS131

The e-tailer has an inventory system for product storage.132

When customers order the normal products through the133

e-tailer, the products will be delivered directly to them.134

To replenish the inventory system, the e-tailer needs to place135

orders on the supplier, and the latter provides normal products136

to the former at a low wholesale price. The supplier must137

invest resources in producing or obtaining normal products.138

To make a profit, the wholesale price of normal products pro-139

vided by the supplier should exceed their cost, and this price is140

determined by the supplier. Meanwhile, the e-tailer procures141

normal products at the wholesale price set by the supplier and142

then decides on the retail price before selling these products to143

customers. In the e-fulfillment process, as the e-tailer should144

bear the cost of distributing or delivering normal products to145

customers, the retail price of normal products, as set by the146

e-tailer, should be higher than the sum of the wholesale price147

and distribution cost to obtain margins.148

Generally, the retail and wholesale prices of normal prod-149

ucts are determined by the e-tailer and supplier, respectively,150

in these models. On one hand, the supplier invests a certain151

amount of resources to produce or procure normal products152

and then sells them to the e-tailer at a wholesale price. In con-153

trast, the e-tailer provides and distributes normal products to154

customers.155

When the supplier and e-tailer sell normal products, their156

profit functions can be obtained using equation (1). The157

resulting profit functions are shown in equations (4) and (5).158

πne = (pne − w
n
s − dce)(a− bp

n
e). (4)159

The unit income obtained by the e-tailer from selling160

normal products is computed by subtracting the wholesale161

and distribution costs from the retail price. Meanwhile, the162

total profit can be computed by multiplying unit income by163

customer demand.164

πns = (wns − mc
n
s )(a− bp

n
e). (5)165

The unit margin of green products for the supplier is cal-166

culated as the wholesale price minus the manufacturing cost,167

whereas total income is computed by multiplying the unit168

margin by the customer demand for normal products in the169

market.170

B. MODELS WITH GREEN PRODUCTS171

Compared with the e-tailer that provides normal products,172

the stocks in the supplier’s inventory systems are all products173

with green factors, and the e-fulfillment process is the same. 174

To simplify the discussion, this study refers to the e-tailer 175

and supplier that provide products with green factors as ‘‘the 176

green e-tailer’’ and ‘‘the green supplier,’’ respectively, and 177

refers to the products with green factors as ‘‘green prod- 178

ucts.’’ Apart from catering to customer orders, the green 179

e-tailer is also responsible for delivering green products. 180

Meanwhile, the green supplier must provide green products 181

to the green e-tailer. In the process of producing or acquiring 182

green products, the green supplier should invest additional 183

resources and costs in implementing green transformation 184

and innovation to obtain green products. Therefore, for the 185

green supplier, the cost of producing or acquiring green 186

products is higher than that of producing or acquiring nor- 187

mal products. Furthermore, these additional costs change the 188

wholesale price of green products, and such changes directly 189

impact the retail price of these products. This study also 190

uses the green degree to measure the green transformation 191

and innovation of green products, which, along with the 192

retail price of green products, are believed to have an impor- 193

tant influence on customer demand. Specifically, the retail 194

price of green products and customer demand are negatively 195

correlated, whereas green degree and customer demand are 196

positively correlated. 197

In summary, the retail price of green products is determined 198

by the green e-tailer, whereas the green degree and wholesale 199

price of green products are determined by the green supplier 200

in this operational condition. After customers order green 201

products from green e-tailer, the latter is responsible for 202

delivering green products to the former. 203

When customers purchase green products from the green 204

e-tailer, the latter sells them at retail price and distributes them 205

directly to customers. Customer demand can be computed 206

using equation (2), and the profit function of the green e-tailer 207

is computed using equation (6). 208

πge = (pge − w
g
s − dce)(a− bp

g
e + rθs). (6) 209

Before providing green products to the green e-tailer at a 210

wholesale price higher than that of normal products, the green 211

supplier needs to invest additional resources to implement 212

green transformation and innovation, whose cost is computed 213

using equation (3). The total margins obtained by the green 214

supplier are calculated using equation (7). 215

πgs = (wgs − mc
g
s )(a− bp

g
e + rθs)−

gθ2s
2
. (7) 216

IV. OPTIMALDECISIONS OF THE E-TAILER AND SUPPLIER 217

A. OPTIMAL PRICINGS OF THE E-TAILER AND SUPPLIEER 218

WITH NORMAL PRODUCTS 219

Equation (4) shows that ∂2πne
∂[pne ]2

= −2b < 0, and the retail 220

price solution of ∂π
n
e

∂pne
= 0 is obtained in equation (8). 221

pne =
a+ b(wns + dce)

2b
. (8) 222
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Equation (8) is then substituted into equation (7) to obtain223

equation (9) and derive ∂2πns
∂[wns ]2

= −b < 0 based on this224

equation. The wholesale price solution for ∂π
n
s

∂wns
= 0 is shown225

in equation (10), and the retail price solution can be computed226

using equation (11) when equation (10) is substituted into227

equation (8).228

πns =
(wns − mc

n
s )[a− b(w

n
s + dce)]

2
. (9)229

wns =
a+ b(mcns − dce)

2b
. (10)230

pne =
3a+ b(mcns + dce)

4b
. (11)231

Substituting equations (10) and (11) into equations (4)232

and (5), respectively, the profit functions of the e-tailer and233

supplier are as follows:234

πne =
[a− b(mcns + dce)]

2

16b
. (12)235

πns =
[a− b(mcns + dce)]

2

8b
. (13)236

B. OPTIMAL PRICINGS OF THE E-TAILER AND SUPPLIEER237

WITH GREEN PRODUCTS238

In the operational environment of green products, the green239

e-tailer sets the retail price of green products after the green240

supplier determines their green degree and the wholesale241

price. From equation (6), equation (14) can be obtained as242

follows:243

∂π
g
e

∂pge
= a− 2bpge + rθs + b(w

g
s + dce). (14)244

Equation (14) shows that ∂2π
g
e

∂[pge ]2
= −2b < 0, which has a245

maximum value. Let ∂π
g
e

∂pge
= 0, and the best reaction function246

of the green e-tailer be obtained using equation (15).247

pge =
a+ rθs + b(w

g
s + dce)

2b
. (15)248

Equation (16) can be obtained by substituting equation (15)249

into equation (7). Equations (17) and (18) are obtained from250

the first derivative of equation (16) with respect to wgs and θs.251

πgs =
(wgs − mc

g
s )[a+ rθs − b(w

g
s + dce)]− gθ2s

2
.252

(16)253

∂π
g
s

∂wgs
=

1
2
[a− 2bwgs + rθs + b(mc

g
s − dce)]. (17)254

∂π
g
s

∂θs
=

1
2
[r(wgs − mc

g
s )− 2gθs]. (18)255

∂2π
g
s

∂[wgs ]2
= −b < 0,

∂2π
g
s

∂wgs∂θs
=

1
2
r,

∂2π
g
s

∂θ2s
= −g < 0256

and ∂2π
g
s

∂θs∂w
g
s
=

1
2 r can be computed from equations (17) 257

and (18). The following Hessian matrix is then obtained: 258∣∣∣∣∣∣∣∣∣
∂2π

g
s

∂θ2s

∂2π
g
s

∂θs∂w
g
s

∂2π
g
s

∂wgs∂θs

∂2π
g
s

∂[wgs ]2

∣∣∣∣∣∣∣∣∣ =
∣∣∣∣−g 1

2 r
1
2 r −b

∣∣∣∣ = gb−
r2

4
. (19) 259

Although −g < 0, πgs is a convex function of θs and w
g
s 260

when gb − r2/4 > 0, the condition of πgs maximizing its 261

value can be simplified as equation (20). 262

4gb− r2 > 0. (20) 263

Let ∂π
g
s

∂wgs
= 0 and ∂π

g
s

∂θs
= 0, then obtain the solutions of 264

wholesale price wgs and green degree θs. 265

wgs =
a+ rθs + b(mc

g
s − dce)

2b
. (21) 266

θs =
r(wgs − mc

g
s )

2g
. (22) 267

Equation (23) can be derived by substituting equation (22) 268

into equation (21), and equation (24) is obtained based on 269

equation (20) and the positive correlation between the whole- 270

sale price and manufacturing cost. 271

wgs =
2g(a− bdce)+ (2gb− r2)mcgs

4gb− r2
. (23) 272

2gb− r2 > 0. (24) 273

Equation (22) is transformed into equation (25) based 274

on equation (23). Equation (26) is calculated from equa- 275

tions (15), (23), and (25), and equation (27) is derived based 276

on equation (20) and the positive correlation between whole- 277

sale price and distribution cost. 278

θs =
r[a− b(mcgs + dce)]

4gb− r2
. (25) 279

pge =
3ga+ (gb− r2)(mcgs + dce)

4gb− r2
. (26) 280

gb− r2 > 0. (27) 281

After substituting equations (23), (25), and (26) into equa- 282

tions (6) and (7), the profit functions of the e-tailer and sup- 283

plier with green products are computed using equations (28) 284

and (29), respectively. 285

πge =
g2b[a− b(mcgs + dce)]2

(4gb− r2)2
. (28) 286

πgs =
g[a− b(mcgs + dce)]2

2(4gb− r2)
. (29) 287

Proportion 1 wgs > wns . 288

Proportion 1 shows that the supplier’s wholesale price of 289

green products is higher than that of the normal ones. 290

Proportion 2 pge > pne . 291

Proportion 2 indicates that the e-tailer’s retail price of green 292

products is also higher than that of normal products. 293
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Proportion 3 πge > πne .294

Proportion 3 implies that the e-tailer obtains more profits295

from selling green products than that from normal ones.296

Proportion 4 πgs > πns .297

Proportion 4 proves that the supplier makes more mar-298

gins in providing green products to the e-tailer than normal299

products.300

V. EXPERIMENTS301

The experimental platform consisted of a Lenovo E450302

(RAM: 8G, CPU: Intel Core i5-5200U 2.20GHz, HDD: 1T)303

and MATLAB (v.R2010b). In the experimental analysis,304

the influence of the green elasticity coefficient, distribu-305

tion cost, manufacturing cost, and green innovation factor306

on the e-tailer and supplier are discussed, including not307

only the green degree, wholesale price, retail price, and prof-308

its of the e-tailer and supplier from green products but also309

their wholesale price, retail price, and margins when provid-310

ing normal products. The optimal selection decisions of the311

e-tailer and supplier were confirmed through a comparative312

analysis. The parameter values used in the experiments are313

listed in Table 2.314

A. INFLUENCE OF GREEN ELASTICITY COEFFICIENT ON315

THE E-TAILER AND SUPPLIER316

An increasing green elasticity coefficient indicates an317

increase in the demand for green products in the market.318

Therefore, the e-tailer raises the retail price for green prod-319

ucts, which in turn causes the supplier to raise the whole-320

sale price of these products. Finally, both the e-tailer and321

supplier earn more profits when selling green products.322

Table 3 presents the influence of the green elasticity coef-323

ficient on wholesale and retail prices. As the coefficient324

gradually increases, both wholesale and retail prices of green325

products also increase. Specifically, when the green elastic-326

ity coefficient increases from 35.0 to 40.0, the wholesale327

price of green products increases from $14.4109 to $14.9071,328

whereas the retail price increases from $18.8163 to $19.5607.329

TABLE 2. The values of parameters.

Meanwhile, the wholesale and retail prices of green prod-330

ucts are always higher than those of normal products as331

the supplier must invest additional resources in the green332

transformation and innovation of green products. In this case,333

green products always have a higher wholesale price than334

FIGURE 1. Influence of green elasticity coefficient on the profits of the
e-tailer and supplier.

normal products, and an increase in the wholesale price also 335

drives an increase in retail price. In addition, the wholesale 336

and retail prices of normal commodities are not affected 337

by the green elasticity coefficient and remain unchanged 338

throughout the process. 339

TABLE 3. Influence of green elasticity coefficient on wholesale and retail
prices.

With an increasing green elasticity coefficient, the profits 340

of the e-tailer and supplier demonstrate an obvious upward 341

trend when both wholesale and retail prices increase. How- 342

ever, this trend does not affect the profits of the e-tailer and 343

supplier when selling normal products. Figure 1 shows the 344

impact of the green elasticity coefficient on the profits of 345

the e-tailer and supplier. As the green elasticity coefficient 346

increases from 35.0 to 40.0, the profits of the e-tailer provid- 347

ing green products increase from $686.5140 to $781.5364, 348

whereas those of the supplier increase from $1139.4 to 349

$1215.7. However, the profits of the e-tailer and supplier 350

with normal products remain at $552.7813 and $1105.6, 351

respectively. The e-tailer and supplier always earn more from 352

selling green products than from selling normal products. 353

In this case, 354

πge > πne , πgs > πns . 355
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B. INFLUENCE OF DISTRIBUTION COST ON THE E-TAILER356

AND SUPPLIER357

As shown in Table 4, as the distribution cost of the e-tailer358

increases, the wholesale prices determined by the supplier for359

both the normal and green products decrease. However, the360

retail price determined by the e-tailer increase. For example,361

when the distribution cost increases from $0.10 to $0.70, the362

wholesale prices of normal and green products decrease from363

$12.9500 and $15.2929 to $12.6500 and $14.9071, respec-364

tively; however, their retail prices increase from $16.5250 and365

$19.5393 to $16.6750 and $19.5607, respectively. This phe-366

nomenon shows that when the distribution cost increases,367

the e-tailer hedges this part of the cost by increasing the368

retail price, which in turn gradually decreases the optimal369

wholesale price decided by the supplier. For the e-tailer, both370

the decrease in wholesale price and the increase in retail371

price can reduce the adverse effects of rising distribution372

costs. Furthermore, wgs > wns and p
g
e > pne hold under these373

conditions.374

The distribution cost borne by the e-tailer gradually375

increases, which reduces the e-tailer’s profit accordingly.376

Therefore, when selling green and normal products, the prof-377

its of the e-tailer show a downward trend, as shown in378

Figure 2. As the distribution cost increases from $0.10 to379

$0.70, the revenues of the e-tailer from green and nor-380

mal products decrease from $859.6435 and $603.7813 to381

$781.5364 and $552.7813, respectively. Meanwhile, as the382

distribution cost of the e-tailer increases, the change in the383

supplier’s profit is the same as that of the e-tailer, which also384

shows an obvious downward trend, mainly due to the decline385

in the wholesale price. When the distribution cost increases386

from $0.10 to $0.70, the revenues of the supplier from green387

and normal products decrease from $1337.2 and $1207.6 to388

$1215.7 and $1105.6, respectively. At this point, πge > πne389

and πgs > πns hold.390

TABLE 4. Influence of distribution cost on wholesale and retail prices.

C. INFLUENCE OF MANUFACTURING COST ON THE391

E-TAILER AND SUPPLIER392

The change in manufacturing cost directly affects both the393

e-tailer and the supplier. Specifically, increasing the man-394

ufacturing cost will increase the cost of products provided395

by the supplier, which the supplier responds to by increas-396

ing the wholesale price to maintain a certain profit. All397

FIGURE 2. Influence of distribution cost on the profits of the e-tailer and
supplier.

these increases will drive the e-tailer to raise retail price. 398

As shown in Table 5, with an increasing manufacturing 399

cost, the wholesale prices of the two commodities provided 400

by the supplier show a significant upward trend. When the 401

manufacturing cost of green and normal products gradually 402

increases from $7.0 and $6.0 to $8.0 and $7.0, respectively, 403

the wholesale prices increase from $14.9071 and $12.6500 to 404

$15.2643 and $13.1500, whereas the retail prices increase 405

from $19.5607 and $16.6750 to $19.5964 and $16.9250. 406

wgs > wns and p
g
e > pne also hold true under these conditions. 407

TABLE 5. Influence of manufacturing cost on wholesale and retail prices.

As the supplier’s manufacturing cost increases, the e- 408

tailer needs to raise the retail price to maintain a certain 409

level of profitability. However, an increase in retail price 410

further inhibits customer demand and eventually leads to a 411

gradual decline in the earnings of the e-tailer, as shown in 412

Figure 3. Whether the e-tailer sells green or normal products, 413

the benefits show an evident downward trend. Specifically, 414

the manufacturing cost of these products increases from 415

$7.0 and $6.0 to $8.0 and $7.0, respectively, and the profits 416

of the e-tailer decrease from $781.5364 and $552.7813 to 417

$659.6231 and $472.7813, respectively. With the increase in 418

the manufacturing cost at the same time, the margins earned 419
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by the supplier from green and normal products gradually420

decline from $1215.7 and $1105.6 to $1026.1 and $945.6,421

respectively. Obviously, increasing the manufacturing cost of422

the supplier has a negative impact on both the e-tailer and423

supplier. πge > πne and πgs > πns also hold true in this case.424

FIGURE 3. Influence of manufacturing cost on the profits of the e-tailer
and supplier.

D. INFLUENCE OF GREEN INNOVATION FACTOR ON THE425

E-TAILER AND SUPPLIER426

The green innovation factor is mainly used to measure the427

sensitivity of green products’ green innovation to the sup-428

plier’s resources. Table 6 shows that the wholesale prices429

of green products, as determined by the supplier, gradually430

decrease with an increasing green innovation factor. Obvi-431

ously, an opposite relationship is observed between the green432

innovation factor and wholesale price of green products,433

which has a negative impact on retail prices. Meanwhile,434

the green innovation factor has no impact on retail prices435

of normal products. For example, as the green innovation436

factor increases from 33 to 43, the wholesale and retail prices437

of green products decrease from $15.1180 and $19.8770 to438

$14.5557 and $19.0336, respectively, whereas the wholesale439

and retail prices of normal products remain unchanged at440

$12.6500 and $16.6750, respectively. wgs > wns and pge >441

pne always hold in the entire change process of the green442

innovation factor.443

Given that the green innovation factor is only related to444

green products, it does not affect the profits of the e-tailer445

and supplier with normal products, as shown in Figure 4,446

where these profits are maintained at $552.7813 and $1105.6,447

respectively. In contrast, these profits decrease along with448

an increasing green innovation factor, indicating a nega-449

tive correlation between the green innovation factor and the450

profits of the e-tailer and supplier selling green products.451

For example, when the green innovation factor increases452

from 33 to 43, the profits of the e-tailer and supplier decrease453

from $823.7741 and $1248.1 to $713.6102 and $1161.7,454

respectively. The profits of the e-tailer and supplier always 455

satisfy πge > πne and πgs > πns . 456

TABLE 6. Influence of green innovation factor on wholesale and retail
prices.

FIGURE 4. Influence of green innovation factor on the profits of the
e-tailer and supplier.

E. INFLUENCE FACTOR ANALYSIS OF GREEN DEGREE 457

Before providing green products to the e-tailer, the supplier 458

must invest additional resources in advance to carry out green 459

transformation and innovation. With the goal of maximizing 460

profit, the green degree is an important decision for the sup- 461

plier’s green products. In this study, the environmental factors 462

that affect the green degree of green products mainly include 463

the green elasticity coefficient, distribution cost, manufactur- 464

ing cost, and green innovation factor. 465

The influence of the green elasticity coefficient on the 466

green degree of green products is shown in Figure 5. With 467

an increasing green elasticity coefficient, the green degree of 468

green products shows an obvious upward trend. An increase 469

in the green elasticity coefficient indicates that customer 470

demand for green products in the market has increased. Such 471

an increase in customer demand will increase the profits 472

of both the e-tailer and supplier from green products, and 473

encourage the latter to invest more resources in green trans- 474

formation and innovation to improve the green degree of 475
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their green products. For example, when the green elasticity476

coefficient increases from 35 to 40, the green degree of green477

products increases from 3.6025 to 4.3929.478

FIGURE 5. Influence of green elasticity coefficient on green degree.

As the distribution cost increases, the green degree of green479

products shows the opposite trend, as shown in Figure 6.480

As the distribution cost of the e-tailer increases, the retail481

price of green products correspondingly increases, and cus-482

tomer demand in the market will be restrained, thereby reduc-483

ing both the income of the supplier and the resources invested484

in green transformation and innovation. These trends grad-485

ually reduce the green degree of the green products. When486

the distribution cost increases from $0.10 to $0.70, the green487

degree of the green products decreases from 4.6071 to 4.3929.488

FIGURE 6. Influence of distribution cost on green degree.

With increasing manufacturing cost, the green degree of489

green products provided by the supplier gradually decreases,490

as shown in Table 7. As the manufacturing cost of green491

products increases from $7.1 to $8.0, the green degree of492

green products determined by the supplier, decreases from493

4.3571 to 4.0357, thereby highlighting a negative correlation 494

between manufacturing cost and green degree. 495

TABLE 7. Impact of manuafacturing cost on green degree.

FIGURE 7. Influence of green innovation factor on green degree.

As shown in Figure 7, as the green innovation factor 496

gradually increases, the green degree of the green products 497

decreases. An increase in the green innovation factor implies 498

that the supplier should invest more resources to obtain the 499

same green transformation and innovation results as before. 500

Therefore, when the amount of resources invested in green 501

transformation and innovation remains stable, an increase 502

in the green innovation factor will reduce the green degree. 503

Specifically, when the green innovation factor increases from 504

33 to 43, the green degree of green products decreases from 505

4.9200 to 3.5143. 506

VI. CONCLUSION 507

As many people go shopping on the Internet and increasingly 508

focus on a low-carbon lifestyle, this study constructs four 509

operational models of the e-tailer and supplier. The first two 510

models involve the e-tailer and supplier with normal products, 511

whereas the last two models involve the e-tailer and supplier 512

who provide products with green factors. The optimal deci- 513

sions of the e-tailer and supplier across different operational 514

conditions are also analyzed. 515

This study evaluates the impacts of environmental factors 516

on the e-tailer and supplier, and finds that both the e-tailer 517

and supplier should provide green products to the market 518

to earn margins, which are higher than those obtained from 519
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providing normal products. Although green products have520

higher wholesale and retail prices than normal products, both521

the e-tailer and the supplier can earn more profit by paying522

additional costs to procure green products. Given concerns523

about environmental protection, many consumers willingly524

purchase green products despite their high prices. This study525

also analyzes the optimal green degree of green products526

and the optimal wholesale and retail prices of the supplier527

and e-tailer; and evaluates the influences of other operational528

parameters on the e-tailer, supplier and green degree of green529

products. These results are valuable for e-tailers and suppliers530

of green products when formulating tactical decisions to531

maximize their margins in e-commerce.532

APPENDIX533

A. PROOF OF PROPOSITION 1534

It can be obtained from equation (23) minuses equation (10),535

as follows:536

wgs − w
n
s =

2g(a− bdce)+ (2gb− r2)mcgs
4gb− r2

537

−
a+ b(mcns − dce)

2b
538

=
1

2b(4gb− r2)
{2b[2g(a− bdce)539

+ (2gb− r2)mcgs ]− (4gb− r2)540

× [a+ b(mcns − dce)]}541

=
1

2b(4gb− r2)
[4gb(a− bdce)542

+ 2b(2gb− r2)mcgs − (4gb− r2)a543

− b(4gb− r2)(mcns − dce)]544

=
1

2b(4gb− r2)
[4gba− 4gb2dce545

+ 2b(2gb− r2)mcgs − 4gba+ r2a546

− b(4gb− r2)mcns + b(4gb− r
2)dce]547

=
1

2b(4gb− r2)
{[b(4gb− r2)− 4gb2]dce548

+ 2b(2gb− r2)mcgs − b(4gb− r
2)mcns549

+ r2a}550

=
1

2b(4gb− r2)
{[−r2b]dce551

+ 2b(2gb− r2)mcgs − b(4gb− r
2)mcns + r

2a}552

=
1

2b(4gb− r2)
[r2a− r2bdce553

+ 2b(2gb− r2)mcgs − b(4gb− r
2)mcns ]554

>
1

2b(4gb− r2)
[r2a− r2bdce555

+ 2b(2gb−r2)mcgs − b(4gb− r
2)mcgs ]556

And due to 557

1
2b(4gb− r2)

[r2a− r2bdce 558

+ 2b(2gb−r2)mcgs − b(4gb− r
2)mcgs ] 559

=
1

2b(4gb− r2)
{r2a− r2bdce 560

+ [2b(2gb−r2)− b(4gb− r2)]mcgs } 561

=
1

2b(4gb− r2)
{r2a− r2bdce 562

+ b[2(2gb− r2)− (4gb− r2)]mcgs } 563

=
1

2b(4gb− r2)
{r2a− r2bdce 564

+ b[4gb− 2r2 − 4gb+ r2)]mcgs } 565

=
r2a− r2bdce − r2bmc

g
s

2b(4gb− r2)
566

=
r2[a− bdce − bmc

g
s ]

2b(4gb− r2)
567

=
r2[a− b(mcgs + dce)]

2b(4gb− r2)
568

with a−b(mcgs+dce) > a−b(wgs+dce) > a−bpge > 0 and 569

equation (20), then r2[a−b(mcgs+dce)]
2b(4gb−r2)

> 0, and wgs > wns . 570

B. PROOF OF PROPOSITION 2 571

The result of equation (26) minuses equation (11) is, 572

pge − p
n
e =

3ga+ (gb− r2)(mcgs + dce)
4gb− r2

573

−
3a+ b(mcns + dce)

4b
574

=
1

4b(4gb− r2)
{4b[3ga+ (gb−r2)(mcgs + dce)] 575

− (4gb− r2)[3a+ b(mcns + dce)]} 576

=
1

4b(4gb− r2)
[12gba+ 4b(gb− r2) 577

× (mcgs + dce)− 3a(4gb− r2) 578

− b(4gb− r2)(mcns + dce)] 579

=
1

4b(4gb− r2)
[3r2a+ 4b(gb− r2)mcgs 580

+ 4b(gb− r2)dce − b(4gb− r2)mcns 581

− b(4gb− r2)dce] 582

=
1

4b(4gb− r2)
{3r2a+ 4b(gb− r2)mcgs 583

− b(4gb− r2)mcns − [4b(gb− r2) 584

− b(4gb− r2)]dce} 585

=
1

4b(4gb− r2)
[3r2a− 3r2bdce 586

+ 4b(gb− r2)mcgs − b(4gb− r
2)mcns ] 587

>
1

4b(4gb− r2)
[3r2a− 3r2bdce 588

+ 4b(gb− r2)mcgs − b(4gb− r
2)mcgs ] 589
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And,590

1
4b(4gb− r2)

[3r2a− 3r2bdce + 4b(gb− r2)mcgs591

− b(4gb− r2)mcgs ]592

=
1

4b(4gb− r2)
{3r2a− 3r2bdce593

+ [4b(gb− r2)− b(4gb− r2)]mcgs }594

=
1

4b(4gb− r2)
{3r2(a− bdce)595

+ b[4(gb− r2)− (4gb− r2)]mcgs }596

=
1

4b(4gb− r2)
{3r2(a− bdce)597

+ b[4gb− 4r2 − 4gb+ r2]mcgs }598

=
3r2(a− bdce)− 3r2bmcgs

4b(4gb− r2)
599

=
3r2[a− b(mcgs + dce)]

4b(4gb− r2)
600

Though a− b(mcgs + dce) > a− b(wgs + dce) > a− bpge >601

0 and equation (20), then 3r2[a−b(mcns+dce)]
4b(4gb−r2)

> 0, and pge > pne .602

C. PROOF OF PROPOSITION 3603

Firstly, equation (28) minuses equation (12) is,604

πge − π
n
e =

g2b[a− b(mcgs + dce)]2

(4gb− r2)2
605

−
[a− b(mcns + dce)]

2

16b
606

>
g2b[a− b(mcgs + dce)]2

(4gb− r2)2
607

−
[a− b(mcgs + dce)]2

16b
608

And,609

g2b[a− b(mcgs + dce)]2

(4gb− r2)2
−

[a− b(mcgs + dce)]2

16b
610

= [a− b(mcgs + dce)]
2[

g2b
(4gb− r2)2

−
1
16b

]611

=
[a− b(mcgs + dce)]2

16b(4gb− r2)2
612

× [16g2b2 − (4gb− r2)2]613

=
[a− b(mcgs + dce)]2

16b(4gb− r2)2
614

× [4gb+ (4gb− r2)][4gb− (4gb− r2)]615

=
r2(8gb− r2)[a− b(mcgs + dce)]2

16b(4gb− r2)2
.616

Due to a− b(mcgs + dce) > a− b(wgs + dce) > a− bpge >617

0 and equation (20), then r2(8gb−r2)[a−b(mcgs+dce)]2

16b(4gb−r2)2
> 0, and618

π
g
e > πne619

D. PROOF OF PROPOSITION 4 620

The difference of equation (29) and equation (13) is, 621

πgs − π
n
s =

g[a− b(mcgs + dce)]2

2(4gb− r2)
622

−
[a− b(mcns + dce)]

2

8b
623

>
g[a− b(mcgs + dce)]2

2(4gb− r2)
624

−
[a− b(mcgs + dce)]2

8b
. 625

And, 626

g[a− b(mcgs + dce)]2

2(4gb− r2)
−

[a− b(mcgs + dce)]2

8b
627

=
[a− b(mcgs + dce)]2

2
[

g
4gb− r2

−
1
4b

] 628

=
[a− b(mcgs + dce)]2

2
[

1
4b(4gb− r2)

][4gb− (4gb− r2)] 629

=
r2[a− b(mcgs + dce)]2

8b(4gb− r2)
. 630

Because of a−b(mcgs+dce) > a−b(wgs+dce) > a−bpge > 631

0 and equation (20), r
2[a−b(mcgs+dce)]2

8b(4gb−r2)
> 0, then πgs > πns 632
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