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Abstract: The combination of e-commerce and the green economy allows enterprises to distribute
their green products directly to consumers through Internet channels. This paper investigates the
impact of service spillovers on emission reduction and channel decisions in a two-echelon supply
chain,in which the supplier is a Stackelberg leader and the retailer is a follower.By comparing the
equilibrium outcomes of the single-channel and dual-channel supply chain in a setting with and
without retail services, we observe that the supplier prefers to encroach on the market when services
that retail locations provide largely spillover to and benefit the direct sales channel. Contrary to
popular belief, a higher degree of service spillovers is beneficial for the retailer to get more returns
under the dual-channel structure, whereas supplier encroachment will lead to a decline in the
service level if the spillover degree is relatively low. In addition, the emission reduction level of
products under supplier encroachment is always higher than that employed in the single-channel
structure if consumers have both low-carbon preference and high degree of service sensitivity.
Furthermore, we extend the equilibrium decisions under a carbon cap-and-trade (CCT) mechanism;
the results fully verify the above conclusions. Interestingly, the implementation of a carbon price
not only motivates carbon emission abatement and supplier encroachment, but also helps achieve a
win-win outcome for supply chain members when service spillovers happen.

Keywords: E-commerce; Supplier encroachment; Service spillover;Emission reduction; Carbon cap-
and-trade (CCT)

1. Introduction

In recent years, e-commerce, as a product of information technology for business operations, has
been applied in many ways.This is especially true since the outbreak of COVID-19 in early 2020. Since
then, Internet channels have played an important role in confronting the supply chain challenges
imposed by the pandemic, stimulating consumption recovery and maintaining both the global
supply chain and industrial chain.According to an e-commerce trading platform survey released by
China’s National Bureau of Statistics, Chinese annual e-commerce transactions rose by 4.5 per cent,
reaching CNY37.21 trillion in 2020,compared to 2019 (Zhu et al. 2023).To avoid the risk of a single
channel, many suppliers have opened up their own online channels to sell the same products as
offline retailers, which is known as supplier encroachment. Companies such as Apple, Huawei, and
Samsung, have established their direct channels, helping them to implement self-operated
distribution channels (Xia & Niu, 2019).The convenience of an Internet channel also provides
consumers with more shopping options. In fact, some consumers may first visit the brick-and-mortar
store to experience the retail service, but finally purchase the product from an online store at a lower
price(Mehra et al., 2018).

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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By opening up direct online sales channels, it brings negative impact on retailers' sales from two
aspects. The first is the cannibalization effect. When demand is constant, due to the existence of two
types of sales channels in the market, the sales of products in the online channel will crowd out some
of the sales originally belonging to the retail channel. Considering the price advantage of online
channel sales, when the product substitution degree in both channels is high, retailers will lose
potential consumers due to the supplier's channel invasion (Zhang et al. 2022). The second is the
service spillover effect. Retailers provide sales services to consumers to promote product sales, but
consumers who receive the services are ultimately influenced by various factors and make purchases
through online sales channels. Obviously, the service spillover effect has narrowed the service gap
between the two channels, promoted the improvement of online channel profitability, and physical
stores are gradually regarded as "exhibition halls" of online sales channels. This worsens cooperative
relationship between the supply chain members(Bernstein et al., 2009). Moreover, there is a view that
even if the supplier establishes an inactive direct channel, retailers will be worse off as a result of
supplier encroachment(Yang et al.,, 2018).Thus, retailers often regard the direct channel as an
enormous threat, and the conflicts in a dual channel system can grow serious(Cai, 2010; Huang et al.,
2018).

On the other hand, as environmental and energy-related problems have become more and more
prominent, many organizations seek to achieve sustainable development by curbing emissions.In
March 2021, the People’s Bank of China held a forum on optimizing and adjusting the credit structure
of twenty-four major banks, preparing to set up carbon emission reduction support tools to further
bolster the investment in carbon abatement programs. In this context, some corporations are taking
actions to enhance their environmental protection efforts.For instance, multinational companies
including Microsoft, Nike, Starbucks, and Unilever have formed a new consortium called Transformto
Net Zero, which is devoted to sharing information and resources for reducing carbon emissions.Yet,
here as well — although the significance of sustainable development has been widely recognized —the
suppliers’ green strategies may encourage free riding. If only emission reduction in production is
considered, a retailer can expand their market share and gain a greater competitive advantage
without paying any emission abatement-related costs(Hong & Guo, 2019). In other words,low-carbon
product distribution in a dual-channel supply chain may involve a bidirectional free riding question,
which raises additional questions regarding the relationship between green supply chain members.

In the offline market, brick-and-mortar stores cannot only provide customers with immediate
product acquisition but also offer show rooms with product demonstration, the ability to sample
products,the presence of a sales clerk, etc.(Mehra et al.,, 2018; Zhou et al.,, 2018).This provides
consumers with a more engaging consumption experience.Low-carbon promotions in this offline
channel may improve the sales of products and therefore contribute to carbon emission reductions.
However, the current literature on the sale and channel selection of products focuses almost
exclusively on pricing and emission reduction decision-making in dual-channel supply chains,
neglecting the effect of service spillovers. To our knowledge, there is no prior study that has studied
its effect one mission reduction strategies and channel decisions, which we might expect to differ
from conventional, dual-channel chains.With this study, we hope to provide a theoretical reference
for these phenomena by exploring the following issues:

(1) How do consumers' low-carbon preferences and service sensitivity affect suppliers'
emission reduction and channel selection decisions?

(2) Under a dual-channel structure, how do service spillovers affect the decision-making of
supply chain members?

(3) Do retailers need to minimize their service costs when suppliers encroach by opening an
Internet channel?

(4) What effect do carbon cap-and-trade (CCT) mechanisms and/or low-carbon policies have
on the optimal decision of service levels and emission abatement levels? Do low-carbon
policies motivate supplier encroachment?

To answer these questions, this paper considers a two-echelon supply chain consisting of one
supplier who plans to slash emissions and one retailer who can provide services for consumers.The
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supplier also has the option to sell products directly to consumers by opening an Internet
channel;under the dual-channel structure, the retailer's inputs on services to customers may spillover
to and benefit the direct channel,as shown in Figurel. On this basis,we develop four models based
on different channel structures and service strategies.

Our research contributes to the literature in five ways. First, this paper studies the strategies of
channel selection and emission reduction in a supply chain with consideration for the retail service
and its spillover effects.Second, we deduce that under encroachment,the supplier is better off, and the
level of emission reductions is improved, and consumer low-carbon preferences can offset some of
the adverse effects of supplier encroachment on retailers Third, contrary to popular belief, the greater
the service spillovers, the more likely a retailer is to get returns from supplier
encroachment.However,supplier encroachment does lead to a decline in the service level provided
by the retailer, and retailer profits,when the spillover effect is relatively weak.Finally, based on an
extended discussion of equilibrium outcomes under a CCT mechanism,we establish the theoretical
relationship between the carbon price and supplier encroachment.

Our research is presented as follows: Section 2 reviews relevant studies, and Section 3describes
the model and related assumptions. Then, Section4provides the optimal decision and equilibrium
analysis for four scenarios. In Section5, we further discuss the channel decision and service strategy
with a numerical analysis, andSection6 presents an extended discussion on our models under a CCT
mechanism. Finally, we summarize our study and offer insights into possible avenues for future
research in Section?. In addition, we attach proofs of our conclusions in Appendix A, and provide
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variable annotations in Appendix B.
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Figure 1. The single channel/dual-channel green supply chain framework.

2. Literature review

This research addresses issues of consumers' low-carbon awareness, channel decisions in a
supply chain, and the spillover effect of retail services. Here,we review relevant literature and discuss
current research problems to emphasize our contributions.

2.1. Consumers’ low-carbon awareness

As consumer awareness of environmental matters increases, more and more enterprises are
devoted to providing and promoting ‘green’ products(Liu et al., 2012).Many studies have highlighted
the effect of consumers' low-carbon preference on generating market demand for green products.
Adaman et al. (2011), using a face-to-face questionnaire of 2422 respondents, finds that young and
educated people are relatively more willing to purchase low-carbon products compared with the
general population. Xia et al. (2018) incorporates social preferences and environmental consciousness
into carbon emission reduction decision research in the context of a two-echelon supply chain. They
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find that the strong environmental awareness of consumers plays a positive role in motivating the
enterprise to provide more environmentally-friendly products.

From the standpoint of sustainable management, the requirement of low-carbon operations will
necessarily influence operational decisions and supply chain coordination.Thus, a large body of
literature examines pricing and emission reduction strategies of supply chains which distribute green
products. Ghosh and Shah (2012) examines a fashion supply chain model under different carbon
emission abatement modes and analyze the impact of channel power structure on price, profit, and
emission reduction levels. Beyond emission abatement in production,green strategies in other
operating stages have been considered by some scholars, such as in green product design(Hong &
Guo, 2019; Zhao & Zhu, 2018), inventory strategy (Benjaafar et al.,, 2013; Hua et al., 2011),and
consumer purchase behavior(Amit Kumar, 2021; Feng et al., 2017). Moreover, some scholars have
tried to motivate an increase in emission reductions by coordinating activities across the supply
chain. Wang et al. (2016)proposes a cost-sharing versus whole sale price premium contract to
coordinate a two-echelon supply chain and achieve a higher carbon emission reduction rate.
Similarly, Peng et al.(2018)discusses the performance of a green supply chain with a quantity
discount contract and a conventional revenue-sharing contract, and design a new revenue-sharing
contract based on an emission reduction subsidy to coordinate across the supply chain. However,
this research is mostly restricted to distributing green products through the traditional, brick-and-
mortar channel.In this paper, we take consumers' low-carbon preference and service sensitivity into
account and explore the impact of supplier encroachment on emission reduction strategies in a
supply chain.

2.2. Channel decisions in a supply chain

Since the rapid growth of e-commerce, it is increasingly important to explore whether the launch
of direct channels benefits members of the supply chain. Some scholars have proposed that supplier
encroachment not only enhances supplier profits, but that retailers could also benefit from the
increase in marginal profit(Arya & Mittendorf, 2013; Chiang et al.,, 2003; Yoon, 2016). However,
another view has been raised that considers more specific factors in the competition between
channels, such as product quality(Jamali & Rasti-Barzoki, 2018) and bargaining power(Yang et al.,
2018), which indicates that supplier encroachment definitely can hurt retailers.

The discussion of this issue has also appeared in research on green supply chains. Li et al.
(2016)examines the pricing and emission reduction strategies of dual-channel supply chains their
models and explore the necessary conditions for the existence of a dual-channel green supply
chain.Further, Ji et al. (2017) compares the manufacturer's emission abatement strategy with a joint
emission reduction strategy in both single-channel and dual-channel supply chains.They report that
if the degree of consumers' low-carbon sensitivity is relatively high, a joint emission reduction
strategy in both channels is beneficial for both the supplier and the retailer. In addition, Ranjan and
Jha(2019) explores pricing and green decisions in a dual-channel supply chain and coordination
through a surplus profit-sharing mechanism. Zhang et al. (2020)investigates carbon emission
abatement and encroachment decisions under three different decision sequences. Their results
indicate that with supplier encroachment,the retailer is always worse off unless consumer's low-
carbon preference is sufficiently high.Our work is most related to Ranjan and Jha(2019), which
considers the retailer's efforts in sales strategies, including customer services, in the competition
between channels.However,they assume that the retail channel only distributes non-green products
and therefore ignores the cross-channel effect of the sales effort. Our study examines the spillover
effect of retail services and its impact on emission reduction and channel decisions.

2.3. Service spillovers

Our study also involves multi-channel competition subject to the service spillover effect.
Previous research has extensively discussed the impact of service spillovers on the traditional sales
channel. Shin(2007)indicates that service spillover benefits both service providers and “free riders”,
which is a win-win result.In contrast, Zhou et al. (2018)investigates the pricing and service strategy
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of dual-channel supply chains, but concludes that “free riding” always has a negative impact on the
retailer's profits. Xia and Niu(2019) integrates the two views presented above and explores the
equilibrium results of the retailer as the leader and follower respectively. The results show that strong
service spillovers could lead to Pareto improvement(Pareto improvement means that make at least
one person better without making anyone's situation worse.) if the retailer is not the leader.
Furthermore, some studies have proposed solutions to reduce the negative effect of service spillovers.
Chen et al. (2012)proposes a compensation agreement to coordinate a dual-channel supply chain
subject to service spillovers. Mehra et al.(2018), based on a comparative analysis between service
strategies, demonstrates that retailers can pursue service differentiation as a long-term strategy to
offset the impact of product display strategy in a physical space.In recent studies,some scholars hold
that cross-channel consumers are driven by different motivations,and so they combine the influence
of "offline show rooming" and "online web rooming" in sales channel research(Flavian et al., 2020;
Jing, 2018). The studies discussed above have mostly focused on exploring retailers’ strategies under
service spillover effects.There is scant literature on the strategies of the supplier(including strategies
for carbon emission reductions) in the case they are subject to the service spillover effect. Hence, here
we mainly focus on the supplier-dominant case and try to determine whether service spillovers
motivate suppliers’ greening strategies.These results can offer managerial insights for decision-
makers to implement sustainable development strategies in the context of e-commerce.

Our study contributes to the literature in several ways. First, we establish a two-echelon supply
chain,in which the supplier is a Stackelberg leader and the retailer a follower, differing from the
model of a follower-supplier and a dominant-retailer.Second, we combine emission reduction and
channel decisions in our model, in contrast to the current literature in which emission reduction and
channel decisions are analyzed separately. Third, our study investigates the impact of service
spillovers on emission reduction and channel decisions.To the best of our knowledge,our paper is the
first to combine service spillovers in decisions of emission reduction and channel options.

3. The Model

We consider a supply chain consisting of a supplier (she) and an independent retailer(he). The
supplier, as the Stackelberg leader of the green supply chain,needs to first determine the emission
reduction level eand wholesale price wat first. Meanwhile, if a direct channel is established(with the
fixed cost F),the supplier must also decide her output quantitygs. After that, the retailer buys at
wholesale with the order quantityq,, and decides his service levelss(if any).Ultimately, consumers
buy the product through either the direct channel (if it exists) or the retail channel. The related
variables are summarized in Table 1.

Table 1. Notations for parameters and variables.

Model Parameters

Potential demand of market

Low-carbon preference coefficient

Service sensitivity coefficient

Unit production cost(a non negative constant)
Cost coefficient of emission reduction

Fixed cost of the direct channel

The substitution degree between dual channels

S X T O a0 R ™ 2

Degree of service spillover

Unit retail/direct price

3

Unit carbon price

=
®
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Initial unit amount of carbonemissions from production
€o

process
m Total carbon quotas

Decision variables

q; Order/output quantity

e Emission reduction level
s Retail service level

w Unit wholesale price

Where i = r represents the retailer and i = s represents the supplier

(3

Especially, we use ' to denote the optimal solution.

This paper analyzes the influence of retail services and the service spillover effect on emission
reduction and channel decisions. Hence, we ignore the model of single direct channel, where the
retailer is not involved in the supply chain. On this basis, we discuss four different scenarios: a setting
with and without retail services under a single-channel and a setting with and without retail services
under a dual-channel structure. To establish ou model, we make the following assumptions, with
reference to the literature:

Assumption 1. The unit production cost cis a non negative constant, and the inventory cost is
ignored. The total carbon emission of unit production is related toq;, and a higher amount of emission
reduction e will increase the unit cost of carbon abatement(Du et al., 2013). Thus, the cost function

2
of emission reduction is denoted as %(Peng et al., 2018), where Orepresents the cost coefficient of

emission abatement. In order to ensure the profit functions are concave, we assume that 6 > 6, (see
Appendix B), which followsWang et al. (2016) and Hong and Guo(2019). The service cost function is
denoted by ¢s?/2, wheresrepresents the retail service level, and ¢is the cost coefficient of services
which is normalized in the model to emphasize the impact of the emission reduction cost.

Assumption 2. The potential demand of the market is sufficient, and consumers not only have low-
carbon awareness but are also glad to receive the consumer services from the retailer. Meanwhile,
consumers are able to learn about a product's degree of carbon abatement through a low-carbon label
system (Yalabik & Fairchild, 2011). In the presence of an Internet channel, some consumers may first
experience retail services in brick-and-mortar stores,but eventually choose cheaper products from an
online store. On this basis, we follow Xia and Niu (2019)in assuming that the service activities in the
retail channel may spill over to the Internet channel with a certain spillover degreen (0 <n < 1).
Furthermore, we assume that s and 7 can be observed by the supplier.

Assumption 3. The substitution degree kalso indicates the degree of competition between the retail
channel and the direct online channel, and we assume that one channel cannot be completely replaced
by the other (0 < k < 1).

Assumption 4. When a dual-channel coexists in the market, the utility function for consumersis U =
a(qr +qs) = (4 + 45)/2 — karqs + Be(qr + q5) +ys(qr +nqs) = prdr —psqs , where B and
yrepresent consumers' low-carbon preference and service sensitivity respectively (8,y > 0). On this
basis, consumer demand for the low-carbon product can be captured by the inverse demand function
as follows:

pr=a—q, —kqs+pe+ys

1
ps =a—qs—kq, + Be+nys )
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4. Equilibrium solutions and discussions in four scenarios

4.1. Single-channel structure

We consider a benchmark setting in which the product only sells via the traditional retail
channel. At first, the supplier determines her green leveleand the whole sale price w for the retail
channel. Subsequently, the retailer decides his order quantityq,and services levels(if any). Under the
single-channel structure, the profit function of the retailer and the supplier are:

I, = (pr —w)q, — %52’ (2)
0
My = (w— g, - 2e?, )
0
H=Hr+HN=(pr_c)qr_5e2_%52- 4

We use "N" to denote no retail services. In this scenario, the retailer's optimizes decisions through
the following objective function:
MaxIlY = (a — q, + fe — w)q,- )
ar
The optimization of Eq (5) yields the following optimal order quantity: g (w,e) = (a —w +
Be)/2. Then, substitutinggy (w, e)into Eq (3)leads to the supplier's objective function as follows:

a-w+Be 0 -

MaxIl¥! = (w —¢)————=¢
Il W —c)—; . (6)

The first-order condition of Eq (6) yields the optimal wholesale price and the optimal emission
reduction level as follows: wV*=[20(a+c)—cB?]/(460 —B*) ; eV*=p(a—c)/(46 —
B?).Then,substituting(w"*,e"*) into g} (w, e), Eq (5), and Eq (6), leading to the equilibrium outcomes
of scenarioNas shown in Table 2.

Second, we use "S"to denote a setting with retail services. In scenario S,the retailer needs to
decide the order quantityg,and the service levelsto maximize his profits. On this basis, the objective
function of the retailer is determined as follows:

1
MaxIl? = (a — q, + fe +ys — w)q, _ESZ' (7)
qar,S
The first-order condition of Eq (7)yields the optimal order quantity and the optimal service level
as follows: gi(w,e)=(a—w+Be)/2—y?);s5w,e) =y(la—w+Be)/(2—y?) . Substituting
gi(w,e) and s5(w,e) into Eq (3) leads to the supplier's objective function as follows:

a-w+fe 6
MaxIl§ = w f —-e? 8)
we 2-y 2

Similarly, we can derivews*and e%* from Eq (8), and then the equilibrium outcomes of
scenarioE can obtained by substituting (w5*,e%*) into gq; (w, e), s°(w, e), Eq(7), and Eq (8).

Lemmal. When the supplier only distributes through the direct channel, the equilibrium outcomes
are shown in Table 2.

Table 2. The equilibrium outcomes under the single-channel structure.

ScenarioN ScenarioS
o B(a—c) Bla—c)
46 — p? 46 — 26y2 — 2
i 20(a+c) —cp? O(a+c)2—y>)—cp?
W —_—m

40 — 2 46 — 20y2 — 2
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8
. f(a—c) 6(a—c)
@ = =207 -
. 3a6 +c(6 — %) ab(@—y?) +c[(1—y)o — B*]
Pr 10 — B2 40 — 20y — 2
e (a—c)’6’ 2 -y»0%(a—c)
' (40 -p2? 2(40 - 26y7 — 7Y’
- 6(a—c)’ 6(a —c)’
s 86 — 22 2(46 — 20y2 — B9)
. y6(a—c)
s - 46 — 202 — B2

Propositionl. Under the single-channel structure, both the retailer and the supplier will be better off
from the presence of retail services. The equilibrium outcomes of the two scenarios are compared as
follows: @q;* > qV*; e5* > eN%;I1S* > IIV*; 3™ > ni*.

Propositionlindicates that the optimal emission reduction level and profits of supply chain
members are positively affected by the presence of services under a single-channel structure.
Specifically, the sales growth in brick-and-mortar stores also sees the supplier benefit from the
increase in orders in the retail market(i.e.,g;* > g~*). On this basis, the retailer can compensate for the
emission abatement investment of the supplier by attracting more consumers to buy green products.
This compensation fully encourages green production, even if suppliers are not directly involved in
providing services, and still promote the improvement of the optimal emission reduction level
(i.e.,e5* > eN*). Ultimately, retail services further expands the retail market when consumers have
both a low-carbon preference and service sensitivity, resulting in a win-win outcome.

Corollary 1.(i) d(11$* — I¥*) /8B > 0, A(MI$* — V") /aB > 0,d(e>* — eN*) /3B > 0,055 /3 > 0;
()1 —T1Y*) /06 < 0, A(IT>* —T12*) /86 < 0,0(e5* — eN*) /36 < 0. ds5* /36 < 0.

Corollary 1states that the retailer will take the degree of greenness as the major selling point for
the promotion of low-carbon products when consumers have a strong environmental consciousness.
As Pincreases, the retailer has more incentive to make their services available for customers, thus
promoting the green product more effectively through pre-sale services under the single-channel
structure (i.e, ds*/df > 0). However, if consumers are more sensitive to product prices(i.e.,
pdecreases and approaches 0),the retailer will order less and reduce service costs to adjust retail price.
This is also the reason that the optimal service level decreases with the rising unit costs of emission
abatement (i.e., ds*/80 < 0). With a shrinking green products market,the supplier decreases their
investment in emission reductions, which eventually leads to a decline in the optimal emission
reduction level.

A direct managerial implication from Proposition 1 and Corollary 1 is that according to different
market requirements,the supplier and the retailer in the green supply chain can improve or reduce
the added value of products through carbon reduction and service activities, respectively. This
cooperation between supply chain members enables them to focus on their core business, thereby
improving the efficiency of green production and distribution.

4.2. Dual-channel structure

The Internet and e-commerce enables consumers to search, compare, and purchase products on
electronic devices.While online shopping can offer consumers greater convenience and variety, there
is greater unpredictability in product quality, as the consumer cannot physically see or interact with
the product before purchase. As a result, some customers intuitively evaluate products and receive
pre-sale services in brick-and-mortar stores, before choosing to buy cheaper products from online
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stores(Chen et al., 2012).That is,retail services offered through the traditional channel may spill over
to the Internet channel when the supplier encroaches on the market.Here, we investigate the impact
of the service spillover effect on emission abatement by comparing the models in settings with and
without retail services. When a dual-channel coexists in the market,the supplier needs to first
determine the output quantity of the direct channel g, unit wholesale price w, and the carbon
emission abatement level e . Afterwards, the retailer decides the order quantity of retail
channel g,and the retail service level s(if any). Hence, under the dual-channel structure, the profit
function of the retailer and the supplier are:

2

S
I, = (pr - W)Qr - ? (9)
fe?
Hs:qu‘l_(ps_C)qs_T_F- (10)

4.2.1. No service spillovers

We use"NE"to denote no service offerings under supplier encroachment. Substituting s = Ointo
Eq (9) leads to the retailer's objective function in scenario NEas follows:
MaxI¥E = (a — q, — kqs + fe — w)q,. 11)
ar
The optimization of Eq (11) yields the following optimal quantity: gr°(w,e, q5) = (a —w —
kqs + Be)/2,Then, substitutingg,'® (w, e, qs) into Eq (10) leads to the supplier's objective function as
follows:
NE _ .. a—w-kqs+fe g, a-w-kgs+Be _ _ 6 5
Mg)u(gj =w—— (a k—2 qs + Pe c) qs — e F 12
The first-order condition of Eq(12) yields the optimal wholesale price, the optimal emission
reduction level, and optimal output quantity as follows:

NE+ _ BlaB-2K)-c2-K)] . ng« _ 0(a+0)(2-kH-cB?(3-2K). NE« _ 0(a—c)(2-k)
T 260(2-k2)-p2(3-2k) T 2002-k2)-B2(3-2k) ’ qs T 26(2-k2)-p2(3-2k)’

NEx* , WNE*

Substituting (e ,qYE*) into qMP(w,e,q5), Eq(11) and (12)leads to the equilibrium

outcomes of scenario NE as shown in Table 3.

Table 3. The equilibrium outcomes in the setting without retail services.

ScenarioN (ifF > F;) ScenarioNE (if0 < F < Fy)

. Ba—c) Bla(B —2k) — c(2 — k)]
¢ 46 — 32 2002 — k2 — B2(3 — 2k)

i 20(a +¢) — cp? O(a+c)2—k*) —cBp>(3 —2k)
v 40 — B2 2002 — k2) — B2(3 — 2k)

X f(a—c) B(a—c)(1—-k)
ar 16— 2002 — k2) — B2(3 — 2k)

) 3a6 + c(0 - B?) ad(3 —k — k?) + c[0(1 + k — k?) — B2(3 — 2k)]
Pr 40 — B2 2002 — k2) — B2(3 — 2k)
- (a —c)%6? 0%(a —c)*(1 —k)?

r 46 — p2)? 2002 — k2) — B2(3 — 2k)
- 0(a—c) 0(a—c)2(3 - 2k)

s 80 — 22 4002 — k2 —2B2(3-2k)

8(a—c)2 - k)

s - 2002 — k2 — B2(3 — 2k)
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8(a+ )2 — k?) — cB?(3 — 2k)
2002 — k2) — B2(3 — 2k)

*

Ds -

Lemmaz2. In the context of no retail services offered, the supplier prefers to encroach through
opening a direct channel, given that the fixed cost of establishing the direct channel is below a
threshold (i.e., 0 < F < F;). However, when the fixed cost of establishing the direct channel is
above the threshold, the supplier will distribute through the retail channel only. The equilibrium
outcomes of the model are concluded in Table 3.

_ 62%(a—c)?(2-k)?
Where F = o hea-m-pa-207

Lemma 2 shows that with the increase of consumers' low-carbon awareness, the supplier is more
willing to encroach through opening a direct channel (0F;/0f < 0). However, when emission
reduction costs are significantly high, or supplier encroachment may lead to intensive channel
competition, the supplier will choose to maintain the single-channel structure(dF,/0k > 0;0F/06 >
0). Moreover, if the retailer is ordering in the context of no retail services, there is no difference
between the wholesale and retail purchase from online stores under a dual-channel structure(i.e.,
wNE* = pVE*), which also means that the supplier can get the maximum price advantage in the
channel competition.In other words, the supplier can gain a competitive edge and expand her market
share by providing price concessions to consumers. On this basis, we further analyze whether
supplier encroachment necessarily results in a margins loss for the retail channel,as shown in
Proposition 2.

Proposition 2. (i)eVE* > eN* wNE* > wN* TINE* > [IV*; (i) [IVE* > IY* if0 < F < Fq,otherwise MYE* <
Y6 INVE* < T¥*and mrVE* < mrV*if B < Min(B,,1); whilell’6* > ¥ and mrVE* > mrV*ifg >
Max(0, 8,).

Wherefs; = V2k8,mrVE* = pNE* — WwNE* and mrV* = pN* — wh*,

Proposition 2 indicates that under encroachment, the supplier's profits and the optimal emission
reduction level are both better off. In addition, it seems reasonable that the supplier will set a higher
wholesale price with the improvement of emission reductions. But, in fact, an increase in the
wholesale price is not due to only the increasing investment in green production, but also
corresponds to the aforementioned channel competition. We can observe that with the strategy of no
retail services, the retailer lacks effective measures to cope with potential channel competition, which
often leads to a squeeze on the retail market under supplier encroachment. As a result,the induced
channel competition by supplier encroachment lowers the retailer's optimal profits, unless the low-
carbon preference of consumers is sufficiently high. On the other hand, when consumers have a
strong sense environmental consciousness, the retailer's marginal revenue under a dual-channel
structure is higher than that under a single-channel structure(i.e., mr¥* > mrV*, whenp > B;). This
means that in the dual-channel supply chain, the supplier can create enough of a margin from their
enhanced investment in emission abatement, because consumers are willing to pay a higher price for
low-carbon products. Thus, in the setting without retail services, the retailer can benefit from supplier
encroachment if and only if § > g;.

Corollary 2. (()d(TIVE* — [I¥*) /8B > 0, (MNVE* — [IN*) /8B > 0,d(eNE* — eN*) /3B > 0;
(i) (MIVE* — [IN*) /@k < 0, A(TINE* — [IN*) /9k < 0,d(eVE* — eN*) /ak < 0.

Corollary 2demonstrates that the increasing low-carbon preference of consumers promotes
emission reduction investments from the supplier, which is conducive to achieving a win-win
outcome under supplier encroachment. However,neither the supplier nor the retailer would benefit
from encroachment if the competition between both channels intensifies. In other words, the benefits
brought by green production may be completely lost in channel competition, and,therefore, the
supplier will prefer to adopt a single-channel strategy in this context.
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As reported in Proposition 2 and Corollary 2, the retailer's free riding of emission reductions
could eventually lead to a decline in his marginal revenue when the supplier adopts an aggressive
channel competition strategy. But, when products are distributed through the retail channel, retailers
often have service advantages with which they can win more consumer trust,through in-person
interaction. Moreover, the services offered in the offline channel also helps maintain customer
relationships, market products, and advertise the greenness of their products, thus eventually
promoting sales also in the direct channel. On this basis, both upstream and downstream firms can
complete the cross-enterprise division of emission reductions in the dual-channel supply chain. We
elaborate on this in the following section on the service spillover effect.

4.2.2. Service spillover

In the scenario of the presence of retail services under supplier encroachment, we consider both
the output quantity of direct channel g;and the retail service level s. In the scenarioSE, the objective
function of the retailer is:

2
MaxITy = (a - q, — kqs + Be +ys — w)g, — > (13)
S, qr
The optimization of Eq(14) yields the optimal order quantity and the optimal service level as

follows:

y(a-w—kqs+Be) sg

_ a-w—kqstpe
e W dse) =— 5

sSE(w, q5,e) = P~
Then, substituting g:&(w,qs,e) and s (w, s, €) into Eq(13) leads to the supplier's objective

function as follows:

0 2
MaxTI$E = (W — ©)g7F (W, qs,€) + [a — q; — kqiE (W, q,€) + s E(w,qs,€) + fe —clgs —— (14
ew,ds
The first-order condition of Eq (14) yields the optimal wholesale price, the optimal emission
reduction level, and the optimal output quantity as follows:

SE _ 23"3(‘1‘5).W5‘E _ 0fzve(a+o)+ny?[c(vs+1)+a(3k+y?-2)|-ay*n?}-2cv3p? qEE __y8(a—c)(2v3-vy)

zZ zZ 4 S z

e

where z and v;~vgare shown in Appendix 2.
Substituting (e55*, wSE*, g5E*) intosSE(w, qg,€), q:F(w,qs e)Eq(13) and(14), respectively, we
obtain the equilibrium outcomes of scenario SE as shown in Table 4.

N
;W

Lemma 3. In the setting with retail services,the supplier prefers to encroach on the market if the
fixed cost of the direct channel is relatively low (i.e.,, 0 < F < F, < Fy); otherwise, the supplier
will still distribute through the retail channel only. The equilibrium outcomes of the model are

concluded in Table 4.
2020 N2
Where F, = Lazc)z.
z(46—-20y“—B~)

Table 4. The equilibrium outcomes in the setting with retail services.

ScenarioE (ifF > F,) ScenarioSE (if 0<F < F,)
o Bla—c) 2Bvs(a —c¢)
46 — 20y2 — g2 Z
w* 6(a+c)2—y?)—cp? 0{2vs(a +c) + ny’[c(vs + 1) + a@Bk + y> — 2)] — ay*
40 — 20y — 2 7
. 6(a—c) 6(a—c)2 -2k +y*n)

0 46 — 20y7 — B2 Z
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abdB —y?) +c[d—v)0 — | 0{2c(vs — k?) + 2a(vs + 1 — k) + ny?[cvs + a(4k — v:

40 — 20y? — p2 z

o 2 -yHb*(a—c) 622 —y»)(a—c)’(2v; — v,)’

r 2(46 — 267 — B2y’ 272
I 6(a —c)? 0(a —c)’v; _F

2(46 — 2672 — B?) z

. 0v,(a —c)

ds - —
z

- — 0[2vs(a + ¢) + ny*(a — ¢ + ak + 3ck) — cy*n?] — 2cv:

° z
o yf(a—c) y8(a —c)(2v; —v;)

20 -20) B2 Z

Different from pY&* = w¥E*, as given in Lemma 2, the selling price of the direct channel is higher
than the wholesale price when retail services are available(i.e., pS£* > w¥E*).More specifically, the
supplier's optimal profits will be affected due to the decreased service level if the supplier squeezes
the retailer's margins by raising the wholesale price. Hence, the supplier not only keeps the price
advantage of the direct channel by offering a relatively low price but will also provide wholesale
discounts to the retail channel under service spillovers. In this framework, supplier distribution
through a dual-channel structure expands total demand by way of service spillovers. When the
supplier encroaches on the market, the resultant change caused by the service spillover effect is
summarized in Proposition 3.

Proposition3. The comparison of equilibrium outcomes between Scenario NE and Scenario SE are
as follows: eSE* > eNE*;qSEx > qNE*, [ISE* > [INE*; [ISE* > [INE*,

Proposition 3 directly reflects the influence of the spillover effect, in that the quantity of sales in
both the retail and direct channels increases with higher total demand for green products, under the
dual-channel structure.When services spillovers occur, the supplier can increase investment in
emission abatement to pursue further growth in the green product market, which is also beneficial
for the retailer, who will gain more profits under supplier encroachment. On this basis, it can be
demonstrated from the comprehensive analyses of Proposition 1 and Proposition 3 that to cope with
the changes of the channel environment and compensate for the supplier's emission abatement
investment, the retailer should correspondingly maintain a certain level of retail services,regardless
of whether the supplier distributes the low-carbon product through her direct channel. In addition,
the retailer,as the follower in the supply chain, makes service level decisions affected by the supplier's
emission abatement and channel decisions. One may expect that the optimal service levels*changes
in the same direction as the optimal emission reduction decisione*. However, the optimal service
level does not always increase with the improvement of supplier’s emission reduction levels under
supplier encroachment. We explain this phenomenon further in Proposition 4.

Proposition 4. The comparison of equilibrium outcomes between Scenario SE and Scenario S are as
follows:

(i)eSE* > e5%;

({)$E* > M5*if0 < F < F,,otherwise M3E* < II5*;

(iii)sSE* < sS*and M2E* < II3* if B < Min(fB,, 1),whilesSE* > sS*and II;E* > M15*if > Max(0, ;).

Where B, =./0(2k —y?n).

Proposition 4 shows that on the one hand, supplier encroachment is more likely to occur when
the service spillover effect is strong (dF,/0n < 0). On the other hand, the increasing degree of
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spillover also promotes increasing investment in carbon emission abatement under the dual-channel
structure.From the retailer’s perspective, consumers' attitudes towards green products determines
whether she can benefit from an improvement in optimal emission reduction levels. Hence, the
retailer is willing to provide a higher level of retail services only when consumers' low-carbon
preference increases markedly and reaches a tipping point (i.e.,s** > s, when 1> > B,);
otherwise, he will be worse off from supplier encroachment, leading to a decline in the optimal
service level (i.e.,s5E* < sS*and II3E* < [13*, when 0 < 8 < f8,). In addition, it can be concluded from
p1 > Pythat the spillover effect enhances the retailer's ability to gain more revenue from supplier
encroachment when consumers have a strong awareness of environmental protection (9f5,/0n < 0).
The reason is that service spillovers have increased the level of emission reduction With service
spillover, the supplier, who gains more profits from increased demand, will increase her emission
reduction level (i.e.,eSE* > eS*for all 0 <7 < 1). Accordingly, the retailer can get returns from the
rising sales in brick-and-mortar stores and therefore provide improved retail services to consumers.

Corollary 3. ()d(IISE* — 15)/0B > 0, A(IISE* — [15) /B > 0,d(eSE* — e5*) /3B > 0,
A(sSE* — 55 /0B > 0;
()d(TISE* — T15%)/ak < 0, A(TISE* — [15%) /ak < 0,3(eSE* — e5)/ak < 0, d(sSE* — 55)/ak > 0;
(iii)deSE*/an > Ofor all 0 <n < 1, however ds5E*/on < 0if n < Min(n,,1), anddsSE*/an > 0if
n > Max(0,1,), especially s°8* = sNE*when 1 = n;.

VZ{0(1—y?)(B%-26)-26(1—k)
Where n, = o7 .

From Corollary 3(i) and (ii), we know that on the one hand, consumers’ growing environmental
awareness effectively promotes the cooperation of emission abatement strategies between supply
chain members, which is similar to the conclusion of Corollary 2. On the other hand, as k increases
approachingl,the retailer's price disadvantage becomes more significant. Hence, intensive channel
competition decreases order quantity and service inputs from the retailer, ultimately resulting in a
lower emission reduction level. A high degree of competition between both channels may lead to the
reduction in Pareto improvement;this perspective has been widely explored in many studies on the
channel selection of supply chains(Yoon, 2016; Zhang et al., 2020).

Furthermore, in Corollary 3(iii), we discuss the impact of service spillovers on the emission
reduction strategy and the service strategy. We offer that a higher degree of service spillover
contributes to an increase in the direct channel's demand. Therefore, the supplier is more willing to
enhance her emission reduction level and achieve a higher output quantity in a direct channel.
However, we find that the service level decreases with a higher degree of service spillover when the
spillover degree is below a certain threshold (i.e., ds*/dn < 0, whenn < 1,). In contrast, the service
level of the retailer increases with a higher degree of service spillover when the spillover degree is
above a certain threshold(i.e., ds*/dn > 0, when 1, <n < 1).

One explanation for this result is that in the relationship between the two firms, the supplier has
the price superiority and the service disadvantage in the competition between channels. When the
service spillover degree is sufficiently high, the service disadvantage has no effect on the channel
competition. Therefore, the supplier is more willing to reduce the wholesale price as a compensation
for the retailer's service inputs. Although the retailer is limited by the price competition, he finally
obtains a higher marginal revenue from a lower wholesale price(i.e., dm$£*/on > 0, when n > 1,). In
contrast, when the spillover degree is relatively low, the supplier's service disadvantage becomes
even more pronounced and therefore she needs to ensure a distinct price advantage to attract
consumers buying online. As a result, the retailer would actually get a lower marginal revenue due
to the spillover effect even when a certain wholesale discount is provided by the supplier, in this
situation(i.e.,0m;E* /an < 0,when 7 < ;). Further considering the costs of retail services, it is difficult
for the retailer to make up the disadvantage of the selling price, and finally he has to cut his order
quantity as well as his inputs in retail services.

Another possible explanation is that with an increase in emission reduction levels, the promotion
of green products in the retail market finally makes up for the loss of sales under supplier
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encroachment, when the spillover degree is sufficiently high (i.e., dg;%*

/on >0, if n > n,). Hence,
the retailer has a greater incentive to enhance the service level to further expand the demand for green
products.

From the above analyses, we find that a higher degree of service spillover is beneficial for the
retailer in getting greater returns under supplier encroachment, and thus gives rise to a Pareto
improvement.Although this result differs from the conventional view of service spillovers,there is
also a perspective that retailers’ efforts towards emission abatement would improve the performance
of a green supply chain(Ji et al., 2017). This conclusion complements our research, because when retail
services attract more consumers to buy green products from the direct channel also, and improves
the optimal emission abatement level, the retailer's service inputs also can be regarded as a joint effort
towards emission reduction.

5. Service strategy

In this section, we analyze the interactions that influence consumers' low-carbon preference and
service sensitivity to the retailer's service strategy, to obtain managerial insights. According toll35* >
[INVE* andIl$* > I1Y*, the retailer can always get returns from the setting with retail services. This
implies that when a dual-channel coexists in the market, the retailers have higher profits in the case
of providing services.

5.1. Channel decision

Different from the impact on retailer service strategy, both the increasing low-carbon awareness
of consumers and their service sensitivity will motivate supplier encroachment, as shown in Figure
2(a)and Figure 2(b). On the one hand, a higher consumer low-carbon sensitivity coefficient increases
the margins of the green product's direct sales, thus providing suppliers with a market development
opportunity. On the other hand, with the service spillover effect, the supplier also benefits from the
increasing service sensitivity of consumers. In addition, Figure 2(c)and Figure 2(d) show that the
supplier would open an Internet direct sales channel as long as the cost coefficient of emission
abatement is modest, or supplier encroachment would not cause an intense competition between
channels. However, when the channel competition is too fierce, or the emission reduction costs are
sufficiently high, supplier encroachment is unprofitable. In a market environment, the channel
substitution degree can be influenced by a multiplicity of product and specific channel conditions,
which is not discussed in this section. Thus, we assume that the substitution degree between the
direct channel and retail channel is a constant. On this basis, we summarize the equilibrium results
of service strategy and channel decisions, as shown in Table5.
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Figure 2. Comparisons of supplier’s profit in the different scenario.

5.2. Service strategy

Under the dual-channel structure, consumer preference has a different impact on the retailer's
optimal service level, as shown in Figure 3(a) and Figure 3(b). When the low-carbon preference is
relatively high(i.e., f > f8,), the retailer benefits from supplier encroachment and then provides
services to consumers more efficiently. However, even if consumers are more sensitive to retail
services (i.e., as yincreases and approaches 1), supplier encroachment still leads to a decline in the
retailer's profits.In other words, due to supplier encroachment and the service spillover effect, the
benefit from the growth in sales brought by the increasing consumer service sensitivity is largely
shifted to the supplier. Thus, the mere proliferation of retail services, in the absence of consumers'
low-carbon awareness, will not realize a Pareto improvement for the whole supply chain. On this
basis, it can be concluded that compared with the service sensitivity of consumers, their low-carbon
preference is the more important factor influencing the retailer's service strategy under supplier
encroachment.

On the other hand, with higher emission reduction costs or product substitution, supplier
encroachment will give rise to a decline in service level, as shown in Figure 3(c) and Figure 3(d).
When the cost of emission reduction is significantly high, in order to keep the price advantage of the
direct channel,the supplier has to share the cost of emission reduction through increasing wholesale
prices (see Proposition 2). In this scenario, the distribution of green products through both channels
at the same time may put greater price pressure on the retailer channel, and also lead to bidirectional
free riding between retailer's service inputs and supplier's emission reduction investments.Therefore,
the cost coefficient of emission reduction and the channel substitution degree is the main factor that
affects emission abatement cooperation between supply chain members, which we discuss in the
following analysis of the supplier's channel decision.
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Figure 3. Comparisons of retailer's profit in different scenarios.

Table 5. Equilibrium analysis between the retailer's service strategy and the supplier's channel

decision.

if 0<pB<p,

if §>p,

When 62 <@ <63

When 6 > 6;

The supplier's channel decision:
the by

opening an Internet channel.

encroach on market
The retailer's service strategy:
diminish service inputs.

The channel

through the

supplier's
decision:distribute
retail channel only.
The retailer's service strategy:

diminish service inputs.

The supplier's channel decision:

encroach on the market by
opening an Internet channel.

The retailer's service strategy:raise
the service level.

The supplier's channel decision:
distribute through the retail
channel only.

The retailer's service strategy:raise

the service level.

6. Extended discussion

In this section, we investigate equilibrium solutions under a CCT mechanism to verify the

robustness of the above analysis and its conclusions. Referring to the description of a CCT mechanism
by Yi and Li (2018) and Yuan et al. (2020), the profit function of the retailer and the supplier in the
dual-channel supply chain are described as follows (relevant variables are marked with '~'):

ﬁs = (W - C)‘Ir + (ps - C)CIS - [(eo - e)(Qr + CIs) - m]pe - 962/2 —-F

=~ 1
I, = (@, —wq, _ESZ

(15)

(156
)

Similar to the analysis in Section 4, if the product distributes through the retail channel only,
then letg; = 0, and if retail services are unavailable, then let § = 0. Using backward induction, we
can obtain the equilibrium solutions of different scenarios, as shown in Table 6.

Table 6. The equilibrium outcomes under a cap-and-trade mechanism.

ScenarioN ScenarioE ScenarioNE ScenarioSE
. (e + BV, Pe + BV, V295 2(pe + B)V,v3
Vi ¥, —20y? 62 — k?) = V5(pe + B) 0Vg — 2v3(p. + B)

do0i:10.20944/preprints202309.0001.v1
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2+ (2~ —¥5) +(Q2~—-¥))2 -~ + (V5 + ¥, — V,¥7)
. 4 Vi—=2v? 902 -k)Qa—-%,) - ;¢ YV~ 2V + )
Y wtpn @B 0C— K-G0 h) 20+ AT
V1 ¥, —20y? 0Vg — 2v3(p. + B)
. 0%, 0%, 0(1 — k)%, 0(2v; — v,)¥,
& 3 T-207 QKD -V +B) 0% 2v;(pe + B)
(V. +7;)
+Vy +~ (¥, —+~?) +2+Q2 -+ -1 +~- + Vg = 2v3(>, +¥)
. ‘7_1 V= 2+~7 (2 —+?) = V5(++ A 2(>. + )37
@ wWE - (@-W)E T 7 T2 )
¥ ¥ —=20y? Q2 —-k) =Y +B) 0, — 2+ 2k — nyd)¥,
09— 2v3(pe + B)
. 0%%,” 622 — y2)¥,> 62(1 — k)%, 622 — y2),2(2v; — v,)?
" ¥’ 2@ —20y?) (02— k) —¥s(p. + B)*  2[0%5 — 2v3(p. + B)]?
) mpe mp, — F mp, — F
i mp, + 20 0%, 0(3 — 2k)%,” 05,2
s Pe 2%, n 2 ( )V, n 3V2
2(¥; —26y%) 2[6(2 — k?) — V5(pe + 0Vs — 2v3(pe + B)
. 0(2 — k), 0(2v3 —vy)¥,
s B B 02 —k?) —¥s5(p. + B) 0Vs — 2v3(pe + B)
(¥, +9;)
+ Vg —2v3(+, +¥)
_— B 02 — k) (2a —) =T ~2(y, +¥)V5;
82 —k?) —¥5(p. + B) +Vg = 2v3(>, +¥)
O[3, +ny*(1 — yH)I¥,
09— 2v3(pe + B)
& _ Y07, B Y0 (2vs — v,)¥,
V1 —20y? 0Vg — 2v3(p. + B)

Where ¥, ~Vgare shown in Appendix 2.

Proposition 5. Under a CCT mechanism, when the fixed cost is below a certain threshold (i.e., 0 <
F < F;), we reach the following conclusions:

(1)5E* > &5* > gN*and 65E* > gNE*;

(ii) TiSE* > FIVE* and TISE* > fiE* > [,

(iii) §5F* < §F*and TI3F* < TE*if B < Min(B, — p,, 1, while§E* > §F*and TI3F* < TIE*, if B >
Max(0, 52).

WhereF; = ;

627,” (2v3-vy)?
¥1-20y2)[6V5—2v3(pe+B)]’

Proposition 5 demonstrates even if we consider the influence of low-carbon policies, the supplier
still prefers to invest in emission reduction under the dual-channel structure rather than a single-
channel structure. Interestingly, the retailer is more likely to benefit from supplier encroachment
under a CCT mechanism. This is because on the one hand, if carbon is priced, the unit carbon

. . . . . .98t oo
price peffectively motivates the supplier to reduce carbon emissions (i.e., i < Ofor all scenarios in
e
a CCT mechanism). On the other hand, when consumers' low-carbon awareness is sufficiently high

(i.e., B > B, — p.), the increased demand for the green product allows the retailer to earn more profits
from the increase in his contribution margin per unit (similar to Proposition 2). As a result, the
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implementation of a CCT mechanism gives rise to a win-win outcome when the supplier encroaches
on the market. The practical significance of this conclusion is that when consumers are
environmentally conscious, the low carbon policy would enable a partial indirect transfer in the
benefits from supplier encroachment to the retailer, thereby keeping stability in a dual-channel green
supply chain system.

In fact, with the government constructing carbon policies to promote carbon emission
abatement, the supplier always has more incentive to encroach on the market, especially faced with
a high unit carbon price (i.e., 0F3;/9p, < 0). One explanation might be that with the increased carbon
price, those extra costs of production are undertaken by the supplier. This could push her to capture
a bigger margin per unit through encroachment (p; — ¢ > W* — c). Furthermore, in contrast with a
single-channel structure, the optimal emission reduction level always improves when the supplier
encroaches on the market in a dual-channel structure (i.e.,é5* > &5*and &5E* > gVE*
benefit in the form of cost reductions.

); thus, she can

7. Conclusion

In this paper, we investigate emission reduction and supply chain channel decisions under
service spillovers by introducing retail services into the green supply chain model. We consider a
green supply chain system with one supplier as the Stackelberg leader that can distribute the green
product through dual channels, with one retailer as the follower that can provide retail services for
customers. On this basis,we fully analyze each firm's optimal decisions in different channel structures
(i.e., single-channel and dual-channel) and service situations (i.e., retail services are available or not).
Moreover, to verify our conclusions, we further explore equilibrium outcomes under a CCT
mechanism. The main findings of this paper are briefly summarized as follows:

(1) The channel decisions of the supplier primarily depend on the costs of the direct channel.
The supplier prefers to encroach on the market when the cost of opening a direct channel is relatively
low; otherwise, she will employ the single-channel strategy, which only distributes through the retail
channel. Furthermore, a higher degree of service spillovers motivates supplier encroachment when
retail services are available.

(2) When consumers have both low-carbon preference and service sensitivity,the purpose of
dual-channel distribution is not to eliminate the traditional channel, but to increase total demand by
taking advantage of service spillovers and green production. Thus, if the retailer decides to provide
retail services in the dual-channel supply chain, the supplier always has the incentive to reduce
emissions.

(3) By comparing the optimal service strategies of the retailer in the single-channel and dual-
channel supply chains, we reach three interesting conclusions. Firstly, supplier encroachment could
motivate the retailer to enhance her service level and help her get more returns from providing retail
services, as long as the degree of service spillovers is above a threshold. Secondly, compared with
service sensitivity, consumers' low-carbon preference plays a more decisive role for the retailer's
service strategies under a dual-channel structure. Thirdly, if supplier encroachment induces intensive
channel competition, although the emission reduction level of the supplier is still better than that
under the single-channel structure, the retailer's margins and service inputs will diminish. Therefore,
the optimal levels of emission abatement and retail services are not positively correlated under
supplier encroachment.

(4) Motivated by CCT regulation, the supplier is more willing to encroach on the market through
the direct channel and increase her investment in the emission reduction level. Meanwhile, if
consumers have low-carbon preference, the increase of unit carbon price contributes to a win-win
outcome under the dual-channel structure.

This research can be extended in many directions. First, in this paper we explore the emission
reduction decision in a two-echelon supply chain by the usage of a Stackelberg game theoretical
approach, whereas the bargaining model is wildly used in studies on united price or differential price
problems with the “show rooming effect.” Thus, this provides an opportunity to investigate emission
reduction decisions in different service strategies based on the bargaining model. Second, we suppose
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that the effects on market demand from the supplier's emission reduction level and the retailer's retail
service level are linearly separable, while ignoring the non-linear situation. Third, our research
assumes that information in the supply chain is symmetrical, but the supplier may not be able to fully
grasp the complete service information in practice. On this basis, the decision-making and
coordination of supply chain members under asymmetric information should also be studied.
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Appendix A
A.1. Proof of Lemmal. According to the Eq (6) we can get the Hessian matrix of scenario "N"
B
- o 2
as HY = P 2l=0- % > 0.Similarly, the Eq (8)derived the Hessian matrix of scenario “s” as
5 0
-2 _EB
_ _ —v2\_R2
HS = ZBVZ 2y . Hence, when 8 > 0,, we can obtain |HF| = % > 0.
2-y2 N

A.2. Proof of Proposition 1. At first, we compare supplier’s optimal decision in different

: coyS* o Nx (a-c)p?y?6 LSk _ _ Ba-9 Bla=c)
scenarios as follows: w W = s e —20y7 ) > 0,e” = 1020772 1657
way, we can prove that I1$* — [1{* > 0. Meanwhile, the supplier's profits under different scenarios

oS N+ _ (a—0)*y26%[8(2—yH)6*-p* . . . _2\02 _ p4 _ 2 _
is: 1" =TI = 207 (462077577’ adjust the function as:8(2 —y?)0* — B* > 46(46 — 26y
B?) > 0,thus we can obtain that IIf —IIY > 0. Accordingly, we can conclude that both enterprises

will be better off when retail services are available.
.\ 855" (a=0)8[20(2+y*)-B?] 8sS* _ 2aBy0 3sS* _ —ap?y
A.3. Proof of Corollaryl. (i) 5 = 27 >0, B = TR
(M -nd)  4py?6%(a—c)?(z:+6v?) >0 (M -nl¥)  2By262(a—c)?[B4+862(2-y2)(5-2y?)] >0
=0 =7 Gu-prra A 213 (46-p2)° ’
a(eS*—eN*) _ 260y?(a-)*{[86%(2-y?)-p*|+2p2[6(4-v*)-B>]} — 49 _ 2 _ p2 209 _
T Gk >0 ,where z; =460 —26y* —p? , 80%(2
Sx_N* 2,20, _ 2 2
y?) > 4072~y > f*and 0(4—y?) > 40 —20y% > 7 (i) LT = _ 2ETHa Ot or)
- 1
a(mF-nf) _ 8a?B?y?(a—c)*[B9+86%(2-y?)(5-2y?)] <0 a(eS*—eNr) _ 2By?(a-c)[86%(2-v*)-B*] <0
a0 - (4k—B2)3z,3 T - (4k—B2)2z,2 )
A.4. Proof of Lemma2. According to Eq(12) we can get the Hessian matrix of scenario "NE"
-1 o £
(k) _

\gNE _ | 2 _ _ EI . _ BA(B=2k) _ BEy*na(k) _
asH"* =10 k-2 p | According tof; 2k 20K, >0, o = 8k(1+n)—24+
B kB
E g2 _p
2

2

= eM* In the same

<0;

0,

2.2 . 2.2 B2(3-2k)
6n+y“n?) <0 and }HH Vi(k) =y*n* , we can prove that 6 >6, > 22k)
B2(3-2k)-2(2-k%)6 _ 2.2 2 2.2 _

— —<0. WhereV, (k) =4+ 8n +3y*n* +4k*(1 +1n) — 2k(4+ 6n+y*n“)and V, =8 —
4(k? + y2 — ky*n) —y*n? > 0. In addition, based on the direct channel's output quantityqy*, we
need to guarantee that gl is non negative. According toa >cand 0 <k <1, we can obtain

thatgY® > 0. Hence, substituting eV5*, w¥E* and qY* into Eq (11) and Eq (12) the relevant results

, thus |HVE| =

are given in Table 3. Finally, we can obtain that pY5* = w¥E*, thus there is no difference between
. . . 62(a—c)2(2-k)?
wholesale price and direct price. Moreover, fromIlY* — TIY* = (a-c) (2710 — F, because

T (46-2)[260(2—k?2)—p2(3-2k)]
of 0% (a0t 2-1)* >0, the supplier will make the direct channel open when F >
@6-BD20—kD)-F2(3-20)] ~ PP P
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62(a—c)?(2-k)?
(46-B2)[26(2-k2)-B2(3-2Kk)]
channel as shown in scenario "N" of Table 3.

, otherwise, the green product will still be sold only through the retail

- : . NEs _ Ne _ 2B6(a-c)(2-k)?
A.5. Proof of Proposition2. At first, we consider e e = oG ) G2k’
2(3—
thuseVE* > eV* if 6 > i((23_k22’;). Similarly, the wholesale price in different scenarios is compared
. NEx _ . Nx _ 682 (a—c)(2-k)? NE+ _ 1N+ — ( _ N202 (1-k)? _
as: w W = ek 2 G2R] 0. Let Iy 7" = (a—)0 {[29(2—k2)—ﬁz(3—2k)]2
1 (1-k)? _ 1 _ (2-k)(B?-2k0) 1 1-k
(49—32)2}’ from [26(2-k2)-B2(3-2k)]2  (40-B2)2 - (46-B2)[260(2—k2)—B2(3-2k)] [49—[5‘2 + 20(2-k2)-p2(3-2k)] 7 we
can obtain thatlIM&* < II¥* if Be(0,V2k0), otherwise, [IYE* > IM*. Finally, set the marginal profit of
the retailer under scenario N and NE as: mrM = pN* — wh* =809 " NE pNE* — wNE* =

T a0-p2 7
6(a-c)(1-k) . . . : L N _ NE _
20§62k thus the comparison of marginal profit under two scenarios is: mr" —mr"* =
6(a—c)(2-k)(2k6-B2)
(46-p2)[26(2-k?)—B*(3-2K)]
A.6. Proof of Corollary 2. (i) According to Proof of Proposition2, the proof of Corollary 2(i)is

intuitive, so we omit it.
a(myE—nl*)  20%(a-c)?2(2-K)(1-k) 9(eNEx—eN*) 4B6(a—c)(2—k)(1-k)

, which means if 8 € (0,V2k8), then mr"E < mrV, otherwise, mr"t > mrV.

(i) ok - [20(2-k?)-B?(3-2k)]? 4 ok == [26(2—-k2)-B2(3-2k)]? <0, and accordmg
o(m¥E*—n)  2(1-k)6%[26(2—2k+k?)—B?](a—c)? (3-2k)B? _ 2 2
to o = 62k7) B2 (2] , when 6 > ek e have 26(2 — 2k + k*) > B*.
NEx* _ N+
Thus,% <0.
A.7. Proof of Lemma 3. According to Eq (14) we can get the Hessian matrix of scenario SE as
[__2 _ B
2_-y2 2_-y2 2_-y2
2 1,2 2 T2 2
HSE =|-L1L G +k]2m r) Be-k VZHW) , when 6 >0, we can obtain that |HS|=
2-y 2-y 2-y
B BR-k=y2+y*n) p
2_y2 2_y2
- ﬁ < 0. Similar to the analysis in Lemma 2, we also need to ensure that g5%*and p3f* — wSE* is

= w, and 2v; —v, = 2(1 — k) + ny? > 0, we can obtain

Z
sE _ n9y*(a—o)[3-2k—y*(1-1)]
z

non negative. According tog;£*

> 0. Hence, the dual-channel structure

that g5 > 0.Meanwhile, psf —w
is feasible.
2
A.8. Proof of Proposition 3.According to II2E* —IINE* = %(a — c)292((2 e

2(1-k)?
[26(2-k2)—B2(3—-2k)

—2k+y2n)2 _

z2

]2), it is directly that(2 — y?)(2 — 2k + y?n)* > 2(1 — k)?, and due to the proof in

2(3_
62 ((23_k22’;),thusz > 260(2 — k?) — B%(3 — 2k).On this basis, we can obtain

that I7E* > TIYE*. Meanwhile, the comparison of the optimal emission reduction level between

. .. _SEx _ _NEx _ y20[4+8n+3y2n2+4k2(1+n)—-2k(4+6n+y%n?)] _
scenario NE and SE is: e et = 120Gk (—210)] , let V3(k)=4+8n+
3y*n? + 4k*(1+n) — 2k(4 + 6n +y*n?) , from a‘g—}ik) =8k +nk—-1)-2n6+y*n) <0 and
SEx _ gNE* — Y20V (k)
z[26(2-k2)—p2%(3-2k)]

Lemma 2 we have:6 > 0, >

lim V3 (k) =y?n* > 0, thus we can obtain thate > 0. Employing the
same process, we can easily show thatII3£* > I1YE* holds.

_ B8(a—o)[4—2k-y2(2-n)
- 2(46-20y2—p2)

2
A9. Proof of Proposition 4. (i) eS5* —e5* Lso. (ii) MSE* — s+ =
02(a-0)%[4-2k-y22-n)]"
22(40-20y2-B2)

02(a—c)2[4—2k—y2 (2-n)]*

3 SEx Sk 3
22102677 —52) >0 we can obtain that II3"* > 13" if F <

F, from

62(a-0[4-2k=v2C=0I* | .\ spe _ sv _ o [4-2k-y?(2-n)](B>+Y*n6-2k6) SEx _pse _ 0%,
22(46-26y%-p2) ) ; ({i)s 5= (az c)yo Y z(46-20y2%2—B2) and II; " = 2 (a
C)Z(Z _ yz)(2—2k+y n 1 ) [4—2k—y2(2-m)](B%+y2n6-2k0) According to

z 40-20y2-p2 z(46-20y?%-B?)

[4-2k-y2(2-0)](B2+y?*n6-2k0) . \/ﬁ . SEx Sx
(40207257 < 0if B € (0,/6(2k —y?n)). Hence, we can obtain thats°** < s°* and

MPE* < M5* if B €(0,/6(2k —y?n)) . The discussion of s56* >s5* and I7E* >TI5* if B e
(O0(2k —y?n),1) are evidenced the same way.
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A.10. Proof of Corollary 3. The proofs of Corollary 3(i) and (ii) are the same as the proofs in

SEx _ o l—y2(1— SEx _ 3
Corollary 2, so we omit it. (iii)azn = 2a-0bis jk ra-mi O;BS(,"] =L C)ZZSV“("), where V,(n) =
SEx
[8 + 4k? —4y2(1 —n) + y*n? — 4k(2 + ¥?n)]0 — 28%2(1 —y?) .  Thus, af?n >0 if neE
[0(—12)(B?—26)—26(1~ . SEx ) [6(—12)(B?—26)~26(1~
(ﬁ (1 yZ)(ﬁzzze) 2601 k)‘l while % _ 0if e 0’«/5 6(1 yZ)(ﬁzzze) 20a-0)\
oy on oy

_ _ 2c. 2 o2
A.1l. Proof of Proposition 5. I —TI5* = 87Vp (2v5- V)

- _F hen F <
@1-2072)[095-2v3 (e +B)] . when

0272 (2v3—v,)?

TISE* T7S* : TISE* _ T1S* —

Ty ¢ We  can get II3**>TII;* . And according to II? 117
62(2=v" )" _val(e+B)*~(2k=y*me] 2v3-2v; 1 ; SEx < [1S* i

G el s T aaay) ¢ e can obtain that I <11, if f e
(0,5/6(2k = v?1) = pe).
Appendix B

9, = 2v3p? _ 2v3(pe+B)? . 4FB*vs

1

T a@-y)-k-y2n? 2 T 4@2-y2)-k-y2m? 3 T vy B2\ F[Fvy2+4vs(a—c)2]+FB2v,’

B, = V2KB; B, = Ok =776 _Jpe[3—k(4+k)]+9(z—k)JF{a(a—c)2+4F—2k[(a—c)2+2F]+Fk2}_
1= 7 2 /P3 — 7

F(3-2k)
1 \/F92v§[Fv22+4-(a—c)2v3]+F9v4
Pa = 2 Fvs

7

k. = [4—¥2(2-m)]6%(a—c)*+2v1 F(B2+y*n0)+2/Fv, 2[F(26—B2)v1—(a—c)2(1-y?)6?]
1= 7

20[(a—c)26+2Fvq]

_ V2/0(1-y%)(B%-26)-20(1—k)

m )
_ 02(a—c)?(2—k)? R = 0%v 2 (a—)? _ 027, (2v3-vy)?
(46-B2)[260(2-k2)-p2(3-2K)" "2 T 2(46-20y2—p% 3 T @1-20yD)[0Vg—2v3(pe+B)

z=0[42 —y*) + 2k —y*n)?*] = 2pvs,

v =202 —y®) —B%v, =4 -2k —y2Q2 —n)vs=v, — 1 +7%

vy =32 —4k* —8y*(3—n) —4k[4 —y* Q2+ ] +y*[4—n(4+n)]vs =1+ k —y%

Ve =2—k?—y?,

V= 49_(pe +ﬁ)2;‘~72 =a—C—peey;V; = ap, +ﬁC+,Bpe€0,’ v, =30 _pez _peﬁ;‘~75 = (3_
2k)(pe + B);V6 = 4 — 2k* — 2y — 2y%n + 3ky*n +y*n —y*n%

U, =22 —k*—y?) +ny* Q2+ k —y?);¥s = 42 —y?) — 2k —ny?)2.
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