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Abstract
Purpose – This study investigates the circumstances under which a business to customer (B2C) marketplace
chooses to implement green marketing to promote green product investment (GPI). It further identifies the
optimal sales model approach for implementing green marketing under uncertainty about the effects of GPI.
Design/methodology/approach –We examine an e-commerce (EC) supply chain involving amanufacturer who
determines the product’s greenness level and a B2Cmarketplacewho can operate in either an agency or a reselling
mode and engages in green marketing to promote sales of green products. Using the backward induction method,
we develop an analytical model to drive the optimal decisions and profits under each sales model.
Findings – Our research demonstrates that high GPI uncertainty drives B2C marketplaces to adopt green
marketing strategies. These initiatives not only prompt manufacturers to invest in eco-friendly products but also
boost profits for all parties involved. Nevertheless, these benefits depend on the choice of a sales model between
agency and reselling. Our findings offer a novel practical application into the relationship betweenGPI uncertainty
and green marketing. When the GPI uncertainty is high, green marketing is profitable for the B2C marketplace
regardless of which sales mode is adopted. However, when uncertainty is low, green marketing only benefits the
B2C marketplace in the agency mode. Moreover, the interaction between GPI uncertainty and the referral fee
exerts a moderating influence on the preferred sales mode for both the manufacturer and the B2C marketplace.
Practical implications – Our findings offer a novel practical application into the relationship between GPI
uncertainty and green marketing. When the GPI uncertainty is high, green marketing is profitable for the B2C
marketplace regardless of which sales mode is adopted. However, when uncertainty is low, green marketing only
benefits theB2Cmarketplace in the agencymode.Moreover, the interactionbetweenGPIuncertainty and the referral
fee exerts a moderating influence on the preferred sales mode for both the manufacturer and the B2C marketplace.
Originality/value – Overall, our research contributes to a deeper understanding of the complex but beneficial
interplay between GPI uncertainty, green marketing and sales mode selection in an EC supply chain.
Keywords Green product investment, Green marketing, B2C marketplace, e-commerce supply chain,
Agency mode, Reselling mode
Paper type Research paper

1. Introduction
In light of the detrimental impact of human activities on the environment, a growing number of
consumers have demonstrated a heightened interest in green products (Dangelico and
Vocalelli, 2017). In response, an increasing number of manufacturers have developed green
technologies, including the use of recyclable materials and the promotion of energy-saving
products (Swami and Shah, 2013; Dong et al., 2019). Green product investment (GPI) serves
to enhance the environmental friendliness of the product, thereby meeting the growing
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demand from environmentally-concerned consumers, and ultimately increasing market
demand for products. Prior research in sustainable consumer behavior has demonstrated that a
significant proportion of customers hold positive attitudes towards green products (Hong and
Guo, 2019; Ketelsen et al., 2020) and are even willing to pay a premium for them compared to
conventional products (Aguilar and Vlosky, 2007; Wei et al., 2018). Nevertheless, a
discrepancy exists between consumers’ expressed intention to buy and their actual purchasing
behavior concerning green products (Vermeir and Verbeke, 2006; Grunert, 2011; Sheeran and
Webb, 2016). It is evident that a positive perception of a product does not necessarily result in a
purchase decision. The decision to buy is complex and influenced by a multitude of factors
(Grunert, 2011; Paul et al., 2016). This is consistent with the fact that, while a significant
proportion of consumers express interest in environmentally-friendly products, only a small
fraction, less than 10%, are truly dedicated to buying them (Ketelsen et al., 2020).

Furthermore, GPI presents challenges for manufacturers as such investments are not only
costly, but are also not directly observable by consumers (Baksi andBose, 2007). The asymmetric
information about GPI between manufacturers and consumers can lead consumers to doubt the
claims of GPI, potentially undervaluing products’ green attributes or environmental features.
Consequently, the effect ofGPI on the market demand may be less positive than expected due to
the high uncertainty regarding its effectiveness. This uncertainty can, in turn, act as a deterrent for
manufacturers developing green products. Nevertheless, consumer purchasing decisions are
frequently influenced by their awareness of a product’s green attributes. Consequently, green
marketing initiatives play a pivotal role in influencing this awareness (Rahbar and Wahid, 2011;
Hong and Guo, 2019). Business to Customer (B2C) marketplaces, such as Amazon, eBay, and
Alibaba, have employed green marketing initiatives to promote manufacturers’ GPI. For
example, Amazon, one of the largest B2C marketplaces in the world, launched the “Climate
Pledge Friendly” project in 2020, in collaboration with reputable third-party certifications, with
the objective of showcasing products that adhere to sustainability standards and contribute to
environmental conservation. Another example is Alibaba, the fourth-largest B2Cmarketplace in
the world, creating the “Green Channel” to promote eco-friendly products and service. This
channel facilitates the connection between environmentally-conscious suppliers and
manufacturers with consumers seeking for sustainable options. Furthermore, the specific
nature of green marketing initiatives is contingent upon the sales model employed. Indeed, the
advent of B2Cmarketplaces has led to the emergence of two dominant salesmodels: the reselling
mode and the agency mode. In the reselling mode, the B2C marketplace acts as a reseller,
purchasing products from suppliers and subsequently reselling them to consumers. In the agency
mode, the B2C marketplace serves as a marketplace, allowing the manufacturer to sell products
directly to consumers. The selection of a sales mode has a significant impact on operational
decisions and the profitability of both theB2Cmarketplace and themanufacturer, as evidenced by
academic research on operationsmanagement (Zennyo, 2020; Zhang et al., 2021, 2023; Xu et al.,
2023). There is a shortage of research exploring the interaction between uncertainties associated
with GPI, green marketing, and sales mode selection, and their influence on the green degree of
products and individual profits in the e-commerce (EC) supply chain.

This study addresses this gap by investigating a green supply chain composing a singleB2C
marketplace and a single manufacturer. The manufacturer produces eco-friendly products and
sells them through the B2C marketplace, which operates either as a marketplace or a reseller
and engages in marketing efforts to promote the green products. In particular, the following
questions are addressed:

(1) Under what circumstances should the B2Cmarketplace exert greenmarketing efforts?

and.

(2) Considering both the marketing effort and the uncertainties associated with GPI,
which sales model would be the optimal choice for both the B2C marketplace and the
manufacturer?
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In order to address these research questions, a game-theoretic framework is employed to
determine the optimal values of the product greenness level, green marketing effort, product
quantity, and the individual profits of themanufacturer and the B2Cmarketplace. The findings
and practical applications can be summarized as follows:

First, our research demonstrates that high GPI uncertainty drives B2C marketplaces to
adopt green marketing strategies. These initiatives not only prompt manufacturers to invest in
eco-friendly products but also boost profits for all parties involved. Moreover, the impact of
green marketing on the B2C marketplace is dependent on the specific sales mode and the
degree of GPI uncertainty. In particular, green marketing efforts yield positive outcomes for
theB2Cmarketplace in both agency and resellingmodeswhen there is considerable ambiguity
surrounding GPI. However, when GPI uncertainty is relatively low, green marketing is only
beneficial for the B2C marketplace in the agency mode. These findings contribute valuable
supplementary insights to the existing knowledge on green marketing in operations
management (Du et al., 2019; Li et al., 2021; Shi et al., 2022). Our findings offer a novel
practical application into the relationship between GPI uncertainty and green marketing.
When uncertainty of GPI is low, our research indicates that the B2C marketplace should
prioritize green marketing for third-party seller products. Conversely, in the context of high
GPI uncertainty, the B2C marketplace has the potential to engage in green marketing for both
third-party and its own products.

Second, it can be observed that the interplay between the GPI uncertainty and the referral
fee exerts a moderating influence on the preferred sales mode for both the manufacturer and
the B2Cmarketplace.WhenGPI uncertainty exceeds a certain threshold and the referral fee is
low, the agency mode results in a higher green level and greater profits for both parties, which
leads to a preference for this mode. However, an increase in uncertainty reduces the likelihood
of the agencymode being adopted, as heightened uncertainty prompts the B2Cmarketplace to
favor the reselling mode. The aforementioned practical implications indicate that marketing
efforts may facilitate the selection of the reselling mode, particularly in situations where there
is a high degree of uncertainty regarding GPI. This emphasizes the importance of green
marketing in EC supply chains where green investment involves a significant degree of risk.
In conclusion, our research contributes to a deeper understanding of the complex but beneficial
interplay between GPI uncertainty, marketing efforts, and sales mode selection in an EC
supply chain.

The rest of the paper is structured as follows. The literature review is presented in Section 2.
We provide the model setting with notations and assumptions in Section 3. Section 4 is
dedicated to the analysis of a benchmarkmodel of the EC supply chain underGPI, without the
inclusion of green marketing efforts. Section 5 considers the performance of the GPI supply
chain with a greenmarketing effort. In Section 6, we conclude with a summary of our findings
and suggest avenues for future research. For the convenience of the reader, the mathematical
proofs are provided in the Appendix.

2. Literature review
Our study aims to investigate the potential effects of green marketing efforts and sales mode
selection on the performance of an EC supply chain. It is primarily related to two research
streams: the first involvesGPI and sales mode selection in B2C marketplaces, and the second
focuses on green marketing efforts in EC supply chains.

2.1 B2C marketplace sales mode selection and green product investment
In recent years, the B2C marketplace has attracted the attention of researchers in supply chain
management, with a particular focus on the optimal online channel modes of the supply chain.
Most of the existing research in this field is based on the agency theory framework, which
examines the interactionsbetweenentitieswith alignedyet distinct objectives (Bergenet al., 1992).
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The objective of these studies was to determine the optimal salesmode for supply chainmembers.
For instance, Hagiu andWright (2015) suggested the decision between the resellingmode and the
marketplace mode hinges on which entity, independent suppliers or the intermediary, possesses
more information for crafting effective, product-specific marketing strategies. The study by
Abhishek et al. (2016) suggested that agency sellingmaybemore efficient than reselling and could
potentially lead to lower retail prices.However, it isworth noting that e-tailersmay find themselves
in a positionwhere they relinquish control over retail prices to themanufacturer. Chen et al. (2021)
put forth an analytical framework to examine the optimal sales model for an e-seller offering
return-freight insurance in an EC supply chain. Zhang et al. (2023) offered further insights into the
optimal sales model, combined with optimal operational decisions for a platform supply chain in
the presence of a secondarymarketplace.However, itwould be beneficial to consider the impact of
GPI on the selection of the optimal sales mode, as considered in this research. As Sarkis et al.
(2011) observed, green supply chainmanagement hasbecomean essential component of corporate
strategies focused on sustainable practices. Consequently, firms are experiencing mounting
pressure to enhance their environmental performance further compounded by heightened
environmental awareness exhibited by stakeholders, which serves to incentivize firms to mitigate
the adverse environmental impact of their operations (Tseng et al., 2019). The extant literature
documents numerous benefits of supply chain practices for corporate performance. For instance,
Dyer and Singh (1998) indicated that a proactive environmental strategy can enhance a firm’s
competitiveness. Furthermore,Younis et al. (2016) found that greenpurchasing andenvironmental
cooperation had a significant impact on operational performance, based on data collected through
survey questionnaires from 117 firms in the manufacturing industry in the UAE. Li et al. (2024)
demonstrated that environmental regulations, as exemplified by China’s low-carbon city pilot
policy, motivated firms to adopt green image management within the supply chain. Furthermore,
firms’ financial performancewas shown to improve after implementing green imagemanagement
in their supply chain.

It seems that, as a result of environmental issues and the green promotion of e-retailers,
consumers are becoming increasingly interested in purchasing green products through the
B2C marketplace. Wang et al. (2020) focused on the study of the green degree of products
and the service level of EC platforms. The authors suggested that consumer preferences for
green products and service quality could potentially benefit both the manufacturer and the
EC platform. Wang et al. (2021) explored the potential for sustainable decisions in an EC
platform marketing environment, with a focus on competition. Their findings suggested
that the launch of a green product by an EC platform could benefit manufacturers if the
discrepancy in evaluation for the green product is sufficiently small. However, the
potential consequences ofGPI uncertainty are not given sufficient consideration. Liu et al.
(2020) confirmed that market uncertainty affects sustainability management, which is
crucial for long-term survival and growth. Wu et al. (2020) analyzed the influence of
uncertainty of green products on environmental investment decisions within supply chains.
Their findings indicated that, as eco-friendly intermediate components become less
uncertain and more feasible, suppliers will increase the greenness of these components and
increase the investment in environment. Concurrently, manufacturers will reduce the
proportion of the green costs.

Zhou and Duan (2022) examined the selection of online sales channels in the context of
consumers’ environmental awareness and the reference greenness effect. Their findings
indicated that the choice of sales channels is contingent upon the cost-effectiveness of
greenness improvement and that the optimal product greenness is influenced by the reference
effect.

Nevertheless, it is notable that none of these addressed the role of the marketing effort in
reducing the GPI uncertainty and optimizing the choice of selling formats and operational
decisions.
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2.2 Green marketing effort in e-commerce supply chain
The role ofmarketing in supply chains is crucial for fostering customer loyalty and driving long-
term profitability (Kumar and Shah, 2004). Furthermore, research by Mishra and Modi (2016)
substantiated the complementary function of marketing capability. Their findings indicated that
sustainable practices, such as CSR, are unlikely to directly impact firm shareholder wealth;
rather, CSR is more likely to exert its influence in conjunction with marketing capability. Their
study underscored the notion that the positive impact of CSR on shareholder value can be
amplified through the enhancement of marketing capabilities. Additionally, it appeared that
consumer awareness of green products is the primary factor influencing purchasing behavior
(Hong and Guo, 2019) and therefore is evident that improving consumer awareness of green
products through retailers’marketing efforts is a fundamental requirement for all online channels
in the EC supply chain. Many existing works appear to confirm the important role of marketing
effort (Giri and Sharma, 2014; Guo et al., 2020; Li et al., 2021). For example, in their work
focusing on the effectiveness of different contracts in coordinating the sale efforts of brick-and-
mortar retailers with those of free-riding online retailers, Xing and Liu (2012) suggested that a
rebate contract combinedwith sales efforts could potentially lead to significant improvements in
supply chain efficiency. Further, Taleizadeh et al. (2016) explored the potential impact of
marketing effort on dual-channel closed-loop supply chain systems and their findings suggested
that, depending on consumer preferences for the direct channel, the marketing effort could be
allocated by the manufacturer or the retailer to enhance coordination and generate greater profit
for the supply chain. In a similar vein, Li et al. (2019) examined the pricing and service effort
strategy in a dual-channel supply chain with showrooming effect. Their findings suggest that
service effort and retail profit are largely independent of the coefficient of the showrooming
effect. Guo et al. (2020) suggested that by investigating the impact of green supply chain
contracts with eco-labels issued by the sales platform on the profitability and environmental
impact of the supply chain, it may be possible to demonstrate that marketing effort can lead to
greater green awareness among consumers, which could contribute to improving the
performance of the supply chain. In the view of Zhang et al. (2023a), consumers are inclined
to purchase green products based on their understanding of such products,which is shaped by the
marketing efforts of the B2C marketplace. Their study suggested that marketing efforts benefit
consumers, leading to increased adoption of green products and greater profits for both the B2C
marketplace and the manufacturer. This research aims to gain a deeper understanding of the
impact of green marketing efforts in two sales modes of the EC supply chain. In our view, this
represents a novel approach to investigating the optimal sales model for implementing green
marketing in a B2C marketplace by considering the risk associated with GPI.

3. Model setting
3.1 Green product investment and market demand
Manufacturers often invest in green initiatives to add environmentally-friendly characteristics
to their final product. The costs associatedwith green investment represent a fixed expenditure
and depend on the greenness of the products, denoted by θ. Following the common assumption
of diminishing returns on green investment in the relevant literature (Hong and Guo, 2019;
Zhang et al., 2020;Wu et al., 2020; Shi et al., 2022), this studymodels the relationship between
green investment cost and greenness level using a quadratic function. Specifically, the
investment cost to achieve the green level θ is given by κθ2=2, where κ > 0 is the marginal cost
coefficient of GPI. Since consumers are willing to pay a premium for green products over
conventional ones (Aguilar andVlosky, 2007;Wei et al., 2018),GPI ismodeled to increase the
demand for green products (Hong and Guo, 2019; Shi et al., 2022). Nevertheless, the scale of
the green market segment cannot be predicted as it depends on the ability of green products to
prove environmental quality and meet the broader expectations of consumers (Ottman et al.,
2006). To capture the uncertainty of aGPIwhilemaintainingmodel complexity at a reasonable
level, we adopt the demand for product with green level θ as
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DðθÞ ¼
�

a
aþ η θ

with probability ρ
with probability 1� ρ

where, a > 0 is the base market size, and the parameter η referred to as the green elasticity of
demand, quantifies the responsiveness of product demand to changes in its green attributes.
This elasticity can vary significantly depending on the nature of the green technology adopted
or the target consumers. The random market demand for the product (post-GPI) can
alternatively be written as

DðθÞ ¼ aþ ηθ ξ

where ξ is a Bernoulli variable with probability ðξ ¼ 0Þ ¼ ρ and probability ðξ ¼ 1Þ ¼ 1− ρ.
The probability ρ measures the likelihood of the scenario that the GPI fails to stimulate the
market demand. This parameterρ serves as an indicator of the uncertainty associatedwithGPI,
with a high ρ showing a high degree of uncertainty regarding the effect of GPI on the market
demand.

3.2 Green marketing efforts
In our setting, green marketing efforts, represented by marketing expenditures and denoted by
e, can reduce the probability of the failure scenario, ultimately reducing the uncertainty ofGPI.
Specifically, we consider the function ρe ¼ ρexpð−ωeÞwith ω > 0 to quantify the impact of
green marketing on GPI uncertainty. Here, a higher marketing effort e leads to lower GPI
uncertainty. As the greenmarketing effort approaches infinity, the probability ρe approaches to
zero. And the parameter ω controls the rate of convergence to a zero level of GPI uncertainty,
reflecting the effectiveness of green marketing in mitigating the risk associated with GPI.

3.3 Supply chain structure
We consider a supply chain consisting of one manufacturer (referred to as “he”) and one B2C
marketplace (referred to as “she”). The manufacturer invests in GPI to create eco-friendly
products sold directly to consumers via a B2C marketplace that promotes green marketing to
inform the eco-friendly features of the products. Both green marketing andGPI are long-term
decisions. However, given the increasing power of the B2Cmarketplace, it is assumed that the
green marketing decision is made before investing inGPI and that the manufacturer is clearly
informed of the B2C marketplace’s planned green marketing strategy. Throughout our
analysis, we normalize the production cost to zero and treat the selling price r as an exogenous
parameter. TheB2Cmarketplace offers two salesmodels for themanufacturer to sell products:
(1) the reselling mode, where the B2C marketplace acquires products from the manufacturer
and resells them to consumers, and (2) the agency mode, in which the manufacturer sells
products directly to consumers, but the manufacturer has to pay a fraction γ ∈ (0,1) of the total
sales revenue to the B2Cmarketplace and keeps the remaining fraction 1� γ of the sales at the
end of the selling season. This proportion γ is referred to as the referral fee, is usually not easily
altered by a single B2Cmarketplace due to the formidable external force of competition. This
is evident in the similar referral fees charged by major B2Cmarketplaces such as Amazon and
WalmartMarketplace, among others. Therefore, this research follows the work of Zhang et al.
(2023) to assume that γ is an exogenous parameter.

3.4 The sequence of events
Figure 1 shows the four decision stages in the investigated supply chain. Stage 1: The B2C
marketplace and the manufacturer select a sales mode (reselling or agency). Stage 2: The B2C
marketplace decides on green marketing efforts. Stage 3: GPI, pricing, and ordering are
decided. Stage 4: Market demand and profits are realized. Given the sequence of events, the
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backward inductionmethod (Heifetz, 2012) is used tomodel the decision-making processes in
the investigated supply chain. For instance, if the B2C marketplace chooses its marketing
effort, it maximizes its expected profit ΠBðe; θ*ðeÞÞwhere θ*ðeÞ results from the optimization
of the CSR effort undertaken by the manufacturer. All notations are listed in Table 1.

4. Benchmark: without green marketing effort
4.1 Reselling mode
In this mode, the behavior of the manufacturer and the B2Cmarketplace in the reselling mode
can be modeled using backward induction approach are as follows

Stage 1 : maxfθ;wgΠR
M ¼ wq� κ

θ2

2
(1)

Stage 2: max
q
ΠR

B ¼ rE½minfq;DðθÞg� � wq (2)

Proposition 1. The optimal decisions (wR*; θR*; qR*) and individual profits (ΠR*
M ;Π

R*
B ) in the

reselling mode are as follows

(1) If ρ < bρ, then wR* ¼ rð1− ρÞ, θR* ¼ η
κ rð1− ρÞ, qR* ¼ aþ rη2ð1− ρÞ

κ , ΠR*
M ¼ rð1− ρÞ�

aþ rη2ð1− ρÞ
2κ

�

; andΠR*
B ¼ arρ.

(2) If ρ > bρ, then wR* ¼ r, θR* ¼ 0, qR* ¼ a, ΠR*
M ¼ ra; andΠR*

B ¼ 0.

Where bρ ¼ 1þ aκ
rη2 −

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�

1þ aκ
rη2

�2

− 1

s

.

Sales mode selection
Step 2

Step 2
Green marketing decision

Step 3
GPI,  pricing, and ordering

Step 4
Market realization

Reselling mode Agency mode

B2C marketplace
decides e

Manufacturer 
decides w and θ Manufacturer

decides θ and q
B2C marketplace

decides q

B2C marketplace
decides e

Step 1

Source(s): The authors

Figure 1. Sequence of the events in two sales modes
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Proposition 1 analyzes the equilibrium outcomes in the reselling mode in terms of the GPI
uncertainty. Specifically, when GPI uncertainty is sufficiently high to satisfy ρ > bρ, the
manufacturer does not invest in green initiatives and increases thewholesale price tomatch the
selling price. In this case, the manufacturer extracts all the supply chain profits while the B2C
marketplace obtains zero profit. Conversely, when GPI uncertainty is relatively low (ρ < bρ),
the manufacturer invests in GPI and incentivizes the B2C marketplace to order more by
lowering the wholesale price. This strategy allows both the manufacturer and the B2C
marketplace to achieve positive profits.

4.2 Agency mode
In this mode, the manufacturer simultaneously decides a product quantity q directly
selling to the consumers and a level of greenness θ to maximize his profit. The profit functions
of the manufacturer and the B2C marketplace can be can be formulated as follows,
respectively

ΠA
M ¼ ð1� γÞrE½minfq;DðθÞg� � κ

θ2

2
: (3)

ΠA
B ¼ γrE½minfq;DðθÞg� (4)

Proposition 2. In the agency mode, the optimal GPI level, product quantity, and profits of
the manufacturer and B2C marketplace are as follows

Table 1. List of notations

Notation Description

Superscript/subscript
M, B Subscripts to identify the parties: M ¼manufacturer and B ¼ B2C marketplace
j ∈ fR;A;RG;AGg The superscript j 5 R, A, RG, AG corresponds to reselling mode, agency mode, green

marketing in the reselling mode, and green marketing in the agency mode, respectively
* Superscript for optimality

Objective function
Π The expected profit

Decision variables
θ Green level set by the manufacturer
e Green marketing effort level decided by the B2C marketplace
w The wholesale price decided by the manufacturer
q The product quantity decided by either the manufacturer or the B2C marketplace

depending on the sales mode adopted

Exogenous parameters
γ The referral fee
ρ The level of GPI uncertainty
c Unit cost of production (normalized to zero)
r Retail price
η Green elasticity of demand
ω The marketing effect on GPI uncertainty reduction
κ The marginal cost coefficient of GPI.
a The base market size
Source(s): The authors
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θA* ¼
rη
κ
ð1� ρÞð1� γÞ; qA* ¼ aþ

rη2

κ
ð1� ρÞð1� γÞ;ΠA*

M ¼ ð1� γÞr
�

aþ
rη2

2κ
ð1� ρÞ2ð1� γÞ

�

; andΠA*
B ¼ γ r

�

aþ
rη2

κ
ð1� ρÞ2ð1� γÞ

�

:

According to Proposition 2 the manufacturer always benefits from investing in GPI with the
agency mode. This contrasts with the reselling mode, where the manufacturer invests in GPI
only when uncertainty is low.

4.3 Green product investment and sales mode selection
In this subsection, the equilibrium results between the resellingmode and the agencymode are
compared. To further illustrate the comparative results, figures are occasionally provided with
the following hypothetical parameters a ¼ 10; γ ¼ 0:2; r ¼ 10; κ ¼ 0:1; η ¼ 0:6; ρ ¼ 0:5;
andω ¼ 0:05, unless otherwise mentioned.

Proposition 3. The comparative results of green levels between two sales modes, reselling
and agency, are provided as follows

(1) If 0 < ρ < bρ, then 0 < θA* < θR*.

(2) If bρ < ρ < 1, then θA* > θR* ¼ 0.

Proposition 3 highlights the impact of the choice of a sales mode on the manufacturer’s optimal
green level.When theGPI uncertainty is lower than a certain threshold (i.e. ρ < bρ), the reselling
mode offers a stronger incentive for the manufacturer to increase his investment in green
initiatives. Conversely, when theGPI uncertainty is high (i.e. ρ > bρ), the agencymode becomes
more effective in drivingGPI. This finding suggests that the agencymode is better at promoting
green manufacturing within supply chains when the risk associated with GPI is high.

The next proposition illustrates the comparative results on profits. For ease of exposition,
we introduce the following thresholds for the referral fee parameter as follows

bγ1 ¼ 1þ
aκ

rη2ð1� ρÞ2
�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�

1þ
aκ

rη2ð1� ρÞ2

�2

�
2aκρ

rη2ð1� ρÞ2

s

;

bγ2 ¼ 1þ
aκ

rη2ð1� ρÞ2
�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�

1þ
aκ

rη2ð1� ρÞ2

�2

� 1

s

; and

bγ3 ¼
1
2

 

1þ
aκ

rη2ð1� ρÞ2
�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�

1þ
aκ

rη2ð1� ρÞ2

�2

�
4aκρ

rη2ð1� ρÞ2

s !

:

Proposition 4. The comparative results for the profits of the manufacturer and the B2C
marketplace between two sales modes, reselling and agency, are given as
follows
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(1) If f0 < ρ < bρ and 0 < γ < bγ1g or fbρ < ρ < 1 and 0 < γ < bγ2g, then ΠA*
M > ΠR*

M ;
otherwise, that is f0 < ρ < bρ and bγ1 < γ < 1g or fbρ < ρ < 1 and bγ2 < γ < 1 g;
ΠA*

M < ΠR*
M .

(2) If 0 < ρ < bρ and 0 < γ < bγ3, then ΠA*
B < ΠR*

B , otherwise, that is bρ < ρ < 1 or
f0 < ρ < bρ and bγ3 < γ < 1g, ΠA*

B > ΠR*
B .

(3) If 0 < ρ < bρ and bγ3 < γ < bγ1, then Π
R*
M > ΠA*

M and ΠR*
B > ΠA*

B .

(4) If bρ < ρ < 1 and 0 < γ < bγ2, then Π
A*
M > ΠR*

M and ΠA*
B > ΠR*

B .

Proposition 4 indicates that the profitability comparisons of the manufacturer and the B2C
marketplace are affected by the referral fee and the level of uncertainty associated with GPI.
Proposition 4 is graphically illustrated in Figure 2, showing the joint impact of γ and ρ on the
preferred sales mode of each supply chain member. According to part (1) of Proposition 4, the
manufacturer prefers the agency mode (reselling mode) when the referral fee is low (high).
This result is consistent with Zennyo (2020) who claimed that the suppliers will choose the
wholesale (agency) contract when the referral fee (i.e. royalty rate) is high (low). Proposition 4
(2) shows that B2Cmarketplace favors the reselling mode when both theGPI uncertainty and
the referral fee are sufficiently low. In other scenarios, the agency mode, which brings higher
profits to the B2C marketplace, is preferred. This result is quite intuitive: a low referral fee
harms the B2C marketplace’s revenue, while a high referral fee reduces market demand and
ultimately lowers the B2C marketplace’s profits. Interestingly, the B2C marketplace’s
preferred sales mode shifts from agency to reselling mode as GPI uncertainty increases and
remains lower than the threshold bρ, as illustrated in Figure 2 (b). The reason can be that
increasing GPI uncertainty lowers expected demand, negatively affecting the B2C
marketplace’s sales revenue in the agency mode. Figure 2(c) reveals that the sales mode
preference of both parties depends on the interaction between the referral fee and the GPI
uncertainty. There are some combinations of γ and ρ (i.e. the “yellow” region in Figure 2(c))
where both parties favor the resellingmode, and others (i.e. the “orange” region in Figure 2(c))

Figure 2. Preferred sales mode without marketing effort
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where both parties favor the agencymode.By observing that the “orange” region in Figure 2(c)
shrinks as the GPI uncertainty increases, it can be concluded that increasing GPI uncertainty
weakens agreement between the manufacturer and B2C marketplace on selection of agency
mode. This provides an important insight that reducing uncertainty in green investments,
especially when the level of uncertainty is high, can facilitate an agreement on selecting a sales
mode between the two parties.

5. Supply chain performance with green marketing
5.1 Green marketing in the reselling mode
This strategy involves the following stages: Stage 1: the B2C marketplace decides a level of
green marketing effort e. Stage 2: the manufacturer simultaneously determines a green level θ
and a wholesale price w. Stage 3: the B2C marketplace decides an order quantity q.

The profit functions of both parties are formulated as follows

ΠAG
M ¼ wq� κ

θ2

2
(5)

ΠAG
B ¼ rE½minfq;DðθÞg� � wq� e: (6)

Proposition 5. In the reselling mode, the B2Cmarketplace’s optimal marketing effort and
the associated outcomes are characterized as follows

(1) When ρ < bρ or when ρ > bρ and ω < bω, the B2C marketplace’s optimal marketing
effort is eRG* ¼ 0, and the associated outcomes are given by: wRG* ¼ rð1− ρÞ,
θRG* ¼ η

κ rð1− ρÞ,

qRG* ¼ aþ rη2ð1− ρÞ
κ , ΠRG*

M ¼ rð1− ρÞ
�

aþ rη2ð1− ρÞ
2κ

�

; andΠRG*
B ¼ arρ.

(2) When ρ > bρ and ω > bω, the B2C marketplace’s optimal marketing effort is

eRG* ¼ 1
ω Ln

�
ρ
bρ

�

, and the associated outcomes are given by: wRG* ¼ rð1−bρÞ,

θRG* ¼ η
κ rð1−bρÞ, qRG* ¼ aþ rη2ð1−bρÞ

κ , ΠRG*
M ¼ rð1−bρÞ

�

aþ rη2ð1−bρÞ
2κ

�

; andΠRG*
B ¼

arbρ.

Where bρ is defined in Proposition 1, and bω ¼ 1
arbρ

Ln
�

ρ
bρ

�

.

Proposition 5 clarifies the conditions under which the B2C marketplace will choose to
implement greenmarketing in the resellingmode. This proposition is graphically illustrated in
Figure 3. Part (1) of Proposition 5 indicates that the B2C marketplace does not exert green
marketing when the GPI uncertainty is low or when the GPI uncertainty is high and the
marketing effect on GPI uncertainty reduction is low. In contrast, it is optimal for the B2C
marketplace to implement greenmarketingwhen theGPI uncertainty and themarketing effect
on GPI uncertainty reduction are high as shown by Part (2) of Proposition 5.

From Part (2) of Proposition 5, we know that the B2C marketplace is more willing to
implement green marketing when the threshold bρ decreases. Note that the threshold bρ is
determined by the parameters a, κ, and η. Having observed that the derivatives vbρ

vaand
vbρ
vκ are both
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negative, the derivative vbρ
vη is positive, and illustrates that when the cost ofGPI is expensive, the

B2Cmarketplaces are lesswilling to undertake greenmarketing. In contrast, when consumers’
preference for green products is stronger or when the base market size is larger, B2C
marketplaces are more likely to undertake green marketing.

5.2 Green marketing in the agency mode
The profits of the manufacturer and the B2C marketplace are formulated as follows

ΠAG
M ¼ ð1� γÞrE½minfq;DðθÞg� � κ

θ2

2
(7)

ΠAG
B ¼ γrE½minfq;DðθÞg� � e: (8)

The following proposition highlights the circumstances under which the B2C marketplace
chooses to exert (or not) green marketing in the agency mode. We introduce the following
thresholds for the GPI uncertainty and marketing effect on GPI uncertainty reduction

parameter: ω ¼ 2κ
r2η2ð1− γÞγ, ρ ¼ 1

2

 

1−
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
ω ðω − ωÞ

q
!

, and ρ ¼ 1
2

 

1þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
ω ðω − ωÞ

q
!

.

Proposition 6. In the agency mode, the impact of green marketing effort on B2C
marketplace’s profit and the optimal level of green marketing effort eAG*

that maximizes the B2C marketplace’s profit are as follows

(1) When fω ≤ ωg or f0 < ρ < ρ and ω > ωg (i.e. region Z1 occurs in Figure 4),ΠAG*
B is

decreasing in e, and eAG* ¼ 0,

Figure 3. The joint impact of ρ and ω on the green marketing adoption in the reselling mode
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(2) When fω > ω and ρ < ρ < ρg (i.e. region Z2 occurs in Figure 4), ΠAG*
B is strictly

unimodal with respect to e, and eAG* ¼ 1
ω Ln

2

6
6
4

2ρ
1−

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1
ω ðω − ωÞ
p

3

7
7
5.

(3) When fω > ω and ρ < ρ < 1g, ΠAG*
B is non-unimodal with respect to e. Furthermore,

if the function Vðω;Þ ¼ γ
�

rη2ð1− ρExp½−e*ω�Þ2ð1− γÞ
κ

�

− e* − γ
�

rη2ð1− ρÞ2ð1− γÞ
κ

�

is positive,

where e* ¼ 1
ω Ln

2

6
6
4

2ρ
1−

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1
ω ðω − ωÞ
p

3

7
7
5 (i.e. region Z3 occurs in Figure 5), eAG* ¼ e*, otherwise

(i.e. region Z4 occurs in Figure 4), eAG* ¼ 0.

Proposition 6 highlights the circumstances under which the B2C marketplace chooses to
implement greenmarketing in the agencymode. This decision requires an investigation of four
regions, denoted as Z1, Z2, Z3, and Z4, as graphically shown in Figure 4. In region Z1 where
parameters satisfy fω < ωg or f0 < ρ < ρ and ω > ωg, the marketing effort effect is lower
than a certain thresholdωor when theGPI uncertainty is low and the marketing effort effect is
high. Under these conditions, the B2C marketplace does not exert green marketing. In region
Z2where parameters satisfy fω > ω and ρ < ρ < ρg, the effect of greenmarketing is high and
the GPI uncertainty is moderate. In this region, green marketing always benefits the B2C
marketplace. In regions Z3 and Z4 where the marketing effort effect and the GPI uncertainty
are both high, i.e. fω > ω and ρ < ρ < 1g, the B2C marketplace’s profit obtained with
marketing efforts may be either lower or higher than its profit without it. To make a final
decision, the B2Cmarketplacemust investigate the sign of the functionVðωÞ, whichmeasures
the difference between the maximum profit with marketing efforts and the profit without it. If
VðωÞ > 0, the B2C marketplace chooses to exert green marketing. Otherwise, in region Z4,
where the parameters satisfy fω > ω and ρ < ρ < 1 and VðωÞ < 0g, it is better for the B2C
marketplace to choose not to undertake green marketing efforts.

Figure 4. The joint impact of ρ and ω on the green marketing adoption in the agency mode
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5.3 Green marketing and sales mode selection
Figure 5 numerically illustrates the effects of green marketing effort on the comparison of
individual profits between the two sales modes. In contrast to Figure 2, Figure 5 reveals an
intriguing finding that both the referral fee and GPI uncertainty affect the profit comparison
between the two sales models. Comparing Figure 2(a) and 5(a), the expanded “orange” region in
Figure 5(a) when the uncertainty is high, and the referral fee is relatively high (i.e. the orange
region with horizontal lines), indicates a shift in the manufacturer’s preferred mode choice from
the resellingmode to the agencymode due tomarketing efforts. The rationale for this result can be
explained as follows: an increase in the referral fee will increase the selling cost for the
manufacturer using the agency mode, incentivizing them to switch to the reselling mode to sell
their products. However, when GPI is highly uncertain, green marketing is more effective in
enhancingmarket demand. Consequently, themanufacturer’s profits from increased demand due
to greenmarketing can offset the costs of selling on the B2Cmarketplace. This implies that when
the B2C marketplace implements green marketing, the agency mode can yield higher profits for
the manufacturer than the reselling mode, even if the referral fee is relatively high. This finding
also suggests that the manufacturer should consider both the referral fee and GPI uncertainty
when choosing an optimal sales mode, and B2C marketplaces can influence this decision by
providing greenmarketing efforts. Comparing Figure 2(b) and 5(b), the larger “yellow” region in
Figure 5(b) suggests that when the GPI uncertainty is high and the referral fee is low, the B2C
marketplace’s preferred sales mode shifts from agency to reselling. The reason can be that a low
referral fee can be offset by the B2C marketplace’s profit gains from increased demand due to
green marketing effort. As a result, the “yellow” region in Figure 5(c) expands compared to
Figure 2(c), signifying increased agreement within the reselling mode. In addition, the “orange”
region inFigure 5(c) expands compared toFigure 2(c)when theGPIuncertainty is low, indicating
that marketing efforts can increase agreement within agency mode with a low GPI uncertainty.

6. Conclusions and managerial implications
6.1 Results discussions
B2C marketplaces, as pivotal and impactful entities within the context of supply chains, serve to
bridge the gap between manufacturers and consumers. Moreover, they are acutely aware of the

Figure 5. Preferences for sales mode with green marketing in ðρ; γÞ− space
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necessity to align their supply chain operations with environmentally-conscious practices.
Consequently, the B2C marketplace is confronted with the crucial decision of selecting a sales
mode (reselling or agency) that can effectively reconcile the dual objectives of environmental
sustainability and financial profitability. This study analyzed a green EC supply chain wherein a
manufacturer implements greenpractices to create eco-friendly products,while aB2Cmarketplace
uses green marketing to promote these products. A game-theoretic framework is employed to
model the decision-making regarding the green level,marketing effort, and product quantity, given
uncertainty about the effect of green product investment on increasing the market demand.

This study first focused on the impact of uncertainty surrounding green product investment
on the greenness of supply chains and profits. The results showed that an increase in the
uncertainty surrounding green product investment has a detrimental effect on the optimal
green level and the profit of the manufacturer. Nevertheless, this uncertainty increases the
optimal green marketing level, which not only incentivizes manufacturers to improve the
green performance of their products, but also benefits all members of the supply chain. More
importantly, our findings suggest that the adoption of greenmarketing by theB2Cmarketplace
is contingent upon the choice between an agencymode and a resellingmode, particularlywhen
the impact of green marketing on mitigating green product investment uncertainty is low. In
particular, in both the agency and reselling modes, green marketing is profitable for the B2C
marketplace when there is a high degree of uncertainty. However, when GPI uncertainty is
low, green marketing confers benefits solely on the B2C marketplace in the agency mode.

Next, a comparison was conducted between the two sales modes with the objective of
analyzing the preferences of both parties regarding their preferred sales mode. The results
indicated that the optimal sales mode selection for both the B2C marketplace and the
manufacturer depends on the interplay between the referral fee and the uncertainty associated
with green product investment. In particular, when the referral fee is low and the GPI
uncertainty is high, both the manufacturer and the B2C marketplace opt for the agency mode,
as this results in a higher green level and profits. Nevertheless, an increase in green product
investment uncertainty leads to a divergence of opinion, with manufacturer’s preferred mode
of operation changing from the agency mode to reselling mode as the GPI uncertainty
increases. This highlights the potential conflict in sales mode selection that green product
investment uncertainty creates for manufacturers and B2C marketplaces. Fortunately, our
findings indicated that green marketing efforts can facilitate consensus on both the agency
mode and the reselling mode, which is more flexible for all members of the supply chain. This
underscores the vital importance of proactive greenmarketing strategies in not only enhancing
overall supply chain profitability but also promoting positive environmental outcomes.

6.2 Managerial implications
This study investigated the interplay between greenmarketing efforts and salesmode selection
in the context of varying levels of GPI uncertainty in decision-making within green supply
chains. Its results provide valuable insights for manufacturers and B2C marketplaces
implementing sustainable strategies.

Firstly, with the increase inGPI uncertainty,manufacturers tend to reduce their investments
in green initiatives. However, B2C marketplaces can mitigate the uncertainty of GPI and
encourage manufacturers to increase green investments by adopting green marketing efforts.
Moreover, B2Cmarketplaces are well-positioned to provide flexible green marketing support
for green products, whether sold directly or through third-party sellers, because green efforts
benefit the B2C marketplace in both sales models. Nevertheless, it is essential the B2C
marketplace considers its capacity to determine the referral fee to guarantee mutual benefits
for all supply chain members. In circumstances where the referral fee is low and cannot be
readilymodified by the B2Cmarketplace due to significant external forces, it is recommended
that the marketplace prioritize green marketing for products sold directly (reselling mode).
Conversely, when the referral fee is relatively high, the optimal choice is to prioritize green
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marketing for products sold by third-party sellers (agency mode). This implication is derived
fromFigure 5, specifically the (yellow) area in the figure that demonstrates the resellingmode,
whereby products are sold directly by the marketplace, results in higher profits for both the
manufacturer and the B2C marketplace when the GPI is high and the referral fee is low.
Conversely, the (orange) area illustrates the agency mode, where products are sold by third-
party sellers, yields higher profits for both themanufacturer and theB2Cmarketplacewhen the
GPI is high, and the referral fee is relatively high.

Secondly, when the uncertainty of GPI is low, manufacturers are more willing to invest in
greening their products. To maximize the benefits of green marketing in such circumstances,
B2Cmarketplaces should concentrate their greenmarketing efforts onmanufacturers who sell
their products via the agency mode. Moreover, B2Cmarketplaces have the potential to reduce
the referral fee in order to ensure the profitability of manufacturers, thereby fostering ongoing
investments in green innovations. In conclusion, aligning green marketing efforts and referral
fee strategies with varying levels of GPI uncertainty allows B2C marketplaces to optimize
benefits across the supply chain while advancing sustainable practices.

The findings of this study may also prompt further research in this area. The model can be
extended by incorporating diverse environmental consumer preferences, which give rise to
different degrees of uncertainty regarding the potential impact on demand and renders investment
decision-making more complex. It would be beneficial in the future to investigate the possibility
of the B2C marketplace offering or sharing the logistics costs with the supplier in the agency
mode. This could be done with the aim of encouraging the supplier to invest further in green
products and utilize this mode to a greater extent. Another promising avenue for further
explorationwould be to consider the case of different types of green product investments, such as
low-carbon products, recycled materials, or second-hand products. In order to improve
consumers’ knowledge and purchase decisions, these require more personalized and adaptive
marketing efforts.
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Appendix

Proof of Proposition 1
In the resellingmodewithoutGPI,ΠR

BðqÞ ¼ ra − wq. The optimal decision and profits arew* ¼ r, q* ¼ a,
ΠR*

M ¼ ra andΠR*
B ¼ 0. With GPI, given w and θ, the B2C marketplace chooses a quantity q to maximize

ΠR
BðqÞ ¼ rE½minfq;Dg�− wq ¼ rðaρþ ð1− ρÞqÞ− wq. The first-order derivative ofΠR

BðqÞwith respect
to q is vΠR

BðqÞ
vq ¼ rð1− ρÞ− w: Therefore, the manufacturer is better to set a wholesale price satisfying

w ≤ rð1− ρÞ. If this condition is met, ΠR
BðqÞ is increasing in q. The B2C marketplace places an order

q*ðθÞ ¼ að1þ η θÞ. Substituting q*ðθÞ into the manufacturer’s profit leads to ΠR
Mðw; θÞ ¼

wq − κ θ2
2 ¼ wað1þ ηθÞ− κ

2θ
2. For a given w, vΠR

MðθÞ
vθ ¼ wη − θκ, and vΠR

MðθÞ
vθ2 ¼ −κ < 0. The first order

condition (FOC) yields θ* ¼ η
κ w. Now, substituting θ* ¼ η

κ w into themanufacturer’s profit, and taking the
first-order derivative of manufacturer’s profit with respect to the wholesale price, we have
vΠR

MðwÞ
vw ¼ aþ wη2

κ . The manufacturer’s profit is increasing in w and the optimal wholesale price is

w* ¼ rð1− ρÞ. It follows that θ* ¼ η
κ rð1− ρÞ, ΠR*

M ¼ rð1− ρÞ
�

aþ rη2ð1− ρÞ
2κ

�

and ΠR*
B ð0Þ ¼ arρ. We next

compare the optimal profit with GPI and that without GPI.

If 0 < ρ < 1þ aκ
rη2 −

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�

1þ aκ
rη2

�2

− 1

s

≡bρ , then rð1− ρÞ
�

aþ rη2ð1− ρÞ
2κ

�

> ra. Therefore, it is better

for the manufacturer to makeGPI, θ* ¼ η
κ rð1− ρÞ and set a wholesale pricew* ¼ rð1− ρÞ:The resulting

profits are ΠR*
M ¼ rð1− ρÞ

�

aþ rη2ð1− ρÞ
2κ

�

and ΠR*
B ¼ arρ. Otherwise, the manufacturer does not make

GPI.

Proof of Proposition 2
In the agencymode withoutGPI,ΠA

MðqÞ ¼ ð1− γÞrq. This profit increases in q. The optimal decision and
profits are q* ¼ a, ΠR*

M ¼ ð1− γÞra and ΠR*
B ¼ γra. With GPI, ΠA

Mðq; θÞ ¼ ð1− γÞ rE½minfq;DðθÞg�
− κ θ2

2 ¼ ð1− γÞrðaρþ ð1− ρÞqÞ− κ θ2
2 . Taking the first-order derivative of Π

A
Mðq; θÞwith respect to q, it

yields vΠA
Mðq;θÞ
vq ¼ rð1− ρÞð1− γÞ > 0: Because ΠA

Mðq; θÞ increases in q, we obtain q* ¼ aþ ηθ.
Substituting q* into ΠA

Mðq; θÞ leads to Π
A
Mðq*; θÞ ¼ ð1− γÞrðaþ ð1− ρÞηθÞ− κ θ2

2 . Taking the first-order
and second-order derivatives of ΠA

Mðq*; θÞwith respect to θ, it yields vΠA
Mðq* ;θÞ

vθ ¼ −θκ þ rηð1− ρÞð1− γÞ,
and v2ΠA

Mðq* ;θÞ
vθ2 ¼ −κ < 0. Solving the FOC yields θ* ¼

rηð1− ρÞð1− γÞ
κ . It follows that q* ¼ aþ ηθ ¼

aþ rη2
κ ð1− ρÞð1− γÞ. By plugging q* and θ* into the profits of themanufacturer and theB2Cmarketplace,

we obtain their respective optimal profits.

Proof of Proposition 3
Comparing the green levels between reselling mode and agency mode, we have:

If 0 < ρ < bρ, θR* − θA* ¼
rηð1− ρÞ

κ − rηð1− ρÞð1− γÞ
κ ¼ γ rηð1− ρÞ

κ > 0.
If bρ < ρ < 1, then θR* − θA* ¼ 0− rηð1− ρÞð1− γÞ

κ < 0

Proof of Proposition 4
Proposition 4 is obtained by solving the inequalitiesΠR*

M −ΠA*
M > 0, andΠR*

B −ΠA*
B > 0. The details have

been omitted for brevity.
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Proof of Proposition 5
It is worth noting that the marketing effort does not change the form of the manufacturer’s objective
function. Thus, the manufacturer’s optimal decisions are the same as presented in Proposition 1 except
that the value ρ would change to ρe ¼ ρexpð−ωeÞ. Given a marketing effort e, the optimal decisions
fw*; θ*g of the manufacturer are

n
w*; θ*

o
¼

8
<

:

n
rð1� ρeÞ;

η
κ

rð1� ρeÞ
o

fr; 0g

if ρe < bρ
if ρe ≥bρ

And the B2C marketplace’s profit can be expanded as

ΠR
BðeÞ ¼

�
arρe � e
�e

if ρe < bρ 5 if ρ < bρ or ρ > bρ and e >
1
ω
Log

�
ρ
bρ

�

if ρe ≥bρ5 if ρ > bρ and e ≤
1
ω
Log

�
ρ
bρ

�

By analyzing the impact of e on ΠR
BðeÞ, we obtain the results presented in the core text.

Proof of Proposition 6
By replacing ρe ¼ ρexpð−eωÞ into the profit of the B2C marketplace obtained from Proposition 2, it

yields ΠAG*
B ¼ γr

�

aþ rη2ð1− ρexpð−eωÞÞ2ð1− γÞ
κ

�

− e. The FOC is vΠAG*
B

ve ¼
2expð−eωÞr2η2ρð1− expð−eωÞρÞð1− γÞγω

κ − 1.

Let Y ¼ expð−eωÞwith 0 < Y ≤ 1. Then, there will be a one-to-one mapping and a negative relationship

between Y and e. The FOC can be rewritten as vΠAG*
B

ve ¼ −
�

2r2η2ρ2ð1− γÞγω
κ

�

Y2 þ

�
2r2η2ρð1− γÞγω

κ

�

Y − 1. This is

a quadratic equation in Y with the discriminant equal to 4p4η4ρ2ð1− γÞ2γ2ω
κ2

�

ω − 2κ
r2η2ð1− γÞγ

�

. Considering

finding the zeros of the FOC, we have the following situations:

(1) If
�

ω < 2κ
r2η2ð1− γÞγ ¼ ω

�

, the discriminant is negative. Hence, the FOC has no real roots. In

addition, the coefficient of the quadratic term is negative. It follows that vΠAG*
B

ve < 0 and ΠAG*
B is

decreasing in e.

(2) If fω ¼ ωg, the discriminant is zero, and the FOC has only one root, Y ¼ 1
2ρ. In this case the FOC

is non-positive. It indicates that ΠAG*
B is non-increasing in e.

(3) If fω > ωg, the discriminant is positive, and the FOC has two roots: Y1 ¼ 1
2ρ − 1

2ffiffiffiffiffiffiffiffiffiffi

1−eωω
q

; Y2 ¼ 1
2ρþ

1
2

ffiffiffiffiffiffiffiffiffiffi

1−eωω
q

.

þWhen 1 < Y1 < Y25 f0 < ρ < ρ and ω > ωg, then the FOC has no real roots in the range (0,1), and
ΠAG*

B is decreasing in e.
þWhen 0 < Y1 < 1 < Y25 fω > ω and ρ < ρ < ρg, then the FOC has only one root in the range

of (0,1). It indicates a change of sign for the FOC from negative to positive with an increase in Y
(coresponding indicates a change of sign for the FOC from positive to negative with an increase in e).
Therefore, ΠAG*

B is non-unimodal with respect to e. And, ΠAG*
B reaches its maximum at Y1, that is

eAG* ¼ 1
ω Ln

2

6
6
4

2ρ
1−

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1
ω ðω − ωÞ
p

3

7
7
5.

þWhen 0 < Y1 < Y2 < 15 fω > ω and ρ < ρ < 1g; the FOC has two roots in the range of (0,1). It
indicates a change of sign for the FOC from negative to positive and then negative with an increase in Y
(coresponding indicates a change of sign for the FOC is the same direction with an increase in e). This
means that the larger of the two (Y2) represents theminimumand the smaller (Y1) represents themaximum
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of ΠAG*
B . Thus, ΠAG*

B is non-unimodal with respect to e. Solving for Y1 ¼ expð−eωÞ, we get

eAG* ¼ 1
ω Ln

2

6
6
4

2ρ
1−

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1
ω ðω − ωÞ
p

3

7
7
5: The final decision of the B2C marketplace requires the investigation of the

sign of function VðωÞ ¼ ΠAG*
B ðeAG*Þ−ΠAG*

B ð0Þ which measures the difference between the maximum
profit with green marketingΠRG*

B ðeAG*Þ and profit without itΠAG*
B ð0Þ. Therefore, when parameters satisfy

fω > ω and ρ < ρ < 1 and V ðωÞ > 0g, the B2C marketplace chooses to exert green marketing;
otherwise, it will not undertake green marketing effort.
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