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Abstract: Bank and e-commerce financing strategies are the main ways for farmers to solve the
problem of capital shortage. Aiming at the uncertainty risk of the output of the agricultural product
supply chain, we consider the risk attitudes of farmers; construct the Stackelberg game model under
different financing strategies to obtain the optimal decision of e-commerce and farmers; and explore
the expected output factors, the degree of farmers’ risk aversion, e-commerce’s interest rates on the
decision-making results. Our research found that farmers with low-risk aversion prefer to choose the
e-commerce financing strategy when the e-commerce’s interest rates are lower. In addition, farmers’
risk-averse attitudes lead to lower equilibrium decision-making between farmers and e-entrepreneurs,
which is not conducive to the interests of e-commerce and farmers. A higher expected output factor
reduces farmers’ production inputs and e-commerce purchase price. When the expected output factor
is low, the decision of whether e-commerce provides financing services to farmers is only affected by
interest rates, and lower interest rates create more value for e-commerce.

Keywords: financing strategy; risk aversion; CVaR; optimal decision

1. Introduction

There is a lot of capital invested in the early stage of agricultural production and
planting, and farmers are therefore subject to financial constraints [1]. With the rapid
development of agricultural product supply chains, the problem of farmers’ financial con-
straints in the early stages of agricultural production and planting has become increasingly
serious [2]. The traditional financing method for farmers is to borrow from banks [3],
but due to insufficient collateral for farmers, their loans from banks are limited. To solve
the problem of financing difficulties, e-commerce companies—as retailers within the sup-
ply chain—provide financing services for farmers [4], such as Jingnongdai from JD.com,
Wangnongdai from Alibaba, and Huinongdai from Suning. The e-commerce financing
model can realize a synergy between online and offline resources and reduce supply
chain costs.

However, agriculture is significantly affected by natural factors such as weather
and climate [5], and the supply chain of agricultural products carries the risk of output
uncertainty [6]. In practice, farmers’ production and operation scales are small, and they are
risk-averse to output uncertainty [7,8]. Farmers’ risk-averse attitude affects the equilibrium
decision-making of supply chain members [9].

Issues such as agricultural supply chains and supply chain finance have been widely
discussed theoretically [10–12]; but to the best of our knowledge, there are few studies
on financing options for agricultural supply chains. In practice, the risk-averse attitude
of farmers not only affects their decision-making on production input, but the optimal
decision of e-commerce as a member of the supply chain is also affected by the risk attitude
of farmers. Existing theories and practices ignore the impact of farmers’ risk attitudes on
their choice of agricultural supply chain financing strategies. Therefore, this study aimed
to bridge this gap by addressing the following questions:
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(1) When considering farmers’ risk attitudes, what are the optimal decisions of e-
entrepreneurs and farmers under different financing strategies?

(2) How do factors such as farmers’ risk aversion, expected output factors, and e-
commerce’s interest rates affect the formulation of optimal decisions?

(3) How do farmers choose their financing strategies?
To answer these questions, this study focuses on agricultural supply chains that consist

of e-commerce companies and capital-constrained farmers. Farmers have two financing
strategies: bank financing (farmers obtain loans from banks) and e-commerce financing
(farmers obtain loans from e-commerce). We reveal the optimal decision for the supply
chain of agricultural products under the influence of farmers’ risk attitudes and other
factors. We then obtain the financing preferences of farmers by comparing and analyzing
the profit models under different financing strategies.

Our study contributes in three ways. First, farmers’ risk-averse attitudes affect the
supply chain’s overall decision making. We apply the CvaR method to study how farmers
with uncertain output risks determine production decisions when their capital is limited
to fill the gap in previous studies. Second, we analyze the influence of factors—such as
farmers’ risk attitudes—on the optimal decision-making of agricultural product supply
chains. Finally, e-commerce companies were introduced into supply chain finance pro-
grams. In the cases of bank financing strategy (BF) and e-commerce financing strategy
(RF), we innovatively explore the impact of farmers’ risk preferences and other factors
on farmers’ financing preferences and help farmers with financial constraints to choose
the best financing plan, which is an area to be explored. We find that farmers with low
risk aversion prefer to choose the e-commerce financing strategy when the e-commerce’s
interest rates are low. In addition, the risk-averse attitude of farmers will lead to lower
equilibrium decisions of farmers and e-commerce, which is not conducive to the benefits of
farmers and e-commerce. A higher expected output factor reduces the production input of
farmers and the purchase price of e-commerce products. When the expected output factor
is low, the financing strategy of e-commerce is only affected by the interest rate, and the
lower interest rate will create more value for e-commerce.

The remainder of this paper is organized as follows. The relevant literature is sum-
marized in Section 2. A description of the model and its assumptions are presented in
Section 3. The optimal BF and RF strategies are described in Section 4. Section 5 presents
the numerical analysis. Section 6 presents the conclusions and management insights. All of
the proofs are provided in Appendix A.

2. Literature Review
2.1. Agricultural Product Supply Chain

The uncertainty of output in the agricultural product supply chain is a risk that is
difficult to grasp in agricultural production decision making. Natural disasters such as
climate change will lead to a reduction in agricultural production, which is the main
factor affecting the agricultural product market [13–15]. Assouto et al. also confirmed that
weather-induced uncertainty in agricultural output increases market price volatility [16].
Therefore, scholars have focused on the impact of output uncertainty on supply chains in
related research on agricultural supply chains. For example, Liu, Deng and Shi et al. studied
the problem of agricultural supply chain coordination under stochastic output [17,18].
Wang et al. studied the impact of adverse weather on optimal decision-making in the
supply chain of agricultural products [19].

This demonstrates the importance of considering random output in the agricultural
supply chain. However, the above studies mainly focused on the impact of output uncer-
tainty on the decision making of supply chain operations, and few studies have considered
the problem that farmers’ production is constrained by funds. During the operation of the
agricultural product supply chain, the optimal decision of the supply chain will inevitably
be affected when the farmers are constrained by funds; therefore, the operational decision
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of the agricultural product supply chain without considering financial constraints may not
be the optimal decision.

2.2. Supply Chain Finance

With the rapid development of Internet technology, the integrated development of
supply chain finance and Internet technology has produced a supply chain finance model
with the participation of e-commerce, and its related theoretical research has also received
extensive attention. Chen et al. proposed an online supply chain financing model based
on commodity mortgages [20]. To evaluate dynamic credit lines and provide timely and
efficient financing services for supply chain members, Cai et al. compared and analyzed
the optimal decision-making and profit of each member of the supply chain under the
traditional financing model and e-commerce financing model, emphasizing that the online
supply chain financing strategy is more conducive to improving business efficiency [21–24].
Furthermore, Tao et al. found that supply chain finance can effectively reduce the cost
in the supply chain and improve the efficiency of the supply chain through the use of
digital applications and technologies such as e-commerce platforms and the Internet of
Things [25]. From the perspective of development trends, an e-commerce financing strategy
will become an important driving force for solving agricultural financing problems and
aiding agricultural revitalization.

The above studies seldom considered the characteristics of agriculture. Furthermore,
they are all based on the assumption that the decision maker is risk-neutral. The practice
shows that farmers’ production scales are generally small, and their ability to resist risks is
weak. In the production process of agricultural products, farmers are prone to the risk of
yield uncertainty, which often leads to their risk appetite being risk averse.

2.3. Risk Measurement Method

At this stage, scholars mainly use mean variance [26], value-at-risk [27], and condi-
tional value-at-risk [28] methods to describe the risk-aversion behavior of supply chain
members. Markowitz first proposed measuring the return using the mean value and mea-
suring the risk using the variance [29], which made a qualitative leap in the development
of financial investment. However, because the mean-variance method treats the upper
and lower deviations from the mean equally, it has the disadvantage that it cannot accu-
rately describe the avoidance behavior of decision makers with different preferences. The
VaR method defines the maximum loss faced by decision makers at a certain confidence
level. It is highly generalized, concise, and easy to understand, and is also suitable for
decision-makers to understand the overall level of a bank’s market risk. This approach has a
limited effect on specific risk management processes such as price volatility sensitivity [30].
Since then, the conditional value-at-risk method has been derived, which overcomes the
shortcomings of the above methods and has certain advantages, helping decision-makers
understand the maximum risks and losses that may occur. It has also been widely used
by scholars in academic research. Ye et al. studied the decision-making problem of an
agricultural product supply chain composed of risk-averse farmers and risk-neutral com-
panies based on the CVaR criterion [31]. Huang et al. used the conditional value-at-risk
(CVaR) method to characterize the risk attitude of manufacturers and analyzed the optimal
strategy for each member of the supply chain [32].

The above research shows that the CVaR method can accurately assess the risk prefer-
ence of decision-making entities in the supply chain, but it does not consider the influence of
the characteristics of the agricultural supply chain and financing strategies on equilibrium
decision-making. It is undeniable that the output uncertainty risk of agricultural products
and farmers’ preferences and financing rates are both important factors influencing the
optimal decision of each member of the supply chain.
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3. Model Description and Assumptions
3.1. Model Description

E-commerce and farmers form secondary agricultural product supply chains. We
use the Steinberg game model. At this time, e-commerce are the leaders and farmers are
followers. The decision-making sequence is as follows: 1© In the early stage of agricultural
product planting (t = 0), the e-commerce company sets the purchase price w according
to the agricultural product market. 2© The farmer determines the input quantity q for
agricultural product production according to the purchase price. 3© According to the
production cost, the farmer lends money to the bank at the interest rate r0 or to the e-
commerce business at re, and the money is only used for the production of agricultural
products. 4© After the production of agricultural products (t = 1), they are traded between
e-commerce and farmers. If farmers choose to borrow money from e-commerce in the early
stage of production, e-commerce must deduct the principal and interest of the loan and
deliver the remaining purchase money to the farmers. If farmers choose bank loans, they
will repay the loan principal and interest to the bank after receiving all purchase money.

5© After the end of the sales season (t = 2), the e-commerce company receives all the sales
revenue from agricultural products.

The difference between the e-commerce financing strategy and the bank financing
strategy is that when e-commerce participates in financing, in addition to being the fund
provider for farmers, it is also responsible for the purchase and sale of agricultural products,
and its interest rate affects the optimal decision making of supply chain members. The
specific operational processes of the different financing modes are shown in Figures 1 and 2.
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3.2. Assumptions

Before constructing the decision-making model of the agricultural product supply
chain under different financing modes, this study proposes the following basic assumptions:

A1—The initial capital of farmers in the initial stage of agricultural product planting
is zero. Jing et al. also made the same assumption [33].

A2—The moral hazard of e-commerce and farmers is not considered, that is, e-
commerce and farmers will not subjectively default.
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A3—Assume that all rates are annualized rates, the loan term is 1 year, and the time
value of funds is not considered.

A4—Drawing on the results of Nasiri et al. [34], it is assumed that the production cost
of agricultural products is C(q) = 1

2 cq2, where c is the production effort cost coefficient of
farmers. Under the bank financing strategy, the production cost of farmers is 1

2 cq2(1 + r0).
Under the e-commerce financing strategy, the production cost of farmers is 1

2 cq2(1 + re),
where r0 is the bank’s interest rate. re is the interest rate of e-commerce.

A5—According to the actual situation of agricultural production, it is assumed that
the output of agricultural products is Q = µq, where µ is the output factor of agricultural
products, which is a continuous, non-negative random variable. The probability density
function and cumulative distribution function are f (.) and F(.), respectively. At the same
time, E(µ) = µ0 and D(µ) = δ2.

A6—According to the supply and demand relationship under market economy con-
ditions, the uncertainty of the output of agricultural products will affect the supply of
agricultural products, and then affect the market prices of agricultural products. There-
fore, it is assumed that the inverse demand for agricultural products is linear—namely,
p = a− bqµ—where a represents the suffocation price; that is, if the sales price of agricul-
tural products is greater than a, consumers will not buy. b represents consumers’ price
sensitivity to agricultural products. Boyabatli et al. [35] made the same assumption [34].

A7—Assuming that the output of agricultural products Q is all sold, and there is no
residual at the end of the period.

A8—The research by domestic and foreign scholars has proved that farmers’ risk
preference is highly risk-averse due to the low income of farmers and their poor ability to
resist risks. Therefore, this study assumes that farmers are risk-averse.

A9—The cost of capital for e-commerce is the same as the bank’s risk-free rate (Kou-
velis et al.) [36].

For the convenience of subsequent discussions, note that BF stands for bank financing
strategy, RF for e-commerce financing strategy, f for farmers, and e for e-commerce.

4. Financing with Bank or E-Commerce
4.1. Bank Financing Strategy (BF)

According to the general definition of CVaR, the decision-making objective function
of farmers with risk-averse attitudes is

CVaR
[
πBF

f (q)
]

q≥0

= max
v∈R

{
v +

1
η

E

[(
wqµ− 1

2
(1 + r0)cq2 − v

)−]}
(1)

Among them, v represents the quantile of the random output factor and η represents
the risk aversion coefficient of farmers. The larger the value of η, the lower the risk aversion
of farmers. The value of η equals 1, which means that farmers are risk-neutral.

In the bank financing model, e-commerce is responsible only for the purchase and sale of
agricultural products. At this time, the decision-making objective function of e-commerce is

πBF
e = (p− w)qµ (2)

From this, the expected revenue function of e-commerce can be rewritten as

EπBF
e = (a− w)qµ0 − bq2

(
µ2

0 + δ2
)

(3)

Combining Equations (1) and (3), the reverse induction method is used to solve the
expected return function of e-commerce and risk-averse farmers, and the equilibrium
decision of e-commerce and farmers under the bank financing strategy is obtained.
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Theorem 1. Under the bank financing strategy, risk-averse farmers and risk-neutral enterprises
make balanced decisions to maximize their own interests. The e-commerce’s decisions on the purchase
price of agricultural products and farmers’ production inputs are as follows:

wBF∗ =
acµ0η(1 + r0)

2b
(
µ2

0 + δ2
)∫ F−1(η)

0 µ f (µ)dµ + 2cµ0η(1 + r0)
(4)

qBF∗ =
aµ0
∫ F−1(η)

0 µ f (µ)dµ

2b
(
µ2

0 + δ2
)∫ F−1(η)

0 µ f (µ)dµ + 2cµ0η(1 + r0)
(5)

At this time, the optimal benefits of farmers and e-commerce are:

CVaR
[
π

BF∗
f (q)

]
=

c(1 + rb)
[

aµ0
∫ F−1(η)

0 µ f (µ)dµ
]2

2
[
2b
(
µ2

0 + δ2
)∫ F−1(η)

0 µ f (µ)dµ + 2cµ0η(1 + r0)
]2 (6)

EπBF∗
e =

a2µ2
0
∫ F−1(η)

0 µ f (µ)dµ

4
[
b
(
µ2

0 + δ2
)∫ F−1(η)

0 µ f (µ)dµ + cµ0η(1 + r0)
] (7)

4.2. E-Commerce Financing Strategy (EF)

Under the e-commerce financing strategy, the decision-making objective function of
farmers with a risk-averse attitude is

CVaR
[
πRF

f (q)
]
= max

{
v +

1
η

[(
wqµ− 1

2
(1 + re)cq2 − v

)]−}
(8)

The income structure of farmers under the e-commerce financing strategy is the same
as that under the bank financing strategy, the difference is the interest rate value.

At this time, the decision-making objective function of risk-neutral e-commerce is

πRF
e = (p− w)qµ +

1
2
(re − r0)cq2 (9)

Under e-commerce financing strategy, the income structure of e-commerce has changed.
In addition to obtaining income from the sale of agricultural products (p− w)qµ, they ob-
tain loan income by providing financing services to farmers ( 1

2 (re − r0)cq2).
Substitute p = a− bqµ, E(µ) = µ0, and D(µ) = δ2 into Equation (9). The expected

profit function of e-commerce can be rewritten as

EπRF
e = (a− w)qµ0 − bq2

(
µ2

0 + δ2
)
+

1
2
(re − r0)cq2 (10)

Theorem 2. Under the e-commerce financing strategy, the e-commerce’s decision on the purchase
price of agricultural products and the farmers’ production input decision are as follows:

wRF∗ =
acµ0η(1 + re)

2b(µ02 + δ2)
∫ F−1(η)

0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c
∫ F−1(η)

0 µ f (µ)dµ
(11)

qRF∗ =
aµ0
∫ F−1(η)

0 µ f (µ)dµ

2b(µ02 + δ2)
∫ F−1(η)

0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c
∫ F−1(η)

0 µ f (µ)dµ
(12)

At this time, the optimal income of farmers and e-commerce are:
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CVaR
[
πRF∗

f (q)
]
=

c(1 + re)
[

aµ0
∫ F−1(η)

0 µ f (µ)dµ
]2

2
[
2b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c

∫ F−1(η)
0 µ f (µ)dµ

]2 (13)

EπRF∗
e =

a2µ2
0

∫ F−1(η)
0 µ f (µ)dµ

2
[
2b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c

∫ F−1(η)
0 µ f (µ)dµ

] (14)

Corollary 1. With the increase in the expected output factor, the production input of farmers and
the purchase price decision of e-commerce in the two financing strategies first increase and then
decrease, and the income of farmers first increases and then decreases, while the income of e-commerce
always increases.

Corollary 1 shows that the decision-making of farmers’ production input is largely
affected by the expected output factor of agricultural products due to the uncertainty
of the output of agricultural products, which in turn affects the income of farmers and
e-commerce. Therefore, it is necessary to conduct research on agricultural supply chain
financing decision making considering farmers’ risk-aversion attitudes.

Corollary 2. When considering the risk attitude of farmers, the equilibrium strategies under the
two financing strategies are to reduce the production input and increase the purchase price of
agricultural products.

Corollary 2 shows that a high degree of risk aversion of farmers leads to low acceptance
of the results of risks, and it is difficult for them to expand the production scale in the early
stages of production and planting of agricultural products. To stimulate farmers to increase
production scale, e-commerce must increase the purchase of agricultural products. When
the purchase price rises, the production cost of e-commerce increases, and its order quantity
decreases accordingly, which is not conducive to the expansion of the production scale
of agricultural products, thus forming a vicious circle. This reduces the robustness of the
agricultural product supply chain and increases the difficulty of supply chain management.
It can be seen that considering the risk attitude of farmers is crucial to e-commerce and
farmers’ decision-making.

Corollary 3. The expected returns of e-commerce firms and farmers under different financing
strategies are both decreasing functions of farmers’ risk aversion.

Corollary 3 shows that whether it is an e-commerce financing strategy or bank fi-
nancing strategy, the higher the risk aversion of farmers, the lower the profitability of
e-commerce and farmers. E-commerce companies cannot obtain more value if they do not
consider the risk attitudes of farmers when formulating optimal strategies.

4.3. Comparative Analysis

Corollary 4. When 2ηµ0 >
∫ F−1(η)

0 µ f (µ)dµ, qRF∗ − qBF∗ > 0.

Corollary 4 shows that only when the risk aversion degree and expected output factor

of farmers meet 2ηµ0 >
∫ F−1(η)

0 µ f (µ)dµ can e-commerce providing financing services
for farmers at a lower interest rate stimulate farmers to expand their production scale;
otherwise, the e-commerce financing model will be unfavorable for farmers to expand their
production scale. E-commerce provides financing services for risk-averse farmers at lower
interest rates, which not only relieves farmers’ financial constraints but also reduces their
production costs. In other words, even if farmers are more sensitive to the risk of output
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uncertainty, they will still appropriately expand their production scale when e-commerce
provides them with lower-interest-rate financing services.

Corollary 5. When re > r0, wRF∗ − wBF∗ > 0.

Corollary 5 shows that whether the e-commerce financing strategy is conducive to
enhancing the e-commerce’ ability to negotiate the purchase price is only affected by the
e-commerce interest rate and bank interest rate, and has nothing to do with the risk aversion
of farmers and the expected output factor. That is, when re > r0 is used, the purchase
price of agricultural products under the e-commerce financing strategy is higher than that
under the bank financing strategy. Although the e-commerce financing strategy solves
the problem of farmers’ financial constraints, it does not necessarily improve e-commerce
negotiation ability. To avoid higher interest rates from dampening farmers’ enthusiasm
for production and planting, e-commerce will be willing to increase the purchase price of
agricultural products. Regardless of the degree of risk aversion and expected output of
farmers, as long as the interest rate of e-commerce is higher than the bank interest rate, the
purchase price of agricultural products needs to be increased for e-commerce financing.
This is because, even if the risk aversion and expected output of farmers are small, the
higher the e-commerce financing interest rate, the higher the production cost for farmers.
Therefore, raising the purchase price of agricultural products through e-commerce can
encourage farmers to expand their scale of production and obtain more economic benefits.

Corollary 6. (1) Risk aversion coefficients, η, expected output factor µ0 and e-commerce interest,

re, (1 + r0)
[
2b
(
µ0

2 + δ2)∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c

∫ F−1(η)
0 µ f (µ)dµ

]2
<

(1 + re)
[
2b
(
µ0

2 + δ2)∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + r0)

]2
, CVaR

[
πRF∗

f (q)
]

> CVaR[
πBF∗

f (q)
]

(2) Risk aversion coefficients η̃, expected output factor µ̃0, and e-commerce interest rate r̃e,

2µ̃0η̃ −
∫ F−1(η̃)

0 µ f (µ)dµ > 0 and r̃e < rb, EπRF∗
e > EπBF∗

e , or 2µ̃0η̃ −
∫ F−1(η̃)

0 µ f (µ)dµ < 0
and r̃e > rb, and EπRF∗

e > EπBF∗
e .

Corollary 6 shows that the choice of farmers and e-commerce financing strategies is
simultaneously affected by expected output factors, farmers’ risk aversion, and e-commerce
interest rates. Only when the expected output factor, risk aversion of farmers, and interest
rate of e-commerce meet certain conditions will farmers choose an e-commerce financing
strategy to relieve capital pressure. When the degree of risk aversion and the expected
output factor are within a certain range, e-commerce companies obtain higher value by
participating in financing at lower interest rates.

5. Numerical Analysis

To intuitively explore the operational law of the agricultural product supply chain
and the significance of financing decision-making considering farmers’ risk attitude, a
numerical analysis is carried out on the following two aspects: (1) The impact of farmers’
expected output factors on equilibrium decision-making and financing strategy selection.
(2) The impact of farmers’ risk aversion and e-commerce interest rates on equilibrium
decision-making and financing strategy selection. Since actual product data are difficult to
obtain, based on the correlation in economic data, it is assumed that a = 10; b = 2; c = 1.8;
µ ∼ N(µ0, 0.3); r0 = 0.06.

5.1. Impact of Farmers’ Expected Output Factors on Equilibrium Decision-Making and Financing
Strategy Selection

Let η = 0.6 and re = 0.04. We analyze the impact of farmers’ expected output factors
on equilibrium decision making and financing strategy selection.
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Figure 3 shows the effect of the expected output factor of agricultural products on
the optimal production input of the product. Figure 3 shows that the optimal production
input of farmers first increases and then decreases, with an increase in the expected output
factor. In other words, when the expected output rate of agricultural products is lower
than a certain threshold, farmers with lower risk aversion are willing to increase their
production input of agricultural products as the expected output rate increases. When the
expected output factor is higher than a certain value, farmers gradually reduce the amount
of production input to prevent the loss of interest. Under the e-commerce financing strategy,
the optimal production input of agricultural products is always higher than that under
the bank financing strategy, which effectively shows that e-commerce provides financing
services for farmers with low-risk aversion at lower loan interest rates and can effectively
solve the problem for farmers and the problem of financial constraints is conducive to the
large-scale production of farmers. The results in Corollary 1 are verified.
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Figure 3. Impact of expected output factor of agricultural products on decision-making of
production input.

Figure 4 shows the effect of the expected output factor of agricultural products on
the optimal purchase price. Figure 4 shows that the optimal purchase price of agricultural
products determined by e-commerce first increased and then decreased with an increase in
the expected output factor. That is, when the output factor of agricultural products is lower
than a certain value, the purchase price of agricultural products increases with an increase
in output factor. When the output factor of agricultural products is higher than a certain
value, the optimal purchase price of agricultural products decreases with an increase in
the expected output factor. This shows that when the expected output of agricultural
products is small, in order to stimulate farmers to produce, as the expected output factor of
agricultural products increases, e-commerce companies are willing to pay higher purchase
prices for agricultural products. Agricultural product output increases when the expected
output factor is high. At this point, the marginal cost of e-commerce increases. To maximize
its own interests, e-commerce reduces the purchase price of agricultural products. Under
the e-commerce financing strategy, the purchase price of agricultural products is always
lower than that of the bank financing strategy, which shows that e-commerce provides
financing services for farmers with low risk aversion at lower interest rates. The e-commerce
company’s negotiating ability will be enhanced greatly.
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Table 1 describes the impact of the expected output factor of agricultural products
on the expected returns of e-commerce and farmers. The expected profits of farmers first
increase and then decrease with an increase in expected output factor. In other words, there
is a critical point in µ0

∗. When the output factor is less than µ0
∗, farmers’ profits increase

with an increase in the expected output factor. When the output factor is greater than
µ0
∗, farmers’ profits increase with an increase in the expected output factor. However, the

decline indicates that the higher the expected output factor, the more favorable it is. When
the expected output factor is higher, the farmer’s output will be greater, which will lead to
the phenomenon of ‘low-cost grains hurting farmers’ during the sales period. In addition,
farmers with low risk aversion will choose the e-commerce financing strategy only when
the expected output factor is less than µ0

∗, farmers with low-risk aversion will choose
the e-commerce financing strategy. The expected return of e-commerce always increases
with the increase in the expected output factor, and the return of e-commerce under the
e-commerce financing strategy is always higher than that of the bank financing strategy,
which shows that for farmers with low risk aversion, e-commerce is willing to pay more
low-interest rates to provide financing services for them, and in order to maximize their
own interests, it is hoped that the expected output factor for farmers is higher.

Table 1. Impact of the expected output factor of agricultural products on the expected profits of
e-commerce and farmers.

µ0 CVaRπBF*
f CVaRπRF*

f (re=0.04) πBF*
e πRF*

e (re=0.04)

0 0 0 0 0
0.5 5476 5477 18,941 19,123
1.0 11,559 11,475 55,037 55,361
1.5 11,029 10,900 80,642 80,934
2.0 9006 8874 97,163 97,370
2.5 6845 6743 105,948 106,099
3.0 5250 5162 111,280 111,393
3.5 4098 4027 114,703 114,789
4.0 3265 3208 117,011 117,079
4.5 2652 2604 118,633 118,688
5.0 2191 2151 119,813 119,858
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5.2. Impact of Farmers’ Risk Aversion and E-Commerce Interest Rates on Equilibrium
Decision-Making and Financing Strategy Selection

Let µ0 = 0.5 We analyzed the impact of farmers’ risk aversion and e-commerce
interest rates on the decision-making results of e-commerce and farmers under different
financing strategies.

Figure 5 depicts the curve of the optimal production input of agricultural products
with the risk aversion of farmers (the greater the risk aversion coefficient, the lower the
risk aversion) under the e-commerce and bank financing strategies. It can be seen from the
figure that, whether it is an e-commerce financing strategy or a bank financing strategy, the
optimal production input of agricultural products decreases with an increase in farmers’
risk aversion. This shows that farmers’ risk-averse attitudes limit their production and
planting. By comparing the optimal production input under different financing strategies,
we find that when the e-commerce’s interest rates are high, the production input in the
e-commerce financing strategy is smaller than that under the bank financing strategy. When
e-commerce interest rates are low, the amount of production input is always higher than
that under the bank financing strategy, which shows that when considering farmers’ disgust
with production uncertainty, e-commerce providing financing services for farmers do not
necessarily increase farmers’ production input. E-commerce must reduce interest rates to
improve farmers’ production plant positivity.
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production input.

Figure 6 depicts the curve of the optimal purchase price of agricultural products with
the risk aversion of farmers under e-commerce financing and bank financing strategies.
We find that whether it is an e-commerce financing strategy or a bank financing strategy,
the optimal purchase price of agricultural products increases with an increase in farmers’
risk aversion. This shows that farmers’ increased risk aversion improves their ability to
negotiate with e-entrepreneurs. At the same time, when e-commerce profits are high, the
purchase price of agricultural products increases. This is because when farmers choose an
e-commerce financing strategy, they not only bear the risk of uncertainty in the output of
agricultural products, but also pay higher financing costs. To stimulate farmers’ production
and planting, e-commerce can only increase the purchase price of agricultural products
and transfer part of the profits to farmers.

Table 2 shows that, with the increase in risk aversion, the profits of e-commerce and
farmers decrease. The results of Corollary 3 are verified. The uncertain risk of the output
of agricultural products reduces the profits of farmers but also damages the profits of
e-commerce. When the risk aversion of farmers is higher than a certain value, only when
the interest rates of e-commerce are low, the expected profits of farmers will be higher than
that of the bank financing strategy. That is to say, farmers with high-risk aversion will
choose the e-commerce financing strategy when the e-commerce’s interest rates are low.
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The farmers with low risk aversion will choose the e-commerce financing strategy when
the e-commerce’s interest rates are high. When the e-commerce’s interest rates are high,
the profits of the e-commerce under the e-commerce financing strategy are lower than that
under the bank financing strategy. E-commerce provide financing services for farmers with
higher risk aversion at lower interest rates, which can achieve a win-win situation for both
e-commerce and farmers. For farmers with low risk aversion, the higher interest rates set
by e-commerce will encourage farmers to choose the e-commerce financing model.
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Table 2. Impact of farmers’ risk aversion and e-commerce’s interest rates on expected profits.

η CVaRπBF*
f CVaRπBF*

f (re=0.08) CVaRπRF*
f (re=0.04) πBF*

e πRF*
e (re=0.08) πRF*

e (re=0.04)

0.1 636 628 644 6457 6357 6559
0.2 1586 1572 1600 10,193 10,054 10,336
0.3 2558 2543 2574 12,946 12,786 13,109
0.4 3527 3513 3540 15,201 15,030 15,376
0.5 4493 4484 4502 17,157 16,981 17,338
0.6 5476 5475 5477 18,941 18,763 19,123
0.7 6492 6507 6482 20,623 20,445 20,804
0.8 7580 7602 7555 22,284 22,110 22,461
0.9 8838 8888 8794 24,063 23,896 24,232
1.0 9057 9103 9009 24,359 24,194 24,527

6. Conclusions

This study describes a secondary agricultural supply chain consisting of risk-neutral
e-commerce and risk-averse farmers. Faced with the two financing scenarios of bank
financing and e-commerce financing, on the basis of considering output uncertainty and
farmers’ risk attitudes, we constructed a decision-making model of the agricultural product
supply chain under different financing strategies.

Our work is beneficial to both e-commerce companies and farmers. We analyzed the
impact of farmers’ risk aversion, expected output factors, and e-commerce interest rates
on the equilibrium decision-making results of supply chain entities. The main findings
are as follows. (1) The higher expected output factor of agricultural products does not
always increase farmers’ enthusiasm for production and planting. In order to avoid ‘low
price of grain hurting farmers’, when the expected output factor is higher than a certain
value, farmers will reduce production input quantity. At the same time, the wholesale
price of e-commerce first increased and then decreased; the profits of farmers first increased
and then decreased with the increase in the expected output factor, while the profits
of e-commerce always increase. (2) Farmers’ risk aversion restricts their production of
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agricultural products. Although the purchase price of agricultural products for e-commerce
has increased, it has reduced the profits of e-commerce and farmers. (3) The financing
strategy of the capital-constrained agricultural product supply chain is affected by the
expected output factor, degree of risk aversion, and financing interest rates of e-commerce.
When the expected output factor is low, farmers with high-risk aversion will choose
the e-commerce financing strategy when the e-commerce’s interest rates are low, while
farmers with low risk aversion will choose the e-commerce financing strategy when the
e-commerce’s interest rates are high. E-commerce can achieve a win-win situation by
providing financing services to farmers at lower interest rates.

Based on the above research results, the following management implications are
obtained: First, when the expected output factor is low, farmers with low risk sensitivity
should improve their credit by repaying loans in a timely manner to improve their ability
to obtain financing from banks and enhance their profit. Second, e-commerce should help
farmers achieve large-scale and intensive operations by providing technical support for
farmers with high sensitivity and regular training, and provide them with lower interest rate
financing services to reduce farmers’ production costs and improve the expected output
rate of farmers to obtain maximum economic benefits. Third, the government should
provide subsidies for e-commerce to reduce the capital cost of e-commerce participation
in financing and ease the financial pressure of e-commerce. At the same time, it should
provide preferential policies for farmers to reduce their risk.

This study examines the optimal decision making and financing mode selection of risk-
averse farmers and risk-neutral e-commerce companies under different financing strategies
and draws meaningful conclusions. A survey designed to collect empirical data from real
farmers could provide more valid, verifiable, and more generalizable results related to the
subject of study. This is one of the limitations of our study. In the future, the direction of
in-depth research will be the introduction of agricultural insurance, how to change the
optimal decision-making, and financing strategy selection of the supply chain under the
action of agricultural insurance.
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Appendix A

ProofofTheorem1. Fromformula (1), wecanget
∂CVaR

[
π

BF
f (q)

]
∂q = −(1+ r0)cq+ 1

η

∫ F−1(η)
0 wµ f(µ)dµ,

because of
∂2CVaR

[
π

BF
f (q)

]
∂q2 = −(1 + r0)c < 0, the expected profits of the risk-averse farmers

under the bank financing strategy is a concave function of the input amount of agricultural

production. Let
∂CVaR

[
π

BF
f (q)

]
∂q = 0, we can get q

BF
=

wi
∫ F−1(η)

0 µ f (µ)dµ

(1+r0)cη
. Substituting q

BF
into
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Formula (3), we obtain ∂EπBF
e

∂w = −
2wb(µ2

0+δ2)
[∫ F−1(η)

0 µ f (µ)dµ

]2

[(1+r0)cη]2
+∫ F−1(η)

0 µ f (µ)dµ[−2wµ0(1+r0)cη+aµ0(1+r0)cη]

[(1+r0)cη]2
.

Due to ∂2EπBF
e

∂w2 =−
∫ F−1(η)

0 µ f (µ)dµ

[
2µ0(1+r0)cη+2b(µ2

0+δ2)
∫ F−1(η)

0 µ f (µ)dµ

]
[(1+r0)cη]2

< 0, the expected

profits of risk-neutral e-commerce in the bank financing strategy are a concave func-

tion of the purchase price of agricultural products. Let ∂EπBF
e

∂w = 0, we can get wBF∗ =

acµ0η(1+r0)

2b(µ2
0+δ2)

∫ F−1(η)
0 µ f (µ)dµ+2cµ0η(1+r0)

. Bringing wBF∗ into qBF =
w
∫ F−1(η)

0 µ f (µ)dµ

(1+r0)cη
, we obtain the

optimal production input function for farmers: qBF∗ =
aµ0
∫ F−1(η)

0 µ f (µ)dµ

2b(µ2
0+δ2)

∫ F−1(η)
0 µ f (µ)dµ+2cµ0η(1+r0)

.

Substituting wBF∗ and qBF∗ into Equations (3) and (5) to obtain the optimal profits of
farmers and e-entrepreneurs under the bank financing strategy. �

Proof of Theorem 2. From Formula (8), we can get
∂CVaR

[
π

RF
f (q)

]
∂q = −(1 + re)cq +

1
η

∫ F−1(η)
0 wµ f (µ)dµ. Due to

∂2CVaR
[
π

RF
f (q)

]
∂q2 = −(1 + re)c < 0, the expected profits of

farmers under the e-commerce financing strategy is a concave function of the input of

agricultural production. Let
∂CVaR

[
π

RF
f (q)

]
∂q = 0, we can get q

RF
=

w
∫ F−1(η)

0 µ f (µ)dµ

(1+re)cη
.

Substituting q
RF

into Equation (10) to obtain ∂Eπ
RF
e

∂w =[∫ F−1(η)
0 µ f (µ)dµ

]2

[(re−r0)wc−2wb(µ2
0+δ2)]+(1+r0)cηµ0(a−2w)

∫ F−1(η)
0 µ f (µ)dµ

[(1+r0)cη]2
, because of ∂2Eπ

RF
e

∂w2 =

−2(1+re)cηµ0
∫ F−1(η)

0 µ f (µ)dµ−
[∫ F−1(η)

0 µ f (µ)dµ

]2

[2b(µ2
0+δ2)−(re−r0)c]

[(1+r0)cη]2
< 0, the expected profits of

e-commerce under the e-commerce financing strategy are concave functions of the purchase

price of agricultural products. Let ∂Eπ
RF
e

∂w = 0, we can be w
RF∗

=
acµ0η(1+re)

2b(µ0
2+δ2)

∫ F−1(η)
0 µ f (µ)dµ+2cµ0η(1+re)−(re−r0)c

∫ F−1(η)
0 µ f (µ)dµ

. By inserting w
RF∗

into

q
RF

=
ws
∫ F−1(η)

0 µ f (µ)dµ

(1+re)cη
, we obtain q

RF∗
=

aµ0
∫ F−1(η)

0 µ f (µ)dµ

2b(µ2
0+δ2)

∫ F−1(η)
0 µ f (µ)dµ+2cµ0η(1+r0)

. Substituting

wRF∗ and qRF∗ into Equations (8) and (10), we obtain the optimal profits of farmers and
e-commerce under the e-commerce financing strategy. Certificate completed. �

Proof of Corollary 1. By calculating the partial derivation of the expected output factor for
Equations (4)–(7) and (11)–(14), we obtain

dqBF∗

dµ0
=

2ab
(
δ2 − µ2

0
)(∫ F−1(η)

0 µ f (µ)dµ
)2

+ 2acµ2
0
(1 + r0)η

∂
∫ F−1(η)

0 µ f (µ)dµ
∂µ0[

2b
(
µ2

0 + δ2
)∫ F−1(η)

0 µ f (µ)dµ + 2cµ0η(1 + r0)
]2

dwBF∗

dµ0
=

acη(1 + r0)2b

((
δ2 − µ0

2)∫ F−1(η)
0 µ f (µ)dµ−

(
δ2 + µ0

2) ∂
∫ F−1(η)

0 µ f (µ)dµ
∂µ0

)
[
2b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)

]2



Sustainability 2022, 14, 8787 15 of 18

dwRF∗

dµ0
=

acη(1 + re)(re − r0)c

(
−
∫ F−1(η)

0 µ f (µ)dµ + µ0
∂
∫ F−1(η)

0 µ f (µ)dµ
∂µ0

)
[
2b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c

∫ F−1(η)
0 µ f (µ)dµ

]2

+acη(1 + re)2b

((
δ2 − µ0

2)∫ F−1(η)
0 µ f (µ)dµ−

(
δ2 + µ0

2)µ0
∂
∫ F−1(η)

0 µ f (µ)dµ
∂µ0

)
[
2b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c

∫ F−1(η)
0 µ f (µ)dµ

]2

∂qRF∗

∂µ0
=

a

[
2cη(1 + re)µ0

2 ∂
∫ F−1(η)

0 µ f (µ)dµ
∂µ0

+
(
2b
(
δ2 − µ0

2)− c(re − r0)
)(∫ F−1(η)

0 µ f (µ)dµ
)2
]

[
2b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c

∫ F−1(η)
0 µ f (µ)dµ

]2

∂CVaR
[
πBF∗

f (q)
]

∂µ0
=

4

[
cηµ2

0(1 + r0)
∂
∫ F−1(η)

0 µ f (µ)dµ
∂µ0

+ b
(
δ2 − µ2

0
)(∫ F−1(η)

0 µ f (µ)dµ
)2
]

[
2b
(
µ2

0 + δ2
)∫ F−1(η)

0 µ f (µ)dµ + 2cµ0η(1 + r0)
]4

×
[

cηµ0(1 + r0) + b
(

µ2
0 + δ2

)∫ F−1(η)

0
µ f (µ)dµ

]
a2cµ0(1 + r0)

∫ F−1(η)

0
µ f (µ)dµ

∂CVaR
[
πRF∗

f (q)
]

∂µ0
=

[
2cη(1 + re)µ0

2 ∂
∫ F−1(η)

0 µ f (µ)dµ
∂µ0

+
(∫ F−1(η)

0 µ f (µ)dµ
)2(
−(re − r0)c + 2b

(
δ2 − µ0

2))]
[
2b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c

∫ F−1(η)
0 µ f (µ)dµ

]3

× a2cµ0(1 + re)
∫ F−1(η)

0
µ f (µ)dµ

∂EπBF∗
e

∂µ0
=

a2µ0

[
2bδ2

(∫ F−1(η)
0 µ f (µ)dµ

)2
+ cηµ0(1 + r0)

(∫ F−1(η)
0 µ f (µ)dµ + µ0

∂
∫ F−1(η)

0 µ f (µ)dµ
∂µ0

)]
4
[
b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + cµ0η(1 + r0)

]2

∂EπRF∗
e

∂µ0
=

4a2µ0

[(∫ F−1(η)
0 µ f (µ)dµ

)2(
2bδ2 − c(re − r0)

)
+ cη(1 + re)µ0

(∫ F−1(η)
0 µ f (µ)dµ + µ0

∂
∫ F−1(η)

0 µ f (µ)dµ
∂µ0

)]
[
2b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c

∫ F−1(η)
0 µ f (µ)dµ

]2

It can be seen that there is a threshold µ0
∗, when µ0 < µ0

∗, dqBF∗

dµ0
> 0, dwBF∗

dµ0
> 0,

dwRF∗
dµ0

> 0, ∂qRF∗

∂µ0
> 0,

∂CVaR
[
πBF∗

f (q)
]

∂µ0
> 0,

∂CVaR
[
πRF∗

f (q)
]

∂µ0
> 0 otherwise dqBF∗

dµ0
< 0, dwBF∗

dµ0
< 0,

dwRF∗

dµ0
< 0, ∂qRF∗

∂µ0
< 0,

∂CVaR
[
πBF∗

f (q)
]

∂µ0
< 0,

∂CVaR
[
πRF∗

f (q)
]

∂µ0
< 0. For 2bδ2 > c(re − r0), no

matter how µ0 changes, there is always ∂EπBF∗
e

∂µ0
> 0 and ∂EπRF∗

e
∂µ0

> 0. �

Proof of Corollary 2. We calculate the partial derivation of the risk aversion coefficient of
farmers for Formulas (4), (5), (11), and (12) respectively, we can get:
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dqBF∗

dη
=

2acµ2
0
(1 + r0)

(
η

∂
∫ F−1(η)

0 µ f (µ)dµ
∂η −

∫ F−1(η)
0 µ f (µ)dµ

)
[
2b
(
µ2

0 + δ2
)∫ F−1(η)

0 µ f (µ)dµ + 2cµ0η(1 + r0)
]2

dwBF∗

dη
=

acµ0(1 + r0)2b
(
µ0

2 + δ2)(∫ F−1(η)
0 µ f (µ)dµ− η

∂
∫ F−1(η)

0 µ f (µ)dµ
∂η

)
[
2b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)

]2

∂qRF∗

∂η
=

2acµ2
0
(1 + re)

(
η

∂
∫ F−1(η)

0 µ f (µ)dµ
∂η −

∫ F−1(η)
0 µ f (µ)dµ

)
[
2b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c

∫ F−1(η)
0 µ f (µ)dµ

]2

dwRF∗

dη
=

acµ0(1 + re)
[
2b
(
µ0

2 + δ2)− (re − r0)c
](

η
∂
∫ F−1(η)

0 µ f (µ)dµ
∂η −

∫ F−1(η)
0 µ f (µ)dµ

)
[
2b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c

∫ F−1(η)
0 µ f (µ)dµ

]2

when η
∂
∫ F−1(η)

0 µ f (µ)dµ
∂η −

∫ F−1(η)
0 µ f (µ)dµ > 0, dqBF∗

dη > 0, ∂qRF∗

∂η > 0, dwBF∗

dη < 0, dwRF∗

dη < 0.
�

Proof of Corollary 3. We calculate the partial derivation of the risk aversion coefficient of
farmers for Formulas (6), (7), (13), and (14), respectively, and obtain:

∂CVaR
[
πBF∗

f (q)
]

∂η
=

2a2µ3
0c2(1 + r0)

2∫ F−1(η)
0 µ f (µ)dµ

[
η

∂
∫ F−1(η)

0 µ f (µ)dµ
∂η −

∫ F−1(η)
0 µ f (µ)dµ

]
[
2b
(
µ2

0 + δ2
)∫ F−1(η)

0 µ f (µ)dµ + 2cµ0η(1 + r0)
]3

∂CVaR
[
πRF∗

f (q)
]

∂η
=

2a2µ3
0c2(1 + re)

2∫ F−1(η)
0 µ f (µ)dµ

[
η

∂
∫ F−1(η)

0 µ f (µ)dµ
∂η −

∫ F−1(η)
0 µ f (µ)dµ

]
[
2b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c

∫ F−1(η)
0 µ f (µ)dµ

]3

∂EπBF∗
e

∂η
=

a2µ3
0c(1 + r0)

[
η

∂
∫ F−1(η)

0 µ f (µ)dµ
∂η −

∫ F−1(η)
0 µ f (µ)dµ

]
4
[
b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + cµ0η(1 + r0)

]2

∂EπRF∗
e

∂η
=

a2µ3
0c(1 + re)

[
η

∂
∫ F−1(η)

0 µ f (µ)dµ
∂η −

∫ F−1(η)
0 µ f (µ)dµ

]
[
2b(µ02 + δ2)

∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c

∫ F−1(η)
0 µ f (µ)dµ

]2

When η
∂
∫ F−1(η)

0 µ f (µ)dµ
∂η −

∫ F−1(η)
0 µ f (µ)dµ > 0,

∂CVaR
[
πBF∗

f (q)
]

∂η > 0,
∂CVaR

[
πRF∗

f (q)
]

∂η > 0,
∂EπBF∗

e
∂η > 0, ∂EπRF∗

e
∂η > 0. �
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Proof of Corollary 4. Because of

qRF∗ − qBF∗
f = −

aµ0
∫ F−1(η)

0 µ f (µ)dµ

2b
(
µ2

0 + δ2
)∫ F−1(η)

0 µ f (µ)dµ + 2cµ0η(1 + r0)

+
aµ0
∫ F−1(η)

0 µ f (µ)dµ

2b(µ02 + δ2)
∫ F−1(η)

0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c
∫ F−1(η)

0 µ f (µ)dµ

When 2ηµ0 >
∫ F−1(η)

0 µ f (µ)dµ, qRF∗ > qBF∗. �

Proof of Corollary 5. Because of

wRF∗ − wBF∗ =
acµ0η(re − r0)

∫ F−1(η)
0 µ f (µ)dµ[

2b
(
µ2

0 + δ2
)∫ F−1(η)

0 µ f (µ)dµ + 2cµ0η(1 + r0)
]×

[
2b
(
µ0

2 + δ2)+ c(1 + r0)
][

2b(µ02 + δ2)
∫ F−1(η)

0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c
∫ F−1(η)

0 µ f (µ)dµ
]

when re > r0 and wRF∗ − wBF∗ > 0. �

Proof of Corollary 6.

(1) Let CVaR
[
πRF∗

f (q)
]
− CVaR

[
πBF∗

f (q)
]

> 0, we can get

(1 + r0)
[
2b
(
µ2

0 + δ2)∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + re)− (re − r0)c

∫ F−1(η)
0 µ f (µ)dµ

]2
<

(1 + re)
[
2b
(
µ0

2 + δ2)∫ F−1(η)
0 µ f (µ)dµ + 2cµ0η(1 + r0)

]2

(2) Let EπRF∗
e − EπBF∗

e > 0, and we can trigger (re − r0)c
(

2µ0η −
∫ F−1(η)

0 µ f (µ)dµ
)
< 0.

Therefore,
(

2µ̃0η̃ −
∫ F−1(η̃)

0 µ f (µ)dµ
)
> 0 and r̃e < r0 or 2µ̃0η̃ −

∫ F−1(η̃)
0 µ f (µ)dµ < 0 and

r̃e < r0, and EπRF∗
e − EπBF∗

e > 0. �
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