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)is article focuses on the conflict consultation process and empathetic decision-making behavior of a poverty alleviation supply
chain composed of farmers, retailers, and third-party e-commerce platforms (e-platforms), and proposes an empathetic pref-
erence-based consensus decision-making model. )e impact of empathetic preferences and power structure on the consensus
reaching process are analyzed. )e results indicate that consumers’ empathy increases the consensus wholesale price and sales
price of products, while retailers’ and e-platforms’ empathy increase the wholesale price and reduce the sales price of products.)e
empathetic preferences of consumers, retailers, and e-platforms are helpful for increasing the profits of farmers. )e retailer’s
empathetic preference is not beneficial to its own profits and the supply chain, while the e-platform’s empathetic preference can
help to improve its own income and increase the overall profit of the supply chain at first, before decreasing. Moreover, the power
of retailer is positively correlated with the profits of farmers and the retailer, and negatively correlated with the profits of the
e-platform and supply chain. )e sales price and commission price are negatively correlated with the power of retailer, but the
wholesale price is not related to the change in power structure.

1. Introduction

How to improve the sales and circulation of agricultural
products is a key problem to promoting the development of
rural industry and improve farmers’ income [1–3]. With the
development of e-commerce technologies, enterprises co-
operate with third-party e-commerce platforms (e-plat-
forms), such as Alibaba, JD, and Amazon, forming the
e-commerce supply chain (eSC), which has become an
important channel to promote the circulation of agricultural
products and plays a vital role in poverty alleviation, es-
pecially since the outbreak of COVID-19 [4–8]. With the
prominent effectiveness of e-platforms on poverty allevia-
tion, the decision-making process of the agricultural supply
chain with the participation of e-platforms has attracted
scholarly attention, such as the operational and pricing
strategies [9], profit distribution mechanism, and conflict

coordination strategies [10–12] of eSC and dual-channel SC.
However, the existing research on poverty alleviation eSC
(PA-eSC) decision-making is mainly based on game theory
for balanced analysis, and rarely analyzes the consensus-
reaching process (CRP) of profit conflict within the supply
chain.

)e CRP is essentially the communication and evolution
of preferences or opinions between supply chain subjects,
which is very normal in daily life [13, 14]. It was previously
assumed that the evolution of preferences is based on in-
dividual rationality and self-interest, that is, the hypothesis
of “economic man.” With the deepening of behavioral re-
search, the hypothesis of “economic man” falls into theo-
retical confusion when explaining many phenomena in the
real-world [15, 16], that is, when making choices or deci-
sions, people pay attention not only to their own profits or
feelings but also to the welfare or emotion of others, and will
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incorporate them into their decision goals and therefore
adjust their decision [15–17]. In the economics area, indi-
viduals’ understanding of others’ emotions and attention to
the welfare of others is called empathetic preference [18].

Significantly, when it comes to the poverty alleviation
supply chain (PASC), unlike the standard hypothesis that
supply chain entities only seek to maximize their own
profits, they may care about the profits of farmers and
generate empathetic decision-making behavior, which has
been proven to be an important basis for social interaction,
an important factor in promoting social equity, reducing
unfair behavior and altruistic behavior [19–21]. In PASC,
consumers may increase their willingness to buy because of
their empathy for farmers, and e-platformsmay also increase
their willingness to participate in the PASC for the same
reason. )erefore, taking into account the empathetic
preference to explore the CRP of PA-eSC will be more in line
with the actual decision-making behavior.

Furthermore, in the real-world situation, it is known
that when faced with some strong retail giants (such as
Walmart, Jingdong, Suning, and Yonghui), product
manufacturers are powerless in the pricing and profit
coordination of supply chain, and vice versa, that is, the
power of supply chain entities is usually unequal [10–12].
Previous studies have shown that a change in power
structure will affect the decision-making and coordination
of a supply chain, based on game theory [11, 12, 22, 23]. In
practice, when focusing on the PA-eSC, retailers or
e-platforms generally occupy a dominant position, have a
greater power in supply chain, and usually obtain a larger
proportion of supply chain profits. Farmers, on the other
hand, have limited sales channels, often passively waiting
for retailers’ procurement, with lower pricing power and
low profits [24].

In summary, existing research on the PA-eSC is mainly
based on the game theory to conduct equilibrium analysis of
the supply chain decision-making and coordination strategy,
rarely analyzing the decision-making process of supply chain
entities from the perspective of consensus negotiation.
However, supply chain decision-making is often accom-
panied by negotiation consensus. Meanwhile, consumers
and the main entities of the PA-eSC usually have empathetic
preference, which will inevitably affect the CRP of the supply
chain, but existing research has not yet considered the ex-
istence of empathetic preference. Moreover, some scholars
have studied the impact of different power structures on
traditional supply chain decision-making and dual-channel
supply chain decision-making, but have not yet considered
the impact of power structure, especially the “non-domi-
nator-follower” structure on the PA-eSC.

)erefore, this article examines the empathetic prefer-
ence of consumers and supply chain entities; regards the
pricing decision of the PA-eSC as a consensus problem with
empathetic preference; and analyzes the influence of em-
pathetic preference and power structure on pricing decisions
concerning agricultural products, the income of supply
chain entities, and the CRP of supply chain.

)emain contributions and innovations of this study are
as follows.

Firstly, this article focuses on the empathetic preferences
of consumers and supply chain members, and explores the
impact of empathetic preferences on decisions and member
profits of the PA-eSC. )e current literature has not yet
considered the empathetic preference in the PA-eSC, nor has
it researched the impact of empathetic preferences on the
pricing decision and profit of the PA-eSC.

Secondly, the “non-dominator-follower” power struc-
ture is considered an important factor of supply chain de-
cision-making, improving the reliability of supply chain
decision-making. )e current research on power structure is
mostly limited to the simple “dominator-follower” structure
in traditional offline supply chains and dual-channel supply
chains.

Moreover, unlike the game equilibrium analysis of
supply chain decision-making in existing research studies,
this article researches the decision-making process of supply
chain from the perspective of consensus negotiation, and a
novel CRP model is proposed.

)e rest of this article is organized as follows. Section 2
offers a brief introduction to the research on supply chain
decision-making. )e description and hypothesis of this
study is introduced in Section 3. Section 4 constructs the
consensus model of pricing decisions via discussing the
empathetic preferences and power distribution of the PA-
eSC. In Section 5, we use a case study to analyze the influence
of empathetic preferences and the power structure on the
CRP of PA-eSC. Finally, our conclusions are set out in
Section 6.

2. Literature Review

)is section features a brief review of the relevant studies on
supply chain decision-making. )e existing research related
to this study mainly focuses on three aspects: supply chain
decision-making under social preference, supply chain de-
cision-making under different power structures, and the
decision-making of the PA-eSC.

2.1. Supply Chain Decisions under Social Preference.
Many behavioral experiments, such as the ultimatum game
experiment and the dictator experiment, have proved that
many human behaviors are contrary to the expected be-
havior based on rational hypothesis [15–17]. )us, scholars
began to try to give up the hypothesis of individual ratio-
nality, and the theory of social preference was produced and
developed rapidly [16–18]. )e basic assumption of social
preference is that people care not only about their own
benefits but also about the interests of others, and this is also
known as “other-regarding preferences,” “pro-social pref-
erences,” or “inter-dependent preferences” [17, 18].

)ere has been a lot of recent research on the supply
chain under social preference, including inequality aversion
preference, reciprocity preference, altruism preference, and
so on. Ho and Zhang [25] verified the existence of an in-
equality aversion behavior tendency in the supply chain
through empirical methods. Katok et al. [26] found that the
weak inequality aversion behavior of members would cause a
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loss in efficiency of the supply chain system. Wang et al. [11]
studied the decision-making and coordination of a green
eSC with manufacturer fairness concerns. Zhang [27] dis-
cussed the pricing strategy of supply chain under reciprocity
preference, and found that reciprocity preference is bene-
ficial to the income and efficiency of closed-loop supply
chain, and an increased reciprocity preference will lead to a
decrease in their own income but an increase in others’
income. Shi et al. [9] studied the effect of altruism on pricing
strategy in two classic dual-channel supply chains using
Stackelberg game models, and showed that the altruism
preference strongly affects the pricing strategies. Wang et al.
[28, 29] studied the impacts of altruistic preference on
decisions of retailer-led low-carbon supply chain and
e-commerce closed-loop supply chain. Moreover, Sana
[30, 31] analyzed the price decision of green products by
considering the green preferences of consumers and cor-
porate social responsibility. Nevertheless, when using the
theory of social preference to explain individual behavior,
one of the major problems encountered is whether the cause
of social preference is fairness concerns, reciprocity, or al-
truism. )is problem is often difficult to decompose and test
strictly. In fact, the core idea of social preference theory is
that people care not only about their own interests but also
about the interests of others [15–18]. Psychological research
shows that an important factor that leads individuals to pay
attention to the interests of others is empathy [19–21].

Empathy is an important inherent ability of human
beings to maintain social relations, and it is also an im-
portant driving force for people to produce mutual benefit,
inequality aversion, and altruistic and other prosocial be-
havior [18–21]. In the PA-eSC, consumers, e-commerce
platforms, and retailers are more likely to empathize with
farmers, and may eventually affect supply chain decision-
making. )erefore, considering the impact of empathetic
preference on supply chain decision-making will be more in
line with a realistic decision-making scenario.

2.2. Supply Chain Decision-Making under Different Power
Structures. )e study of power structure within the supply
chain mainly focuses on the discussion of supply chain
decision-making under different game power structures,
such as retailer dominates, manufacturers dominate, and no
one dominates, from a game perspective. Some of the lit-
erature discusses the impact of power structure on the
traditional supply chain, for example, Gaski and Nevin [32]
analyzed the power sources of supply chain members, and
discussed the impact of power on supply chain channel
decisions. Chen and Wang [33] discovered that power
leaders can gain more revenue. Gao et al. [22] found that
retailers’ profits continued to rise with the increase of their
power. Some studies revealed the impact of power on a dual-
channel supply chain. Chen et al. [34] studied the influence
of power structures on the retailers’ dual-channel supply
chain. Sun et al. [35] analyzed the influence of power
structures on manufacturers’ dual-channel supply chain.
Cao and Liu [36] compared the optimal strategy and per-
formance of the presale and current sale dual-channel supply

chain under three power structures as described above.
Furthermore, some scholars have introduced the power
structure of supply chain into research of green supply chain,
and studied the impact of power structures on product green
degree, wholesale price, retail price, and profit of supply
chain [37, 38].

)e current research mainly focuses on pricing strategy
and profit distribution of supply chain decision-making
under the game power structure, that is, “dominator and
follower” and “no dominator” structure. However, in the
actual decision-making, the power structure between supply
chain entities is often not a simple “dominator-follower” or
“no dominator” relationship, and the difference in power
structure will also play a different role in the decision-
making of the supply chain.

2.3. Research on the Decisions of PA-eSC. In recent years, the
problem of poverty alleviation has received great attention
from scholars, and research hotspots focus on the operation
mode of social responsibility, the design of cooperation and
coordination mechanism between enterprises and the poor,
the creation and distribution of shared value, and so on
[1–3]. Previous scholars have studied the way in which
government funding promotes agricultural development in
the PASC. Besley and Kanbur [39] studied the optimal
model of grain subsidy. Yuanchang and Jiyu [40] analyzed
the optimal boundary of financial subsidy based on the
agricultural insurance welfare loss model. Kang et al. [41]
examined the impacts of government subsidies and cor-
porate social responsibility on a PASC, and suggested that
the most effective poverty alleviation mechanism in most
cases is a combination of government subsidies and market
efforts. A few scholars have discussed the decision-making
and coordination issues related to the PASC. For example,
Kang et al. [24] studied the decision-making and coordi-
nation strategy with fairness concerns involved in a PASC,
and found that the fairness concerns of the farmer enterprise
aggravated the double marginalization within the PASC and
reduced the profit of both farmer and core enterprises. Zhou
et al. [42] studied the influence of enterprise’s poverty al-
leviation preference on the profits of the supply chain and its
members considering consumers’ altruistic preferences.

With the popularity of e-commerce, e-platforms give full
play to big data advantages and actively invest in poverty
alleviation.)e decision-making of agricultural product eSC
has attracted the attention of scholars. Li et al. [43] analyzed
the role of governments in developing rural e-commerce
ecosystems and the impact of such ecosystems on poverty
alleviation, and elucidated a model of poverty alleviation
through e-commerce. Peng et al. [44] confirmed that
e-commerce has a significantly positive effect on rural
poverty alleviation using empirical evidence. Wan et al.
[45, 46] explored the impact of the government financial
platform incentive mechanism and consumers’ poverty al-
leviation preference on the decision and coordination
strategy of the smart supply chain.

In brief, the research on PA-eSC decision-making has
achieved certain research results, but few scholars consider
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the impact of consumers’ and supply chain entities’ em-
pathetic preferences, and the non- “dominator-follower”
-type power structure of supply chain on the decision-
making of the PA-eSC. )us, this article studies the pricing
decision of the PA-eSC under the empathetic preferences
and non- “dominator-follower” power structure, and ana-
lyzes the impact of empathetic preferences and power
structure on the CRP of PA-eSC, which is closer to the actual
decision-making scene, and better to provide scientific
suggestions for the supply chain decision-making.

3. Model Description

In this section, the assumptions for this study are presented,
and the consensusmodel of the PA-eSC decision is introduced.

3.1. Description and Assumptions. )is article focuses on the
CRP of a PS-eSC composed of farmers, retailers, and
e-commerce platforms, a three-level supply chain model. In
the PA-eSC, similar to the traditional agricultural product
supply chain, farmers are often in the position of passively
waiting for the retailer to purchase, and have limited alter-
native sales channels, while the retailer and e-platform have
more choice and play a leading role. Simultaneously, the
difference of the PA-eSC is that the retailers, e-platforms, and
consumers care not only about their own interests but also
about the interests of farmers, having empathetic preference,
which may affect the CRP of the supply chain. )e supply
chain network can be described as in Figure 1, and the no-
tations involved in this study are presented in Table 1.

)e assumptions of this article are as follows.

Assumption 1. Consumers, retailers, and e-platforms have
empathetic preferences for farmers. )e higher the con-
sumers’ empathy, the more willing consumers are to buy the
products. )e demand function of agricultural products is
q � d0(1 + ρa) − aps, where a(a> 0) is the price elasticity
coefficient of agricultural products, and ρa(0≤ ρa ≤ 1) is the
empathy degree of consumers to farmers

Assumption 2. )e empathy degree of consumers for
farmers is positively related to the poverty degree of farmers
they perceived, which is mainly determined by the service
level of the e-platform. As stated in the literature [7], the
service level has a linear function of the unit product
commission. )erefore, the empathy degree of consumers is
set as ρa � 1 − 1/λr, where λ indicates the sensitivity of
consumers to agricultural assistance service level.

Assumption 3. )e unit service cost of the e-platform is
directly proportional to the service level determined by the
service fee. )us, the unit service cost c3 is a quadratic
function of the unit service fee. With reference to the lit-
erature [7], we suppose c3 � kr2/2, where k(k> 0) is the
elasticity coefficient of unit cost, which mainly refers to the
funds needed to provide the unit service (marketing pro-
motion service, big data forecast, sales service, logistics
service, payment service, and customer service).

Assumption 4. In the PA-eSC, the power of each supply
chain entities is different. )e power distribution in the
supply chain composed of farmers, retailers, and e-platforms
is set as (R1, R2, R3), in which R1, R2, R3 are the power in-
dices of farmers, retailers, and e-platforms, respectively.
Farmers are powerless, whereas the retailer and e-platform
are powerful, that is, R1≪R2, R3.

Assumption 5. In the PA-eSC, the government only guides and
calls on consumers, retailers, and e-platforms to actively par-
ticipate in supporting agriculture, without any policy subsidy.

3.2. Consensus Model. In this section, we construct a con-
sensus model of the pricing decisions via discussing the em-
pathetic preferences and power distribution of the PA-eSC.

3.2.1. Basic Models. In the PA-eSC composed of farmers,
retailers, and e-platforms, the profit functions of farmers,
retailers, and e-platforms are as follows:
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In the PA-eSC, the difference in the power of supply
chain entities leads to a different discourse power in the
profit distribution of each member. Hence, the profit utility
function of each member is also different. Generally, in the
supply chain of agricultural products, farmers have the least
power, while the retailers and e-platforms have more power.
)erefore, the utility function of farmers, retailers, and
e-platforms are as follows:
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where α, β, ξ determine the concavity and convexity of the
utility function of farmers, retailers, and e-platforms, re-
spectively, and they satisfy 1≥ α, β, ξ > 0 according to the law
of diminishing marginal utility. In reality, farmers within the
PA-eSC have lower income compared with retailers and
e-platforms, and the utility of the same income is necessarily
different for farmers, retailers, and e-platforms. Specifically,
for the same profits, farmers’ utility is the highest, while the
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retailers and e-platforms have relatively low utility. )ere-
fore, α, β, ξ satisfy 1≥ α> β, ξ > 0 in the proposed model.

In the PA-eSC, not only do consumers have an empathetic
preference for farmers but the retailers and e-platforms also
care about the interests of farmers and have empathetic
preferences, that is, the utility of each member in the supply
chain is not only related to their own profit. )us, the utility
function of farmers, retailers, and e-platforms under empa-
thetic preference conditions can be expressed as follows:
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)e total utility function of the supply chain is

U � U1 + U2 + U3 � 1 + ρ21 + ρ31( 􏼁u1 + u2 + u3, (5)

where ρ21 and ρ31 are the retailers’ and e-platforms’ empathy
degree to farmers, respectively.

3.2.2. Consensus Reaching Process. In the following, we
consider pricing consensus model with the empathetic
preferences, and the consensus reaching process is proposed.

(1) Initial Pricing Stage. In the pricing decision of agricul-
tural products supply chain, farmers have the least power to
decide the price of agricultural products and are in a follower
position. )erefore, the initial pricing process of the PA-eSC
can be summarized as follows: First, the wholesale price of
agricultural products is determined by the retailer, and
farmers can only choose to accept or refuse; next, the retailer

Table 1: Notations.

Symbols Notations
d0 Market demand for products
pc )e wholesale price
pc
1 )e wholesale quotation of farmers

pc
2 )e wholesale quotation of retailers

pc
3 )e wholesale quotation expected by e-platforms

ps )e sales price
ps
2 )e sales quotation of retailers

ps
3 )e sales quotation expected by e-platforms

c1 )e unit production cost of farmers
c2 )e unit production cost of retailers
c3 )e unit service cost of e-platforms

r
)e unit service fee paid by retailers to the e-platform

(the commission price)
r2 )e commission quotation of retailers
r3 )e commission quotation of e-platforms

ρa

)e consumers’ empathetic preference coefficient,
0≤ ρa ≤ 1

ρ21
)e empathetic preference coefficient of retailer to

farmers, 0≤ ρ21 ≤ 1

ρ31
)e empathetic preference coefficient of platform to

farmers, 0≤ ρ31 ≤ 1

31

21

a

Farmer

Farmer

Farmer

Farmer

...

Retailer

Retailer

...

Retailer

...

Consumer

Consumer

Consumer

...

Consumer

e-commerce
platform

e-commerce
platform

Figure 1: )e supply chain network of “Farmers +Retailers + e-platforms.”
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determines the product sales price according to the
wholesale price andmarket demand of agricultural products;
then, the e-platform determines the unit service fee
according to the product sales price, with some consider-
ation of the profit for farmers.

)e retailer and e-platform are two independent eco-
nomic entities maximizing their own profits. )e ideal
quotation of the retailer is obtained by the model.
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)e optimal quotation of the retailer can be obtained by
solving the model equation (6) and model equation (7):
wholesale price pc

2 � pc∗
2 , sales price ps

2 � ps∗
2 , and platform

commission r2 � r∗2 .
)e optimal quotation of the e-platform can be obtained

by the model equation (8) and model equation (9).
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)e optimal quotation of the e-platform can be obtained
by the model equation (8) and model equation (9), that is,
wholesale price pc

3 � pc∗
3 , sales price ps

3 � ps∗
3 , and platform

commission r3 � r∗3 .
According to the model equation (6) and (7) and model

equations (8) and (9), if the optimal quotations of the retailer
and e-platform are consistent and in line with the expectation of
farmers, then a consensus can be reached and the consultation
will be concluded; otherwise, the members will negotiate on the
basis of the initial prices, that is, the optimal quotations gained
and model equations (6) and (7), and model equations (8) and
(9), to reach a consensus.

(2) Consensus Reaching Stage. )e negotiation of the supply
chain is conducted through a smart decision-making system
(SDMS) which encourages all members to reach a consensus
based on the supply chain utility maximization rules and
their price expectations.

Suppose that the lowest wholesale price acceptable to
farmers is pc°

1 , that is, pc
1 satisfies pc

1 ≥pc°
1 , the highest

wholesale price acceptable to the retailer is pc°
2 , that is, pc

2

satisfies pc
2 ≤pc°

2 , and the lowest wholesale price that the
e-platform wants the retailer to give to farmers is pc°

3 , that is,
pc
3 satisfies pc

3 ≥pc°
3 ; the lowest commission price acceptable

for the e-platform is r03, that is, r3 satisfies r3 ≥ r03.
)e above information is the private information pro-

vided by each member to the SDMS. Accordingly, the
consensus process based on the SDMS is as follows:

(1) Consensus Information Feedback. If the optimal whole-
sale price of farmers, retailer, and e-platform satisfies
pc∗
1 � pc∗

2 � pc∗
3 , the optimal sales price of retailer and

e-platform satisfies ps∗
2 � ps∗

3 , and the optimal commission
price of retailer and e-platform satisfies r∗2 � r∗3 , simulta-
neously, the supply chain reaches a consensus, and we can
get consensus prices and consensus profits directly.

tIf there is no consensus reached among the supply chain
members, the SDMS provides feedback consensus informa-
tion to retailers and offers a suggested quotation to the retailer
according to supply chain utility maximization rules, and the
provide recommended price to supply chain members based
on the following model equations (10) and (11).

maxU � U
R1
1 + U

R2
2 + U

R3
3 , (10)

s.t.

p
c ∘
3 ≤p

c ≤p
c ∘
2 ,

p
s

− p
c

− r − c2 > 0,

d0 1 + ρa( 􏼁 − ap
s

−
k

2
r> 0,

r≥ r
0
3.

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(11)

where R1, R2, R3 express the power of farmers, retailer, and
e-platform in the supply chain, respectively.

Based on the model equations (10) and (11), the rec-
ommended quotation from the SDMS to the retailer can be
gained: pc

1 � 􏽥pc∗
2 , ps

3 � 􏽥ps∗
2 , r � 􏽥r∗3 .

(2) Price Adjustment. According to the recommendations of
the SDMS, the retailer adjusts its quotation according to the
following rules as model equations (12) and (13):

maxU2 � p
s
2 − p

c
2 − r2 − c2( 􏼁 d0 1 + ρa( 􏼁 − ap

s
2( 􏼁( 􏼁

β

+ ρ21 p
c
2 − c1( 􏼁 d0 1 + ρa( 􏼁 − ap

s
2( 􏼁( 􏼁

α
,

(12)

s.t.

p
c∗
2 + 􏽥p

c∗

2
≤p

c
2 ≤ 􏽥p

c∗
, if 􏽥p

c∗ >p2
c∗

,

p
c
2 � 􏽥p

c∗
, if 􏽥p

c∗ ≤p2
c∗

,

r
∗
2 + 􏽥r
∗

2
≤ r2 ≤ 􏽥r

∗
, if 􏽥r
∗ > r
∗
2 ,

r2 � 􏽥r
∗
, if 􏽥r
∗ ≤ r
∗
2 ,

p
s
2 − p

c
2 − r2 − c2 > 0,

d0 1 + ρa( 􏼁 − ap
s
2 −

k

2
r2 > 0.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(13)

)e revised quotation given by the retailer according to
the model equations (12) and (13) is 􏽢p

c
2, 􏽢p

s
2, 􏽢r2.
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)en, the SDMS puts the latest quotation of the retailer
􏽢p

c
2, 􏽢p

s
2, 􏽢r2 feedback to farmers and the e-platform, and they

adjust their quotation according to the following model
equation (14) and model equations (15) and (16),
respectively.

􏽢p
c
1 �

􏽢p
c
2 + p

c∗
1

2
, if 􏽢p

c
2 <p

c∗
1 ,

􏽢p
c
1 � 􏽢p

c
2, if 􏽢p

c
2 ≥p

c∗
1 ,

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(14)

maxU3 � r3 d0 1 + ρa( 􏼁 − ap
s
3( 􏼁 −

k

2
r
2
3􏼠 􏼡

ξ

+ ρ31 p
c
3 − c1( 􏼁 d0 1 + ρa( 􏼁 − ap

s
3( 􏼁( 􏼁

α
,

(15)

s.t.

p
c∗
1 ≤p

c
3 ≤max

􏽢p
c
2 + p

c∗
3

2
, 􏽢p2

c
􏼠 􏼡,

min 􏽢p
s
2, p

s∗
3( 􏼁≤p

s
3 ≤max 􏽢p

s
2, p

s∗
3( 􏼁,

r
∗
3 ≤ r3 ≤

􏽢r2 + r3
∗

2
, if 􏽢r2 < r

∗
3 ,

r3 � 􏽢r2, if 􏽢r2 ≥ r3
∗
,

p
s
3 − p

c
3 − r3 − c2 > 0,

d0 1 + ρa( 􏼁 − ap
s
3 −

k

2
r3 > 0.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(16)

According to the model equations (14)–(16), the revised
quotation of the e-platform, that is, 􏽢p

c
3, 􏽢p

s
3, 􏽢r3, can be

obtained.

(3) Reach a Consensus. )e consensus process (1) and (2)
above are repeated until a consensus is reached among the
members of the supply chain, that is, pc∗

1 � pc∗
2 � pc∗

3 ,
ps∗
2 � ps∗

3 , and r∗2 � r∗3 . )en, we can get the consensus
wholesale price, sales price, and commission price of the
supply chain, and the optional profits of the farmers, retailer,
and e-platform, that is, v∗1 , v∗2 , v∗3 .

4. Analysis and Results

In this section, we describe the empirical application of the
proposed consensus model, and discuss the influence of the
empathetic preferences and the network power index power
distribution on the CRP of PA-eSC.

4.1. Setup. It is supposed that the market demand of a
certain agricultural product is d0 � 500, and the price
elasticity coefficient of agricultural products is a � 8. )e
elasticity coefficient of the service cost of the e-platform is
k � 20, the cost of processing and selling unit agricultural
products (processing, packaging, transportation, storage,
and wear and tear,) is c2 � 2, the unit cost of agricultural
products for farmers is c1 � 5, the consumer sensitivity to
the e-platform services is λ � 2, and the government does
not give any subsidies to the supply chain. )e acceptable

wholesale price of farmers satisfies pc
1 ≥pc°

1 � 10, and
farmers’ ideal price is pc∗

1 � 15. )e acceptable wholesale
price of the retailer satisfies pc

2 ≤pc°
2 � 20. )e acceptable

commission price for the e-platform satisfies r3 ≥ r03 � 2, and
the wholesale price that the e-platform wants the retailer to
give to the farmer satisfies pc

3 ≥pc°
3 � 15.

As mentioned in the model equation (3) above, pa-
rameters α, β, ξ in the utility functions of farmers, retailers,
and e-platforms satisfy 1≥ α> β, ξ > 0. Although this article
pays no more attention to the concave and convexity var-
iation of utility functions, in order to reflect the utility
differences of supply chain members and simultaneously not
affect the analysis of proposed model, it is assumed that
α, β, ξ are known constants and α � 1, β � 0.8, ξ � 0.9.

In addition, we assume that the empathy degree of the
retailer to farmers is ρ21 � 0.1, and the empathy degree of the
e-platform to farmers is ρ31 � 0.2. We also assume that the
power indices of the farmers, retailers, and e-platforms are
R1 � 0.167, R2 � 0.5, R3 � 0.333, respectively.

4.2. Results and Discussion. We analyze the pricing con-
sensus reaching process using the proposed consensus
model equations (1)-(16). )e initial quotations and con-
sensus results are shown in Table 2, and the CRP of the PA-
eSC is shown in Figure 2.

As shown in Table 2, the optimal quotation agreed upon
by the supply chain is pc∗ � 19.63, ps∗ � 68.6, r∗ � 7.49. We
can see from Figure 2 that firstly, when the wholesale price
given by the retailer is greater than the minimum ac-
ceptable price of farmers, they can reach a consensus
quickly, while the wholesale price still rises to a certain
extent after the consensus has been reached. )e main
reason for this phenomenon is that the e-platform is
concerned about the profits of farmers and tends to urge
the retailer to give farmers higher prices. Secondly, the sales
price is determined by the retailer based on its own utility
maximization, and the sales price rises with the increase of
the wholesale price. Moreover, in terms of the platform
commission price, it is related to the service level of the
platform, which is also an important factor that affects the
empathy degree of consumers, and the higher the empathy
degree of consumers, the stronger the willingness to buy
products. )erefore, the retailer pays more attention to the
service level and commission price that maximize their
utility, and the consensus process of commission price in
Figure 2 verifies this point: the retailer is less able to
compromise on commission price.

In order to reach consensus, supply chain members
may need to make a compromise, which may harm their
own profits. Figure 3 shows the changes in the expected
profits of the members during the CRP of supply chain. It
can be seen that the expected profits of farmers gradually
increased, while the profits of the retailer and the
e-platform gradually decreased. )is result is consistent
with the empathetic preference of the retailer and the
e-platform: they are concerned about the interests of
farmers, and will make a compromise for farmers to
obtain higher profits.
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It can be known from the proposed consensus model
that empathetic preference and power structure have an
important impact on the pricing decisions of the consumers,
retailers, and e-platforms. On the one hand, the empathy
degree of consumers stimulated by e-platform services level
will affect the market demand of products, and thus may
affect the pricing strategy of the retailer in relation to
wholesale price and sales prices. )e empathetic preference
of the retailer and e-platform will also affect their pricing
decisions based on the utility of farmers. On the other hand,
in the CRP, the power structure of supply chain is an im-
portant factor affecting profit distribution. In order to make
the supply chain reach a consensus as quickly as possible, the
SDMS will feedback the optimal quotation according to the
power of each member, and thus may affect the pricing
strategy of the supply chain. To further understand the

influence of empathetic preferences and power structure on
the consensus process, the simulation analysis is conducted
as follows.

4.2.1. 8e Influence of Consumers’ Empathy on the CRP of the
PA-eSC. )e impact of consumers’ empathy on the CRP of
supply chain is shown in Figure 4.

As shown in Figure 4, with the increase of consumers’
sensitivity to the level of the e-platform service, consumers’
empathy degree is also increasing. )e higher the sensitivity
of consumers to the service level, the more the empathy
degree of consumers can be stimulated, the higher the
wholesale price and the sales price, and the greater the profits
that the farmers and retailers receive. On the contrary, the
more sensitive consumers are to the service level, the lower
the commission price, and the lower the profit earned by the
e-platform. At the same time, an improvement in con-
sumers’ empathy degree will promote an increase in the
overall profit of the supply chain. )is shows that the more
the e-platform can stimulate the consumers’ empathetic
preference, the more it will benefit the farmers and retailers.

4.2.2. 8e Influence of Empathetic Preferences of the Retailer
and E-Platform. Figures 5 and 6 show the impact of em-
pathetic preferences of the retailer and e-platform on supply
chain consensus.

Firstly, it can be seen from Figure 5 that with the increase
of empathy degree of the retailer and the e-platform, the
wholesale price obtained by farmers gradually rises until
the highest acceptable value of the retailer, and the sales
price set by retailer gradually decreases. )e commission
price of the e-platform increases with the improvement

Table 2: Price quotes of farmers, retailers, and e-commerce
platforms.

Members Wholesale
price pc∗

Sales
price ps∗

Commission
fee r∗

Farmers’ initial
quotation 15

Retailer’s initial
quotation 6 66.04 5.59

E-commerce
platform’s initial
quotation

42.09 58.41 14.32

SDMS’ suggested
quotation 20 63.1 7.47

Consensus quotation 19.63 68.6 7.49
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Figure 2: )e consensus process of supply chain on sales price,
wholesale price, and platform commission. p1(1) is the optimal
wholesale price expected by farmers, p1(2) represents the wholesale
price given by the retailer, p2(2) is the optimal sales price of the
retailer, r(2) is the commission price given by the retailer, r(3)

represents the optimal commission price of the platform, and t

refers to the number of consultations.
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Figure 3: Changes in expected profits in the CRP of PA-eSC. v

represents the maximum profit of the supply chain, v1 is the
maximum profit of farmers, v2 is the maximum profit of the re-
tailer, and v3 is the maximum profit of the e-commerce platform.
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of its empathy degree, and it shows a fluctuating decrease
trend with the improvement of retailer’s empathy degree.
Secondly, in terms of profits, as shown in Figure 6, with
the improvement of the empathy of retailer and
e-platform toward farmers, the farmers’ profits grad-
ually rise and the retailer’s profit gradually decrease.
)e profit of the e-platform increases with the im-
provement of its empathy degree, and decrease with the
improvement of the retailer’s empathy degree. )is
shows that the empathetic preferences of the retailer
and the e-platform are helpful to the promotion of the
farmers’ interests. Meanwhile, the retailer’s empathetic
preference will reduce its own benefits, and the em-
pathetic preference of the e-platform will help to

improve its own benefits. However, in the supply chain
where the retailer has a higher power, with the im-
provement of retailer’s empathy degree, the retailer not
only cares about the farmers’ profits, but also tries
maximizing their own benefits, causing them to control
the commission price to reduce costs, which may re-
duce the profit of the e-platform.

Furthermore, it can be seen in Figure 7 that the im-
provement of retailer’s empathy degree will reduce the overall
profit of the supply chain, and the overall profit of the supply
chain will initially increase and then decrease with the increase
of the e-platform’s empathy degree toward farmers. )is is
because when the e-platform’s empathy degree toward farmers
is high, the supervision intensity of the e-platforms for the
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Figure 4:)e influence of consumers’ empathy on supply chain consensus. (a))e effect of empathetic preferences on the consensus prices;
(b) the effect of empathetic preferences on the profits of supply chain. λ is the consumers’ sensitivity coefficient of services. ρa is the
consumers’ empathy degree to farmers. p∗1 , p∗2 , r∗ are the consensus wholesale prices, consensus sales price, and consensus commission price
of the supply chain, respectively. v, v1, v2, v3 are the total profits, farmers’ profits, retailer’s profits, and e-platform’s profits when the supply
chain reaches a consensus, respectively.
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retailer is at a high level. With the increase in supervision in-
tensity of the e-platform, the interests of farmers and e-platform
is lower than the reduced interests of the retailer, resulting in a
decreasing trend of the total profit of the supply chain.

4.2.3. 8e Influence of the Power Structure within Supply
Chain on the CRP. Figure 8 shows the impact of power
structure within the supply chain on pricing strategy and
profit disposition, where horizontal coordinate R represents
the power distribution in the supply chain, the four points
represent R � (0.05, 0.35, 0.6), R � (0.05, 0.6, 0.35),
R � (0.167, 0.5, 0.333), and R � (0.5, 0.3, 0.2), respectively.

)e analysis results in Figure 8 show that the change in
power distribution will not affect the wholesale price, but
has a great impact on the sales price and the commission
price of the e-platforms. )e sales price and commission
price are negatively correlated with the power of the re-
tailer. )e greater the power of the retailer, the lower the
sales price and commission price of the product. )e
power of the retailer is positively correlated with the
profits of farmers and retailers, and negatively correlated
with the profit of e-platform. At the same time, the total
profit of the supply chain is negatively correlated with the
power of the retailer, and decreases with the growth in
power of the retailer.

5. Conclusions

)is article proposed a consensus model of the PA-eSC
considering the empathetic preference and power structure,
and analyzed the influence of empathetic preference and
power structure on pricing decisions concerning agricultural
products, the income of supply chain entities, and the CRP.
)e major findings are as follows.

Firstly, consumers’ empathy increases the wholesale price
and sales price of products. Consumers’ empathy has a
positive impact on the demand for products, and increases
the profits of farmers, retailers, and the supply chain.
Secondly, the wholesale price increases with the im-
provement of retailers’ and e-platforms’ empathy to
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farmers, but the sales price is the opposite, and com-
mission prices rise with an increase in the e-platforms’
empathy. )e empathetic preference of retailers will
reduce their own profit and the overall profit of the
supply chain, while the empathetic preference of
e-platforms will help to improve their own profit, and
will increase the overall profit of the supply chain at
first, before decreasing.

Moreover, the sales price and commission price are
negatively correlated with the power of retailer, but the
wholesale price is not related to the change in power dis-
tribution. )e power of retailers is positively correlated with
the profits of farmers and retailers, and negatively correlated
with the profits of e-platforms and the supply chain.

)e conclusions bring various managerial insights to the
PA-eSC stakeholders. Firstly, a straightforward managerial
insight is that empathetic preferences of consumers have
positive impacts on improving the supply chain profits and
system efficiency. )erefore, farmers, retailers, and e-plat-
forms should pay attention to the marketing planning and
service levels, and improve consumers’ empathy for all as-
pects. In doing this, consumers’ purchasing desires can be
enhanced, and the profits of supply chain can be increased.
Secondly, e-platforms that sell agricultural products should
improve the quality of online sales services, strengthen
cooperation with retailers and pay appropriate attention to
the profits of farmers, but not apply too much interest
concessions pressure to retailers because of the empathy to
farmers. In this way, it is possible to stabilise and expand the
market, and realize the promotion of the overall profit of the
supply chain. Moreover, retailers should properly respect the
voice of e-platforms and farmers in order to achieve the
overall profit growth of the supply chain in the actual supply
chain management.

)is study has several limitations. First, this research
model only considers retailers’ and e-platforms’ empathy
toward farmers, but there is also empathy between retailers
and e-platforms in practice, so the empathetic preferences
for the supply chain needs further exploration. Moreover,
this study only considers the e-commerce supply chain.
Further exploration of empathetic preferences in dual-
channel supply chains will make the research conclusions on
the empathetic preferences more realistic and meaningful.
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[15] W. Güth and R. Tietz, “Ultimatum bargaining behavior: a
survey and comparison of experimental results,” Journal of
Economic Psychology, vol. 11, no. 3, pp. 417–449, 1990.

[16] M. A. Nowak, K. M. Page, and K. Sigmund, “Fairness versus
reason in the ultimatum game,” Science, vol. 289, no. 5485,
pp. 1773–1775, 2000.

Complexity 11



[17] H. Richard, 8aler, “Misbehaving: 8e Making of Behavioral
Economics, W. W. Norton & Company, New York, NY, USA,
2016.

[18] A. Salehi-Abari and C. Boutilier, Empathetic Social Choice on
Social Networks, pp. 693–700, International Foundation for
Autonomous Agents andMultiagent Systems, Richland, 2014.

[19] K. M. Page and M. A. Nowak, “Empathy leads to fairness,”
Bulletin of Mathematical Biology, vol. 64, no. 6, pp. 1101–1116,
2002.

[20] A. Edele, I. Dziobek, and M. Keller, “Explaining altruistic
sharing in the dictator game: the role of affective empathy,
cognitive empathy, and justice sensitivity,” Learning and
Individual Differences, vol. 24, pp. 96–102, 2013.

[21] M. R. Andreychik and N. Migliaccio, “Empathizing with
others’ pain versus empathizing with others’ joy: examining
the separability of positive and negative empathy and their
relation to different types of social behaviors and social
emotions,” Basic and Applied Social Psychology, vol. 37, no. 5,
pp. 274–291, 2015.

[22] J. Gao, H. Han, L. Hou, and H. Wang, “Pricing and effort
decisions in a closed-loop supply chain under different
channel power structures,” Journal of Cleaner Production,
vol. 112, no. 3, pp. 2043–2057, 2016.

[23] R. Shi, J. Zhang, and J. Ru, “Impacts of power structure on
supply chains with uncertain demand,” Production and Op-
erations Management, vol. 22, no. 5, pp. 1232–1249, 2013.

[24] K. Kang, M. Wang, and X. Luan, “Decision-making and
coordination with government subsidies and fairness con-
cerns in the poverty alleviation supply chain,” Computers &
Industrial Engineering, vol. 152, no. 9, Article ID 107058, 2021.

[25] T. H. Ho and J. Zhang, “Designing pricing contracts for
boundedly rational customers: does the framing of the fixed
fee matter?”Management Science, vol. 54, no. 4, pp. 686–700,
2008.

[26] E. Katok, T. Olsen, and V. Pavlov, “Wholesale pricing under
mild and privately known concerns for fairness,” Production
and OperationsManagement, vol. 23, no. 2, pp. 285–302, 2014.

[27] K. Zhang, “Analysis on closed-loop supply chain decision
under the reciprocal preference,” Journal of Control and
Decision, vol. 09, pp. 184–189, 2015.

[28] Y. Wang, Z. Yu, M. Jin, and J. Mao, “Decisions and coor-
dination of retailer-led low-carbon supply chain under al-
truistic preference,” European Journal of Operational
Research, vol. 293, no. 3, pp. 910–925, 2021.

[29] Y. Wang, Z. Yu, L. Shen, and W. Dong, “Impacts of altruistic
preference and reward-penalty mechanism on decisions of
E-commerce closed-loop supply chain,” Journal of Cleaner
Production, vol. 315, Article ID 128132, 2021.

[30] S. S. Sana, “Price competition between green and non green
products under corporate social responsible firm,” Journal of
Retailing and Consumer Services, vol. 55, Article ID 102118,
2020.

[31] S. S. Sana, “A structural mathematical model on two echelon
supply chain system,” Annals of Operations Research, no. 1,
pp. 1–29, 2021.

[32] J. F. Gaski and J. R. Nevin, “)e differential effects of exercised
and unexercised power sources in a marketing channel,”
Journal of Marketing Research, vol. 22, no. 2, p. 130, 1985.

[33] X. Chen and X. Wang, “Free or bundled: channel selection
decisions under different power structures,” Omega, vol. 53,
pp. 11–20, 2015.

[34] X. Chen, X. Wang, and X. Jiang, “)e impact of power
structure on the retail service supply chain with an O2O

mixed channel,” Journal of the Operational Research Society,
vol. 67, no. 2, pp. 294–301, 2016.

[35] Z. Sun, X. Wang, J. Ruan, and W. Fan, “Impact of different
game power structures on the manufacturer dual-channel
supply chain,” Operations Research and Management Science,
vol. 29, no. 9, pp. 106–114, 2020.

[36] X. Cao and X. Liu, “Research on the decision-making of dual-
channel supply chain considering advance selling under
different power Structures,” Operations Research and Man-
agement Science, vol. 30, no. 09, pp. 93–99, 2021.

[37] M. Xue and J. Zhang, “Impacts of heterogeneous environment
awareness and power structure on green supply chain,”
RAIRO - Operations Research, vol. 52, no. 1, pp. 143–157, 2018.

[38] I. E. Nielsen, S. Majumder, S. S. Sana, and S. Saha, “Com-
parative analysis of government incentives and game struc-
tures on single and two-period green supply chain,” Journal of
Cleaner Production, vol. 235, pp. 1371–1398, 2019.

[39] T. Besley and R. Kanbur, “Food subsidies and poverty alle-
viation,” 8e Economic Journal, vol. 98, no. 392, pp. 701–719,
1988.

[40] X. Yuanchang and J. Jiyu, “)e optimal boundary of political
subsidies for agricultural insurance in welfare economic
prospect,” Agriculture and Agricultural Science Procedia,
vol. 1, pp. 163–169, 2010.

[41] K. Kang, X. Luan, W. Shen, Y. Ma, and X.Wei, “)e strategies
of the poverty-alleviation supply chain with government
subsidies and cost sharing: government-led or market-ori-
ented?” Sustainability, vol. 12, no. 10, pp. 1–24, 2020.

[42] Y. Zhou, D. Zheng, and X. Ye, “Decision making and contract
coordination of three-level agricultural products supply chain
with consumer poverty alleviation preference,” Control and
Decision, vol. 35, no. 11, pp. 2589–2598, 2020.

[43] L. Li, K. Du, W. Zhang, and J. Y. Mao, “Poverty alleviation
through government-led e-commerce development in rural
China: an activity theory perspective,” Information Systems
Journal, vol. 29, no. 4, pp. 914–952, 2019.

[44] C. Peng, B. Ma, and C. Zhang, “Poverty alleviation through
e-commerce: village involvement and demonstration policies
in rural China,” Journal of Integrative Agriculture, vol. 20,
no. 4, pp. 998–1011, 2021.

[45] X. Wan, Q. Wang, Q. Meng, and D. Y Wei, “Smart supply
chain decision and coordination strategy considering poverty
alleviation concern based on manufacture diseconomies of
scale,” Chinese Journal of Management Science, vol. 28, no. 2,
pp. 153–165, 2020.

[46] X. Wan and X. Qie, “Poverty alleviation ecosystem evolu-
tionary game on smart supply chain platform under the
government financial platform incentivemechanism,” Journal
of Computational and Applied Mathematics, vol. 372, Article
ID 112595, 2020.

12 Complexity


