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Abstract

With the rapid development of E-commerce platforms (EPs) and the accumulation of con-
sumer data, demand information sharing has become increasingly important in green
supply chains. However, the interaction between selling mode selection and information-
sharing strategies remains insufficiently explored. This study develops a game-theoretic
model for a green supply chain consisting of a manufacturer and an EP to examine selling
modes and information-sharing decisions under reselling and agency modes. The results
indicate that information sharing is highly dependent on information accuracy. Specifically,
when information accuracy exceeds a threshold, the manufacturer no longer purchases
demand information because the marginal benefit cannot compensate for the acquisition
cost. Under the reselling mode, the EP shares information only when information accuracy
falls within an intermediate range, whereas under the agency mode, it always chooses to
share information due to additional information-sharing revenue. Moreover, the manu-
facturer prefers the agency mode when the service cost performance factor is below the
critical threshold and switches to the reselling mode otherwise. Information sharing consis-
tently improves environmental performance, while the preferred selling mode depends
on the service cost performance factor. The extension further shows that introducing an
information collection cost narrows the information-sharing region and weakens the EP’s
incentive to share information.

Keywords: green supply chain; sales mode; information-sharing; service level

1. Introduction

The continuous growth of the economy has been accompanied by a significant increase
in environmental problems, which have attracted considerable attention from various
stakeholders, including consumers, enterprises, and governments [1,2]. In recent years,
there has been a marked shift in consumer preferences towards green products. In response
to this market shift, a large number of manufacturers have proactively implemented
green technologies and sustainable materials in their production processes. The primary
objectives of these initiatives are to improve the sustainability of their products and to
strengthen competitiveness. By 2025, world-leading enterprises such as Schneider and
Siemens are expected to further increase investment in green product development [3].
Similarly, enterprises such as Xiaomi and Midea have also laid out green product lines,
launching home appliances and digital products equipped with environmental protection
technologies. These initiatives, which are committed to sustainable development, have
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not only received widespread attention from consumers but have also further stimulated
market demand through the creation of green value.

Over the past decades, digital technologies have advanced rapidly, and E-commerce
has experienced robust growth. These two factors have contributed significantly to the
prosperity of digital retailing [4,5]. It is widely acknowledged that E-commerce has become
an indispensable component of the economy. Consequently, the management of green
supply chains faces more stringent demands than ever before [6]. The green E-commerce
supply chain, abbreviated as GESC, is characterized by two prevailing sales modes: agency
and reselling. Typical examples of the agency mode include Taobao and Pinduoduo,
while Zappos is a representative case of the reselling mode. In the agency mode, E-
commerce platforms (EPs) act as intermediaries that connect manufacturers directly with
consumers. Manufacturers are responsible for all aspects of customer service and share a
certain proportion of their revenue with the EPs in accordance with prior agreements [7].
By comparison, under the reselling mode, EPs are responsible for selling products to
consumers [8]. Therefore, analyzing the decision-making logic behind sales mode selection
in the E-commerce environment is of great practical and theoretical value.

In GESC systems, many manufacturers lack demand-side information support, mak-
ing it difficult to dynamically adjust production activities efficiently. In contrast, EPs can
obtain valuable market information, which leads to information asymmetry among GESC
members. With the continuous advancement of Internet technologies, many EPs have inte-
grated advanced data collection and analysis tools [9], thereby accumulating rich datasets.
For example, JD Business Intelligence, launched by JD.com, integrates multidimensional
consumer information such as browsing, purchasing, and evaluation behaviors to pro-
vide accurate market insights for merchants. After mastering this core market demand
information, EPs are motivated to share this information with manufacturers to increase
profits [10]. With more accurate information, manufacturers can improve product develop-
ment, reduce demand uncertainty, and enhance supply chain performance. Amazon opens
core data to Procter & Gamble, such as consumers’ green consumption preferences and
purchasing behaviors of environmentally friendly products [11], helping Procter & Gamble
more accurately align with market demand, promote green product R&D and green supply
chain optimization, and achieve efficient matching of supply and demand. However, some
studies indicate that information sharing may lead to the double marginalization effect [12],
which can weaken the EP’s willingness to share information. For manufacturers, the ben-
efits of acquiring demand information may also fail to offset the associated acquisition
cost. More importantly, the value of information sharing may differ across sales modes
because reselling and agency modes involve different pricing rights and revenue structures.
Under the reselling mode, the EP earns a retail margin, whereas under the agency mode, it
earns commission revenue. These differences can change the incentives of both parties to
share or acquire demand information. Therefore, information-sharing decisions should be
examined jointly with sales mode selection in GESCs.

In light of the above background, this study aims to explore how strategic choices
regarding sales modes and information sharing affect pricing decisions, firm profitability,
and the level of environmental improvement in GESCs. Specifically, this study addresses
the following research questions:

(1) Under different sales modes, how should the manufacturer and the EP formulate
optimal operational decisions?

(2) How do the green cost performance factor, service cost performance factor, and
information accuracy determine the information-sharing strategies adopted by supply
chain members?

(3) Which sales mode is more beneficial for each member of the supply chain?
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(4) How do different sales modes and information sharing states affect the level of envi-
ronmental improvement?

To address the above questions, we build a GESC model comprising one EP and one
manufacturer. This analytical model is constructed to examine the impacts of various sales
formats and information-sharing scenarios on the two parties, provide strategic guidance
for green supply chain members, and support decision-making regarding product pricing,
green degree, and the EP’s service level.

This study provides three main contributions. First, it reveals how information accu-
racy jointly determines the information-sharing incentives of the manufacturer and the EP
under different sales modes, identifying the conditions under which information sharing
can be achieved. Second, it shows how green and service cost performance factors shape
the potentially different sales mode preferences of the manufacturer and the EP. Third, it
demonstrates that information sharing consistently improves environmental performance
across sales modes, while the environmental advantage of a particular sales mode depends
on operational conditions. These findings provide new insights into the interaction among
sales mode selection, information sharing, and environmental performance in GESCs.

The structure of the rest of this paper is arranged as follows: Section 2 presents a
literature review from two distinct angles. Section 3 outlines the core research questions,
along with the mathematical model and key assumptions. Section 4 develops and analyzes
optimal pricing and information-sharing strategies under various sales channel configu-
rations. Section 5 compares the reselling and agency models to identify firms’ preferred
sales formats and information-sharing practices. Section 6 extends the baseline model
by incorporating information collection costs. Finally, Section 7 summarizes the main
findings, discusses managerial implications, and presents the limitations and directions for
future research.

2. Literature Review

This study systematically reviews the relevant literature from two main perspectives:
the selection of sales modes in GESCs and green information sharing.

2.1. Selection of Sales Modes in GESCs

Against the backdrop of the rapid growth of E-commerce platforms (EPs) as the
primary channel for consumer purchases, comparison and selection between reselling
and agency modes have become core research topics in E-commerce operations [13,14].
Previous studies have conducted systematic analyses of the decision-making logic of these
two modes by incorporating multiple influencing factors, including brand externalities [15],
logistics service capabilities [16,17], differences in channel power structures [18], blockchain
technology applications [19], upstream and downstream market competition [6,20], and
commission rate pricing mechanisms [21]. This stream of literature primarily explores how
these factors shape the channel preferences of manufacturers, EPs, and end consumers.
Meanwhile, some studies have examined the impact of the two EP sales modes on other
supply chain decisions. For example, He et al. [22] compared human and Al customer
service strategies under different sales modes.

In recent years, channel cooperation mode selection between green manufacturers
and EPs has emerged as a fast-growing research stream [23]. Existing studies generally
show that neither the agency mode nor the reselling mode is always optimal; instead,
their relative advantages depend on specific market and operational conditions. Cheng
et al. [24] found that high-quality store brands do not necessarily prompt EPs to introduce
them and that the two parties often have conflicting preferences regarding sales modes.
Zhang and Hou [25] showed that manufacturers should choose the agency mode when
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the commission rate is low and the reselling mode when it is high. Similarly, Yi et al. [26]
found that the agency mode is optimal under significant positive spillover effects, whereas
stronger negative spillover leads to a preference for reselling. These findings suggest
that commission rates and spillover effects may reverse firms’ sales mode preferences.
Other studies have emphasized technology, market response, and environmental policies.
Peng et al. [27] indicated that EPs tend to introduce high-end private brands when cost-
effectiveness is high and that this tendency is stronger under the agency mode. Yang [28]
found that, under a cap-and-trade mechanism, EPs’ green investment benefits the entire
supply chain, whereas manufacturers tend to select the EP sales mode when they are in a
weaker position or possess cost advantages. Zhao et al. [29] showed that manufacturers
have stronger incentives to adopt blockchain technology under the agency mode and that
the commission rate affects this decision in dual-channel settings. Deng and Zhang [30]
demonstrated that manufacturers prefer online direct selling or dual-channel modes when
online reviews are highly effective but tend to choose traditional reselling when such
effectiveness is low. Shang et al. [31] further showed that government subsidies and carbon
taxes alter pricing structures and that centralized decision-making is not always optimal.

Overall, previous studies have identified various factors that may affect sales mode
selection, but their conclusions differ because they focus on different contractual, technolog-
ical, competitive, and environmental conditions. Although some studies incorporate green
factors, EP service levels are rarely considered together with green operational decisions.
Consequently, how green factors and service factors jointly affect the potentially conflicting
sales mode preferences of manufacturers and EPs remains insufficiently explored.

2.2. Green Information Sharing

In GESCs, existing studies have examined how various factors influence information-
sharing strategies between manufacturers and EPs, including product quality and pric-
ing [32], blockchain technology applications [33,34], eco-label selection [34], spillover
effects [35], channel intrusion [36], and information inference mechanisms [37]. Some
studies have also extended information disclosure analysis to E-commerce hybrid channels.
However, previous studies have reached different conclusions regarding the value of infor-
mation sharing. Wang et al. [38] showed that a complete information-sharing strategy can
promote Pareto improvements among GESC members, enabling all participants to benefit.
This result emphasizes the coordination value of information sharing. In contrast, Zhao
et al. [37] found that when information asymmetry is large or demand is low, firms may be
unwilling to share information. Moreover, first-mover advantage is not always guaranteed
and depends on factors such as information gaps, inference ability, and sharing strategies.
Thus, information sharing may improve supply chain performance, but such benefits are
conditional rather than universal.

In competitive market environments, existing research has examined how inter-supply
chain competition and horizontal competition among manufacturers affect information-
sharing strategies and has clarified the conditions under which information sharing is
feasible. Ha et al. [12] proposed that when GESC members share demand information,
competing supply chains respond strategically, and sales mode choices depend on re-
tailer competition and manufacturers’ cost optimization capabilities. Their analysis also
indicates that information sharing may intensify the double marginalization effect and
therefore does not necessarily benefit the information provider. Liu et al. [39] focused
on information-sharing decisions among multiple original equipment manufacturers in
competitive settings. Other studies have further explored the boundary conditions of
information sharing. Yu and Cao [40] and Lin et al. [41] showed that when demand un-
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certainty increases or environmental investment efficiency is low, EPs are less willing to
share information.

These studies demonstrate that the effect of information sharing depends on the
balance between its coordination benefits and its potential profit losses or acquisition costs.
Nevertheless, most studies examine information sharing under a given channel structure.
Although some studies incorporate information accuracy, few compare how information
accuracy affects the sharing incentives of manufacturers and EPs under both reselling and
agency modes. Moreover, green factors, service factors, and information accuracy have
rarely been integrated to examine their combined effects on sales decisions, mode selection,
and environmental performance.

2.3. Distinctions Between Our Work and Existing Literature

This study differs from the existing literature in several important aspects. First, al-
though prior studies on sales mode selection in GESCs have examined various influencing
factors, few have jointly considered green factors and EP service levels. As a result, the
interaction between service operations and channel decisions has not been fully captured.
Second, although some studies on green information sharing incorporate information accu-
racy, they generally do not integrate green factors, service factors, and information accuracy
within a unified framework, nor do they analyze their combined effects on sales mode
selection and operational decisions. To address these gaps, this study develops a GESC
model consisting of one manufacturer and one EP and integrates different information
sharing states and sales modes into a unified analytical framework. It systematically exam-
ines their joint effects on pricing decisions, information-sharing strategies, profitability, and
environmental improvement levels. Specifically, this study explores the interaction among
information accuracy, green cost performance, and service cost performance in shaping
sales mode selection and information-sharing decisions. It also reveals how environmental
improvement levels vary under different strategic combinations. This work contributes to
the literature by providing a more comprehensive analysis of multi-dimensional decision-
making in green supply chains and offering practical insights for supply chain members.
We summarize the representative studies that are most relevant to this paper in Table 1.

Table 1. Summary of the relevant literature.

Sales Modes  Green Supply Information Platform
Selection Chain Sharing Service

Lietal. [10] vV vV
Huang et al. [19] Vv N4
Yan et al. [20] V4 vV
Peng et al. [27] Vv

Quadir and Raj [42] Vv Vv
Chen et al. [43] Vv V v
Chen et al. [44] v Vv
Li et al. [45] Vv Vv
Jiao and Deng [46] v v v
This paper Vv v v Vv
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3. Problem Description and Assumptions
3.1. Problem Description

We consider a GESC consisting of one manufacturer and one EP. The manufacturer pro-
duces green products, while the EP provides two sales modes: reselling and agency [11,47].
Under the reselling mode, the EP acts as a retailer by purchasing products at a wholesale
price and reselling them to consumers to earn a margin. Under the agency mode, the EP
serves as an intermediary: the manufacturer sells products directly to consumers through
the platform and determines retail prices, while the EP earns revenue through a commission
charged on sales.

EPs can accumulate large amounts of consumer data, including purchasing records and
browsing behavior. By analyzing such data, EPs can extract valuable market information
and sell it to manufacturers, thereby improving demand forecasting accuracy and assisting
production planning [27]. However, two key issues arise. On the one hand, after obtaining
precise demand information, manufacturers’ decisions may affect the EP’s profit, and thus
the EP must decide whether to share information. On the other hand, although accurate
information can benefit manufacturers, acquiring such information incurs costs; therefore,
manufacturers must decide whether to purchase it.

To capture the joint effects of sales modes and information sharing, four models are
considered: (reselling, no sharing), (reselling, sharing), (agency, no sharing), and (agency,
sharing) (see Figure 1).

Manufacturer Manufacturer Manufacturer Manufacturer
- | 1
wie wie |f |

I

EP

% EP e EP EP
pls pis S j
8 A

3) 3)

Consumer Consumer Consumer Consumer

Figure 1. Structures of four models in a GESC.

3.2. Assumptions

The relevant symbols used in this study and their definitions are listed in the following
Table 2.

The four models are based on the following assumptions. Consistent with prior
studies [4], all supply chain members are assumed to be fully rational and aim to maximize
their own profits.

Demand information: Since EPs can easily obtain consumers’ purchasing records
and browsing traces, we assume that the cost of data processing is negligible [47]. After
data processing, the EP observes a noisy demand signal f = a + ¢, where the noise term &
follows a normal distribution (0, 7). Market demand is assumed to be uncertain, which
issetasa = ag+ 0 [42,48], where ay is the basic demand, and the random variable 6
represents demand fluctuations, following a normal distribution (0, v). And then, we have
E(alf) = F500 + o5 f and E((f — a9)?) = v+ n. We define the information accuracy

= v+n
ast = erLn € [0,1], where v represents the variance of market demand uncertainty, and
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n represents the variance of the noise term. Accordingly, A = E[a|f] = (1 —t)ag +tf. A
larger t indicates a smaller relative noise level and thus more accurate demand information.
In the subsequent analysis, t is treated as an exogenous parameter rather than a random
variable, and different values of t represent different levels of information accuracy.

Table 2. Symbols and meanings.

Symbols Meanings

Market size

Basic demand

Demand signal

The noise error term of the demand signal

Information accuracy

Commission rate charged by the EP

Uncertain random variable captured by the EP

Consumers’ sensitivity coefficient of green products

Consumers’ sensitivity coefficient of retail price

Consumers’ sensitivity coefficient of service level

The manufacturer’s sensitivity coefficient of information fees

Green degree investment cost coefficient

Service-level investment cost coefficient

Commission rate under the agency mode

Green cost performance factor

Service cost performance factor

Green degree of green products in the model i, i € {RN, RI, AN, AI}
Retail price of green products in the model i, i € {RN, RI, AN, AI}
Wholesale price of the green product in the model i, i € {RN, RI, AN, Al}
Service level of the EP in the model i, i € {RN, RI, AN, Al}

Demand of green products in the model i, i € {RN, RI, AN, AI}
Profit of the manufacturer in the model i, i € {RN,RI, AN, Al}
Profit of the EP in the model i, i € {RN,RI, AN, Al}

Environmental improvement level in the model i, i € {RN, RI, AN, AI}

D
(e}

VLEL| 2R THMI TR ™+ 0

@, sN ‘@N.

N
TS

Consumer demand: Following the standard specification in the literature [49], the
baseline demand function is given by g = a — bp. In the E-commerce context, both the
EP’s service level and the product’s green degree positively affect demand [50], and thus
demand is modeled as g = a — bp + ke + rs. In the absence of information-sharing, the
manufacturer cannot observe the demand signal and instead estimates market size based
on historical data; in this case, demand is given by q = a9 — bp + ke + rs. Since price
typically has a stronger impact on demand than other factors, we maintain the standard
assumption that k < band r < b [43,51].

Cost structure: To acquire the demand information from the EP, the manufacturer
must pay a corresponding information fee. The information acquisition cost is assumed to
be ¢t?, where & > 0 [52]. The EP incurs costs for service provision, while the manufacturer
incurs costs for green investment in product development. The service cost is given by
us? [12,50], and the green investment cost is specified as Be? [52,53].

Environmental improvement level. Following Li et al. [45], we define the environ-
mental improvement level (EI) as the aggregate environmental benefit generated by the
green products sold in the market. Specifically, the green degree e represents the environ-
mental improvement of a unit green product relative to a conventional product, whereas
q represents the quantity of green products consumed. Accordingly, the environmental
improvement level is defined as EI = eq.

Commission rate: EPs usually set a unified commission rate for product categories
and announce it publicly, which is consistent with the actual situation, and will not adjust
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such rates individually for a certain manufacturer. According to the decisions of EPs such
as JD and Taobao, the commission rate satisfies a € (0,0.3).

Decision-making sequence: We follow Lin et al. [41]. First, the EP decides whether
to share information, after which the manufacturer decides whether to purchase the infor-
mation. Under the reselling mode, the manufacturer first determines the wholesale price
(w) and the product greenness level (e), and the platform subsequently determines the
retail price (p) and the service level (s). Under the agency mode, the manufacturer first
determines the retail price (p) and the product greenness level (¢), after which the platform
determines the service level (s). The detailed sequence of events is illustrated in Figure 2.

NFORMATION-SHARING PHASE OPERATIONAL MANAGEMENT PHASE
S-S T T - - - - -—-—-—-= N sy - - - - - - """ -"=-""-"7""-"7""7"”""7”""”""”""”"”""”"”"”"”""”"7= \
: The manufacturer determines the
| wholesale price and the Green  The EP determines the retail
I degree of products. price and the service level.

! !

The EP observes the demand
of consumers and decides

whether to share information
with the manufacturer.

T
i T ili Ageney

|
|
|
|
|
|
|
|
|
|

Reselling

The manufacturer decide
whether to purchase the
information from the EP. The manufacturer determines the The EP determines the service
retail price and the Green degree of  |evel.

products.

[
[
[
[
[
[
[
N /

Figure 2. Decision-making sequence of the manufacturer and the EP in a GESC.

4. Equilibrium Analysis and Information-Sharing Strategies

In this section, we derive the equilibrium outcomes under the four models. For
analytical convenience, we denote A = E[a|f] = ag(1 —t) +tf, B = 8bBu — uk? — 2pr?,
and C = 4bBu + ak®u — k*u — 2apr?. According to the assumptions, A, B, and C are
all positive.

4.1. Decisions of GESC Members Under Reselling Mode
4.1.1. Scenario Without Information-Sharing (Model RN)

In the RN model, the manufacturer first decides the wholesale price of products and
the green degree of products, and then the EP sets the retail price of products and its own
service level. The optimization problem is formulated as

2
w%%NHRMN — WRNE[gRN] — BRN (pRN)?
' 2

ma TTEN = (pRN — RN E[gRN| ] — kN (K%,
pNs

SE-4 E[gRN] = ag — bpRN 4 keRN 4 sRN,
E[gRN | f] = A — bpRN + keRN + rsRN,

4.1.2. Scenario with Information-Sharing (Model RI)

In the RI model, the manufacturer sets the wholesale price and optimal product green
degree first, then the EP decides the retail price and EP service level. The mathematical
formulation of this optimization problem is given by
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2
ﬁ?;nﬁ/fl — wRIE[qRI] _ ﬁRI(eRI) ,

2
mmax I8! — (o — wR)E[gRI ] — R (511},
s.t.¢ pts
E[gRl| f] = A — bpR! 4 keR! 4 rsRL,

Using backward induction, the equilibrium solutions of the two models are obtained,
as reported in Table 3. See Appendix A for the detailed solution process.

Table 3. The optimal outcomes in the models RN and RI.

Model RN Model RI
eR* ok Akp
B B
Wk’ agB(4byu—r?) AB(4bu—r?)
B OB
R* AB(6bp—1?) AB(6—12)
p OB BB
oR* Apr Apr
: 1
E[IT) e N
R* Brag?p(4bp—1?) top Brag*u(4bu—r?) | BProp(4bu—r?) 2
E[HP ] B2 , _‘; (4by71’2) B2 , +2 B2 , +Ct
. 2a92bBk 2a02bBk 2tubpk
£(er”| it o, g

Analyzing the equilibrium results of the models RN and RI under the reselling mode,
we have the following conclusions:

Proposition 1. Under the reselling mode, regardless of whether information-sharing occurs, the
equilibrium results satisfy

1) o, o, 2 g, o g, PN g T,
(2 <o, k<o, <o, 50 <o, aEE}?} <o, 2L <,
" » " " i Rj*
(3) L 0, %0 5, 2T 5, 6 s, BE[I;!W >0, aE[;P]} > 0;
(0 WY <o % o, <o, <, aE[gﬁ <o, BEE? l<o,je{N,1}.

See Appendix B for a proof of Proposition 1. Proposition 1 indicates that market
operation decisions under the reselling mode are affected by consumers’ sensitivity coeffi-
cient of green products, green degree investment cost coefficient, consumers’ sensitivity
to service level, and service-level investment cost coefficient. All these equilibrium re-
sults rise with the increase in consumers’ sensitivity coefficient to green products and
service level, and fall with the rise of the cost coefficients of green degree investment and
service-level investment.

When consumers’ sensitivity coefficient of green products decreases and the green
degree investment cost coefficient increases, the manufacturer is unwilling to improve the
product’s green degree, which directly affects the online sales performance of products on
the EP. Therefore, the manufacturer and the EP are motivated to reduce the wholesale price
and retail price to stabilize product sales. However, the increase in demand brought by
the price reduction is offset by the negative effect of reduced green degree, resulting in a
downward trend in the final product demand and thus a decline in the profits of both the
manufacturer and the EP. Industrial practices demonstrate that consumers’ sensitivity coef-
ficient to green products and the cost coefficient of green degree investment are core factors
driving the performance improvement of GESCs. Through continuous product innovation
and brand building, Tesla has increased consumers’ preference for new energy vehicles. In
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2023, Tesla’s global vehicle deliveries reached 1.81 million units, which substantiates the
strong appeal of green consumption preferences to demand [54].

When consumers’ sensitivity coefficient of service level decreases and the service-level
investment cost coefficient increases, the EP faces excessive service cost pressure and is
unwilling to provide a high service level, which will affect the sales volume of products on
the EP. As analyzed above, both the manufacturer and the EP are motivated to reduce the
wholesale price and sales price to stabilize sales. However, the increase in demand brought
by the price reduction is offset by the negative effect of reduced service level, and the final
product demand still shows a downward trend, leading to a decline in the profits of both
the manufacturer and the EP.

Proposition 2. Under the reselling mode, the information-sharing strategies are given as

(1) if t € [t1,1], the EP will share information (i.e., E[TIRI"] > E[TTIRN]);

(2) if t € [0, ], the manufacturer will purchase information (i.e., E[TTX]"] > E[TTIRN"]);

(3) if t € [t1,ty], information-sharing is achieved in the GESC (i.e., E[TIRI"] > E[TTEN"] and

* * 2po(4bp—12
E[TIRI"] > E[TIRN")), where t; = €(4b;’:2) _ £ W(CBZV ) and ty = %.

See Appendix B for a proof of Proposition 2. Proposition 2 indicates the willingness of
the manufacturer and the EP to share information under different ranges of information ac-
curacy. From the perspective of EP, when information accuracy ¢ is in a low range [0, t1], the
information fee charged by the EP on the manufacturer fails to fully offset the profit erosion
caused by the double marginalization effect; thus, the EP lacks the motivation to engage
in information-sharing. Shang et al. [52] argued that retailers sharing private information
will benefit manufacturers but harm themselves, so a scenario without information-sharing
is the optimal choice for the GESC members. We find that as the accuracy of information
continues to improve, the value of information also increases. When t > t;, the EP can
collect a higher information fee from the manufacturer, which can fully cover the loss
from the double marginalization effect and yield additional profits, so a share-information
strategy will be adopted by the EP. From the perspective of the manufacturer, when infor-
mation accuracy f is at a low level [0, ] but with low information acquisition costs, the
manufacturer still benefits relative to the no-information case. However, as information
accuracy t increases, the cost of obtaining information becomes prohibitive when t > f,,
which exceeds the benefits brought by the information itself. Therefore, the manufacturer
chooses not to obtain information from the EP.

Given the large number of exogenous variables involved in the analysis, this study
follows the approach of Qin et al. [55] by defining ¢ = % and ¢ = % to denote the green
cost performance factor and service cost performance factor, respectively. Larger values
of the two composite parameters mean that each additional unit of investment in green
degree and service level can increase demand more. We define variable &; = t, — t; to
characterize the interval of information-sharing under the reselling mode, which leads us
to the following corollary:

Corollary 1. The range of information-sharing under the reselling mode satisfies CKIR

de
0 and % > 0.

See Appendix B for a proof of Corollary 1. Corollary 1 shows how the range of
information-sharing under the reselling mode changes with the green cost performance
factor and service cost performance factor. Higher green cost performance factor and
higher service cost performance factor will expand the range of information accuracy for
achieving information-sharing. To gain a clearer understanding of how the green cost
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performance factor and service cost performance factor affect information-sharing, this
study follows the parameter settings of prior literature [12,44] and assigns values as follows:
ap0=2,b=10v=1¢=06k=08 p=05r =08, u = 0.5. Then, the impact of the
green cost performance factor ¢ and service cost performance factor i on the range ®; of
information-sharing is shown in the following Figures 3 and 4, respectively.

25

0.5

t

Figure 3. Impact of green cost performance on information-sharing strategy under the reselling mode.
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Figure 4. Impact of service cost performance on information-sharing strategy under the reselling mode.

As shown in Figure 3, the range of information accuracy for achieving information-
sharing expands with the increase in the green cost performance factor. This is because
when the green cost performance factor rises, enhancing the product’s green degree can
notably boost the sales volume of green products. Moreover, according to Proposition 1,
the price of green products will also rise, leading to a substantial increase in the revenues
of both the EP and the manufacturer. Even if the information accuracy decreases, the
loss caused by the double marginalization effect when the EP shares information is still
acceptable. Likewise, as information accuracy improves, the manufacturer retains the
capacity to acquire information. It can also be found from Figure 3 that, when the green cost
performance factor is at a low level, information-sharing will not be achieved no matter
how the information accuracy changes. When the information accuracy is high, even if the
green cost performance factor is increased, information-sharing will not be achieved. Due
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to the low-cost performance factor, the manufacturer is unwilling to improve the product’s
green degree, the revenues of the EP and the manufacturer are low, the EP is unwilling to
share information, and the manufacturer is also unwilling to purchase information. When
the information accuracy is high, the EP is willing to share information, but due to the
high cost required for purchasing, even if the green cost performance factor is high, the
manufacturer is still unwilling to purchase information.

Similarly, Figure 4 shows that the range of information accuracy for achieving
information-sharing expands with the increase in the service cost performance factor.
As analyzed for the green cost performance factor, when the service cost performance factor
increases, the increased revenues of the EP and the manufacturer make the EP willing
to share information and the manufacturer able to purchase information. Different from
Figure 3, when the information accuracy is low, even if the service cost performance factor
is increased, information-sharing will not be achieved. This is because when the infor-
mation accuracy is low, even if the service cost performance factor increases, the revenue
brought by the EP’s information-sharing cannot make up for the loss caused by the double
marginalization effect. Comparing Figures 3 and 4, the manufacturer is more affected
by the green cost performance factor, while the EP is more affected by the service cost
performance factor.

Proposition 3. Under the reselling mode, the product’s green degree and environmental improve-
ment level satisfy the following relationships: E[eRN"] = E[eRl"] and E[EIRN"] < E[EIRT'].

See Appendix B for a proof of Proposition 3. From Proposition 3, we can see that
under the reselling mode, information-sharing cannot improve the product’s green degree
but can increase the environmental improvement level. Although information-sharing
cannot improve the product’s green degree, it can reduce the variance of the green degree
from v to vt, which can improve the stability and effectiveness of the product’s green
degree. As a form of cooperation between manufacturers and EPs, information-sharing
helps align production plans with market demand for both parties, thereby enhancing
overall coordination efficiency. This means that all stakeholders in the GESC can promote
continuous environmental improvement and enhance environmental sustainability by
carrying out information-sharing cooperation or improving the level of cooperation.

4.2. Decisions of GESC Members Under Agency Mode
4.2.1. Scenario Without Information-Sharing (Model AN)

In the AN model, the manufacturer first decides the retail price and green degree
of products, after which the EP sets its own service level. The optimization problem is
expressed as

2
Jmax T = (1 - a)pANE[N] = pAN (AN,

2
maxT I3 = upNE[gAN| f] - AN (AN,

S.t. E[qAN} =ag— prN 1 keAN 4 AN
E[g2N | f] = A — bpN 4 keAN 4 rsAN,

4.2.2. Scenario with Information-Sharing (Model AI)

Similarly, in the model AI, the manufacturer first sets the retail price and optimal
green degree of products, and then the EP decides the corresponding EP service level. The
optimization problem is expressed as
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max TT4] = (1 —a)pATE[gA1] — pAL (A1),

pAI,eAI
A A A A ATN2
maxl l I 0(}7 11’[ I|f] I(S I) ,

[ AI |f] A —bPAI—l-kEAI-l-T’SAI.

s.t.

By adopting backward induction, the equilibrium solutions in the models AN and Al
under the agency mode can be obtained, which are shown in the following Table 4.

Table 4. The optimal outcomes in the models AN and AI.

Model AN Model AI
A apku(1—a) Akp(1—a)
C C
pA* 2aoBu 2ABu
SA* ag(/:Sar ABuar
* 2 c C2

E[T14;] zaozﬁ p(l—a) 2 Bu(l—a) C+tz; _a
E[T14"] a0’ap #((:‘;h%—%ﬂ ) a2 (4by — 3ar2)M + §t2
E[EIA*} ”Ozﬁkﬂ(‘LbF‘_g"g;"‘WZ)(1—“) ﬁky(l _ 06) (417‘11 3ar2 + ar )ao C—iz-tv

The following part conducts sensitivity analysis and comparative analysis of the
equilibrium results in the models AN and AlI.

Proposition 4. Under the agency mode, regardless of whether information-sharing occurs, the
equilibrium results satisfy

Aj* O[Ty aEn

1) 2l >0, % s, f’sak S0, P o 2T,

eAT* apAl* 954 OE[TY ] aE[nP 1o
(2) g <0, - <0, /5 ~ <o, B <0 P <0

i Aj*

(3) % o 2 5, 38, S0, 2L g 2D

A" api* 954 E[HA/ ] E[HA]*] .
4 G- <0, 75— <0, ]4 <0, =M= <0, —5— <0, je{N,I}.

See Appendix B for a proof of Proposition 4. Proposition 4 indicates that market
operation decisions under the agency mode are also affected by consumers’ sensitivity
coefficient of green products, green degree investment cost coefficient, consumers’ sen-
sitivity coefficient of service level, and service-level investment cost coefficient. These
decisions increase with the increase in consumers’ sensitivity coefficient of green products
and consumers’ sensitivity coefficient of service level, and decrease with the increase in
green degree investment cost coefficient and service-level investment cost coefficient. As
for the effects of the two green-related parameters k and 8 on the optimal results of GESC,
the reasons are consistent with Proposition 1 and will not be repeated here.

Next, by analyzing the effect of the two service-related parameters r and y, we find
that unlike the reselling mode, the EP does not directly participate in product sales, but
product sales volume is still affected by the service level. When consumers’ sensitivity coef-
ficient of service level decreases and the service-level investment cost coefficient increases,
consumers’ desire to purchase products decreases, and the EP faces excessive service cost
pressure and is unwilling to provide a high service level. To stabilize product sales volume,
the manufacturer is motivated to reduce the product price to stabilize sales. However,
the increase in demand brought by the price reduction is offset by the negative effect of
reduced service level, and the final product demand still shows a downward trend, leading
to a decline in the profits of both the EP and the manufacturer.
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Proposition 5. Under the agency mode, the information-sharing strategies are given as

(1) the EP is consistently willing to share information (i.e., E[ITA""] > E[TIAN"));

(2) if t € (0,t3], the manufacturer tends to purchase information (i.e., E[TI4"] > E[TI4N"]);

(3) if t € [0,t3], information-sharing is achieved in the GESC (i.e., E[TI"] > E[II4N"] and
E[TT4] > E[TTEN"), where t5 = w

See Appendix B for a proof of Proposition 5. Proposition 5 indicates that under
the agency mode, the EP is always willing to share information with the manufacturer
regardless of changes in information accuracy. This is because the EP does not directly
participate in product sales and will not generate the double marginalization effect. The EP’s
only source of profit is the fixed proportion of commission. When information is not shared
with the manufacturer, the EP cannot obtain additional profits from information-sharing.
However, when information-sharing is achieved, regardless of the information accuracy,
the EP can always obtain additional profits from information-sharing, so the EP is willing
to share information. From the perspective of the manufacturer, when the information
accuracy t is at a low level [0, t3], the benefits of purchasing information are greater than
the required cost, and the manufacturer is profitable. When the information accuracy ¢
is higher than the threshold t3, the cost of the manufacturer purchasing information is
high, exceeding the value of the information itself, so the manufacturer chooses not to
purchase information.

Denoting @, = t3 — 0 = t3 to represent the range of information-sharing under the
agency mode, then we derive the following corollary:

a0,

% > 0 and

Corollary 2. The range of information-sharing under the agency mode satisfies
9%,

al/} > 0.

See Appendix B for a proof of Corollary 2. Corollary 2 shows how the range of
information-sharing under the agency mode changes with the green cost performance
factor and service cost performance factor. Higher green cost performance factor and
higher service cost performance factor will expand the range of information accuracy for
achieving information-sharing. For better analysis, we conduct numerical simulation with
« = 0.25, and the results are shown in the following Figures 5 and 6.

2.5

&)

0.5

t

Figure 5. Impact of green cost performance on information-sharing strategy under the agency mode.
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Figure 6. Impact of service cost performance on information-sharing strategy under the agency mode.

As shown in Figures 5 and 6, the range of information accuracy for achieving
information-sharing under the agency mode expands with the increase in the green cost
performance factor and service cost performance factor. The reasons are roughly the
same as those described in Corollary 1. Then, under the same green cost performance
factor and service cost performance factor, comparing with Corollary 1, we find that the
range of information-sharing achieved under the agency mode is larger. By comparing
Figures 5 and 6, under the same range of information-sharing, the green cost performance
factor is smaller than the service cost performance factor. This is because, under the agency
mode, the manufacturer determines the product’s green degree and directly sells products
to consumers, which is conducive to improving the manufacturer’s decision-making effi-
ciency and earning more profits, so the manufacturer is more able to purchase information.

Proposition 6. Under the agency mode, the product’s green degree and environmental improvement
level satisfy the following relationships: E[eAN"] = E[eA"] and E[EI*N"] < E[EIAT].

See Appendix B for a proof of Proposition 6. Similar to the scenario in the reselling
mode, Proposition 6 indicates that, under the agency mode, information-sharing cannot
improve the product’s green degree but is conducive to increasing the environmental im-
provement level. The reason is the same as Proposition 3: information-sharing helps better
coordinate the production and demand of both parties, promote continuous environmental
improvement, and enhance environmental sustainability.

5. Sales Mode Comparison and Selection

This section focuses on discussing the differences in operational decisions, equilibrium
profits, and environmental improvement levels between the reselling and agency modes.
The conditions for manufacturers to select the optimal sales mode from the standpoints of
supply chain performance and environmental protection are explored.

Proposition 7. The optimal service levels and green degrees under different sales modes satisfy
(1) if 0< @ <4b, then s8N > AT if 4b< o < 2 — 12;—[‘;, then sRi" < s47°;

o

(2) if 0<y <2b,theneR" < e if 2b < p < 4b— 4, then eRi" > 41", j € (N, I}.

See Appendix B for a proof of Proposition 7. From Proposition 7(1), we can find that
when the green cost performance factor is not very large (i.e., 0 < ¢ < 4b), the optimal
service level under the reselling mode is higher than that under the agency mode. This
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indicates that under the reselling mode, since the EP sells products to consumers and has
the right to prioritize determining product marginal returns, it needs to match a higher
service level to respond to demand. Under the agency mode, the EP only receives a fixed
proportion of commission, so the service pressure is relatively small, and it can maintain
the status quo. For example, JD provides next-day delivery, on-site return and exchange,
and free replacement services for its self-operated products [56].

Proposition 7(2) reveals that when the service cost performance factor is small (i.e.,
0 < ¢ < 2b), the product’s green degree under the reselling mode is lower than that under
the agency mode. This is because a small service cost performance factor makes the EP
unwilling to maintain a high service level. Since the manufacturer directly transacts with
consumers under the agency mode, it is more vulnerable to the impact of reduced sales
volume. To ensure sales volume, the manufacturer will maintain a higher product green
degree than under the reselling mode.

Proposition 8. The manufacturer’s expected profits under different sales modes satisfy
(1) if 0< ¢ <2b, then E[xy | < E[x4]];
(2) if 2b < <4b— 2 then E[nd | > E[xdd ], j € {N,I}.

See Appendix B for a proof of Proposition 8. When the service cost performance is
at a high level (i.e., 2b < ¢ < 4b — %), the product pricing by the manufacturer under the
reselling mode is higher, and the manufacturer’s expected profit is also higher than that
under the agency mode regardless of fluctuations in the commission rate charged by the EP.
At this time, in a sound system environment, both the manufacturer and the EP can earn
more profits by setting high prices. On the contrary, when the service cost performance
is low, the opposite conclusion is drawn. Due to the EP’s low service cost performance,
it is unwilling to maintain a higher service level and cannot effectively attract demand.
To obtain higher returns, the manufacturer will choose to set a relatively low product
sales price. Market demand is significantly positively affected by the low price, and the
manufacturer gains more benefits under the agency mode. For example, some electronic
manufacturers choose JD self-operated mode, which has a high service level [57]. We also
find that the upper limit of 2b < ¢ < 4b — ¥ is affected by the green cost performance
factor. When the green cost performance factor is too large, the manufacturer will decide
to adopt the agency mode, independent of other influencing factors. Owing to the large
green cost performance factor, enhancing the product’s green degree can yield substantial
benefits for the manufacturer. Compared with the reselling mode, manufacturers can more
conveniently control product pricing directly and thus obtain higher profits under the
agency mode.

Based on the above parameter settings, we take t = 0.1 and t = 0.7 to describe the
impacts of sales mode on the EP’s profit, which are shown in the following Figure 7.

Figure 7a shows that when information accuracy and the service cost performance
factor are small, the EP prefers the agency mode, regardless of whether information is
shared. Due to the small information accuracy and service cost performance factor, the
EP is unwilling to share information and improve service levels and is more willing to
obtain profits by collecting fixed commissions. As shown in Figure 7b, when information
accuracy is high, the EP can obtain higher information fees and has the right to prioritize
determining product marginal returns to gain more marginal benefits.
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Figure 7. EP’s profits under different sales modes. (a) t = 0.1. (b) t = 0.7.

Combined with Proposition 8, when the EP’s service cost performance is high, both
the manufacturer and the EP tend to choose the reselling mode. At this time, the EP can
effectively attract consumers, and both parties can profit from the huge market demand,
achieving a win—-win situation with a more stable cooperation mode. Therefore, manufac-
turers choosing EPs with high service cost performance factors can not only maximize their
own returns but also achieve a win—win cooperation with the EP.

Since information accuracy t does not affect the threshold of ¥, under the above
parameter settings, we only take t = 0.5 to describe the impact of ¢ on the environmental
improvement level, which is described in the following Figure 8.

4 T T T T

0 0.5 1 1.5 2 25 3 3.5

Figure 8. Impact of i on the environmental improvement level (t = 0.5).

Figure 8 illustrates that when the service cost performance factor is small, the environ-
mental improvement level under the agency mode is higher. Combined with Proposition 7,
since the green degree under the reselling mode is low at this time, the product sales volume
decreases, and the environmental improvement level is lower than that under the agency
mode. Conversely, when the service cost performance factor is high, the environmental
improvement level under the reselling mode becomes higher. By observing Figure 8, we
also observe that, irrespective of the sales mode adopted, the environmental improvement
level without information-sharing is lower than that with information-sharing. In short,
information-sharing is conducive to environmental improvement, which further validates
Propositions 3 and 6.
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6. Extension

In the baseline model, we assume that the EP can collect information at no additional
cost. In practice, however, information collection typically requires the EP to devote
resources to data cleaning, data analytics, and data security management. Therefore, in this
section, we extend the baseline model by incorporating the cost of information collection
and examine how such a cost affects the EP’s information-sharing decision. Following
Huang et al. [41], we assume that the EP incurs a fixed information collection cost F.

Specifically, the platform first determines whether to collect information. When the
EP chooses to share information, it must collect the relevant information in advance and
incur the fixed information collection cost F. In contrast, when the EP chooses not to
share information, it does not collect information and hence incurs no such cost. Ac-
cordingly, when information-sharing is implemented, the EP’s profits under the reselling
and agency modes are, respectively, I8! = (pRl — wRIE[gRI|f] — ],LRI(SRI)2 — F and
141 = apAE[gAT| f] — ;4“”(s“”)2 — F; all other model settings remain the same as those in
the baseline model.

For a given information-sharing strategy, we compare the EP’s profits with and without
information-sharing under the reselling and agency modes to characterize the conditions un-
der which the EP is willing to share information. Specifically, under the reselling mode, the
EP shares information when ¢ € [1%11E , t2], whereas under the agency mode, the information-

2 (4bp—r2 2 2 (4by—r2
%’2}‘2(%—%;772) +4gF—op (B e )—4b}117r2)

sharing region is t € [t,t3], where t{ = 7 ,
2 onB2 )
4 tF B \/( avy/&z(ﬁjzyfwrz)) 4GF— avpp (AICbg—BM )
and i3 = 2

Compared with the baseline model, introducing an information collection cost narrows
the parameter regions in which the EP is willing to share information. The intuition is
that the fixed collection cost reduces the platform’s net benefit from information-sharing.
Consequently, the EP chooses to share information only when the incremental benefit
generated by information-sharing is sufficiently large to compensate for the additional
collection cost. Thus, the information collection cost raises the threshold for information-
sharing and weakens the EP’s incentive to share information.

7. Conclusions

In the digital economy era, information is a core enterprise resource. Using big data
and cloud computing, EPs can directly reach consumer terminals and mine high-value
demand information from massive transaction data. With GESC as the research context, this
study explores manufacturers’ optimal sales decisions and demand information-sharing
strategies under the reselling mode and agency mode from the dual perspectives of manu-
facturers and EPs. This study incorporates product green degree and EP service level as
decision variables, analyzes the impacts of the green cost performance factor and service
cost performance factor on information-sharing decisions, compares the effects of different
sales modes on the strategic choices of both supply and demand sides, and finally veri-
fies the impacts of different strategy combinations on the environmental performance of
the supply chain. On this basis, core research conclusions and management implications
are drawn.

7.1. Main Research Findings

Under the two sales models studied in this paper, market operation decisions are af-
fected by consumers’ sensitivity coefficient of green products, green degree investment cost
coefficient, consumers’ sensitivity coefficient of service level, and service-level investment
cost coefficient. These decisions rise with the growth of consumers’ sensitivity coefficient
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to green products and service level and decline with the increase in the cost coefficients of
green degree investment and service-level investment.

In the reselling mode, due to the combined impact of the double marginalization effect
and information accuracy, the manufacturer chooses not to purchase information under
high information accuracy conditions. On the contrary, the EP will not share information.
This is consistent with the conclusion of Li et al. [10]. Under the agency mode, the double
marginalization effect does not exist, so the EP will choose to share information regardless
of information accuracy, while the manufacturer will not purchase information with high
accuracy. It is also concluded in this study that the feasible region of information-sharing
is jointly affected by a number of different factors. Under both sales modes, the feasible
interval of information-sharing widens with the increase in the green cost performance
factor. Under the reselling mode, when the accuracy of information is relatively low,
even if the service cost performance factor is improved, information-sharing will not be
achieved. Under the agency mode, for the same range of information-sharing, the green
cost performance factor is smaller than the service cost performance factor.

When the service cost performance is at a high level, the product pricing under the
reselling mode is higher, and its expected profit is also higher than that under the agency
mode, regardless of fluctuations in the commission rate. At this time, both the manufacturer
and the EP can obtain more profits by setting high prices in a sound system environment.
When the service cost performance is low, the opposite conclusion is drawn. For the EP
perspective, when information accuracy is high, it can obtain higher information fees and
has the right to prioritize determining product marginal returns to gain more marginal
benefits. When the EP’s service cost performance is high, both the manufacturer and the
EP tend to choose the reselling mode to achieve a win-win cooperation.

Different combinations of sales modes and information-sharing states affect the envi-
ronmental improvement level. Across all sales modes considered, the degree of environ-
mental improvement is noticeably greater under information-sharing than in the scenario
with no information exchange. When the service cost performance factor is small, the
environmental improvement level under the agency mode is higher. Conversely, when
the service cost performance factor is high, the environmental improvement level under
the reselling mode is higher. Furthermore, the extension analysis shows that introducing
information collection costs raises the threshold for information-sharing and narrows the
feasible sharing region, thereby weakening the EP’s incentive to share information.

7.2. Management Implications

Manufacturers should ensure their choice of sales mode accurately matches the service
cost performance level of their cooperative EPs, prioritizing cooperation with EPs with
high service cost performance factors under the reselling mode to expand market share
through the EPs” high service levels. If cooperative EPs have weak service capabilities, they
should opt for the agency mode to stabilize returns by independently controlling pricing
strategies and strengthening green investments. For information purchase decisions, they
need to dynamically evaluate the balance between information accuracy and acquisition
costs, strictly deciding whether to purchase information within the feasible information ac-
curacy range based on the accounting results of their own benefits and costs, and avoiding
acquisition costs exceeding benefits due to excessively high information accuracy. Mean-
while, GESC members should attach importance to improving green cost performance,
reducing green investment costs through technological innovation or strengthening the
market communication of product green attributes.

EPs need to optimize their operational strategies based on their own information,
aligning with manufacturers” dominant sales mode choices. If they possess massive and
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accurate consumer data with high information accuracy, when manufacturers choose
the reselling mode, they can maximize returns through information-sharing fees and the
price difference between procurement and sales. If information accuracy is low, when
manufacturers adopt the agency mode, they can rely on stable commission income to
reduce operational risks. Service investment needs to be deeply coordinated with the mode
selected by manufacturers: when manufacturers choose the reselling mode, EPs should
increase service investment, strengthening service levels by improving logistics timeliness
and optimizing after-sales support to attract continuous cooperation from manufacturers
and help products enhance premium space; when manufacturers adopt the agency mode,
EPs can optimize the service cost structure to meet consumers’ basic service needs under
reasonable investment control.

For the GESCs as a whole, all members should establish a win—-win information-
sharing system, clarifying the reasonable sharing mechanism of information fees, green in-
vestments, and service costs. GESC members can expand the feasible range of information-
sharing by jointly improving green cost performance and service cost performance. Mean-
while, GESC members need to fully recognize the environmental value of information-
sharing. Even if there are short-term information acquisition costs, in the long run, the
increased environmental improvement level brought by information-sharing will promote
the sustainable development of GESCs.

7.3. Research Limitations and Future Directions

This study is carried out based on the GESC structure of a single manufacturer and a
single EP. In the future, the complexity of GESCs can be expanded by breaking the single-
subject assumption, introducing competitive scenarios with multiple manufacturers or
multiple EPs, and analyzing differentiated information disclosure and sales mode selection.
Actual variables such as government policies (e.g., carbon taxes, green subsidies), consumer
heterogeneity, and information security costs can be incorporated to quantify their impacts
on sales decisions and environmental improvement. Additionally, combined with new
models such as blockchain technology and joint green R&D, future research can explore
how technology changes the logic of information-sharing and the benefit distribution and
decision coordination under new forms of cooperation.
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Appendix A. Calculation Processes and Results

Before calculating the profits and optimal solutions of the EP and the manufacturer,
it is necessary to clarify how the member holding information in the GESC should use
information to determine the market size. Specifically, if the manufacturer does not hold
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relevant information, its estimated market size is E[a] = ap; if the manufacturer holds
relevant information, its estimated market size is E[a|f] = ao(1 — t) + tf = A. Given that
E[E[a]] = ao, E[E[a|f]] = ap and (E[a] f])* = A% = ag? + tv, the profits of the manufacturer
and the EP under different information-sharing states in the two sales modes are as follows:

Proof of the Model RN
Using the backward induction method, we first calculate the Hessian matrix HRN of
32 RN 82 7'L'RN
RN 3 ng RN
RN with respect to pRN and s®N, which is expressed as HRN = af paz 7TRSN
aSRNapRN 9sRNZ
2 RN 92 nl;N
) 927RN RNZ RN RN
From the assumptions b, i, r > 0, we have 37;5 = -2b < 0and af a%ZH%SN
aSRNapRN 3sRNZ

= 4bu — r%. To ensure the availability of equilibrium solutions in this model, we only con-

sider the case when - < 4b. Under this case, HRN

m is a negative definite matrix, from

] RN . - .
BZEN =0 and ’.;;—,Q’N = 0, we obtain pRN = = 24u +2€:5;2ff w-wr? and sRN = %71{—#1”‘])' Since
s . RN _ 2agu-+2ekpy+2bpw—wr?
the manufacturer does not obtain information, we have p™" = Top—r? and
oRN _ r(ag+ek—bw)
= Abu—r2
Substituting pRN and sk into RN, and then we calculate the Hessian matrix HXN
aZ RN 62 ﬂﬁN
of RN with respect to wRN and eRN, which is given as HRN = 35‘)RN2 a“g;i %{‘ﬁw
aERNaZURN 0eRN2

92 ng\{/{N 92 7.[11\(/11\]
2
dedw 0e2

PrRN
ow?2 T 4dbu—r?

. 2
From the above assumption % < 4b, we have

4b%p (8bBu—uk>—2pr%)

> 0. To ensure the avaﬂability of equilibrium solutions in this model,

(4bp—12)*
. 2 . .
we only consider the case when % < 4b — E Under this case, HXN is a negative def-
.. . orkN anM o RN* __ aoB (4bu—1?)
inite matrix. From 4y = 0 and = 0, we have w = B —267) and

eRN* V(A+Ek*bw)
- 4bu—r?

optimal results of all decision variables. In this model, we assume that ’— <4b— 55 ﬁ' which
holds in the study.
The solution process for the other three models RI, AN, and Al are similar to that for

Substituting wRN" and eRN" into pRN and sRN, we can obtain the

the model RN, so the detailed proof processes are omitted. [J

Appendix B. Proofs of Propositions and Corollaries

Proof of Proposition 1. From the above assumptlon 2 o< 4p— 2/5, we have B = 8bBu —
—2Br? > 0and 4by — 1> > 0 are satisfied.
Deriving the first-order partial derivatives of all equilibrium results with regard

RN* 2a0Bky (4bu—r? RN*
to parameter k, we have awak — ZooPky h(BJ ) > 0, asak = Z”Ok 200k + aoy > 0,
apRN*_ 2aoBkp (6bu—r?) asRN* _ 2agBkur IE[RN"] _ 2a02Bky? 8E[7r _
I b B2 >0, =" >0 —5— =" >0 —5— =

4002 B2ky? (4by—72) owRl*  2ABku (4by—72) asRI*  2AK 2 1 Rt
B >0, T DB >0, % =" +7F >0 5 =

2Apky (6bu—r*) asRI* _ 2ABkur E[nRI"] _ 2a02Bks? JE[mRI"]
2 > O/ - BZ > 0 ak - Bz > 0 ok =

dag?Bku? (4b;4—r2) 4tvpPkp? (4by—r2)
B3 + B3

ZtUﬁky

_|_

> 0.
Similarly, by finding the first-order derivatives of each equilibrium result with respect

to B, r and u, we obtain Proposition 1. [J

https://doi.org/10.3390/su18168564


https://doi.org/10.3390/su18168564

Sustainability 2026, 18, 8564

22 of 25

Proof of Proposition 2. Under the reselling mode, comparing the profits of the man-
ufacturer and the EP between the scenario with and without information-sharing, we
have

1) ER]- E[n;}N] 452@2 — &2 if t < M% then E[8/"] > E[xRN'],

otherwise, E[RI"] < E[nRN].
Solving the inequality for ¢ (information accuracy), the range of t for the manufacturer

to be willing to purchase information is derived as (0, W] .
RI RN ﬁztvy(4by 2 2 top > .
(2) E[ P ] E[ P ] (Sbﬁy ]sz 2,3}’2 2 + g 417]/!—1’2 - 0/ lf

Solving the inequality for ¢, the range of f for the EP to be willing to share information

. . Ho _ PPuv(dbu—r?)
is derived as [g @7 Z(8bpp—pke—2pr ) 1) .

To realize information-sharing in the green supply chain, both the manufacturer and
the EP must be willing to participate. Thus, the range of ¢ for information-sharing is the

po__ _ _ Buodbp—r?) Buo 0O
C(abu—r2)  F(8bPu—pk2—2pr2)*" (8bBu—puk*—2pr*)¢

intersection of the two ranges above:

Proof of Corollary 1. By calculating the partial derivative of t; — t; with respect to ¢,

Aty—t1) _ op?(16bu—pue— 4r) (tz o
9 T F(Bbu—pe—2r2)° . Since 8by — g — 2r* > 0, we have o > 0.
d(tr—t1)

By calculating the partial derivative of t, — f; with respect to ¢, T =

[(8bp—pup—2r2) +p(4b—y)*(Bbp 2 -2By) g e A(ty—h)
Gonrp—27) (8047 . Since 8bp — k= — 2By > 0, we have s > 0

] e

Proof of Proposition 3. Calculate the expected green degree and expected environmental
improvement amount under different information-sharing states in the reselling mode:

k k
(1) Expected green degree: E[eRN] = m, E[eRl] = W.
Thus, E[eR!] = E[eRN].

(2) Expected environmental improvement amount:

(8bBy — pk? — 2pr2)?
E[EIR] = E[eRIgRT] = 209>k’ n 2tobpky’ ‘
(8bByu — pk? —2pr2)*  (8bPy — pk? — 2pr2)?

2tvbBky? » > 0, and Proposition 3 is proved. OJ

Thus, E[EIR] — E[EIRN] = =P
(8bpp—puk>—2pr2)

Proof of Proposition 4. Since the proof of Proposition 4 follows a similar logic to Proposition
1, its detailed derivation is omitted for brevity. [

Proof of Proposition 5. Compare the profits of the manufacturer and the EP under different
information-sharing states (information-sharing vs. no sharing) in the agency mode:

(1) For the manufacturer: The profit difference between information-sharing (model Al)

and information non-sharing (model AN) is E[rr4f] — E[4N] = y ;;fz ;f 7(;2; 01)2[)6 52

&2 > 0.
Solving the inequality for ¢, the range of ¢ for the manufacturer to be willing to

B pu(a—1)v }
PR p—4bBpt2a pri-ak?p)g

(2)  For the EP: The profit difference between information-sharing (model Al) and informa-

2
tion non-sharing (model AN) is E[74] — E[naN] = (4b/9:ff k2;f4hki;¢3az;ﬂr2)2 + &2 > 0.

purchase information is derived as (
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Solving the inequality for ¢, the range of ¢ for the EP to be willing to purchase infor-
mation is derived as (0,1).

To realize information-sharing, the range of ¢ is the intersection of the two ranges, i.e.,

B u(a—1)ov
Tty = H=

Proof of Corollary 2. By calculating the partial derivative of t3 — 0 with respect to ¢,
950 _ o (1-a)’ Atp=ty)
5% Zabprepn_pu_2ar)’ . Since 4by + apy — g — 2ar?> > 0, we have > 0.
By calculating the partial derivative of t3 — 0 with respect to ¥, a(a;p—o)

_ 2apv?(1-a) ~ 2 A(tr—t)
= a2 Since 4bB + ak* — k= — 2a B > 0, we have op > 0.0

Proof of Proposition 6. Calculate the expected green degree and expected environmental
improvement amount under different information-sharing states in the agency mode:

agkp (1—a) E[eAl] = aokp (1—a)
4bBu+akp—kZpu—2apr’ 4bBu+ak?p—kZp—2apr?”

(1) Expected green degree: E[eAN] =
Thus, E[e*N] = E[e4]].
(2) Expected environmental improvement amount: E[EIAN] = E[eANgAN]

N aozﬁky(4by—3ar2+zx72) (1—«) E[EIAI] _ E[EAI AI] N uozﬁk;t(4by—3ocr2+arz) (1—a)
2(4bBu+ak?u—k2p—2apr2)? q 2(4bBu+ak?u—k2p—2apr2)?

tU‘Bk‘M(4by73DL7‘2+lX7‘2) (1—a)

2(4bBu+aki—k2p—2apr2)?

The difference between the two is E[EI4] — E[EIAN] = 2tvbfy

(4bﬁy+zxk2‘u—k2y—2aﬂ72)2
Thus, E[EI*!] > E[EIN]. O

Proof of Proposition 7. Compare the optimal green degree and optimal service level
between the reselling mode and the agency mode:

. . . i* k(1
(1) Difference in optimal green degree: E[eR/'] — E[e/'] = Sb/s ’;f%kJrZﬁ i 4% +(21X[;Xl[)J*0¢k2'
Solvefoer<1,L7<4b79basedonE[ R]] E[eY] >
(2) Difference in optimal service level: E[ ] E[s AJ | = ol 07

‘ : 8bu—np—2r2  @u—4 bu+2ar?—apu’
Solve for ¢ < 4bbased on E[s®¥'] — E[s4/] > 0. O

Proof of Proposition 8. Compare the manufacturer’s expected profits between the reselling
mode and the agency mode under different information-sharing states:

(1) When information is not shared (RN vs. AN models): E[rRN] — E[z{N] =

2 2 1—
Shﬁ—algzlizlﬁp - 4bﬁi°“k2’57](<272ﬁ¢. Solve for 0 < ¢ < 2bbased on E[7RN] < E[x4N].
2
(2) When information is shared (RI vs. Al models): E[nR[] — E[n{{{] = % -
B (L) top (1-0) gi1ue for 0 < ¥ < 2bbased on E[nR]] < E[n{{f]. O

4bB+ak?—k2—2aBy
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