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Abstract: This article constructed a four-level fresh agricultural product (FAP) supply chain with a
two-stage pricing strategy under a “community group purchase (CGP) platform + direct procurement
from the FAP supplier” sales model. We investigate the influence of the CGP agency’s participation in
the control strategy of FAP freshness preservation efforts on the profits of supply chain stakeholders.
This article discusses the effects of the FAP supplier profit-sharing ratio, the CGP agency profit-
sharing ratio, and consumers’ sensitivity to FAP freshness on the supply chain stakeholders’ freshness
preservation efforts. Moreover, based on the fairness preference theory, this article designed a profit-
sharing contract that involves the Nash bargaining game between the FAP supplier and the CGP
agency as the supply chain coordination mechanism. Modeling results revealed that: (1) The CGP
agency’s freshness preservation efforts increased total supply chain profits. (2) The FAP supplier
profit-sharing ratio, CGP agency profit-sharing ratio, and consumers’ sensitivity to FAP freshness
have a positive correlation to the profits of the FAP supply chain and promote the coordination of
the supply chain. (3) Considering fairness preferences, with the increase in FAP suppliers’ business
negotiating ability, their freshness preservation efforts and fairness utility both increased gradually,
while the fairness utility of the CGP agency gradually decreased.

Keywords: fresh agricultural product; freshness preservation efforts; community group purchase;
supply chain; profit-sharing contract

1. Introduction

The production and consumption of fresh agricultural products (FAP) play a significant
role in the development of agricultural economics [1,2]. With the rapid development
of information technology and emerging retail modes, consumption patterns have also
evolved, where the online purchase of FAPs turns out to be a significant supplement to
accommodate residents’ fast-paced life [3,4]. Compared with the traditional sales model,
the online sales model of FAPs has the advantages of lower customer attraction costs,
higher circulation efficiency, and more affordable prices. The outbreak of COVID-19
further stimulates the expansion of online purchases of FAPs since its contactless delivery
method minimizes health concerns during the COVID-19 pandemic and provides many
conveniences for residents who are quarantined [5–8]. Moreover, the pandemic expedites
new paths for FAP online sales, such as the community group purchase (CGP) via various
e-commerce platforms. CGP is a group purchase mode of “online booking + offline self-
pickup” initiated by the CGP agency.
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The CGP mode originated in Changsha, Hunan Province, in 2016. It relies on offline
physical communities and online group purchase platforms, which provides strong ad-
vantages for e-commerce companies as it solves the problem of high logistics costs and
spoilage in groceries, eventually enabling consumers to have a prohibitive price in smaller
quantities [9,10]. Initially, companies such as the “Furong Xingsheng” e-commerce plat-
form utilized their supply chain advantages to begin exploring online group purchases and
delivery to community pickup stations [11]. At the beginning of 2020, the outbreak of the
COVID-19 pandemic changed people’s consumption patterns, leading to renewed interest
in the CGP mode based on mutual trust between neighbors, which attracted investment
from various enterprises, including Chinese internet giants “Meituan”, “Pinduoduo”, and
“Alibaba”. Currently, the three major CGP platforms, “MeituanYouxuan” [12], “Duoduo-
Maicai” [13], and “TaocaiCai” [14] are popular among Chinese consumers. Compared to
traditional e-commerce, CGP can deliver goods directly from the origin (factory or large
transfer warehouse) to the community, with the last mile delivery handled by the CGP
agency or by consumers themselves, which reduces the cost of each transaction. In the
CGP supply chain, the CGP agency is an important bridge connecting consumers and the
platform and plays a dual role in product delivery and community operation. According to
statistics from the China ZhongYanPuHua Industry Research Institute in 2021, the number
of CGP users in China reached 646 million (including 2 million CGP agencies), with a
transaction scale of 120.5 billion yuan [15].

However, unlike industrial products, FAPs are usually labor-intensive products that
generally have a low gross unit profit, and their heavy shipping weights and the require-
ments for freshness preservation effects call for higher logistics costs in comparison with
other merchandise [16–19]. Moreover, without an interactive coordination between the
supplier(s) and the point-of-sale terminal(s), in other words, the information asymmetry
within the various stakeholders of the FAP supply chain could mislead the operations of
the supply chain and result in unnecessary logistics spatio-temporal costs [20–23]. These
features limit the establishment of a stable and long-term strategic partnership between the
supplier and consumers.

Currently, the CGP mode is still in the development stage in China. The operational
efficiency of the FAP supply chain under this mode needs to be further improved. The
low willingness of CGP agencies to invest in preservation and the high terminal loss
rates of FAPs in the supply chain are still problems that need to be urgently solved in the
future. In recent years, how to distribute profits among stakeholders in the FAP supply
chain has become a popular research topic. Previous research efforts have proven that the
supply chain profit-sharing contract has the potential to improving supply chain operations
efficiency by coordinating various stakeholders in the supply chain, eventually reducing
the logistics costs of FAPs [24–28]. Nevertheless, a key concern in the operation of the
CGP model is the optimization of the FAP supply chain, such as cost control, risk sharing,
profit allocation, etc. A CGP platform-based FAP supply chain is a relatively complex
system that mainly consists of suppliers, logistics service providers, CGP platforms, CGP
agencies, and consumers. Since the CGP platform is an emerging sales model, in current
practice, there is a lack of sufficient research on the profit-sharing between the supply chain
stakeholders and the operational improvement of the FAP supply chain. Therefore, to
improve the operational efficiency of the CGP platform-based FAP supply chain, there
is an urgent need to investigate the profit-sharing as well as the collaborative decision-
making mechanisms between various stakeholders in the supply chain. In this regard, this
article takes the CGP agency’s “last mile preservation” problem as the starting point and
constructs a theoretical model of the profit-sharing contract for the FAP supply chain under
the CGP mode. Findings from this research provide theoretical guidance for the reasonable
distribution of profits among stakeholders of the CGP-based FAP supply chain (supplier-
platform-CGP agency), which is of great significance for the sustainable development of
Chinese community group purchase platform enterprises.
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2. Literature Review
2.1. FAP Supply Chain Management

For the management of FAP supply chain systems, Grimsdell [29] pointed out that the
coordination of communication between stakeholders of the fresh vegetable supply chain
is critical for the operations of the supply chain because, with a better understanding of
each other’s needs, stakeholders in the supply chain can make more effective investment
decisions to reduce operational costs and increase profits.

Widodo et al. [30] indicated that an effective supply chain management model is
required to reduce the loss rate of FAPs. The research developed a mathematical model
to deal with the periodical harvests in the flowering market, and an optimal harvesting
pattern was derived to maximize the satisfied level of demand. Zhao et al. [31] pointed out
that a manufacturer-retailer supply chain commonly adopts a wholesale price mechanism,
which often leads to conflicts of interest between manufacturers and retailers. With this
concern, the research employed a cooperative game approach to solve the coordination
issue in a manufacturer-retailer supply chain using option contracts. Results show that
compared with the benchmark based on the wholesale price mechanism, option contracts
can coordinate the supply chain and achieve Pareto-improvement. Azad et al. [32] analyzed
the joint decision-making and decentralized decision-making of a two-stage supply chain
for three strategies: subcontractors in stocks, out-of-stock orders, and subcontracting
strategies. Research results showed that the joint decision-making strategy provided a
higher total profit than the decentralized decision-making strategy at each stage of the
production and sales circle. Cai et al. [33] considered a three-tier fresh product supply
chain that is composed of a supplier, a third-party logistics provider, and a distant market.
The research assumed the market demand is random and sensitive to the sales price and
the freshness of the product and proposed an incentive scheme that involves a wholesale-
market clearance contract between the producer and the distributor and a wholesale-price-
discount sharing contract between the producer and the logistics provider to coordinate
the supply chain. Dellino et al. [34] proposed a model that enables sales forecasting
according to outdating, shortage, freshness of products, and residual stock for providing
order plans for packaged fresh and highly perishable products with associated satisfactory
performances. Jabarzare and Rasti-Barzoki [35] developed a dual-channel supply chain
that contains a manufacturer and a packing company under price- and quality-dependent
demand. The research aimed at investigating the effects of various game structures on
optimal pricing and quality decisions and the profits of the supply chain. Modeling results
suggested that the competitive game between manufacturer and packaging company is
highly beneficial for price-seeking customers, especially under a profit-sharing contract and
when the customers’ demand is highly sensitive to the product’s quality. Dolat-Abadi [36]
constructed a model for the daily and bourse markets under a farmer-retailer Stackelberg
game. A mathematical coordination model using a novel two-part tariff contract was
developed between the farmer and retailer in the market. Results demonstrated that the
profit of both farmers and retailers under the bourse market was greater than the daily
market. Moreover, the coordinated strategy increased the retailer’s profit as well as its order
quantity, the farmer’s freshness-keeping investment as well as its profit, and the entire
FAPSC’s profit compared to the decentralized strategy. The quantity of wasted products and
the retail price under the coordinated strategy was lower than that under the decentralized
strategy. Yu and Xiao [37] developed game-theoretic models for a FAP supply chain that
consists of a supplier, a retailer, and a third-party logistics provider. The research compared
two service outsourcing modes: supplier outsourcing and retailer outsourcing. Results
show that under a traditional quantity discount scheme, retailer outsourcing is preferred
under a low market size condition. Otherwise, supplier outsourcing is better under low
service costs and high market size scenarios.
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2.2. Profit-Sharing Contract

In terms of the design and implementation of profit-sharing contracts, Gan et al. [38]
took into account the risk-averse agents for the coordination of supply chains. The research
designed the contract to achieve the Pareto-optimal solution, and it was found that the Nash
Bargaining solution could be reached when the supplier and the retailer each maximize
their own expected utility.

Leng and Parlar [24] employed game theory to model the delivery cycle in a two-
level supply chain with a manufacturer and a retailer. The three components of a
delivery cycle are preparation, production, and shipment time. A profit-sharing con-
tract was designed to coordinate the supply chain. It was found that the profit-sharing
contract could maximize the system-wide profit if the manufacturer is responsible for
the preparation time and production time at their normal durations. Sheu [25] explored
the equilibrium of a supplier-retailer distribution channel under two scenarios: with and
without revenue-sharing contracts. Based on analytical modeling, the research revealed
that both the supplier and retailer can earn higher profits through revenue-sharing
contracts under appropriate promotional pricing strategies. Mohammadi et al. [39]
developed a novel coordination mechanism based on preservation-technology invest-
ment, proposed, and analyzed three decision-making approaches: a decentralized
approach, a centralized approach, and a coordinated approach. They designed a new
coordination contract named revenue-and-preservation-technology-investment-sharing
(RPTIS). Results demonstrated that the proposed RPTIS mechanism was able to achieve
a fresh-product supply chain (FSC) coordination and convince members to make glob-
ally optimal decisions. Moreover, the proposed mechanism not only increased the
whole FSC profit along with the individual members’ profit, but also significantly in-
creased the freshness and surviving quantities of fresh products, thereby reducing the
level of product waste. Yang and Tang [40] developed a supplier-retailer fresh product
supply chain under three sales modes to identify optimal pricing and freshness-keeping
efforts. Results show that in a decentralized system, the dual-channel mode could
outperform the online-to-offline mode for the supplier. Nevertheless, when the system
was coordinated, the online-to-offline mode resulted in the highest profit for the supply
chain. Ghazanfari et al. [41] investigated the effect of government incentives on a fresh-
product supply chain with stochastic demands. The research compared the traditional
selling cycles in the open market without government incentives to a modern selling
cycle in an organized market with government incentives through a real-world case
study. Research findings indicated that government incentives increased the profit of
all the stakeholders in the fresh-product supply chain. Song and He [26] developed
a three-level FAP supply chain that consists of an e-commerce platform, a third-party
logistics provider, and a community convenience store. Various contract coordination
mechanisms were employed to improve supply chain operations. Results show that a
decentralized supply chain can be coordinated by a freshness preservation cost-sharing
and revenue-sharing contract to maximize the total profit, which also satisfies consumer
requirements. Moon et al. [27] investigated the investment decision procedure in a
FAP supply chain under three scenarios: a decentralized scenario, revenue-sharing
coupled with investment cost-sharing, and incremental quantity discount contracts.
The research revealed that an incremental quantity discount contract could encourage
the manufacturer to charge a wholesale price that is higher than the marginal cost,
which could maximize the utility of the supply chain. Sarkar and Bhala [42] showed
that a constant wholesale price contract can coordinate a decentralized channel in a
manufacturer-led closed-loop supply chain. The research recommended that when
supply chain coordination is achieved by a constant wholesale price contract, it would
be more efficient to have the manufacturer collect the end-of-use products, particularly
when the cost of increasing the collection rate is high.
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3. Model Specifications

A FAP supply chain under CGP mode consists of a FAP supplier, a CGP platform,
a CGP agency, and consumers. The CGP agency provides last-mile delivery services
for the platform and charges a certain percentage of commission to the CGP platform.
The FAP supply chain under the traditional model and the CGP model are shown in
Figure 1a,b, respectively.
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(CGP) mode.

This article considers a four-level FAP supply chain system composed of a FAP
supplier, a CGP platform, a CGP agency, and consumers under the model of “CGP
platform + direct procurement from the FAP supplier”. In this supply chain, the CGP
platform first purchases FAPs from the supplier and arranges logistics service providers
to distribute them to shared warehouses located in different regions; then, the platform
determines the price of each FAP for consumers to place orders through the CGP agency.
For each group order, the platform will deliver the FAPs to the self-pickup point near the
community, and the CGP agency will sort the FAPs and notify consumers to pick up their
orders. After each sale, the platform pays a certain percentage of commission to the CGP
agency based on the total profit of the FAPs. Note that during the FAP procurement and
sales processes, the FAP supplier, the CGP platform, and the CGP agency will make a
certain degree of freshness preservation efforts to reduce the loss of FAPs.

The primary research problem to be investigated by this article is, based on the four-
level FAP supply chain, to figure out the influence mechanism of various factors on the
freshness preservation efforts and the profit-sharing of the supply chain stakeholders under
a two-stage pricing strategy. The influence factors mainly include consumers’ sensitivity
to FAP freshness, the profit-sharing ratios of supply chain stakeholders, and business
negotiation abilities. The key methodology of this research is to construct a two-stage
discount pricing model under two scenarios: (1) with complete rationality, and (2) with
fairness preference. It is expected that the proposed analytical model will compare the
correlation between supply chain stakeholders’ freshness preservation efforts and profit-
sharing mechanisms under the two scenarios.

4. Methodology
4.1. Assumptions

To facilitate the modeling process, the following reasonable assumptions were made
based on the actual conditions of the FAP supply chains in China:

Assumption 1. Assuming that the life cycle of a FAP is T, regardless of the maturity period,
during time period [0, t1], the FAP supplier’s freshness preservation effort is ρ1, and the freshness
preservation cost is Cρ1 = 1

2 η1ρ1
2, where ηi, i = 1, 2, 3 (ηi > 0) represents the coefficient of

freshness preservation effort on freshness preservation cost; a larger freshness preservation effort is
associated with a higher freshness preservation cost.
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Assumption 2. The FAP supplier sells the product to the CGP platform at a wholesale price, ω,
at time t1, and CGP platform sells the product during time interval [t1, T]. During this period,
to reduce the loss of the CGP platform’s freshness preservation effort is ρ2, and the freshness
preservation cost is Cρ2 = 1

2 η2ρ2
2.

Assumption 3. To reduce the loss of FAP at the point-of-sale terminal, the CGP agency needs to
make certain freshness preservation efforts before distributing FAPs to consumers. Its freshness
preservation effort is ρ3, and the freshness preservation cost is Cρ3 = 1

2 η3ρ3
2. If the CGP agency

did not take freshness preservation measures, which reduce consumers’ degree of satisfaction, the
CGP agency needs to make a compensation to the CGP platform at a ratio of ϕ.

Assumption 4. The price and freshness of FAPs on the CGP platform will affect consumers’ demand
for FAPs. Referring to the existing literature, this research assumed that consumers’ demand for
FAPs from the CGP platform is: D = q + mθ − (1−m)p, where q refers to FAP market size,
(q > 0) ; m is the sensitivity of CGP platform consumers to the freshness of FAPs, (m > 0), and
1−m is the sensitivity coefficient of consumers to the price of the FAP. Since the freshness of FAPs
decays with time, the CGP platform sells the FAPs at the market price, p, during time interval
[t1, tn], and sells at a discount rate, µ, during time interval [tn, T] (i.e., the discounted sell price is
(1− µ)p).

Assumption 5. Both the FAP supplier and the CGP platform invest in freshness preservation
efforts. In time interval [0, t1], the FAP supplier invests in a freshness preservation effort of ρ1.
Then, the FAP freshness when the supplier delivers the product to the CGP platform is θ0+k1ρ1. The
freshness of the product is θ0+k1ρ1 + k2ρ2 after the CGP platform invests in freshness preservation
efforts. In the FAP point-of-sale terminal, if the CGP agency invests in freshness preservation efforts,
the freshness of the FAP is θ0+k1ρ1 + k2ρ2 + k3ρ3, where θ0 is the initial freshness of FAPs, and
k1, k2, and k3 are the effects of the freshness preservation efforts invested by the FAP suppler, the
CGP platform, and the CGP agency, respectively.

Assumption 6. Since the freshness of FAPs decays with time, this research assumes that a consumer’s
demand varies with time. Based on a previous research effort conducted by Chen and Dan [43], the
FAP demand function was depicted as: D(t) = D0e−αt, where D0 = q + mθ− (1−m)p.

Assumption 7. Assuming that a CGP platform makes only one bulk order from the FAP supplier,
no replenishments apply. The pre-sale allows the FAP supplier to have sufficient time to prepare the
FAP without considering the situation of being out of stock. The FAP stock of the CGP platform’s
shared warehouse is I(t); when t > T, the product is sold out on the CGP platform, and I(T) = 0.

Assumption 8. Compared with CGP platforms, FAP suppliers and CGP agencies are in a disad-
vantaged position in the supply chain, and their business negotiating abilities are relatively weak.
Assuming that both the FAP suppliers and the CGP agency have fairness preferences, the selection
of a fairness reference point depends on the Nash equilibrium of negotiating ability. The negotiating
ability of the supplier is a, the negotiating ability of the CGP agency is b, where a > b, a, bε[0, 1].

Other parameters involved in this research are described as follows:

c: FAP supplier’s production and harvesting costs;
cs: Cost of FAP suppliers due to loss;
vs: Loss ratio of FAP suppliers;
ce: Cost of the CGP platform due to loss;
ve: Loss ratio of the CGP platform;
ci: Unit inventory cost of the CGP platform;
cl1 : FAG supplier logistics cost;
cl2 : Logistics cost of the CGP platform;
θ: FAG freshness with freshness preservation efforts;
α: FAP freshness decay rate;
β: Natural depletion rate of shared warehouse inventory;
γ: Profit sharing ratio of the CGP agency (i.e., agency fee);
ϕ: Compensation ratio of the CGP agency;
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τ: Profit sharing ratio of FAP suppliers;
µ : Sales discount of the CGP platform;
tε[t1, tn] : The first stage of the FAP sales cycle;
tε[tn, T] : The second stage of the FAP sales cycle.

4.2. Optimal Decisions of the FAP Supplier and CGP Agency under Complete Rationality

This section discusses the profit-sharing mechanism of the FAP supply chain based on
a two-stage discount pricing strategy considering the CGP agency’s freshness preservation
efforts, including (1) that the CGP agency does not make full freshness preservation efforts
and (2) that the CGP agency makes full freshness preservation efforts.

4.2.1. CGP Agency Does Not Make Full Freshness Preservation Efforts

A CGP agency that does not make full freshness preservation efforts means that
the CGP agency has not invested in the freshness preservation efforts, or the freshness
preservation efforts have been insufficiently invested. Under such conditions, the CGP
agency will not receive profit from the CGP platform and will be charged for compensation
for the losses incurred.

Based on Assumption 1, time period t1 ∼ tn is the first stage of the FAP sales cycle.
In this stage, the CGP platform sells fresh FAPs at the unit price, p. Under this condition,
even if the FAP supplier and CGP platform have invested in freshness preservation efforts;
however, since the CGP agency does not make sufficient freshness preservation efforts at
the point-of-sale terminal, there is a possibility that consumers submit return requests to the
CGP platform. The CGP platform requires the CGP agency to compensate for the returned
orders with a compensation ratio of ϕ. At this stage, the decision-making processes of the
supplier, the CGP platform, and the CGP agency are described as follows:

(1) tε[t1, tn]

From t1 to tn, when the CGP agency does not make freshness preservation efforts, the
profit function of the supplier and the CGP platform is:

πs1 = (ω− c− csvs)·D0 − cl1 −
1
2

η1ρ1
2 +

1
tn − t1

∫ tn

t1

τp·D(t)dt (1)

where the first item is the average profit of the FAP supplier; the second item is the trans-
portation cost of the logistics service provider; the third item is the freshness preservation
cost of the FAP supplier; and the last item is the profit of the FAP supplier during time
period t1 to tn.

πe1 =
1

tn − t1

∫ tn

t1

[(1− τ + ϕ)p−ω− ceve]·D(t)dt− ci·
1

tn − t1

∫ tn

t1

I(t)dt− cl2 −
1
2

η2ρ2
2 (2)

where the first item is the average profit of the CGP platform during time period t1 to tn; the
second item is the average inventory cost during this period; the third item is the logistics
cost of the CGP platform; and the last item is the freshness preservation cost invested by
the CGP platform.

In the case that the CGP agency does not invest in freshness preservation efforts, the
CGP agency will receive no competition and may need to pay a certain compensation;
therefore, its profit is πg1 < 0.

πg1 = − 1
tn − t1

∫ tn

t1

ϕ·pD(t)dt (3)

where 1
tn−t1

∫ tn
t1

ϕ·pD(t)dt is the compensation cost of the CGP agency, which is opposite to
its profit.
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The demand function for a FAP is:

D1(t) = [q + m(θ0+k1ρ1 + k2ρ2)− (1−m)p]·e−αt (4)

During the warehouse inventory stage, considering the perishable characteristics of
FAPs, this research developed a FAP inventory model as follows:

dI(t)
dt

= −D(t)− βI(t) (5)

When I(T) = 0, the FAP inventory model (Equation (5)) could be transformed by
deriving its general solution from the ordinary differential equation:

I1(t) =
[q + m(θ0+k1ρ1 + k2ρ2)] + (m− 1) p]

β− α
·
[
e(β−α)T−βt − e−αt

]
(6)

Under the circumstance that the CGP agency does not make full freshness preservation

efforts, when β > α,
∂2πe1

∂ρ2
2

< 0, the optimal freshness preservation efforts of FAP suppliers

and CGP platforms are described by Equations (7) and (8), respectively:

ρ∗1a = −
τpmk1

αη1(tn − t1)
·
(
e−αtn − e−αt1

)
(7)

ρ∗2a =
−[(1− τ + ϕ)p−ω− ceve]mk2

αη2(tn − t1)
·
(
e−αtn − e−αt1

)
−

cimk2
(
e−αtn − e−αt1

)
(tn − t1)(β− α)αη2

+
cimk2e(β−α)T ·

(
e−βtn − e−βt1

)
(tn − t1)(β− α)βη2

(8)

(2) tε[tn, T]

The second stage of the FAP sales cycle is from time tn to T. During this period, even
though the supplier and the CGP platform have invested in freshness preservation efforts,
the freshness of the FAP has significantly deteriorated in comparison with the first sales
stage. Therefore, the CGP platform starts to sell the remaining FAPs stored in the shared
warehouse at a discounted price from time tn. Assuming the discount rate is µ, and the
discounted price is (1− µ)p.

Similar to the t1~tn stage, when β > α,
∂2πe1

∂ρ2
2

< 0, the optimal freshness preservation ef-

forts of the supplier and the CGP platform are presented in Equations (9) and (10), respectively:

ρ∗∗1a = − (1− µ)pτmk1

αη1(T − tn)
·
(

e−αT − e−αtn
)

(9)

ρ∗∗2a =
−[(1− τ + ϕ)(1− µ)p−ω− ceve]mk2

αη2(T − tn)
·
(

e−αT − e−αtn
)
−

cimk2
(
e−αT − e−αtn

)
(T − tn)(β− α)αη2

+
cimk2·

(
e−αT − e(β−α)T−βtn

)
(T − tn)(β− α)βη2

(10)

4.2.2. CGP Agency Makes Full Freshness Preservation Efforts

The CGP agency’s full commitment to freshness preservation efforts means that in
a CGP-based FAP supply chain, the CGP agency needs to maintain the freshness of the
ordered FAPs by refrigerating or other methods before consumers pick up their orders.
When the CGP agency makes full freshness preservation efforts, the profit-sharing model
of the FAP supply chain based on two-stage discount pricing is described as follows:

(1) tε[t1, tn]

The time period t1 ∼ tn is the first stage of the FAP sales cycle. At this stage, the
CGP platform sells FAPs at the unit price p. Under the circumstance that the CGP agency
makes full freshness preservation efforts, the FAP supplier, the CGP platform, and the CGP



Sustainability 2023, 15, 7572 9 of 22

agency will share the profits. Based on the above assumptions, the profit function of the
FAP supplier is:

πs2 = (w− c− csvs)·D0 − cl1 −
1
2

η1ρ1
2 +

1
tn − t1

∫ tn

t1

τp·D(t)dt (11)

In Equation (11), the first item is the average profit of the FAP supplier; the second
item is the logistics cost; the third item is the FAP supplier’s freshness preservation cost;
and the fourth item is the community group purchase. The platform shares the revenue
with suppliers for the period t1 ∼ tn. The profit function of the group leader is:

πg2 =
1

tn − t1

∫ tn

t1

γp·D(t)dt− 1
2

η3ρ3
2 (12)

In Equation (12), the first item is the profit-sharing that the CGP platform offers the
CGP agency during period t1 ∼ tn (i.e., compensation), and the second item is the CGP
agency’s freshness preservation cost. Then, the profit function of the CGP platform is
specified as:

πe2 =
1

tn − t1

∫ tn

t1

[(1− τ − γ)p−ω− ceve]·D(t)dt− ci·
1

tn − t1

∫ tn

t1

I(t)dt− cl2 −
1
2

η2ρ2
2 (13)

In Equation (13), the first term is the average profit of the CGP platform in sales period
t1 ∼ tn; the second term is the average inventory cost during this period; the third term is
the logistics cost of the CGP platform; and the fourth term is the CGP platform’s freshness
preservation cost. Based on the previous assumptions, the time-varying demand function
of FAPs in period t1 ∼ tn is:

D2(t) = [q + m(θ0+k1ρ1 + k2ρ2 + k3ρ3)− (1−m)p]·e−αt (14)

Similarly, the shared warehouse inventory model of the CGP platform at this stage is
described as follows:

I2(t) =
[q + m(θ0+k1ρ1 + k2ρ2 + k3ρ3)] + (m− 1) p]

β− α
·
[
e(β−α)T−βt − e−αt

]
(15)

Under a completely rational situation, the FAP supplier determines its optimal fresh-
ness preservation effort that can maximize its profits. When β > α, this research derived
the first-order partial derivative of the supplier’s profit function, πs2 , with respect to ρ1b

and w, and set its first-order partial derivative equal to 0. When
∂2πs2

∂ρ2
1

= −η1 < 0, the FAP

supplier’s optimal freshness preservation effort and optimal sales price could be obtained,
as shown in Equations (17) and (18), respectively:

ρ∗1b = − τpmk1

αη1(tn − t1)
·
(
e−αtn − e−αt1

)
(16)

w∗ = c + csvs − q−mθ + (1−m)p (17)

When the decision-making goal of the FAP supplier is to maximize its profit, its
freshness preservation effort is mainly related to the profit-sharing ratio, the discount
sales period, the FAP freshness decay rate, and consumers’ sensitivity to price. In the first
stage of the sales cycle, the relationship between the supplier’s freshness preservation
effort ρ∗1b and the discount rate at time period tn is depicted in Equation (19). Similarly,
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Equation (20) illustrates the correlation between the supplier’s freshness preservation effort
and consumers‘ sensitivity to freshness, m, as follows:

∂ρ∗1b
∂tn

=
τpmk1·

[
αe−αtn(tn − t1) + e−αtn − e−αt1

]
αη1(tn − t1)

2 (18)

∂ρ∗1b
∂m

= − τpk1

αη1(tn − t1)
·
(
e−αtn − e−αt1

)
(19)

After the supplier sells the FAPs to the CGP platform, the CGP platform will continue
to make freshness preservation efforts to maintain the freshness of the FAPs in pursuit of
a relatively high sales price. When β > α, by deriving the first-order partial derivative of
the profit function of the CGP platform, πe2 , with respect to ρ2, and making its first-order
derivative equal to 0, the optimal freshness preservation effort of the CGP platform could

be obtained when
∂2πe2

∂ρ2
2

= −η2 < 0, as shown in Equation (21).

ρ∗2b =
−[(1− τ − γ)p−ω− ceve]mk2

αη2(tn − t1)
·
(
e−αtn − e−αt1

)
−

cimk2
(
e−αtn − e−αt1

)
(tn − t1)(β− α)αη2

+
cimk2e(β−α)T ·

(
e−βtn − e−βt1

)
(tn − t1)(β− α)βη2

(20)

The freshness preservation efforts of the CGP platform are jointly determined by the
decay rate of FAPs, the profit-sharing ratios of the supplier and the CGP agency, unit
inventory cost, and discounted sales time. To analyze the influence of discounted sales time
on the CGP agency’s freshness preservation efforts, it is necessary to derive the first-order
partial derivative for the discount sales time, tn.

Let:
X = −[(1−τ−γ)p−ω−ceve ]mk2

α , Y = cimk2
α(β−α)

, Z = cimk2e(β−α)T

β(β−α)
,

∂ρ∗2b
∂tn

=
[−αe−αtn (tn−t1)−e−αtn+e−αt1 ]

(tn−t1)
2 (X−Y)

+
[−βe−βtn (tn−t1)−e−βtn+e−βt1 ]

(tn−t1)
2 Z

(21)

When
[
−αe−αtn(tn− t1)− e−αtn + e−αt1

]
·(X−Y)+

[
−βe−βtn(tn− t1)− e−βtn + e−βt1

]
·Z > 0,

a shorter discounted sales time corresponds to a higher freshness preservation effort from
the CGP platform.

The CGP platform entrusts a logistics service provider to deliver FAPs to the CGP
agency. As the point-of-sale terminal for FAPs, the CGP agency needs to continue to keep
the FAPs fresh. When β > α, derive the first-order partial derivative of the CGP platform’s
profit function πg2 with respect to ρ3, and set its derivative equal to 0 to obtain the CGP
agency’s optimal freshness preservation effort:

ρ∗3b = − γpmk3

αη3(tn − t1)
·
(
e−αtn − e−αt1

)
(22)

Under the condition that the CGP agency makes freshness preservation efforts, the
level of investment in freshness preservation efforts is mainly affected by the profit-sharing
ratio, discounted sales period, and FAP freshness decay rate. The relationship between
CGP agency’s freshness preservation effort and discounted sales time, tn, is:

∂ρ∗3b
∂tn

=
γpmk3·

[
αe−αtn(tn − t1) + e−αtn − e−αt1

]
αη3(tn − t1)

2 (23)

(2) tε[tn, T]

The time period tn ∼ T is the second stage of the FAP sales cycle. Different from sales
stage t1 ∼ tn, a discounted price will be applied, which will affect the freshness preservation
efforts from the supplier, the CGP platform, and the CGP agency. Similar to time period
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t1 ∼ tn, when β > α,
∂2πe2

∂ρ2
2

< 0, the optimal freshness preservation efforts of the supplier, the

CGP platform, and the CGP agency are presented in Equations (25) to (27), respectively:

ρ∗∗1b = − (1− µ)pτmk1

αη1(T − tn)
·
(

e−αT − e−αtn
)

(24)

ρ∗∗2b =
−[(1− τ − γ)(1− µ)p−ω− ceve]mk2

αη2(T − tn)
·
(

e−αT − e−αtn
)
−

cimk2
(
e−αT − e−αtn

)
(T − tn)(β− α)αη2

+
cimk2e(β−α)T ·

(
e−βT − e−βtn

)
(T − tn)(β− α)βη2

(25)

ρ∗∗3b = − (1− µ)pγmk3

αη3(T − tn)
·
(

e−αT − e−αtn
)

(26)

4.3. Optimal Decisions of the FAP Supplier and CGP Agency under Fairness Preference

In reality, people usually have fairness preferences, such as whether the distribution
of profits is fair, or whether the motivation of an activity is fair [44–46]. In current practice,
the models describing fairness preference mainly include two types: fairness focusing on
behavioral motivation [47] and fairness focusing on distributional outcomes [48].

In the CGP platform-based FAP supply chain, the FAP supplier and CGP agency are
typically in a relatively weak position with disadvantaged business negotiating abilities.
Based on the F-S theoretical model proposed by Fehr and Schmidt [48], this research defined
the utility function of the FAP supplier and the CGP agency as the following:

Uj(π) = πj − λmax{σπ j − πk, 0
}
−ξmax{π k − σπj, 0

}
(27)

Then, this research employed the Nash equilibrium negotiation model, which consid-
ers the negotiating ability of each stakeholder as a fair reference point for discussing the
fairness of profit distribution between the FAP supplier and the CGP agency. At this step,
the fairness of the CGP platform is ignored, and the utility function of the CGP platform is
expressed as: Ue = πe. Then, the fairness utility function of the FAP supplier (Us) and the
CGP agency (Ug) are as described follows:

Us = πs − λ(πx − πs) (28)

Ug = πg − λ
(
πx − πg

)
(29)

where πx is the fairness reference point for the FAP supplier and the CGP agency, that is, the
Nash equilibrium negotiation solution between the FAP supplier, the CGP agency, and the
CGP platform. Among them, λ is the unfairness avoidance coefficient of the FAP supplier
of the CGP agency, 0 < λ < 1. Based on Assumption 8, the Nash negotiation objective
function of the FAP supplier, the CGP agency, and the CGP platform is the following:

max
πs2 ,πg2 ,πe2

Ua
s Ub

gU1−a−b
e

(
π = πs2 + πg2 + πe2 , Us > 0, Ug > 0, Ue > 0

)
(30)

Bringing Us, Ug, and Ue into the objective function, we have:

max
πs2 ,πg2 ,πe2

[(1 + λ)πs2 − λπx]
a·
[
(1 + λ)πg2 − λπx

]b·π
1−a−b

e2
(31)

Taking the first-order partial derivative of Equation (29), we obtain the following:

∂max
∂πx

= a[(1 + λ)πs2 − λπx]
a−1·

[
(1 + λ)πg2 − λπx

]b·π1−a−b

e2
+ [(1 + λ)πs2 − λπx]

a·b
[
(1 + λ)πg2 − λπx

]b−1·π1−a−b
e2

(32)
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Let its first-order partial derivative be 0 and the Nash equilibrium negotiation solution
can be obtained by the following:

πx =
a(1 + λ)πg2 + b(1 + λ)πs2

(a + b)λ
(33)

Different from the first two scenarios, the FAP supplier and the CGP agency make
optimal freshness preservation efforts to maximize fairness and utility instead of maxi-
mizing their profits. While the goal of the CGP platform is still to maximize its profit via
freshness preservation efforts. Based on these considerations, this research further studies
the two-stage discounted pricing problem that takes into account the FAP supplier’s and
the CGP agency’s fairness preferences.

(1) tε[t1, tn]

When ∂2Us
∂2ρ*

1c
= −(1 + λ)η1 < 0, the optimal freshness preservation effort of the FAP

supplier is the following:

ρ*
1c = −

τpmk1

αη1(tn − t1)
·
(
e−αtn − e−αt1

)
− λ

η1(1 + λ)
·
{

a
[
(1 + λ)πg2

]
+ b[(1 + λ)πs2 ]

(a + b)λ

}
(34)

When the FAP supplier considers fairness preference, its freshness preservation effort
is mainly related to its profit-sharing ratio, the discount sales period, the FAP freshness
decay rate, and the CGP agency’s fairness preference. In the first stage of the sales cycle,
the relationship between the FAP supplier’s level of freshness preservation effort, ρ*

1c, and
the discount sales time, tn, is exhibited in Equation (33):

∂ρ*
1c

∂tn
=

τpmk1·
[
αe−αtn(tn − t1) + e−αtn − e−αt1

]
αη1(tn − t1)

2 (35)

When τpmk1·
[
αe−αtn(tn − t1) + e−αtn − e−αt1

]
> 0, the shorter the discount sales pe-

riod, the higher the level of freshness preservation effort that will be invested by the
FAP supplier.

When ∂2Us
∂2ρ*

3c
= −(1 + λ)η3 < 0, the optimal freshness preservation effort of the CGP

agency is the following:

ρ*
3c = −

γpmk3

αη3(tn − t1)
·
(
e−αtn − e−αt1

)
− λ

η3(1 + λ)
·
{

a
[
(1 + λ)πg2

]
+ b[(1 + λ)πs2 ]

(a + b)λ

}
(36)

When the CGP agency considers fairness preference, its freshness preservation effort is
mainly related to its profit-sharing ratio, the discount sales period, the freshness decay rate,
and the FAP supplier’s fairness preference. The relationship between the CGP agency’s
freshness preservation effort and the discount sale time, tn, is depicted as follows:

∂ρ*
3c

∂tn
=

γpmk3·
[
αe−αtn(tn − t1) + e−αtn − e−αt1

]
αη3(tn − t1)

2 (37)

When γpmk3·
[
αe−αtn(tn − t1) + e−αtn − e−αt1

]
> 0, the CGP agency’s freshness preser-

vation effort increases as the discount sales period shortens.

(2) tε[tn, T]

Similarly, when the FAP supplier’s freshness preservation effort satisfies ∂2Us
∂2ρ**

1c
= −(1 + λ)η1

< 0, its optimal freshness preservation effort is the following:
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ρ**
1c = −

(1− µ)pτmk1

αη1(T − tn)
·
(

e−αT − e−αtn
)
− λ

η1(1 + λ)
·
{

a
[
(1 + λ)πg2

]
+ b[(1 + λ)πs2 ]

(a + b)λ

}
(38)

In the second sales stage, the FAP supplier’s freshness preservation effort is also
affected by the discount rate. The relationship between its freshness preservation effort,
ρ**

1c, and the discount sales time, tn, is shown below:

∂ρ**
1c

∂tn
=
−(1− µ)pτmk1·

[
αe−αtn(T−tn) + e−αT − e−αtn

]
αη1(T − tn)

2 (39)

When −(1− µ)pτmk1·
[
αe−αtn(T−tn) + e−αT − e−αtn

]
> 0, the FAP supplier’s fresh-

ness preservation effort increases with the shortening of the discount sales period.
When the CGP agency’s freshness preservation effort satisfies ∂2Us

∂2ρ**
3c
= −(1 + λ)η3 < 0,

its optimal freshness preservation effort is the following:

ρ∗∗3c = − (1− µ)pγmk3

αη3(T − tn)
·
(

e−αT − e−αtn
)
− λ

η3(1 + λ)
·
{

a
[
(1 + λ)πg2

]
+ b[(1 + λ)πs2 ]

(a + b)λ

}
(40)

In the second sales stage, the CGP agency’s freshness preservation effort is also affected
by the discount rate. The relationship between the CGP agency’s freshness preservation
effort and the discount sales time, tn, is shown in Equation (39):

∂ρ**
3c

∂tn
=
−(1− µ)pγmk3·

[
αe−αtn(T−tn) + e−αT − e−αtn

]
αη3(T − tn)

2 (41)

When−(1− µ)pγmk3·
[
αe−αtn(T−tn) + e−αT − e−αtn

]
> 0, the level of the CGP agency’s

long-term preservation effort increases with the shortening of the discount period.

5. Numerical Example and Simulation Modeling

To validate the proposed analytical model, this research employed numerical simu-
lation via the MATLAB R2021a for conducting numerical experiments. The experiments
focus on analyzing the changes in supply chain profit before and after the CGP agency’s
freshness preservation efforts and the impacts of fairness preference on the total profit of
the supply chain.

Assuming the life cycle (T) of a FAP is 7 days, the unit production and harvesting
cost of the FAP is 17 Chinese Yuan (CNY), the unit loss cost is CNY 3, the loss ratio is 20%,
and the initial market size of the FAP is 100. The FAP supplier signed a profit-sharing
contract with a CGP platform and the CGP agency and sold the FAP to the CGP platform
at a wholesale price of CNY 20. FAPs are distributed to a shared warehouse operated by
the CGP platform. From days t1 to tn, the CGP platform sells FAPs at a unit price of CNY
50; the unit loss cost of the CGP platform is 4, and the loss ratio is 30%. Since the freshness
of FAPs decays with inventory time, from day tn to day T, the platform will sell all the
remaining FAPs in the warehouse at a 20% discount. The values of the other parameters
are shown in Table 1.

Table 1. Parameters used in this research.

Parameter θ0 Cl1 Cl2 Ci η1 η2 η3 µ t1 tn T

Value 0.9 0.5 1.0 0.1 14 15 12 0.2 2 5 7

Parameter k1 k2 k3 ρ1 ρ2 ρ3 α β λ a b

Value 8 6 5 0.15 0.3 0.1 0.1 0.2 0.5 0.9 0.01
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5.1. Effects of the CGP Agency’s Freshness Preservation Efforts on Supply Chain Profits

Based on the values of the aforementioned parameters, comparisons of the supply
chain profits without and with the CGP agency’s freshness preservation efforts are pre-
sented in Table 2. It was found that when the CGP agency does not make freshness
preservation efforts, due to the perishable nature of FAPs, the freshness of FAPs will deteri-
orate with inventory time, which tends to reduce consumers’ satisfaction and potentially
increase the number of return requests. Under this condition, the CGP agency needs to pay
a contracted compensation to the CGP platform. If the CGP agency makes full freshness
preservation efforts, the CGP platform will provide the CGP agency with a contracted
percentage of profit sharing. Therefore, in terms of profits, when the CGP agency makes
full freshness preservation efforts, the total profit of the supply chain will be higher than
under the condition that the freshness preservation efforts are not fully invested.

Table 2. Profit of the supply chain without and with the CGP agency’s freshness preservation efforts.

t m
Without Freshness Preservation With Freshness Preservation

πs1 πe1 πg1
π1 πs2 πe2 πg2

π2

tε[t1, tn]

0.2 575.13 809.36 −21.50 1363.00 576.08 746.10 43.00 1365.18
0.4 677.25 978.52 −50.62 1605.15 679.15 879.74 50.70 1609.59
0.6 779.38 1155.30 −87.36 1847.32 782.22 1013.38 58.39 1853.99
0.8 881.50 1339.70 −131.73 2089.47 885.29 1147.01 66.09 2098.39

tε[tn, T]

0.2 466.91 417.63 −15.12 869.42 467.04 372.37 30.20 869.61
0.4 526.60 488.21 −34.11 980.70 526.87 420.21 34.07 981.14
0.6 586.28 562.66 −56.96 1091.98 586.69 468.05 37.94 1092.68
0.8 645.97 640.96 −83.67 1203.26 646.51 515.89 41.81 1204.22

During sales stage t1 ∼ tn, the CGP platform stands in a stronger position in the
supply chain, and its profit-sharing ratio is higher than that of the FAP supplier and the
CGP agency. During sales stage tn ∼ T, the profit of the CGP platform decreases due
to warehouse inventory losses and discounted sales prices. At this stage, since the FAP
supplier obtains the profit-sharing from the CGP platform, its profit is higher than that of
the CGP platform.

5.2. Effects of Consumers’ Sensitivity to Freshness on Supply Chain Coordination

Under the condition that the CGP agency is fully invested in freshness preservation
efforts, the relationships between consumers’ sensitivity to the freshness of FAPs and the
profits of the FAP supplier, the CPG platform, the CGP agency, and the total profit of the
supply chain are illustrated in Figures 2 and 3. It can be seen from Figures 2 and 3 that
there is a positive correlation between consumers’ sensitivity to freshness and profits. The
increase in consumers’ sensitivity to freshness is beneficial to the profits of the FAP supplier,
the CGP platform, the CGP agency, and the total profit of the supply chain.

Specifically, when the profit-sharing ratio of the FAP supplier and the CGP agency
increases simultaneously, the total profit of the supply chain remains unchanged. Affected
by the discounted sales price in the tn ∼ T period, the profit of each stakeholder in the
supply chain in sales period t1 ∼ tn is significantly higher than that in sales period tn ∼ T.
By comparing the profit changes of each stakeholder in the two stages, it was found that
when consumers are sensitive to freshness to a certain extent, with the increase of the
profit-sharing ratios of the FAP supplier and the CGP agency, the profits of the FAP supplier
and the CGP agency both increase to a certain extent. The profit of the CGP platform
displays a decreasing trend, along with a weakening trend of its dominating position in the
supply chain, eventually reaching a balanced profit-sharing between the stakeholders of
the supply chain.



Sustainability 2023, 15, 7572 15 of 22

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 22 
 

 
Figure 2. Profits of supply chain stakeholders, 𝜏 = 0.1, 𝛾 = 0.01. 

 
Figure 3. Profits of supply chain stakeholders, 𝜏 = 0.2, 𝛾 = 0.02. 

Specifically, when the profit-sharing ratio of the FAP supplier and the CGP agency 
increases simultaneously, the total profit of the supply chain remains unchanged. Affected 
by the discounted sales price in the 𝑡௡~𝑇 period, the profit of each stakeholder in the 
supply chain in sales period 𝑡ଵ~𝑡୬ is significantly higher than that in sales period 𝑡௡~𝑇. 
By comparing the profit changes of each stakeholder in the two stages, it was found that 
when consumers are sensitive to freshness to a certain extent, with the increase of the 
profit-sharing ratios of the FAP supplier and the CGP agency, the profits of the FAP sup-
plier and the CGP agency both increase to a certain extent. The profit of the CGP platform 
displays a decreasing trend, along with a weakening trend of its dominating position in 
the supply chain, eventually reaching a balanced profit-sharing between the stakeholders 
of the supply chain. 

5.3. Effects of Profit-Sharing Ratios on Freshness Preservation Efforts 
To reduce the loss of FAPs in all aspects of circulation, the CGP platform signs a 

profit-sharing contract with the FAP supplier and the CGP agency. A supplier is respon-
sible for the harvesting and delivery of FAPs. The supplier’s efforts in freshness preserva-
tion are crucial to maintaining the freshness of FAPs. The CGP agency is responsible for 
the FAP point-of-sale terminal delivery. In practice, the profit-sharing ratio is the 

Figure 2. Profits of supply chain stakeholders, τ = 0.1, γ = 0.01.

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 22 
 

 
Figure 2. Profits of supply chain stakeholders, 𝜏 = 0.1, 𝛾 = 0.01. 

 
Figure 3. Profits of supply chain stakeholders, 𝜏 = 0.2, 𝛾 = 0.02. 

Specifically, when the profit-sharing ratio of the FAP supplier and the CGP agency 
increases simultaneously, the total profit of the supply chain remains unchanged. Affected 
by the discounted sales price in the 𝑡௡~𝑇 period, the profit of each stakeholder in the 
supply chain in sales period 𝑡ଵ~𝑡୬ is significantly higher than that in sales period 𝑡௡~𝑇. 
By comparing the profit changes of each stakeholder in the two stages, it was found that 
when consumers are sensitive to freshness to a certain extent, with the increase of the 
profit-sharing ratios of the FAP supplier and the CGP agency, the profits of the FAP sup-
plier and the CGP agency both increase to a certain extent. The profit of the CGP platform 
displays a decreasing trend, along with a weakening trend of its dominating position in 
the supply chain, eventually reaching a balanced profit-sharing between the stakeholders 
of the supply chain. 

5.3. Effects of Profit-Sharing Ratios on Freshness Preservation Efforts 
To reduce the loss of FAPs in all aspects of circulation, the CGP platform signs a 

profit-sharing contract with the FAP supplier and the CGP agency. A supplier is respon-
sible for the harvesting and delivery of FAPs. The supplier’s efforts in freshness preserva-
tion are crucial to maintaining the freshness of FAPs. The CGP agency is responsible for 
the FAP point-of-sale terminal delivery. In practice, the profit-sharing ratio is the 

Figure 3. Profits of supply chain stakeholders, τ = 0.2, γ = 0.02.

5.3. Effects of Profit-Sharing Ratios on Freshness Preservation Efforts

To reduce the loss of FAPs in all aspects of circulation, the CGP platform signs a profit-
sharing contract with the FAP supplier and the CGP agency. A supplier is responsible for
the harvesting and delivery of FAPs. The supplier’s efforts in freshness preservation are
crucial to maintaining the freshness of FAPs. The CGP agency is responsible for the FAP
point-of-sale terminal delivery. In practice, the profit-sharing ratio is the commission rate
of the CGP agency, which is generally around 10%. Therefore, to be closer to reality, this
research assumes the maximum profit-sharing ratio of the CGP agency is 0.1.

Figures 4 and 5 present the impact of the FAP supplier’s and the CGP agency’s profit-
sharing ratios on their fresh-keeping efforts, respectively. Figures 6 and 7 show the impact
of consumers’ sensitivity to the freshness of FAPs on the freshness preservation effects of
the FAP supplier and CGP agency, respectively.
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From Figures 4 and 5, it can be seen that in the first stage of sales and the second stage
of sales, the freshness preservation efforts of the FAP supplier and the CGP agency are
positively related to their profit-sharing ratios. The freshness preservation efforts of the FAP
supplier and the CGP agency increase with the increase in their profit-sharing ratios. In
addition, consumers’ sensitivity to freshness also affects their freshness preservation efforts.
Under the condition that the FAP supplier and the CGP agency share a certain proportion
of the profit, the more sensitive consumers are to the freshness of FAPs, the more freshness
preservation efforts will be invested by the FAP supplier and the CGP agency.
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5.4. Effects of Fairness Preference and Negotiating Ability on Freshness Preservation Efforts

Under the condition that the FAP supplier and the CGP agency pursue the maximiza-
tion of fairness utility, the FAP supplier has stronger negotiating ability. Then, the utility
fairness of the FAP supplier increases gradually; meanwhile, the CGP agency’s utility
fairness will be weakened. Since the CGP agency is only responsible for the point-of-sale
terminal delivery of FAPs, even if under the condition of pursuing the maximum fairness
utility, the CGP agency is still in a relatively weak position in the supply chain. Therefore,
under rational conditions, to maximize its fairness utility, the CGP agency will reduce
its freshness preservation efforts. In this regard, this section further analyzes the influ-
ence mechanism of the FAP supplier’s and CGP agency’s negotiation abilities on the FAP
supplier’s freshness preservation efforts.

Table 3 presents the impact of m on the profits of the FAP supplier, the CGP platform,
and the CGP agency under the conditions of full investment in freshness preservation
efforts and consideration of fairness preferences. Figure 8 further illustrates the influence
of the FAP suppliers’ negotiating ability (a), the CGP agency’s negotiating ability (b), and
the unfair avoidance coefficient (λ) between the FAP supplier and the CGP agency on the
FAP suppliers’ freshness preservation efforts.
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Table 3. Profit and fairness utility of the supply chain stakeholders under fairness preference.

t m πe2 (Ue2 ) πs2 πg2
Us2 Ug2

tε[t1, tn]

0.2 746.10 576.08 43.00 790.83 −8.79
0.4 879.74 679.15 50.70 932.32 −10.36
0.6 1013.38 782.22 58.39 1073.81 −11.93
0.8 1147.01 885.29 66.09 1215.29 −13.50

tε[tn, T]

0.2 372.37 467.04 30.20 648.07 −7.20
0.4 420.21 526.87 34.07 731.08 −8.12
0.6 468.05 586.69 37.94 814.08 −9.05
0.8 515.89 646.51 41.81 897.09 −9.97
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As shown in Figure 8, when the negotiating ability of the CGP agency and the FAP
supplier’s profit-sharing ratio are fixed, with the increase in the FAP supplier’s negotiating
ability and the unfairness avoidance coefficient, the FAP supplier’s freshness preservation
efforts will increase. Under the condition that the FAP supplier’s negotiation ability and
unfairness avoidance coefficient are fixed, with the increase in the CGP agency’s negotiating
ability, the FAP supplier will reduce its freshness preservation efforts to maximize the
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fairness utility. If other contributing factors remain unchanged, when the unfairness
avoidance coefficient increases, the FAP supplier’s freshness preservation effort increases
with the increase in the negotiating ability of the CGP agency.

In the second stage of the sales cycle, the freshness of FAPs is lower than in the first
stage. Being affected by sales discounts, the fairness utility of the FAP supplier is reduced,
which leads to a significant reduction in its freshness preservation efforts in comparison
with those made in the first stage.

6. Concluding Remarks

This article developed a mathematical model that takes the four-level FAP supply
chain under the model of “CGP platform + direct procurement from the supplier” as the
research object to investigate the effects of consumers’ sensitivity to the freshness of FAPs,
the profit-sharing ratios, and supply chain stakeholders’ business negotiating abilities on
their profits and freshness preservation efforts. Based on a numerical example and through
simulation modeling, major findings from this research are presented as follows:

• Total profit of the supply chain increased after the CGP agency made freshness preser-
vation efforts.

Under the circumstance that the CGP agency does not invest in freshness preservation
efforts, there will be larger losses of FAP freshness at the point-of-sale terminal, which
tends to result in decreases in consumer satisfaction. Besides, with the increase in the
CGP agency’s compensation ratio, the overall profit of the supply chain decreases. In
comparison, when the CGP agency is fully invested in freshness preservation efforts, with
increases in the CGP agency’s profit-sharing ratio and freshness preservation efforts, the
loss of FAP freshness decreases. Eventually, consumers’ satisfaction improves, and the total
profit of the FAP supply chain increases.

• Increases in the supplier’s profit-sharing ratio, the CGP agency’s profit-sharing ratio,
and consumers’ sensitivity to FAP freshness can improve the total profit of the FAP
supply chain as well as the profit of each stakeholder.

If no profit-sharing contract is employed by the CGP platform, the suppliers and the
CGP agency are not likely to make freshness preservation efforts or invest in a relatively
low-level freshness preservation effort. To reduce the losses of FAPs during inventory and
circulation processes, the cost of freshness preservation efforts is mainly paid by the CGP
platform, which reduces the CGP platform’s profit.

With the adoption of profit-sharing contracts, the CGP platform is able to dynamically
adjust its freshness preservation effort according to the profit-sharing ratios of suppliers
and CGP agencies, as it allows the CGP platform to weigh the tradeoffs between its profits
and costs. When the profit-sharing ratio between the CGP agency and the supplier is
constant, the profits of the supply chain stakeholders are positively correlated to consumers’
sensitivity to FAP freshness. If the profit-sharing ratio between suppliers and CGP agencies
increases, the profit of the CGP platform will decrease gradually, while the profits of
suppliers and CGP agencies will increase gradually.

• When considering fairness preference, with the improvement of suppliers’ business
negotiating ability, their freshness preservation efforts and fairness utility increase
gradually, while the fairness utility of the CGP agency decreases gradually.

When both the supplier and the CGP agency have a fairness preference, the supplier
has a stronger negotiating ability. As consumers become more sensitive to the freshness
of FAPs, the supplier’s fairness utility increases gradually, while the CGP agency’s equity
utility will be impaired. This indicates that under such conditions, the CGP agency stands
in a weak position in the supply chain. Therefore, to maximize its fairness and utility, the
CGP agency will reduce its freshness preservation efforts.

It is worth pointing out that this research is based on a four-level FAP supply chain
composed of a FAP supplier, a logistics service provider, a CGP platform, CGP agencies,
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and consumers. Future work may investigate more complex supply chain systems with
multiple FAP suppliers, multi-level logistics service providers, and multiple CGP platforms.
Besides, this research assumes that exogenous factors, such as government policies, weather
conditions, unforeseen events, etc., that may affect fresh produce suppliers and market
demands follow a normal distribution, while these factors are more complicated in a real-
world setting. Moreover, future work may include in-depth investigations regarding the
effects of a shared freshness preservation cost strategy on the operational performance of
the supply chain.
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