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Abstract: Due to the uncertainty of world economic development, market demands are stochastic
and the supply quantities of suppliers in the supply chain are always flexible, so a mixed wholesale-
option-contract (abbreviated as a mixed contract) is one of the good ways for commodity distributors
to cope with flexible supply. For a contract farming supply chain composed of a distributor and two
suppliers under random demand and yield, we propose the new mixed contracts with flexible supply
for the players to make better procurement and inventory decisions. Therefore, with decentralized
decision making with a wholesale price contract and centralized decision making as benchmarks
for comparison, the advantages of mixed contracts were demonstrated in this paper. The expected
profit function under each transaction mode was proved to be concave and the optimal orders or
production quantities were obtained and compared. Theoretical derivation and numerical examples
were carried out and the main conclusions are as follows. First, the distributor’s total order quantities
are the largest under centralized decision making, then the second largest under mixed contracts,
then the least under wholesale price contracts. Second, for the dealer under mixed contracts, within
the feasible range, the smaller the option price (or option exercise price) is, the greater the dealer’s
profit is. Third, with increasing initial order quantity, the gap between the dealer’s profits under
different option prices (or option exercise prices) narrows, and eventually tends to the same point.
For both the suppliers as a whole, a mixed contract is better than the wholesale price one. Fourth,
when the prices of the option contract change within a reasonable range (they may not be too small
or too large), the profits of both the dealer and suppliers under a mixed contract are not only higher
than those under the wholesale price contract, but also higher than those under centralized decision
making. Finally, policies and suggestions (such as full investigation, explicitly defining the process of
contracts, establishing real-time supervision and information sharing mechanisms, and so on) were
put forward to improve the accuracy of supply and demand forecasting, better implement mixed
contracts under flexible supply, and strengthen reforms about agricultural supply side.

Keywords: contract-farming supply chain; random demand and yield; flexible supply; a mixed
wholesale-option-contract; order and production quantity decision

1. Introduction

The Chinese government attaches great importance to rural revitalization, as well
as agricultural product production and quality safety. As stated in the No.1 Document
which was published by the State Council and the Central Committee of the Communist
Party of China at the beginning of 2022, to comprehensively promoting rural revitalization,
the development of agricultural socialization services should be accelerated, and entities
including agricultural service firms, farmers’ cooperatives, rural collective economic orga-
nizations, and others, should be supported to actively carry out business activities such as
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contract farming, logistical processing, product marketing, and so on. Under the model of
contract farming, farmers produce the products completely according to the requirements
of enterprises, and the types, quality, and quantity of products are more in line with market
demands compared with other business models, which can to some extent solve the con-
tradiction between small production and large markets of agricultural products in China,
and help farmers better cope with prices fluctuations and imbalances between supply
and demand [1]. Due to government support and market operation, contract-farming
has gradually become one of the important forms of cooperation between farmers and
enterprises in agricultural industrialization. It plays a positive role in improving their
performance and promoting modern agricultural development and rural revitalization [2].
As is known, under the influence of political, military, environmental, and other factors,
the development of the world economy is highly uncertain, and agriculture is the same.
Under the influence of factors such as economic environment, e-commerce, consumers,
technology, and climate, the demands and yields of the products are always stochastic, so
the supply chain players have optimal decisions about order (or production) quantity [3–6].
When the supplier’s supply quantity is uncertain due to random yield, distributors often
do not know how to choose transaction contracts to maximize their profits. Therefore, we
propose the following research questions and objectives: for the contract Farming supply
chain composed of a dealer and suppliers (such as farmers, farmers’ cooperatives, and so
on), the dealer orders products and signs a contract with the suppliers according to demand
forecasting before the production of agricultural products, when the demand and yield
of agricultural products are random and the supply of a supplier is flexible. We establish
three models, including a wholesale price contract, centralized decision making, and a
mixed wholesale-option-contract. Under different models, we examine the optimal order
and production quantity decisions of each organization and compare the differences in
their profits, then we analyze the advantages of the mixed wholesale-option-contract and
put forward the conditions that should be met to achieve Pareto improvement for each
organization under mixed contracts.

Based on the research on the above issues, the theoretical significance of the paper
is as follows: in response to the highly uncertain world economy, when the supply of the
upstream organization is flexible, it first proposes a mixed wholesale-option-contract for the
downstream distributor when the distributor can trade with more than two suppliers, and
theoretical derivation and numerical analysis are carried out to examine mixed contracts’
advantages in supply chain coordination and benefit allocation. This work can enrich the
theory of supply chain management and contract coordination. The practical values of
this paper is as follows: for the contract farming supply chain in China with uncertain
supply and demand, optimization measures and policy recommendations are proposed in
terms of business collaboration, supply mode, transaction contracts, supplier management
and supervision, interest coordination, price decision making and structural reform of
agricultural products on the supply side, which can promote high-quality development
of China’s agricultural product industry, and meet the specific requirements of rural
revitalization and lofty goal of achieving the Chinese path to modernization that proposed
by China today.

2. Literature Review

For the contract farming supply chain, Peng and Pang (2020) built a sequential supply
chain game model to decide prices of all entities and planting area of the supplier under
an agricultural subsidy policy when the yields are subject to uniform distribution [7].
Chen and Yano (2010) proposed a risk compensation contract to achieve supply chain
coordination while the weather impact market demands of products [4]. Inderfurth and
Clemens (2014) and Ling et al. (2013) successively designed a risk sharing mechanism to
improve supply chain performance [8,9]. Dan et al. (2013) designed revenue sharing and
risk compensation mechanisms which are related to a weather index and farmers’ risk
aversion to coordinate supply chains [10].
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The above studies all built game models and designed coordination mechanisms
based on wholesale price contracts and obtaining optimal decisions about prices and order
or production quantities. Compared to wholesale price contracts, option contracts have
significant advantages in responding to demands and price fluctuations, and can provide
buyers with opportunities for delayed selection and flexible ordering [11–13]. The main
research on option contracts with uncertain demand or supply are as follows. For the
general product supply chain, Zhao et al. (2013) and Luo and Chen (2017) compared
option contracts with wholesale price and purchase discount contracts [11,12]. Wang
and Chen (2015) compared joint ordering strategies including option and wholesale price
contracts with a single ordering strategy [14]. Zhu and Hu (2014), as well as Zhang
and Luo (2016) proposed a supply chain coordination contract based on the combination
of options and quantity flexibility [15,16]. Wang et al. (2017) and Hamed et al. (2016)
proposed a revenue sharing contract and joint mechanisms of a spot purchase and out of
stock penalties based on call option contracts [17,18]. Cao and Chen (2023) introduced the
combined call and put options for the two-level supply chain system to achieve supply
chain coordination [19]. Zhang (2023) constructed an ordering and dual reserve decision
model based on option contracts and studies the conditions satisfied by option contracts
to achieve supply chain coordination [20]. Peng et al. (2022) investigated the production
and procurement plans in a two-echelon supply chain, the study show that a pure option
contract only can coordinate supply chain with perfect market signal and a novel option
contract with buyback mechanism can achieve supply chain coordination with imperfect
market signal [21]. For the green product supply chain, Mohamad et al. (2021) compared a
call option contract and a revenue-sharing contract for a two-echelon supply chain network
containing one retailer and two suppliers (a non-green supplier and a green supplier). The
results show that both proposed contracts create a win–win situation for each member
and heighten the profitability of the entire SC [22]. Mohamad and Jafar (2022) developed
and compared a penalty-based contract and a modified call option contract mixed with
a cost-sharing mechanism and discovered that the proposed reservation-based contract
outperforms the penalty-based contract for both parties’ profitability and retailing channel’s
improvement [23]. For the relief supply chain, Li et al. (2023), Meng et al. (2023), and
Patra and Jha (2022) designed bidirectional option contracts (BOC) to coordinate of the
relief supply chain, analyze the optimal reserve decisions of the purchaser and compare
the results of BOC with the benchmark wholesale price contract to show the superiority of
BOC [24–26]. Ghavamifar et al. (2022) proposed a novel hybrid relief procurement contract
with an option contract and quantity flexibility to coordinate the relief supply chain and
revealed that the proposed contract can significantly improve the procurement process by
reducing the shortage and overstocking risks in humanitarian organizations [27].

Regarding contract farming or agricultural product supply chains, Cao and Shi (2016)
constructed a profit maximization model based on option contracts when the natural factors
influencing the growing of the crops [28]. Under the influence of adverse weather in a
contract farming supply chain, Fu and Dan (2015) designed a mechanism of “weather (call)
option + risk compensation + franchise fee” to ensure the income of the company and
farmers [29]. When the information of freshness or cost is symmetrical or asymmetric, Tang
et al. (2019) put forward the conditions about option pricing and cost sharing to achieve
supply chain coordination [30]. As the supply of fresh agricultural products fluctuates
greatly, Yu et al. (2022) introduced CVaR and option contracts to obtain the optimal ordering
and production decisions and coordinate the supply chain [31]. Zhao and Cheng (2023)
considered the freshness-keeping effort and proposed an option contract to realize the
coordination and optimization of a two-echelon supply chain [32].

The above studies, which research the wholesale price contract or option contracts,
are all based on fix supply, which means that the supply quantity of the manufacturer (or
supplier) must be equal to the order quantity of the buyer. In fact, when the dealer orders
goods from the supplier, the supplier often fail to supply on time, with quality and quantity
problems as a result of uncontrollable factors, so the supplier can provide part of or more
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than the order quantity to the dealer when the delivery time is coming, this is means ‘flexible
supply’ [33,34]. Some research studies supply chain decision making and coordination
mechanisms based on the mode of flexible supply. He and Zhang (2017) proposed a flexible
procurement mode for the manufacturer, to then derive the optimal ordering decisions and
coordination conditions for single-source and dual-source ordering [35]. Hu et al. (2013)
and Pal et al. (2018) studied a procurement model in which the manufacturer can flexibly
change the order quantities within a certain range. They successively put forward a revenue
sharing coordination mechanism that includes order penalties and price discount, as well
as a revenue sharing contract based on supply shortage penalties and cost sharing [33,36].
Tang and Kouvelis (2011) found that flexible procurement can alleviate the problems of
channel efficiency caused by randomness of suppliers’ outputs [37]. Jaksic and Franso (2018)
found that flexible procurement can reduce overall expected costs [38]. Wang et al. (2024)
constructed a two-stage credit financing model for supply chains based on bidirectional
option flexible contracts and the results show that an increase in the bidirectional option
price and the exercise price of call options will lead to a decrease in the order quantity of
the retailers, while the impact of the exercise price of put options on the order quantity
is opposite [39]. The above research explores the advantages of flexible procurement (or
flexible supply), but it is not always advantageous. Demirel et al. (2018) designed a
strategy for manufacturers to flexibly purchase from multiple suppliers (including fixed
unreliable suppliers and alternative reliable suppliers), and found that, when an alternative
supplier exists, the manufacturer’s profits may be worse and the supply chain members’
performance may decline [40].

The above research indicates that the mode of fixed supply is partly bad for distributors
and suppliers because both of them have losses of mismatch between demand and supply,
while the mode of flexible supply can avoid farmers’ out-of-stock losses and reduce the
risk of excessive expected demands. This mode has important practical significance under
the current complex economic situation. On the one hand, it reduces the risk of residual
inventory of the buyers, and on the other hand, it is beneficial for the suppliers to alleviate
production pressure, so they can focus on product quality rather than the quantity from
the order. This paper establishes optimization models of decentralized decision making
and centralized decision making for a contract farming supply chain, and proposes a
coordination mechanism of a mixed wholesale-option-contract (abbreviated as mixed
contracts, the same below) based on flexible supply. It assumes that the buyer signs
a wholesale price contract with the preferred supplier and an option contract with the
alternative supplier, and the buyer has two ordering opportunities. If the preferred supplier
is in short supply, the option will be executed, and the risk of insufficient or excessive
inventory for the buyer is reduced as the alternative supplier meets his ordering needs; for
the two suppliers, compared to wholesale price contracts, they have two sources of revenue
and their profits may increase. Compared to the above studies, this paper has the following
innovations. Firstly, a comprehensive coordination mechanism with mixed contracts under
the mode of flexible supply is first proposed for both the buyer and suppliers. Secondly,
it compares and analyzes the differences between decentralized decision-making and
centralized decision-making models under flexible supply with wholesale price contracts,
and firstly uses mixed contracts to achieve Pareto improvement of every member in the
supply chain. It found that if the option price and the option exercise price are reasonably
determined, the profits of all the players are not only higher than that under decentralized
decision making, but also may be higher than that under centralized decision making.

The other parts of the paper are as follows. Section 3 contains the assumptions and
parameters for the research. Section 4 contains the comparison between decentralized and
centralized decision making under the mode of flexible supply with a wholesale price
contract. Section 5 is the coordination mechanism of the supply chain based on mixed
contracts under flexible supply. Section 6 is an example analysis. Finally, we put forward
suggestions and conclusions in Section 7.
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3. Assumptions and Parameters
3.1. Model Assumptions

Firstly, for a contract farming supply chain consisting of a distributor and two suppliers
(which can also be named as farmers), the distributor can sign two types of contracts
with suppliers based on demand forecasting to determine the order quantity before the
production of agricultural products. The first type is the wholesale price contract, in which
only a supplier supplies products to the distributor. I other type is a mixed contract, in
which two suppliers produce products (see Figure 1).
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Figure 1. Supply chain structure under mixed contracts.

Second, referencing some studies in the literature [6,11,34], the demand and the yield
of agricultural products are random. Under the wholesale price contract, with decentralized
decision making, the supplier’s supply quantity is flexible, which means the quantity can
vary between the dealer’s order quantity and the actual outputs. Then, the dealer and
supplier, respectively, determine order or production quantity. Under centralized decision
making, the members make decisions as a whole. Under mixed contracts, the dealer signs a
wholesale price contract with the preferred supplier and the supply quantity is flexible. At
the same time, the dealer signs an option contract with the alternative supplier to reduce
the risk of supply and demand mismatch. If the preferred supplier under-supplies, the
alternative supplier can supply finished goods in time with good quality, and the quantity
is not more than the option order quantity.

Thirdly, the risk of each member is neutral and completely rational, the information
related to the decisions is symmetrical, the dealer is the leader while the suppliers are
subordinate. Under flexible supply, as the agricultural product is perishable, the buyer
may have mismatch costs between supply and demand, while the suppliers do not have
shortage costs of outputs. Generally speaking, the normal loss cost and non-conforming
product values during the period of growing process are ignored, and there is no damage
during the transportation of goods.

Finally, the problems that we study are as follows. Regarding a contract farming
supply chain composed of a distributor and two suppliers, based on the mode of flexible
supply, optimization models are constructed to compare and analyze the differences in
order quantity, production quantity, and expected profits among the members under a
wholesale price contract, centralized decision making, and mixed contracts. The advantages
of mixed contracts in achieving Pareto improvement of the members of the supply chain
are proposed, the impacts of option price and exercise price on the transaction modes
are analyzed, and recommendations for the collaborative management mechanism of the
contract farming supply chain are put forward.

3.2. Parameters

The parameters are introduced as followed so as to build the models.
We first set prices and demand parameters of the agricultural product: p is the retail

price, ω is the wholesale price, o is the option price, and e is the option exercise price. D
indicates the demand and it follows a random distribution, g(x) and G(x) represent the
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probability density function and cumulative distribution function of D in turn, and D is
the expected value of D.

Then, we set parameters about the dealer: under the wholesale price contract, Q0
indicates the initial order quantity, and under mixed contracts, Q0 and Q1, respectively,
indicate the initial order quantity and option order quantity. vr is the unit residual value
if the dealer has surplus goods after the selling season, and cu is the unit cost of opportu-
nity losses when the inventory quantity is less than the demand. It is easy to infer that
cu = p − ω.

The parameters about the suppliers are as follows: λ is the qualified rate (i.e., the ratio
of the final qualified outputs quantity to the planned production quantity), f (λ) and F(λ)
represent the probability density function and cumulative distribution function of λ in turn,
and λ indicates the expected value of λ. Under a wholesale price contract, if I represents the
production quantity of the preferred supplier, then the final output quantity is λI. Based
on the mode of flexible supply, X is used to indicate the supply quantity from the supplier
to the distributor. We know that the expression for X is as follows:

X =

{
λI, 0 ≤ λ ≤ Q0

I
Q0, Q0

I < λ ≤ 1

Under mixed contracts, we set that the planned production quantity of the preferred
supplier is I1, and the planned production quantity of the alternative supplier is I2. To fa-
cilitate the comparison of two types of contracts, the following parameters are assigned
the same values under different contracts: c0

m represents the suppliers’ unit production
cost (including purchasing cost), and vm indicates the unit residual value. Under the
wholesale price contract, suppliers do not suffer from losses of insufficient supply. Un-
der mixed contracts, for the alternative supplier, if the supply is less than the quantity
required by the distributor when the option is executed, the distributor will make up for it
by urgently ordering from the supplier’s peers, with bm representing the unit emergency
procurement cost.

The profit functions are as follows. πi
j represents the profit function of every member

in the supply chain, subscript j = r, m, m1, or m2 (representing the distributor, supplier,
preferred or alternative suppliers by turn), superscript i = w, c, or o, where w represents the
wholesale price contract, c represents centralized decision making, and o indicates mixed
contracts. E[πi

j] represents the expected value of the corresponding functions. We define
the symbols in some equations as below:

(A − B)+ =

{
A − B, A > B
0, A ≤ B

min(A, B) =
{

A, A < B
B, A ≥ B

G(x) = 1 − G(x)

F(λ) = 1 − F(λ)

Finally, we explain the relationships among some parameters according to this actual
situation: all parameters are positive. As the supplier’s excess qualified products are fresher
than the distributor, and to make the distributor profitable and avoid unlimited orders or
production from the members in the supply chain, we have: p > ω > vm > vr. To ensure
positive profits for the supplier and avoid unlimited production, we have: ωλ > c0

m > vmλ.
When the supplier’s output is insufficient, his emergency procurement cost will be higher
than the wholesale price (otherwise, the distributor will trade with other suppliers), then:
bm > ω. Under mixed contracts, in order to prioritize the signing of a wholesale price
contract by the distributor and make it profitable to sign an option contract, we have:
p > e + o ≥ ω. In order to make the option contract valuable, we have: vm ≤ e ≤ ω (if the
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option exercise price is too large, the dealer will not be willing to buy the option, and if it is
too small, the alternative supplier would rather store the goods as the surplus inventory
than sell the option). Due to 0 ≤ λ ≤ 1, then: Q0 ≤ I. (Note: the above parameters related
to price or cost all indicate the average value of the same batch of agricultural products.)

4. Comparison of Decentralized and Centralized Decision Making under Flexible
Supply with a Wholesale Price Contract
4.1. Decentralized Decision Making

Under flexible supply, based on the wholesale price contract, the expected profit
function of the distributor is expressed as follows:

E[πw
r (Q0)] = E[pmin(X, D)− ωX + vr(X − D)+ − cu(D − X)+] (1)

Equation (1) has items which are expected income, order cost, the residual value of
the excessive inventory, and the opportunity loss if the inventory is insufficient.

The expected profit function of the supplier is as follows:

E[πw
m(I)] = E[ωX + vm(λI − Q0)

+ − c0
m I] (2)

Equation (2) calculates the sales income, the residual value of excessive inventory, and
the production cost. For the convenience of derivation and calculation, let:

U(Q0, I) = E[X] = I
∫ Q0

I

0
λ f (λ)dλ + Q0

∫ 1

Q0
I

f (λ)dλ

R(Q0, I) = E[(X − D)+] =
∫ Q0

I

0
dλ

∫ λI

0
(λI − x) f (λ)g(x)dx +

∫ Q0

0
dx

∫ 1

Q0
I

(Q0 − x) f (λ)g(x)dλ

M(Q0, I) = E[(λI − Q0)
+] =

∫ 1

Q0
I

(λI − Q0) f (λ)dλ

We have:

E[min(X, D)] = E(X)− E[(X − D)+] = U(Q0, I)− R(Q0, I)

E[(D − X)+] = E(D)− E[min(X, D)] = D − U(Q0, I) + R(Q0, I)

According to the above definition, the expected profit function of the dealer and the
supplier is as follows:

E[πw
r (Q0)] = (p + cu − ω)U(Q0, I)− (p + cu − vr)R(Q0, I)− cuD (3)

E[πw
m(I)] = ωU(Q0, I) + vm M(Q0, I)− c0

m I (4)

By referring to the above studies, Proposition 1 is put forward to describe the optimal
decisions under decentralized decision making with flexible supply.

Proposition 1. Under flexible supply with a wholesale price contract, when Q0 = Qw
0 , E[πw

r (Q)]
reaches a unique maximum, and Qw

0 satisfies Equation (5). When I = Iw, E[πw
m(I)] reaches the

unique maximum, and Iw satisfies Equation (6).

G(Qw
0 ) =

p + cu − ω

p + cu − vr
(5)

ω
∫ Qw

0
Iw

0
λ f (λ)dλ + vm

∫ 1

Qw
0

Iw
λ f (λ)dλ = c0

m (6)
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From Proposition 1, it can be seen that, under the mode of flexible supply with
a wholesale price contract, when the dealer’s order quantity is low, the main cost is
opportunity loss. As it increases, the opportunity loss decreases and the income increases.
When the order quantity exceeds a certain range, the income remains unchanged, while
the procurement cost increases, then the profit decreases, indicating that the dealer has the
optimal order quantity. For the supplier, as his yield is random, there is an optimal ratio
between the production and order quantity. Lemma 1 is proposed to analyze the impacts
of the parameters on the decision variables of the members.

Lemma 1. Under the mode of flexible supply with a wholesale price contract, the order quantity of
the distributor has a positive correlation with p, cu, vr, and D, while having a reverse relationship
with ω, and an uncertain relationship with ∆D.

When the initial order quantity of the distributor remains unchanged, the supplier’s production
quantity is positively correlated with ω and vm, and negatively correlated with λ and c0

m.

Proof about Lemma 1 is omitted. According to Equations (5) and (6), the optimal expected
profit for each member under flexible supply with a wholesale price contract is below:

E[πw∗
r ] = (p + cu − ω)U(Qw

0 , Iw)− (p + cu − vr)R(Qw
0 , Iw)− cuD (7)

E[πw∗
m ] = (ω − vm)F(

Qw
0

Iw )Qw
0 (8)

4.2. Centralized Decision Making

Under centralized decision making with the mode of flexible supply, the expected
profit function of the supply chain as a whole is as below:

E[πc(Q0, I)] = E[pmin(X, D) + vr(X − D)+ − cu(D − X)+ + vm(λI − Q0)
+ − c0

m I] (9)

Equation (9) contains the overall sales revenue, the dealer’s excessive inventory value,
the opportunity loss of insufficient inventory, the supplier’s residual value, and produc-
tion cost.

According to the definitions of U(Q0, I), R(Q0, I), and M(Q0, I), we have:

E[πc(Q0, I)] = (p + cu)U(Q0, I)− (p + cu − vr)R(Q0, I)− cuD + vm M(Q0, I)− c0
m I (10)

Under centralized decision making, the whole supply chain simultaneously deter-
mines the optimal order quantity for the distributor and the optimal production quantity
for the supplier. Proposition 2 is proposed with reference to Proposition 1.

Proposition 2. Under centralized decision making with flexible supply, when Q0 = Qc
0

and I = Ic, E[πc] obtains a unique maximum, and Qc
0 and Ic satisfy Equations (11) and (12).

G(Qc
0) =

p + cu − vm

p + cu − vr
(11)

(p + cu)
∫ Qc

0
Ic

0
λ f (λ)dλ − (p + cu − vr)

∫ Qc
0

Ic

0
λ f (λ)G(λIc)dλ + vm

∫ 1

Qc
0

Ic
λ f (λ)dλ = c0

m (12)

According to Equations (11) and (12), the overall optimal expected profit of the whole supply
chain centralized decision making is:

E[π∗
c ] = (p + cu)U(Qc

0, Ic)− (p + cu − vr)R(Qc
0, Ic)− cuD + vm M(Qc

0, Ic)− c0
m Ic (13)
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Let: a1 = p+cu−ω
p+cu−vr

, a2 = p+cu−vm
p+cu−vr

. Lemma 2 is proposed to analyze the difference
between centralized and decentralized decision making on order and production quantity
of the members.

Lemma 2. Due to ω > vm, we have: Qc
0 > Qw

0 ; If:

∫ Qc
0

Ic
0 λ f (λ)G(λIc)dλ∫ Qc

0
Ic

0 λ f (λ)dλ

>
p + cu − ω

p + cu − vr

then: Qc
0

Ic >
Qw

0
Iw .

Proof. Due to ω > vm, then a2 > a1, so: G(Qc
0) > G(Qw

0 ), and as G(Q0) is an increasing
function, we have: Qc

0 > Qw
0 . If:

∫ Qc
0

Ic
0 λ f (λ)G(λIc)dλ∫ Qc

0
Ic

0 λ f (λ)dλ

>
p + cu − ω

p + cu − vr

then:

(p + cu)
∫ Qc

0
Ic

0
λ f (λ)dλ − (p + cu − vr)

∫ Qc
0

Ic

0
λ f (λ)G(λI)dλ < ω

∫ Qc
0

Ic

0
λ f (λ)dλ

And according to Equations (6) and (12), we have:

ω
∫ Qc

0
Ic

0
λ f (λ)dλ + vm

∫ 1

Qc
0

Ic
λ f (λ)dλ > c0

m = ω
∫ Qw

0
Iw

0
λ f (λ)dλ + vm

∫ 1

Qw
0

Iw
λ f (λ)dλ

Let:

y(u) = ω
∫ u

0
λ f (λ)dλ + vm

∫ 1

u
λ f (λ)dλ

as ω > vm, then:
∂y(u)

∂u
= (ω − vm)u f (u) > 0

so y(u) is an increasing function of u, then: y(Qc
0

Ic ) > y(Qw
0

Iw ), and we have: Qc
0

Ic >
Qw

0
Iw . □

Lemma 2 shows that the order quantity of the dealer under centralized decision
making is greater than that under decentralized decision making. Under certain conditions,
compared with decentralized decision making, the optimal production quantity of the
supplier under centralized decision making is closer to the order quantity of the buyer.
This means that the purchase and production costs of the supplier are smaller, and it shows
that mutual cooperation brings advantages to the supply chain as a whole compared with
competition, while there is a problem of profit distribution. Section 5 of the paper puts
forward a coordination mechanism with mixed contracts of a wholesale price and option.

5. Mixed Contracts of Wholesale Price and Option under Flexible Supply
5.1. Modeling and Decisions

Under flexible supply, the supplier can be divided into two entities, namely, a preferred
supplier and an alternative supplier. The distributor signs a wholesale price contract with
the preferred supplier and an option contract with the alternative supplier, so the distributor
has two purchasing opportunities, and the risks of over-inventory or under-supply will be
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greatly reduced, and the two suppliers obtain returns. Under flexible supply with mixed
contracts, the models and related decision are as follows.

Under mixed contracts, the expected profit function of the distributor is:

E[πo
r (Q0, Q1)] = E[pmin(X + Q1, D)− ωX + vr(X − D)+ − oQ1 − emin(Q1, (D − X)+)− cu(D − X − Q1)

+] (14)

Equation (14) includes the sales revenue, order cost, residual value, option purchasing
cost, option execution cost, and opportunity loss cost of insufficient inventory.

The expected profit function of the preferred supplier is the same as Equation (2),
where I1 is the decision variable.

E[πo
m1
(I1)] = ωU(Q0, I1) + vm M(I1)− c0

m I1 (15)

Let: Q2 = min(Q1, (D − X)+). Obviously, Q2 is the expected supply quantity of the
alternative supplier, and the profit function of the alternative supplier is (where I2 is the
decision variable) as below:

E[πo
m2
(I2)] = E[(oQ1 + eQ2 − bm(Q2 − λI2)

+ + vm(λI2 − Q2)
+ − c0

m I2] (16)

Equation (16) calculates the option sales revenue, option execution revenue, emergency
procurement cost of short supply, residual value, and production cost.

Let:
V(Q0, Q1, I1) = E[(D − X − Q1)

+]

then:
E[min(X + Q1, D)] = D − V(Q0, Q1, I1)

as
E[min(Q1, (D − X)+)] = E[(D − X)+]− E[(D − X − Q1)

+]

we have:

E[min(Q1, (D − X)+)] = D − U(Q0, I1) + R(Q0, I1)− V(Q0, Q1, I1)

Therefore:

E[πo
r (Q0, Q1)] = −(p − e + cu)V(Q0, Q1, I1)− (ω − e)U(Q0, I1) + (vr − e)R(Q0, I1) + (p − e)D − oQ1 (17)

Let: m1(Q2, I2) = E[(Q2 − λI2)
+]. m2(Q2, I2) = E[(λI2 − Q2)

+], and the expected
profit function of the alternative supplier is:

E[πo
m2
(I2)] = oQ1 + eQ2 − bmm1(Q2, I2) + vmm2(Q2, I2)− c0

m I2 (18)

Under mixed contracts, the decision-making process of each member is as follows.
First, the distributor determines the initial order quantity from the preferred supplier. Next,
the preferred supplier determines its production quantity. Then, the distributor determines
the option order quantity from the alternative supplier based on demand forecasting and
the yield distribution of the preferred supplier. Finally, the alternative supplier determines
its production quantity based on the quantity of options execution. Based on the above
decision-making process, Proposition 3 is proposed.

Proposition 3. Under flexible supply with mixed contracts, E[πo
r (Q0, Q1)] and E[πo

m1
(I1)] have

maximum value, and the decision variable (Qo
0, Qo

1, Io
1) at the maximum point satisfies

Equations (19)–(21).

(p + cu − e)G(Qo
0 + Qo

1) + (e − vr)G(Qo
0) = p + cu − ω (19)
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F(
Qo

0
Io
1
)G(Qo

0 + Qo
1) +

∫ Qo
0

Io
1

0
G(λIo

1 + Qo
1) f (λ)dλ =

o
p + cu − e

(20)

ω
∫ Qo

0
Io
1

0
λ f (λ)dλ + vm

∫ 1

Qo
0

Io
1

λ f (λ)dλ = c0
m (21)

Proof about Proposition 3 is as below.

Proof. According to the definition of V(Q0, Q1, I), we have:

V(Q0, Q1, I1) =
∫ Q0

I1

0

∫ ∞

λI1+Q1

(x − λI1 − Q1) f (λ)g(x)dλdx +
∫ 1

Q0
I1

∫ ∞

Q0+Q1

(x − Q0 − Q1) f (λ)g(x)dλdx (22)

The first and second derivatives of U(Q0, I1), R(Q0, I1) and V(Q0, Q1, I1) with respect
to Q0 and Q1, are as below:

∂E[πo
r (Q0, Q1)]

∂Q0
= F(

Q0

I1
)[(p + cu − ω)− (p + cu − e)G(Q0 + Q1)− (e − vr)G(Q0)] (23)

∂E[πo
r (Q0, Q1)]

∂Q1
= (p + cu − e)[

∫ Q0
I1

0
G(λI + Q1) f (λ)dλ + F(

Q0

I1
)G(Q0 + Q1)]− o (24)

∂2E[πo
r (Q0,Q1)]

∂(Q0)
2 = − 1

I f (Q0
I1
)[(p + cu − ω)− (p + cu − e)G(Q0 + Q1)− (e − vr)G(Q0)]

+F(Q0
I1
)[−(p + cu − e)g(Q0 + Q1)− (e − vr)g(Q0)]

(25)

∂2E[πo
r (Q0, Q1)]

∂(Q1)
2 = −(p + cu − e)[

∫ Q0
I1

0
g(λI + Q1) f (λ)dλ + F(

Q0

I1
)g(Q0 + Q1)] (26)

∂2E[πo
r (Q0, Q1)]

∂Q0∂Q1
= −(p + cu − e)F(

Q0

I1
)g(Q0 + Q1) (27)

Let Equations (23) and (24) equal zero. Equations (19) and (20) can be obtained. Due to

p > e > vr: ∂2E[πo
r (Q0,Q1)]

∂(Q0)
2 < 0, ∂2E[πo

r (Q0,Q1)]

∂(Q1)
2 < 0. When Equations (26) and (27) are feasible:

∂2E[πo
r (Q0,Q1)]

∂(Q0)
2

∂2E[πo
r (Q0,Q1)]

∂(Q1)
2 − ( ∂2E[πo

r (Q0,Q1)]
∂Q0∂Q1

)
2

= −F(Q0
I )(e − vr)g(Q0)

∂2E[πo
r (Q0,Q1)]

∂(Q1)
2 < 0

(28)

Therefore, the Hesse matrix of E[πo
r (Q0, Q1)] is negative about the extreme point,

and E[π f o
r (Q0, Q1)] reaches the maximum at the extreme point. Equation (21) is the same

as Equation (6). The existence of the optimal solution for Proposition 3 is explained as
follows. From Proposition 1, it is obvious that 0 < a1 = p+cu−ω

p+cu−vr
< 1, and 0 ≤ G(Qo

0) ≤
G(Qo

0 + Qo
1) ≤ 1, and Equation (19) is feasible. The range of values for the left and right

expressions of Equation (27) is between 0 and 1, so Equation (20) holds. Equation (21) is the
same as Equation (6) and it also holds. □

According to Proposition 3, let the dealer’s option order quantity is Q∗
2 , then the

optimal production quantity (i.e., Io∗
2 ) of the alternative supplier is expressed as follows:

∫ 1

Q∗
2

Io∗
1

λ f (λ)dλ =
bmλ − cm

bm − vm
(29)
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We can obtain the optimal order quantity of the distributor according to Proposition 3.
Regarding Equation (20), let:

H(Q0) = F(
Q0

I1
)G(Q0 + Q1) +

∫ Q0
I1

0
G(λI1 + Q1) f (λ)dλ

If the value of Q0 is determined, the value of Q1 can be determined based on Equation (19),
and the value of I can be calculated based on Equation (21), then H(Q0) can be calculated.
Obviously, as Q0 increases, H(Q0) continues to increase. According to Equation (19), we know:
0 ≤ Q0 ≤ Qw

0 .
If Q0 = Qw

0 = G−1[a1], then Q1 = 0 and I1 = Iw, so: H(Q0)max = H(Qw
0 ). If:

o + H(Qw
0 )e ≥ (p + cu)H(Qw

0 ), we have: H(Qw
0 ) ≤ o

p+cu−e . At this time, the initial
order quantity of the distributor reaches the maximum value, i.e., Qw

0 . The above anal-
ysis indicates that if the option price and exercise price are so high that o + H(Qw

0 )e ≥
(p + cu)H(Qw

0 ), the distributors will not sign an option contract with the alternative sup-
plier. As a result, mixed contracts are the same as the wholesale price contract. From
Proposition 1, it can be inferred that: Qo

0 = Qw
0 = G−1(a1), Qo

1 = 0.
If o + H(Qw

0 )e < (p + cu)H(Qw
0 ), then: 0 < Qo

0 < Qw
0 , Qo

1 > 0. Combining
Equations (19)–(21) to form a system of ternary multiple equations, we solve it to obtain
(Qo

0, Qo
1, Io

1).
According to Equations (19)–(21) and (29), the optimal expected profit functions of the

players in the contract farming supply chain under mixed contracts are as below:

E[πo∗
r ] = −(p + cu − e)V(Qo

0, Qo
1, Io

1)− (ω − e)U(Qo
0, Io

1) + (vr − e)R(Qo
0, Io

1) + (p − e)D − oQo
1 (30)

E[πo∗
m1
] = (ω − vm)F(

Qo∗
0

Io∗
1

)Qo∗
0 (31)

E[πo∗
m2
] = oQo

1 + [e − vm − (bm − vm)F(
Q∗

2
Io∗
2
)]Q∗

2 (32)

5.2. The Impact of Option Price and Option Exercise Price on the Coordination of the Contract
Farming Supply Chain

Lemma 3 is proposed to analyze the impact of o and e on the order quantity of the
dealer under mixed contracts.

Lemma 3. Under mixed contracts, Qo
0 is positively correlated with e and o; (Qo

0 + Qo
1) and Qo

1 are
negatively correlated with e and o.

Proof of Lemma 3. According to Equation (20),
∫ Qo

0
Io
1

0 G(λIo
1 + Qo

1) f (λ)dλ is approximately

equal to G(Qo
0 + Qo

1)F(Qo
0

Io
1
), then: G(Qo

0 + Qo
1) ≈ 1 − o

p+cu−e . According to Equation (19),

we have: G(Qo
0) ≈

e+o−ω
e−vr

= 1 − ω−(vr+o)
e−vr

. Since G(x) is an increasing function, taking the
first derivative of G(Qo

0) and G(Qo
0 + Qo

1) with respect to e or o, Lemma 3 can be proved. □

Lemma 4 is put forward to compare the optimal order quantities of the dealer among
decentralized decision making, centralized decision, and mixed contracts.

Lemma 4. 0 ≤ Qo
0 ≤ Qw

0 ≤ Qo
0 + Qo

1. If p+cu−vm
p+cu−vr

≥ p+cu−ω
p+cu−e , then: Qc

0 ≥ Qo
0 + Qo

1.

Lemma 4 shows that, under the mode of flexible supply, when the values of parameters
remain unchanged, the order quantity of the dealer with a wholesale price contract is greater
than the initial order quantity with mixed contracts and less than the total order quantities
with mixed contract. Under certain conditions, the total order quantity of the dealer
under centralized decision making would exceed the total quantity with mixed contracts.
Although mixed contracts find it difficult to match centralized decision making in terms
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of total order quantity, they can achieve Pareto improvement in the profits of the supply
chain players by reasonably determining the option and option exercise prices. That is,
the profits of the distributor and suppliers (including preferred and alternative suppliers)
with mixed contracts can exceed those under a wholesale price contract, and would not be
less than the overall profits of the supply chain under centralized decision making. Based
on Equations (7), (13) and (30), in order to simplify the optimal expected profits of the
distributor under different situations, let:

Uw = U(Qw
0 , Iw),

Rw = R(Qw
0 , Iw),

Uc = U(Qc
0, Ic),

Rc = R(Qc
0, Ic),

Mc = M(Qc
0, Ic),

Vo = V(Qo
0, Qo

1, Io
1),

Uo = U(Qo
0, Io

1),
Ro = R(Qo

0, Io
1).

then Lemma 5 is proposed.

Lemma 5. o∗ and e∗ are the option price and exercise price under mixed contracts. If the combination
of o∗ and e∗ simultaneously satisfies Equations (33) and (34), mixed contracts with a wholesale
price and option can achieve Pareto improvement of the profits of the contract farming supply chain.

o∗Qo
1 + e∗(D + Ro − Uo − Vo) ≤ (p + cu)D − (p + cu − ω)Uw − ωUo

+(p + cu − vr)Rw + vrRo − (p + cu)Vo
(33)

o∗Qo
1 + e∗Q∗

2 ≥ (ω − vm)[F(
Qw

0
Iw )Qw

0 − F(
Qo∗

0
Io∗
1

)Qo∗
0 ] + [vm + (bm − vm)F(

Q∗
2

Io∗
2
)]Q∗

2 (34)

According to Equations (7), (8), (13) and (30)–(32), when Equations (33) and (34) hold,
we have: E[πo∗

r ] ≥ E[πw∗
r ], and E[πo∗

m1
] + E[πo∗

m2
] ≥ E[πw∗

m ].
Lemma 5 indicates that, when the demand of agricultural products is stochastic and

the supply of suppliers is flexible, as the option and option exercise prices are reasonably
determined by negotiation, mixed contracts will be an ideal choice for the agricultural
supply chain, which can benefit both distributor and suppliers. Due to the complexity of
the expressions for the optimal expected profits of the members under different situations,
the range of option and exercise prices can be obtained to achieving Pareto improvement of
the players by numerical calculations. Numerical analysis will be introduced in Section 6.

6. Numerical Analysis

A distributor in the Guangdong Province of China orders a batch of local chickens (which
can be supplied to catering enterprises or restaurants) from suppliers (or farmers) based on
demand forecasting before the sales season. The suppliers have sufficient capacity and the
breeding time of local chickens is fixed. As the yield of the preferred supplier is uncertain
in the process of breeding, their supply of local chickens is flexible. There are two types of
contracts, which are a wholesale price contract and mixed contracts available for transactions
between the distributor and suppliers. The parameters are assigned as follows (the unit
of quantity is ‘piece’, and the unit of price or cost is CNY). D ∼ U(8000, 12000), p = 240,
λ ∼ U(0.75, 0.95), ω = 180, cu = 60, vr = 120, c0

m = 135, bm = 200, vm = 135, o = 40, and
e = 160. Based on Propositions 1–3, Table 1 is as below by MATLAB R2014a calculation.

From Table 1, it can be seen that, under the mode of flexible supply, as the preferred
and alternative suppliers with mixed contracts belonging to the same entity, compared to
the wholesale price contract, the profits of both the distributor and supplier under mixed
contract increase, and the sum of their profits is higher than that under centralized decision.
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The above results illustrate that mixed contracts are better than the wholesale price contract
under flexible supply from a profit perspective.

Table 1. Optimal decisions and expected profits of the members under different transaction modes.

Transaction Mode Q*
0 Q*

1 I*
1 I*

2 E[π*
r ] E[π*

m1
] E[π*

m2
] E[π*

m] E[π*]

Wholesale price contract 10,667 -- 12,379 511,997 -- -- 211,964 723,961

Centralized decision making 11,667 -- 13,245 -- -- -- -- 739,555

Mixed contracts 9890 999 11,478 594 515,909 196,524 39,640 236,164 752,073

Proposition 3 shows that, under flexible supply with mixed contracts, the initial order
quantity of the distributor determines not only his option order quantity, but also the
production quantity of the suppliers and the profits of all the supply chain members. In
order to analyze the difference between mixed contracts and the wholesale price contract,
considering that the initial order quantity of the dealer ranges from 8600 to 10,600 (if it is
too small, the residual value may be negative, and if it is too large, it may lead to a negative
option order quantity), we can obtain the relations between the optimal expected profits of
the supply chain members and initial order quantity of the dealer under different contracts,
as shown in Figure 2.

From Figure 2a, it can be seen that, as the initial order quantity increases, the expected
profit of the distributor continues to increase under the wholesale price contract, while
it first increases and then decreases under mixed contracts. Although the profit of the
distributor with mixed contracts is higher than that with the wholesale price contract, the
gap between them becomes smaller and smaller. Figure 2b shows that, as the initial order
quantity of the distributor increases, the expected profits of the suppliers under mixed
contracts decreases sharply. However, they are higher than that with the wholesale price
contract. Therefore, under mixed contracts, the suppliers can require the distributor to
reduce the initial order quantity as much as possible and increase the option order quantity
to add their profits.
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When the initial order quantity of the dealer ranges from 8600 to 10,600, the impacts of
the wholesale price and mixed contracts on profits of the whole supply chain are analyzed
as shown in Figure 2.

Figure 3 shows that, as the initial order quantity of the distributor increases, the
overall expected profit of the supply chain continues to decrease under mixed contracts,
and increases under centralized decision making and the wholesale price contract. The gap
among them becomes smaller and smaller, and ultimately converges to a point. According
to Figures 2 and 3, when the demand and yield are uncertain under flexible supply, if there
are two or more trading opportunities between the supply chain players, within a feasible
range, the smaller the initial order quantity of the dealer, the more advantageous it is for
all parties. This is because when the demand and outputs are clear, the second or third
transaction can reduce the risk of supply and demand mismatch among all parties.
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For this example, when o = 40 and e = 160, the optimal expected profits of the
distributor and suppliers under mixed contracts are higher than those under the wholesale
price contract. Figures 4–6 are displayed to analyze the changing patterns of profits for
each member under the constant changes of o and e. (Note: each figure has a straight line
parallel to the horizontal axis, representing the optimal expected profit of a player under
the wholesale price contract.)
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Figure 4. The relationship between expected profits of the distributor and suppliers and option
price under mixed contracts. (a) The relationships between option price, profit, and order quantity
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of suppliers.

Figure 4a indicates the relationship between the optimal expected profit of the dealer
and its initial order quantity when e = 160 and o varies equally between 30 and 60. From
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Figure 4a, it can be seen that, as the initial order quantity increases, the profit of the dealer
first increases and then decreases when o is between 30 and 40. When o is between 40
and 60, it continues to rise. As the initial order quantity increases, the gaps between the
profits of the dealer under the four different option prices become smaller and smaller, and
finally they converge to a point. When o = 30, as the initial order quantity takes any value,
the expected profit of the distributor is higher than that with the wholesale price contract;
when o = 40, the initial order quantity takes some values (i.e., 9200 ≤ Q0 ≤ 10600), and it
is higher than that with the wholesale price contract; when o = 50 or o = 60, it is less than
that with the wholesale price contract. The smaller the option price, the smaller the initial
order quantity that enables the dealer to achieve the optimal expected profit, and the larger
the option order quantity, which verifies Lemma 3.

Figure 4b shows the relationship between the optimal expected profit of suppliers and
the initial order quantity of the distributor when e = 160 and o varies equally between 30
and 60. From Figure 4b, we know that, for any order quantity, the higher the option price,
the greater the profits of the two suppliers, while the profit of the suppliers is the least
under the wholesale price contract. As the initial order quantity increases, the profits of
suppliers continue to decline and eventually converge to a single point.

Figure 4 indicates that, under mixed contracts, within a reasonable range, the lower
the option price, the more advantageous it is for the dealer and two suppliers; when the
initial order quantity is moderate, it is most advantageous for the dealer; the smaller the
initial order quantity, the more advantageous it is for the suppliers.

Under mixed contracts, taking o = 40 and e = 160 as an example, Figure 5 shows
analysis of the impacts of the initial order quantity of the dealer on the sum of profits
for the supply chain members. It is shown that, no matter what value the initial order
quantity takes, the sum of profits for the members is higher than that under the wholesale
price contract; within the range [8600, 10,200], it is higher than that under centralized
decision making.
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Under mixed contracts, let o = 40, and when e changes equally between 150 and 180,
Figure 6, drawn by MATLAB calculation, shows the results. Obviously, Figure 6a is similar
to Figure 4a. Within feasible ranges, the smaller the option exercise price, the smaller the
initial order quantity that enables the dealer to achieve the optimal expected profit. When
e ≤ 170, as the initial order quantity is in a certain range, the dealer’s profit is higher
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than that under the wholesale price contract. The smaller the option exercise price, the
more advantageous it is for the dealer. No matter how the option exercise price changes,
it ultimately converges to a point where mixed contracts are becoming like the wholesale
price contract and the initial order quantity reaches a certain value.

Figure 6b is similar to Figure 4b, where the higher the option exercise price, the greater
the initial order quantity, the more advantageous it is for the suppliers.
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7. Conclusions

For a contract farming supply chain consisting of a distributor and two suppliers
with random demand and yield, this paper puts forward a new transaction mode with
mixed contracts under flexible supply. The mode is as follows. Under a wholesale price
contract, when the preferred supplier may only supply part of the initial order quantity
required by the distributor, the distributor will sign an option contract with the alternative
supplier and the distributor has a second-order opportunity to reduce the mismatch costs
between the demand and the inventory of the goods. Based on flexible supply, using the
wholesale price contract as a benchmark, this paper compares and analyzes the differences
in decision making of order quantities and expected profits of the supply chain players
among three trading modes, which are decentralized decision making, centralized decision
making, and mixed contracts. The conclusions are as follows by theoretical derivation and
numerical analysis.

First, we demonstrated that the expected profit functions of the supply chain members
under three trading modes are all concave and obtained the optimal order and production
quantities. Then, we proved that the order quantity of the dealer is the largest under
centralized decision making, followed by mixed contracts, and the smallest under wholesale
price contract; compared to the wholesale price contract, the production quantity of the
supplier under centralized decision making is closer to the order quantity of the distributor.

Second, under mixed contracts, within a feasible range, the smaller the option price
(or option exercise price), the smaller the initial order quantity for the dealer to achieve
optimal profits, and the larger the expected profits; as the initial order quantity increases,
the gap between profits of the distributor under three trading modes continues to narrow,
and ultimately tends towards the same point.

Third, under certain conditions, compared to the wholesale price contract, mixed
contracts are more advantageous for the distributor, suppliers, and the overall supply chain,
and the smaller the option price (or option exercise price), the more advantageous they are.

Suggestions are proposed for the transaction and development of the contract farming
supply chain under random demand and yield.

Firstly, both dealers and suppliers should fully use historical data, and apply a com-
bination of qualitative and quantitative methods to forecast the trend of the agricultural
product industry. As decisions about the order and production quantities of upstream and
downstream enterprises are interrelated, they should establish a coordination department
to strengthen mutual cooperation and communication.

Secondly, under a wholesale price contract, compared to fixed supply, the mode of
flexible supply has the advantages of reducing mismatch costs for the players. Under
flexible supply and certain conditions, compared to a wholesale price contract, mixed
contracts are more helpful to them.

Thirdly, as a leader of the agricultural supply chain, the distributor should take the
following measures to better implement mixed contracts. First, the distributor should
fully investigate the price and quality of the agricultural products, and reputation and
character of the suppliers. Second, the distributor should explicitly define the process,
content, and time of signing the contracts and carry out the contracts to adapt to changes in
supply and demand. Third, under flexible supply, the distributor can establish real-time
supervision mechanisms to avoid the preferred supplier intentionally concealing the actual
outputs, and the distributor can require the alternative supplier to timely fulfil the options.
Fourth, information sharing and interest coordination mechanisms should be established to
promote long-term and stable cooperation between the players, and the option and option
exercise prices should be reasonably determined.

Fourthly, the agricultural product production is related to supply side structural reform
and rural revitalization. As quasi-operational resources, agricultural products have both
public welfare and commercial characteristics. To promote the sustainable development
of the agricultural product industry, on the one hand, enterprises need to participate in
market competition based on market rules, minimize production risks, improve quality and
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circulation efficiency, and strengthen the matching of supply and demand of agricultural
products. On the other hand, it is necessary for the government to enforce planning,
guidance, supervision, and management of the agricultural product industry, strengthen
quality and safety supervision of agricultural products, promote the consumption of green
and organic agricultural products, and provide financial subsidies, tax exemptions, and
other support to the suppliers.

There are some limitations in this paper. For example, it did not consider price
decisions among supply chain members and did not compare mixed contracts with other
coordinated contracts. The following questions are worth further investigation based
on the above research. First, under the mode of flexible supply, the maximum supply
quantity of the supplier can exceed the initial order volume of the distributor. Second, for
an agricultural supply chain composed of two distributors and two suppliers, there is price
competition among distributors and quality competition among suppliers. Third, if the
supply chain members improve the quality and yield rate of products through investment,
there is a correlation between demands, quality, and investment costs of the product.
Regarding the above problems, we can establish models to obtain optimal decisions and
analyze the differences in expected profits under various transaction modes.
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