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In the e-commerce supply chain of agricultural products, there are three parties: farmer cooperative organizations, e-commerce
platforms, and consumers. This study aims to investigate how to coordinate farmer cooperative organizations and e-commerce
platforms to maximize the overall profits of the supply chains of agricultural products. Based on the Stackelberg game theory, this
paper constructs a two-level supply chain decision-making model led by farmers’ cooperatives and followed by e-commerce
platforms. It discusses two supply chain decision-making models (decentralized and centralized) with decision variables (selling
price and promotion effort). The results show that the overall profit of the supply chain under centralized decision making is
higher than the overall profit under decentralized decision making. In order to achieve the coordination of agricultural product
sales price and brand promotion efforts and achieve win-win cooperation, this paper puts forward two coordination schemes: (1)
coordinating revenue sharing, cost sharing, and wholesale price discounts and (2) coordinating the wholesale price. These two
contract coordination schemes are verified by example analysis. Finally, the following strategies are recommended, including

strengthening the investment in brand promotion and contract management.

1. Introduction

In the past, due to the imbalance in the bargaining power of
the supply and demand sides, the supply side only can sell
agricultural products to buyers at low prices, which affected
the circulation efficiency of agricultural products and re-
stricted the healthy development of agricultural products in
China [1]. In recent years, the rapid development of e-
commerce has provided an opportunity to expand the
sales channels of agricultural products in China. According
to commerce big data monitoring, China’s online retail sales
of agricultural products reached RMB 422.1 billion in 2021
[2]. Although the online sales of agricultural products in-
creased, farmers’ incomes did not increase much. Therefore,
researchers attempt to find out a way to increase farmers’
incomes.

Practices in India, Myanmar, and Poland have proved
that improving the bargaining power of the supply side is the
way to increase farmers’ income, and establishing agricul-
tural production organizations is an effective way to improve
the bargaining power of the supply side [3-5]. In China,
farmer cooperative organizations help farmers improve the
quality of agricultural products to meet the market [6]. For
example, the number of specialized farmers’ cooperatives in
Chongging has grown from 13400 to 37300, and the par-
ticipation rate of farmers has reached 44% in 2021. There-
fore, farmer cooperative organizations play an essential role
in the e-commerce supply chain of agricultural products [7].
The e-commerce supply chain of agricultural products has
three parties: farmer cooperative organizations, e-commerce
platforms, and consumers. Then, the research question of
the study is how to coordinate farmer cooperative
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organizations and e-commerce platforms to maximize the
overall profits of the supply chains of agricultural products.

Since the brand effect of an agricultural product is
significant for the demand for the product, it is necessary to
strengthen the brand construction of agricultural products
[8]. However, the product brand could be strengthened by
brand promotion; therefore, the brand promotion effort of
an agricultural product could affect the online sales of the
agricultural product [9, 10]. The improvement of the bar-
gaining power of farmers’ cooperatives enables farmers’
cooperatives to play a leading role in the agricultural product
e-commerce supply chain [11]. The brand promotion efforts
of e-commerce platforms can make agricultural products
stand out and significantly increase sales. Both parties can
significantly improve their profits and achieve win-win
results through cooperation.

In reality, due to farmers’ cooperatives’ weak brand
promotion awareness, the brand effect is yet to be fully
utilized [12]. The failure to reach a consensus on cooperation
between farmers’ cooperatives and e-commerce platforms
resulted in farmers’ participation in online platform sales.
However, their income still did not increase substantially
[13]. Based on this, the main research questions of this study
are as follows. (1) What mechanism do the farmer co-
operatives and e-commerce platforms use to achieve supply
chain coordination? (2) What are the coordination channels
and programs between farmers’ cooperatives and e-
commerce platforms?

For this reason, this study constructs a secondary ag-
ricultural product supply chain decision-making model with
farmers’ cooperatives as the leader and e-commerce plat-
forms as the follower. First, it compares the profit re-
lationship of each decision variable and decision subject
under the decentralized decision and centralized decision.
Then, the coordination mechanism of the supply chain is
analyzed, and different contract coordination schemes are
designed. It achieves the effect of centralized decision
making and realizes a win-win situation for the supply chain
by promoting cooperation between e-commerce platforms
and farmers’ cooperatives.

This study is organized as follows. In Section 2, we
present the literature review. In Section 3, we make basic
assumptions and notation. Section 4 and Section 5 construct
the Stackelberg game model and analyze the coordination
mechanism and programs. Section 6 presents the numerical
examples. We conclude this study in Section 7.

2. Literature Review

2.1. Agricultural Product Supply Chains. Previous studies on
agricultural product supply chains mainly focused on the
supply chain coordination [14-18], risk management
[19, 20], product brand [21-23], bargaining power
[3, 21, 24], etc. Some researchers also consider the impact of
government subsidies on the supply chain of agricultural
products [10, 25]. In the research of agricultural product
supply chain coordination, researchers have studied the
impact on agricultural product supply chain coordination
from consumer preference [15, 16, 26] and logistics
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[16, 18,27, 28]. Among all studies, most researchers believed
that the brand of agricultural products is vital to the sales of
agricultural products online [8]. On the other hand, most
researchers believed that farmer cooperative organizations
can improve the bargaining power of agricultural products
and increase farmers’ income [22]. But no studies have
linked agricultural product brand promotion for online sales
and contract coordination with farmer cooperative
organizations.

2.2. E-Commerce Supply Chain for Agricultural Products.
The research on agricultural e-commerce mainly focuses on
the operation and financing of agricultural e-commerce, the
application of blockchain technology, and supply chain co-
ordination. Scholars generally believe that the operation of
agricultural e-commerce is influenced by blockchain tech-
nology, logistics service levels, and agricultural preservation
technology [29]. The application of technologies such as
blockchain [30] and the Internet of Things [31] has affected
the level of information technology [32, 33], quality trace-
ability [34, 35], and electronic marketing [36, 37] of agri-
cultural products, thereby improving the circulation efficiency
of agricultural products and reducing their costs. Logistics
services [18, 38], especially cold chain logistics [27, 39], and
the greenness and freshness of agricultural products [40-42]
have a significant impact on the online sales evaluation of
agricultural products [43]. The coordination of the agricul-
tural product e-commerce supply chain mainly focuses on
logistics services [27, 38], preservation levels [18, 44], and
online and offline coordination [45].

2.3. Contract Coordination Mechanism. In terms of the
contract coordination mechanism of the agricultural
product supply chain, researchers have established Stack-
elberg game models [14-16, 18, 27, 28, 46, 47] and Nash
equilibrium [48] to coordinate supply chain interests. For
example, Cao et al. [15] developed a game model based on
cost allocation and repurchase contracts, considering sales
prices and greenness. Qiu et al. [16], Zhang et al. [27],and Yu
and Xiao [28] considered the impact of logistics services on
the agricultural product supply chain to establish a Stack-
elberg game model dominated by logistics service providers.
Song and He [18] and Zhong et al. [49] established a logistics
service supply chain coordination model based on fresh-
keeping cost-sharing and revenue-sharing contracts. Yan
et al. [46] studied the traditional agricultural product supply
chain and established a contract coordination model based
on improved revenue sharing. Niu et al. [22] put forward the
coordination strategy of the wholesale price and cost sharing
with the participation of farmers’ cooperative organizations.

Some studies on the e-commerce supply chain and its
coordination of agricultural products are shown in Table 1.

From Table 1, it can be seen that scholars’ research on the
coordination of agricultural e-commerce supply chain
mainly focuses on logistics and distribution, with less re-
search on the role of farmers’ cooperatives in the supply
chain. Game models primarily focus on e-commerce plat-
forms or logistics service providers for research, and few
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researchers considered the impact of brand promotion on e-
commerce sales of agricultural products [50]. Supply chain
coordination mainly focuses on revenue sharing and cost
sharing, with less consideration for contract coordination.
The contribution of this study lies in the following: (1)
constructing an agricultural product e-commerce supply
chain led by farmers’ cooperatives; (2) introducing agri-
cultural product brand promotion and studying the impact
of brand promotion on agricultural product e-commerce
supply chain decision making; and (3) proposing co-
ordination mechanism including both “revenue shar-
ing + cost sharing + wholesale price discounts” and the
coordination of wholesale prices for agricultural products.

With the vigorous promotion of “one village, one product,
one town, one industry” in rural areas, the positioning of
agricultural product brands has been dramatically improved.
However, the responsibility and effort of product brand pro-
motion are still on the e-commerce platforms. Therefore, it is
generally believed that e-commerce platforms dominate the
contract coordination mechanism. However, different contract
coordination mechanisms should be examined to improve
farmer cooperative organizations’ bargaining power.

3. Model Description and Assumptions

3.1. Model Description. This study compared two decision-
making models consisting of a farmer cooperative organization
and an e-commerce platform. Suppose that (1) a farmer co-
operative organization only sells one kind of agricultural
product; (2) the e-commerce platform acts as a middleman,
after buying that kind of agricultural product from the farmer
cooperative organization, and then sells the products to con-
sumers; and (3) the market demand for that agricultural
product depends on the selling price of the agricultural product
and the brand promotion effect paid by the e-commerce
platform. The first decision-making model is a decentralized
decision, for which, the farmer cooperative organization plays
a leading role in the supply chain. The second decision-making
model is a centralized decision, for which, the farmer co-
operative organization and the e-commerce platform form
a consortium to lead the supply chain.

3.2. Model Symbol Description. The descriptions of symbols
involved in the model of this research are shown in Table 2.

3.3. Research Assumptions. The establishment of the model
in this study is based on the following assumptions:

(1) All members in the agriculture supply chain system
are risk-neutral.

(2) All the members are rational and make their own
decisions to maximize their own profit.

(3) Using the function form used by Ghosh and Shah
[51] and Zhao and Wei [52], the cost function of the
e-commerce platform brand promotion is
g(e) = 1/2ke? (k > 0). It indicates the cost paid by the
e-commerce platform to increase sales by promoting
the agricultural product brand, improving popularity
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and reputation, while k indicates the sensitivity
coeflicient of the e-commerce platform to the level of
brand promotion efforts.

This study includes a farmer cooperative organization f
and an e-commerce platform /. Based on Liu et al. [53] and
Ghosh and Shah’s linear demand functions [51], the market
demand D is affected by the price p and the brand pro-
motion effort e, which decreases with the price increases and
increases with the brand promotion effort. Suppose the
relationship among the three (D, p, and e) is
D =Dy—-ap+be, and Dy>0,a>0,b>0.

The e-commerce platform determines the selling price
(sales price) of the agricultural product p and the brand
promotion effort e. The farmer cooperative organization de-
termines the wholesale price W of the agricultural product, and
its unit operating cost is C. According to the market demand,
the e-commerce platform decides the order quantity assuming
that there is no shortage, that is, g = D. In order to ensure that
the decision variables p, W, and e are positive, the relationship
between the parameters should be satisfied that 2ak — b* >0
and D, — aC > 0. It is assumed that the operation cost of the e-
commerce platform is not considered.

The profit of the e-commerce platform, the profit of the
farmer cooperative organization, and the total profit of the
supply chain are expressed as follows.

The market demand of the product is

q=D

1
=D, —ap + be. M

The profit of the farmer cooperative organization is

Ry =(W -0 2)

The profit of the e-commerce platform is

Ri=(p-W)q-g(e)

. 3)
- (p~W)g -5 ke’

The supply chain profit is
R= Rf + Rl

1 (4)
=(p-C)g-g(e) = (p—C)q—Ekez.

4. Decision Models of the Agricultural
Products for E-Commerce Supply Chain
Based on Revenue-Sharing Contract

There are two decision-making models for the supply chain:
decentralized decision-making model and centralized decision-
making model. For the decentralized decision-making model,
the e-commerce platform decides the selling price and brand
promotion effort, and the farmer cooperative organization
decides the wholesale price. For the centralized decision-
making model, the e-commerce platform and the farmer co-
operative organization work together to decide the selling price
and brand promotion effort.
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TABLE 2: Research model symbols and descriptions.

Symbol

Meaning

Do

I AR Q0 RS TR

Market demand for the product
Market base demand for the product

The elasticity coeflicient of market demand to price
The elasticity coefficient of market demand to brand promotion effort

Selling price of the product

Proportion of the e-commerce platform sharing its own revenue
Brand promotion effort of the e-commerce platform

Unit planting cost of the agricultural product
Order quantity of e-commerce platform

Sensitivity coefficient of the brand promotion effort of the e-commerce platform

Unit wholesale price of the agricultural product

The proportion of the brand promotion cost borne by the e-commerce platform

4.1. The Profit Model for the Decentralized Decision Making.
Due to the improvement of the bargaining power of farmers’
cooperatives, farmers’ cooperatives can play a leading role in
the agricultural product supply chain, and e-commerce plat-
forms are followers. The farmer cooperative organization de-
termines the wholesale price W. The e-commerce platform
determines its brand promotion effort e and selling price p of
the agricultural product to meet the market demand.

Under decentralized decision making, the e-commerce
platform and the farmer cooperative organization make
decisions based on maximizing their interests. First, the e-
commerce platform determines the selling price of agri-
cultural products and brand promotion efforts based on the
information it possesses. Then, farmers’ cooperatives de-
termine the wholesale price of agricultural products based
on market information.

Thus, the objective functions of the e-commerce plat-
form and the farmer cooperative organization are as follows:

maxR; = (W - C)(D, - ap + be),

(5)
maxR; = (p— W) (D, — ap + be) —%kez.

The inverse solution method is used to solve the problem.
The optimal profit for various decision variables, e-commerce
platforms, farmer cooperatives, and the overall system is

(3ak - b*)D, + a(ak - b*)C

b= 2a(2ak - b°) ’
ot = b(D, - aC)
b2(2ak-07)’
« _ak(D, - aC)
= 2(2ak - 1)
(6)
. _k(Dy- aC)’
" g(2ak-b?)
. _k(D, - aC)*

Ry = 4(2ak - %)’

. 3k(D, - aC)’
 8(2ak-b")

1

4.2. The Profit Model for the Centralized Decision Making.
Centralized decision making is to regard the e-commerce
platform and the farmer cooperative organization as
a consortium, and the profit maximization decision is made
from the whole consortium. Then,

R:(p—C)q—%ke2

(7)
=(p-C)(D,-ap + be) —%kez.

Using the optimal decision principle, the supply chain
decision variables and profits are

b, = kD, +(ak - bz)C

2ak - b* ’

. b(Dy-aC)

& = 3
2ak — b
(8)

. _ak(D, - aC)
T 2ak - b*

. k(D -aC)’

R = 2(2ak - %)

4.3. Comparative Analysis of the Two Decision-Making
Models. The decision variables of the two decision-making
models are shown in Table 3.

Comparing the two decision models in Table 3, we can
draw the following conclusions: q,* =2¢,*, e,” = 2¢,",
RZ* = 4/3R1*, and Rfl* = 2Rll*‘

5. The Design of Contract
Coordination Mechanism

In this research setting, the overall profit of the supply chain
under centralized decision making is significantly higher
than that under decentralized decision making. Therefore, it
is necessary to reach a particular contract agreement to
ensure both parties have profits under centralized decision
making, not less than the individual profit under decen-
tralized decision making.
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TaBLE 3: Variable values and profits of different decision-making models.

Parameter Decentralized decision making Centralized decision making

e b(D, - aC)/2 (2ak - b?) b(Dy — aC)/2 (2ak — b*)

P (3ak - b*) D, + a(ak — b*)C/2a (2ak - b*) kD, + (ak — b*)C/2ak — b?

q ak (D, — aC)/2 (2ak — b?) ak (D, — aC)/2ak — b?

w Dy +aC/l2a —

Ry k(D, - aC)*/4 (2ak - b?) _

R k(D, — aC)*/8(2ak — b?) _

R 3k(D, — aC)?/8 (2ak — b?) k(D, - aC)*/2 (2ak - b?)

5.1. Profit Coordination Scope of the Supply Chain. The basic
principle of profit coordination between the e-commerce
platform and the farmer cooperative organization is that
both of their profits are not lower than those under
decentralized decision making.

Proposition 1. Under the contract coordination mechanism,
the profit ranges of the e-commerce platform and the farmer
cooperative organization are

2 2
) )
9)
k(D, - aC)’ 3k(D, - aC)’

4(2ak - b?) sRy< 8(2ak - b*)

Proof. The purpose of contract coordination between the e-
commerce platform and the farmer cooperative organization
is to make the sum of the individual profit after the co-
ordination achieve the effect of centralized decision making,
and the individual profit is not lower than the individual
profit in decentralized decision making. So,

k(D, - aC)’
Rf+Rl :—2)
2(2ak—b )
k(D, - aC)*
12(07a2), (10)
8(2ak—b )
>k(D0—aC)2.
7= 4(2ak - b%)
Then,
k(D, - aC)’ <R <k(DO—aC)2
g(ak-b?) ' 4(ak-b?)
(11)
k(D, - aC)’ cp. <3y - aC)’
4(2ak-b*) 77 8(2ak-b?)
m|

5.2. Supply Chain Coordination Based on Revenue Shar-
ing + Cost Sharing + Wholesale Price Discount

Proposition 2. Assume that the e-commerce platform
transfers part of the profits to farmers’ cooperatives, and the
proportion is 1 — a. Meanwhile, the farmers’ cooperatives bear
part of the cost of agricultural product promotion, and the
proportion is . When the relationship between variables
meets three conditions, which are a =, W =aC, and
1/4<a<1/2, the coordination of the supply chain can be
realized based on revenue sharing + cost sharing + wholesale
price discount, and the revenue can be maximized.

Proof. Assume that the e-commerce platform transfers part
of the profits to farmers’ cooperatives, and the proportion is
1 — a. Meanwhile, the farmers’ cooperatives bear part of the
cost of agricultural product promotion, and the proportion
is B. Then, the profits of e-commerce platforms and farmers’
cooperatives are as follows.

The profit of the e-commerce platform is

1
R, = (cxp—W)q—E/)’kez. (12)
The profit of the farmer cooperative organization is
Ry =[W -C+(1-a)plg—1/2(1 - Pke’. (13)

The inverse solution method is used to solve the
problem. Bring formula (1) into formula (12), and then

1
R =(ap-W)q- Eﬁke2

= (ap - W) (D, — ap + be) —%ﬁkez,

OR
a_pl = a(Dy + be) + aW - 2aap,
oR, (14)
= — W) — Bke,
% b(ap -W) - ke
O’R,
— = —2aua <0,
op
o’R
——L = k<.

9e’
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The corresponding Hessian matrix is
H = ~2a0 ba , and its first-order and second-order
ba -pk

master  subdeterminants are |H;|=-2aa<0 and
|H,| = a(2akp — b*a«). When 2akf — b®a >0, the Hessian
matrix is negative definite, and there is a unique optimal
solution (p,e) making the R; global maximal.

Let 0R;/0p = 0 and OR;/de = 0; then,

p_(x(D0+be)+aW

200
(15)
oo blap-W)

Bk
Combining the above two formulas, formula (16) is

obtained:

_apkD, +(ak[3 - bza)W

bs oc(Zakﬁ - bzoc) ’
(16)
b(aD, —aW)
© T k- ba
akf-b'a

Simultaneously, p; = p,* and e; = e,*; then, formula
(17) is obtained:

aBkD, +(akp - b’a)W kD, +(ak - b”)C

a(2akB - b’a) 2ak-b*
(17)
b(aD, -aW) b(D, - aC)
2akp - b« 2ak -b*
a=p . .
When W = aC’ the equation set of formula (17) is

satisfied. Then,
. _ak(Dy - aC)’

P 220k - )
=aR,”,
(18)
. (1-a)k(D,-aC)’
Rfs = 2
2(2ak - b*)
=(1-a)R,".

Because k (D, — aC)*/8(ak - b*) <R, <k(D, - aC)*/4
(ak —b%), 1/4<a<1/2.

For farmers’ cooperatives, when achieving supply chain
coordination through revenue-sharing contracts, the
wholesale price of agricultural products is lower than the
cost. At the same time, e-commerce platforms need to
transfer most of the profits to farmers’ cooperatives to
achieve centralized pricing and sales effort levels under
decision making. This requires a considerable understanding
between both parties, which is difficult. O

5.3. Supply Chain Coordination Based on Contracted
Wholesale Price. 'The contract coordination principle based
on the wholesale price of agricultural products is as follows.
On the one hand, the farmer cooperative organization and
the e-commerce platform reach a consensus on the selling
price of the agricultural product and the brand promotion
effort paid by the e-commerce platform through contract, to
maximize the overall profit of the supply chain. On the other
hand, both parties agree on the wholesale price of the ag-
ricultural product to ensure the individual profit is not lower
than their respective profits under decentralized decision
making. The core of coordination is the scope of the
wholesale price of the farmer cooperative organization. The
specific coordination mechanism is as follows.

Proposition 3. Under centralized decision making in setting
the selling price and the brand promotion effort, when
Dy +3aC/4a <W <3D; + 5aC/8a, the supply chain can
achieve profit coordination.

Proof. When p = kD, + (ak - b*)C/2ak - b? and
e =b(D, - aC)/2ak - b,, then q =ak(D,-aC)/2ak — b*
and Ry = (W - C)g = (W ~ C)ak(D, - aC)/2ak ~ b

Because k (D, - aC)*/4(2ak — b*) <R, <3k (D, - aC)*
/8 (2ak — b?),

D, + 3aC 3D, + 5aC
—<W<—

19
4a 8a (19)

Under the contract coordination scheme, it is feasible to
negotiate and determine the wholesale price of agricultural
products to achieve coordination of the agricultural supply
chain in reality [18]. O

6. Numerical Analysis

This study assumes that the e-commerce platform only sells
one agricultural product. Referring to the practice of Yang
et al. [54], the allocation of various parameters is as follows:
D, =200, a =6, and b =5. The demand function of that
agricultural product is D =200 —-6p + 5e. k =8, and the
brand promotion effort, the cost paid by the e-commerce
platform, is g (e) = 4e*. Let C = 10 $. Due to the balance of
supply and demand, there will be g = D =200 — 6p + 5e.

6.1. Analysis Based on Revenue Sharing + Cost Sharing + Wholesale
Price Discount Coordination. When coordinating through
revenue  sharing+cost  sharing + wholesale  price,
1/4 <« < 1/2. The wholesale price depends on the results of
the negotiation and game. The individual profit of each party
under different wholesale prices is shown in Table 4 and
Figure 1.

Table 4 and Figure 1 show that the essence of coordination
based on revenue sharing+ cost sharing + wholesale price
discount is the secondary distribution of revenue and cost.
The smaller the «, the greater the proportion of revenue
shared by the e-commerce platform, the lower the profit of
the e-commerce platform, and the higher the profit of the
farmer cooperative organization, and vice versa. When the
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TABLE 4: Supply chain variables and profits under different values.
Parameter Profit coordination
e 9.86
p 25.77
q 94.65
o 0.25 0.3 0.35 0.4 0.45 0.5
w 542 6.5 7.58 8.67 9.75 10.84
R, 275.94 331.13 386.31 441.5 496.69 551.87
Rf 827.81 772.62 717.44 662.25 607.06 551.88
R 1103.75 1103.75 1103.75 1103.75 1103.75 1103.75
900 7. Discussion, Conclusions,
838 and Recommendations
7
600 7.1. Conclusions. Under the background of rural re-
& 500 vitalization, in order to reduce the mismatch between the
&. 400 supply and demand of online shopping agricultural products
300 and promote the collaborative cooperation between e-
200 commerce platforms and farmer cooperative organiza-
100 tions, this study shows how to achieve win-win cooperation
0 between e-commerce platforms and farmer cooperative
025 03 035 04 045 05 & organizations. Taking an agricultural product as an example,
e R this study compares the results of decentralized decision-

FIGURE 1: Revenue sharing + cost sharing + wholesale price dis-
count coordination.

proportion of profits transferred by e-commerce platforms
decreases by 0.05, the profits of e-commerce platforms in-
crease by 55.19, and the profits of farmers’ cooperatives
decrease by 55.19.

6.2. Analysis Based on the Contracted Agricultural Wholesale
Price. According to the above example, according to for-
mulas (7) and (8), the profit coordination range of the
farmer cooperative organization is [552.22, 828.09], and the
profit coordination range of the e-commerce platform is
[275.66, 551.53]. Bring the above values into formula (18),
and the coordination range of wholesale price of agricultural
products is 15.83 <W <18.75.

The specific coordination results depend on both parties’
negotiation and game results. The individual profit of each
party under different wholesale prices is shown in Table 5
and Figure 2.

Table 5 and Figure 2 show that the higher the wholesale
price of the agricultural product, the higher the profit of the
farmer cooperative organization and the lower the profit of
the e-commerce platform. The specific pricing of the agri-
cultural product depends on the relative negotiation ad-
vantages of the farmer cooperative organization. The
stronger the leading ability of the farmer cooperative or-
ganization is and the higher the wholesale price of the ag-
ricultural product is, the more profit the farmer cooperative
organization will make. When the wholesale price of agri-
cultural products increases by 0.5, the profits of farmers’
cooperatives increase by 47.33, and the profits of
e-commerce platforms decrease by 47.33.

making model and centralized decision-making models, for
which the farmer cooperative organization is the prominent
leader, and the e-commerce platform is the follower.

Through comparative analysis, it finds that when the e-
commerce platform and the farmer cooperative organization
make a centralized decision, the product sales are twice than
decentralized decision, and the overall profit of the supply
chain is 4/3 times higher than the decentralized decision.
Therefore, achieving the effect of centralized decision
making through cooperation is the best decision plan for
both parties. This paper provides two coordination schemes.
First, the “revenue sharing + cost sharing + wholesale price
discount” coordination plan was adopted. Second, the two
sides agreed on the contract coordination plan for the
wholesale price of agricultural products.

This research has been verified by case analysis. The
decision of cooperation contract scheme between
e-commerce platform and farmers’ cooperative depends on
the comparative advantages of e-commerce platform and
farmers’ cooperative in negotiation and game. This provides
a particular theoretical reference for the selection of co-
operation schemes between the two parties in practice and
also provides a theoretical basis for the follow-up research on
the supply chain contract coordination of fresh agricultural
products.

7.2. 'Theoretical Contributions

7.2.1. Agricultural Product Supply Chain Coordination.
Previous studies on supply chain coordination of agricul-
tural products mainly focused on consumer demand and
agricultural product logistics, and few studies paid attention
to agricultural product brand promotion efforts paid by the
e-commerce platform. In addition, most research on supply
chain coordination is dominated by e-commerce platforms
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TaBLE 5: Wholesale price coordination of agricultural products.
Parameter Profit coordination
e 9.86
p 25.77
q 94.65
w 16 16.5 17 17.5 18 18.5
R, 535.85 488.52 441.2 393.87 346.55 299.22
Rf 567.9 615.23 662.55 709.88 757.2 804.53
R 1103.75 1103.75 1103.75 1103.75 1103.75 1103.75
900 (2) how wholesale price setting affects the supply chain
800 coordination based on the principle of revenue sharing and
700 cost sharing.
600
& 500 7.3. Practical Implications. From the example analysis, when
2 400 an e-commerce platform cooperates with a farmer cooperative
300 organization for centralized decision making, a slight reduction
200 in selling price can double the sales volume of the agricultural
100 product. If the level of brand promotion effort is doubled, the
0 overall profit of the supply chain can be increased by 33.33%.
16 16.5 17 17.5 18 185 W Therefore, e-commerce platforms and farmer cooperative or-
e R ganizations should establish alliances to expand sales by re-

FIGURE 2: Wholesale price coordination of agricultural products.

and rarely from the perspective of farmer cooperative or-
ganizations. This study stands on the perspective of farmer
cooperative organizations and analyzes the impact of the
agricultural product brand promotion effort on sales volume
and profits among supply chain members. The results of this
study indicate that the sales volume of agricultural products
is affected by brand promotion efforts, which is consistent
with the reality that consumers’ online purchase of agri-
cultural products is often affected by agricultural product
brands promoted on online platforms.

7.2.2. Contract Coordination Mechanism. Previous studies
on the contract coordination mechanism of raw agricultural
products supply chains mainly focused on consumer demand,
the freshness of agricultural products, and the logistics service
level. This study focuses on the brand promotion effort of
agricultural products. Previous contract coordination strategies
mainly focused on revenue-sharing and cost-sharing principles
or repurchase contracts. This study focuses on the contract
coordination of agricultural products” online shopping supply
chain composed of farmer cooperatives and e-commerce
platforms and designs two contract coordination schemes.
One is a coordination strategy based on revenue-sharing
principle, and the other is a wholesale price coordination
strategy for agricultural products. This study shows how these
two coordination strategies can achieve win-win cooperation in
the supply chain.

This study contributes to our knowledge in un-
derstanding (1) how the development of e-commerce of
agricultural products is affected by the marketing strength of
agricultural product brands by e-commerce platforms and

ducing the selling price of agricultural products and increasing
brand promotion efforts to maximize the supply chains’ overall
profits. Internally, through coordination methods such as
income-sharing contracts and adjusting the wholesale price of
agricultural products, a win-win situation can be achieved in
which the individual profit of each party can be increased. Some
specific recommendations are provided as follows.

7.3.1. Strengthening the Investment in Brand Promotion.
The online channel sales of grocery products are not limited
by time, place, and region. However, agricultural products
are often limited by season or timeliness. Therefore, the
promotion of agricultural products is essential to push the
sales volume quickly because the online sales of agricultural
products are largely affected by brand promotion. The e-
commerce platforms should increase investment in the
brand promotion of agricultural products, establish a par-
ticular column for sales of agricultural products, and carry
out extensive publicity. The e-commerce platforms can use
short videos to promote products and hire celebrities to
show how to consume the products.

7.3.2. Strengthening the Contract Management. This study
shows that setting the wholesale prices of agricultural
products is essential under the centralized decision-making
method. The adjustment of the wholesale prices depends on
the specific cooperation schemes between e-commerce
platforms and farmer cooperative organizations. It is nec-
essary to strengthen contract management by constraining
the behavior of both parties through contracts, increasing
the punishment of breach costs, and achieving the stability
and sustainability of contracts. The farmers can increase
their income, get rich, and promote the release of rural
domestic demand potential only in this way. Furthermore, it
has important strategic significance for promoting rural
revitalization.
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7.4. Research Limitations and Future Research Directions.
This study has the following limitations. The demand
function for the agricultural product was considered to be
a simple linear relationship with price and brand promotion
effort. It did not consider other factors into account. Further
studies are recommended to add other factors such as lo-
gistics services. The demand function for agricultural
products may have very complex nonlinear relationships. In
contract coordination, it is not limited to the coordination of
the wholesale price. Researchers can consider various
contract coordination schemes.
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