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

QIHUI LU, CHANGHUA L1AO*® 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 countries'. 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
company?. 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
year?.

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 price?, 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
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agreement” with agricultural cooperatives at a share ratio of 70%°. 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?

(8) 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
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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] 4 Vv

Yan et al. [38] 4 V4 Vv

Ye et al. [40] V4 V4 Vv

Ma et al. [24] Vv V4

Ding and Wan [14] +/ 4 Vv

Xu et al. [37] V4 v

Yan et al. [39] Vv 4

Yuan et al. [42] Vv Vi

Yi et al. [41] Vv Vv V4

This study v Vv 4 Vv Vv

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 6z, 6 is the low-yield discount factor and 6 € (0,1). Before the
planting season, the farmer should decide his planting input @, such as planting acreage and culture area. The
output ¢ in the end of the season is Qx or Qfx. 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—bg [6]. Furthermore, we
suppose that all selling price is greater than the wholesale price, i.e., a —bQx > w. We denote p = kx+ (1 —k)0x
as the mathematical expectation of output rate and § = ka?+ (1 —k)02?2? 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) = ¢1Q + cQ? [3,26], where c; 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) =cQ? ie,c; =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 r; 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
T4 is also exogenous. If the farmer could not fully repay the bank, then the policy guarantee bears a proportion
Ag of the default, the enterprise bears a proportion A., and the bank bears the remaining part A\ = 1 — Ay — Ac.
To eliminate trivial cases, we assume that % < 1+ rp. 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 cQ? and the revenue is kp;Qoz or (1 — k)paQofx, where p; = a — bQoxz and
p2 = a — bQybx. Accordingly, the total expected profit of the supply chain is

Io(Qo) = k(p1Qoz — cQF) + (1 — k) (p2Qobz — Q)
= — (b3 + )Q5 + auQo.

ITy(Qo) is strictly concave in Qq. Thus, the optimal production input is Qf = 2(574%5)7 and the total expected
a2 2

proﬁt is Hé = m

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 @ and acquires a loan c¢Q? 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 wpQpx and wpQpfx, respectively. The sum of loan and interest is cQZ(1 + r3). 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 Q) must meet a condition: w,Qphxr < cQg(l +7p) < wpQpx. The farmer’s expected profit is

I1,(Qp) = k[wyQpx — cQp (1 + 1))

We obtain the optimal production input @} = wyn, where n, = m max(g,0z).
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TABLE 2. Optimal values for Scenario 1.

I, = [pmep — (1 + 7o), |wi,

Opp = apmeppwyp — (1 + b5nbp)775pw§p
Qpp = crbnfpwfp

SWep = apnppwep + (% - C)nﬁpwfp

The enterprise’s expected profit is

O5(Qp) = k(a — bQpr — wy)Qpr + (1 — k)(a — bQpbz — wy) Qubx
= (a — wp)puQp — b3Q;.
To be consistent with reality, the enterprise’s decision on w, must be lower than sales prices, i.e., a —bQpz > wp.

Accordingly, we suppose that k > k, where k = (12%);7[31(;772273?)1112]0)]' 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 wy = m, and the farmer’s optimal production input is Qj = %,

Correspondingly, the farmer’s profit is II;} = klz — en(1 + rb)]%, the enterprise’s profit is ©F =

#:g’;;b), and the bank’s profit is Qf = keQ?rp+(1—k)(wpQpbr—cQ?) = [(krp+k—1)cni+(1—k)0zns) %.

Consumers measure their interests by consumer surplus, which is equal to the difference between the highest
2
willing price and the actual price paid. Consequently, C'S, = E[foq (a — bg)dzx] = E(b%) = géQg. Then, the

social welfare is SWy, =11} + ©; + Qp + CSy = (kx + 0z — kb + %b(Snb —cnp) 4(5221?3)2 + 4&?;;771775)'

dwy
drb

aQy

’ drb

Corollary 4.2. In decentralized supply chain with traditional bank financing, >0 < 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 Qp,
must satisfy a condition: wy,Qpp0x > CQgp(l + 7p). The farmer’s expected profit is Iy, (Qup) = k[wepQupr —
cQp,(1+73)] + (1 — k) [wypQupbz — cQf, (14 15)]. We determine the optimal decision Q, = wepny,, Where 1y, =
m min(%, 0x). @, can ensure that the farmer has no bankrupt risk. To ensure that a — bQj,x > wy,, we
suppose that wp, < m In addition, O, (Qbp) = (a—wbp)qup—bziQ%p, Qp = kCQipr+(1—k)(wprbp9$—
cQgp), and SWy, =1L}, + ©p, + O}, + CSpp. 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:
Lo Ifky < k < 1% and wy, = 20T then Q3 = Q.

2. If (c < ¢y and k > max(725,k2)) or (¢ > ¢y and 145 < k < ks), and wy, = %, then Q3, = Q5.
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3. In the following situations: (i) k < ki; (ii) ¢ < co and k < max(25,k2); (iii) ¢ > co and k < $25; (iv)

c>cy and k > ka, for any wyy, there is sz < Q-

_ (1426)6ba? bOx2+2 2002 9 c(ry—1)+b0x2 —2b6% 22
Where C2 = 1+7y kl bmg+b00172b 2b92§2 ) and ]fz ) b9:662+2b02x27c(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 ¢, and the wholesale price wy, simultaneously. Specifically, when & is low, the enterprise

should provide a wholesale price wy, = acé(lsizb) 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 wy, = % 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, tw(o ca)ses in which the supply chain can achieve full coordination exist. First, if
ac(l4+ry

ki < k< 9 and wyp, = =57, then the supply chain can achieve full coordination. The farmer’s profit is
= % the enterprise’s profit is Oy, = (b6 — 207'1,)%, and the bank’s profit is Q= Z&i’giﬁg.

Second, if k > 1% and wy, = %, then the supply chain achieves full coordination. The farmer’s profit

2,2
is Iy, = %ﬁ%ﬂb), the enterprise’s profit is O, = “* [Oml;t?;;?ggci;);;c(l”b)], and the bank’s profit is
Q* _ d*pPery
= A(bs+c)? -

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

2p2myk[z—cnp(1+7p)] ; .
(1) If wpy > \/nbp(;;zi;>b6n$2[C:imin?éx,g)]’ then Iy ) > 11y, otherwise, I, < II};

(2) For any given wyy, O}, < ©}.

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 Qp, must meet a constraint: wy,Qppdr < cQgp(l + 1) < wypQppx. His profit function
is Ipp(Qup) = klwepQupr — cQgp(l + 7p)]. My (Qup) s strictly concave in Qpp. Qp, = wppnp 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 — bQp,x > wpp, we suppose that wpy, < m. In addition, Ou,(Qup) = (a — Wep)ptQbp — b(SQ%p,
Qup = keQ3, s + (1 = k) (wipQupbz — cQ3,), and SWiy, = 10 + O, 4 Q4 C'Spp. 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.

1T, = ko — c(1 + r)ms)mywy,

@Zp = apmpwep — (Un + b(Snb)wgp

Qp, = [kery — (1 — k)c}n?wgp +(1- k:)(%nbw?p
SWop = apmpwey — (% + )i wi,

1. Case 0 > % If c<coand k > ko) or (c > co and k < k2), and wy, = %, then Qy, = Qp; if (c < co
and k < kz) or (c > cy and k > kz), for any wep, then there is Q, < Q.

2. Case 0 < % If (e <c3 and k > k3) or (¢ > cg and k < k3), and wy, = %, then Qf, = Qp; if (c < c3
and k < ks) or (¢ > c3 and k > k3), for any wyy, then there is @y < Qp-

_ (14-20)ba? _ 200(rb+1)+b0m272b92m272c.
Where ¢3 = 2(1+ry) ’ ks = (1—0)[bw2+2b022—2c(1+75)]

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 6, the probability of a high-yield season k, the
coefficient of the farmer’s planting effort cost ¢, and the wholesale price wy, 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 6 is high, the enterprise should provide a wholesale price wy, = % to the

farmer. Conversely, when 6 is low, the enterprise should provide a wholesale price wy, = % to the farmer.
At this juncture, the enterprise must also consider the magnitude of ¢ 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.

2,2 00 -
First, if > 3 and the supply chain achieves full coordination, the farmer’s profit is Iy, = =+ ZZ;E;;XZ;Q o
2 2 2 2
the enterprise’s profit is @zp =4k [H:Elfe—;?ggi:)gc(l-&-Tb)]’ and the bank’s profit is sz = %. Second, if § < %
2, 2
and the supply chain achieves full coordination, the farmer’s profit is = &P the enterprise’s pro
d the supply chain achieves full coordination, the farmer’s profit is ITj, = 4 <0En) | the enterprise’s profit

2, 2 2 2
. % _ a“p [zbd+2xc—2uc(1+ry)] 5 . x _ a“plkery+c(1—k)(20420r,—1)]
is @bp = 1o (00 70)2 , and the bank’s profit is pr = Y EE .

Corollary 4.6. In a supply chain with traditional bank financing model in Scenario 2, for the price commitment
contract, there are:

(1) If wyy > m, then 11y, > 11}, otherwise, II; < II};

(2) For any given wyy, O, < ©}.

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 pQz (or pQfz) from sales.
The enterprise retains a ratio ¢, and the farmer retains a ratio ¢ = 1 — . 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.

0y, = (wpr + a@)?y1[p — (1 = )bdy1 — eya (1 413)]
O3, = —bpd(wy, + ap)*yi + (pa — wpr) (wor + aP)pum
Q5 = crpyi (wor + ap)®
CSyr = E[[ (a — bq)dz]
= %bé,yl (wbr + a¢)2
SWi, = (wpr + a@)>y1 (1 — 3b07v1 — em) + (wa — wpr) (wor + a@)py1

4.8.1. Scenario 1: no bankrupt risk

In a revenue-sharing contract, the farmer’s total revenues in high- and low-yield seasons are wp, Qpr-x + (1 —
©)Por1 Qurx and Wy Qprbz + (1 — ©)ppr2QerOx, respectively, where pyr1 = a — bQprx and ppra = @ — bQp-0x. The
sum of loan and interest is cQgr(l + 7). Thus, if the farmer will not go bankrupt, then the farmer’s production
input Qp, must satisfy a condition: wp,Qpr-02 + (1 — ©)Por2Qprbx > chT(l + 7). The farmer’s expected profit
is

Wy (Qprr) = k[wir Qo + (1 — 0)ppr1 Qur] + (1 — k) [wir Qo7 + (1 — @) poraQurfz] — cQi (1 +73)
= —[(1 = )b + c(1 4+ 73)]Q7, + Wpr Qurpt + (1 — ©)aQpypi.

In the traditional bank financing model with revenue-sharing contract, Qf, = (wsr + a@)y1 can ensure that

the farmer has no bankrupt risk. To ensure that a — bQ}, x > wy,, we suppose that wy, < a(ijrl;igm

v = min(Q[b6¢+’;(1+Tb)], (1+Tb)f_f¢b92x2). In addition, O (Qpr) = k(v(a — bQprz) — wpr)Qprx + (1 — k) (p(a —
bQupr0z) — Wiy ) Qurbz, Qo = keQF 1y + (1 — k) (wpr Qurlz — cQ3), and SWh, = I, + O;,. + Q. + C Sy, Table 4
presents the members’ optimal expected profits.

, where

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

1 If@<wn, k> ky, and wy, = Sl0Fctet0s®) o0 ypon Qx = Qs

20x(bd+c)
2. If > (or ¢ <wvi,k <ky) and wy,. = %:C”’), then Q5 = Q5.
_ _c(+my) _ 6 c(1473)+b0%z% 5
Where 11 = b0z (2+0)’ ha =175 * c(1+ry) 200225002225

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 @.
Specifically, when ¢ is low and k is high, the optimal wholesale price wy, for the farmer is given by wp, =
ap[(14ry)c+@ho%z?)

20x(bd+c)
%ﬁgb). 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: ¢ = 3, a = 30, b = 0.5, § = 0.6, k = 0.7, r, = 0.15, zp = 3, and ¢ = 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.

— ap. When either ¢ is high, or both ¢ and k are low, the optimal wholesale price is wp, =
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FIGURE 1. Pareto improvement analysis.

TABLE 5. Optimal values for scenario 2.

I, = kya(wer + ap)’[z — (1 = )bryaz? — cy2(1 4 7))

O3, = —bpd(wyr + ap)’¥3 + (ap — wpr) (Wor + aP)py2

O, = Y2 (wor + ap)’[ckryye + (1 — k)0z — (1 — k)(1 — )b0%2?72 — (1 — k)ey]
CSpr = %béwg(wbr +a@)?

SWir = (wr + a@)*y2(p — 36072 — ¢72) + (pa — wer) (Wer + aP) 2

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 Qp, must meet a constraint: wy, Qp-0x + (1 — ©)ppr2Qprz < cQ7.(1 + 1) < wprQprx + (1 —
©)pbr1 Qurx. His profit function is

My (Qpr) = k[wprQurr + (1 — ©)ppr1 Qe — Q3 (14 14)]
= k[(ap + wpr)Qurz — (1 — @)ba® + ¢(1 +74))Q3, ).

In the traditional bank financing model, Q}, = (wpr + a®)vy2 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 — bQj,.z > ws,, we suppose that

a(l—bxvy@ T x L
Wy < %Tﬂv where T2 = max( 22 o+c(1+75)]° (1+rb)00+4,5b02a:2)' In addltlon, ebr(QbT) = k(@(a - be,..T) -

wer)Qur + (1 — k) (p(a — bQprb2) — Wy ) Qurbz, Uy = keQirp + (1 — k) (wpr Qo — cQZ,), and SW,, =
I}, + ©5, + Q. + C'Sy,.. 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:

_ pbx? _
1. If0 < %, ¢ <uvs, and wy, = % —ap, then Q, = Q5.

2. If0> 1 (or0 <%, &>us) and wy, = GM[(1;07;()176‘;:5£92$2] —ap, then Qf, = Q5.

Where vy = 70(%];;;2;1_;?9).

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 # and the farmer’s revenue-sharing @. Specifically,
ap[(14rs)c+gba’]

when both 6 and @ are low, the optimal wholesale price wy, for the farmer is given by wy, = B v e 120
=102 .2
When 6 is high or when 0 is low and @ is high, the optimal wholesale price is wy, = £ [(1;07;,();(;%9 =] _

ap. 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: ¢ =3,a =20,b=0.2,0 = 0.5, k = 0.6, r, = 0.15, and g = 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 wy, represents I}, + ©j,. = 11, the supply chain can achieve full coordination in this line; Lines wy, and
Wy, represent OF, = OF. When Wy, < wp, < Wy, 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 @) and acquires a

C

loan 192 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 w,Q = and wyb@ 40z, respectively. The sum of loan

2
and interest is %_Jsrm Thus, if the farmer will not go bankrupt, then the farmer’s production input ¢, must
2
satisfy a condition: w,Q,0z > w The farmer’s expected profit is I, (Q,) = k[w,Qqz %ﬁm} +(1-

k) [wyQq0z — M] and the enterprise’s expected profit is ©4(Qg) = k(a — bQyz — wy)Qux + (1 — k)(a —
bQ 0 — wy)Qg0x = (a — wy)uQy — béQg. Then, we determine the optimal decisions.

Lemma 5.1. In the government-enterprise gquarantee financing model, the enterprise’s optimal wholesale price

is wy = Wﬁgmﬂ)’ the farmer’s optimal production input is Q} = Z(u%%’ where 1y = (1+T e min (4, 0x).
Correspondingly, the farmer’s profit is II} = ﬂ[ - M] the enterprise’s profit is ©} =
pondingly, D 9 = Tarwon,n? g1 =), prise’s p .=
2, 2 - 2 2 2 2, 2 .
2
CSy = E[fy (a— bg)dz] = E(%) = % Accordlngly7 the social welfare is SW, = II; + O + Q7 +CS, +
5eQy _ _a’u’n

T—s — 4(,L+b5nzll)2 (—cng1 + %b57791 +2p).

Corollary 5.2. In decentmhzed supply chain with government-enterprise guarantee financing, for Scenario 1,
8w 2Q; BQ
7 Org

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

2
production input ¢, must meet a constraint: wyQ,0z < w < wyQgqx. His profit function is I14(Qg4) =
klw _ @y(iry) . The enterprise’s revenues in high- and low-yield seasons are (p,; — w x and (pg2 —
glg® T—s I 9 !

2
wq) Qb — e[m — wyQg01z], respectively, where py1 = a — bQgx and pgo = a — bQ4x. Consequently, the

1—s
2
enterprise’s expected profit is ©4(Qq) = k(a —bQux —wy)Qqx + (1 —k)[(a — bQ 402 — w,)Q 0z — )\e[w -

wyQg0x]]. Lemma 5.3 shows the optimal decisions.

Lemma 5.3. In the government-enterprise guarantee financing model, the enterprise’s optimal wholesale price

is wy = “”52’5), the farmer’s optimal production input is Qj = %Cs)nﬁ max(%,0x),
g g

Cg = mg2[(1 _\3)(,“ + 00192 = Ae(1 = k)0z) + cAe(1 — k) (1 +7y)].

a2 kngs (1=8)[(1— ) —c(144)my2]
4{3

, where nga = (1+r I

Correspondingly, the farmer’s profit is I} = , the enterprise’s profit is O} =

2
m the bank’s profit is 2 = CQ,ZQ —o(1 - k)(w —wyQq0x) = m[cnsﬂ(% —do(1 -

1, i
2 2 2 _&)2
k)(1474)) 4+ Aobz(1—k)(1—s)], the consumer surplus is C'Sy = E[ [ (a — bq)dz] = E(%) = %7 and
~ : . L O% L O scQ; cQj (1try) a?i*nga(1—s)
the social welfare is SW, = 11} + O + Qf + CSy + =2 — (1 = k) A\ [—45—" —w,Q,07] = T{—ﬂl +

ro)engalk + (1= K)o + Ag)] + (1 = 8)[2k + 200(1 — k) (Mo + Ag) + bonga] + 2emgary + 2ngase +26y}.
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TABLE 6. Optimal values for scenario 1.

* c(14r
g, = [ — %Mglwgp o
Ogp = apingiwgp — (Ung1 + bdng1)wgy
QFf = ”9"31“’91)

1—s
SWp = apmg1 wgp — (% + C)n§1w§p

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 @g, must satisfy a condition:

O > ch‘;p(lJrTg) The . s d fit i —k chp(lJrrg) k 0
WepQgpfr > —2——==_ The farmer’s expected profit is Iy, (Qgp) = k[wgpQgpr——"2——"]4+(1—k)[wgpQgpbr—

1-s
2
1 .
W] op = WgpTlg1 can ensure that the farmer has no bankrupt risk. To ensure that a —bQ)y,x > wgy;,, we

suppose that wg, < %' In addition, ©4,(Qgp) = k(a—bQgpx — wgp)Qgp;E +(1—=Fk)(a—bQgpbr —wgp)Qgpbz,

C T C 2 T
Qg =k Qgpsq +(1—k) ng_psg, and SWy, =1I; , + O, + Q7 , + CSy, 42 gp . 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 ks < k < &5 and wy, = %, then Q;, = Q-
2. If (¢> ¢y andk > max(m,kg) )or(c<cy andlf;@ <k<ks), andwgy, = %, then Q5, = Qp-

3. In the followmg situations, for any wgp, there is Qy, < Qg: (i) ¢ > cs and k < max (125, ke); (i) ¢ < ¢4

and k < 125 (iii) ¢ < ¢y and k > k.
_ (14260)(1—s)bba? _ 2¢(rg+s)+0bz?(1-20)(1—s) 0 c(rg4+25—1)+b0z>(1—s5)(1—26)
Where c4 = 1+rgs =, ks = 020 (=0) (=s)pa? N6 = 729 * 5027 (1=s)(1320)—c(r, F1) -

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 ¢, and the wholesale price wg, simultaneously. Specifically, when % is low, the optimal
wholesale price wg, for the farmer is given by wy, = (b 5 ac(liry)

+o)(1-s)"
Wep = %. 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

When £ is high, the optimal wholesale price is

ks < k < % and w,, = %, the supply chain can achieve full coordination. The farmer’s profit is
_a?pPe(l4ry,) . s _a?pPbé(1—s)—2¢(s+rgy)] 5 s o a?u?er

H;p = 74(1_5)(%4_32 , the enterprise’s profit is @;p T1=5)(0370)2 222 the bank’s proﬁt is Q;p = 74(1_8)(1)61@2,

and the total revenue of the government is Wy, = ;7% J7575z- Second, if k > 175 and wg, = %,

_ a®u C(1+Tg)(uf9$)
T 40z(1—s)(bd+c)?

2 2
, the bank’s profit is €27 = %, and the total revenue of

the supply chain can achieve full coordination. The farmer’s profit is II7, , the enterprise’s

a? 1[0z (bd+2¢)(1—s)—pc(ltry)]
40z (1—s)(bd+c)?

the government is W, = —~—94o5¢__
gov! 9P — 4(1—s)(bd+c)2 "

profit is ©F, =

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.

gy = [z — wwwwé )

* c(l4rg)
Ogp = apng2wep — [png2 + b577§22+ (21 - k)/\e(lijsngz - mﬂ@ﬂﬁ)]w;p
Qgp = [rg — Ao(L—k)(1 + Tg)]% + /\07]g2w§p9x(1 — k)

en2yw?
Uop = [5 - >\g(1 - k)(l + 7"9)]% + >‘97792w§p0$(1 - k)
SWep = apngawgp — (% + 0)775211)319

(1) If wg, > %, then T3, > 117, otherwise, 113, < I17;
(2) For any given wyy, O, < O}.

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

2
the production input ()4, must meet a constraint: wgy,Qgp0r < w < wgpQgpz. His profit function is
2
Iy (Qgp) = klwgpQepx — W] II,,(Qgp) is strictly concave in Qgp. Thus, we determine the farmer’s

optimal decision: Qy, = wgpny2 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)y,x > w,p, we suppose that wg, < ﬁ. In
g

addition, Og,(Qgp) = k(a —bQgpT — wgp)Qgpx + (1 — k)[(a — bQgpb — w4p) Qgpbz — )‘e[w — WgpQgpb]],

— CQ?WTQ CQ?J:D(LH’H) _ * * * SCQ?,p
Qgp = 727 — Mo(l = k)(—%—; — wepQgpbz), and SW,, = 1y, + O;, + Qp + CSyp + =2 — (1 —

2
k))\g[w — WgpQgpbx]. 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 0 > . If (c > ¢y and k > max(725,ke)) or (c < cs and 25 < k < k), and wy, = %, then
op = Q05 if (i) c>cq and k < max(15, ke); (id)c < cs and k < 25 (iii) ¢ < ca and k > ke, for any wgy,
then there is Qy, < Qg-
2. Case 0 < % If (c < c5 and k > kr) or (¢ > c5 and k < kr), and wy, = %, then Qy, = Qp; if
(c<cs and k < k7) or (c>cs5 and k > k7), for any wy,, then there is Qy, < Q.

_ (1420)(1—s)ba? _ 2¢(1—8)+260c(rg+1)+b0z? (1—s)(1—26)
Where c5 = 2c(itry)  ’ k7 = (A=0)[bx2(1—5)(1120)—2c(rg+1)]

Proposition 5.6 is similar to Proposition 4.5. When 6 is high, the optimal wholesale price is wg, =

%. When 6 is low, the optimal wholesale price is wg, = %. It is important for the enterprise

to choose the appropriate wholesale price based on the value of 6, ¢ and & 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 6 > % and the supply chain achieves full coordination, the farmer’s profit is I}, = ckz(1 +
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TABLE 8. Optimal values for scenario 1.

I, = (wgr + a@)®y3(1 — s) [ — Pbys(1 — ) — cys(1 4 74)]

Ogr = (Wgr + a@)y3(1 — 8)[(ap — wgr)pt — O3 (1 — 8)(wgr + a)]
Q= crg3 (1 — 5)(wgr + ap)?

CSgr = %bé’ﬁ(l — )% (wgr + ap)*

Wgr = sc(l — s)73 (wgr + ap)?

SWr = (wgr + a@)y3(1 — s)[ap — v3(5b5(1 — 8) + ¢ — ¢s) (wyr + ap)]

2,2 . . 2[b026(1—s)+20xc(1—s)—pc(14 s :
79)(1 = 0) o5 ooy the enterprise’s profit is ©p, = =+~ L& (4052175;@(&“‘3) uelFr9)l the bank’s profit is
2, 2
Q, = %, and the total revenue of the government is Vg, = % Second, if 0 < = and the
a’?p?ck(1+4ry)

supply chain achieves full coordination, the farmer’s profit is II7 , = W’ the enterprlee S proﬁt is 97,

a2 2 T —S8 xTc —S5)— C T —CITAe — Ty — ) . (l C’l‘g Tg
Lt Sl 0D 0] (i o 1 %, = b0

a’p c[>\ (1-20)(1+ry)(1—k)— s]
4(1—s)(bd+c)?

and the total government expenditure is ¥y, =

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 wg, > a“(l ) then, 0y, > 1%, otherwise, T < 1Ty ;

(2) For any gwen Wyp, Of, < @;

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

5.8.1. Scenario 1: no bankrupt risk

In a revenue-sharing contract, the farmer’s revenues in high- and low-yield seasons are wg,Qgrx + (1 —

©)Pgr1Qgr and wy,Qgrbx + (1 — @)pgroQgrbx, respectively, where pgr1 = a — bQgrx and pgro = a — bQ g0
cQ?r(l“’rg)

The sum of loan and interest is T

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

cQgT

input Q4 must satisty a condition: wg, Qg0 + (1 — @)pgroQgrfz > w The farmer’s expected profit is

2 1
My (Qyr) = Klter @yt + (1 = £)pyrs Qare] & (L k) [t0gr Qo + (1 — £)pyraQurir] — 2oL+ 7o)

1-s
1+7,) _
—le b6+(17;] g+ (Wgr + a)Qgr
We determine the optimal decision: Q5. = (wg. + a@)(l — s)y3 can ensure that the farmer has no
bankrupt risk. To ensure that a — bQj.x > wy,., we suppose that wg, < %ﬁm, where v3 =

min(2[b6¢(1—sl;+c(1+7-g)]7 (+rg )c+(01x 5)@b02 22 )- In addition, ©¢(Qqr) = k(p(a—bQgrx) —wgr)Qgrz+(1—k)(p(a—

2 2
bQye07) — wye) Qgrb, Qg = k<2272 4 (1= ) D22 and SW,, =TT, + 0%, +QF, + CSyy + 22 Tn Table 8,
we indicate the members’ optlmal expected profits.
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FI1GURE 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+rg)ct(1—s)pbo* x> _
1. IfC > cg, k > kg, and Wgr = anl( 207:()b654-(c)(f)—i) =] _ ay, then Q;r - QS

2. If (c>cs, k<ks)or(c<ecg ), andng:%, then Qy, = Q3.
Where cg = (246)(1—s)gbbz? ks = 0 c(rg+1)+b@o%z?(1—s)

T¥rg 1=0 © clrg+1)—b@p0z2(1—s)(2+0)

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 wg, = & [(1;97;;7():;_&1)?1‘@)_?)’0%2} — ap when
both ¢ and k are high. In cases where ¢ is low or when c is high and k is low, the enterprise should provide a
wholesale price of wy, = % 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: ¢ =3,a=30,b=0.5,0 =0.6, k =0.7, s = 0.02, r; = 0.08, o = 3, A\e = 0.4, o = 0.1, Ay = 0.5, and
¢ = 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.

5.83.2. 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

2
production input @, must meet a constraint: wg, Qg0 + (1 — @)pgroQgrfz < %1?”) < werQgrx + (1 —

©)pgr1Qgrx. His profit function is

CQ?T‘(]' +T9)
1—s

1Q2, + (a4 + wyr)Qgra}.

Hgr (Qqr) = klwgrQgra + (1 — ¢)pgr1 Qgr —

c(1+ry)
1_

]

= k{[-@ba® —
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TABLE 9. Optimal values for scenario 2.

I, = kya(wgr + ap)?(1 = s)z — ¢(1 — s)byaz® — cya(l + 7))
Ogr = va(wgr +a@)(1 — s)[(a — wor)u — bdpya(l — 5)(wgr +a@)]

+(1 = k)ya(wgr +a@)*(1 = s)Ae[fz — p(1 — 5)byab?z® — cya(1 + rg)]
Qg = i (wer + ap)® (1 — 5)

+(1— k)7a(wgr + ag)? (1 — $)Aol0z — $(1 — 8)ba0%a® — cva(1 +7,)]
CSgr = %bé’yﬁ(wgr +ap)?(1 —s)?
SWr = va(wgr + ap)*(1 = 8) [ — 56748(1 — ) — eya(1 — 5)]

+pya(wgr + a@)(1 — s)(ap — wgr)

We obtain the farmer’s optimal decision: Q. = (wg,+a@)(1—s)7y4 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},x > wy,., we suppose

a—bryiap(l—s) T Ox s —
1+b14174f1—s) ) bz (1—8)Fc(1474)]’ (1+7g)ct(1—s)@bo222 ). In addition, ©¢,(Qgr) = k(p(a—

CQQT 147y

bQgr) — wer ) Qgr+ (1 — k) [(p(a—bQyr0) —wyr) Qgrfz — Ao [LxHT8) iy Q) 02— (1= 0)pgr —w4r) Qgr]),
c eQ?, (1 Tg * * *

Qe = Lo 3\ (1 — B)[LexU) Q03 — (1= @)pyer — wgr)Qye0a], and SWy, =TI%, + €3, + 0, +

2
CSgr+ SCQQT —(1- k))\g[%_ljrg) —WgrQgrfz — ((1—)pgr1 — Wgr)Qgrbx]. In Table 9, we present the members’
optimal expected profits.

Wer < where y4 = maX(Q[

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

0 Tg)C rg)C —35)pbO3 x> — * *

LI 0> or 0< b andp> ST ) i, = SOEISOS2 o i s~ 5
_ 1-260)(1474)c _ (A=s)apbx”@+apc(l+ry — * *

2. 10 < 4, & < S, and w,, = U=RTSin _ ag, then Q) = Q5.

Proposition 5.9 demonstrates that in a supply chain with government-enterprise guarantee financing model
= 2, 2

and bankruptcy risk, the enterprise should offer a wholesale price of wg, = £ Kl;&’gf;ﬁiﬁflﬁge o] _ ap to the
farmer when 6 is high or when 6 is low and @ is high. When both 6 and ¢ are low, the enterprise should provide
a wholesale price of w,, = (1_3)’;’;{“ S“;’('Zgiz§1+T9 ) _ ap 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: ¢ =3, a =20,b=0.6,60 = 0.6, k =0.7, s = 0.02, 7y, = 0.0584, and z¢ = 6. As shown in Figure 4,
in the government-enterprise guarantee financing model, line wy, represents II3, + ©7, = IIj, the supply chain
can achieve full coordination in this line; and lines W, and Wy, represent @ZT = @Z. When @y, < wg, < Wyy,
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 B2 > (1_1¢ then Qg, > Qy,; otherwise, Qy, < Q.

Wop s)(1+7p)’
w 147 . .
2. If Eirz > Wliﬂ“b)’ then H;P > HZp’ OthCT'LUZSE, H;p S HZp

2 2
3. If %ir: > %, then Qp, > Qp ; otherwise, Q0 , < Qf .

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: ¢ =3,a=30,6=0.2,0=0.8, k =0.7,
wyp = 10, 7 = 0.15, 74 = 0.06, 9 = 3, A¢ = 0.4, A\g = 0.1, and A\, = 0.5. In Figure 5, the commitment price ratio
means that Z—‘Z;’; p1 means that I, = Il,,; po means that O, = Og4,. 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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F1GURE 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

w 1+7 * * - * *
1. If J-Ewbp > —L(l_s)(l_”b), then Qg, > Qyp,,, otherwise, Q7, < Q.

JﬂwZ 1+r * * - * *
2. If w?, > As)(rm)? then 117, > 1L} . otherwise, 117, <1I; .

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: ¢ = 3, a = 30,
b=1050=08 k=07 wyp =6, =015, ry, = 008, zg = 3, A\e = 0.4, Ao = 0.1, and Ay = 0.5. In
Figure 6, the commitment price ratio represents that %Z—E; ps means that II,, = Il;,; p3 and ps mean that
Opp = Ogp. 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
p3 to ps. 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

Whry1+a@[y1—(1—5)73] < wge <

Proposition 6.3. Under the revenue-sharing contract, in Scenario 1, if =575

a—bzyzap(l—s) . Wery1+a@[v1 —(1—5)7s]
1+bmi3(175) , then Qg > Qp.; if wgr < 2 (1781)% 2, then Qg < Q..

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: ¢ = 3, a = 30, b = 0.5,
0 =06, k=06, wy =8 s=002r =015 r, =01, o = 3, \e = 04, Ao = 0.1, and A, = 0.5.
In Figure 7, the wholesale price ratio represents that z—‘b’:; p7 means that Il = Il,.; ps and pg mean that
Opr = Og,. 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,



2384 Q. LU ET AL.

1.6

14 |

12 Region D

Region B

Wholesale price ratio

04

0.2

0
0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

Enterprise retained income ratio ¢

FI1GURE 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 pg < Zz: < ps. 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

Whry2+a@[ye—(1—5)v4]
(1—5)7va

Proposition 6.4. Under the revenue-sharing contract, in Scenario 2, if

a—bzyiap(l—s) s Wory2t+a@[ye—(1—5)v4]
T e then Qy, > Q,.; if wgr < (=971 , then Q7 < Qy,..

< wg <

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: ¢ = 3, a = 30,
b=0.5,0=06, k=06, wy =8, 5=002 r, =015 ry, = 0.08, zg = 3, Ae = 0.4, A\g = 0.1, and Ay = 0.5.
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FI1GURE 8. The selection of financing model under the revenue-sharing contract in Scenario 2.

Wgr

In Figure 8, the wholesale price ratio represents that wioy Plo means that II;, = Ilg.; pg and pi; mean that
Oy, = Oy,. 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 pg
to p11.- 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: ¢ = 3, a =30, b=0.5,0 = 0.6, k = 0.7, s = 0.02, 7, = 0.15, ry = 0.06, zo = 3, A\e = 0.4, Ao = 0.1,
Ag = 0.5, and ¢ = 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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F1GURE 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.l. 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).
T The higher input-output rate of agricultural products. The input-output rate is 0z (0 < 0 < 1)
in the low-yield season. The mean value is pu.

i Loan interest rate, i = b, g

© Enterprise retains ratio, ¢ € [0, 1)

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

Ag \ Ae \ Ao Government \ enterprise \ bank bears a proportion of the default when the farmer could

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

m\e\Q\v 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 wyQpfz < cQi (1+713) < wpQpz, we get C(“l”ffb) <@y < c(ﬂ’_i 3> at this time, the

farmer has bankrupt risk in a low-yield season and no bankrupt risk in a high-yield season.
Obviously, %%T; < 0, thus IT; is strictly concave on Q. Let gg” = 0, we obtain that the optimal production
b
72(17“11’2%
<@Qp < c(1+r j, We can rewrite the optimal Qf as wyny, where 1, =

input of farmer is @)y =

wbe’t
c(l4+ry) —

After substituting @)} into the expected profit function of the enterprise, we get

From

1

R max (3, 0x).

%w@z” < 0, and the expected
b

profit function of the enterprise is the quadratic function on w. So, let g—gi = 0, we obtain the optimal wholesale

: * ap
price wy = F5ms
Finally, we substitute w; into Q}, we obtain Q} = %. In addition, from wy, < p1 = a — bQpx, we get
0[bnyx(1—20)—1]
k> ohirometr20y- -
Proof to Corollary 4.2. From Lemma 4.1, we know that w; = m and Qf = %
. dwy _ abpd max(F,0x) dQ; 2acp® max(Z,0x)
Then, we can obtain that dT': = W > O, d’r'; = T Rou(itrs)+260 m2ax(§,9w)]2 <0 O

Proof to Proposition 4.3. In order to the supply chain can achieve full coordination, we need to get Qgp =

* o ap ; _ ap : = — 1 n( K fq o
Q5 = Sare)r b6 Whp = Fp—thsToy- According to the size of n;,, = T min(%, 0x), there exist two cases.

(1) If mpp = m, then it shows that & < fz, where u = kz + (1 — k)fz. From this, we get k < 12;. At

ac(l4ry)
bd+c

From wy, < p1 = a — bQ},z, we need to get wyy

b6’w2+26'rb72b02a:2
bx2+b0x2—2b0222 °

this time, wy, =
2ac(1+rp)

< Bept2(itry)e Thus, from thiS7 we get k >k =

Therefore, when k1 < k < % and wp, = aclgizb), the supply chain can achieve full coordination, i.e.,
Qpy = Q-
(2) If mpp = %, then it shows that £ > ¢z, where p = kx + (1 — k)fz. From this, we get k > t%5. At

< e apc(l4r
this time, wy, = W.

From wy, < p1 = a — bQy,z, we need to get wy, < %. Thus, from this, we get if ¢ < co, then
k > max(725, ka); if ¢ > o, then 125 < k < ko.

Therefore, when (¢ < ¢y and k > max (125, k2)) or (¢ > cp and 1&; < k < k), and wy, = %7 the
supply chain can achieve full coordination, i.e., @}, = Q.

Otherwise, we get (3), i.e., Qp, < Qf. O

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

ATy, =107, — 1T = wi mplpe — (14 13)mp] — Kl — e (1 + rb)]%.

From this, we obtain that: if wy, > \/ a? (2 noklz—cnp (147, )] then, AIl;, > 0, otherwise, Ally, < 0.

Nop (204201 )2 [p—min(0z, 5 )]
Second, the difference of enterprise’s expected profit between in the price commitment contract and in the

decentralized decision is
2,2
ABy, = @ —(p + bénbp)nbpwbp + AN Whp — %v
which is the quadratlc function of wyy,.

From this, we know discriminant of quadratic form Ay, is a’u ”bPZIIbézZ < 0. Thus, for any wpyp,

A@bp < 0. O
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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

Ally, = IIj, — I} = k[ — max(Z Hx)][wbp ).
m, then, All,, > 0, otherwise, Ally, < 0.

Second, the difference of the enterprise’s expected profit between in the price commitment contract and in

From this, we can obtain that: if wg, >

the decentralized decision is

A6y, = 6}, — (1 + bOnpy )W, + apimywey — Wb;’f;b) = — (1 + b3 (Wop — 5355 )
From thls, we ﬁnd that there is a unique solution wp, = m that can meet the conditions of Pareto

improvement. When wy, = the profits of both parties of the supply chain are the same as under

aj
2u42bdny, ?
decentralized decision. However, there is no A@Gy, > 0. O

Proof to Proposition 4.7. In centralized decision, Qf = In the traditional bank financing model

2(b6+c)
with revenue-sharing contract, Q5. = (wyr + a®)y1. In order to the supply chain can achieve full coordination,

we need to obtain @Q}, = Q. Therefore, according to the size of ~y;, there exist two cases.

0 »+5a)o ; X
(1) When ¢b92z2+’”(1+rb)c < 2[b595+l(‘1+7"b)5]’ Q= %, then making Q;,. = Qf, we have that
_ap[(l4r)c+@bo?z?) -
Wor = 29;(b6+c) - pa.
From @bOQinm(IJrrb)c < 2[b5@+‘(‘1+rb)6], we get @ < v; and k > ky. So when ¢ < vy, k > ky and wy,. =

ap[(147y)c+@bo> 2]

— @a the supply chain can achieve full coordination, i.e., Q. = Q5.

202 (bd+c)
0 When gt > st Qi = mREHERRy, thon maldng Qj, = @, e bave that g =
bo+c
From :,Bb@za:zi-z(l—i-rb)c > 2[b5@+€b1+rb)c]’ we get (p < v; and k < ky) or (¢ > vq). So when ¢ > vy (or
@ <,k <ky) and wy,. = %ﬁ:b), the supply chain can achieve full coordination, i,e., Qy,. = Q.

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.

o o o o o o o o o o o

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—s)(1+ QT 1—s)(1+
(1) From Qj, = wypnep and Q, = wepng1 = %T?(”’% we have that Q—Z: = %
3 1—s)(1+ * * . 14 * *
From this, we can know that when %}W > 1, Qgp > Qpys i€y when 2 W > Wﬁ-m)’ Qgp > Qbps
14r
S (1—9)(13—7’1, ’ Qgp — pr
1+ y
(2) From H;p = wgpngl,u - W nd 17, = wbpnbp[u c(1 + 74)mp), we have that ITp  — =
1-s)(14 .
oy (=25 02, — w [ — minbr, §)].
From this, we find that 4 > min(fz, ). Thus, when ﬂﬁ(%n)wgp wgp > 0, Iy, > II; , d.e., when
9
1+r * w? 147, % %
wi: > Wlim)’ 1, > pr, otherwise, when w%: < Wlim)’ Iy, < pr
_ . 2 2
(3) Similarly, from Q7, bp = C%[Ww —wabp] we can obtain that when Z—%:’ > %,
Q: > O when Lz <M o <0

bp> wy, = rg(l—s)(14ry)2 ““gp —
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.

o 0O o O

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