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Abstract: A future trend in agricultural development is to promote the green transformation of
agriculture and realize the transformation from extensive consumption to environmentally friendly
consumption. However, in the process of circulating green agricultural products, the output and
demand are uncertain, and the cooperation of various entities in the supply chain is unstable, which
leads to the risk of interruptions to the supply chain, and then leads to ineffective supply chain
operations for green agricultural products. Therefore, under the background of double uncertainty
of output and demand, combined with CVaR theory and considering the risk avoidance degree of
farmers, a Stackelberg game model of a “firm + farmer” two-level green agricultural product supply
chain was constructed, and the supply coordination mechanism was studied. The results show that a
benefit-sharing contract can effectively coordinate the supply chain of green agricultural products
under the double uncertainty of output and demand and obtain optimal greenness, agricultural
input, order quantity, and optimal inventory factors under centralized decision making. The optimal
production decisions of farmers and the optimal pricing decisions of companies are obtained under
decentralized decision making. The benefit-sharing contract is used to coordinate the supply chain,
and the overall incomes of farmers, companies, and the supply chain improved after the coordination.
The research results can enrich the relevant research on coordinating green agricultural products
supply chains under the uncertainty of output and demand and provide a reference for ensuring the
effective and stable operation of supply chains.

Keywords: random output and demand; green agricultural product supply chain; coordinating
mechanism

1. Introduction

Sustainable agricultural development is an important topic, which first appeared in the
text of Agenda 21 of the United Nations Conference on Environment and Development in
1992 [1,2]. In the past few decades, the world has faced the challenges of a growing popula-
tion, food security, and environmental sustainability [3–5]. In order to increase agricultural
output, traditional agriculture consumes agricultural resources excessively, and excessive
use of fertilizers and pesticides leads to deterioration of the ecological environment and
the continuous occurrence of food safety incidents. With the increasing attention of people
to food safety, environmental protection, and sustainable development, the quality and
safety of agricultural products have received more attention by consumers [6,7]. Green
agricultural products have green, safety, nutritional, and other characteristics, so the market
demand for green agricultural products is gradually growing [8,9]. And to a certain extent,
this has driven the transformation of agricultural production methods [10,11].
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In terms of output, green agricultural products have greater uncertainty risk and
strong seasonality. Under the influence of natural factors such as weather, climate change
leads to irregular changes in temperature, precipitation, and seasonality; natural disasters
such as drought, flood, hail, and hurricanes; and problems of soil and water resources,
which will all affect the growth of green agricultural products to varying degrees [12,13]. In
terms of demand, there are differences in consumer demand and cognition in the market,
and consumers in some regions may have higher demand for green agricultural products;
meanwhile, in other regions, consumers’ cognition and acceptance of green agricultural
products may be low [14,15]. Therefore, under the influence of various factors, the output
and demand of green agricultural products are often accompanied by uncertainties, leading
to the risk of interruptions to the supply chain for green agricultural products [16–18]. The
management of the supply chain of green agricultural products involves many links from
farmers to consumers, including production, processing, transportation, storage, and sales.
Both output and demand are uncertain, and the main body of each link makes decisions
based on the principle of maximizing their own interests, which has a negative impact
on the operational efficiency of the supply chain. Supply chain coordination is the main
way to achieve supply chain management [19]. Given the double uncertainty of output
and demand, how can resources be allocated and inventory management be optimized to
improve supply chain returns? How can effective strategies and methods be developed to
improve the efficiency and flexibility of the supply chain and avoid the risk of supply chain
disruption? These problems need to be further studied and analyzed, in order to ensure
the sustainable operation of the green agricultural product supply chain.

By studying the uncertain characteristics of output and demand of green agricultural
products and their impact on the supply chain, it was found that when the output and
demand of green agricultural products face double uncertainty, this uncertainty often leads
to mismatches between the output and demand ends in the circulation process of green
agricultural products, thus restricting the overall operation efficiency of the supply chain of
green agricultural products. Based on game theory, this paper discusses how to coordinate
the “company + farmer” type green agricultural product supply chain. Considering the risk
aversion attitude of decision makers, this paper analyzes how to make optimal decisions
between centralized and decentralized companies and farmers based on the CVaR theory,
and puts forward a coordination mechanism for revenue-sharing contracts to enhance the
stability and operation efficiency of the supply chain, making the whole supply chain reach
the Pareto optimal. In particular, we want to answer and analyze the following questions:

1. How could a Stackelberg game model be used to analyze the optimal production decision
of farmers and the optimal order decision of companies in the “company + farmer” green
agricultural product supply chain under centralized and decentralized models?

2. Can revenue-sharing contracts improve the overall profits of the supply chain? What
is the impact of farmers’ risk aversion attitude on the supply chain?

3. What are the effects of revenue-sharing contracts on the greenness of agricultural
products and the expected profits of companies and farmers by numerical simulation?

The rest of this article is divided into several sections. We review the literature in
Section 2. In Section 3, we describe the problem definition and the basic model. In Section 4,
we examine how farmers and firms make optimal decisions in centralized and decentralized
models. We study the use of revenue-sharing contract coordination in Section 5. Section 6
provides numerical analysis to verify the validity of the model. In Section 7, we summarize
the article and suggest possible future research topics.

2. Literature Review

In today’s complex international environment, geopolitical conflicts, epidemics, infla-
tion, and other uncertain factors increase the risk of supply chain disruption [20,21]. Under
this uncertain environment, supply chain network design must be optimized, and optimal
decisions must be made based on the risks faced by the supply chain [22]. Understanding
agricultural product supply chain risk is based on the study of supply chain risk, and
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the research scope is limited to agricultural products. Scholars have defined the risk of
agricultural product supply chain as shown in Table 1.

Table 1. Definitions and types of agricultural product supply chain risk.

Representative Scholar Main Point

Imbiri S et al. [23]
Agricultural product supply chain risk is the uncertainty that
affects the main body and the target of agricultural product
supply chain.

Eremenko Vet al. [24]

It is believed that agricultural activities directly depend on
nature, climate, and geographical environment, which lead to
uncertainties of agricultural enterprises in the supply chain of
agricultural products.

Zhao G et al. [25]

The risk analysis of the agricultural product supply chain using
TISM and MICMAC methods reveals that weather and politics
are identified as the most critical factors disrupting the entire
supply chain process.

Sharma R et al. [26]

Agricultural supply chain can be divided into supply risk,
demand risk, financial risk, logistics and infrastructure risk,
management and operational risk, policy and regulatory risk,
and biological and environmental risk.

Bo Y et al. [27] Agricultural product supply chain risk is divided into internal
risk, external risk, and intermediate risk.

He Xuefeng et al. [28]
Agricultural supply chain risk is divided into environmental
risk, cooperation risk, demand risk, supply risk, logistics risk,
and information risk.

Wang W et al. [29]
The risk of green supply chain of agricultural products is
divided into internal risk and external risk, and the internal risk
is composed of organizational risk and quality safety risk.

Chauhan A et al., based on an ISM structural equation model and a DEMATEL decision
and evaluation model, concluded that the decisive factors that can improve the overall
income of an agricultural product supply chain are output and demand [30]. Therefore,
on the basis of understanding the supply chain of agricultural products, coordinating the
supply chain of agricultural products under the uncertainty of output and demand is deeply
studied. Shi Y and Wang F studied the impact of uncertain output and market demand on
the expected profit of each subject of the supply chain and the overall return of the supply
chain, and coordinated the supply chain by adjusting the revenue-sharing contract [31]. Giri
B C et al. studied a three-tier agricultural supply chain consisting of two suppliers and one
buyer. In the face of uncertain output and demand, fixed-price contracts and a new revenue-
sharing contract were adopted to coordinate the supply chain and avoid the risk of supply
chain disruption [32]. Chen T et al. studied the two-level agricultural product supply
chain composed of a manufacturer and a retailer under the dual uncertainty of output
and demand, adopted the mixed contract of “quantity discount + revenue sharing” to
coordinate the supply chain, and verified the coordination effectiveness through numerical
analysis [33]. Liu X et al. built a two-level agricultural supply chain composed of companies
and farmers under the uncertainty of agricultural production and market demand. In order
to coordinate the income distribution between the two sides of the supply chain, an income
distribution coordination mechanism based on income-sharing coefficient and margin
was proposed [34].

Research on the supply chain of green agricultural products mainly focuses on the
decision making and coordination of the supply chain. Su studied the model of “connecting
agriculture to supermarkets” and analyzed the optimal decision making of supermarkets
under different conditions based on Stackelberg game theory, and adopted “wholesale
price + order subsidy” to coordinate the supply chain and improve the profits of supply
chain subjects [35]. Tan constructed a secondary agricultural supply chain considering the
freshness and greenness of agricultural products, analyzed the optimal decision making of
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supply chain members via game theory, coordinated the supply chain through cost-sharing
contracts, and narrated the profit gap between producers and retailers [36]. Considering
consumer preferences, Hu Q et al. studied how farmers’ cooperatives, introducing online
channels and green brand building, make decisions under the dual-channel supply chain
and contractual cooperation model of green agricultural products [37]. Hu H et al. con-
structed a two-level green agricultural product supply chain of retailers and cooperatives,
in which cooperatives provided green input and retailers provided fresh-keeping input.
Based on a game analysis on whether fairness was considered, it was more beneficial to
consider the fairness of agricultural cooperatives [38]. Cao Y et al. constructed a green agri-
cultural product supply chain for cooperatives, enterprises, and environmentally sensitive
consumers, and concluded that the degree of greenness is decided jointly by cooperatives
and enterprises, and green efforts in the supply chain of cost-sharing contracts and buyback
contracts are adopted for decision making [39]. Cui L et al. constructed a two-level green
agricultural product supply chain composed of farmers and retailers, adopted a revenue-
sharing contract for coordination, and found that its effectiveness was positively correlated
with consumers’ green cognitive sensitivity [40].

Based on the application of conditional value-at-risk theory in agricultural supply
chains, some scholars use CVaR to describe the degree of risk avoidance to coordinate
agricultural supply chain. YE output and demand uncertainty set the wholesale price
of agricultural supply chain based on CVaR, and is affected by the interaction between
farmers’ risk aversion and yield uncertainty; meanwhile, the retail price is affected by the
interaction between demand uncertainty and price elasticity. Agricultural supply chains
with uncertain output and demand orders are coordinated under the mechanism of revenue
sharing and cost sharing [41]. Peng (2023) constructed a second-order agricultural supply
chain with risk-averse farmers and a risk-neutral company, used conditional value at
risk (CVaR) to obtain the optimal output of agricultural products, and introduced option
contracts to enable farmers to respond to the price fluctuation risks of agricultural products
by exercising their rights, in order to achieve supply chain coordination [42]. Liao C studied
a three-level agricultural supply chain composed of a risk-averse farmer, a risk-neutral
supplier, and a risk-averse retailer, and adopted three options contracts, wholesale price
contracts, and replenishment cost-sharing contracts under the CVaR criterion based on
random demand [43]. C Liao et al. built a three-level fresh product supply chain composed
of suppliers, distributors, and retailers, used CVaR to measure retailers’ decision making
in risk avoidance and preference, and adopted option contracts to coordinate the supply
chain. It was concluded that the aversion and preference towards retailers will not affect
the option strike price, but only the option purchase price of distributors and retailers [44].

To sum up, the main research object of agricultural supply chain coordination research
under the double uncertainty of output and demand is fresh agricultural products, and
there are few systematic studies on the green agricultural product supply chain under
the double uncertainty of output and demand; the risk avoidance degree of farmers is
not considered in the coordination analysis for green agricultural product supply chains.
Therefore, this paper takes green agricultural products as the research object, considers
their greenness, environmental protection, and other characteristics, adds greenness into
the Stackelberg game model, uses CVaR theory to consider the risk avoidance degree of
farmers, and deeply studies how to coordinate the supply chain to help supply chain
members make optimal decisions and improve the income of each subject in the supply
chain to achieve Pareto optimization.

3. The Basic Model
3.1. Problem Description

Considering the characteristics of green agricultural products themselves, the produc-
tion and sales of green agricultural products generally take leading processing enterprises
as the core supply chain model. Therefore, under the double uncertainty of output and
demand, this paper analyzes the “company + farmer” type green agricultural product
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supply chain, and establishes a basic model of a two-level green agricultural product
supply chain composed of a risk-averse farmer and risk-neutral company. The input of
farmers, the greenness of agricultural products, and the order quantity and price of the
company can be obtained under the maximum profit. At the same time, the supply chain
coordination decision-making model under the revenue-sharing contract is introduced to
consider the fixed costs of farmers’ farm tools and daily consumption. The cost of inputs
such as seeds, pesticides, fertilizers, and efforts to produce green agricultural products
are all expressed as the product of agricultural input and the production cost per unit
of agricultural input for farmers. Under the double uncertainty of output and demand,
two variables of farmers’ shortage loss and unit salvage value are added to the model.
Farmers and companies sign sales contracts; since the output is random, the actual output is
Y = µI, where µ is the random output rate of farmers, µ ∈ [0, A1]; A1 represents the upper
bound of the random variable; I is the agricultural inputs of farmers; and G(·) and g(·) are
the cumulative distribution and probability density function of green agricultural product
output. Thus, we put forward the following assumptions:

Assumption 1. The company is assumed to be risk-neutral and perfectly rational, with the
ultimate goal of maximizing expected profits. Farmers are risk avoiders, and the ultimate goal is
utility maximization.

Assumption 2. The farmer and the company sign a mutually agreed order based on their
expectations, which specifies the price of the purchased unit of green agricultural products at the end
of production (the order price); ω1, R(·) and r(·) are the cumulative distribution and probability
density function of ω1.

In addition, the stock loss of farmers is greater than the unit salvage value, that is,
Cr > Vs; the residual value of farmers’ unit surplus agricultural products is lower than the
unit production cost, that is, Cs > Vs, to ensure that farmers cannot obtain profits through
excessive production.

Assumption 3. The information of farmers and companies is symmetrical, and both farmers and
companies know the cost, income, and sales strategy of each other.

Assumption 4. Demand uncertainty is the biggest risk factor facing the company. In order to
consider the impact of greenness on market demand, the relationship of the market demand parameter
is x(p) = ap−bg, (a > 0, b > 0); F(·) and f (·) are the cumulative distribution of demand and the
probability density function. Market demand is considered as follows:

D(x) = x(p)ε

Among them, ε represents the market variables and random demand, ε ∈ [A, B].
Consider the existence of the following inventory factors:

z =
q

x(p)

Therefore, the corresponding order quantity can be rewritten as follows:

q = zx(p)

Therefore, the decision variable can be converted into the selling price p and the inventory
factor z.

Assumption 5. Market demand will decrease as the sales price increases, but if the greenness of
green agricultural products increases, the market demand will also increase.
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3.2. Income Function of Farmers and Companies

Based on the above assumptions, if the company does not provide any income contract
mechanism to coordinate farmers, the income function of farmers’ green agricultural
products is as follows:

πF(p, z, g,ω1) = ω1zx(p)− CsI − 1
2

kg2 (1)

The revenue function of the company’s green agricultural products is as follows:

πE(p, z, g) = pmin{q, D}+Vr[q − D]+ − Crq −ω1zx(p) (2)

Therefore, when the company cooperates with farmers, the revenue function of the
entire supply chain is the following:

π = pmin{q, D}+ Vr[q − D]+ − Crq − Cp[q − µI]+ − CsI − 1
2

kg2 (3)

Among them, pmin{q, D} represents the sales revenue of green agricultural products;
Vr[q − D]+ represents the company’s residual income; Crq is the company cost; Cp[q − µI]+

represents the backorder cost; CsI represents the input cost of farmers’ agricultural capital;
and 1

2 kg2 represents the production cost of green products, where k is the cost coefficient
of greenness and g is the greenness.

4. Decision-Making Model
4.1. Centralized Decision Model

In the case of centralized decision making, the whole green agricultural product supply
chain is taken as the research object, and the profit maximization of the whole supply chain
is taken as the decision-making goal. At this time, with the farmer and the company as a
whole, all the green agricultural products produced by the farmer are responsible for sales
by the company. According to the above model’s assumptions, the profit function of the
green agricultural product supply chain under the decision is described as follows:

π = pmin{zx(p), D}+ Vr[zx(p)− D]+ − Crzx(p)− Cp[zx(p)− µI]+ − CsI − 1
2

kg2 (4)

The definition is as follows:

S(q) = E(min(zx(p), D)) =
∫ q

0
Df(D)dD + zx(p)

∫ ∞

q
f(D)dD (5)

Since D represents the market size at p = 0, it conforms to the uniform distribution of
[α, β]. Therefore, the following uniform distribution can be obtained:[

α− εap−bg,β− εap−bg
]

Further, Formula (2) can be rewritten as follows:

S(q) =
1

β− α

[
zx(p)−

(
β− εap−bg

)
−

(zx(p))2 +
(
α− εap−bg

)2

2

]
(6)

Since the output factors of farmers conform to the uniform distribution of (0, 1), we
have the following:

S(q, I) = E(min(zx(p),µI)) = zx(p)− I
∫ q

I

0
G(y)dy = zx(p)− 1

2
(zx(p))2

I
(7)
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In the centralized decision-making mode, the expected return of the whole supply
chain is the following:

E(π) = pS(zx(p)) + Vr[zx(p)− S(q)]+ − Crzx(p)− Cp[zx(p)− S(q, I)]+ − CsI − 1
2 kg2

= (p − Vr)S(q) + (V r − CpS − Cr
)
zx(p)− CpS(zx(p), I)− CsI − 1

2 kg2 (8)

Below, the optimal solution conditions are used to find the optimal input, the opti-
mal retail price, the optimal order quantity, and the optimal greenness; thus, there are
the following:

dE(π)
dI

= 0

dE(π)
dp

= 0

dE(π)
dq

= 0

dE(π)
dg

= 0

dE(π)
dz

= 0

Then, we can obtain the following:

I* =

√
1
2

Cp

Cs
q* (9)

g* =
d
k

(
p − Cr −

√
2CpCs

)
(10)

The ratio of the company’s order quantity to the producer’s agricultural inputs is
as follows:

δ* =
q*

I* =

√
2Cs

Cp
(11)

With respect to the partial derivative of q, the optimal order quantity under centralized
decision making can be obtained as follows:

q* =
(
β− εap−bg*

)
−
[
(Cr − Vr) + 2

√
2CsCp

]
p − Vr

√
Cp

2Cs
(12)

Therefore, we obtain the following:

I* =

√
1
2

Cp

Cs

(β− εap−bg*
)
−
[
(Cr − Vr) + 2

√
2CsCp

]
p − Vr

√
Cp

2Cs

 (13)

Plug q* and g* into the following equation to obtain the following:

q*2
= 2q*

(
β− 2εa (p *

)−p
g* + kVr

)
−
(
α− kεa (p *

)−p
g*
)(

α− 3kεa (p *
)−p

g* + 2kVr

)
Using the equation above, we obtain p*. Therefore, when the distribution function of

the stock factor z is an increasing generalized failure rate function, the optimal stock factor
is z*, as follows:

z* =
q*

ap*−bg
(14)
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4.2. Decentralized Decision Model
4.2.1. Farmer Production Optimal Decision

When there is no coordination, the decision of the green agricultural supply chain is a
typical wholesale price contract decision. For realism, here we consider the Stackelberg
game in which farmers act first, and the information of the two is symmetric, namely, the
wholesale price of agricultural products. It is determined by the farmer according to the
company’s sales price response function. Farmers can determine the agricultural inputs
and greenness according to the market demand distribution function, and the company as
a follower decides the sales price and order quantity.

The profit function of farmers is as follows:

πs = ωzx(p) + Vs[µI − zx(p)]+ − Cp[zx(p)− µI]+ − CsI − 1
2

kg2 (15)

The profit function of farmers’ sales expectation is the following:

E(π s) =
(
ω− Cp

)
zx(p)−

(
Cp − Vs

)
S(q,µI) + VsµI − CsI − 1

2
kg2 (16)

According to the generalized definition of CVaR, the decision objective function for
farmers with risk avoidance characteristics to select production yield q can be described
as follows:

CVaR(πF(q, g)) = maxv∈R

{
v +

1
η

E(min(πs(q, g))− v, 0)
}

(17)

where v represents the value at risk at a given confidence level η. η ∈ (0, 1] represents the
degree of risk avoidance of farmers.

We define a function as follows:

f(q, g, v, δ, I, z) = v +
1
η

E(min(π(q, g))− v, 0)

Therefore, we obtain the following:

I* = argmaxI>0maxvf
(

q*, g*, v, δ*, I, z*
)

The ratio of the company’s order quantity to the producer’s agricultural inputs is
the following:

δ* = argmaxI>0maxvf
(

q*, g*, v, δ, I, z*
)

The optimal order quantity is the following:

q* = argmaxI>0maxvf
(

q, g*, v, δ*, I, z*
)

The optimal inventory factor is as follows:

z* = argmaxz>0maxvf
(

q*, g*, v, δ*, I*, z
)

The optimal greenness is the following:

g* = argmaxg>0maxvf
(

q*, g, v, δ*, I*, z*
)

Substitute (1) into the above formula to obtain the following:

f(q, g, v, δ, I, z) = v − 1
η

E(v − πF(p, z, g,ω1))
+ = v − 1

η

∫ p

ω1

(
ωzx(p)− CsI − 1

2
kg2
)+

dR(ω)
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where (z)+ = max{z, 0} represents the projection operator.
For fixed p, z, and g, maxvf(q, g, v, δ, I, z) can be discussed in three cases:
When v < ωzx(p)− CsI − 1

2 kg2,f(q, g, v, δ, I, z) = v, the ∂f(p,g,z,v)
∂v = 1 > 0

When ωzx(p)− CsI − 1
2 kg2 ≤ v < pzx − CsI − 1

2 kg2, the

f(q, g, v, δ, I, z) = v − 1
η

∫ p

ω1

(
ωzx(p)− CsI − 1

2
kg2
)

dR(ω)

Therefore, we have the following:

∂f(q, g, v, δ, I, z)
∂v

= 1 − 1
η

R(ω0)−
1
η

[
R

(
v + CsI + 1

2 kg2

zx

)
− R(ω0)

]
= 1 − 1

η
R

(
CsI + 1

2 kg2

zx

)

It is worth noting that in the following:

∂f(q, g, v, δ, I, z))
∂v v=ωzx(p)−CsI− 1

2 kg2
= 1 − 1

η
R(ω1)

∂f(q, g, v, δ, I, z)
∂v v=ωzx(p)−CsI− 1

2 kg2
= 1 − 1

η
R(ωh) = 1 − 1

η
< 0

When v ≥ pzx − CsI − 1
2 kg2, we obtain the following:

f(q, g, v, δ, I, z) = v − 1
η

∫ p

ω1

(
v − pzx + CsI +

1
2

kg2
)

dR(ω)− dR(ω)

Therefore, we obtain the following:

∂f(q, g, v, δ, I, z)
∂v

= 1 − 1
η

[
R

(
v + CsI + 1

2 kg2

zx

)]
= 1 − 1

η
< 0

Let v* be the optimal yield because f(p, g, z, v) is a concave function of v, which can be
obtained according to the above three cases as follows:

v* =

{
ωzx(p)− CsI − 1

2 kg2 if ω1 ≥ R−1(η)
R−1(η)zx − CsI − 1

2 kg2 else

By introducing v*, the optimal retail price and greenness distribution of farmers can
be obtained, and the optimal agricultural input volume, greenness, and optimal wholesale
order price of farmers, respectively, are the following:

I* =

√
1
2

Cp − Vs

Cs−Vsµ

((
β− 2εa (p *

)−p
g*
)
− (ω+ Cr − Vr)(β− α)

p − Vr

)
(18)

g* =
1
k

(
(ω− Vs)d −

√
2
(
Cp − Vs

)
(Cs−Vsµ)

)
(19)

The best order wholesale price is as follows:

ω* = CsI* +
1
2

kg*2 − VsµI* (20)

4.2.2. Company Pricing Optimal Decision

The profit function of the firm is the following:

πr = pmin{q, D}+ Vr[q − D]+ −ωq − Crq (21)
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where ωq represents the procurement cost.
The profit function of sales expectation is as follows:

E(π r) = (p − Vr)S(q)− (ω− Vr + Cr)q (22)

Making use of the following:
dE(π)

dp
= 0

dE(π)
dq

= 0

The optimal order quantity of the company can be obtained as follows:

q* =

(
β− 2εa (p *

)−p
g*
)
− (ω+ Cr − Vr)(β− α)

p − Vr
(23)

Plug q* and g* into the following equation:

q*2
= 2q*

(
β− 2εa (p *

)−p
g* + kVr

)
−
(
α− kεa (p *

)−p
g*
)(

α− 3kεa (p *
)−p

g* + 2kVr

)
Using the above equation, we obtain p*.
Therefore, the following results:

p* =
aβ

a − 1
(ω+ Cr − Vr)(β− α)

p − Vr
(24)

5. Revenue-Sharing Coordination Mechanism

First of all, the company determines the sales price from the perspective of maximizing
the overall benefits of the supply chain. The advantage of this is that it can stimulate the
consumer market and satisfy consumers with green agricultural products at a lower price.
After negotiation, farmers also sell green agricultural products to the company at a lower
wholesale price. Secondly, the company needs to share the income from the sale of the
product to the market with the farmers according to a certain proportion. λ represents the
share proportion retained by the company from its sales revenue. The share proportion
of farmers is 1 − λ. Through the change in the profit-sharing coefficient, the agricultural
input of farmers, the greenness of agricultural products, the order quantity of the company,
and the retail price, agricultural products will change with the change in the profit-sharing
coefficient, finally affecting changes in their respective expected profits.

The profit function of the firm after the introduction of the contract is the following:

πr = λpmin{q, D}+ Vr[q − D]+ −ωq − Crq (25)

The profit function of sales expectation is as follows:

E(π r) = (λp − Vr)S(q)− (ω− Vr + Cr)q (26)

Making use of the following:
dE(π)

dp
= 0

dE(π)
dq

= 0

The optimal order quantity of the company can be obtained as follows:

q* =

(
β− εa (p *

)−p
g*
)
− (ω+ Cr − Vr)(β− α)

λp − Vr
(27)
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Plug q* and g* into the following equation to obtain the following:

λq*2
= 2q*

(
λ

(
β− 2kεa (p *

)−p
g
)
+ kVr

)
−
(
α− kεa (p *

)−p
g
)(

λ

(
α− 3kεa (p *

)−p
g
)
+ 2kVr

)
Using the equation above, we obtain p*.
After introducing the contract, the profit function of farmers is the following:

πs = (1 − λ)pmin{q, D}+ωq + Vs[µI − q]+ − Cp[q − µI]+ − CsI − 1
2

kg2 (28)

The profit function of sales expectation is as follows:

E(π s) = (1 − λ)pS(q) +
(
ω− Cp

)
q −

(
Cp − Vs

)
S(q,µI) + VsµI − CsI − 1

2
kg2 (29)

Making use of the following:
dE(π)

dI
= 0

dE(π)
dg

= 0

The optimal agricultural investment amount and greenness of the company can be
obtained as follows:

I* =

√
1
2

Cp − Vs

Cs−Vsµ

((
β− 2εa (p *

)−p
g*
)
− (ω+ Cr − Vr)(β− α)

λp − Vr

)
(30)

g* =
1
k

(
d(1 − λ) + (ω− Vs)d −

√
2
(
Cp − Vs

)
(Cs−Vsµ)

)
(31)

Under the circumstance that the output and demand of green agricultural products
are uncertain, the purpose of introducing a benefit-sharing contract in the above model is
to make farmers and companies no longer make decisions with the goal of maximizing
their own interests, but instead tend to follow a centralized decision-making mode. While
improving the overall interests of the supply chain, it also improves the interests of farmers
and companies. We make use of the following:

(
β− εap−bg

)
− (ω+ Cr − Vr)(β− α)

λp − Vr
=
(
β− εap−bg

)
−
[
(Cr − Vr) + 2

√
2CsCp

]
p − Vr

√
Cp

2Cs

Thus, when the share proportion is the following:

λ =
Vr

p
+

(ω+ Cr − Vr)(p − Vr)

p
[
(Cr − Vr) + 2

√
2CsCp

] (32)

Order volume has reached coordination.
When we have the following:√

1
2

Cp − Vs

Cs−Vsµ

((
β− εap−bg

)
− (ω+ Cr − Vr)(β− α)

λp − Vr

)
=

√
1
2

Cp

Cs

(β− εap−bg
)
−
[
(Cr − Vr) + 2

√
2CsCp

]
p − Vr

√
Cp

2Cs


Then, the share proportion becomes the following:

λ =
Vr

p
+

1
p

(ω+ Cr − Vr)(β− α)(
β− εap−bg

)(
1 −

√
1
2

Cp(Cs−Vsµ)

Cs(Cp−Vs)

)
+

[(Cr−Vr)+2
√

2CsCp]
p−Vr

√
1
2

Cp(Cs−Vsµ)

Cs(Cp−Vs)
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The amount of agricultural capital input of farmers has reached coordination.
When we have the following:

1
k

(
d(1 − λ) + (ω− Vs)d −

√
2
(
Cp − Vs

)
(Cs−Vsµ)

)
=

1
k

(
(ω− Vs)d −

√
2
(
Cp − Vs

)
(Cs−Vsµ)

)
And then, the share proportion is as follows:

λ =
Cr +ω− Vs +

√
2CpCs

p
−

√
2
(
Cp − Vs

)
(Cs−Vsµ)

pd

The greenness is in harmony.

6. Numerical Analysis

In order to analyze the role of the overall coordination mechanism, consider the
parameter assignments as shown in Table 2.

Table 2. Parameter assignments.

Argument Numerical Value Argument Numerical Value

µ1 0.4 Cs 4
k 4 Vs 2

Cp 20 ω 21
Cr 6 Vr 3
d 1 a 2
α 60 β 90

According to the parameter assignments in Table 2, they are substituted into the green
agricultural product supply chain Jupiter under uncertain output and demand. Through
calculation, it can be seen that the company’s selling price is 27.2 in the decentralized
decision-making state. The order quantity from farmers is 6.9; the amount of agricultural
input of farmers is 14.2; and the greenness of agricultural products is 2.7. In the central-
ized decision-making state, the selling price of sellers is 29.2, and the order quantity of
farmers is 24.4. The agricultural input of farmers is 35.2, and the greenness of agricultural
products is 2.9.

Under centralized decision making, the expected profit of the agricultural supply chain
is 92.3. In decentralized decision making, the expected profits of farmers and sellers are
43.1 and 9.3, respectively, and the expected profit of the agricultural product supply chain
is 52.4. According to the calculated numerical results, when the green agricultural product
supply chain is under centralized decision making, the greenness of the product, the selling
price, the order quantity, and the agricultural input quantity are all better than those under
decentralized decision making, which is also in line with the theory because the centralized
decision making is the result under ideal conditions and can be used as a reference for
the decision making of farmers and companies. In decentralized decision making, on the
one hand, farmers are reluctant to increase the input of agricultural materials due to the
uncertainty of output and demand; on the other hand, sellers face the same problem and
order smaller quantities to reduce their own risks. After the introduction of the revenue-
sharing contract, within a reasonable revenue-sharing coefficient range, set the range as
0.75 ≤ λ ≤ 0.8 of λ and take 0.01 as the step to calculate the corresponding value of each
decision variable and the profit of the supply chain.

6.1. The Influence of Income-Sharing Coefficient on the Profits of Farmers and Companies

Figure 1a,b show that with an increase in the income-sharing coefficient, the profits of
both farmers and companies show an upward trend. We hypothesize that the wholesale
price is determined by the farmer according to the company’s price response function.
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After introducing the revenue-sharing contract, the selling price also decreased to a certain
extent. Although the wholesale price of farmers is lower than that of decentralized decision
making, the company’s order quantity from farmers increased, and farmers were willing to
increase their input of agricultural resources, so the profits of farmers and companies show
an upward trend. This is also in line with the actual situation. Within a reasonable range
of the income-sharing coefficient, the greenness of green agricultural products is higher
than that of ordinary agricultural products, and the sales price is lower than before the
introduction of the contract, which stimulates the consumption desire of consumers and
promotes increases in the profits of farmers and companies.
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6.2. Effect of Income-Sharing Coefficient on Greenness of Agricultural Products

As can be seen from Figure 2, the greenness of agricultural products in centralized
decision making is in a higher state than that in decentralized decision making. This is
because decentralized decision making requires more green costs to improve the greenness
of agricultural products, so farmers make decisions based on the principle of maximizing
their own interests and are reluctant to increase green production costs. After the intro-
duction of the revenue-sharing contract, when the income of farmers from the company
decreases with the increase, the greenness of agricultural products will be further affected.
This is also in line with the reality. For farmers, in order to maintain a profitable state,
farmers will choose to reduce the greenness of agricultural products to reduce costs.
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6.3. Effect of Income-Sharing Coefficient on Order Quantity and Agricultural Input Quantity

It can be seen from Figure 3a,b that when farmers and companies agree to introduce
the revenue-sharing contract, both the input of agricultural capital and the ordered quantity
of green agricultural products show a rising trend. This result not only meets the demand of
market consumers for green agricultural products, but also meets the necessary conditions
for the profit growth of farmers and sellers, forming a good trend of farmers increasing their
agricultural input and companies increasing their orders. In real life, when the two reach a
sales agreement, the company receives a lower wholesale price, and inevitably increases the
quantity of green agricultural products ordered; Farmers will also increase their agricultural
inputs to meet the company’s increased orders, forming a virtuous circle.
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7. Discussion and Conclusions

The internal and external environments of the supply chain for green agricultural
products is complex, and its ability to resist natural risks and market risks is poor. In
addition, the supply chain for green agricultural products contains a large number of
subjects, and the chain is long. When signing and executing contracts, some subjects in the
chain have opportunistic tendencies, and there are problems of low operational efficiency
in the supply chain system. Under the double uncertainty of output and demand, the
output end and demand end of the supply chain of green agricultural products face an
imbalance phenomenon, which leads to the risk of interruptions to the supply chain of
green agricultural products. On this basis, this paper constructed a Stackelberg game model
of “firm + farmer” green agricultural product supply chain and introduced CVaR theory
to study the coordination mechanism of a green agricultural product supply chain under
the double uncertainty of output and demand, considering the risk avoidance degree of
farmers. The benefit-sharing contract was used to coordinate the supply chain. After the
coordination, the income of farmers, the income of companies, and the income of the whole
supply chain improved to different degrees, so that the supply chain was able to reach the
Pareto optimal. The effectiveness of the model was verified through numerical simulation.

In theory, this paper provides a new perspective for the study of green agricultural
product supply chain coordination. Currently, the study of agricultural product supply
chains mainly focuses on the supply chain of fresh agricultural products, with few studies
on issues related to green agricultural product supply chains. Most research on supply
chain coordination focuses on the coordination of multi-agent supply chains, price, and
service competition under random demand. From the perspective of double uncertainty of
output and demand, this paper combined theory with practice to analyze the sustainable
operation mechanism of a green agricultural product supply chain under the uncertainty of
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production and demand, and to some extent filled gaps in terms of coordinating the green
agricultural product supply chain under the uncertainty of production and demand.

The results show that the greenness, selling price, order quantity, and input quantity of
green agricultural products are better than those parameters under decentralized decision
making. In decentralized decision making, farmers are reluctant to increase their input of
agricultural materials due to the double uncertainty of output and demand, and companies
also order smaller quantities to reduce their own risks. After introducing a revenue-sharing
contract, the selling price also decreases to a certain extent, and the company increases
the quantity of its orders from farmers. Within a reasonable range of the revenue-sharing
coefficient, the greenness of green agricultural products is higher than that of ordinary
agricultural products, and the selling price is lower than before the introduction of the
contract; this stimulates the consumption desire of consumers and can increase the profits
of farmers and companies. The greenness of agricultural products in centralized decision
making is higher than that in decentralized decision making. The introduction of revenue-
sharing contracts can increase the agricultural capital input of farmers and the amount
of green agricultural products ordered by companies. After coordination, farmers and
companies no longer make decisions to maximize their own interests, but tend to follow a
centralized decision-making mode. Through numerical simulation analysis, it was verified
that the revenue-sharing contract improved the overall incomes of farmers, companies,
and the supply chain, making the supply chain reach the Pareto optimal; thus, the overall
operation efficiency and stability of the supply chain improved.

Under the double uncertainty of output and demand, there are still many problems in
operating a green agricultural products supply chain, which lead to the risk of interruptions
to the supply chain. This paper analyzed a supply chain of green agricultural products in
the form of “company + farmer”, but there are some limitations. In future research, we can
consider how to coordinate the dual-channel supply chain with the double uncertainty of
output and demand. In addition, on the basis of the existing research on the “bullwhip
effect” and the “robustness model”, the future focus will be on the study and measurement
of supply chain stability and the stability of the supply chain of green agricultural products
under the uncertainty of output and demand. In the future, we can further evaluate the
performance of green agricultural products supply chains under the uncertainty of output
and demand, in order to improve their overall efficiency.
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