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FINANCING AND COORDINATION OF THE AGRICULTURAL SUPPLY
CHAIN CONSIDERING GOVERNMENT-ENTERPRISE GUARANTEE

Qihui Lu, Changhua Liao* and Tingting Xu

Abstract. We examine an agricultural supply chain consisting of a core enterprise and a capital-
constrained farmer and assess the yield uncertainty of farmer’s production. We explore two kinds of
financing models: traditional bank financing and government-enterprise guarantee financing. To coordi-
nate the supply chain, a price commitment contract and a revenue-sharing contract are considered. Our
results show that no matter in bank or government-enterprise guarantee financing model, we can find
the conditions for full coordination of the supply chain with any contract. However, in the government-
enterprise guarantee financing model, when a farmer has bankrupt risk in a low-yield season and no
bankrupt risk in a high-yield season, the revenue-sharing contract can simultaneously make the supply
chain fully coordinated and achieve Pareto improvement to maximize the profits of the entire supply
chain and achieve a win-win situation. In addition, the farmer and enterprise prefer to choose the fi-
nancing model with a higher promised price and a higher revenue-sharing ratio, and the social welfare
under the government-enterprise guarantee financing model is higher than that under the traditional
bank financing model.
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1. Introduction

Agriculture is the basic industry that supports the construction and development of the national economy
and the foundation of national security and stability. The Food and Agriculture Organization of the United
Nations showed that agriculture is the primary industry for employment in developing countries1. However,
farmers of developing countries lack sufficient funds to purchase agricultural production necessities, such as
seeds, fertilizers, pesticides, and agricultural equipment. The capital constraints of agriculture not only prevent
farmers from normal planting but also considerably affect the supply of agricultural products and the stability of
the entire supply chain. At the same time, the increasing population in the world forces humans to improve farm
yields by using advanced technologies [29]. Only by increasing investment in agriculture can farmers meet market
demand. Therefore, financing is urgently needed for farmers, and it is also one of the important methods to solve
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the problem of farmers’ capital constraints. Nowadays, various financing methods are emerging. Commercial
banks, nonprofit organizations, and governments can all provide financing support to farmers [16,28,33].

Traditional bank financing is the most common financing method, which can reduce the financial pressure of
farmers to a limited extent. Nevertheless, its loan interest rate is high and it has rigorous financing requirements
for the farmers [41]. In developing countries, farmers lack sufficient credit and valuable collateral and may not
be able to obtain capital [27]. In addition to the challenges of financial constraints, the agricultural supply chain
usually faces yield uncertainty caused by uncontrollable factors, such as extreme weather and natural disasters
[1]. Farmers are regarded as high-risk lenders, which exacerbates the difficulty of agricultural financing. To
alleviate this problem, guarantor financing methods have emerged. For example, JD, an intermediary e-commerce
platform with an exceptionally high reputation can provide guarantor financing services. When farmers’ realized
income cannot be fully repaid to the bank, the intermediary platform will fill the funding gap, allowing farmers
with low or no reputation to be able to access bank loans easily [41]. This financing method has been widely
recognized in practice [44]. Moreover, professional guarantee companies that provide guarantees for farmers
exist. For example, in 2007, China’s New Hope Liuhe Co., Ltd. established an agricultural/livestock guarantee
company2. We find that government intervention is not considered in the above financing methods, the guarantor
bears all the risks, and the profits of weak farmers will be squeezed.

In recent years, to ensure the profit of farmers and reduce the risk of the guarantor, a government-enterprise
guarantee financing model has occurred, in which the government and enterprises jointly guarantee farmers’ loan.
When farmers’ realized income cannot be fully repaid to the bank, the government and enterprises together fill
the funding gap. For example, Longlin County, Guangxi Province, China, proposed the first “Government-Bank-
Enterprise Share” model and introduced the “4321” risk-sharing mechanism. A government platform company
was established. It increases credit for all small and medium agricultural enterprises and large farmers who have
financing needs. If the lender becomes default, the government platform company, small and medium enterprises,
financial institutions, and Guangxi Agricultural Credit Financing Guarantee Co., Ltd. will bear the proportions
of 40%, 30%, 20%, and 10%, respectively. We find that the government-enterprise guarantee financing model
belongs to the partial credit guarantee (PCG) financing operated by policy guarantee institutions. The guarantee
rate of Guangxi Agricultural Credit Financing Guarantee Co., Ltd. is as low as 0.5% a year, the bank loan interest
rate is as low as 4.35% a year, and the financing cost of new agricultural business entities is as low as 4.85% a
year3.

From our intuition, the government-enterprise guarantee financing model would not only effectively solve
the problem of insufficient financing collateral for a farmer but also greatly reduce the financing costs of the
farmer and realize the benefit and risk sharing of the government, core enterprise, bank, and farmer. However,
in reality, the farmer’s and enterprise’s decisions and the performance of the entire agricultural supply chain
will be affected by the farmer’s financing approach. Everyone seeking to maximize own interests will lead to a
double marginal effect. Thus, a situation in which everyone can have more profits than those in the traditional
bank financing model is difficult to realize. To improve the total profit of the supply chain and achieve a win-win
situation, coordination contracts should be investigated.

We mainly consider price commitment and revenue-sharing contracts. The price commitment contract indi-
cates that the downstream enterprise commits to purchase the upstream enterprise’s semifinished product with
a committed wholesale price ahead of the upstream enterprise’s investment and demand realization [36], and the
revenue-sharing contract indicates that the downstream enterprise agrees to share a proportion of its revenue
with the upstream enterprise to obtain a lower wholesale price than that in a wholesale price contract [11]. They
are widely used in agriculture and have practical significance for their research. For example, in China, Chu
Chrysanthemum Institute, which is a popular agricultural product company, sells seedlings and pays farmers
in accordance with the commitment price4, and Guizhou Hongcai Investment Group Co., Ltd. promised to
purchase fresh prickly pear fruits at a price of 4 RMB per kilogram and signed a “shareholding cooperation

2 http://www.newhopeagri.com/lh/info/1353
3 https://www.sohu.com/a/357626297_665123
4 http://news.sina.com.cn/o/2004-03-03/05171947899s.shtml
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agreement” with agricultural cooperatives at a share ratio of 70%5. The design and choice of the contract are
worthy of further exploration. Thus, we aimed to study the following questions:

(1) In the traditional bank financing or government-enterprise guarantee financing model, what are the optimal
decisions of the farmer and the enterprise?

(2) After adding price commitment and revenue-sharing contract to two financing models, what are the
conditions for achieving supply chain coordination? Can we achieve a win-win situation?

(3) How will the farmer and the enterprise choose financing models?

To answer these questions, we first analyze centralized decision. Then, under two scenarios of bankrupt risk
and no bankrupt risk of a farmer, we discuss the optimal decentralized decision and study a price commitment
contract and a revenue-sharing contract under the traditional bank financing model or government-enterprise
guarantee financing model. We mainly investigate full coordination conditions and Pareto improvement areas.
Lastly, we compare the two financing models under different scenarios and contracts, and present financing
model selection strategies for the farmer and the enterprise. The results indicate that the price commitment
contract cannot achieve Pareto improvement in any scenarios and financing models. Nonetheless, when the
farmer has bankrupt risk in a low-yield season and no bankrupt risk in a high-yield season, in the traditional
bank financing model, the revenue-sharing contract can achieve full coordination and Pareto improvement, but
they cannot coexist. In the government-enterprise guarantee financing model, the revenue-sharing contract can
achieve full coordination and Pareto improvement at the same time.

The contributions of this paper are summarized as follows. First, to the best of our knowledge, this paper
is among the first to study financing models of price commitment and revenue-sharing contracts in an agricul-
tural supply chain with a capital-constrained farmer. As is known, the price commitment and revenue-sharing
contracts, which are commonly used contract forms, are simple to administer. Moreover, bankruptcy risks aris-
ing from yield uncertainty may have substantial impacts on the operation of a supply chain. Therefore, it is
important to understand the interplay of operational and financing decisions under the price commitment and
revenue-sharing contracts. Second, with the price commitment and revenue-sharing contracts, we explore the
risk-sharing between the enterprise and the farmer under two financing modes. Specifically, we characterize the
conditions under which supply chain members achieve financing equilibrium and which supply chain achieves
full coordination and Pareto improvement, which has not been considered in the literature. Third, we are the
first to incorporate the government and enterprises jointly guarantee into the agricultural supply chain finance,
the choice of traditional and innovative financing model and the choice of two contracts are studied.

The rest of this paper is organized as follows. Section 2 reviews the related literature. Section 3 describes
the agricultural supply chain finance (ASCF) model. Section 4 analyzes financing and coordination strate-
gies in traditional bank financing. Section 5 presents the analysis of financing and coordination strategies in
government-enterprise guarantee financing. Section 6 compares traditional bank financing and government-
enterprise guarantee financing. Section 7 summarizes our research results and future research suggestions. All
proofs are provided in Appendix B.

2. Literature review

Literature related to this paper includes the operation and finance decision on supply chain, ASCF, and
supply chain contract.

In recent years, numerous scholars have studied the intersection of finance and operational decisions. Buzacott
and Zhang [7] first incorporated asset-based financing into production decisions, they found that banks are
better off using asset-based financing with appropriately chosen parameters. Ding and Wan [14] considered
financing (bank loan or advance payment) and coordinating issues in a supply chain with one supplier and one
manufacturer, in which the supplier is capital-constrained and her production yield is random. Zhu and Ou
[43] first attempt to take banks into account and endogenises their interest rates in the modelling of reverse

5 https://www.sohu.com/a/397778652_120214189

https://www.sohu.com/a/397778652_120214189


2366 Q. LU ET AL.

factoring. Traditional financing methods could be costly or unavailable to small enterprises [35]. Therefore,
other financing models have emerged. For example, some scholars have studied trade credit [9, 12, 31]). Jing
et al. [17] indicated that when both bank and trade credits are viable, the unique equilibrium is trade credit
financing if the production cost is relatively low, whereas it is bank credit financing otherwise. Trade credit
is an important form of short-term financing for capital-constrained small firms [13]. However, Yan et al. [38]
analyzed the equilibrium financing strategies and the coordination conditions for the PCG contract. Xu et al.
[37] derived the equilibrium strategies of the supply chain members under PCG and a combination of trade
credit and PCG. We find that most of the research has aimed to solve the problem of shortage of funds for
small- and medium-sized enterprises (SMEs). On the contrary, our research is on capital-constrained farmers
with high loan risks, providing farmers with financing strategies.

In terms of ASCF, Liu and Zhan [20] indicated that agricultural enterprises are facing serious financial
problems and that financing difficulty is essentially a question of financing efficiency. Zhuo et al. [44] revealed
the hidden factor that restricts the agricultural loan efficiency of Chinese banks. Bergen et al. [5] placed upstream
intervention schemes in the theoretical context of supply chain finance (SCF) and modeled their application to
a three-echelon agricultural supply chain. Yan et al. [39] analyzed the financing strategies adopted by SMEs
on the basis of the characteristics of a fresh agricultural supply chain. They showed that the optimal level
of financing by SMEs is negatively related to the freshness effort cost coefficient and positively related to
the sensitivity coefficient of market freshness. Liang et al. [19] proposed a co-decision method to classify the
credit ratings of agricultural SMEs and provided a reference for commercial banks to determine the credit of
agricultural SMEs with a low decision risk. Yi et al. [41] considered an agricultural supply chain consisting of
a capital-constrained smallholder farmer and an intermediary platform and showed that under guarantor and
direct financing, the smallholder farmer’s production level can even be higher than that in a centralized system.
Considering the limited studies on ASCF, we first incorporate government-enterprise guarantee financing into
a farmer’s production decision. In accordance with whether a scenario with bankrupt risk for the farmer exists,
we mainly study the ASCF with bank and government-enterprise guarantee financing models under the yield
uncertainty of agricultural products.

Our work is also related to studies on supply chain contract. Enterprises can achieve optimal performance via
a supply chain contract [8]. Our paper mainly discusses the price commitment and revenue-sharing contracts in
ASCF. In terms of a price commitment contract, Liu et al. [21] studied the operational decisions and resulting
profits for a supply chain facing price-dependent demand tinder, a policy in which an ex-ante commitment is
made on the retail price markup. Liu et al. [22] also examined the use of price commitment policies in dynamic
contracting in multiple-period, finite-time horizons. Xiao et al. [36] showed that a pure price commitment
contract can neither improve suppliers’ sustainable investment level nor coordinate the supply chain. Likely,
Kabul and Parlaktrk [18] showed that price or quantity commitments can harm not only a firm itself but also the
profitability of other firms in the supply chain and the entire supply chain because such commitments aggravate
double-marginalization inefficiency in the supply chain. We also found that a price commitment contract will
seriously damage an enterprise’s profits and cannot make supply chain achieve Pareto improvement. Thus, we
considered a revenue-sharing contract. Revenue-sharing contracts have gained considerable popularity over the
past two decades and have attracted great research attention in the domain of supply chain management [4].
Giri et al. [15] indicated that a contingent buyback with target sales rebate and penalty between the retailer and
the manufacturer, and a revenue sharing contract between the manufacturer and the supplier can coordinate
supply chain. Moon et al. [25] proposed revenue sharing coupled with investment cost sharing to coordinate
and achieve a win-win outcome and maintain fairness for each member. Ma et al. [24] studied the coordination
problem of a three-echelon fresh agricultural product supply chain, cost and revenue sharing contracts are
designed for the two transaction processes to achieve Pareto improvement. Chen [10] compared bank and trade
credit under a classical channel contract, revenue-sharing contract. Unlike existing studies, we compare bank
and government-enterprise guarantee financing models under a price commitment or revenue-sharing contract.
We also analyze the conditions for full coordination of the supply chain, the region of Pareto development, and
the financing models’ selection preferences for farmers and the enterprises under different contracts.
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Table 1. Comparisons of our paper and the related literature.

Researches Yield Agricultural Coordination Traditional PCG
uncertainty supply chain mechanism bank financing

Chen [10]
√ √

Yan et al. [38]
√ √ √

Ye et al. [40]
√ √ √

Ma et al. [24]
√ √

Ding and Wan [14]
√ √ √

Xu et al. [37]
√ √

Yan et al. [39]
√ √

Yuan et al. [42]
√ √

Yi et al. [41]
√ √ √

This study
√ √ √ √ √

We summarize the research gap between our research and the closely related literature and further highlight
our contributions. Table 1 provides a summary. To the best of our knowledge, this is the first research to
incorporate simultaneously yield uncertainty, government-enterprise guarantee financing (a type of PCG), and
coordination mechanisms into the ASCF. We intend to examine how the supply chain members’ cooperative
mechanisms and financing models affect their strategies and profits in an agricultural supply chain. In addition,
in accordance with whether a scenario with bankrupt risk for the farmer exists, we compare traditional bank
and government-enterprise guarantee financing models under a price commitment or revenue-sharing contract.
The capital-constrained farmer obtains funds by choosing a suitable financing model, and the enterprise signs
appropriate contracts with the farmer to achieve full coordination and Pareto improvement of the entire supply
chain. Additionally, we model that the wholesale price is determined endogenously by the enterprise. Several
studies propose that wholesale prices are determined through negotiations between both parties [2, 26, 45].
Meanwhile, some argue that wholesale prices are exogenous parameters [23]. This is also a point of differentiation
in our analysis.

3. Agricultural supply chain financing model

A capital-constrained farmer who plants one kind of agricultural product is considered. The farmer has no
direct access to the consumer market and relies on one enterprise to distribute his products. In this study, we
consider this “enterprise + farmer” contract-farming supply chain with one farmer and one enterprise. Owing to
the particularity of agricultural products, the farmer’s output is susceptible to natural disasters and abnormal
weather, leading to high uncertainty on yield [30]. We assume that the planting seasons of agricultural products
are divided into “high-yield season” and “low-yield season”. Without loss of generality, we assume that the
probability of a high-yield season is 𝑘, the probability of a low-yield season is 1 − 𝑘, and 𝑘 ∈ (0, 1). In the
high-yield season, the farmer can obtain a higher input-output rate of agricultural products, denoted as 𝑥, in
the low-yield season, the input-output rate is 𝜃𝑥, 𝜃 is the low-yield discount factor and 𝜃 ∈ (0, 1). Before the
planting season, the farmer should decide his planting input 𝑄, such as planting acreage and culture area. The
output 𝑞 in the end of the season is 𝑄𝑥 or 𝑄𝜃𝑥. The enterprise purchases all agricultural products produced by
the farmer with a wholesale price 𝑤 and sells it to the end market with a price 𝑝 = 𝑎−𝑏𝑞 [6]. Furthermore, we
suppose that all selling price is greater than the wholesale price, i.e., 𝑎−𝑏𝑄𝑥 > 𝑤. We denote 𝜇 = 𝑘𝑥+(1−𝑘)𝜃𝑥
as the mathematical expectation of output rate and 𝛿 = 𝑘𝑥2+(1−𝑘)𝜃2𝑥2 as the second moment of the uncertain
input-output rate.

Given scale diseconomy in agriculture and the limited production capacity of the farmer, when the production
input increases, its marginal cost would increase [34]. Therefore, many studies regard agricultural production
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cost as a quadratic cost function 𝐶(𝑄) = 𝑐1𝑄 + 𝑐𝑄2 [3, 26], where 𝑐1 represents the cost on planting one unit
input, such as seeds and other production materials, and 𝑐 is the coefficient of the effort cost of the farmer’s
planting. For ease of calculation and without loss of generality, we assume that the farmer’s planting cost is
𝐶(𝑄) = 𝑐𝑄2, i.e., 𝑐1 = 0, 𝑐 > 0.

In this study, we suppose the farmer can borrow from a bank without guarantee or with government-enterprise
guarantee. So there exist two kinds of financing models: a traditional bank financing model and a government-
enterprise guarantee financing model. In the traditional bank financing model, the bank bears the financing risk
and the farmer gets loans from the bank. We suppose that loan interest rate 𝑟𝑏 is exogenous. In the government-
enterprise guarantee financing model, the government and the enterprise jointly bear the financing risk, and the
government guarantee fee rate is 𝑠, then the farmer gets loans from the bank. We suppose that loan interest rate
𝑟𝑔 is also exogenous. If the farmer could not fully repay the bank, then the policy guarantee bears a proportion
𝜆𝑔 of the default, the enterprise bears a proportion 𝜆𝑒, and the bank bears the remaining part 𝜆0 = 1−𝜆𝑔−𝜆𝑒.
To eliminate trivial cases, we assume that 1+𝑟𝑔

1−𝑠 < 1 + 𝑟𝑏. With some extended research, we find that the initial
capital level does not affect the equilibrium results and has little impact on the selection of different financing
models. So, following [17,32,41], we assume that the farmer has no initial capital.

Given yield uncertainty, in accordance with whether bankruptcy risk exists for the farmer, three scenarios in
the end of the selling season are considered, where bankruptcy represents that the farmer could not fully repay
the bank. First, the farmer has no bankruptcy, even if he encounters a low-yield season. Second, a bankruptcy
risk occurs in a low-yield season, whereas no bankrupt risk occurs in a high-yield season. Third, the farmer
will always go bankrupt, even in a high-yield season. Considering that engaging in the operation in the third
scenario is not rational for the farmer, we will only assess the first two scenarios. We summarized all notations
of the paper in Table A.1 in Appendix A.

Furthermore, to establish a performance benchmark, we first analyze the problem of a centralized supply
chain, we assume that the enterprise, farmer, and bank belong to the same virtual economic entity [40]. The
total cost of the supply chain is 𝑐𝑄2 and the revenue is 𝑘𝑝1𝑄0𝑥 or (1 − 𝑘)𝑝2𝑄0𝜃𝑥, where 𝑝1 = 𝑎 − 𝑏𝑄0𝑥 and
𝑝2 = 𝑎− 𝑏𝑄0𝜃𝑥. Accordingly, the total expected profit of the supply chain is

Π0(𝑄0) = 𝑘(𝑝1𝑄0𝑥− 𝑐𝑄2
0) + (1− 𝑘)(𝑝2𝑄0𝜃𝑥− 𝑐𝑄2

0)
= −(𝑏𝛿 + 𝑐)𝑄2

0 + 𝑎𝜇𝑄0.

Π0(𝑄0) is strictly concave in 𝑄0. Thus, the optimal production input is 𝑄*0 = 𝑎𝜇
2(𝑐+𝑏𝛿) , and the total expected

profit is Π*0 = 𝑎2𝜇2

4(𝑐+𝑏𝛿) .

4. Financing and coordination strategies in traditional bank financing

4.1. Traditional bank financing model

In the traditional bank financing model, first, the core enterprise decides the wholesale price 𝑤 and offers a
purchase contract to the farmer. Second, the farmer decides his production input 𝑄 and acquires a loan 𝑐𝑄2 from
the bank. Third, the farmer plants and delivers product to the enterprise. Lastly, the enterprise sells products
to the market and pays the farmer. The farmer repays the loan and interest to the bank. If the farmer goes
bankrupt, the bank will bear all loss.

In the following, we consider a decentralized supply chain. The farmer’s revenues in high- and low-yield seasons
are 𝑤𝑏𝑄𝑏𝑥 and 𝑤𝑏𝑄𝑏𝜃𝑥, respectively. The sum of loan and interest is 𝑐𝑄2

𝑏(1 + 𝑟𝑏). Thus, if the farmer will go
bankrupt in the low-yield season and will not go bankrupt in the high-yield season, the farmer’s production
input 𝑄𝑏 must meet a condition: 𝑤𝑏𝑄𝑏𝜃𝑥 ≤ 𝑐𝑄2

𝑏(1 + 𝑟𝑏) ≤ 𝑤𝑏𝑄𝑏𝑥. The farmer’s expected profit is

Π𝑏(𝑄𝑏) = 𝑘[𝑤𝑏𝑄𝑏𝑥− 𝑐𝑄2
𝑏(1 + 𝑟𝑏)].

We obtain the optimal production input 𝑄*𝑏 = 𝑤𝑏𝜂𝑏, where 𝜂𝑏 = 1
(1+𝑟𝑏)𝑐

max(𝑥
2 , 𝜃𝑥).
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Table 2. Optimal values for Scenario 1.

Π*
𝑏𝑝 = [𝜇𝜂𝑏𝑝 − 𝑐(1 + 𝑟𝑏)𝜂

2
𝑏𝑝]𝑤2

𝑏𝑝

Θ*
𝑏𝑝 = 𝑎𝜇𝜂𝑏𝑝𝑤𝑏𝑝 − (𝜇 + 𝑏𝛿𝜂𝑏𝑝)𝜂𝑏𝑝𝑤2

𝑏𝑝

Ω*
𝑏𝑝 = 𝑐𝑟𝑏𝜂

2
𝑏𝑝𝑤2

𝑏𝑝

𝑆𝑊𝑏𝑝 = 𝑎𝜇𝜂𝑏𝑝𝑤𝑏𝑝 + ( 𝑏𝛿
2
− 𝑐)𝜂2

𝑏𝑝𝑤2
𝑏𝑝

The enterprise’s expected profit is

Θ𝑏(𝑄𝑏) = 𝑘(𝑎− 𝑏𝑄𝑏𝑥− 𝑤𝑏)𝑄𝑏𝑥 + (1− 𝑘)(𝑎− 𝑏𝑄𝑏𝜃𝑥− 𝑤𝑏)𝑄𝑏𝜃𝑥

= (𝑎− 𝑤𝑏)𝜇𝑄𝑏 − 𝑏𝛿𝑄2
𝑏 .

To be consistent with reality, the enterprise’s decision on 𝑤𝑏 must be lower than sales prices, i.e., 𝑎−𝑏𝑄𝑏𝑥 > 𝑤𝑏.
Accordingly, we suppose that 𝑘 > 𝑘, where 𝑘 = 𝜃[𝑏𝜂𝑏𝑥(1−2𝜃)−1]

(1−𝜃)[1+𝑏𝜂𝑏𝑥(1+2𝜃)] . Then, we obtain the optimal decisions in
the decentralized supply chain.

Lemma 4.1. In the decentralized supply chain with traditional bank financing model, the enterprise’s optimal
wholesale price is 𝑤*𝑏 = 𝑎𝜇

2(𝜇+𝑏𝛿𝜂𝑏)
, and the farmer’s optimal production input is 𝑄*𝑏 = 𝑎𝜇𝜂𝑏

2(𝜇+𝑏𝛿𝜂𝑏)
.

Correspondingly, the farmer’s profit is Π*𝑏 = 𝑘[𝑥 − 𝑐𝜂𝑏(1 + 𝑟𝑏)] 𝑎2𝜇2𝜂𝑏

4(𝜇+𝑏𝛿𝜂𝑏)2
, the enterprise’s profit is Θ*𝑏 =

𝑎2𝜇2𝜂𝑏

4(𝜇+𝑏𝛿𝜂𝑏)
, and the bank’s profit is Ω*𝑏 = 𝑘𝑐𝑄2

𝑏𝑟𝑏+(1−𝑘)(𝑤𝑏𝑄𝑏𝜃𝑥−𝑐𝑄2
𝑏) = [(𝑘𝑟𝑏+𝑘−1)𝑐𝜂2

𝑏 +(1−𝑘)𝜃𝑥𝜂𝑏] 𝑎2𝜇2

4(𝜇+𝑏𝛿𝜂𝑏)2
.

Consumers measure their interests by consumer surplus, which is equal to the difference between the highest
willing price and the actual price paid. Consequently, 𝐶𝑆𝑏 = 𝐸[

∫︀ 𝑞

0
(𝑎− 𝑏𝑞)𝑑𝑥] = 𝐸( 𝑏𝑞2

2 ) = 𝑏
2𝛿𝑄2

𝑏 . Then, the

social welfare is 𝑆𝑊𝑏 = Π*𝑏 + Θ*𝑏 + Ω*𝑏 + 𝐶𝑆𝑏 = (𝑘𝑥 + 𝜃𝑥− 𝑘𝜃𝑥 + 1
2𝑏𝛿𝜂𝑏 − 𝑐𝜂𝑏)

𝑎2𝜇2𝜂2
𝑏

4(𝜇+𝑏𝛿𝜂𝑏)2
+ 𝑎2𝜇2𝜂𝑏

4(𝜇+𝑏𝛿𝜂𝑏)
.

Corollary 4.2. In decentralized supply chain with traditional bank financing, 𝑑𝑤*
𝑏

𝑑𝑟𝑏
> 0, 𝑑𝑄*

𝑏

𝑑𝑟𝑏
< 0.

Corollary 4.2 indicates that when the bank’s loan interest rate increases, the cost of the farmer will be
increased and the production input will be reduced. At this time, the enterprise will increase the wholesale price
to encourage the farmer to increase the production input.

4.2. Supply chain coordination with price commitment contract

4.2.1. Scenario 1: no bankrupt risk

If the farmer will not go bankrupt even in a low-yield season, then the farmer’s production input 𝑄𝑏𝑝

must satisfy a condition: 𝑤𝑏𝑝𝑄𝑏𝑝𝜃𝑥 ≥ 𝑐𝑄2
𝑏𝑝(1 + 𝑟𝑏). The farmer’s expected profit is Π𝑏𝑝(𝑄𝑏𝑝) = 𝑘[𝑤𝑏𝑝𝑄𝑏𝑝𝑥 −

𝑐𝑄2
𝑏𝑝(1 + 𝑟𝑏)] + (1− 𝑘)[𝑤𝑏𝑝𝑄𝑏𝑝𝜃𝑥− 𝑐𝑄2

𝑏𝑝(1 + 𝑟𝑏)]. We determine the optimal decision 𝑄*𝑏𝑝 = 𝑤𝑏𝑝𝜂𝑏𝑝, where 𝜂𝑏𝑝 =
1

(1+𝑟𝑏)𝑐
min(𝜇

2 , 𝜃𝑥). 𝑄*𝑏𝑝 can ensure that the farmer has no bankrupt risk. To ensure that 𝑎 − 𝑏𝑄*𝑏𝑝𝑥 > 𝑤𝑏𝑝, we
suppose that 𝑤𝑏𝑝 < 𝑎

1+𝑏𝑥𝜂𝑏𝑝
. In addition, Θ𝑏𝑝(𝑄𝑏𝑝) = (𝑎−𝑤𝑏𝑝)𝜇𝑄𝑏𝑝−𝑏𝛿𝑄2

𝑏𝑝, Ω𝑏𝑝 = 𝑘𝑐𝑄2
𝑏𝑝𝑟𝑏+(1−𝑘)(𝑤𝑏𝑝𝑄𝑏𝑝𝜃𝑥−

𝑐𝑄2
𝑏𝑝), and 𝑆𝑊𝑏𝑝 = Π*𝑏𝑝 + Θ*𝑏𝑝 + Ω*𝑏𝑝 + 𝐶𝑆𝑏𝑝. Therefore, we obtain the supply chain members’ optimal expected

profits, which are listed in Table 2. In the following, we consider the conditions of full coordination in the supply
chain.

Proposition 4.3. In a supply chain with traditional bank financing model in Scenario 1, for a price commitment
contract, there are:

1. If 𝑘1 < 𝑘 < 𝜃
1−𝜃 and 𝑤𝑏𝑝 = 𝑎𝑐(1+𝑟𝑏)

𝑏𝛿+𝑐 , then 𝑄*𝑏𝑝 = 𝑄*0.

2. If (𝑐 < 𝑐2 and 𝑘 > max( 𝜃
1−𝜃 , 𝑘2)) or (𝑐 > 𝑐2 and 𝜃

1−𝜃 < 𝑘 ≤ 𝑘2), and 𝑤𝑏𝑝 = 𝑎𝜇𝑐(1+𝑟𝑏)
2𝜃𝑥(𝑏𝛿+𝑐) , then 𝑄*𝑏𝑝 = 𝑄*0.
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3. In the following situations: (𝑖) 𝑘 < 𝑘1; (𝑖𝑖) 𝑐 < 𝑐2 and 𝑘 < max( 𝜃
1−𝜃 , 𝑘2); (𝑖𝑖𝑖) 𝑐 > 𝑐2 and 𝑘 < 𝜃

1−𝜃 ; (𝑖𝑣)
𝑐 > 𝑐2 and 𝑘 > 𝑘2, for any 𝑤𝑏𝑝, there is 𝑄*𝑏𝑝 < 𝑄*0.

Where 𝑐2 = (1+2𝜃)𝜃𝑏𝑥2

1+𝑟𝑏
, 𝑘1 = 𝑏𝜃𝑥2+2𝑐𝑟𝑏−2𝑏𝜃2𝑥2

𝑏𝑥2+𝑏𝜃𝑥2−2𝑏𝜃2𝑥2 , and 𝑘2 = 𝜃
1−𝜃 *

𝑐(𝑟𝑏−1)+𝑏𝜃𝑥2−2𝑏𝜃2𝑥2

𝑏𝜃𝑥2+2𝑏𝜃2𝑥2−𝑐(1+𝑟𝑏)
.

Proposition 4.3 shows that in a supply chain with traditional bank financing model and no bankrupt risk,
if the enterprise wants to maximize the total profit of the supply chain when he provides a price commitment
contract to the farmer, then he needs to pay attention to the probability of a high-yield season 𝑘, the effort cost
of the farmer’s planting 𝑐, and the wholesale price 𝑤𝑏𝑝 simultaneously. Specifically, when 𝑘 is low, the enterprise
should provide a wholesale price 𝑤𝑏𝑝 = 𝑎𝑐(1+𝑟𝑏)

𝑏𝛿+𝑐 to the farmer. When 𝑘 is high, the enterprise needs to consider

the size of 𝑐. At this time, the enterprise should provide a wholesale price 𝑤𝑏𝑝 = 𝑎𝜇𝑐(1+𝑟𝑏)
2𝜃𝑥(𝑏𝛿+𝑐) to the farmer. In short,

the enterprise should provide the farmer with different wholesale prices based on specific conditions, otherwise
he will not be able to maximize supply chain profits.

From Proposition 4.3, two cases in which the supply chain can achieve full coordination exist. First, if
𝑘1 < 𝑘 < 𝜃

1−𝜃 and 𝑤𝑏𝑝 = 𝑎𝑐(1+𝑟𝑏)
𝑏𝛿+𝑐 , then the supply chain can achieve full coordination. The farmer’s profit is

Π*𝑏𝑝 = 𝑎2𝜇2𝑐(1+𝑟𝑏)
4(𝑏𝛿+𝑐)2 , the enterprise’s profit is Θ*𝑏𝑝 = (𝑏𝛿 − 2𝑐𝑟𝑏) 𝑎2𝜇2

4(𝑏𝛿+𝑐)2 , and the bank’s profit is Ω*𝑏𝑝 = 𝑎2𝜇2𝑐𝑟𝑏

4(𝑏𝛿+𝑐)2 .

Second, if 𝑘 ≥ 𝜃
1−𝜃 and 𝑤𝑏𝑝 = 𝑎𝜇𝑐(1+𝑟𝑏)

2𝜃𝑥(𝑏𝛿+𝑐) , then the supply chain achieves full coordination. The farmer’s profit

is Π*𝑏𝑝 = 𝑎2𝜇2𝑐(𝜇−𝜃𝑥)(1+𝑟𝑏)
4𝜃𝑥(𝑏𝛿+𝑐)2 , the enterprise’s profit is Θ*𝑏𝑝 = 𝑎2𝜇2[𝜃𝑥𝑏𝛿+2𝜃𝑥𝑐−𝜇𝑐(1+𝑟𝑏)]

4𝜃𝑥(𝑏𝛿+𝑐)2 , and the bank’s profit is

Ω*𝑏𝑝 = 𝑎2𝜇2𝑐𝑟𝑏

4(𝑏𝛿+𝑐)2 .

Corollary 4.4. In a supply chain with traditional bank financing model in Scenario 1, for the price commitment
contract, there are:
(1) If 𝑤𝑏𝑝 ≥

√︁
𝑎2𝜇2𝜂𝑏𝑘[𝑥−𝑐𝜂𝑏(1+𝑟𝑏)]

𝜂𝑏𝑝(2𝜇+2𝑏𝛿𝜂𝑏)2[𝜇−min(𝜃𝑥, 𝜇
2 )] , then Π*𝑏𝑝 ≥ Π*𝑏 , otherwise, Π*𝑏𝑝 < Π*𝑏 ;

(2) For any given 𝑤𝑏𝑝, Θ*𝑏𝑝 < Θ*𝑏 .

From Proposition 4.3 and Corollary 4.4, we find that, although the price commitment contract can achieve
full supply chain coordination, it cannot make the profits both of the farmer and core enterprise be greater
than the profits under a decentralized decision. If the promised price given by the enterprise is low, then the
farmer will reduce the amount of production input. Although the sale price will increase with the decrease
in the quantity of agricultural products, the decrease in the quantity of agricultural products will reduce the
total income of the core enterprise. If the promised price given by the enterprise is high, then the farmer will
increase the amount of production input, and the corresponding sale price will decrease. The increase in cost
will reduce the total revenue of the core enterprise. Therefore, the profits of the farmer and the enterprise cannot
be increased at the same time. In a supply chain with a traditional bank financing model and no bankruptcy
risk, the price commitment contract can be advantageous to the farmer, but it is consistently detrimental to
the enterprise. As a result, in practical scenarios, the enterprise cannot apply this contract unless they intend
to provide support to the farmer.

4.2.2. Scenario 2: bankrupt in a low-yield season and not bankrupt in a high-yield season

If the farmer has bankrupt risk in a low-yield season and no bankrupt risk in a high-yield season, then
the production input 𝑄𝑏𝑝 must meet a constraint: 𝑤𝑏𝑝𝑄𝑏𝑝𝜃𝑥 ≤ 𝑐𝑄2

𝑏𝑝(1 + 𝑟𝑏) ≤ 𝑤𝑏𝑝𝑄𝑏𝑝𝑥. His profit function
is Π𝑏𝑝(𝑄𝑏𝑝) = 𝑘[𝑤𝑏𝑝𝑄𝑏𝑝𝑥 − 𝑐𝑄2

𝑏𝑝(1 + 𝑟𝑏)]. Π𝑏𝑝(𝑄𝑏𝑝) is strictly concave in 𝑄𝑏𝑝. 𝑄*𝑏𝑝 = 𝑤𝑏𝑝𝜂𝑏 can ensure that
the farmer has bankrupt risk in a low-yield season and no bankrupt risk in a high-yield season. To ensure
that 𝑎 − 𝑏𝑄*𝑏𝑝𝑥 > 𝑤𝑏𝑝, we suppose that 𝑤𝑏𝑝 < 𝑎

1+𝑏𝑥𝜂𝑏
. In addition, Θ𝑏𝑝(𝑄𝑏𝑝) = (𝑎 − 𝑤𝑏𝑝)𝜇𝑄𝑏𝑝 − 𝑏𝛿𝑄2

𝑏𝑝,
Ω𝑏𝑝 = 𝑘𝑐𝑄2

𝑏𝑝𝑟𝑏 + (1− 𝑘)(𝑤𝑏𝑝𝑄𝑏𝑝𝜃𝑥− 𝑐𝑄2
𝑏𝑝), and 𝑆𝑊𝑏𝑝 = Π*𝑏𝑝 + Θ*𝑏𝑝 + Ω*𝑏𝑝 + 𝐶𝑆𝑏𝑝. Therefore, Table 3 lists the

corresponding optimal expected profits in the supply chain.

Proposition 4.5. In a supply chain with traditional bank financing model in Scenario 2, for a price commitment
contract, there are:
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Table 3. Optimal values for Scenario 2.

Π*
𝑏𝑝 = 𝑘[𝑥− 𝑐(1 + 𝑟𝑏)𝜂𝑏]𝜂𝑏𝑤

2
𝑏𝑝

Θ*
𝑏𝑝 = 𝑎𝜇𝜂𝑏𝑤𝑏𝑝 − (𝜇𝜂𝑏 + 𝑏𝛿𝜂2

𝑏 )𝑤2
𝑏𝑝

Ω*
𝑏𝑝 = [𝑘𝑐𝑟𝑏 − (1− 𝑘)𝑐]𝜂2

𝑏𝑤2
𝑏𝑝 + (1− 𝑘)𝜃𝑥𝜂𝑏𝑤

2
𝑏𝑝

𝑆𝑊𝑏𝑝 = 𝑎𝜇𝜂𝑏𝑤𝑏𝑝 − ( 𝑏𝛿
2

+ 𝑐)𝜂2
𝑏𝑤2

𝑏𝑝

1. Case 𝜃 > 1
2 . If (𝑐 < 𝑐2 and 𝑘 > 𝑘2) or (𝑐 ≥ 𝑐2 and 𝑘 ≤ 𝑘2), and 𝑤𝑏𝑝 = 𝑎𝜇𝑐(1+𝑟𝑏)

2𝜃𝑥(𝑏𝛿+𝑐) , then 𝑄*𝑏𝑝 = 𝑄*0; if (𝑐 < 𝑐2

and 𝑘 ≤ 𝑘2) or (𝑐 ≥ 𝑐2 and 𝑘 > 𝑘2), for any 𝑤𝑏𝑝, then there is 𝑄*𝑏𝑝 < 𝑄*0.

2. Case 𝜃 ≤ 1
2 . If (𝑐 < 𝑐3 and 𝑘 > 𝑘3) or (𝑐 > 𝑐3 and 𝑘 < 𝑘3), and 𝑤𝑏𝑝 = 𝑎𝜇𝑐(1+𝑟𝑏)

𝑥(𝑏𝛿+𝑐) , then 𝑄*𝑏𝑝 = 𝑄*0; if (𝑐 < 𝑐3

and 𝑘 ≤ 𝑘3) or (𝑐 > 𝑐3 and 𝑘 ≥ 𝑘3), for any 𝑤𝑏𝑝, then there is 𝑄*𝑏𝑝 < 𝑄*0.

Where 𝑐3 = (1+2𝜃)𝑏𝑥2

2(1+𝑟𝑏)
, 𝑘3 = 2𝑐𝜃(𝑟𝑏+1)+𝑏𝜃𝑥2−2𝑏𝜃2𝑥2−2𝑐

(1−𝜃)[𝑏𝑥2+2𝑏𝜃𝑥2−2𝑐(1+𝑟𝑏)]
·

Proposition 4.5 demonstrates that in a supply chain with traditional bank financing and bankruptcy risk, the
enterprise must pay attention to the low-yield discount factor 𝜃, the probability of a high-yield season 𝑘, the
coefficient of the farmer’s planting effort cost 𝑐, and the wholesale price 𝑤𝑏𝑝 simultaneously. This is essential if
the enterprise wants to maximize the total profit of the supply chain by providing a price commitment contract
to the farmer. Specifically, when 𝜃 is high, the enterprise should provide a wholesale price 𝑤𝑏𝑝 = 𝑎𝜇𝑐(1+𝑟𝑏)

2𝜃𝑥(𝑏𝛿+𝑐) to the

farmer. Conversely, when 𝜃 is low, the enterprise should provide a wholesale price 𝑤𝑏𝑝 = 𝑎𝜇𝑐(1+𝑟𝑏)
𝑥(𝑏𝛿+𝑐) to the farmer.

At this juncture, the enterprise must also consider the magnitude of 𝑐 and 𝑘. Unlike Proposition 4.3, when the
supply chain entails the risk of bankruptcy, it is necessary to take into account the level of the low-yield discount
factor.

From Proposition 4.5, in this scenario, two cases in which the supply chain can achieve full coordination exist.
First, if 𝜃 > 1

2 and the supply chain achieves full coordination, the farmer’s profit is Π*𝑏𝑝 = 𝑎2𝜇2𝑐𝑘𝑥(1+𝑟𝑏)(1−𝜃)
4𝜃𝑥(𝑏𝛿+𝑐)2 ,

the enterprise’s profit is Θ*𝑏𝑝 = 𝑎2𝜇2[𝜃𝑥𝑏𝛿+2𝜃𝑥𝑐−𝜇𝑐(1+𝑟𝑏)]
4𝜃𝑥(𝑏𝛿+𝑐)2 , and the bank’s profit is Ω*𝑏𝑝 = 𝑎2𝜇2𝑐𝑟𝑏

4(𝑏𝛿+𝑐)2 . Second, if 𝜃 ≤ 1
2

and the supply chain achieves full coordination, the farmer’s profit is Π*𝑏𝑝 = 𝑎2𝜇2𝑐𝑘(1+𝑟𝑏)
4(𝑏𝛿+𝑐)2 , the enterprise’s profit

is Θ*𝑏𝑝 = 𝑎2𝜇2[𝑥𝑏𝛿+2𝑥𝑐−2𝜇𝑐(1+𝑟𝑏)]
4𝑥(𝑏𝛿+𝑐)2 , and the bank’s profit is Ω*𝑏𝑝 = 𝑎2𝜇2[𝑘𝑐𝑟𝑏+𝑐(1−𝑘)(2𝜃+2𝜃𝑟𝑏−1)]

4(𝑏𝛿+𝑐)2 .

Corollary 4.6. In a supply chain with traditional bank financing model in Scenario 2, for the price commitment
contract, there are:
(1) If 𝑤𝑏𝑝 ≥ 𝑎𝜇

2𝜇+2𝑏𝛿𝜂𝑏
, then Π*𝑏𝑝 ≥ Π*𝑏 , otherwise, Π*𝑏𝑝 < Π*𝑏 ;

(2) For any given 𝑤𝑏𝑝, Θ*𝑏𝑝 < Θ*𝑏 .

From Corollary 4.6, in this scenario, we also cannot use a price commitment contract to achieve Pareto
improvement. The reason is similar to that in Scenario 1, the profits of the farmer and enterprise cannot be
increased at the same time. Therefore, combining Corollary 4.4, we find that in reality, regardless of whether
the supply chain has bankruptcy risk, the enterprise cannot provide a price commitment contract to the farmer.

4.3. Supply chain coordination with revenue-sharing contract

In a revenue-sharing contract, the enterprise and the farmer share the revenue 𝑝𝑄𝑥 (or 𝑝𝑄𝜃𝑥) from sales.
The enterprise retains a ratio 𝜙, and the farmer retains a ratio 𝜙 = 1− 𝜙. The following is a study on whether
a revenue-sharing contract can achieve supply chain coordination, and the benefits of all parties are compared
under the traditional wholesale price contract to find the range of Pareto improvement.
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Table 4. Optimal values for scenario 1.

Π*
𝑏𝑟 = (𝑤𝑏𝑟 + 𝑎𝜙)2𝛾1[𝜇− (1− 𝜙)𝑏𝛿𝛾1 − 𝑐𝛾1(1 + 𝑟𝑏)]

Θ*
𝑏𝑟 = −𝑏𝜙𝛿(𝑤𝑏𝑟 + 𝑎𝜙)2𝛾2

1 + (𝜙𝑎− 𝑤𝑏𝑟)(𝑤𝑏𝑟 + 𝑎𝜙)𝜇𝛾1

Ω*
𝑏𝑟 = 𝑐𝑟𝑏𝛾

2
1(𝑤𝑏𝑟 + 𝑎𝜙)2

𝐶𝑆𝑏𝑟 = 𝐸[
∫︀ 𝑞

0
(𝑎− 𝑏𝑞)𝑑𝑥]

= 1
2
𝑏𝛿𝛾2

1(𝑤𝑏𝑟 + 𝑎𝜙)2

𝑆𝑊𝑏𝑟 = (𝑤𝑏𝑟 + 𝑎𝜙)2𝛾1(𝜇− 1
2
𝑏𝛿𝛾1 − 𝑐𝛾1) + (𝜙𝑎− 𝑤𝑏𝑟)(𝑤𝑏𝑟 + 𝑎𝜙)𝜇𝛾1

4.3.1. Scenario 1: no bankrupt risk

In a revenue-sharing contract, the farmer’s total revenues in high- and low-yield seasons are 𝑤𝑏𝑟𝑄𝑏𝑟𝑥 + (1−
𝜙)𝑝𝑏𝑟1𝑄𝑏𝑟𝑥 and 𝑤𝑏𝑟𝑄𝑏𝑟𝜃𝑥 + (1−𝜙)𝑝𝑏𝑟2𝑄𝑏𝑟𝜃𝑥, respectively, where 𝑝𝑏𝑟1 = 𝑎− 𝑏𝑄𝑏𝑟𝑥 and 𝑝𝑏𝑟2 = 𝑎− 𝑏𝑄𝑏𝑟𝜃𝑥. The
sum of loan and interest is 𝑐𝑄2

𝑏𝑟(1 + 𝑟𝑏). Thus, if the farmer will not go bankrupt, then the farmer’s production
input 𝑄𝑏𝑟 must satisfy a condition: 𝑤𝑏𝑟𝑄𝑏𝑟𝜃𝑥 + (1− 𝜙)𝑝𝑏𝑟2𝑄𝑏𝑟𝜃𝑥 ≥ 𝑐𝑄2

𝑏𝑟(1 + 𝑟𝑏). The farmer’s expected profit
is

Π𝑏𝑟(𝑄𝑏𝑟) = 𝑘[𝑤𝑏𝑟𝑄𝑏𝑟𝑥 + (1− 𝜙)𝑝𝑏𝑟1𝑄𝑏𝑟𝑥] + (1− 𝑘)[𝑤𝑏𝑟𝑄𝑏𝑟𝜃𝑥 + (1− 𝜙)𝑝𝑏𝑟2𝑄𝑏𝑟𝜃𝑥]− 𝑐𝑄2
𝑏𝑟(1 + 𝑟𝑏)

= −[(1− 𝜙)𝑏𝛿 + 𝑐(1 + 𝑟𝑏)]𝑄2
𝑏𝑟 + 𝑤𝑏𝑟𝑄𝑏𝑟𝜇 + (1− 𝜙)𝑎𝑄𝑏𝑟𝜇.

In the traditional bank financing model with revenue-sharing contract, 𝑄*𝑏𝑟 = (𝑤𝑏𝑟 + 𝑎𝜙)𝛾1 can ensure that
the farmer has no bankrupt risk. To ensure that 𝑎 − 𝑏𝑄*𝑏𝑟𝑥 > 𝑤𝑏𝑟, we suppose that 𝑤𝑏𝑟 < 𝑎(1−𝑏𝑥𝛾1𝜙)

1+𝑏𝑥𝛾1
, where

𝛾1 = min( 𝜇
2[𝑏𝛿𝜙+𝑐(1+𝑟𝑏)]

, 𝜃𝑥
(1+𝑟𝑏)𝑐+𝜙𝑏𝜃2𝑥2 ). In addition, Θ𝑏𝑟(𝑄𝑏𝑟) = 𝑘(𝜙(𝑎 − 𝑏𝑄𝑏𝑟𝑥) − 𝑤𝑏𝑟)𝑄𝑏𝑟𝑥 + (1 − 𝑘)(𝜙(𝑎 −

𝑏𝑄𝑏𝑟𝜃𝑥)−𝑤𝑏𝑟)𝑄𝑏𝑟𝜃𝑥, Ω𝑏𝑟 = 𝑘𝑐𝑄2
𝑏𝑟𝑟𝑏 + (1− 𝑘)(𝑤𝑏𝑟𝑄𝑏𝑟𝜃𝑥− 𝑐𝑄2

𝑏𝑟), and 𝑆𝑊𝑏𝑟 = Π*𝑏𝑟 + Θ*𝑏𝑟 + Ω*𝑏𝑟 + 𝐶𝑆𝑏𝑟. Table 4
presents the members’ optimal expected profits.

Proposition 4.7. In a supply chain with traditional bank financing model in Scenario 1, for a revenue-sharing
contract, there are:

1. If 𝜙 < 𝜈1, 𝑘 > 𝑘4, and 𝑤𝑏𝑟 = 𝑎𝜇[(1+𝑟𝑏)𝑐+𝜙𝑏𝜃2𝑥2]
2𝜃𝑥(𝑏𝛿+𝑐) − 𝑎𝜙, then 𝑄*𝑏𝑟 = 𝑄*0;

2. If 𝜙 > 𝜈1 (or 𝜙 < 𝜈1, 𝑘 < 𝑘4), and 𝑤𝑏𝑟 = 𝑎𝑐(𝜙+𝑟𝑏)
𝑏𝛿+𝑐 , then 𝑄*𝑏𝑟 = 𝑄*0.

Where 𝜈1 = 𝑐(1+𝑟𝑏)
𝑏𝜃𝑥2(2+𝜃) , 𝑘4 = 𝜃

1−𝜃 *
𝑐(1+𝑟𝑏)+𝑏𝜃2𝑥2𝜙

𝑐(1+𝑟𝑏)−2𝑏𝜃𝑥2𝜙−𝑏𝜃2𝑥2𝜙 ·

Proposition 4.7 illustrates that in a supply chain with a traditional bank financing model and no bankruptcy
risk, in order to maximize total supply chain profit while providing a revenue-sharing contract to the farmer,
the enterprise must consider both the probability of a high-yield season 𝑘 and the farmer’s revenue-sharing 𝜙.
Specifically, when 𝜙 is low and 𝑘 is high, the optimal wholesale price 𝑤𝑏𝑟 for the farmer is given by 𝑤𝑏𝑟 =
𝑎𝜇[(1+𝑟𝑏)𝑐+𝜙𝑏𝜃2𝑥2]

2𝜃𝑥(𝑏𝛿+𝑐) − 𝑎𝜙. When either 𝜙 is high, or both 𝜙 and 𝑘 are low, the optimal wholesale price is 𝑤𝑏𝑟 =
𝑎𝑐(𝜙+𝑟𝑏)

𝑏𝛿+𝑐 . If these conditions are not met, the enterprise will not be able to maximize the supply chain’s profit.
To explore the area of Pareto improvement, we conduct a numerical experiment. The parameters are set

as follows: 𝑐 = 3, 𝑎 = 30, 𝑏 = 0.5, 𝜃 = 0.6, 𝑘 = 0.7, 𝑟𝑏 = 0.15, 𝑥0 = 3, and 𝜙 = 0.8. In the traditional
bank financing model, numerical analysis compares the expected profits of the farmer or the enterprise in the
revenue-sharing contract and decentralized supply chain. As shown in Figure 1, the expected profit of the farmer
under the revenue-sharing contract is always greater than the expected profit under the decentralized decision
and increases with the wholesale price. On the contrary, the expected profit of the core enterprise is always lower
than the expected profit under the decentralized decision and decreases with the wholesale price. Consequently,
finding the area of Pareto improvement in Scenario 1 is impossible.
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Figure 1. Pareto improvement analysis.

Table 5. Optimal values for scenario 2.

Π*
𝑏𝑟 = 𝑘𝛾2(𝑤𝑏𝑟 + 𝑎𝜙)2[𝑥− (1− 𝜙)𝑏𝛾2𝑥

2 − 𝑐𝛾2(1 + 𝑟𝑏)]
Θ*

𝑏𝑟 = −𝑏𝜙𝛿(𝑤𝑏𝑟 + 𝑎𝜙)2𝛾2
2 + (𝑎𝜙− 𝑤𝑏𝑟)(𝑤𝑏𝑟 + 𝑎𝜙)𝜇𝛾2

Ω*
𝑏𝑟 = 𝛾2(𝑤𝑏𝑟 + 𝑎𝜙)2[𝑐𝑘𝑟𝑏𝛾2 + (1− 𝑘)𝜃𝑥− (1− 𝑘)(1− 𝜙)𝑏𝜃2𝑥2𝛾2 − (1− 𝑘)𝑐𝛾2]

𝐶𝑆𝑏𝑟 = 1
2
𝑏𝛿𝛾2

2(𝑤𝑏𝑟 + 𝑎𝜙)2

𝑆𝑊𝑏𝑟 = (𝑤𝑏𝑟 + 𝑎𝜙)2𝛾2(𝜇− 1
2
𝑏𝛿𝛾2 − 𝑐𝛾2) + (𝜙𝑎− 𝑤𝑏𝑟)(𝑤𝑏𝑟 + 𝑎𝜙)𝜇𝛾2

4.3.2. Scenario 2: bankrupt in a low-yield season and not bankrupt in a high-yield season

If the farmer has bankrupt risk in a low-yield season and no bankrupt risk in a high-yield season, then the
production input 𝑄𝑏𝑟 must meet a constraint: 𝑤𝑏𝑟𝑄𝑏𝑟𝜃𝑥 + (1− 𝜙)𝑝𝑏𝑟2𝑄𝑏𝑟𝜃𝑥 ≤ 𝑐𝑄2

𝑏𝑟(1 + 𝑟𝑏) ≤ 𝑤𝑏𝑟𝑄𝑏𝑟𝑥 + (1−
𝜙)𝑝𝑏𝑟1𝑄𝑏𝑟𝑥. His profit function is

Π𝑏𝑟(𝑄𝑏𝑟) = 𝑘[𝑤𝑏𝑟𝑄𝑏𝑟𝑥 + (1− 𝜙)𝑝𝑏𝑟1𝑄𝑏𝑟𝑥− 𝑐𝑄2
𝑏𝑟(1 + 𝑟𝑏)]

= 𝑘[(𝑎𝜙 + 𝑤𝑏𝑟)𝑄𝑏𝑟𝑥− ((1− 𝜙)𝑏𝑥2 + 𝑐(1 + 𝑟𝑏))𝑄2
𝑏𝑟].

In the traditional bank financing model, 𝑄*𝑏𝑟 = (𝑤𝑏𝑟 + 𝑎𝜙)𝛾2 can ensure that the farmer has bankrupt risk in a
low-yield season and no bankrupt risk in a high-yield season. To ensure that 𝑎− 𝑏𝑄*𝑏𝑟𝑥 > 𝑤𝑏𝑟, we suppose that
𝑤𝑏𝑟 < 𝑎(1−𝑏𝑥𝛾2𝜙)

1+𝑏𝑥𝛾2
, where 𝛾2 = max( 𝑥

2[𝑏𝑥2𝜙+𝑐(1+𝑟𝑏)]
, 𝜃𝑥

(1+𝑟𝑏)𝑐+𝜙𝑏𝜃2𝑥2 ). In addition, Θ𝑏𝑟(𝑄𝑏𝑟) = 𝑘(𝜙(𝑎 − 𝑏𝑄𝑏𝑟𝑥) −
𝑤𝑏𝑟)𝑄𝑏𝑟𝑥 + (1 − 𝑘)(𝜙(𝑎 − 𝑏𝑄𝑏𝑟𝜃𝑥) − 𝑤𝑏𝑟)𝑄𝑏𝑟𝜃𝑥, Ω𝑏𝑟 = 𝑘𝑐𝑄2

𝑏𝑟𝑟𝑏 + (1 − 𝑘)(𝑤𝑏𝑟𝑄𝑏𝑟𝜃𝑥 − 𝑐𝑄2
𝑏𝑟), and 𝑆𝑊𝑏𝑟 =

Π*𝑏𝑟 + Θ*𝑏𝑟 + Ω*𝑏𝑟 + 𝐶𝑆𝑏𝑟. Table 5 demonstrates the members’ optimal expected profits.

Proposition 4.8. In a supply chain with traditional bank financing model in Scenario 2, for a revenue-sharing
contract, there are:

1. If 𝜃 < 1
2 , 𝜙 < 𝜈2, and 𝑤𝑏𝑟 = 𝑎𝜇[(1+𝑟𝑏)𝑐+𝜙𝑏𝑥2]

𝑥(𝑏𝛿+𝑐) − 𝑎𝜙, then 𝑄*𝑏𝑟 = 𝑄*0.

2. If 𝜃 > 1
2 (or 𝜃 < 1

2 , 𝜙 > 𝜈2), and 𝑤𝑏𝑟 = 𝑎𝜇[(1+𝑟𝑏)𝑐+𝜙𝑏𝜃2𝑥2]
2𝜃𝑥(𝑏𝛿+𝑐) − 𝑎𝜙, then 𝑄*𝑏𝑟 = 𝑄*0.

Where 𝜈2 = 𝑐(1+𝑟𝑏)(1−2𝜃)
𝑏𝜃𝑥2(2−𝜃) ·

Proposition 4.8 demonstrates that in a supply chain with a traditional bank financing model and bankruptcy
risk, in order to maximize total supply chain profit while providing a revenue-sharing contract to the farmer, the
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Figure 2. Pareto improvement analysis.

enterprise must consider both the low-yield discount factor 𝜃 and the farmer’s revenue-sharing 𝜙. Specifically,
when both 𝜃 and 𝜙 are low, the optimal wholesale price 𝑤𝑏𝑟 for the farmer is given by 𝑤𝑏𝑟 = 𝑎𝜇[(1+𝑟𝑏)𝑐+𝜙𝑏𝑥2]

𝑥(𝑏𝛿+𝑐) −𝑎𝜙.

When 𝜃 is high or when 𝜃 is low and 𝜙 is high, the optimal wholesale price is 𝑤𝑏𝑟 = 𝑎𝜇[(1+𝑟𝑏)𝑐+𝜙𝑏𝜃2𝑥2]
2𝜃𝑥(𝑏𝛿+𝑐) −

𝑎𝜙. If these conditions are not met, the supply chain will not be able to maximize its profits. Combining
Propositions 4.3, 4.5, and 4.7, we can conclude that both price commitment contracts and revenue-sharing
contracts can achieve full coordination under certain conditions, regardless of whether the supply chain has
bankruptcy risk.

To explore the area of Pareto improvement, we perform a numerical experiment. The parameters are set as
follows: 𝑐 = 3, 𝑎 = 20, 𝑏 = 0.2, 𝜃 = 0.5, 𝑘 = 0.6, 𝑟𝑏 = 0.15, and 𝑥0 = 5. In the numerical study, we compare
the supply chain with a revenue-sharing contract and the decentralized supply chain. As shown in Figure 2,
line ̃︀𝑤𝑏𝑟 represents Π*𝑏𝑟 + Θ*𝑏𝑟 = Π*0, the supply chain can achieve full coordination in this line; Lines 𝑤𝑏𝑟 and̂︀𝑤𝑏𝑟 represent Θ*𝑏𝑟 = Θ*𝑏 . When 𝑤𝑏𝑟 ≤ 𝑤𝑏𝑟 ≤ ̂︀𝑤𝑏𝑟, the core enterprise can obtain more profits in the supply
chain with a revenue-sharing contract. The shaded region indicates the area where Pareto improvement can
be achieved. We can conclude that, when the farmer has bankrupt risk in a low-yield season and no bankrupt
risk in a high-yield season, the core enterprise can adjust the wholesale price and the revenue-sharing ratio
to realize Pareto improvement of the supply chain. However, when the supply chain members achieve Pareto
improvement, the supply chain cannot achieve full coordination.

5. Financing and coordination strategies in government-enterprise
guarantee financing

5.1. Government-enterprise guarantee financing model

In government-enterprise guarantee financing model, first, the core enterprise decides the wholesale price 𝑤
and offers a purchase contract to the farmer. Second, the farmer decides his production input 𝑄 and acquires a
loan 𝑐𝑄2

1−𝑠 from the bank. Third, the farmer plants and delivers products to the enterprise. Lastly, the enterprise
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sells the products to the market and pays the farmer. The farmer repays the loan and interest to the bank. If
the farmer goes bankrupt, the government, core enterprise, and bank will share the loss. In the following, we
consider a decentralized supply chain.

5.1.1. Scenario 1: no bankrupt risk

The farmer’s revenues in high- and low-yield seasons are 𝑤𝑔𝑄𝑔𝑥 and 𝑤𝑔𝑏𝑄𝑔𝜃𝑥, respectively. The sum of loan

and interest is 𝑐𝑄2
𝑔(1+𝑟𝑔)

1−𝑠 . Thus, if the farmer will not go bankrupt, then the farmer’s production input 𝑄𝑔 must

satisfy a condition: 𝑤𝑔𝑄𝑔𝜃𝑥 ≥
𝑐𝑄2

𝑔(1+𝑟𝑔)

1−𝑠 . The farmer’s expected profit is Π𝑔(𝑄𝑔) = 𝑘[𝑤𝑔𝑄𝑔𝑥−
𝑐𝑄2

𝑔(1+𝑟𝑔)

1−𝑠 ] + (1−

𝑘)[𝑤𝑔𝑄𝑔𝜃𝑥−
𝑐𝑄2

𝑔(1+𝑟𝑔)

1−𝑠 ], and the enterprise’s expected profit is Θ𝑔(𝑄𝑔) = 𝑘(𝑎− 𝑏𝑄𝑔𝑥− 𝑤𝑔)𝑄𝑔𝑥 + (1− 𝑘)(𝑎−
𝑏𝑄𝑔𝜃𝑥− 𝑤𝑔)𝑄𝑔𝜃𝑥 = (𝑎− 𝑤𝑔)𝜇𝑄𝑔 − 𝑏𝛿𝑄2

𝑔. Then, we determine the optimal decisions.

Lemma 5.1. In the government-enterprise guarantee financing model, the enterprise’s optimal wholesale price
is 𝑤*𝑔 = 𝑎𝜇

2(𝜇+𝑏𝛿𝜂𝑔1)
, the farmer’s optimal production input is 𝑄*𝑔 = 𝑎𝜇𝜂𝑔1

2(𝜇+𝑏𝛿𝜂𝑔1)
, where 𝜂𝑔1 = 1−𝑠

(1+𝑟𝑔)𝑐 min(𝜇
2 , 𝜃𝑥).

Correspondingly, the farmer’s profit is Π*𝑔 = 𝑎2𝜇2

4(𝜇+𝑏𝛿𝜂𝑔1)2
[𝜇𝜂𝑔1 −

𝑐𝜂2
𝑔1(1+𝑟𝑔)

1−𝑠 ], the enterprise’s profit is Θ*𝑔 =
𝑎2𝜇2𝜂𝑔1

4(𝜇+𝑏𝛿𝜂𝑔1)
, and the bank’s profit is Ω*𝑔 = 𝑘

𝑐𝑄2
𝑔𝑟𝑔

1−𝑠 + (1 − 𝑘) 𝑐𝑄2
𝑔𝑟𝑔

1−𝑠 = 𝑎2𝜇2𝜂2
𝑔1𝑐𝑟𝑔

4(1−𝑠)(𝜇+𝑏𝛿𝜂𝑔1)2
, the consumer surplus is

𝐶𝑆𝑔 = 𝐸[
∫︀ 𝑞

0
(𝑎− 𝑏𝑞)𝑑𝑥] = 𝐸( 𝑏𝑞2

2 ) = 𝑎2𝜇2𝜂2
𝑔1𝑏𝛿

8(𝜇+𝑏𝛿𝜂𝑔1)2
. Accordingly, the social welfare is 𝑆𝑊𝑔 = Π*𝑔 +Θ*𝑔 +Ω*𝑔 +𝐶𝑆𝑔 +

𝑠𝑐𝑄2
𝑔

1−𝑠 = 𝑎2𝜇2𝜂𝑔1
4(𝜇+𝑏𝛿𝜂𝑔1)2

(−𝑐𝜂𝑔1 + 3
2𝑏𝛿𝜂𝑔1 + 2𝜇).

Corollary 5.2. In decentralized supply chain with government-enterprise guarantee financing, for Scenario 1,
𝜕𝑤*

𝑔

𝜕𝑟𝑔
> 0, 𝜕𝑄*

𝑔

𝜕𝑟𝑔
< 0; 𝜕𝑤*

𝑔

𝜕𝑠 > 0, 𝜕𝑄*
𝑔

𝜕𝑠 < 0.

Corollary 5.2 indicates that when the guarantee fee ratio increases, the bank’s loan interest rate will increase,
then the cost of the farmer will be increased and the production input will be reduced. At this time, the
enterprise will increase the wholesale price to encourage the farmer to increase the production input.

5.1.2. Scenario 2: bankrupt in a low-yield season and not bankrupt in a high-yield season

If the farmer has bankrupt risk in a low-yield season and no bankrupt risk in a high-yield season, then the

production input 𝑄𝑔 must meet a constraint: 𝑤𝑔𝑄𝑔𝜃𝑥 ≤
𝑐𝑄2

𝑔(1+𝑟𝑔)

1−𝑠 ≤ 𝑤𝑔𝑄𝑔𝑥. His profit function is Π𝑔(𝑄𝑔) =

𝑘[𝑤𝑔𝑄𝑔𝑥 −
𝑐𝑄2

𝑔(1+𝑟𝑔)

1−𝑠 ]. The enterprise’s revenues in high- and low-yield seasons are (𝑝𝑔1 − 𝑤𝑔)𝑄𝑔𝑥 and (𝑝𝑔2 −

𝑤𝑔)𝑄𝑔𝜃𝑥− 𝜆𝑒[ 𝑐𝑄2
𝑔(1+𝑟𝑔)

1−𝑠 −𝑤𝑔𝑄𝑔𝜃𝑥], respectively, where 𝑝𝑔1 = 𝑎− 𝑏𝑄𝑔𝑥 and 𝑝𝑔2 = 𝑎− 𝑏𝑄𝑔𝑥. Consequently, the

enterprise’s expected profit is Θ𝑔(𝑄𝑔) = 𝑘(𝑎− 𝑏𝑄𝑔𝑥−𝑤𝑔)𝑄𝑔𝑥 + (1− 𝑘)[(𝑎− 𝑏𝑄𝑔𝜃𝑥−𝑤𝑔)𝑄𝑔𝜃𝑥−𝜆𝑒[ 𝑐𝑄2
𝑔(1+𝑟𝑔)

1−𝑠 −
𝑤𝑔𝑄𝑔𝜃𝑥]]. Lemma 5.3 shows the optimal decisions.

Lemma 5.3. In the government-enterprise guarantee financing model, the enterprise’s optimal wholesale price
is 𝑤*𝑔 = 𝑎𝜇(1−𝑠)

2𝜁𝑔
, the farmer’s optimal production input is 𝑄*𝑔 = 𝑎𝜇(1−𝑠)𝜂𝑔2

2𝜁𝑔
, where 𝜂𝑔2 = 1−𝑠

(1+𝑟𝑔)𝑐 max(𝑥
2 , 𝜃𝑥),

𝜁𝑔 = 𝜂𝑔2[(1− 𝑠)(𝜇 + 𝑏𝛿𝜂𝑔2 − 𝜆𝑒(1− 𝑘)𝜃𝑥) + 𝑐𝜆𝑒(1− 𝑘)(1 + 𝑟𝑔)].

Correspondingly, the farmer’s profit is Π*𝑔 = 𝑎2𝜇2𝑘𝜂𝑔2(1−𝑠)[(1−𝑠)𝑥−𝑐(1+𝑟𝑔)𝜂𝑔2]
4𝜁2

𝑔
, the enterprise’s profit is Θ*𝑔 =

𝑎2𝜇2𝜂𝑔2(1−𝑠)
4𝜁𝑔

, the bank’s profit is Ω*𝑔 = 𝑐𝑄2
𝑔𝑟𝑔

1−𝑠 − 𝜆0(1− 𝑘)( 𝑐𝑄2
𝑔(1+𝑟𝑔)

1−𝑠 − 𝑤𝑔𝑄𝑔𝜃𝑥) = 𝑎2𝜇2𝜂𝑔2(1−𝑠)
4𝜁2

𝑔
[𝑐𝜂𝑔2(𝑟𝑔 − 𝜆0(1−

𝑘)(1+𝑟𝑔))+𝜆0𝜃𝑥(1−𝑘)(1−𝑠)], the consumer surplus is 𝐶𝑆𝑔 = 𝐸[
∫︀ 𝑞

0
(𝑎− 𝑏𝑞)𝑑𝑥] = 𝐸( 𝑏𝑞2

2 ) = 𝑎2𝜇2𝜂2
𝑔2𝑏𝛿(1−𝑠)2

8𝜁2
𝑔

, and

the social welfare is 𝑆𝑊𝑔 = Π*𝑔 + Θ*𝑔 + Ω*𝑔 + 𝐶𝑆𝑔 + 𝑠𝑐𝑄2
𝑔

1−𝑠 − (1−𝑘)𝜆𝑔[ 𝑐𝑄2
𝑔(1+𝑟𝑔)

1−𝑠 −𝑤𝑔𝑄𝑔𝜃𝑥] = 𝑎2𝜇2𝜂𝑔2(1−𝑠)
8𝜁2

𝑔
{−2(1 +

𝑟𝑔)𝑐𝜂𝑔2[𝑘 + (1− 𝑘)(𝜆0 + 𝜆𝑔)] + (1− 𝑠)[2𝑥𝑘 + 2𝑥𝜃(1− 𝑘)(𝜆0 + 𝜆𝑔) + 𝑏𝛿𝜂𝑔2] + 2𝑐𝜂𝑔2𝑟𝑔 + 2𝜂𝑔2𝑠𝑐 + 2𝜁𝑔}.
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Table 6. Optimal values for scenario 1.

Π*
𝑔𝑝 = [𝜇− 𝑐(1+𝑟𝑔)𝜂𝑔1

1−𝑠
]𝜂𝑔1𝑤

2
𝑔𝑝

Θ*
𝑔𝑝 = 𝑎𝜇𝜂𝑔1𝑤𝑔𝑝 − (𝜇𝜂𝑔1 + 𝑏𝛿𝜂2

𝑔1)𝑤
2
𝑔𝑝

Ω*
𝑔𝑝 =

𝑐𝑟𝑔𝜂2
𝑔1𝑤2

𝑔𝑝

1−𝑠

𝑆𝑊𝑔𝑝 = 𝑎𝜇𝜂𝑔1.𝑤𝑔𝑝 − ( 𝑏𝛿
2

+ 𝑐)𝜂2
𝑔1𝑤

2
𝑔𝑝

5.2. Supply chain coordination with price commitment contract

5.2.1. Scenario 1: no bankrupt risk

If the farmer will not go bankrupt, then the farmer’s production input 𝑄𝑔𝑝 must satisfy a condition:

𝑤𝑔𝑝𝑄𝑔𝑝𝜃𝑥 ≥
𝑐𝑄2

𝑔𝑝(1+𝑟𝑔)

1−𝑠 . The farmer’s expected profit is Π𝑔𝑝(𝑄𝑔𝑝) = 𝑘[𝑤𝑔𝑝𝑄𝑔𝑝𝑥−
𝑐𝑄2

𝑔𝑝(1+𝑟𝑔)

1−𝑠 ]+(1−𝑘)[𝑤𝑔𝑝𝑄𝑔𝑝𝜃𝑥−
𝑐𝑄2

𝑔𝑝(1+𝑟𝑔)

1−𝑠 ]. 𝑄*𝑔𝑝 = 𝑤𝑔𝑝𝜂𝑔1 can ensure that the farmer has no bankrupt risk. To ensure that 𝑎− 𝑏𝑄*𝑔𝑝𝑥 > 𝑤𝑔𝑝, we
suppose that 𝑤𝑔𝑝 < 𝑎

1+𝑏𝑥𝜂𝑔1
. In addition, Θ𝑔𝑝(𝑄𝑔𝑝) = 𝑘(𝑎−𝑏𝑄𝑔𝑝𝑥−𝑤𝑔𝑝)𝑄𝑔𝑝𝑥+(1−𝑘)(𝑎−𝑏𝑄𝑔𝑝𝜃𝑥−𝑤𝑔𝑝)𝑄𝑔𝑝𝜃𝑥,

Ω𝑔𝑝 = 𝑘
𝑐𝑄2

𝑔𝑝𝑟𝑔

1−𝑠 + (1− 𝑘) 𝑐𝑄2
𝑔𝑝𝑟𝑔

1−𝑠 , and 𝑆𝑊𝑔𝑝 = Π*𝑔𝑝 + Θ*𝑔𝑝 + Ω*𝑔𝑝 + 𝐶𝑆𝑔𝑝 + 𝑠𝑐𝑄2
𝑔𝑝

1−𝑠 . Table 6 presents the members’
optimal expected profits.

Proposition 5.4. In a supply chain with government-enterprise guarantee financing model in Scenario 1, for
a price commitment contract, there are:

1. If 𝑘5 < 𝑘 < 𝜃
1−𝜃 and 𝑤𝑔𝑝 = 𝑎𝑐(1+𝑟𝑔)

(𝑏𝛿+𝑐)(1−𝑠) , then 𝑄*𝑔𝑝 = 𝑄*0.

2. If ( 𝑐 > 𝑐4 and 𝑘 > max( 𝜃
1−𝜃 , 𝑘6) ) or ( 𝑐 < 𝑐4 and 𝜃

1−𝜃 < 𝑘 ≤ 𝑘6 ), and 𝑤𝑔𝑝 = 𝑎𝜇𝑐(1+𝑟𝑔)
2𝜃𝑥(𝑏𝛿+𝑐)(1−𝑠) , then 𝑄*𝑔𝑝 = 𝑄*0.

3. In the following situations, for any 𝑤𝑔𝑝, there is 𝑄*𝑔𝑝 < 𝑄*0: (𝑖) 𝑐 > 𝑐4 and 𝑘 < max( 𝜃
1−𝜃 , 𝑘6); (𝑖𝑖) 𝑐 < 𝑐4

and 𝑘 < 𝜃
1−𝜃 ; (𝑖𝑖𝑖) 𝑐 < 𝑐4 and 𝑘 > 𝑘6.

Where 𝑐4 = (1+2𝜃)(1−𝑠)𝑏𝜃𝑥2

1+𝑟𝑔
, 𝑘5 = 2𝑐(𝑟𝑔+𝑠)+𝜃𝑏𝑥2(1−2𝜃)(1−𝑠)

(1+2𝜃)(1−𝜃)(1−𝑠)𝑏𝑥2 , 𝑘6 = 𝜃
1−𝜃 *

𝑐(𝑟𝑔+2𝑠−1)+𝑏𝜃𝑥2(1−𝑠)(1−2𝜃)
𝑏𝜃𝑥2(1−𝑠)(1+2𝜃)−𝑐(𝑟𝑔+1) .

Proposition 5.4 states that in a supply chain with a government-enterprise guarantee financing model and no
bankruptcy risk, in order to maximize total supply chain profit while providing a price commitment contract to
the farmer, the enterprise must consider the probability of a high-yield season 𝑘, the coefficient of the farmer’s
effort cost of planting 𝑐, and the wholesale price 𝑤𝑔𝑝 simultaneously. Specifically, when 𝑘 is low, the optimal
wholesale price 𝑤𝑔𝑝 for the farmer is given by 𝑤𝑔𝑝 = 𝑎𝑐(1+𝑟𝑔)

(𝑏𝛿+𝑐)(1−𝑠) . When 𝑘 is high, the optimal wholesale price is

𝑤𝑔𝑝 = 𝑎𝜇𝑐(1+𝑟𝑔)
2𝜃𝑥(𝑏𝛿+𝑐)(1−𝑠) . If these conditions are not met, the supply chain will not be able to maximize its profits.

This is similar to Proposition 4.3.
From Proposition 5.4, two cases in which the supply chain can achieve full coordination exist. First, if

𝑘5 < 𝑘 < 𝜃
1−𝜃 and 𝑤𝑔𝑝 = 𝑎𝑐(1+𝑟𝑔)

(𝑏𝛿+𝑐)(1−𝑠) , the supply chain can achieve full coordination. The farmer’s profit is

Π*𝑔𝑝 = 𝑎2𝜇2𝑐(1+𝑟𝑔)
4(1−𝑠)(𝑏𝛿+𝑐)2 , the enterprise’s profit is Θ*𝑔𝑝 = 𝑎2𝜇2[𝑏𝛿(1−𝑠)−2𝑐(𝑠+𝑟𝑔)]

4(1−𝑠)(𝑏𝛿+𝑐)2 , the bank’s profit is Ω*𝑔𝑝 = 𝑎2𝜇2𝑐𝑟𝑔

4(1−𝑠)(𝑏𝛿+𝑐)2 ,

and the total revenue of the government is Ψ𝑔𝑝 = 𝑎2𝜇2𝑠𝑐
4(1−𝑠)(𝑏𝛿+𝑐)2 . Second, if 𝑘 ≥ 𝜃

1−𝜃 and 𝑤𝑔𝑝 = 𝑎𝜇𝑐(1+𝑟𝑔)
2𝜃𝑥(𝑏𝛿+𝑐)(1−𝑠) ,

the supply chain can achieve full coordination. The farmer’s profit is Π*𝑔𝑝 = 𝑎2𝜇2𝑐(1+𝑟𝑔)(𝜇−𝜃𝑥)
4𝜃𝑥(1−𝑠)(𝑏𝛿+𝑐)2 , the enterprise’s

profit is Θ*𝑔𝑝 = 𝑎2𝜇2[𝜃𝑥(𝑏𝛿+2𝑐)(1−𝑠)−𝜇𝑐(1+𝑟𝑔)]
4𝜃𝑥(1−𝑠)(𝑏𝛿+𝑐)2 , the bank’s profit is Ω*𝑔𝑝 = 𝑎2𝜇2𝑐𝑟𝑔

4(1−𝑠)(𝑏𝛿+𝑐)2 , and the total revenue of

the government is Ψ𝑔𝑝 = 𝑎2𝜇2𝑠𝑐
4(1−𝑠)(𝑏𝛿+𝑐)2 .

Corollary 5.5. In a supply chain with government-enterprise guarantee financing model in Scenario 1, for the
price commitment contract, there are:
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Table 7. Optimal values for scenario 2.

Π*
𝑔𝑝 = [𝑥− 𝑐(1+𝑟𝑔)𝜂𝑔2

1−𝑠
]𝑘𝜂𝑔2𝑤

2
𝑔𝑝

Θ*
𝑔𝑝 = 𝑎𝜇𝜂𝑔2𝑤𝑔𝑝 − [𝜇𝜂𝑔2 + 𝑏𝛿𝜂2

𝑔2 + (1− 𝑘)𝜆𝑒(
𝑐(1+𝑟𝑔)𝜂2

𝑔2
1−𝑠

− 𝜂𝑔2𝜃𝑥)]𝑤2
𝑔𝑝

Ω*
𝑔𝑝 = [𝑟𝑔 − 𝜆0(1− 𝑘)(1 + 𝑟𝑔)]

𝑐𝜂2
𝑔2𝑤2

𝑔𝑝

1−𝑠
+ 𝜆0𝜂𝑔2𝑤

2
𝑔𝑝𝜃𝑥(1− 𝑘)

Ψ𝑔𝑝 = [𝑠− 𝜆𝑔(1− 𝑘)(1 + 𝑟𝑔)]
𝑐𝜂2

𝑔2𝑤2
𝑔𝑝

1−𝑠
+ 𝜆𝑔𝜂𝑔2𝑤

2
𝑔𝑝𝜃𝑥(1− 𝑘)

𝑆𝑊𝑔𝑝 = 𝑎𝜇𝜂𝑔2𝑤𝑔𝑝 − ( 𝑏𝛿
2

+ 𝑐)𝜂2
𝑔2𝑤

2
𝑔𝑝

(1) If 𝑤𝑔𝑝 ≥ 𝑎𝜇
2𝜇+2𝑏𝛿𝜂𝑔1

, then Π*𝑔𝑝 ≥ Π*𝑔, otherwise, Π*𝑔𝑝 < Π*𝑔;
(2) For any given 𝑤𝑔𝑝, Θ*𝑔𝑝 < Θ*𝑔.

From Corollary 5.5, in the government-enterprise guarantee financing model, when the farmer has no bankrupt
risk, the enterprise cannot adjust the promised price to make the profits of the farmer and core enterprise greater
than the profits under a decentralized decision. The reason is similar to that in the traditional bank financing
model. Government-enterprise guarantee financing only reduces the financing costs of the farmer, and still cannot
change the profit loss of the core enterprise. Thus, we cannot use a price commitment contract to achieve Pareto
improvement. This is similar to Corollary 4.4.

5.2.2. Scenario 2: bankrupt in a low-yield season and not bankrupt in a high-yield season

If the farmer has bankrupt risk in a low-yield season and no bankrupt risk in a high-yield season, then

the production input 𝑄𝑔𝑝 must meet a constraint: 𝑤𝑔𝑝𝑄𝑔𝑝𝜃𝑥 ≤
𝑐𝑄2

𝑔𝑝(1+𝑟𝑔)

1−𝑠 ≤ 𝑤𝑔𝑝𝑄𝑔𝑝𝑥. His profit function is

Π𝑔𝑝(𝑄𝑔𝑝) = 𝑘[𝑤𝑔𝑝𝑄𝑔𝑝𝑥 −
𝑐𝑄2

𝑔𝑝(1+𝑟𝑔)

1−𝑠 ]. Π𝑔𝑝(𝑄𝑔𝑝) is strictly concave in 𝑄𝑔𝑝. Thus, we determine the farmer’s
optimal decision: 𝑄*𝑔𝑝 = 𝑤𝑔𝑝𝜂𝑔2 can ensure that the farmer has bankrupt risk in a low-yield season and no
bankrupt risk in a high-yield season. To ensure that 𝑎 − 𝑏𝑄*𝑔𝑝𝑥 > 𝑤𝑔𝑝, we suppose that 𝑤𝑔𝑝 < 𝑎

1+𝑏𝑥𝜂𝑔2
. In

addition, Θ𝑔𝑝(𝑄𝑔𝑝) = 𝑘(𝑎− 𝑏𝑄𝑔𝑝𝑥−𝑤𝑔𝑝)𝑄𝑔𝑝𝑥+ (1−𝑘)[(𝑎− 𝑏𝑄𝑔𝑝𝜃𝑥−𝑤𝑔𝑝)𝑄𝑔𝑝𝜃𝑥−𝜆𝑒[ 𝑐𝑄2
𝑔𝑝(1+𝑟𝑔)

1−𝑠 −𝑤𝑔𝑝𝑄𝑔𝑝𝜃𝑥]],

Ω𝑔𝑝 = 𝑐𝑄2
𝑔𝑝𝑟𝑔

1−𝑠 − 𝜆0(1 − 𝑘)( 𝑐𝑄2
𝑔𝑝(1+𝑟𝑔)

1−𝑠 − 𝑤𝑔𝑝𝑄𝑔𝑝𝜃𝑥), and 𝑆𝑊𝑔𝑝 = Π*𝑔𝑝 + Θ*𝑔𝑝 + Ω*𝑔𝑝 + 𝐶𝑆𝑔𝑝 + 𝑠𝑐𝑄2
𝑔𝑝

1−𝑠 − (1 −

𝑘)𝜆𝑔[ 𝑐𝑄2
𝑔𝑝(1+𝑟𝑔)

1−𝑠 − 𝑤𝑔𝑝𝑄𝑔𝑝𝜃𝑥]. Table 7 presents the members’ optimal expected profits.

Proposition 5.6. In a supply chain with government-enterprise guarantee financing model in Scenario 2, for
a price commitment contract, there are:

1. Case 𝜃 > 1
2 . If (𝑐 > 𝑐4 and 𝑘 > max( 𝜃

1−𝜃 , 𝑘6)) or (𝑐 < 𝑐4 and 𝜃
1−𝜃 < 𝑘 ≤ 𝑘6), and 𝑤𝑔𝑝 = 𝑎𝜇𝑐(1+𝑟𝑔)

2𝜃𝑥(𝑏𝛿+𝑐)(1−𝑠) , then
𝑄*𝑔𝑝 = 𝑄*0; if (𝑖) 𝑐 > 𝑐4 and 𝑘 < max( 𝜃

1−𝜃 , 𝑘6); (𝑖𝑖)𝑐 < 𝑐4 and 𝑘 < 𝜃
1−𝜃 ; (𝑖𝑖𝑖) 𝑐 < 𝑐4 and 𝑘 > 𝑘6, for any 𝑤𝑔𝑝,

then there is 𝑄*𝑔𝑝 < 𝑄*0.
2. Case 𝜃 ≤ 1

2 . If (𝑐 < 𝑐5 and 𝑘 > 𝑘7) or (𝑐 > 𝑐5 and 𝑘 < 𝑘7), and 𝑤𝑔𝑝 = 𝑎𝜇𝑐(1+𝑟𝑔)
𝑥(𝑏𝛿+𝑐)(1−𝑠) , then 𝑄*𝑔𝑝 = 𝑄*0; if

(𝑐 < 𝑐5 and 𝑘 < 𝑘7) or (𝑐 > 𝑐5 and 𝑘 > 𝑘7), for any 𝑤𝑔𝑝, then there is 𝑄*𝑔𝑝 < 𝑄*0.

Where 𝑐5 = (1+2𝜃)(1−𝑠)𝑏𝑥2

2𝑐(1+𝑟𝑔) , 𝑘7 = 2𝑐(1−𝑠)+2𝜃𝑐(𝑟𝑔+1)+𝑏𝜃𝑥2(1−𝑠)(1−2𝜃)
(1−𝜃)[𝑏𝑥2(1−𝑠)(1+2𝜃)−2𝑐(𝑟𝑔+1)] ·

Proposition 5.6 is similar to Proposition 4.5. When 𝜃 is high, the optimal wholesale price is 𝑤𝑔𝑝 =
𝑎𝜇𝑐(1+𝑟𝑔)

2𝜃𝑥(𝑏𝛿+𝑐)(1−𝑠) . When 𝜃 is low, the optimal wholesale price is 𝑤𝑔𝑝 = 𝑎𝜇𝑐(1+𝑟𝑔)
𝑥(𝑏𝛿+𝑐)(1−𝑠) . It is important for the enterprise

to choose the appropriate wholesale price based on the value of 𝜃, 𝑐 and 𝑘 in order to maximize the total profit
of the supply chain.

From Proposition 5.6, in this scenario, two cases in which the supply chain can achieve full coordination
exist. First, if 𝜃 > 1

2 and the supply chain achieves full coordination, the farmer’s profit is Π*𝑔𝑝 = 𝑐𝑘𝑥(1 +
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Table 8. Optimal values for scenario 1.

Π*
𝑔𝑟 = (𝑤𝑔𝑟 + 𝑎𝜙)2𝛾3(1− 𝑠)[𝜇− 𝜙𝑏𝛿𝛾3(1− 𝑠)− 𝑐𝛾3(1 + 𝑟𝑔)]

Θ*
𝑔𝑟 = (𝑤𝑔𝑟 + 𝑎𝜙)𝛾3(1− 𝑠)[(𝑎𝜙− 𝑤𝑔𝑟)𝜇− 𝑏𝛿𝜙𝛾3(1− 𝑠)(𝑤𝑔𝑟 + 𝑎𝜙)]

Ω*
𝑔𝑟 = 𝑐𝑟𝑔𝛾2

3(1− 𝑠)(𝑤𝑔𝑟 + 𝑎𝜙)2

𝐶𝑆𝑔𝑟 = 1
2
𝑏𝛿𝛾2

3(1− 𝑠)2(𝑤𝑔𝑟 + 𝑎𝜙)2

Ψ𝑔𝑟 = 𝑠𝑐(1− 𝑠)𝛾2
3(𝑤𝑔𝑟 + 𝑎𝜙)2

𝑆𝑊𝑔𝑟 = (𝑤𝑔𝑟 + 𝑎𝜙)𝛾3(1− 𝑠)[𝑎𝜇− 𝛾3(
1
2
𝑏𝛿(1− 𝑠) + 𝑐− 𝑐𝑠)(𝑤𝑔𝑟 + 𝑎𝜙)]

𝑟𝑔)(1 − 𝜃) 𝑎2𝜇2

4𝜃𝑥(1−𝑠)(𝑏𝛿+𝑐)2 , the enterprise’s profit is Θ*𝑔𝑝 = 𝑎2𝜇2[𝑏𝜃𝑥𝛿(1−𝑠)+2𝜃𝑥𝑐(1−𝑠)−𝜇𝑐(1+𝑟𝑔)]
4𝜃𝑥(1−𝑠)(𝑏𝛿+𝑐)2 , the bank’s profit is

Ω*𝑔𝑝 = 𝑎2𝜇2𝑐𝑟𝑔

4(1−𝑠)(𝑏𝛿+𝑐)2 , and the total revenue of the government is Ψ𝑔𝑝 = 𝑎2𝜇2𝑠𝑐
4(1−𝑠)(𝑏𝛿+𝑐)2 . Second, if 𝜃 ≤ 1

2 and the

supply chain achieves full coordination, the farmer’s profit is Π*𝑔𝑝 = 𝑎2𝜇2𝑐𝑘(1+𝑟𝑔)
4(1−𝑠)(𝑏𝛿+𝑐)2 , the enterprise’s profit is Θ*𝑔𝑝 =

𝑎2𝜇2[𝑏𝑥𝛿(1−𝑠)+2𝑥𝑐(1−𝑠)−2𝜇𝑐(1+𝑟𝑔)−𝑐𝑥𝜆𝑒(1−𝑘)(1+𝑟𝑔)(1−2𝜃)]
4𝑥(1−𝑠)(𝑏𝛿+𝑐)2 , the bank’s profit is Ω*𝑔𝑝 = 𝑎2𝜇2𝑐[𝑟𝑔+𝜆0(2𝜃−1)(1+𝑟𝑔)(1−𝑘)]

4(1−𝑠)(𝑏𝛿+𝑐)2 ,

and the total government expenditure is Ψ𝑔𝑝 = 𝑎2𝜇2𝑐[𝜆𝑔(1−2𝜃)(1+𝑟𝑔)(1−𝑘)−𝑠]
4(1−𝑠)(𝑏𝛿+𝑐)2 .

Corollary 5.7. In a supply chain with government-enterprise guarantee financing model in Scenario 2, for the
price commitment contract, there are:
(1) If 𝑤𝑔𝑝 ≥ 𝑎𝜇(1−𝑠)

2𝜁𝑔
, then, Π*𝑔𝑝 ≥ Π*𝑔, otherwise, Π*𝑔𝑝 < Π*𝑔;

(2) For any given 𝑤𝑔𝑝, Θ*𝑔𝑝 < Θ*𝑔.

From Corollary 5.7, in this scenario, we also cannot use a price commitment contract to achieve Pareto
improvement. The reason is similar to that in Scenario 1, the profits of the farmer and enterprise cannot be
increased at the same time. By combining Corollaries 4.4, 4.6, and 5.5, we conclude that in the real world,
the enterprise cannot use a price commitment contract to incentivize the farmer, regardless of whether the
supply chain has bankruptcy risk. This limitation applies to both the traditional bank financing model and the
government-enterprise guarantee financing model.

5.3. Supply chain coordination with revenue-sharing contract

5.3.1. Scenario 1: no bankrupt risk

In a revenue-sharing contract, the farmer’s revenues in high- and low-yield seasons are 𝑤𝑔𝑟𝑄𝑔𝑟𝑥 + (1 −
𝜙)𝑝𝑔𝑟1𝑄𝑔𝑟𝑥 and 𝑤𝑔𝑟𝑄𝑔𝑟𝜃𝑥 + (1 − 𝜙)𝑝𝑔𝑟2𝑄𝑔𝑟𝜃𝑥, respectively, where 𝑝𝑔𝑟1 = 𝑎 − 𝑏𝑄𝑔𝑟𝑥 and 𝑝𝑔𝑟2 = 𝑎 − 𝑏𝑄𝑔𝑟𝜃𝑥.

The sum of loan and interest is 𝑐𝑄2
𝑔𝑟(1+𝑟𝑔)

1−𝑠 . Thus, if the farmer will not go bankrupt, the farmer’s production

input 𝑄𝑔𝑟 must satisfy a condition: 𝑤𝑔𝑟𝑄𝑔𝑟𝜃𝑥 + (1−𝜙)𝑝𝑔𝑟2𝑄𝑔𝑟𝜃𝑥 ≥
𝑐𝑄2

𝑔𝑟(1+𝑟𝑔)

1−𝑠 . The farmer’s expected profit is

Π𝑔𝑟(𝑄𝑔𝑟) = 𝑘[𝑤𝑔𝑟𝑄𝑔𝑟𝑥 + (1− 𝜙)𝑝𝑔𝑟1𝑄𝑔𝑟𝑥] + (1− 𝑘)[𝑤𝑔𝑟𝑄𝑔𝑟𝜃𝑥 + (1− 𝜙)𝑝𝑔𝑟2𝑄𝑔𝑟𝜃𝑥]−
𝑐𝑄2

𝑔𝑟(1 + 𝑟𝑔)
1− 𝑠

= −[𝜙𝑏𝛿 +
𝑐(1 + 𝑟𝑔)

1− 𝑠
]𝑄2

𝑔𝑟 + (𝑤𝑔𝑟 + 𝜙𝑎)𝑄𝑔𝑟𝜇.

We determine the optimal decision: 𝑄*𝑔𝑟 = (𝑤𝑔𝑟 + 𝑎𝜙)(1 − 𝑠)𝛾3 can ensure that the farmer has no
bankrupt risk. To ensure that 𝑎 − 𝑏𝑄*𝑔𝑟𝑥 > 𝑤𝑔𝑟, we suppose that 𝑤𝑔𝑟 < 𝑎−𝑏𝑥𝛾3𝑎𝜙(1−𝑠)

1+𝑏𝑥𝛾3(1−𝑠) , where 𝛾3 =
min( 𝜇

2[𝑏𝛿𝜙(1−𝑠)+𝑐(1+𝑟𝑔)] ,
𝜃𝑥

(1+𝑟𝑔)𝑐+(1−𝑠)𝜙𝑏𝜃2𝑥2 ). In addition, Θ𝑔𝑟(𝑄𝑔𝑟) = 𝑘(𝜙(𝑎−𝑏𝑄𝑔𝑟𝑥)−𝑤𝑔𝑟)𝑄𝑔𝑟𝑥+(1−𝑘)(𝜙(𝑎−

𝑏𝑄𝑔𝑟𝜃𝑥)−𝑤𝑔𝑟)𝑄𝑔𝑟𝜃𝑥, Ω𝑔𝑟 = 𝑘
𝑐𝑄2

𝑔𝑟𝑟𝑔

1−𝑠 + (1− 𝑘) 𝑐𝑄2
𝑔𝑟𝑟𝑔

1−𝑠 , and 𝑆𝑊𝑔𝑟 = Π*𝑔𝑟 + Θ*𝑔𝑟 + Ω*𝑔𝑟 + 𝐶𝑆𝑔𝑟 + 𝑠𝑐𝑄2
𝑔𝑟

1−𝑠 . In Table 8,
we indicate the members’ optimal expected profits.
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Figure 3. Pareto improvement analysis.

Proposition 5.8. In a supply chain with government-enterprise guarantee financing model in Scenario 1, for
a revenue-sharing contract, there are:

1. If 𝑐 > 𝑐6, 𝑘 > 𝑘8, and 𝑤𝑔𝑟 = 𝑎𝜇[(1+𝑟𝑔)𝑐+(1−𝑠)𝜙𝑏𝜃2𝑥2]
2𝜃𝑥(𝑏𝛿+𝑐)(1−𝑠) − 𝑎𝜙, then 𝑄*𝑔𝑟 = 𝑄*0.

2. If ( 𝑐 > 𝑐6, 𝑘 < 𝑘8 ) or ( 𝑐 < 𝑐6 ), and 𝑤𝑔𝑟 = 𝑎𝑐(1+𝑟𝑔)−𝑎𝑐𝜙(1−𝑠)
(1−𝑠)(𝑏𝛿+𝑐) , then 𝑄*𝑔𝑟 = 𝑄*0.

Where 𝑐6 = (2+𝜃)(1−𝑠)𝜙𝑏𝜃𝑥2

1+𝑟𝑔
, 𝑘8 = 𝜃

1−𝜃 *
𝑐(𝑟𝑔+1)+𝑏𝜙𝜃2𝑥2(1−𝑠)

𝑐(𝑟𝑔+1)−𝑏𝜙𝜃𝑥2(1−𝑠)(2+𝜃) ·

Proposition 5.8 demonstrates that in a supply chain with a government-enterprise guarantee financing model
and no bankruptcy risk, the enterprise should set a wholesale price of 𝑤𝑔𝑟 = 𝑎𝜇[(1+𝑟𝑔)𝑐+(1−𝑠)𝜙𝑏𝜃2𝑥2]

2𝜃𝑥(𝑏𝛿+𝑐)(1−𝑠) − 𝑎𝜙 when
both 𝑐 and 𝑘 are high. In cases where 𝑐 is low or when 𝑐 is high and 𝑘 is low, the enterprise should provide a
wholesale price of 𝑤𝑔𝑟 = 𝑎𝑐(1+𝑟𝑔)−𝑎𝑐𝜙(1−𝑠)

(1−𝑠)(𝑏𝛿+𝑐) to the farmer. Failing to follow these pricing strategies will prevent
the enterprise from maximizing supply chain profits.

To explore the area of Pareto improvement, we conduct a numerical experiment. The parameters are set as
follows: 𝑐 = 3, 𝑎 = 30, 𝑏 = 0.5, 𝜃 = 0.6, 𝑘 = 0.7, 𝑠 = 0.02, 𝑟𝑔 = 0.08, 𝑥0 = 3, 𝜆𝑒 = 0.4, 𝜆0 = 0.1, 𝜆𝑔 = 0.5, and
𝜙 = 0.8. The results are similar to those in the traditional bank financing model. As shown in Figure 3, in the
government-enterprise guarantee financing model, the expected profit of the farmer under the revenue-sharing
contract increases with the wholesale price and gradually exceeds the expected profit under a decentralized
decision. On the contrary, the expected profit of the core enterprise is always lower than the expected profit
under a decentralized decision. That is, the gap in the enterprise’s profit is not as large as that under traditional
bank financing, such that the area of Pareto improvement in Scenario 1 is also impossible to find.

5.3.2. Scenario 2: bankrupt in a low-yield season and not bankrupt in a high-yield season

If the farmer has bankrupt risk in a low-yield season and no bankrupt risk in a high-yield season, then the

production input 𝑄𝑔𝑟 must meet a constraint: 𝑤𝑔𝑟𝑄𝑔𝑟𝜃𝑥 + (1 − 𝜙)𝑝𝑔𝑟2𝑄𝑔𝑟𝜃𝑥 ≤
𝑐𝑄2

𝑔𝑟(1+𝑟𝑔)

1−𝑠 ≤ 𝑤𝑔𝑟𝑄𝑔𝑟𝑥 + (1 −
𝜙)𝑝𝑔𝑟1𝑄𝑔𝑟𝑥. His profit function is

Π𝑔𝑟(𝑄𝑔𝑟) = 𝑘[𝑤𝑔𝑟𝑄𝑔𝑟𝑥 + (1− 𝜙)𝑝𝑔𝑟1𝑄𝑔𝑟𝑥−
𝑐𝑄2

𝑔𝑟(1 + 𝑟𝑔)
1− 𝑠

]

= 𝑘{[−𝜙𝑏𝑥2 − 𝑐(1 + 𝑟𝑔)
1− 𝑠

]𝑄2
𝑔𝑟 + (𝑎𝜙 + 𝑤𝑔𝑟)𝑄𝑔𝑟𝑥}.
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Table 9. Optimal values for scenario 2.

Π*
𝑔𝑟 = 𝑘𝛾4(𝑤𝑔𝑟 + 𝑎𝜙)2(1− 𝑠)[𝑥− 𝜙(1− 𝑠)𝑏𝛾4𝑥

2 − 𝑐𝛾4(1 + 𝑟𝑔)]
Θ*

𝑔𝑟 = 𝛾4(𝑤𝑔𝑟 + 𝑎𝜙)(1− 𝑠)[(𝑎𝜙− 𝑤𝑔𝑟)𝜇− 𝑏𝛿𝜙𝛾4(1− 𝑠)(𝑤𝑔𝑟 + 𝑎𝜙)]
+(1− 𝑘)𝛾4(𝑤𝑔𝑟 + 𝑎𝜙)2(1− 𝑠)𝜆𝑒[𝜃𝑥− 𝜙(1− 𝑠)𝑏𝛾4𝜃

2𝑥2 − 𝑐𝛾4(1 + 𝑟𝑔)]
Ω*

𝑔𝑟 = 𝑐𝑟𝑔𝛾2
4(𝑤𝑔𝑟 + 𝑎𝜙)2(1− 𝑠)

+(1− 𝑘)𝛾4(𝑤𝑔𝑟 + 𝑎𝜙)2(1− 𝑠)𝜆0[𝜃𝑥− 𝜙(1− 𝑠)𝑏𝛾4𝜃
2𝑥2 − 𝑐𝛾4(1 + 𝑟𝑔)]

𝐶𝑆𝑔𝑟 = 1
2
𝑏𝛿𝛾2

4(𝑤𝑔𝑟 + 𝑎𝜙)2(1− 𝑠)2

𝑆𝑊𝑔𝑟 = 𝛾4(𝑤𝑔𝑟 + 𝑎𝜙)2(1− 𝑠)[𝜇− 1
2
𝑏𝛾4𝛿(1− 𝑠)− 𝑐𝛾4(1− 𝑠)]

+𝜇𝛾4(𝑤𝑔𝑟 + 𝑎𝜙)(1− 𝑠)(𝑎𝜙− 𝑤𝑔𝑟)

We obtain the farmer’s optimal decision: 𝑄*𝑔𝑟 = (𝑤𝑔𝑟 +𝑎𝜙)(1−𝑠)𝛾4 can ensure that the farmer has bankrupt risk
in a low-yield season and no bankrupt risk in a high-yield season. To ensure that 𝑎− 𝑏𝑄*𝑔𝑟𝑥 > 𝑤𝑔𝑟, we suppose
𝑤𝑔𝑟 < 𝑎−𝑏𝑥𝛾4𝑎𝜙(1−𝑠)

1+𝑏𝑥𝛾4(1−𝑠) , where 𝛾4 = max( 𝑥
2[𝑏𝜙𝑥2(1−𝑠)+𝑐(1+𝑟𝑔)] ,

𝜃𝑥
(1+𝑟𝑔)𝑐+(1−𝑠)𝜙𝑏𝜃2𝑥2 ). In addition, Θ𝑔𝑟(𝑄𝑔𝑟) = 𝑘(𝜙(𝑎−

𝑏𝑄𝑔𝑟𝑥)−𝑤𝑔𝑟)𝑄𝑔𝑟𝑥+(1−𝑘)[(𝜙(𝑎−𝑏𝑄𝑔𝑟𝜃𝑥)−𝑤𝑔𝑟)𝑄𝑔𝑟𝜃𝑥−𝜆𝑒[ 𝑐𝑄2
𝑔𝑟(1+𝑟𝑔)

1−𝑠 −𝑤𝑔𝑟𝑄𝑔𝑟𝜃𝑥−((1−𝜙)𝑝𝑔𝑟1−𝑤𝑔𝑟)𝑄𝑔𝑟𝜃𝑥]],

Ω𝑔𝑟 = 𝑐𝑄2
𝑔𝑟𝑟𝑔

1−𝑠 − 𝜆0(1− 𝑘)[ 𝑐𝑄2
𝑔𝑟(1+𝑟𝑔)

1−𝑠 −𝑤𝑔𝑟𝑄𝑔𝑟𝜃𝑥− ((1− 𝜙)𝑝𝑔𝑟1 −𝑤𝑔𝑟)𝑄𝑔𝑟𝜃𝑥], and 𝑆𝑊𝑔𝑟 = Π*𝑔𝑟 + Θ*𝑔𝑟 + Ω*𝑔𝑟 +

𝐶𝑆𝑔𝑟 + 𝑠𝑐𝑄2
𝑔𝑟

1−𝑠 −(1−𝑘)𝜆𝑔[ 𝑐𝑄2
𝑔𝑟(1+𝑟𝑔)

1−𝑠 −𝑤𝑔𝑟𝑄𝑔𝑟𝜃𝑥−((1−𝜙)𝑝𝑔𝑟1−𝑤𝑔𝑟)𝑄𝑔𝑟𝜃𝑥]. In Table 9, we present the members’
optimal expected profits.

Proposition 5.9. In a supply chain with government-enterprise guarantee financing model in Scenario 2, for
a revenue-sharing contract, there are:

1. If (𝜃 > 1
2) or (𝜃 < 1

2 and 𝜙 >
(1−2𝜃)(1+𝑟𝑔)𝑐
(2−𝜃)(1−𝑠)𝑏𝜃𝑥2 ), and 𝑤𝑔𝑟 = 𝑎𝜇[(1+𝑟𝑔)𝑐+(1−𝑠)𝜙𝑏𝜃2𝑥2]

2𝜃𝑥(𝑏𝛿+𝑐)(1−𝑠) − 𝑎𝜙, then 𝑄*𝑔𝑟 = 𝑄*0.

2. If 𝜃 < 1
2 , 𝜙 <

(1−2𝜃)(1+𝑟𝑔)𝑐
(2−𝜃)(1−𝑠)𝑏𝜃𝑥2 , and 𝑤𝑔𝑟 = (1−𝑠)𝑎𝜇𝑏𝑥2𝜙+𝑎𝜇𝑐(1+𝑟𝑔)

𝑥(1−𝑠)(𝑏𝛿+𝑐) − 𝑎𝜙, then 𝑄*𝑔𝑟 = 𝑄*0.

Proposition 5.9 demonstrates that in a supply chain with government-enterprise guarantee financing model
and bankruptcy risk, the enterprise should offer a wholesale price of 𝑤𝑔𝑟 = 𝑎𝜇[(1+𝑟𝑔)𝑐+(1−𝑠)𝜙𝑏𝜃2𝑥2]

2𝜃𝑥(𝑏𝛿+𝑐)(1−𝑠) − 𝑎𝜙 to the
farmer when 𝜃 is high or when 𝜃 is low and 𝜙 is high. When both 𝜃 and 𝜙 are low, the enterprise should provide
a wholesale price of 𝑤𝑔𝑟 = (1−𝑠)𝑎𝜇𝑏𝑥2𝜙+𝑎𝜇𝑐(1+𝑟𝑔)

𝑥(1−𝑠)(𝑏𝛿+𝑐) − 𝑎𝜙 to the farmer. Not following these pricing strategies will
prevent the enterprise from maximizing supply chain profits. Combining Propositions 5.4, 5.6, and 5.8, it can be
concluded that price commitment contracts and revenue sharing contracts can achieve full coordination under
certain conditions in a government-enterprise guarantee financing model, regardless of whether the supply chain
has bankruptcy risk or not.

To explore the area of Pareto improvement, we conduct a numerical simulation. The parameters are set as
follows: 𝑐 = 3, 𝑎 = 20, 𝑏 = 0.6, 𝜃 = 0.6, 𝑘 = 0.7, 𝑠 = 0.02, 𝑟𝑔 = 0.0584, and 𝑥0 = 6. As shown in Figure 4,
in the government-enterprise guarantee financing model, line ̃︀𝑤𝑔𝑟 represents Π*𝑔𝑟 + Θ*𝑔𝑟 = Π*0, the supply chain
can achieve full coordination in this line; and lines 𝑤𝑔𝑟 and ̂︀𝑤𝑔𝑟 represent Θ*𝑔𝑟 = Θ*𝑔. When 𝑤𝑔𝑟 ≤ 𝑤𝑔𝑟 ≤ ̂︀𝑤𝑔𝑟,
the core enterprise can obtain more profits in the supply chain with a revenue-sharing contract. The shaded
region indicates the area where Pareto improvement can be achieved. When the farmer has bankrupt risk in
a low-yield season and no bankrupt risk in a high-yield season, the wholesale price and revenue-sharing ratio
can be adjusted to increase the profits of the farmer and core enterprise at the same time. Therefore, the
revenue-sharing contract can achieve Pareto improvement.
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Figure 4. Pareto improvement analysis.

6. Financing models comparison

6.1. Financing models comparison under price commitment contract

6.1.1. Scenario 1: no bankrupt risk

Proposition 6.1. Under the price commitment contract, in Scenario 1, there are:

1. If 𝑤𝑔𝑝

𝑤𝑏𝑝
>

1+𝑟𝑔

(1−𝑠)(1+𝑟𝑏)
, then 𝑄*𝑔𝑝 > 𝑄*𝑏𝑝; otherwise, 𝑄*𝑔𝑝 ≤ 𝑄*𝑏𝑝.

2. If 𝑤2
𝑔𝑝

𝑤2
𝑏𝑝

>
1+𝑟𝑔

(1−𝑠)(1+𝑟𝑏)
, then Π*𝑔𝑝 > Π*𝑏𝑝; otherwise, Π*𝑔𝑝 ≤ Π*𝑏𝑝.

3. If 𝑤2
𝑔𝑝

𝑤2
𝑏𝑝

>
𝑟𝑏(1+𝑟𝑔)2

𝑟𝑔(1−𝑠)(1+𝑟𝑏)2
, then Ω*𝑔𝑝 > Ω*𝑏𝑝; otherwise, Ω*𝑔𝑝 ≤ Ω*𝑏𝑝.

Proposition 6.1(1) indicates that when the ratio of the promised price of government-enterprise guarantee
financing to the promised price of traditional bank financing is greater than a threshold, the input production
volume of the farmer under the government-enterprise guarantee mode is higher, otherwise, the input production
volume of the farmer under the traditional bank financing mode is higher. Proposition 6.1(2) indicates that if
the ratio squared of the promised price of government-enterprise guarantee financing to the promised price of
traditional bank financing is greater than a threshold, then the expected profit of the farmer in the government-
enterprise guarantee financing mode is higher, otherwise, it is less. Proposition 6.1(3) represents the difference
between the promised price of government-enterprise guarantee financing and the promised price of traditional
bank financing when the ratio is greater than a threshold, in which the bank’s expected return under the
government-enterprise guarantee financing mode is higher; otherwise, it is less.

To explore the selection of financing mode for a supply chain with a price commitment contract in Scenario 1,
we conduct a numerical experiment. The parameters are set as follows: 𝑐 = 3, 𝑎 = 30, 𝑏 = 0.2, 𝜃 = 0.8, 𝑘 = 0.7,
𝑤𝑏𝑝 = 10, 𝑟𝑏 = 0.15, 𝑟𝑔 = 0.06, 𝑥0 = 3, 𝜆𝑒 = 0.4, 𝜆0 = 0.1, and 𝜆𝑔 = 0.5. In Figure 5, the commitment price ratio
means that 𝑤𝑔𝑝

𝑤𝑏𝑝
; 𝜌1 means that Π𝑏𝑝 = Π𝑔𝑝; 𝜌2 means that Θ𝑏𝑝 = Θ𝑔𝑝. Region A means that the farmer tends

to government-enterprise guarantee financing and the enterprise prefers traditional bank financing. Region B
means that the farmer and enterprise prefer traditional bank financing. Region C means that the farmer tends
to traditional bank financing and the enterprise prefers government-enterprise guarantee financing.
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Figure 5. The selection of financing model under the price commitment contract in Scenario 1.

For the farmer, when the committed price of the core enterprise under traditional bank financing is higher, the
input and production volume of the farmer in traditional bank financing are higher than those in government-
enterprise guarantee financing. The income from agricultural products under traditional bank financing is higher,
but the production and financing costs also increase rapidly, making the increase in costs greater than the
increase in income. Therefore, the total income of the farmer under traditional bank financing is lower than that
under government-enterprise guarantee financing, and the farmer will tend to government-enterprise guarantee
financing. Otherwise, the farmer will tend to traditional bank financing. For the enterprise, although the market
price of agricultural products is lower in the traditional bank financing model than that in government-enterprise
guarantee financing, increasing the quantity of agricultural products makes the increase in revenues greater than
the increase in costs, and the final revenue of the core enterprise under traditional bank financing is higher. Hence,
the core enterprise tends to traditional bank financing. Otherwise, the core enterprise will prefer government-
enterprise guarantee financing. Thus, we can find a win-win situation for the farmer and core enterprise.

6.1.2. Scenario 2: bankrupt in a low-yield season and not bankrupt in a high-yield season

Proposition 6.2. Under the price commitment contract, in Scenario 2, there are

1. If 𝑤𝑔𝑝

𝑤𝑏𝑝
>

1+𝑟𝑔

(1−𝑠)(1+𝑟𝑏)
, then 𝑄*𝑔𝑝 > 𝑄*𝑏𝑝, otherwise, 𝑄*𝑔𝑝 ≤ 𝑄*𝑏𝑝.

2. If 𝑤2
𝑔𝑝

𝑤2
𝑏𝑝

>
1+𝑟𝑔

(1−𝑠)(1+𝑟𝑏)
, then Π*𝑔𝑝 > Π*𝑏𝑝, otherwise, Π*𝑔𝑝 ≤ Π*𝑏𝑝.

The conclusion from Proposition 6.2 is the same as that from Proposition 5.6, which shows that changes in
the farmer’s scenarios have no effect on the threshold of the commitment price ratio.

Similar to Scenario 1, we perform a numerical simulation. The parameters are set as follows: 𝑐 = 3, 𝑎 = 30,
𝑏 = 0.5, 𝜃 = 0.8, 𝑘 = 0.7, 𝑤𝑏𝑝 = 6, 𝑟𝑏 = 0.15, 𝑟𝑔 = 0.08, 𝑥0 = 3, 𝜆𝑒 = 0.4, 𝜆0 = 0.1, and 𝜆𝑔 = 0.5. In
Figure 6, the commitment price ratio represents that 𝑤𝑔𝑝

𝑤𝑏𝑝
; 𝜌4 means that Π𝑏𝑝 = Π𝑔𝑝; 𝜌3 and 𝜌5 mean that

Θ𝑏𝑝 = Θ𝑔𝑝. Region A means that the farmer and enterprise prefer traditional bank financing. Region B means
that the farmer tends to traditional bank financing and the enterprise prefers government-enterprise guarantee
financing. Region C means that the farmer and enterprise tend to government-enterprise guarantee financing.
Region D means that the farmer tends to government-enterprise guarantee financing and the enterprise prefers
traditional bank financing.
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Figure 6. The selection of financing model under the price commitment contract in Scenario 2.

The analysis process is similar to that in Scenario 1. With the increase in the proportion of wholesale prices,
the expected income of the farmer continues to increase, and the farmer will tend to government-enterprise
guarantee financing. The enterprise will tend to government-enterprise guarantee financing in the area from
𝜌3 to 𝜌5. When the wholesale price ratio is excessively high, the procurement costs of the enterprise under
the government-enterprise guarantee continue to increase; therefore, the enterprise will prefer traditional bank
financing.

6.2. Financing models comparison under revenue-sharing contract

6.2.1. Scenario 1: no bankrupt risk

Proposition 6.3. Under the revenue-sharing contract, in Scenario 1, if 𝑤𝑏𝑟𝛾1+𝑎𝜙[𝛾1−(1−𝑠)𝛾3]
(1−𝑠)𝛾3

< 𝑤𝑔𝑟 <
𝑎−𝑏𝑥𝛾3𝑎𝜙(1−𝑠)
1+𝑏𝑥𝛾3(1−𝑠) , then 𝑄*𝑔𝑟 > 𝑄*𝑏𝑟; if 𝑤𝑔𝑟 ≤ 𝑤𝑏𝑟𝛾1+𝑎𝜙[𝛾1−(1−𝑠)𝛾3]

(1−𝑠)𝛾3
, then 𝑄*𝑔𝑟 ≤ 𝑄*𝑏𝑟.

Proposition 6.3 shows that under the revenue-sharing contract and no bankruptcy risk, when the wholesale
price given by the enterprise is relatively high in the government-enterprise guarantee financing, the farmer’s
enthusiasm for farming agricultural products will be stimulated, resulting in larger production inputs compared
to traditional bank financing.

We perform a numerical simulation to explore the selection of financing mode for supply chain members
under the revenue-sharing contract in Scenario 1. The parameters are set as follows: 𝑐 = 3, 𝑎 = 30, 𝑏 = 0.5,
𝜃 = 0.6, 𝑘 = 0.6, 𝑤𝑏𝑟 = 8, 𝑠 = 0.02, 𝑟𝑏 = 0.15, 𝑟𝑔 = 0.1, 𝑥0 = 3, 𝜆𝑒 = 0.4, 𝜆0 = 0.1, and 𝜆𝑔 = 0.5.
In Figure 7, the wholesale price ratio represents that 𝑤𝑔𝑟

𝑤𝑏𝑟
; 𝜌7 means that Π𝑏𝑟 = Π𝑔𝑟; 𝜌6 and 𝜌8 mean that

Θ𝑏𝑟 = Θ𝑔𝑟. Region A means that the farmer and enterprise prefer traditional bank financing. Region B means
that the farmer tends to traditional bank financing and the enterprise prefers government-enterprise guarantee
financing. Region C means that the farmer and enterprise tend to government-enterprise guarantee financing.
Region D means that the farmer tends to government-enterprise guarantee financing and the enterprise prefers
traditional bank financing.

For the farmer, under the revenue-sharing contract, when the committed price of the enterprise under tra-
ditional bank financing is higher, the input and production volume of the farmer are higher than those under
government-enterprise guarantee financing, and the farmer’s income under traditional bank financing is higher,
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Figure 7. The selection of financing model under the revenue-sharing contract in Scenario 1.

thus, the farmer tends to traditional bank financing. Otherwise, the farmer tends to government-enterprise
guarantee financing.

For the enterprise, under the revenue-sharing contract, the enterprise prefers government-enterprise guarantee
financing in area 𝜌6 ≤ 𝑤𝑔𝑟

𝑤𝑏𝑟
≤ 𝜌8. When the promised price of the enterprise under the government-enterprise

guarantee financing is low, i.e., the wholesale price ratio is extremely low, and the proportion of retained earnings
is high, the farmer will reduce the amount of production input due to the decrease in income. Although the
sale price will rise due to the reduction in products, the reduced benefits of the enterprise are greater than the
reduced costs. Consequently, the total income of the enterprise under government-enterprise guarantee financing
is lower than that under traditional bank financing, and the enterprise prefers traditional bank financing. When
the promised price under government-enterprise guarantee financing is high, i.e., the wholesale price ratio is
excessively high, and the proportion of retained earnings of the core enterprise is low, the farmer will continue
to increase the amount of production input due to the increase in income, resulting in a decline in the sale
price of agricultural products. The enterprise’s increased revenues are less than the increased costs, which in
turn makes the total income of the enterprise under the government-enterprise guarantee financing lower than
that under traditional bank financing. Thus, the enterprise prefers traditional bank financing. Only when the
promised price of the enterprise is set within a reasonable range and the corresponding revenue-sharing ratio
is set under government-enterprise guarantee financing, this model can encourage the farmer to increase the
production input reasonably and raise the total income of the enterprise.

6.2.2. Scenario 2: bankrupt in a low-yield season and not bankrupt in a high-yield season

Proposition 6.4. Under the revenue-sharing contract, in Scenario 2, if 𝑤𝑏𝑟𝛾2+𝑎𝜙[𝛾2−(1−𝑠)𝛾4]
(1−𝑠)𝛾4

< 𝑤𝑔𝑟 <
𝑎−𝑏𝑥𝛾4𝑎𝜙(1−𝑠)
1+𝑏𝑥𝛾4(1−𝑠) , then 𝑄*𝑔𝑟 > 𝑄*𝑏𝑟; if 𝑤𝑔𝑟 ≤ 𝑤𝑏𝑟𝛾2+𝑎𝜙[𝛾2−(1−𝑠)𝛾4]

(1−𝑠)𝛾4
, then 𝑄*𝑔𝑟 ≤ 𝑄*𝑏𝑟.

This Proposition is similar to Proposition 6.3. The result demonstrates that in a revenue-sharing contract
with bankruptcy risk and in a government-enterprise guarantee financing model, a high wholesale price offered
by the enterprise will stimulate the farmer’s enthusiasm for farming agricultural products, resulting in larger
production inputs compared to traditional bank financing.

Similar to Scenario 1, we perform a numerical simulation. The parameters are set as follows: 𝑐 = 3, 𝑎 = 30,
𝑏 = 0.5, 𝜃 = 0.6, 𝑘 = 0.6, 𝑤𝑏𝑟 = 8, 𝑠 = 0.02, 𝑟𝑏 = 0.15, 𝑟𝑔 = 0.08, 𝑥0 = 3, 𝜆𝑒 = 0.4, 𝜆0 = 0.1, and 𝜆𝑔 = 0.5.
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Figure 8. The selection of financing model under the revenue-sharing contract in Scenario 2.

In Figure 8, the wholesale price ratio represents that 𝑤𝑔𝑟

𝑤𝑏𝑟
; 𝜌10 means that Π𝑏𝑟 = Π𝑔𝑟; 𝜌9 and 𝜌11 mean that

Θ𝑏𝑟 = Θ𝑔𝑟. Region A means that the farmer and enterprise prefer traditional bank financing. Region B means
that the farmer tends to traditional bank financing and the enterprise prefers government-enterprise guarantee
financing. Region C means that the farmer and enterprise tend to government-enterprise guarantee financing.
Region D means that the farmer tends to government-enterprise guarantee financing and the enterprise prefers
traditional bank financing.

The analysis process is similar to that in Scenario 1. With the increase in the proportion of wholesale
prices, the farmer’s expected income continues to increase, and the farmer will tend to government-enterprise
guarantee financing. The enterprise will tend to government-enterprise guarantee financing in the area from 𝜌9

to 𝜌11. When the wholesale price ratio is exceedingly high, the procurement costs of the enterprise continue to
increase under the government-enterprise guarantee financing model, hence, the enterprise will prefer traditional
bank financing. When the wholesale price ratio is low and the proportion of the enterprise’s retained earnings
is high, the enterprise will prefer traditional bank financing.

To explore the changes in social welfare, we conduct a numerical simulation. The parameters are set as
follows: 𝑐 = 3, 𝑎 = 30, 𝑏 = 0.5, 𝜃 = 0.6, 𝑘 = 0.7, 𝑠 = 0.02, 𝑟𝑏 = 0.15, 𝑟𝑔 = 0.06, 𝑥0 = 3, 𝜆𝑒 = 0.4, 𝜆0 = 0.1,
𝜆𝑔 = 0.5, and 𝜙 = 0.8. As shown in Figure 9, under the revenue-sharing contract, when the farmer has bankrupt
risk in a low-yield season and no bankrupt risk in a high-yield season, the social welfare will increase with the
wholesale price under the two financing models. The social welfare is more sensitive to the change in wholesale
price under the traditional bank financing model, which makes the social welfare gap smaller. Furthermore,
the social welfare under the government-enterprise guarantee financing model is always greater than the social
welfare under the traditional bank financing model.

7. Conclusions

Most of the farmers have insufficient funds. The lack of creditworthiness and valuable collateral means that
the bank treats the farmer as a high-risk candidate for a loan. At the same time, affected by uncontrollable
factors such as natural disasters, the farmer’s production has yield uncertainty, which exacerbates the difficulty
to obtain loans and the probability of default for the farmer. The capital constraints of agriculture not only
prevent the farmer from normal planting but also considerably affect the supply of agricultural products and the
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Figure 9. Comparison of the social welfare under the two models.

stability of the entire supply chain. Thus, we quantitatively investigate an agricultural supply chain consisting
of a capital-constrained farmer and a core enterprise. To help the farmer solve the financing issues and improve
the performance of the supply chain and increase the benefits of all parties, we not only compare traditional
bank financing and government-enterprise guarantee financing models, but also compare the two commonly used
contracts in contract farming: price commitment and revenue-sharing contracts. We summarized key findings
as follows.

First, in the traditional bank financing model, the price commitment and revenue-sharing contract can achieve
full coordination of the supply chain. Due to the serious reduction in the enterprise’s revenue, the price com-
mitment contract cannot make the supply chain achieve Pareto improvement. Although the revenue-sharing
contract still cannot achieve Pareto improvement when the farmer has no default risk, it can achieve Pareto
improvement when the farmer has default risk in a low-yield season. However, the increase in the profits of
the enterprise and farmer cannot be achieved at the same time as the maximization of the total profits of the
supply chain in this time. In addition, the production input decreases with the bank’s loan interest rate and
the wholesale price increases with the bank’s loan interest rate.

Second, in the government-enterprise guarantee financing model, the price commitment and revenue-sharing
contract can also achieve full coordination. The price commitment and revenue-sharing contracts also cannot
achieve Pareto improvement in Scenario 1. Nonetheless, under certain conditions, the revenue-sharing contract
can simultaneously achieve full coordination and Pareto improvement in Scenario 2, in this time, the social
welfare in the government-enterprise guarantee financing is larger than that under the traditional bank financing.
In addition, the production input decreases with guarantee fee ratio and the wholesale price increases with
guarantee fee ratio.

Third, comparing traditional bank financing and government-enterprise guarantee financing models, under
the price commitment contract, we find that in Scenario 1, when the promised price of traditional bank financing
is higher, the farmer and enterprise prefer traditional bank financing. In Scenario 2, when the promised price
of government-enterprise guarantees financing is higher, the farmer and enterprise prefer government-enterprise
guarantee financing. Under the revenue-sharing contract, we find that in Scenarios 1 and 2, when the promised
price and enterprise retains ratio of traditional bank financing are higher, the farmer and enterprise prefer tradi-
tional bank financing. When the promised price and enterprise retains ratio of government-enterprise guarantees
financing are higher, the farmer and enterprise prefer government-enterprise guarantee financing. In a word, the
farmer and enterprise prefer to choose financing models with higher promised prices and enterprise retains ratio,
and the supply chain can achieve financing equilibrium.

The model designed in this paper provides some suggestions for the management of supply chains for ASCF.
First, in the agricultural supply chain with a capital-constrained farmer, if the government actively provides
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financing guarantee services to the farmer, it cannot only increase the profits of the farmer and the enterprise,
but also remarkably improve social welfare. Specifically, the production enthusiasm of the farmer increases
with the government’s guarantee ratio, which in turn increases the production input of agricultural products,
but the guarantee fee ratio should be decreased. As a result, the enterprise obtains increased returns, and
the entire society will benefit eventually. Second, for the enterprise, a price commitment contract should be
carefully considered, given that it encourages the farmer to increase the amount of planting and improve his
income, but it would reduce the enterprise’s profit. On the contrary, the enterprise can choose a revenue-sharing
contract and set a reasonable revenue retention ratio, such that all parties can benefit. Third, for the farmer,
choosing the government-enterprise guarantee financing model can extremely free himself from capital troubles
with the joint guarantee from the government and enterprise. Regardless of which contract the farmer chooses,
the contract can improve the farmer’s benefit. However, to make the supply chain operation stable, the farmer
should prioritize the revenue-sharing contract.

Although the findings and managerial insights are important, there are still some limitations and valuable
extensions should be addressed. First, this study only considers the situation of a strong market demand, i.e.,
all agricultural products can be sold in the market. Nevertheless, the market demand for agricultural products
is random, and an imbalance may exist between supply and demand in reality. Follow-up research can consider
demand uncertainty. Second, this work only studies a two-echelon supply chain consisting of a farmer and an
enterprise. In reality, an agricultural supply chain may include multiple farmers or multiple companies, which is
also a valuable research direction. Additionally, a critical assumption in the current model is that the wholesale
price is determined endogenously by the enterprise. In the future, it may be worthwhile to consider scenarios
where the wholesale price is negotiated and dependent on the bargaining power of the enterprise and the farmer.
Given that these explorations are beyond the scope of our research, we leave them to future research.

Appendix A. Notations

Table A.1. Notations and descriptions.

Decision variables

𝑄 The production input of the farmer

𝑤 The wholesale price

Parameters

𝑝 Market selling price

𝑎 The suffocation price, which means that if the market selling price is higher than it,

then consumers will not buy this agricultural product, 𝑎 > 0.

𝑏 The price sensitivity coefficient, indicating the sensitivity to market selling price, 𝑏 > 0.

𝑐 The coefficient of the effort cost of the farmer’s planting

𝑘 The probability of a high-yield season. The probability of a low-yield season is 1− 𝑘(0 < 𝑘 < 1).

𝑥 The higher input-output rate of agricultural products. The input-output rate is 𝜃𝑥(0 < 𝜃 < 1)

in the low-yield season. The mean value is 𝜇.

𝑟𝑖 Loan interest rate, 𝑖 = 𝑏, 𝑔

𝜙 Enterprise retains ratio, 𝜙 ∈ [0, 1)

𝑠 Government-enterprise guarantee fee ratio, 𝑠 ∈ (0, 1)

𝜆𝑔 ∖ 𝜆𝑒 ∖ 𝜆0 Government ∖ enterprise ∖ bank bears a proportion of the default when the farmer could

not fully repay the bank in government-enterprise guarantee financing model.

Π ∖Θ ∖ Ω ∖Ψ The expected profits of the farmer ∖ enterprise ∖ bank ∖ government

𝑆𝑊 Social welfare

Superscript

* Optimal expected profit or decision

Subscript

0 Centralized supply chain

𝑏 ∖ 𝑔 Traditional bank financing ∖ government-enterprise guarantee financing model

𝑏𝑝 ∖ 𝑏𝑟 Traditional bank financing with price commitment ∖ revenue-sharing contract

𝑔𝑝 ∖ 𝑔𝑟 Government-enterprise guarantee financing with price commitment ∖ revenue-sharing contract
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Appendix B. Proofs

Proof to Lemma 4.1. From 𝑤𝑏𝑄𝑏𝜃𝑥 ≤ 𝑐𝑄2
𝑏(1 + 𝑟𝑏) ≤ 𝑤𝑏𝑄𝑏𝑥, we get 𝑤𝑏𝜃𝑥

𝑐(1+𝑟𝑏)
≤ 𝑄𝑏 ≤ 𝑤𝑏𝑥

𝑐(1+𝑟𝑏)
, at this time, the

farmer has bankrupt risk in a low-yield season and no bankrupt risk in a high-yield season.
Obviously, 𝜕2Π𝑏

𝜕𝑄2
𝑏

< 0, thus Π𝑏 is strictly concave on 𝑄𝑏. Let 𝜕Π𝑏

𝜕𝑄𝑏
= 0, we obtain that the optimal production

input of farmer is 𝑄𝑏 = 𝑤𝑏𝑥
2(1+𝑟𝑏)𝑐

.
From 𝑤𝑏𝜃𝑥

𝑐(1+𝑟𝑏)
≤ 𝑄𝑏 ≤ 𝑤𝑏𝑥

𝑐(1+𝑟𝑏)
, we can rewrite the optimal 𝑄*𝑏 as 𝑤𝑏𝜂𝑏, where 𝜂𝑏 = 1

𝑐(1+𝑟𝑏)
max(𝑥

2 , 𝜃𝑥).

After substituting 𝑄*𝑏 into the expected profit function of the enterprise, we get 𝜕2Θ𝑏

𝜕𝑤2
𝑏

< 0, and the expected

profit function of the enterprise is the quadratic function on 𝑤𝑏. So, let 𝜕Θ𝑏

𝜕𝑤𝑏
= 0, we obtain the optimal wholesale

price 𝑤*𝑏 = 𝑎𝜇
2𝜇+2𝑏𝛿𝜂𝑏

.
Finally, we substitute 𝑤*𝑏 into 𝑄*𝑏 , we obtain 𝑄*𝑏 = 𝑎𝜇𝜂𝑏

2𝜇+2𝑏𝛿𝜂𝑏
. In addition, from 𝑤𝑏 < 𝑝1 = 𝑎 − 𝑏𝑄𝑏𝑥, we get

𝑘 > 𝜃[𝑏𝜂𝑏𝑥(1−2𝜃)−1]
(1−𝜃)[1+𝑏𝜂𝑏𝑥(1+2𝜃)] . �

Proof to Corollary 4.2. From Lemma 4.1, we know that 𝑤*𝑏 = 𝑎𝜇
2𝜇+2𝑏𝛿𝜂𝑏

and 𝑄*𝑏 = 𝑎𝜇𝜂𝑏

2𝜇+2𝑏𝛿𝜂𝑏
.

Then, we can obtain that 𝑑𝑤*
𝑏

𝑑𝑟𝑏
= 𝑎𝑏𝜇𝛿 max( 𝑥

2 ,𝜃𝑥)

2𝑐(𝜇+𝑏𝛿𝜂𝑏)2(1+𝑟𝑏)2
> 0, 𝑑𝑄*

𝑏

𝑑𝑟𝑏
= − 2𝑎𝑐𝜇2 max( 𝑥

2 ,𝜃𝑥)

[2𝑐𝜇(1+𝑟𝑏)+2𝑏𝛿 max( 𝑥
2 ,𝜃𝑥)]2 < 0. �

Proof to Proposition 4.3. In order to the supply chain can achieve full coordination, we need to get 𝑄*𝑏𝑝 =
𝑄*0 = 𝑎𝜇

2(𝑏𝛿+𝑐) , i.e., 𝑤𝑏𝑝 = 𝑎𝜇
2𝜂𝑏𝑝(𝑏𝛿+𝑐) . According to the size of 𝜂𝑏𝑝 = 1

𝑐(1+𝑟𝑏)
min(𝜇

2 , 𝜃𝑥), there exist two cases.
(1) If 𝜂𝑏𝑝 = 𝜇

2𝑐(1+𝑟𝑏)
, then it shows that 𝜇

2 < 𝜃𝑥, where 𝜇 = 𝑘𝑥 + (1 − 𝑘)𝜃𝑥. From this, we get 𝑘 < 𝜃
1−𝜃 . At

this time, 𝑤𝑏𝑝 = 𝑎𝑐(1+𝑟𝑏)
𝑏𝛿+𝑐 .

From 𝑤𝑏𝑝 < 𝑝1 = 𝑎 − 𝑏𝑄*𝑏𝑝𝑥, we need to get 𝑤𝑏𝑝 < 2𝑎𝑐(1+𝑟𝑏)
𝑏𝑥𝜇+2(1+𝑟𝑏)𝑐

. Thus, from this, we get 𝑘 > 𝑘1 =
𝑏𝜃𝑥2+2𝑐𝑟𝑏−2𝑏𝜃2𝑥2

𝑏𝑥2+𝑏𝜃𝑥2−2𝑏𝜃2𝑥2 .
Therefore, when 𝑘1 < 𝑘 < 𝜃

1−𝜃 and 𝑤𝑏𝑝 = 𝑎𝑐(1+𝑟𝑏)
𝑏𝛿+𝑐 , the supply chain can achieve full coordination, i.e.,

𝑄*𝑏𝑝 = 𝑄*0.
(2) If 𝜂𝑏𝑝 = 𝜃𝑥

𝑐(1+𝑟𝑏)
, then it shows that 𝜇

2 ≥ 𝜃𝑥, where 𝜇 = 𝑘𝑥 + (1 − 𝑘)𝜃𝑥. From this, we get 𝑘 ≥ 𝜃
1−𝜃 . At

this time, 𝑤𝑏𝑝 = 𝑎𝜇𝑐(1+𝑟𝑏)
2𝜃𝑥(𝑏𝛿+𝑐) .

From 𝑤𝑏𝑝 < 𝑝1 = 𝑎 − 𝑏𝑄*𝑏𝑝𝑥, we need to get 𝑤𝑏𝑝 < 𝑎𝑐(1+𝑟𝑏)
𝑏𝜃𝑥2+(1+𝑟𝑏)𝑐

. Thus, from this, we get if 𝑐 < 𝑐2, then
𝑘 > max( 𝜃

1−𝜃 , 𝑘2); if 𝑐 > 𝑐2, then 𝜃
1−𝜃 < 𝑘 ≤ 𝑘2.

Therefore, when (𝑐 < 𝑐2 and 𝑘 > max( 𝜃
1−𝜃 , 𝑘2)) or (𝑐 > 𝑐2 and 𝜃

1−𝜃 < 𝑘 ≤ 𝑘2), and 𝑤𝑏𝑝 = 𝑎𝜇𝑐(1+𝑟𝑏)
2𝜃𝑥(𝑏𝛿+𝑐) , the

supply chain can achieve full coordination, i.e., 𝑄*𝑏𝑝 = 𝑄*0.
Otherwise, we get (3), i.e., 𝑄*𝑏𝑝 < 𝑄*0. �

Proof to Corollary 4.4. First, the difference of farmer’s expected profit between in the price commitment
contract and in the decentralized decision is

∆Π𝑏𝑝 = Π*𝑏𝑝 −Π*𝑏 = 𝑤2
𝑏𝑝𝜂𝑏𝑝[𝜇− 𝑐(1 + 𝑟𝑏)𝜂𝑏𝑝]− 𝑘[𝑥− 𝑐𝜂𝑏(1 + 𝑟𝑏)] 𝑎2𝜇2𝜂𝑏

(2𝜇+2𝑏𝛿𝜂𝑏)2
.

From this, we obtain that: if 𝑤𝑏𝑝 ≥
√︁

𝑎2𝜇2𝜂𝑏𝑘[𝑥−𝑐𝜂𝑏(1+𝑟𝑏)]
𝜂𝑏𝑝(2𝜇+2𝑏𝛿𝜂𝑏)2[𝜇−min(𝜃𝑥, 𝜇

2 )] , then, ∆Π𝑏𝑝 ≥ 0, otherwise, ∆Π𝑏𝑝 < 0.
Second, the difference of enterprise’s expected profit between in the price commitment contract and in the

decentralized decision is
∆Θ𝑏𝑝 = Θ*𝑏𝑝 −Θ*𝑏 = −(𝜇 + 𝑏𝛿𝜂𝑏𝑝)𝜂𝑏𝑝𝑤

2
𝑏𝑝 + 𝑎𝜇𝜂𝑏𝑝𝑤𝑏𝑝 − 𝑎2𝜇2𝜂𝑏

4(𝜇+𝑏𝛿𝜂𝑏)
,

which is the quadratic function of 𝑤𝑏𝑝.
From this, we know discriminant of quadratic form ∆Θ𝑏𝑝 is 𝑎2𝜇3𝜂𝑏𝑝

𝜂𝑏𝑝−𝜂𝑏

𝜇+𝑏𝛿𝜂𝑏
< 0. Thus, for any 𝑤𝑏𝑝,

∆Θ𝑏𝑝 < 0. �
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Proof to Proposition 4.5. The proof process is similar to Proposition 4.3, so we omit it here. �

Proof to Corollary 4.6. First, the difference of the farmer’s expected profit between in the price commitment
contract and in the decentralized decision is

∆Π𝑏𝑝 = Π*𝑏𝑝 −Π*𝑏 = 𝑘𝜂𝑏[𝑥−max(𝑥
2 , 𝜃𝑥)][𝑤2

𝑏𝑝 −
𝑎2𝜇2

(2𝜇+2𝑏𝛿𝜂𝑏)2
].

From this, we can obtain that: if 𝑤𝑏𝑝 ≥ 𝑎𝜇
2𝜇+2𝑏𝛿𝜂𝑏

, then, ∆Π𝑏𝑝 ≥ 0, otherwise, ∆Π𝑏𝑝 < 0.
Second, the difference of the enterprise’s expected profit between in the price commitment contract and in

the decentralized decision is
∆Θ𝑏𝑝 = Θ*𝑏𝑝 −Θ*𝑏 = −(𝜇 + 𝑏𝛿𝜂𝑏𝑝)𝜂𝑏𝑤

2
𝑏𝑝 + 𝑎𝜇𝜂𝑏𝑤𝑏𝑝 − 𝑎2𝜇2𝜂𝑏

4(𝜇+𝑏𝛿𝜂𝑏)
= −(𝜇 + 𝑏𝛿𝜂𝑏𝑝)𝜂𝑏(𝑤𝑏𝑝 − 𝑎𝜇

2𝜇+2𝑏𝛿𝜂𝑏
)2.

From this, we find that there is a unique solution 𝑤𝑏𝑝 = 𝑎𝜇
2𝜇+2𝑏𝛿𝜂𝑏

that can meet the conditions of Pareto
improvement. When 𝑤𝑏𝑝 = 𝑎𝜇

2𝜇+2𝑏𝛿𝜂𝑏
, the profits of both parties of the supply chain are the same as under

decentralized decision. However, there is no ∆Θ𝑏𝑝 > 0. �

Proof to Proposition 4.7. In centralized decision, 𝑄*0 = 𝑎𝜇
2(𝑏𝛿+𝑐) . In the traditional bank financing model

with revenue-sharing contract, 𝑄*𝑏𝑟 = (𝑤𝑏𝑟 + 𝑎𝜙)𝛾1. In order to the supply chain can achieve full coordination,
we need to obtain 𝑄*𝑏𝑟 = 𝑄*0. Therefore, according to the size of 𝛾1, there exist two cases.

(1) When 𝜃𝑥
𝜙𝑏𝜃2𝑥2+(1+𝑟𝑏)𝑐

< 𝜇
2[𝑏𝛿𝜙+(1+𝑟𝑏)𝑐]

, 𝑄*𝑏𝑟 = (𝑤𝑏𝑟+𝜙𝑎)𝜃𝑥
𝜙𝑏𝜃2𝑥2+(1+𝑟𝑏)𝑐

, then making 𝑄*𝑏𝑟 = 𝑄*0, we have that

𝑤𝑏𝑟 = 𝑎𝜇[(1+𝑟𝑏)𝑐+𝜙𝑏𝜃2𝑥2]
2𝜃𝑥(𝑏𝛿+𝑐) − 𝜙𝑎.

From 𝜃𝑥
𝜙𝑏𝜃2𝑥2+(1+𝑟𝑏)𝑐

< 𝜇
2[𝑏𝛿𝜙+(1+𝑟𝑏)𝑐]

, we get 𝜙 < 𝜈1 and 𝑘 > 𝑘4. So when 𝜙 < 𝜈1, 𝑘 > 𝑘4 and 𝑤𝑏𝑟 =
𝑎𝜇[(1+𝑟𝑏)𝑐+𝜙𝑏𝜃2𝑥2]

2𝜃𝑥(𝑏𝛿+𝑐) − 𝜙𝑎, the supply chain can achieve full coordination, i.e., 𝑄*𝑏𝑟 = 𝑄*0.

(2) When 𝜃𝑥
𝜙𝑏𝜃2𝑥2+(1+𝑟𝑏)𝑐

> 𝜇
2[𝑏𝛿𝜙+(1+𝑟𝑏)𝑐]

, 𝑄*𝑏𝑟 = (𝑤𝑏𝑟+𝜙𝑎)𝜇
2[𝑏𝛿𝜙+(1+𝑟𝑏)𝑐]

, then making 𝑄*𝑏𝑟 = 𝑄*0, we have that 𝑤𝑏𝑟 =
𝑎𝑐(𝜙+𝑟𝑏)

𝑏𝛿+𝑐 .
From 𝜃𝑥

𝜙𝑏𝜃2𝑥2+(1+𝑟𝑏)𝑐
> 𝜇

2[𝑏𝛿𝜙+(1+𝑟𝑏)𝑐]
, we get (𝜙 < 𝜈1 and 𝑘 < 𝑘4) or (𝜙 > 𝜈1). So when 𝜙 > 𝜈1 (or

𝜙 < 𝜈1, 𝑘 < 𝑘4) and 𝑤𝑏𝑟 = 𝑎𝑐(𝜙+𝑟𝑏)
𝑏𝛿+𝑐 , the supply chain can achieve full coordination, i,e., 𝑄*𝑏𝑟 = 𝑄*0.

In summary, we obtain this proposition. �

Proof to Proposition 4.8. The proof process is similar to Proposition 4.7, so we omit it here. �

Proof to Lemma 5.1. The proof process is similar to Lemma 4.1, so we omit it here. �

Proof to Corollary 5.2. The proof process is similar to Corollary 4.2, so we omit it here. �

Proof to Lemma 5.3. The proof process is similar to Lemma 4.1, so we omit it here. �

Proof to Proposition 5.4. The proof process is similar to Proposition 4.3, so we omit it here. �

Proof to Corollary 5.5. The proof process is similar to Corollary 4.6, so we omit it here. �

Proof to Corollary 5.7. The proof process is similar to Corollary 4.6, so we omit it here. �

Proof to Proposition 5.6. The proof process is similar to Proposition 4.3, so we omit it here. �

Proof to Proposition 5.8. The proof process is similar to Proposition 4.7, so we omit it here. �

Proof to Proposition 5.9. The proof process is similar to Proposition 4.7, so we omit it here. �
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Proof to Proposition 6.1. Under the price commitment contract, in Scenario 1, there are:
(1) From 𝑄*𝑏𝑝 = 𝑤𝑏𝑝𝜂𝑏𝑝 and 𝑄*𝑔𝑝 = 𝑤𝑔𝑝𝜂𝑔1 = 𝑤𝑔𝑝𝜂𝑏𝑝(1−𝑠)(1+𝑟𝑏)

1+𝑟𝑔
, we have that 𝑄*

𝑔𝑝

𝑄*
𝑏𝑝

= 𝑤𝑔𝑝(1−𝑠)(1+𝑟𝑏)
𝑤𝑏𝑝(1+𝑟𝑔) .

From this, we can know that when 𝑤𝑔𝑝(1−𝑠)(1+𝑟𝑏)
𝑤𝑏𝑝(1+𝑟𝑔) > 1, 𝑄*𝑔𝑝 > 𝑄*𝑏𝑝, i.e., when 𝑤𝑔𝑝

𝑤𝑏𝑝
>

1+𝑟𝑔

(1−𝑠)(1+𝑟𝑏)
, 𝑄*𝑔𝑝 > 𝑄*𝑏𝑝;

otherwise, when 𝑤𝑔𝑝

𝑤𝑏𝑝
≤ 1+𝑟𝑔

(1−𝑠)(1+𝑟𝑏)
, 𝑄*𝑔𝑝 ≤ 𝑄*𝑏𝑝.

(2) From Π*𝑔𝑝 = 𝑤2
𝑔𝑝𝜂𝑔1𝜇 −

𝑐𝑤2
𝑔𝑝𝜂2

𝑔1(1+𝑟𝑔)

1−𝑠 and Π*𝑏𝑝 = 𝑤2
𝑏𝑝𝜂𝑏𝑝[𝜇 − 𝑐(1 + 𝑟𝑏)𝜂𝑏𝑝], we have that Π*𝑔𝑝 − Π*𝑏𝑝 =

𝜂𝑏𝑝[ (1−𝑠)(1+𝑟𝑏)
1+𝑟𝑔

𝑤2
𝑔𝑝 − 𝑤2

𝑏𝑝][𝜇−min(𝜃𝑥, 𝜇
2 )].

From this, we find that 𝜇 > min(𝜃𝑥, 𝜇
2 ). Thus, when (1−𝑠)(1+𝑟𝑏)

1+𝑟𝑔
𝑤2

𝑔𝑝 − 𝑤2
𝑏𝑝 > 0, Π*𝑔𝑝 > Π*𝑏𝑝, i.e., when

𝑤2
𝑔𝑝

𝑤2
𝑏𝑝

>
1+𝑟𝑔

(1−𝑠)(1+𝑟𝑏)
, Π*𝑔𝑝 > Π*𝑏𝑝; otherwise, when 𝑤2

𝑔𝑝

𝑤2
𝑏𝑝
≤ 1+𝑟𝑔

(1−𝑠)(1+𝑟𝑏)
, Π*𝑔𝑝 ≤ Π*𝑏𝑝.

(3) Similarly, from Ω*𝑔𝑝−Ω*𝑏𝑝 = 𝑐𝜂2
𝑏𝑝[ 𝑟𝑔(1−𝑠)(1+𝑟𝑏)

2

(1+𝑟𝑔)2 𝑤2
𝑔𝑝−𝑟𝑏𝑤

2
𝑏𝑝], we can obtain that when 𝑤2

𝑔𝑝

𝑤2
𝑏𝑝

>
𝑟𝑏(1+𝑟𝑔)2

𝑟𝑔(1−𝑠)(1+𝑟𝑏)2
,

Ω*𝑔𝑝 > Ω*𝑏𝑝; when 𝑤2
𝑔𝑝

𝑤2
𝑏𝑝
≤ 𝑟𝑏(1+𝑟𝑔)2

𝑟𝑔(1−𝑠)(1+𝑟𝑏)2
, Ω*𝑔𝑝 ≤ Ω*𝑏𝑝.

In summary, we obtain this proposition. �

Proof to Proposition 6.2. The proof process is similar to Proposition 6.1, so we omit it here. �

Proof to Proposition 6.3. The proof process is similar to Proposition 6.1, so we omit it here. �

Proof to Proposition 6.4. The proof process is similar to Proposition 6.1, so we omit it here. �
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