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Carbon emission reduction has become a common hot topic around the world. Although the previous literature has proven that
the asymmetric information and fairness concerns would influence the operational strategy for low-carbon supply chain, it hardly
touched the asymmetric information of fairness concerns, which contradicted practical observations and experimental evidence.
Incorporating the asymmetric information of fairness concerns, this paper investigates a low-carbon supply chain consisting of a
manufacturer and a retailer with discrete types including selfish S-type and fairness-concerned F-type. +e manufacturer can
observe and thereby know the behavioral type of the retailer in the scenario of symmetric information, while it cannot in the
scenario of asymmetric information. In the approach of game theory, the optimal carbon emission reducing strategy and pricing
strategy in the symmetric scenario and asymmetric scenario are achieved successively. By comparing the above two scenarios, the
impacts stemming from the asymmetric information of fairness concerns at the individual level and systematic level are analyzed,
respectively. A case study is offered before concluding some implications for the supply chain management. +e findings include
the following: Firstly, the asymmetric information of fairness concerns enhances the carbon emission reduction significantly.
Although the fairness concerns alone decrease the carbon emission reduction, the asymmetric information increases with the
dominating power. Secondly, the asymmetric information of fairness concerns raises the wholesale price and retail price
dramatically. Although the impact of either fairness concerns or asymmetric information randomly changes with the behavioral
type and information structure, their interactive impacts are stable and change smoothly. +irdly, the asymmetric information of
fairness concerns promotes a fairer profit distribution, while either fairness concerns or asymmetric information alone hardly
changes the overall profit of the low-carbon supply chain.

1. Introduction

Reducing carbon emissions, as one of the core goals set in
United Nations 2030 Agenda for Sustainable Development,
is important for the whole world to realize global sustainable
development. +e high-level thematic debate of the 76th
session of the United Nations General Assembly October
2021 is about delivering climate action. Many countries
emphasize the importance to reduce carbon emissions and
thereby made a series of plans. +e largest developed
country, the United States, officially rejoined the Paris cli-
mate accord February 2021. +e largest developing country,
China, plans to achieve the carbon peak by 2030 and carbon

neutralization by 2060, President Xi Jinping promised at the
general debate of the 75th session of the United Nations
General Assembly September 2020. In both the industrial
and academical views, reducing carbon emission and op-
erational strategy of low-carbon supply chain have become a
common hot topic around the world.

Industrially, sufficient carbon emission reduction is
advantageous for the low-carbon supply chain to obtain
competitiveness, because consumers with environmental
awareness like to buy low-carbon products even with a
higher price. For example, General Motors, one of the largest
carmakers, announced to reach carbon neutralization by
2040, while Great Wall Motor of China plans by 2045 and
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Volkswagen sets by 2050. +e operational strategy of the
low-carbon supply chain includes product pricing and
carbon emission reduction by adopting sustainable tech-
nology. On the side of the product pricing strategy, a high
price can get a bigger marginal profit but decrease market
demand, while a low price can increase market demand but
cut the marginal profit. On the side of the carbon emission-
reducing strategy, high reduction can attract more con-
sumers but require heavier sustainable investments, while
low reduction only requires lighter sustainable investments
but attracts fewer consumers. +erefore, the low-carbon
supply chain should trade off the carbon emission-reducing
and product pricing strategy reasonably, where the manu-
facturer will take fairness into account although he in fact
does not know whether the retailer behaves in a fairness-
minded or selfish way, and then, the retailer may utilize such
asymmetric information strategically.

Academically, many attentions have been paid to explore
the operational strategy of the low-carbon supply chain in
extant literature, which covers a wide area, such as the
strategies of coordinating sustainable supply chain with
green effort scheme and coordinating the socially respon-
sible supply chain with carbon emissions tax by Hosseini-
Motlagh et al. [1, 2], respectively, the strategies where the
retailer misreported carbon information by Yang et al. [3]
and where the designer did not know the carbon reduction
efficiency of the manufacturer by Yang et al. [4]. It has been
proven that the asymmetric information in supply chain is
popular and will influence the operational decision. For
example, the operational strategies where the incumbent
retailer possesses private information about the market
demand were attained by Yun et al. [5], where the seller did
not know the buyer’s production cost by Raj et al. [6], where
the manufacturer did not know the intensity of consumers’
low-carbon preference by Li and Lai [7]. However, although
the asymmetric information of market demand, production
cost, etc. has been explored widely, the symmetric infor-
mation of fairness concerns has hardly been touched. It also
has been proven that the fairness concerns are popular and
will influence the operational decision of supply chain. For
example, the manufacturer in the low-carbon supply chain
by Han et al. [8] and that in the green closed-loop supply
chain by Jian et al. [9], both themanufacturer and the retailer
in the low-carbon supply chain by Zou et al. [10], cared
about fairness heavily when pursuing individual profits.
However, although how the fairness concerns affect the
operational strategy of supply chain has been discussed
widely, few touched the symmetric information of fairness
concerns. +e literature about fairness concerns hardly
corrects the widely adopted assumption that all supply chain
members know that the specific partners are fairness-
minded. It contradicts the practical observations extremely,
by which the manufacturer usually cannot observe whether
the retailer behaves in a fairness-minded or selfish way, and
thereby the retailer may utilize such asymmetry strategically.
It also contradicts the experimental evidence seriously.
Katok and Pavlov [11] and Choi and Messinger [12] show
that only the asymmetric information of fairness concern
can explain the recorded experimental behaviors rationally.

+erefore, aiming at the above contradictions, this paper will
incorporate the symmetric information of fairness concerns
to analyze the following questions:

(1) What is the optimal operational strategy of the low-
carbon supply chain when the information of fair-
ness concerns is asymmetric privately known?

(2) How do the fairness concerns influence the opera-
tional strategy?What are the impacts in the scenarios
of symmetric information and asymmetric infor-
mation, respectively?

(3) How does the asymmetric information of fairness
concerns influence the operational strategy? What
are the impacts at the individual level and systematic
level, respectively?

By exploring the optimal operational strategy of the low-
carbon supply chain under asymmetric information of
fairness concerns and analyzing the related impacts stem-
ming from the asymmetric information of fairness concerns
at the individual level of independent decision and sys-
tematic level of entire performance respectively, this paper
acquires the following original contributions.

Firstly, it achieves the optimal operational strategy for
the low-carbon supply chain under asymmetric information
of fairness concerns. Previous literature examined either
asymmetric information of market demand, individual cost,
etc., or symmetric information of fairness concerns, but
hardly touched the asymmetric information of fairness
concerns.

Secondly, it investigates the impacts of fairness concerns
on the operational strategy in the scenarios of symmetric
information and asymmetric information, respectively.
Previous literature only examined the symmetric scenario
but hardly touched how the fairness concerns influence the
operational strategy in the scenario of asymmetric
information.

+irdly, it addresses the impacts stemming from the
asymmetric information of fairness concerns. Previous lit-
erature has analyzed either the impact of asymmetric in-
formation or the impact of fairness concerns separately but
hardly touched the interactive impact of asymmetric in-
formation and fairness concerns.

Finally, it describes the impacts not only at individual
level, but also at systematic level. Previous literature mainly
focused on the level of individual decision such as decision-
making of the wholesale price and retail price but hardly
touched the level of systematic performance with exception
of overall supply chain profit.

+e paper is organized as follows. Section 2 reviews the
related literature. Section 3 formulates the framework, as-
sumptions, and notations. Section 4 probes the optimal
operational strategy and its impact stemming from fairness
concerns in the benchmark symmetric scenario. Section 5
examines the novel asymmetric scenario. By comparing the
symmetric and asymmetric scenarios, Section 6 addresses
the impact resulting from the asymmetric information of
fairness concerns. Section 7 offers a case study. Section 8
presents the conclusion.
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2. Literature Review

In the relevant area of supply chain operational strategy
under asymmetric information of fairness concerns, two
branches of literature motivate this paper, including that
about the asymmetric information in the supply chain and
that about the fairness concerns in the supply chain. +is
section will elaborate on previous literature and clarify the
gap between this paper and previous literature.

2.1. Asymmetric Information in Supply Chain. In the branch
of asymmetric information, because managers always want
to use the private information strategically, a lot of literature
has been exploring the asymmetric information in context of
the supply chain. However, it mainly focused on the
asymmetric information of market demand, that of indi-
vidual cost, etc., while it hardly touched the asymmetric
information of fairness concerns.

+e asymmetric information of market demand usually
assumes that the retailer knows market demand more be-
cause he is closer to customers. Firstly, in the configuration
of a two-echelon supply chain, Zhou et al. [13] investigated
the pricing decision in a dual-channel supply chain.
Chernonog and Avinadav [14] explored the advertising
decision in a perishable products supply chain. Zhang and
Xiong [15] scheduled the production plan in a make-to-
stock supply chain. Gan et al. [16] designed the commit-
ment-penalty contract in a drop-shipping supply chain. Lei
et al. [17] and Chen et al. [18] considered the asymmetric
information of demand disruption. Zhang and Zhang [19]
probed whether the seller with stochastic learning cost and
the retailer preferred to select consistent contract type in a
two-period supply chain. Yang and Ma [20] designed the
two-part tariff contract in a supply chain with two com-
peting suppliers and a dominant retailer. Yun et al. [5]
designed the franchise contract and two-part tariff contract
in a supply chain consisting of a supplier, an incumbent
retailer possessing private information about market de-
mand, and an entrant retailer. Secondly, in the configuration
of a three-echelon supply chain, in a logistics service supply
chain including a supplier, a third-party logistics service
provider, and a retailer, Ma et al. [21] designed the cost-
revenue sharing contract to coordinate a fresh agricultural
products supply chain, where the freshness-keeping effort of
the third-party logistics service provider decides both
quantity and quality, and the retailer privately knows the
information about the market demand. In a dual supply
chain including a supplier, a retailer, and an offline show-
room with private information about market demand, Li
et al. [22] designed the cooperative advertising contract to
analyze the ill effect of asymmetric information and the spill-
over effect of cooperative advertisement. In a three-echelon
supply chain including multiple suppliers, a manufacturer,
and a retailer, Zhu et al. [23] solved the optimal decision
making when the information of both component quality
and market demand was asymmetric.

+e asymmetric information of individual cost usually
assumes that the supplier, manufacturer, and retailer privately

know their own cost. Experimental evidence has shown that
the asymmetric information of individual cost surely influ-
ences the operational decision and supply chain performance
significantly as discussed by Qin et al. [24]. Firstly, in the
configuration of manufacturer-retailer, Cao et al. [25] probed
a store-brand supply chain, in which the dominant retailer
did not know the manufacturer’s production cost of national
brands. Cao et al. [26] researched a dual-channel supply
chain, in which the retailer privately owned her packaging
cost. Secondly, in the configuration of seller/vendor-buyer,
under asymmetric information of buyer’s production cost,
Raj et al. [6] investigated the optimal level of greening and
corporate social responsibility, Li et al. [17] designed the
coordination mechanism, and Zhang and Luo [27] designed
the optimal quantity discount contract of coordinating a
perishable products supply chain. +irdly, in the configura-
tion of supplier-manufacturer, Zhang et al. [28] explored a
supply chain with a dominant supplier without knowing the
production cost of the manufacturer. Yang et al. [29]
addressed the reservation pricing strategy of a fashion supply
chain, in which the manufacturer owned private information
about production cost. Finally, some explored bilateral
asymmetric information. For example, the manufacturer
privately knew the information of his production cost, and the
retailer privately knew the information of market demand as
discussed by Wang et al. [30] or her selling cost by Gu et al.
[31]. Mobini et al. [32] investigated the case, and both the
processing cost of the retailer and market demand were
asymmetric information.

Especially, a few touched on the asymmetric information
in the low-carbon supply chain. Li and Lai [7] designed the
abatement contract of a low-carbon supply chain, in which
the manufacturer did not know the intensity of consumers’
low-carbon preference. Wang and He [3] explored the in-
centive strategy for a low-carbon supply chain, in which the
product designer did not know whether the carbon re-
duction efficiency of the manufacturer was high or low. Yang
et al. [4] investigated the misreporting behaviors of carbon
information and found that the leader would not lie about
his carbon information even in the position of information
advantage, but the retailer would either in an advantageous
or in a disadvantageous position.

+e above discussion shows that the asymmetric in-
formation, such as that of market demand and individual
cost, is an important topic in the field of supply chain
management not only industrially, but also academically.
However, extant literature has been focusing on the
asymmetric information of marked demand, individual cost,
etc., while it never touched the asymmetric information of
fairness concerns. +e fairness concerns were always taken
as the symmetric publicly known information; that is, all
supply chain members are assumed to know that the specific
partners are fairness-minded. It is inconsistent with the
practical observations, where the manufacturer usually
cannot observe whether the retailer behaves in a fairness-
minded or selfish way, and thereby the retailer may utilize
such asymmetric information strategically. Furthermore,
previous literature has always analyzed the impacts from the
asymmetric information in the individual level such as the
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decision-making of the wholesale and retail price but only
covered the overall profit of the supply chain in the sys-
tematic level. To fill the above gaps, this paper will incor-
porate the asymmetric information of fairness concerns to
explore the operational strategy under asymmetric infor-
mation of fairness concerns and examine the impact
stemming from the asymmetric information of fairness
concerns at individual and systematic levels, which, re-
spectively, treats each member independently and the low-
carbon supply chain as an entire system.

2.2. Fairness Concerns in Supply Chain. In the branch of
fairness concerns, because managers may behave in a fair-
minded way, a lot of literature has been exploring how
fairness concerns significantly influence decision-making
and profit distribution in the supply chain. Additionally, the
experimental evidence from Katok and Pavlov [11], Ho et al.
[33], Qin et al. [24], Choi and Messinger [12], and so on
verified it. +e relevant literature incorporating fairness-
concerned behavior can be classified into single and dual
cases, which are reviewed as follows, respectively.

In the single case, one member of the supply chain
behaves in a fairness-minded way, while all others behave in
a selfish way. Firstly, the manufacturer in the low-carbon
supply chain is supposed to care about fairness as discussed
by Han et al. [8]. Nomatter with or without an advantageous
power, it appears analogous in the green closed-loop supply
chain discussed by Jian et al. [9], mobile phone supply chain
byWang et al. [34], e-commerce supply chain byWang et al.
[35, 36], agricultural product supply chain by Yan et al. [37],
dual-channel supply chain by Li et al. [38], and so on.
Secondly, the retailer such as that in the low-carbon supply
chain discussed by Zhou et al. [39], closed-loop supply chain
by Sarkar and Bhala [40], dual-channel supply chain by Du
and Zhou [41], sustainable supply chain by Liu et al. [42],
and ternary supply chain with competitors by Nie and Du
[43] is supposed to be fairness-minded. +irdly, the recycler
in the closed-loop supply chain is also supposed to mind
fairness by Zhang et al. [44]. +e similar is made to the
collector in the closed-loop supply chain by Li et al. [45], the
functional logistics service provider in the logistics service
supply chain by Liu et al. [46], and the distributor in the
three-tier supply chain by Tao et al. [47] no matter with
dominant or dominated power.

In the dual case, twomembers of the supply chain behave
in a fairness-minded way, although others still behave in a
selfish way. Firstly, both the manufacturer and retailer are
supposed to pay attention to fairness simultaneously in the
low-carbon supply chain as discussed by Zou et al. [10] and
Li and Lai [7, 48]. +e similar occurred in the green supply
chain by Yang et al. [49], apparel supply chain by Adhikari
and Bisi [50], agricultural product supply chain by Yan et al.
[51], and dual-channel supply chain by Zhen et al. [52] no
matter whatever the bargaining structure by Jiang et al. [53]
and Pan et al. [54]. Secondly, dual fairness is rendered to the
general contractor and the subcontractor in the construction
supply chain as discussed by Jiang et al. [55], the functional
logistics service provider and logistics service integrator by

Du and Han [56], the manufacturer and the network
platform of e-commerce supply chain by Wang et al. [35],
and the supplier and the retailer with competitors by Li et al.
[57]. +irdly, some discuss the interaction of fairness con-
cerns and other behavioral factors. For example, Zhang et al.
[58] analyzed the interactive effect between fairness concerns
and overconfidence, and Huang et al. [59] probed how
fairness concerns interacted with risk aversion.

+e above discussion shows that the fairness concerns are
important in the supply chain from both industrial and ac-
ademic views. However, previous literature always examined
fairness concerns under symmetric information, which as-
sumed that everyone in the supply chain knew that the specific
partners were fairness-minded. It contradicts the practical
observations greatly. In practice, the manufacturer cannot
observe whether the retailer behaves in a fairness-minded or
selfish way, and thereby the retailer may utilize such asym-
metric strategically through imitation and camouflage. It also
contradicts the experimental evidence seriously. For example,
Katok and Pavlov [11] and Choi and Messinger [12] found
that only the asymmetric information of fairness concern can
explain the recorded experimental behaviors rationally.
Moreover, previous literature always analyzed the impacts of
the fairness concerns in individual level, such as decision-
making of the wholesale price and retail price, but only
covered the overall supply chain profit in systematic level.
Aiming at the above gaps, this paper will incorporate the
asymmetric information of fairness concerns and thereby
assumes that the manufacturer does not know whether the
retailer behaves in a fairness-minded or selfish way, which is
consistent with practical and experimental evidence.

Combining the above two branches, the literature about
asymmetric information always focused on the asymmetric
privately known information of market demand, individual
cost, etc., while it hardly considered the asymmetric in-
formation of fairness concerns, and the literature about
fairness concerns always adopted the assumption that the
behavioral type was symmetric publicly known, while it
hardly took the private behavioral information into account.
Both sides contradict the practical observations and ex-
perimental evidence seriously. Practically, it is in fact dif-
ficult or even impossible to obtain full information about the
behavioral type of supply chain partners. Experimentally,
Katok and Pavlov [11], Ho et al. [33], and Choi and Mes-
singer [12] found that the asymmetric information about the
retailer’s fairness concern was the most powerful to explain
the supplier’s behavior rationally.

Consequently, in order to resolve the above contradic-
tions and thereby fill the gaps, this paper incorporates the
asymmetric information of fairness concerns, to achieve the
optimal operational strategy for the low-carbon supply chain
under asymmetric information of fairness concerns and
investigate the impacts of fairness concerns on the opera-
tional strategy in the scenarios of symmetric information
and asymmetric information respectively, where the impacts
stemming from the asymmetric information of fairness
concerns are analyzed not only at the individual level of
independent decision, but also at the systematic level of
entire performance.

4 Discrete Dynamics in Nature and Society



3. Problem Formulation

3.1. Framework. +e low-carbon supply chain consists of a
manufacturer and a retailer, denoted as he/him and she/her,
respectively, herein. Via the retailer, the manufacturer
produces and sells the low-carbon products to consumers
with environmental awareness.

+e manufacturer behaves in a selfish way. To pursue
maximum profit, the manufacturer decides the optimal
wholesale price for the retailer and the optimal degree of
carbon emission reduction by applying sustainable
technology.

+e retailer may be selfish or fairness-minded, defined
as S-type and F-type, respectively. +e S-type retailer, who
only cares about her own profit, decides the optimal retail
price to maximize her profit. +e F-type retailer, who cares
about both her own profit and the unfair profit distri-
bution within the low-carbon supply chain, decides the
optimal retail price to maximize her utility, which in-
creases with her profit but decreases with the manufac-
turer’s profit.

In the scenario of symmetric information, the manu-
facturer can observe and thereby knows the behavioral type
of the retailer. +en, the manufacturer depends the carbon
emission-reducing strategy and wholesale pricing strategy
on the behavioral type of the retailer to maximize profit.

In the scenario of asymmetric information, the manu-
facturer cannot observe and thereby cannot depend the
strategy on the behavioral type of the retailer anymore. +e
manufacturer needs to set a uniform strategy irrespective of
whether the retailer is S-type or F-type. +e goal changes
from maximizing profit to pursuing maximum expected
average profit, determined by the probability of F-type. +e
probability parameter is a publicly known given constant
according to the Harsanyi Doctrine as discussed by Spence
[60] and applied by Ni et al. [61].

Previous literature has been focusing on the scenario of
symmetric information and has gotten the optimal opera-
tional strategy for the S-type retailer in the branch of classical
supply chain, and that for the F-type retailer in the branch of
behavioral supply chain.

However, the previous literature paid little attention to
the scenario of asymmetric information, which is more
popular. Practically, the manufacturer cannot observe and
thereby does not know the behavioral type of the retailer.
Only the retailer knows what and how much she cares about
and even may hide the information strategically. Experi-
mentally, neither fairness concern nor asymmetric infor-
mation can explain the experimental findings rationally. +e
asymmetric information of fairness concern is the most
rational power to explain the empirical and experimental
behaviors in the supply chain as shown in Katok and Pavlov
[11] and Choi and Messinger [12].

Consequently, aiming at the above contradiction, the
following will investigate the optimal operational strategy
under asymmetric information of fairness concerns and
further explore how the asymmetric information of fairness
concerns influences the operational strategy of the low-
carbon supply chain.

3.2. Assumptions

3.2.1. Market Demand. Driven by consumer environmental
awareness, the market demand decreases with unit price but
increases with carbon emission reduction. Similar to Ghosh
and Shah [62], Sinayi Rasti-Barzoki [63], Wang et al. [34],
and so on, the demand function is specified as
d � a − bp + θe, where consumers like products with lower
price and higher carbon emission reduction. +e constant a

denotes the potential maximum demand, the coefficient b

represents the price sensitivity, and the variable p measures
the market price.+e coefficient θ represents the low-carbon
sensitivity, while the variable e measures the degree of
carbon emission reduction, which denotes the reduced
proportion of carbon emission per unit product by applying
sustainable technology into the manufacturing process. To
focus on the issue of low-carbon operation, the demand
function is further simplified as d � a − p + θe, which is
widely taken in literature such as Nie and Du [43].

3.2.2. Sustainable Investment. +e manufacturer adopts
sustainable investment to reduce carbon emissions. +e
sustainable investment increases market demand, because
consumers like environmentally friendly products more, but
adds the product cost and successively enhances the
wholesale price to the retailer, the cost to consumers. +e
manufacturer has to burden the cost 1/2ke2 when adopting
sustainable investment. +e marginal sustainable coefficient
k is sufficiently bigger than other parameters as assumed in
Swami and Shah [64], Zhou et al. [39], Wang et al. [34], and
so on.+e degree of carbon emission reduction e, which also
occurs in the demand function, represents the reduced
proportion of carbon emission reduced by applying sus-
tainable technology.

3.2.3. Operational Strategy of the Manufacturer. On one
side, the manufacturer should decide the degree of carbon
emission reduction carefully. A high degree can attract more
consumers but requires heavy sustainable investments. +e
low degree requires light sustainable investments but attracts
fewer consumers. On the other side, the manufacturer
should decide the wholesale price carefully. A high price can
achieve a bigger marginal profit but decrease market de-
mand, while the low price can increase market demand but
cut the marginal profit. Consequently, the manufacturer has
to balance the strategy of carbon emission-reducing and
wholesale pricing to maximize profit.

3.2.4. Discrete Type of the Retailer. +e behavioural type of
the retailer is discretely binary. +e S-type retailer, who only
cares about her own profit, decides the optimal retail price to
maximize her profit. +e F-type retailer, who cares about
both her own profit and the unfair profit distribution within
the low-carbon supply chain, decides the optimal retail price
to maximize her utility, which increases with her profit but
decreases with the manufacturer’s profit. Fairness intensity λ
measures how much the F-type retailer concerns the unfair
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profit distribution as adopted by Liu et al. [42] and Li et al.
[57]. According to Fehr and Schmidt [65] and Li et al. [66],
and so on, 0≤ λ< 1. When λ � 0, the retailer is S-type, only
concerns about own profit, and does not care about the
unfair profit distribution. When λ> 0, the retailer is F-type,
concerns both own profit and the manufacturer’s profit, and
suffers disutility from unfair profit distribution. Discretely,
λ � 0 denotes the S-type, and 0< λ< 1 denotes the F-type.
+e probability of F-type is 0< β< 1 and 1 − β for S-type.
According to Spence [60] and Ni et al. [61], and so on, the
parameter β is a publicly known given constant.

3.2.5. Utility of the F-Type Retailer. According to Du et al.
[67], Zhang et al. [68], and so on, the F-type retailer decides
the optimal retail price to maximize her utility, which is
specified as urf � πrf − λ(πmf − πrf). Specifically, πrf de-
notes the profit of the F-type retailer, πmf represents the
profit of the manufacturer cooperating with the F-type re-
tailer, πmf − πrf describes the unfair profit distribution, λ
measures the fairness intensity, and λ(πmf − πrf) represents
the disutility suffered from the unfair distribution.+e utility
of the F-type retailer increases with her profit but decreases
with that of the manufacturer.

3.2.6. Scenario of Symmetric Information. +e behavioural
type of the retailer is a publicly known knowledge. +e
manufacturer can observe the behavioural type of the retailer
and thereby knows whether the retailer in the downstream of
the low-carbon supply chain is S-type or F-type. +en, the
manufacturer depends his strategy on the behavioural type
of the retailer by setting the different strategy of carbon
emission reducing and wholesale pricing (es, ws) for the
S-type retailer and (ef, wf) for the F-type retailer to max-
imize his profit πms and πmf respectively. Given the carbon
emission reduction and wholesale price (es, ws), the S-type
retailer decides the optimal retail price ps to maximize her
profit πrs. Given the carbon emission reduction and
wholesale price (ef, wf), the F-type retailer decides the
optimal retail price pf to maximize her utility urf.

3.2.7. Scenario of Asymmetric Information. +e behavioural
type of the retailer is a privately known knowledge. +e
manufacturer cannot observe and does not know the
behavioural type of the retailer. +en, the manufacturer
cannot depend his strategy on the behavioural type of the
retailer anymore and has to set a uniform strategy of carbon
emission reducing and wholesale pricing (e, w) although the
retailer in the downstream of the low-carbon supply chain
actually behaves in different ways, S-type or F-type. +e
manufacturer decides the optimal uniform strategy of car-
bon emission-reducing and wholesale pricing (e, w) to
pursue the maximum average profit πmA, which is the
mathematical expectation of random profit πmf with
probability β and πms with probability 1 − β. Given the
carbon emission reduction and wholesale price (e, w), the
S-type retailer decides the optimal retail price ps to

maximize her profit πrs, and the F-type retailer decides the
optimal retail price pf to maximize her utility urf.

3.3. Notations. Notations are summarized and listed as
follows, where ∗ denotes the optimal results.

(1) Parameters

d � a − p + θe: Function of market demand, where
a denotes the potential maximum demand, p

presents the market price, θ is the low-carbon
sensitivity, and e measures the degree of carbon
emission reduction as discussed by Nie et al. [43],
Sinayi and Rasti-Barzoki [63], and so on.
0< β< 1: Probability of F-type, a publicly known
given constant no matter under symmetric or
asymmetric information as discussed by Spence
[60] and applied by Ni et al. [61].
c: Unit production cost of the manufacturer,
0< c< a.
k: Marginal sustainable coefficient, sufficiently large
compared with other parameters as adopted by
Swami and Shah [64], Zhou et al., [39], Wang et al.
[34] and so on.
πms,πms: Profit of the manufacturer cooperating
with an S-type retailer under symmetric/asym-
metric information.
πmf,πmf: Profit of the manufacturer cooperating
with an F-type retailer under symmetric/asym-
metric information.
πrs, πrs: Profit of the S-type retailer under sym-
metric information and that under asymmetric
information.
πrf, πrf: Profit of the F-type retailer under sym-
metric information and that under asymmetric
information.
urf, urf: Utility of the F-type retailer under sym-
metric information and that under asymmetric
information, specified as urf � πrf − λ(πmf − πrf)

and urf � πrf − λ(πmf − πrf) respectively as dis-
cussed by Du et al. [67] and Zhang et al. [68], where
0< λ< 1 denotes the fairness intensity, which
means how much the unfair distribution is
concerned.
πmA, πmA: Average profit of the manufacturer at the
systematic level under symmetric/asymmetric
information.
πrA, πrA: Average profit of the retailer at the sys-
tematic level under symmetric/asymmetric
information.
πtA, πtA: Average profit of the supply chain at the
systematic level under symmetric/asymmetric
information.

(2) Decision Variables

es,ef: Carbon emission reduction, decided by the
manufacturer observing an S-type/F-type retailer
under symmetric information.
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ws,wf: Wholesale price, decided by the manufac-
turer observing an S-type/F-type retailer under
symmetric information.
e: Uniform carbon emission reduction, decided by
the manufacturer who does not know the behav-
ioural type of the retailer under asymmetric
information.
w: Uniform wholesale price, decided by the man-
ufacturer who does not know the behavioural type
of the retailer under asymmetric information.
ps,ps: Retail price, decided by the S-type retailer
under symmetric information and that under
asymmetric information.
pf,pf: Retail price, decided by the F-type retailer
under symmetric information and that under
asymmetric information.

4. Operational Strategies in Scenario of
Symmetric Information

4.1.OptimizationModel. Under symmetric information, the
manufacturer can observe and know accurately the
behavioural type of the downstream retailer. +erefore, the
manufacturer depends the carbon emission-reducing
strategy and wholesale pricing strategy on the behavioural
type.

Specify the timing as follows:

Stage 1: the retailer occurs randomly with probability β
of being F-type and 1 − β of being S-type, which is the
common knowledge of the retailer and the
manufacturer.
Stage 2: both the manufacturer and the retailer discover
the behavioural type of each retailer, which thereby is a
publicly known knowledge.
Stage 3: the manufacturer, who observes and thereby
knows the behavioural type of the retailer, sets different
strategies of carbon emission reduction and wholesale
price, (es, ws) for the S-type, and (ef, wf) for F-type
retailer, respectively, which are defined as the sorted
mechanism discussed by Wei et al. (2019).
Stage 4: the S-type and F-type retailer decide their retail
prices ps and pf independently to maximize profit and
utility, respectively.
Stage 5: the operational strategies are executed, where
the decision-making of carbon emission reduction and

the price is carried out in Stages 3 and 4, and the
manufacturer and the retailer gain their profits,
respectively.

+e approach of reverse reduction is adopted to get the
optimal operational strategy.

Firstly, observing the carbon emission reduction and
wholesale price decision of the manufacturer, the retailer
decides the optimal retail price. Given the carbon emission
reduction and wholesale price (es, ws), the S-type retailer
determines the optimal retail price to pursue maximum
profit. +e decision problem faced by the S-type retailer is
specified as max πrs

ps

� (ps − ws)(a − ps + θes). Similarly,

given the carbon emission reduction and wholesale price
(ef, wf), the F-type retailer determines the optimal retail
price to pursue maximum utility. +e decision problem
faced by the F-type retailer is max urf

pf

� πrf − λ(πmf − πrf),

where πrf � (pf − wf)(a − pf + θef) is the profit of the
F-type retailer and πmf � (wf − c)(a − pf + θef) − 1/2ke2f
is the profit of the manufacturer.

Secondly, predicting the reaction function of the S-type
and F-type retailer, which is embedded in the optimal so-
lutions of the decision problems faced by the retailer, the
manufacturer decides the optimal carbon emission reduc-
tion and wholesale price for the S-type and F-type retailer,
respectively, to pursue maximum profit. Subject to the
optimal retailer reaction, the decision problem faced by the
manufacturer observing an S-type retailer and that in case of
observing an F-type retailerare

max πms
es,ws

� (ws − c)(a − ps + θes) − 1/2ke2s , Deleted

max πmf
ef,wf

� wf − c  a − pf + θef  −
1
2

ke
2
f. (1)

Finally, the optimization model of operational strategies
under symmetric information is

max πms
es,ws

� ws − c(  a − ps + θes(  −
1
2

ke
2
s ,

s.t.max πrs
ps

� ps − ws(  a − ps + θes( .

(2)

And, max πmf
ef,wf

� (wf − c)(a − pf + θef) − 1/2ke2f,

s.t.max urf
pf

� pf − wf  a − pf + θef  − λ wf − c  a − pf + θef  −
1
2

ke
2
f − pf − wf  a − pf + θef  . (3)

where es and ef denote the carbon emission-reducing
strategy of the manufacturer observing an S-type and an
F-type retailer, ws and wf denote the wholesale pricing
strategy for the S-type and F-type retailer, and ps and pf

represent the retail pricing strategy of the S-type and F-type
retailer respectively.

4.2. Pricing Strategy. Solving the above optimization model,
summarize the pricing strategy for the low-carbon supply
chain in the scenario of symmetric information as follows.

Proposition 1. In the low-carbon supply chain under sym-
metric information, the manufacturer sets, respectively, the
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optimal wholesale price w∗s � 2k(a + c) − θ2c/4k − θ2 for the
S-type retailer and w∗f � − cλθ2 + 2akλ + 6ckλ − cθ2 + 2ak +

2ck/4k(2λ + 1) − θ2(1 + λ) for F-type retailer; the S-type re-
tailer sets the optimal retail price p∗s � (3a + c)k − θ2c/4k − θ2;
meanwhile, the F-type retailer sets the optimal retail price p∗f �

(2λ + 1)(3a + c)k − cθ2(1 + λ)/4k(2λ + 1) − θ2(1 +λ).

Under symmetric information, the manufacturer, who can
observe and thereby can depend the wholesale price on the
behavioural type of the retailer, decides the optimal wholesale
price according to the behavioural preference of the retailer,
and the retailer decides the optimal retail price according to her
own behavioural type. From Proposition 1, it can be found that
w∗s >w∗f and z(w∗s − w∗f)/zλ> 0, p∗s >p∗f and z(p∗s − p∗f)

/zλ> 0, which means that the fairness concerns will decrease
the wholesale price and retail price. +e increments improve
with the fairness intensity. +e stronger the fairness intensity,
the more the attention paid to the unfair distribution, and the
lower the wholesale price and retail price.

4.3. Emission Reducing Strategy. Solving the above optimi-
zation model, summarize the degree of carbon emission
reduction for the low-carbon supply chain in the scenario of
symmetric information as follows.

Proposition 2. In the low-carbon supply chain under sym-
metric information, the manufacturer sets, respectively, the
optimal emission reducing strategy e∗s � θ(a − c)/4k − θ2 for
the S-type retailer, and e∗f � θ(a − c)(1 + λ) /4k(2λ + 1) −

θ2(1 + λ) for the F-type retailer.

Under symmetric information, the manufacturer, who
can observe and thereby can depend the degree of carbon
emission reduction on the behavioural type of the retailer,
decides the carbon emission-reducing strategy according to
the behavioural preference of the retailer. From Proposition
2, it can be found that e∗s > e∗f and z(e∗s − e∗f)/zλ> 0, which
means that the fairness concerns are disadvantageous for the
carbon emission reduction, whose increment improves with
the fairness intensity. +e stronger the fairness intensity, the
more the attention paid to the unfair distribution, and the
less the carbon emission reduction.

4.4. Profitability. Solving the above optimization model,
summarize the profitability of the low-carbon supply chain
in the scenario of symmetric information as follows.

Proposition 3. In the low-carbon supply chain under sym-
metric information, the manufacturer gains the optimal profit
π∗mf � k(λ + 1)(a − c)2/2λ(8k − θ2) + 8k − 2θ2 when ob-
serving an F-type retailer, π∗ms � k(a − c)2/8k − 2θ2 in case of
S-type retailer; the S-type retailer and the F-type retailer
achieve the optimal profit π∗rs � k2(a − c)2/(4k − θ2)2 and
π∗rf � k2(a − c)2(4λ + 1)(2λ + 1)/(4k − θ2 + λ(8k − θ2))2
respectively.

Under symmetric information, the profit of the manu-
facturer depends on the retailer’s behavioural type, while
that of the retailer is up to her own behavioural type. From
Proposition 3, it can be found that π∗mf < π

∗
ms and π∗rf > π

∗
rs,

which means that the fairness concerns will decrease the
manufacturer’s profit but increase the retailer’s profit. +e
fairness concerns influence the profits of the manufacturer
and the retailer in the opposite directions. Furthermore, it
also can be found that z(π∗ms − π∗mf)/zλ> 0 and z(π∗rf−

π∗rs)/zλ> 0, which means that the impact of the fairness
concerns always improves with the fairness intensity despite
being in the opposite directions.

5. Operational Strategies in Scenario of
Asymmetric Information

5.1. Optimization Model. Under asymmetric information,
the manufacturer cannot observe and thereby does not know
the behavioural type of the retailer. Even if he is in fact
cooperating with an S-type retailer, the manufacturer sup-
poses that the retailer is S-type with probability 1 − β and
F-type with probability β. Similarly, even if he is in fact
cooperating with an F-type retailer, the manufacturer still
supposes that the retailer is F-type with probability β and
S-type with probability 1 − β.

Illustrate the timing as follows:

Stage 1: the retailer occurs randomly with probability β
of being F-type and 1 − β of being S-type, which is the
common knowledge of the retailer and the
manufacturer.
Stage 2: only the retailer discovers her own behavioural
type, which is different from the symmetric scenario
where not only the retailer but also the manufacturer
knows the behavioural type of each retailer.
Stage 3: the manufacturer, who always supposes that
the retailer is F-type with probability β and S-type with
probability 1 − β, sets a uniform strategy of carbon
emission reduction and wholesale price (e, w) for both
the S-type and F-type retailer, because he does not
know the behavioural type of the retailer, which are
defined as the pooled mechanism discussed by Wei
et al. (2019). It differs from the symmetric scenario
where the manufacturer sets different strategies (es, ws)

for the S-type retailer and (ef, wf) for the F-type re-
tailer, respectively, because he knows the correct
behavioural type of the retailer.
Stage 4: the S-type and F-type retailer decide their retail
prices ps and pf independently to maximize profit and
utility, respectively.
Stage 5: the operational strategies are executed, where
the decision-making of carbon emission reduction and
price is carried out in Stages 3 and 4, and the manu-
facturer and the retailer gain their profits, respectively.

+e approach of reverse reduction is adopted to get the
optimal operational strategy.

Firstly, given the uniform carbon emission reduction
and wholesale price (e, w) offered by the manufacturer, the
retailer decides the optimal retail price. To maximize the
profit, the decision problem faced by the S-type retailer is
max πrs

ps

� (ps − w)(a − ps + θe). To maximize the utility,
that faced by the F-type retailer is
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max urf

pf

� πrf − λ(πmf − πrf), where πrf � (pf − w) (a −

pf + θe) and πmf � (w − c)(a − pf + θe) − 1/2ke2 are, re-
spectively, the profit of the F-type retailer and the profit of
the manufacturer under asymmetric information.

Secondly, predicting the reaction function of the S-type
and F-type retailer, respectively, which is embedded in the
optimal solutions of the retailer’s decision problems, the
manufacturer decides the uniform carbon emission reduc-
tion and wholesale price for both S-type and F-type retailers
to pursue the maximum average profit. Subject to the

optimal retailer reaction, the decision problem faced by the
manufacturer, who does not know whether the downstream
is an F-type or S-type retailer, is max πmA

e,w

� β [(w − c)(a −

pf + θe) − 1 /2ke2] + (1 − β)[(w − c)(a − ps + θe) − 1/2ke2],
where e and w denote the uniform carbon emission-re-
ducing and wholesale pricing strategy under asymmetric
information, and the publicly known given β represents the
probability of F-type.

Finally, the optimization model of operational strategy
under asymmetric information is

max πmA
e,w

� β (w − c) a − pf + θe  −
1
2

ke
2

  + (1 − β) (w − c) a − ps + θe(  −
1
2

ke
2

 ,

s.t.

max πrs
ps

� ps − w(  a − ps + θe( 

max urf

pf

� pf − w  a − pf + θe  − λ (w − c) a − pf + θe  −
1
2

ke
2

− pf − w  a − pf + θe  

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

,

(4)

where the uniform carbon emission reduction e and
wholesale price w do not differentiate the behavioral type,
because the manufacturer cannot observe the behavioural
type of the retailer, while the retail prices ps and pf are still
up to the behavioral type, because each retailer of course
always knows its own type.

Comparing the symmetric and asymmetric scenarios,
the manufacturer adopts the sorted mechanism in sym-
metric scenario by setting different (es, ws) and (ef, wf) for
S-type and F-type retailers respectively, because he can
observe the behavioral types, while he implements the
pooled mechanism in asymmetric scenario by setting the
same (e, w) for different type retailers, because he cannot
observe the behavioural types anymore. If the manufacturer
takes the sorted mechanism in asymmetric scenario, he must
consider the incentive compatibility constraints, which as-
sure that the retailers do not pretend to choose the other.
However, in the pooled mechanism, the same (e, tw) are set
for retailers with different types. Because (e, tw) are the only
choice, it is unnecessary to take the incentive compatibility
constraints into account. +e approach of pooled mecha-
nism was also applied in Wei et al. [69] and so on.

5.2. Pricing Strategy. Solving the above optimization model,
summarize the pricing strategy for the low-carbon supply
chain in the scenario of asymmetric information as follows.

Proposition 4. In the low-carbon supply chain under
asymmetric information, the manufacturer sets the same
optimal uniform wholesale price for both the S-type retailer
and F-type retailer w∗ � cλk(4β2 + 2) + 2aλk + 2k(a + c) −

cθ2 (1 + λ)/4k + 4λk(β2 + 1) − θ2(1 + λ); the S-type retailer
sets the optimal retail price p∗s � 2λkβ2(a + c) +k((λ + 1))

(3a + c) − cθ2(1 + λ) /4k(λβ2 + λ + 1) − θ2(1 + λ); mean-
while, the F-type retailer sets the optimal retail price p∗f �

λkβ[a(2β + 1) + c(2β − 1)] +k(1 + λ)(3a + c) − cθ2(1 + λ)/
4k(λβ2 + λ + 1) − θ2(1 + λ).

Under asymmetric information, the manufacturer, who
cannot observe and thereby cannot depend the wholesale
price on the behavioural type of the retailer, should decide an
optimal uniform wholesale price according to the proba-
bility distribution of F-type and S-type, and the retailer
decides the optimal retail price based on her own behav-
ioural type still. From Proposition 1, the following can be
found. Firstly, zw∗/zλ< 0, the fairness concerns will de-
crease the wholesale price, which is similar with that in the
scenario of symmetric information. Secondly, p∗f − p∗s > 0
and z(p∗f − p∗s )/zλ> 0, and the fairness concern will raise
the retail price, whose increment improves with fairness
intensity, which is contrary to the scenario of symmetric
information absolutely. It results from the cross effect that
the behavioural preference of the F-type retailer influences
the pricing strategy of the S-type retailer under asymmetric
information but does not under symmetric information.

Integrating the scenarios of symmetric and asymmetric
information, conclude the impact of fairness concerns on the
pricing strategy as the following corollary.

Corollary 1. ;e fairness concerns always decrease the
wholesale price of the low-carbon supply chain no matter
under symmetric or asymmetric information. However, the
fairness concerns cut the retail price of the low-carbon supply
chain under symmetric information but raise under asym-
metric information. Moreover, all increments increase with
the fairness intensity.

5.3. Emission Reducing Strategy. Solving the above optimi-
zation model, summarize the optimal degree of carbon
emission reduction for the low-carbon supply chain in the
scenario of asymmetric information as follows.
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Proposition 5. In the low-carbon supply chain under
asymmetric information, the manufacturer sets the same
uniform emission reducing strategy for both the S-type retailer
and F-type retailer e∗ � θ(1 + λ)(a − c) /4k + 4λk(β2 + 1)

− θ2(1 + λ).

Under asymmetric information, the manufacturer, who
does not know and thereby cannot depend the degree of
carbon emission reduction on the behavioural type of the
retailer, should decide a uniform emission reducing strategy
according to the probability distribution of the behavioural
type. From Proposition 5, it can be found ze∗/zλ �

− 4θkβ2(a − c)/(4λkβ2 − λθ2 + 4λk + 4k − θ2)2 < 0, which
means that the fairness concerns are disadvantageous for the
carbon emission reduction. +e stronger the fairness inten-
sity, the less the carbon emission reduction carried out, which
is similar with that in the scenario of symmetric information.

Integrating the scenarios of symmetric and asymmetric
information, conclude the impact of fairness concerns on the
carbon emission-reducing strategy as the following corollary.

Corollary 2. ;e fairness concerns always are disadvanta-
geous for the carbon emission reduction of the low-carbon
supply chain no matter under symmetric or asymmetric in-
formation. Moreover, the increment increases with the fair-
ness intensity.

5.4. Profitability. Solving the above optimization, summa-
rize the profitability of the low-carbon supply chain in the
scenario of asymmetric information as follows.

Proposition 6. In the low-carbon supply chain under
asymmetric information, the manufacturer always supposes
that the retailer is S-type with probability 1 − β and F-type
with probability β because he cannot observe and does not
know the behavioural type of the retailer and gains the op-
timal profit π∗ms � k(1 + λ)(a − c)2 (8kλβ2 + 4kλ + 4k

− λθ2 − θ2)/2[4k(λβ2 + λ + 1) − (λ + 1)θ2]2 when he is ac-
tually cooperating with an S-type retailer, and π∗mf � k(1 +

λ)(a − c)2(8kλβ2 − 4kλβ + 4kλ + 4k − λθ2 − θ2)/2[4k (λ β2
+λ + 1) − (λ + 1)θ2]2 in the case of an F-type retailer. ;e
S-type and F-type retailers achieve the profit, respectively,
π∗rs � k2(a − c)2(2λβ2 + λ + 1)2/[4k(λβ2 + λ + 1) − (λ + 1)

θ2]2 and π∗rf � k2 (a − c)2(2λβ2 + λβ + λ +1)(2λβ2
− λβ + λ + 1)/[4k(λβ2 + λ + 1) − (λ + 1)θ2]2.

Under asymmetric information, the manufacturer
cannot observe the behavioural type of the cooperated re-
tailer and always supposes that the retailer is S-type with
probability 1 − β and F-type with probability β. +erefore,
the manufacturer makes decisions of pricing strategy and
emission-reducing strategy according to the publicly known
probability distribution of F-type and S-type. +e manu-
facturer’s profit is a random variable relying on the prob-
ability distribution of behavioural type, that is, π∗mf with
probability β and π∗ms with probability 1 − β, whose average
value is π∗mA � βπ∗mf +(1 − β)π∗ms � k(a − c)2(1 + λ)/8λk(β2
+1) − 2θ2(1 + λ) + 8k. It can be found that π∗mf < π

∗
ms,

z(π∗ms − π∗mf)/zλ> 0 and zπ∗mA/zλ � − 4k2β2(a − c)2/(4λkβ2

− λθ2 + 4λk + 4k − θ2)2 < 0, by which the fairness concerns
will decrease the manufacturer’s profit, which is similar to
that in the scenario of symmetric information; π∗rs − π∗rf �

k2β2λ2(a − c)2/(4λkβ2 − λθ2 + 4λk + 4k − θ2)2 > 0, z(π∗rs

− π∗rf)/zλ � 2k2β2λ(a − c)2(4k − θ2)/(4λkβ2 − λθ2 + 4λk+

4k − θ2)3 > 0, by which the fairness concerns will also defi-
nitely decrease the retailer’s profit irrespective of the re-
tailer’s behavioural type, which differs from that in the
scenario of symmetric information. +e bigger the fairness
intensity, the more the impact of the fairness concerns on the
profitability of the low-carbon supply chain.

Integrating the scenarios of symmetric and asymmetric
information, conclude the impact of fairness concerns on the
profitability of the low-carbon strategy as the following corollary.

Corollary 3. ;e fairness concerns decrease the manufac-
turer’s profit no matter under symmetric or asymmetric in-
formation. However, the fairness concerns increase the retailer’s
profit under symmetric information but decrease the retailer’s
profit under asymmetric information whatever the behavioural
type is. Moreover, the impact of fairness concerns on the
profitability always increases with the fairness intensity.

Consistent with the case of the retail pricing decision, the
impact of fairness concerns on the retailer’s profit depends
on whether the related information is symmetric or
asymmetric. Under symmetric information, the fairness
concerns cut the retail price and decrease the retailer’s profit;
under asymmetric information, the fairness concerns raise
the retail price and increase the retailer’s profit. It results
from the cross effect also, by which the behavioural pref-
erence of the F-type retailer influences the pricing strategy
and profit of the S-type retailer under asymmetric infor-
mation although the S-type retailer behaves selfishly and
does not pay any attention to fairness.

6. Impacts of Asymmetric Information on
Operational Strategies

Comparing the above scenarios of symmetric and asym-
metric information, explore the impacts stemming from the
asymmetric information of fairness concerns on the pricing
strategy, emission-reducing strategy, and profitability at two
different levels. +e individual level treats each member in
the low-carbon supply chain independently and explores
how the asymmetric information influences the individual
decision and profit of each member. +e systematic level
treats the low-carbon supply chain as an entire system and
investigates how the asymmetric information changes the
operational performance of the supply chain.

6.1. On Pricing Strategy

6.1.1. Individual Level. +e manufacturer decides the op-
timal wholesale price and the retailer decides the optimal
retail price independently. Proposition 1 and Proposition 4
give the results of individual decisions under symmetric and
asymmetric information respectively. By comparing them,
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illustrate the impact of asymmetric information on the
pricing strategy at the level of individual decision as follows.

Theorem 1. w∗f <w∗ <w∗s ; z(w∗s − w∗)/zλ> 0, z(w∗ − w∗f)

/zλ> 0. p∗s <p∗s ; z(p∗s − p∗s )/zλ> 0. p∗f >p∗f; z(p∗f − p∗f) /zλ
> 0.

Firstly, the manufacturer sets a single moderate wholesale
price under asymmetric information, which is lower than that
for the S-type retailer under symmetric information and higher
than that for the F-type retailer under symmetric information.
Moreover, not only the gap between the single moderate
wholesale price under asymmetric information and that for the
S-type retailer under symmetric information, but also the gap
between the singlemoderate wholesale price under asymmetric
information and that for the F-type retailer under symmetric
information increases with the fairness intensity. In brief, the
bigger the fairness intensity, the more the asymmetric infor-
mation changing the individual decision of wholesale price.

Secondly, the S-type retailer sets a lower retailer price
under asymmetric information than that under symmetric
information. Moreover, the gap between the retail prices set
by the S-type retailer under symmetric information and that
under asymmetric information increases with the fairness
intensity although the S-type retailer does not care about
unfair distribution. +e bigger the fairness intensity, the
more the asymmetric information changing the S-type re-
tailer’s decision of retail price.

+irdly, the F-type retailer sets a higher retailer price
under asymmetric information than that under symmetric
information. Moreover, the gap between the retail prices set
by the F-type retailer under symmetric information and that
under asymmetric information increases with the fairness
intensity. +e bigger the fairness intensity, the more the
asymmetric information changing the F-type retailer’s de-
cision of retail price too.

Comparing the latter two cases, the impact of asym-
metric information on the retail price is up to the concrete
behavioural type of the retailer.+e asymmetric information
makes the S-type retailer cut down the retail price but makes
the F-type retailer rise, although only the F-type retailer
suffers disutility from unfair distribution.

Summarily, how the fairness concerns influence the
individual decision of price depends on the condition of
behavioural type and information structure and thereby
changes randomly. +e similar happens for the impact of
asymmetric information.

6.1.2. Systematic Level. In the scenario of symmetric infor-
mation, the manufacturer can observe the behavioural type of
the retailer and thereby depend the wholesale price on the
behavioural type of the retailer, denoted as w∗f and w∗s given in
Proposition 1, where the probability is β and 1 − β respectively.
+e average wholesale price of the low-carbon supply chain as
an entire system under symmetric information is
w∗A � βw∗f + (1 − β)w∗s . +e retailer depends the retail price
on her own behavioural type, respectively, denoted as p∗f and
p∗s given in Proposition 1, also with the probability β and 1 − β.
+e average retail price of the low-carbon supply chain as an

entire system under symmetric information is
p∗A � βp∗f + (1 − β)p∗s .

In the scenario of asymmetric information, the manu-
facturer cannot observe the behavioural type of the retailer
and thereby decides a uniform wholesale price w∗ given in
Proposition 4, which is independent on the behavioural
preference of the retailer although the probability of F-type
and S-type is still β and 1 − β. +e wholesale price of the low-
carbon supply chain as an entire system under asymmetric
information is w∗A � w∗, which is a certain value instead of
expected value. However, even under asymmetric infor-
mation, the retailer still depends the retail price on her own
behavioural type, denoted as p∗f and p∗s given in Proposition
4, respectively, and thereby the average retail price of the
low-carbon supply chain as an entire system under asym-
metric information is p∗A � βp∗f + (1 − β)p∗s .

+e difference between the above scenarios describes the
impact of the asymmetric information on the pricing strategy at
the level of systematically operational performance.

Theorem 2. w∗A <w∗A; z(w∗A − w∗A)/zλ> 0, with the excep-
tion illustrated by Domain E in Figure 1. p∗A <p∗A; z(p∗A
− p∗A)/zλ> 0, with the exception of Domain E.

Systematically, the asymmetric information enhances the
pricing strategy of the low-carbon supply chain, including the
wholesale and retail prices. +e stronger the fairness intensity,
the more the attention paid to the unfair distribution, and the
more the enhancements with a tiny exception. In the per-
spective of market, the asymmetric information decreases the
competitiveness of the low-carbon supply chain, because the
price rises. In the perspective of consumers, the asymmetric
information decreases their welfares, because they have to pay
more for the same low-carbon products. Consequently, the
asymmetric information is disadvantageous for market com-
petitiveness and consumer welfare, because it always negatively
influences the pricing strategy of the low-carbon supply chain.

In Figure 1, Domain E is surrounded by λ � 1, β � 1, and
λ(λβ3 + λβ2 + 3λβ + 2β − λ − 2) � 1, where the parameters λ
and β respectively denote the fairness intensity and prob-
ability of F-type fall in the interval from 0 to 1. In Domain E,
the fairness intensity is relatively strong, and the probability
of F-type is relatively big, which means that the unfair
distribution is concerned not only heavily, but also regularly.

In summary, the interactive impacts between the fairness
concerns and asymmetric information are stable and smooth
at the systematic level, although the impact of either fairness
concerns or asymmetric information changes with the
behavioural type and information structure randomly at the
individual level.

6.2. On Emission Reducing Strategy

6.2.1. Individual Level. +e manufacturer decides the op-
timal degree of carbon emission reduction. Proposition 2
and Proposition 5 give the results of individual decision
under symmetric and asymmetric information, respectively.
By comparing them, illustrate the change of emission-
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reducing strategy resulting from asymmetric information at
the level of individual decision as follows.

Theorem 3. e∗f < e∗ < e∗s ; z(e∗ − e∗f)/zλ> 0, z(e∗s − e∗)/zλ
> 0.

+e manufacturer sets a single moderate degree of
carbon emission reduction under asymmetric information,
which is lower than that for the S-type retailer under
symmetric information and higher than that for the F-type
retailer under symmetric information. Moreover, both the
gap between the single moderate degree of carbon emission
reduction under asymmetric information and that for the
S-type retailer under symmetric information and the gap
between the single moderate degree of carbon emission
reduction under asymmetric information and that for the
F-type retailer under symmetric information increase with
the fairness intensity. In brief, the bigger the fairness in-
tensity, the more the asymmetric information changing the
individual decision of carbon emission reduction.

6.2.2. Systematic Level. In the scenario of symmetric in-
formation, the manufacturer can observe the behavioural
type of the retailer and thereby depend the degree of carbon
emission reduction on the behavioural type of the retailer,
denoted as e∗f and e∗s given in Proposition 2, where the
probability is β and 1 − β respectively. Taking the low-car-
bon supply chain as an entire system, the average degree of
carbon emission reduction under symmetric information is
e∗A � βe∗f + (1 − β)e∗s systematically.

In the scenario of asymmetric information, the manu-
facturer cannot observe the behavioural type of the retailer
and thereby has to decide a uniform degree of carbon
emission reduction e∗ given in Proposition 5, which is in-
dependent on the behavioural preference of the retailer

although the probability of F-type and S-type is still β and
1 − β. Taking the low-carbon supply chain as an entire
system, the degree of carbon emission reduction under
asymmetric information is e∗A � e∗ still, which is a certain
value instead of the expected value.

+e difference between the above two scenarios describes
the impact of the asymmetric information on the carbon
emission-reducing strategy at the level of systematically
operational performance.

Theorem 4. e∗A > e∗A; z(e∗A − e∗A)/zλ> 0, with the exception of
Domain E.

Systematically, the asymmetric information enhances the
average degree of carbon emission reduction of the low-carbon
supply chain. +e bigger the fairness intensity, the more the
attention paid to the unfair distribution, and the more the
enhancements with a tiny exception. In the perspective of
market, the asymmetric information increases the competi-
tiveness of the low-carbon supply chain because of more
carbon emission reduction. In the perspective of consumers,
the asymmetric information increases their welfare, because
they only need to pay the same for the more environmentally
friendly products. In the perspective of environmental pro-
tection, the asymmetric information can accelerate reducing
carbon emissions. Consequently, the asymmetric information
is advantageous for market competitiveness, consumer welfare,
and environmental sustainability, because it always positively
promotes the degree of carbon emission reduction.

6.3. On Profitability

6.3.1. Individual Level. Proposition 3 gives the manufac-
turer’s profit and the retailer’s profit, respectively, under
symmetric information, and Proposition 6 gives those under
asymmetric information. By comparing them one by one,
illustrate the impact of the asymmetric information on the
profitability at the level of individual decision as follows.

Theorem 5. π∗ms < π∗ms, z(π∗ms − π∗ms)/zλ> 0; π∗mf > π∗mf,
z(π∗mf − π∗mf)/zλ> 0. π∗rs > π∗rs; z(π∗rs − π∗rs)/zλ> 0. π

∗
rf < π∗rf;

z(π∗rf − π∗rf)/zλ> 0.

Firstly, the manufacturer gains lower profit when coop-
erating with an S-type retailer under asymmetric information
than that under symmetric information; meanwhile, he gains
higher profit when cooperating with an F-type retailer under
asymmetric information than that under symmetric infor-
mation, and both gaps increase with the fairness intensity.
Under symmetric information, the manufacturer can observe
the behavioural type of the retailer and thereby knowwhat type
of retailer he is cooperating with. However, under symmetric
information, the manufacturer cannot observe the behavioural
type of the retailer and thereby supposes that the retailermay be
S-type with probability 1 − β, and F-type with probability β. No
matter he is in fact cooperating with an S-type retailer or F-type
retailer, the manufacturer always thinks so because he cannot
observe the behavioural type. Such misperception from

1

0.8

0.6

0.4

0.2

0
0 0.2 0.4 0.6 0.8 1

β

λ

E

Figure 1: Domain E.
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asymmetric information makes the manufacturer earn less
profit under asymmetric information than that under sym-
metric information when the cooperating retailer is S-type but
earns more profit when the cooperating retailer is F-type, and
both gaps increase with fairness intensity.

Secondly, the S-type retailer achieves higher profits
under asymmetric information than that under symmetric
information. Moreover, the stronger the fairness intensity,
the more the attention paid to the unfair distribution, the
wider the gap between those under symmetric and asym-
metric information, and the more the asymmetric infor-
mation changing the S-type retailer’s profit.

+irdly, the F-type retailer achieves lower profits under
asymmetric information than that under symmetric infor-
mation individually. Moreover, the stronger the fairness
intensity, the more the attention paid to the unfair distri-
bution, the wider the gap between those under symmetric
and asymmetric information, and the more the asymmetric
information changing the F-type retailer’s profit also.

Comparing the latter two cases, the impact of asym-
metric information on the retailer’s profit is up to the
concrete behavioural type of the retailer. +e asymmetric
information will make the S-type retailer achieve higher but
make the F-type retailer achieve lower profits, although only
the F-type retailer suffers disutility from unfair distribution.

Summarily, how the fairness concerns influence the
profit of each member changes with the behavioural type
and information structure randomly. It appears analogous in
case of asymmetric information.

6.3.2. Systematic Level. In the scenario of symmetric in-
formation, Proposition 3 gives the manufacturer’s profit and
the retailer’s profit. Taking the low-carbon supply chain as
an entire system, the average profit of the manufacturer at
the level of systematically operational performance under
symmetric information is π∗mA � βπ∗mf + (1 − β)π∗ms, that of
the retailer is π∗rA � βπ∗rf + (1 − β)π∗rs, and that of the supply
chain is π∗tA � π∗mA + π∗rA respectively.

In the scenario of asymmetric information, Proposition
6 gives the manufacturer’s profit and the retailer’s profit.
Taking the low-carbon supply chain as an entire system, the
average profit of the manufacturer at the level of system-
atically operational performance under asymmetric infor-
mation is π∗mA � βπ∗mf + (1 − β)π∗ms, that of the retailer is
π∗rA � βπ∗rf + (1 − β)π∗rs, and that of the supply chain is
π∗tA � π∗mA + π∗rA.

+e difference between the above two scenarios describes
the impact of the asymmetric information on the profit-
ability at the level of systematically operational performance.

Theorem 6. π∗mA > π∗mA; z(π∗mA − π∗mA)/zλ> 0, with the ex-
ception of Domain E. π∗rA < π∗rA; z(π∗rA − π∗rA)/zλ> 0.
π∗tA < π∗tA; z(π∗tA − π∗tA)/zλ> 0.

Systematically, the asymmetric information enhances
the manufacturer’s profit but cuts the retailer’s profit. +e
impact on the retailer’s profit dominates that on the man-
ufacturer’s profit. +us, the asymmetric information always
decreases the profit of the supply chain. +e bigger the

fairness intensity, the more the impact with exception of the
manufacturer’s profit in case of extremely heavy and regular
attention paid to unfair distribution. In the perspective of
market, the asymmetric information cuts the profit of the
supply chain and thereby decreases the competitiveness of
the low-carbon supply chain, which is consistent with the
result of enhancing price illustrated in +eorem 2. In the
perspective of sustainable investment, the asymmetric in-
formation is negative, because it cuts the manufacturer’s
profit, which is the basis of applying environmental tech-
nology to reduce emissions.

7. Case Study

7.1. Low-Carbon Policy of SAIC Motor. As the largest car-
maker in China, SAIC Motor ranked 60th on the latest
Fortune Global 500 list reported on August 2, 2021. +e
vision of SAIC is to provide an exciting ride for a green and
intelligent future. At the World New Energy Vehicle
Conference 2021, Mrs. Wang, CEO of SAICMotor, said that
SAIC would strive to reach the carbon peak by 2025. In order
to realize the goal of achieving carbon peak by 2025, SAIC
will implement a series of policies, which involve low car-
bonizing at each stage of the supply chain.

Firstly, at the stage of suppliers, SAIC requires all the
upstream enterprises of automobile parts, including power
drive systems, chassis, interior and exterior trims, batteries,
electric drives, power electronics, and so on, to carry out the
low-carbon strategy and submit the report on the carbon
footprint of products to the downstream vehicle enterprises.
+e auto companies have been breaking the traditional
boundaries to expand and reshape industrial ecology. SAIC
cooperates with NVIDIA, TT Tech, Huawei, and Mobileye,
to form systematic solutions, which ensure a fair respon-
sibility of carbon emission reduction.

Secondly, at the stage of manufacturers, SAIC plans to
increase the total amount of green electricity produced itself,
enhance the proportion of using clean energy, and improve
carbon emission reduction in the process of production. In
2021, SAIC launches a new-generation electric battery
system with improved high efficiency of energy conversion
and carries out more than 70 projects, which can save per
year 24000 tons of standard coal, that is, reducing 1% carbon
emission. SAIC plans to apply a solid-state lithium battery
with high energy density into commercial operation by 2025.

+irdly, at the stage of end-users, SAIC plans to accel-
erate resource recovery and resource recycling and explores
a new business model of smart travel advantageous for
energy saving and carbon emission reduction. Since 2020,
SAIC has been piloting and sharing data with users to
improve the user experiences of IM Motors founded by
SAIC and Alibaba jointly.

Integrating the above three stages of the supply chain,
SAIC has established a series of efficient low-carbon policies
of emission reduction. In 2020, SAIC sold 5.6 million ve-
hicles, where 2.6 million, 46.4 percent, were self-branded,
0.32 million new energy vehicles, and 0.39 million exported
vehicles, in 2021, 8 million vehicles, a year-on-year increase
of 42.9 percent.
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To illustrate and verify the theoretical findings, stan-
dardize all the real data. According to the configuration and
assumptions of the above model, specify the parameters as
follows. +e potential market demand is standardized as
a � 50, low-carbon sensitivity as θ � 0.2, unit production
cost as c � 1, marginal sustainable coefficient as k � 20,
probability of F-type as β � 0.4, and the fairness intensity λ
which measures how much the unfair distribution is con-
cerned changes in the interval from 0 to 1 freely. With the
standardized numerical parameters, the optimal price, de-
gree of carbon emission reduction, and profits can be gotten
according to the above theoretic propositions, corollaries,
and theorems. +en, analyze their sensitivities to fairness
concerns, that is, how they change with the fairness intensity
under symmetric and asymmetric information, respectively.

7.2. Sensitivity to Fairness Concerns. +e following makes
the sensitivity analysis at the systematic level. +e results at
the individual level always depend on the behavioural type
and thereby change randomly; meanwhile, those at the
systematic level are irrelated with the behavioural type and
change smoothly. +us, it is reasonable to adopt the sys-
tematic level to illustrate the sensitivity of the low-carbon
supply chain’s operational performance to fairness
concerns.

7.2.1. Sensitivity of Price. With the above numerical pa-
rameters, the optimal pricing strategy under symmetric
information is obtained by Proposition 1, and that under
asymmetric information by Proposition 4. Figure 2 shows
the sensitivity of systematic wholesale price and retail price
to fairness concerns, respectively. Although the curve de-
scribing the wholesale price looks like that of the retail price
very much, the ordinate scale of the wholesale price is from
21 to 26; meanwhile, that of retail price falls in a much
narrower interval between 37.765 and 37.769. +erefore,
there is a big difference actually.

Firstly, the impact of fairness intensity: no matter under
symmetric or asymmetric information, both the wholesale
price and the retail price decrease with the fairness intensity,
which is illustrated in Corollary 1. Moreover, the impact of
fairness intensity on the retail price is very much small, and
thereby the retail price hardly changes with fairness in-
tensity, which Corollary 1 does not capture.

Secondly, the impact of asymmetric information: both
the wholesale price and the retail price under asymmetric
information must be higher than those under symmetric
information, and the difference increases with the fairness
intensity, which is illustrated in +eorems 1 and 2. Fur-
thermore, the impact of asymmetric information on the
retail price is small very much, and thereby the retail price
under symmetric information nearly equals that under
asymmetric information, which +eorems 1 and 2 do not
discover.

Consequently, beyond verifying the theoretic conclu-
sions of Corollary 1, +eorems 1 and 2, the sensitivity
analysis of Figure 2 reaches the following finding.

Observation 1. +e fairness concerns decrease the wholesale
price of the low-carbon supply chain significantly, but the
asymmetric information increases substantially. However,
both the fairness concerns and the asymmetric information
hardly affect the retail price of the low-carbon supply chain,
by which the retail price at the systematic level nearly is kept
as a constant no matter under symmetric or asymmetric
information.

7.2.2. Sensitivity of Emission Reduction. With the above
numerical parameters, the optimal degree of carbon emis-
sion reduction under symmetric information is obtained by
Proposition 2, and that under asymmetric information by
Proposition 5. Figure 3 shows the sensitivity of systematic
carbon emission reduction to fairness concerns.

Firstly, the impact of fairness intensity: no matter under
symmetric or asymmetric information, the optimal degree of
carbon emission reduction decreases with the fairness in-
tensity, which is illustrated in Corollary 2. Moreover, the
impact of fairness intensity on the carbon emission re-
duction becomes smaller and smaller as the fairness intensity
approaches to the upper limit gradually, which Corollary 2
does not capture.

Secondly, the impact of asymmetric information: the
degree of carbon emission reduction under asymmetric
information must be higher than that under symmetric
information, and the difference increases with the fairness
intensity, which is illustrated in +eorems 3 and 4.

Consequently, beyond verifying the theoretic conclu-
sions of Corollary 2 and +eorems 3 and 4, the sensitivity
analysis of Figure 3 achieves the following finding.

Observation 2. +e fairness concerns significantly prevent the
carbon emission reduction of the low-carbon supply chain, but
the asymmetric information accelerates it dramatically.

7.2.3. Sensitivity of Profitability. With the above numerical
parameters, obtain the profit of the manufacturer, that of the
retailer, and that of the supply chain under symmetric in-
formation by Proposition 3, and those under asymmetric
information by Proposition 6. Figure 4 shows their sensi-
tivity to fairness concerns. +e ordinate scale of the man-
ufacturer’s profit is from 250 to 310, that of the retailer’s
profit is between 140 and 200, and that of the supply chain’s
profit falls in a very narrow interval between 449 and 450.6,
which means that the over profit of the entire supply chain
hardly changes with the fairness intensity.

Firstly, the impact of fairness intensity: no matter under
symmetric or asymmetric information, the profit of the
manufacturer and that of the supply chain decrease with the
fairness intensity, but that of the retailer increases, which is
illustrated in Corollary 3. Moreover, the impact of fairness
intensity on the overall profit of the supply chain is small
very much and nearly can be ignored; that is, the overall
profit of the supply chain hardly changes with fairness in-
tensity and thereby almost stays as a constant, which is not
captured by Corollary 3 at all.
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Secondly, the impact of asymmetric information: the
profit of the manufacturer under asymmetric information
must be higher than that under symmetric information, but
the profit of the retailer under asymmetric information must
be lower than that under symmetric information, which is
illustrated in +eorems 5 and 6. +e profit of the supply
chain under asymmetric information is very slightly smaller
than and approximately equals that under symmetric in-
formation, which +eorems 5 and 6 do not capture.

Consequently, beyond verifying the theoretic conclu-
sions of Corollary 3, +eorems 5 and 6, the sensitivity
analysis of Figure 4 reaches the following finding.

Observation 3. Both the fairness concerns and asymmetric
information influence the total quantity of the overall
profit slightly but change the profit distribution of the
overall profit substantially despite being in opposite di-
rections. +e fairness concerns decrease the profit of the
manufacturer but increase the profit of the retailer sig-
nificantly, which leads to a fairer distribution within the
low-carbon supply chain. However, the asymmetric in-
formation increases the profit of the manufacturer but
decreases the profit of the retailer dramatically, which
results in a less fair distribution within the low-carbon
supply chain.
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Figure 2: Sensitivity of price to fairness concerns. (a) Wholesale price. (b) Retail price.
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8. Conclusion

8.1. Concluding Results. +is paper achieves the optimal
operational strategy of the low-carbon supply chain under
asymmetric information of fairness concerns and analyzes
the impacts stemming from the asymmetric information of
fairness concerns at the individual and systematic levels,
respectively. +e main findings include the following.

Firstly, regarding the carbon emission-reducing strategy,
the asymmetric information of fairness concerns enhances
the carbon emission reduction significantly at the level of
systematic operation, whose increment usually increases
with the fairness intensity. Specifically, at the level of in-
dividual decision, the effect of fairness concerns on the
carbon emission reduction is irrelevant with the information
structure, but the effect of asymmetric information is up to
the behavioural type. +e fairness concerns will decrease the
carbon emission reduction no matter under symmetric or
asymmetric information, while the asymmetric information
will increase that for the F-type retailer but decrease that for
the S-type retailer. However, previous literature has been
holding that fairness concerns always decrease the carbon
emission reduction, because it neither neglected the effect of
asymmetric information nor distinguished the impacts from
asymmetric information and that from fairness concerns.
+e above findings show that the effect of fairness concerns
is different from that of asymmetric information totally, and
furthermore, the effect of asymmetric information domi-
nates that of the fairness concerns. +erefore, incorporating
the asymmetric information of fairness concerns can im-
plement and correct the common conclusion in extant
literature.

Secondly, regarding the pricing strategy, the asymmetric
information of fairness concerns raises the wholesale price
and retail price significantly at the level of systematic op-
eration, whose increment usually increases with the fairness
intensity. Specifically, at the level of individual decision, the
fairness concerns cut down the wholesale price no matter
under symmetric or asymmetric information and decrease
the retail price under symmetric information but increase

under asymmetric information no matter whatever behav-
ioural type. +e asymmetric information raises both the
wholesale price and retail price in the case of the F-type
retailer but cut down that in the case of the S-type retailer.
Although the impact of either fairness concerns or asym-
metric information at the individual level depends on the
behavioural type and information structure and thereby
changes randomly, their interactions at the systematic level
are stably smooth. However, previous literature has been
holding that fairness concerns always cut down the
wholesale price and retail price, which is on the complete
opposite, because it ignored the asymmetric information of
fairness concerns. +e above findings show that the fairness
concerns and asymmetric information influence the pricing
strategy in different ways, and the impact of asymmetric
information is the dominant power. +erefore, it is neces-
sary to incorporate the asymmetric information of fairness
concerns, which in fact can revise the widely adopted
conclusion in previous literature.

+irdly, regarding the profitability, the asymmetric in-
formation of fairness concerns achieves a fairer profit dis-
tribution, while either fairness concerns or asymmetric
information hardly changes the overall profit at the level of
systematic operation. Specifically, at the level of individual
decision, their impacts almost depend on the behavioural
type. +e fairness concerns decrease the manufacturer’s
profit no matter under symmetric or asymmetric infor-
mation and increase the retailer’s profit under symmetric
information but decreases under asymmetric information.
+e asymmetric information increases the profit of the
manufacturer cooperating with an F-type retailer but de-
creases in the case of S-type, while increasing the profit of the
S-type retailer but decreasing in the case of F-type. However,
previous literature has been dealing with the individual level
and hardly touched the systematic level with the exception of
overall profit. At the level of individual decision, results
always depend on the behavioural type, which changes
randomly with a probability distribution. At the level of
systematic operation, results are irrelated with the behav-
ioural type and change smoothly. +erefore, adoption of the
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Figure 4: Sensitivity of profitability to fairness concerns. (a) Manufacturer’s profit. (b) Retailer’s profit. (c) Supply chain’s profit.
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systematic level is useful for discovering the essential
principles, which almost did not occur in previous literature.

8.2. Managerial Implications. From the above findings,
conclude some managerial implications for supply chain
managers as follows.

Firstly, supply chain managers need to incorporate
properly the asymmetric information of fairness concerns,
which can ensure a rational operational strategy of the low-
carbon supply chain. +e purely selfish preference in clas-
sical supply chain literature will lead to decision bias, be-
cause the fairness concerns have different impacts. +e
fairness concerns in behavioural supply chain literature also
will result in decision bias, because the asymmetric infor-
mation has different impacts also, as shown by experimental
evidence. +e behavioural type is private information. Only
under the real condition of asymmetric information of
fairness concerns can supply chain managers plan and
implement the operational strategy reasonably.

Secondly, supply chain managers need to predict the
information on the behavioural type and intensity of supply
chain partners promptly and precisely, which is useful for
facilitating the rational carbon emission-reducing strategy.
+e precise prediction of the behavioural type and relevant
intensity and updating the information promptly can ensure
rational decisions dynamically. Both the internal informa-
tion management and the external information from sup-
pliers, consulting agencies, customers, banks, etc., can help
improve the accuracy of the prediction about the behav-
ioural type and relevant intensity, which can reduce the
information losses from behavioural asymmetry and en-
hance the profitability.

Finally, supply chain managers need to apply smart
information technology into the decision of carbon emis-
sion-reducing strategy, which can alleviate the behavioural
asymmetry. Under asymmetric information, the behavioural

type and relevant intensity are private information. Supply
chain partners may use the private information of the
behavioural type and relevant intensity strategically, which
makes the behavioural asymmetry more serious. Smart
information technology can prevent stored information
from being modified and help diminish misreported in-
formation. In the long term, smart informationmanagement
can avoid losses from behavioural asymmetry, bigger than its
implemented costs.

8.3. Future Scope. +ree issues are worth mentioning for
future scope. Firstly, the low-carbon supply chain consisting
of multiple competing retailers should be considered. +ere
are always multiple retailers in practice, but the paper only
models the case including one manufacturer and one re-
tailer. Secondly, different power structures of the low-carbon
supply chain should be considered. +ere are three kinds of
power structures in practice, that is, manufacturer domi-
nating structure, retailer dominating structure, and Nash
vertical structure, but the paper only models the case of
manufacturer dominating structure. +irdly, operational
strategy adopting sorted mechanism should be considered.
+ere are two kinds of mechanism in scenario of asymmetric
information as discussed by Wei et al. (2019), that is, sorted
mechanism and pooled mechanism, but the paper only
adopts the case of pooled mechanism.

Appendix

Proof of ;eorem 1. Firstly, from w∗s � 2k(a + c) − θ2c
/4k − θ2, w∗f � − cλθ2 + 2akλ + 6ckλ − cθ2 + 2ak + 2ck /4k

(2λ +1) − θ2(1 + λ), and.
w∗ � cλk(4β2 + 2) + 2aλk + 2k(a + c) − cθ2(1 + λ)/4k+

4λ k (β2 + 1) − θ2(1 + λ), it can be calculated that

w
∗
s − w
∗

�
8λβ2k2

(a − c)

4k − θ2  4k + 4λk + 4λkβ2 − θ2 − λθ2 
,
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∗
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zλ
�

8β2k2
(a − c)

4k + 4λk + 4λkβ2 − θ2 − λθ2 
2,

w
∗

− w
∗
f �

8λk
2
(1 − β)(1 + β)(1 + λ)(a − c)

4k + 8λk − θ2 − λθ2  4k + 4λk + 4λkβ2 − θ2 − λθ2 
.

(A.1)

and

z w
∗

− w
∗
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zλ
�
8k

2
(1 − β)(1 + β)(a − c) 4k + 4λk + 4λkβ − θ2 − λθ2  4k + 4λk − 4λkβ − θ2 − λθ2 

4k + 8λk − θ2 − λθ2 
2
4k + 4λk + 4λkβ2 − θ2 − λθ2 

2 . (A.2)
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Because 0< β< 1, 0< λ< 1, a> c, and k is sufficiently
large, it is clear that w∗s − w∗ > 0, z(w∗s − w∗)/zλ> 0,
w∗ − w∗f > 0, and z(w∗ − w∗f)/zλ> 0.

Secondly, from p∗s � (3a + c)k − θ2c/4k − θ2, p∗s � 2λkβ2
(a + c) + k (λ + 1)(3a + c) − cθ2(1 + λ) /4k(λβ2 + λ + 1)

− θ2(1 + λ),

p∗f � (2λ + 1)(3a + c)k − cθ2(1 + λ)/4k(2λ + 1) − θ2(1
+λ), p∗f � λkβ [a(2β + 1) + c(2β − 1)] + k(1 + λ)(3a +c) −

cθ2 (1 + λ)/4k(λβ2 + λ + 1) − θ2(1 + λ), it can be calculated
that p∗s − p∗s � 2λkβ2(a − c)(2k + θ2) /(4k − θ2)(4k + 4kλ
+4kλβ2 − θ2 − θ2λ),

z p
∗
s − p
∗
s( 
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2kβ2 θ2 + 2k (a − c)

4k + 4kλ + 4kλβ2 − θ2 − θ2λ 
2,

p
∗
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λk(1 − β)(a − c) 2λβθ2 + 8λβk + 2βθ2 + 3λθ2 + 4βk + 3θ2 

4k + 8kλ − θ2 − λθ2  4k + 4kλ + 4kλβ2 − θ2 − λθ2 
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Also,

z p
∗
f − p
∗
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zλ
�

k(1 − β)(a − c)A

4k + 8kλ − θ2 − λθ2 
2
4k + 4kλ + 4kλβ2 − θ2 − λθ2 

2, (A.4)

where

A � 64β(1 + 2λ)
2
k
3

− 16θ2 3β3λ2 + 3β2λ2 + 5βλ2 + 4βλ − 3λ2 − 6λ − 3 k
2
,

− 4θ4(1 + λ)(βλ + 3β + 6λ + 6)k − θ6 2βλ2 − 4βλ − 3λ2 − 2β − 6λ − 3 .
(A.5)

Because 0< β< 1, 0< λ< 1, a> c, and k is sufficiently
large, it is clear that p∗s − p∗s > 0,

z(p∗s − p∗s )/zλ> 0, p∗f − p∗f > 0, and z(p∗f − p∗f)/zλ> 0.
Q. E. D. □

Proof of ;eorem 2. Firstly, by w∗A � βw∗f + (1 − β)w∗s � β −

cλθ2 + 2akλ + 6ckλ − cθ2 + 2ak + 2ck/4k(2λ + 1) − θ2(1 +

λ) + (1 − β)2k(a + c) − θ2c/4k − θ2 and w∗A � w∗ � cλk(4β2
+2) + 2aλk + 2k(a + c) − cθ2(1 + λ) /4k + 4λk(β2 +1) − θ2
(1 + λ), it can be calculated that
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− 8θ2(1 + λ)(1 + λ − βλ)k + θ4(1 + λ)

2
 

8kλ + 4k − θ2 − λθ2 
2
4k + 4λk + 4λkβ2 − θ2 − λθ2 

2 .

(A.6)

where B � 1 + 2λ + λ2 − 2βλ − 3βλ2 − β2λ2 − β3λ2. Because
0< β< 1, 0< λ< 1, a> c, and k is

Sufficiently large, it is clear that w∗A − w∗A > 0 and sign [z

(w∗A − w∗A)/zλ] � sign(B). +erefore, z(w∗A − w∗A)/zλ> 0
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unless B< 0, which is graphically illustrated as Domain E in
Figure 1.

Secondly, by p∗A � βp∗f + (1 − β)p∗s � β(2λ + 1)(3a +c)k

− cθ2(1 + λ)/4k(2λ + 1) − θ2(1 + λ) + (1 − β)(3a + c)k − θ2c
/4k − θ2 and p∗A � βp∗f + (1 − β)p∗s � ck + 3ak − cθ2 + cλk

+3akλ − cλθ2 + ckλβ2 +3akλβ2/4k(λβ2 + λ + 1) − θ2(1 + λ),
it can be calculated that p∗A − p∗A � 3λkβθ2 (1 − β)(a − c)

[4k + 4λk(1 − β) − θ2 − λθ2] /(4k − θ2)(8kλ +4k − θ2 − λθ2)
(4k + 4λk + 4λkβ2 − θ2 − λθ2), and

z p
∗
A − p
∗
A( 

zλ
�
3βkθ2(1 − β)(a − c) 16Bk

2
− 8θ2(1 + λ)(1 + λ − βλ)k + θ4(1 + λ)

2
 

8kλ + 4k − θ2 − λθ2 
2
4k + 4λk + 4λkβ2 − θ2 − λθ2 

2 . (A.7)

Similarly, p∗A − p∗A > 0, z(w∗A − w∗A)/zλ> 0 unless B< 0
illustrated as Domain E in Figure 1. Q. E. D. □

Proof of ;eorem 3. From e∗s � θ(a − c)/4k − θ2, e∗f � θ(a −

c)(1 + λ)/4k(2λ + 1) − θ2(1 + λ) and e∗ � θ(1 + λ)(a − c)

/4k + 4λk(β2 + 1) − θ2(1 + λ), there are e∗s − e∗ � 4θλk

β2(a − c)/(4k − θ2)(4k + 4λk(β2 + 1) − θ2(1 + λ))> 0, z(e∗s
− e∗)/zλ � 4θkβ2(a − c)/(4k + 4λk(β2 + 1) − θ2(1 + λ))2 > 0,
e∗ − e∗f � 4θλk(1 + λ)(a − c)(1 − β)(1 + β)/(4k + 4λk (β2
+1) − θ2(1 + λ))(4k(2λ + 1) − θ2(1 + λ))> 0, and z(e∗ − e∗f)

/zλ � 4θk(a − c)(1 − β)(1 + β)(4k + 4kλ − 4λkβ − λθ2 − θ2)
(4λkβ + 4kλ + 4k − λθ2 − θ2)/(4k + 4λk(β2 + 1) − θ2(1
+λ))2 (4k(2λ + 1) − θ2(1 + λ))2 > 0 because

0< β< 1, 0< λ< 1, a> c, and k is sufficiently large. Q. E.
D. □

Proof of ;eorem 4. From e∗s � θ(a − c)/4k − θ2, e∗f � θ(a −

c)(1 + λ)/4k(2λ + 1) − θ2(1 + λ) and e∗ � θ(1 + λ) (a − c)

/4k + 4λk(β2 + 1) − θ2(1 + λ), there are e∗ − e∗ � e∗ − ((1 −

β)e∗s − βe∗f) � 4θβkλ(a − c) (1 − β)(4k + 4kλ − 4kλβ − λθ2 −

θ2) /(4k − θ2)(4k + 4λk(β2 + 1) − θ2 (1 + λ))(4k (2λ + 1)

− θ2(1 + λ))> 0, and z(e∗ − e∗)/zλ � 4θβk(a − c)(1 − β)

(16Bk2 + 8θ2(1 + λ)(1 + λ − βλ)k − θ4(1 + λ)2) /(4k + 4λk

(β2 + 1) − θ2(1 + λ))2(4k(2λ + 1) − θ2(1 + λ))2, in which
also B � 1 + 2λ + λ2 − 2βλ − 3βλ2 − β2λ2 − β3λ2. Because
0< β< 1, 0< λ< 1, a> c, and k is sufficiently large, it is clear
that e∗ − e∗ > 0 and sign[z(e∗ − e∗)/zλ] � sign(B). +ere-
fore, z(e∗ − e∗)/zλ> 0 unless B< 0, which is graphically
illustrated as Domain E in Figure 1. Q. E. D. □

Proof of ;eorem 5. Firstly, from π∗ms � k(a − c)2/8k − 2θ2,
π∗ms � k(1 + λ)(a − c)2 (8kλβ2 + 4kλ + 4k − λθ2 − θ2)/2[4k

(λβ2 + λ + 1) − (λ + 1)θ2]2, π∗mf � k(λ + 1)(a − c)2 /2λ
(8k − θ2) + 8k − 2θ2, and π∗mf � k(1 + λ) (a − c)2(8kλβ2
− 4kλβ + 4kλ + 4k − λθ2 − θ2)/2[4k(λβ2 + λ + 1) − (λ + 1)

θ2]2, there are π∗ms − π∗ms � 8λ2k3β4 (a − c)2/2(4k − θ2)
[4k(λβ2 + λ + 1) − (λ + 1)θ2]2 > 0, z(π∗ms − π∗ms) /zλ
� 16λk3 β4 (a − c)2/[4k(λβ2 + λ + 1) − (λ + 1)θ2]3 > 0,

π∗mf − π∗mf �
2λk

2
(1 + λ)(1 − β)(a − c)

2 4kλβ3 + 4kλβ2 − 4kλβ + 4kλ + 4k − λθ2 − θ2 

4k λβ2 + λ + 1  − (λ + 1)θ2 
2
2λ 8k − θ2  + 8k − 2θ2 

> 0, (A.8)

z(π∗mf − π∗mf)/zλ � 2k2 (1 − β)(a − c)2F/ [4k(λβ2 + λ + 1)

− (λ + 1)θ2]3[2λ(8k − θ2) + 8k − 2θ2]2 > 0, where F � 64Gk3

+ · · · > 0, G � 1 + 3λ + 3λ2 − 2βλ + λ3 − 5βλ2 + β2λ − 3βλ3 +

β2λ2 + 2β3λ + 5β3λ2 + 4β3λ3 − β4λ3 − β5λ3 > 0 because 0< β
< 1, 0< λ< 1, a> c, and k is sufficiently large.

Secondly, by π∗rs � k2(a − c)2/(4k − θ2)2, π∗rf � k2

(a − c)2(4λ + 1)(2λ + 1)/(4k − θ2 + λ(8k − θ2))2, π∗rs � k2

(a − c)2(2λβ2 + λ + 1)2/[4k(λβ2 + λ + 1) − (λ + 1)θ2]2, and

π∗rf � k2(a − c)2(2λβ2 +λβ + λ + 1)(2λβ2 − λβ +λ + 1)/
[4k (λβ2 + λ +1) − (λ + 1) θ2]2, there are π∗rs − π∗rs � 4λk2β2
(a − c)2(2k − θ2) (4k + 4λk +6λkβ2 − β2λθ2 − λθ2 − θ2)
/[4k(λβ2 + λ + 1) − (λ + 1)θ2]2(4k − θ2)2 > 0, z(π∗rs − π∗rs)

/zλ � 4k2β2(a − c)2(2k − θ2)(2λβ2 +λ + 1)/[4k(λβ2 +λ + 1)

− (λ + 1)θ2]3 > 0, and π∗rs − π∗rf � λk2(a − c)2(1 − β)(1 + β)H

/[4k(λβ2 + λ + 1) − (λ + 1)

θ2]2[4k(λβ2 + λ + 1) − (λ + 1)θ2]2 > 0, where

H � 16 8β2λ3 + 10β2λ2 + 3β2λ + 4λ3 + 10λ2 + 8λ + 2 k
2

+ · · · > 0. (A.9)

z(π∗rs − π∗rf)/zκ � − 2k2(a − c)2(1 − β)(1 + β)I/[4k(λβ2
+λ + 1) − (λ + 1)θ2]3[4k(λβ2 + λ + 1) − (λ + 1)θ2]3 > 0, in
which I � 256(2β4λ4 + β4λ3 − 8β2λ4 − 14β2λ3 − 9 β2λ2−
2λ4 − 2β2λ − 7λ3 − 9λ2 − 5λ − 1)k4 + · · · < 0because0< β< 1,
0< λ< 1, a> c, and k is sufficiently large. Q. E. D. □

Proof of ;eorem 6. Firstly, from π∗ms � k(a − c)2/8k − 2θ2,
π∗ms � k(1 + λ)(a − c)2(8kλβ2 + 4kλ + 4k − λθ2 − θ2) /2[4k

(λβ2 +λ + 1) − (λ + 1)θ2]2, π∗mf � k(λ + 1)(a − c)2 /2λ(8k −

θ2) +8k − 2θ2, and π∗mf � k (1 + λ)(a − c)2(8kλβ2 − 4kλβ +

4kλ + 4k − λθ2 − θ2)/2 [4k (λβ2 + λ + 1) − (λ + 1)θ2]2, there
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are π∗mA − π∗mA � (βπ∗mf + (1 − β)π∗ms) − (βπ∗mf+ (1 − β)π∗ms)

� 2λβk2(a − c)2(1 − β)(4k + 4kλ − 4βλk − λθ2 − θ2) /[4k

(λβ2 + λ + 1) − (λ + 1)θ2][4k − θ2 + λ(8k − θ2)] (4k − θ2)
> 0, and z(π∗mA − π∗mA)/zλ � 2βk2(a − c)2(1 − β) (16Bk2 +

8θ2(1 + λ)1(+λ − βλ)k − θ4(1 +λ)2)/[4k(λβ2 +λ + 1) − (λ +

1)θ2]2 [4k − θ2 + λ(8k − θ2)]2 > 0, where B � 1 + 2λ+

λ2 − 2βλ − 3βλ2 − β2λ2 − β3λ2. Because 0< β< 1, 0< λ< 1,
a> c, and k is large.

Sufficiently, it is clear that π∗mA − π∗mA > 0 and
sign[z(π∗mA − π∗mA)/zλ] � sign(B). +erefore, z(π∗mA − π∗mA)

/zλ> 0 unless B< 0, which is graphically illustrated as Do-
main E in Figure 1.

Secondly, from π∗rs � k2(a − c)2/(4k − θ2)2,π∗rf � k2(a

− c)2(4λ + 1)(2λ + 1)/(4k − θ2 + λ(8k − θ2))2,π∗rs � k2(a

− c)2 (2λβ2 + λ + 1)2 /[4k(λβ2 + λ + 1) − (λ + 1)θ2]2,
andπ∗rf � k2(a − c)2(2λβ2 + λβ + λ + 1)(2λβ2 − λβ + λ + 1)/
[4k (λβ2 + λ + 1) − (λ + 1)θ2]2, there are π∗rA − π∗rA � (βπ∗rf

+(1 − β)π∗rs) − (βπ∗rf + (1 − β)π∗rs) � λβk2(a − c)2 (1 − β)J/
[4k(λβ2 + λ + 1) − (λ + 1)θ2]2[4k − θ2 + λ(8k − θ2)]2 (4k

− θ2)2 < 0, where J � 256(2λ + 1)(2β3λ2 − 4β2λ2 − 3β2λ
+2βλ2 + 2βλ − 2λ2 − 4λ − 2)k4 + · · · < 0, and z(π∗rA − π∗rA)/zλ
� − 2βk2(a − c)2(1 − β)K/[4k(λβ2 + λ + 1) − (λ + 1)θ2]3
[4k − θ2 + λ(8k − θ2)]3 > 0, whereK � 256(2λ + 1)(β5λ3
+ β4λ3 +4β3λ3 + 3β3λ2 − 4β2λ3 − 5β2λ2 + 2βλ3 − 2β2λ + 5βλ2
− λ3+2βλ − 3λ2 − 3λ − 1)k4 + · · · < 0 because 0< β< 1,
0< λ< 1, a> c, and k is sufficiently large.

+irdly, by calculating, π∗tA − π∗tA � (π∗mA + π∗rA) − (π∗mA

+ π∗rA) � − λβk2(1 − β)(a − c)2L/4[k(λβ2 + λ + 1) − (λ + 1)

θ2]2[4k − θ2 + λ(8k − θ2)]2(4k − θ2)2 < 0, where L � 256
λβ2(2λ + 1)2k4 + · · · > 0, and z( π∗tA − π∗tA)/zλ � − 2βk2(1 −

β)(a − c)2M/[4k(λβ2 + λ + 1) − (λ + 1)θ2]3[4k − θ2 + λ(8k

− θ2)]3 < 0, where M � 256λβ2(2λ + 1)3k4 + · · · > 0 because
0< β< 1,0< λ< 1,a> c, and k is sufficiently large. Q. E.
D. □
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