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Abstract 

With the rise of new consumption models such as e-commerce and micro-commerce, the 
sale of agricultural products has also adopted a new supply chain model. In order to solve 
the more prominent problem in the new agricultural product supply chain-demand 
information asymmetry, this article will select the agricultural product sales secondary 
supply chain under the micro-business model to study, and aim at the information 
asymmetry that is likely to occur in this type of supply chain. The problems that affect 
the stability of the supply chain are studied from two aspects. By designing the 
commitment penalty model of the supplier on the secondary supply chain, the game 
process based on the commitment penalty contract is constructed; according to the 
content of the model, the corresponding game experiment pair model is designed 
Scientifically verify. 
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1. Raising the question  

In recent years, agricultural product sales have also begun to adopt new models such as e-
commerce and wechat business, but the research and development of e-commerce agricultural 
product sales supply chain is still relatively lagging, and problems such as low supply chain 
stability have appeared. The main reason is the uneven quality of members in the supply chain. 
E-commerce retailers have a high degree of market information and face less risk, while farmers 
have a low degree of market information. The emergence of information asymmetry greatly 
affects the decision-making of farmers in the supply chain, resulting in farmers not being able 
to obtain maximum benefits. Therefore, solving the problem of information asymmetry in the 
agricultural product supply chain and allowing farmers' suppliers to make the best decisions 
for production through certain measures is of great significance to maintaining the stability of 
the supply chain. 

2. Literature review 

Hongxia Sun and Li Yu (2019) [1] and others have constructed three models in the "Cournot 
Game Decision Analysis between Supply Chains under Uncertain Demands": decentralized 
decision-making and decentralized decision-making, decentralized decision-making and 
centralized decision-making, centralized decision-making and centralized decision-making 
Decision model. Li Huijuan (2019) [2] studied the dual-channel supply chain and showed that in 
the option contract, the dual-channel supply chain coordination can be achieved by setting the 
appropriate option price and execution price. Qu Jiali and Hu Benyong (2019) [3] studied the 
optimization and coordination of supply chain decision-making based on revenue-sharing 
contracts in a decision-making environment with both supply and demand uncertainties, and 
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concluded that the supply chain in a decision-making environment with uncertain supply and 
demand Coordination conditions. Zhou Jun (2021) [4] studied the production pricing problem of 
a supply chain with a manufacturer as the leading dual channel and a retailer as the follower 
when the demand disturbance information is asymmetry. Zhou Jianheng and Ran Yun (2019) 

[5] studied the information sharing strategy of two terminal enterprises in the supply chain 
under the condition of asymmetric market information and cost of supply chain members, low 
market type and high market type and market When the volatility is small, self-produced and 
self-sellers choose to share. Li Xiaoyu, Wang Ying (2014)[6] studied the static and dynamic game 
problems between farmers and agricultural product processors, agricultural product 
processors and agricultural product distributors under asymmetric information. There is a 
certain moral hazard among the participants, and the processor suffers a loss of profits due to 
the difficulty of obtaining information on the quality and demand of agricultural products.   

3. Model Content 

3.1. Symbol Description 

The following symbols are used to build the model designed in this article. As shown in Table 
1. 

Table 1. Model notation 
Symbol Meaning Symbol Meaning 

r retailer c cost 
s supplier w wholesale prices 
sc supply chain m minimum purchase commitment 
d actual demand t shortage penalty 
p selling price q inventory 

 

3.2. Basic Assumptions 

(1) Suppose the contract is signed as {w, m, t}:c ≤ w ≤ p; 

(2) Assuming 𝑑 ≤ 𝑚, if the supplier cannot satisfy all orders, the shortage penalty is infinite, 
t=M; 

(3) Assuming that the shortage penalty faced by the supplier is not higher than the retailer’s 
unit profit rate, namely: t ≤ p − w. 

(4) The inventory established by the supplier is equal to the number of commitments in the 
contract, 𝑞 = m. 

3.3. Model Background 

We set H and L to represent high-demand retailers and low-demand retailers. Before signing 
the contract, the supplier only knows that all retailers in the supply chain have a certain 
probability (this probability is a certain value) for different types of retail demand Quotient. 
The probability that the actual demand is 𝑑𝐻  is 𝜆𝐻 .The probability that the actual demand is 𝑑𝐿 
is 𝜆𝐿. Among them, 𝜆𝐻 + 𝜆𝐿 = 1. 

3.3.1. Game Sequence 

 
Figure 1. The game sequence of the two parties 
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Through the game of the contract issuance process shown in Figure 1 and the feedback after 
the sale is over, the next round of decision-making by both parties is determined to achieve the 
goal. 

3.3.2. Payment between the retailer and supplier 

During the sales cycle, the payment rules between the retailer and the supplier are as follows: 

(1) The retailer obtains the wholesale price of a unit of goods from the supplier as w. 

(2) If 𝑑 ≤ 𝑚,the retailer will compensate the supplier w(m − d). 

(3) If 𝑑 ≥ 𝑚,the supplier then pays 𝑡 to the retailer for each unit of unmet demand. The amount 
paid by the supplier is t(d − m). 

It is mentioned in the basic assumption that under the condition of low demand, if the supplier 
cannot satisfy all the orders, the shortage penalty will be infinity. Therefore, we can safely say 
that the supplier will always produce at least the m promised by the retailer: q ≥ m. 

Based on the above rules, the profit function of both parties in the game of the promise penalty 
contract {w, m, t} is as follows:  

(1) The supplier’s profit is 𝜋𝑠 = (𝑤 − 𝑐)𝑚𝑖𝑛{𝑑, 𝑚} − 𝑡(𝑑 − 𝑚)+ + 𝑤(𝑚 − 𝑑)+ 

(2) The retailer’s profit is 𝜋𝑟 = (𝑝 − 𝑤)𝑚𝑖𝑛{𝑑, 𝑚} + 𝑡(𝑑 − 𝑚)+ − 𝑤(𝑚 − 𝑑)+ 

Among them: 

𝑡(𝑑 − 𝑚)+is the expected shortage penalty received by theretailer, which occurs only when the 
value of this item is positive; 

𝑤(𝑚 − 𝑑)+ is the expected compensation to the supplier for failing to meet the minimum 
purchase commitment, which occurs only when the value of this item is positive. 

3.3.3. The game process between supplier and retailer 

Before the start of the sales cycle, the supplier designs a series of commitment and punishment 
contracts {𝑤, 𝑚𝜃 , 𝑡𝜃}, among which {𝑚𝐻, 𝑡𝐻} , {𝑚𝐿, 𝑡𝐿}are designed for high-demand retailers 
and low-demand retailers. The retailer knows the exact needs of its own market, so the 
retailer's decision is to accept or refuse to sign the contract. 

After the retailer chooses to accept or reject a particular contract {𝑤, 𝑚𝜃, 𝑡𝜃}, he is equivalent 
to “announced” his demand type 𝜃, but this may be different from his real demand type 𝜃. The 
supplier establishes an inventory corresponding to 𝜃 of 𝑞𝜃:𝑞𝜃 = 𝑚𝜃. 

During the sales cycle, the retailer’s actual sales volume 𝑑�̂� = 𝑚𝑖𝑛{𝑞𝜃, 𝐷𝜃}. The retailer charges 
the customer 𝑝. 

When the retailer's real demand is 𝜃  and the type of contract is selected is 𝜃 , the retailer's 
expected profit is: 

𝜋𝑟 = (𝑝 − 𝑤)𝑑�̂� + 𝑡�̂�(𝑑�̂� − 𝑞𝜃) − 𝑤(𝑚𝜃 − 𝑑�̂�) 

But when the retailer chooses to reject all contracts, he will get a profit of 𝜋0 .The contract 
corresponding to 𝜋0 is the basic contract {𝑤, 𝑚0, 𝑡𝐻}, as follows: 

m0 = 𝜆𝐻𝐷𝐻 + 𝜆𝐿𝐷L   𝜋0 = (𝑝 − 𝑤)𝑑�̂� + 𝑡�̂�(𝑑�̂� − 𝑞𝜃) − 𝑤(𝑚0 − 𝑑�̂�) 

It should be noted that the following constraints should be met when designing the contract:  

(1)𝜋𝐿
𝑟(𝐿) ≥ 𝜋0           (2)𝜋𝐻

𝑟 (𝐻) ≥ 𝜋0 

(3)𝜋𝐿
𝑟(𝐿) ≥ 𝜋𝐿

𝑟(𝐻)            (4)𝜋𝐻
𝑟 (𝐻) ≥ 𝜋𝐻

𝑟 (𝐿) 

The first and second constraints require retailers to obtain at least a predetermined profit when 
they truthfully disclose their demand information. These constraints are called “personal 
rationality” or “participation constraints”, and they ensure that the retailer will trade with the 
supplier. The third and fourth constraints provide retailers with incentives to do things, that is, 
the profit obtained by choosing the type of demand that suits him is higher than the profit of 
choosing the opposite type of demand. 
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4. Experiment content 

In order to verify whether the designed commitment penalty model is effective, we conduct a 
game experiment design based on the asymmetric information secondary supply chain model 
of the commitment penalty contract. The preliminary design is as follows: 

4.1. Parameter setting and assignment 

In our experiment, the premise is that the supplier and the retailer sign a commitment and 
punishment contract. In order to facilitate the operation with the actual experiment, we will 
perform the assignment of some parameters to simulate the actual supply chain scenario. The 
parameter assignment is shown in Table 2: 

 

Table 2. Parameter setting and assignment 

parameter 
Assignment 

high demand Low demand 

c (Supplier’s production cost) 3 

w (wholesale price) 6 

p (retail price) 10 

q (supplier's inventory quantity) / 

t (penalty amount) 1 2 

m (the number of contract commitments) 60 40 

D (the actual demand of the retailer) 70 50 

 0.4 0.6 

 

4.2. Experimental design 

We set up two different demand scenarios: (1) High-demand retailer = 70, 𝜆𝐻 = 0.4; (2) Low-
demand retailer = 50, 𝜆𝐿 = 0.6. 

The contract for high-demand retailers is {6, 60, 1}, which is aimed at low-demand. - Ask the 
retailer’s contract to be {6, 40, 2}, where the penalty amount is higher in the low-demand 
contract, because low demand can make the supplier's inventory risk lower. 

The supplier only knows that the probability of being a high-demand retailer is 0.4, and the 
probability of being a low-demand retailer is 0.6, which reflects the asymmetry of information.3 

When the retailer refuses to sign the contract issued by the supplier for the first time during 
the game, the supplier chooses to produce 0.4×70+0.6×50=58 pieces, and all retailers can only 
get this quantity of goods. At this time, the designed contract is {6,58,1}, but this contract is not 
issued, that is, the profit earned by all retailers is fixed as shown in Table 3 and the retailer is 
unknown. 

Table 3. Corresponding contract profit 
Retailer type Sign high contract Sign the basic contract Sign a low contract 

high demand 60×4+10×1=250 58×4+12×1=244 40×4+30×2=220 

Low demand 50×4-10×6=140 50×4-8×6=152 40×4+10×2=180 

 

In order to simulate the real supply chain revenue mechanism, we added a score feedback 
mechanism to the experiment. 

The supplier compares the actual profit obtained by whether the retailer signs the contract or 
not. For the three cases of signing the corresponding contract, signing the opposite contract and 
not signing the contract, they will give a score of 3, 2, and 1 to simulate the actual profit in the 
supply chain. To show retailers the correctness of their decisions after a round of experiments, 
thereby positively affecting their subsequent decisions. 
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4.3. Experimental operation 

Experiment time: October 15, 2020 

Experiment location: 11th Floor, Teaching Building, North China Electric Power University 
(Baoding) Second Campus 

Experimental subjects: 11 undergraduates from the Department of Economics and 
Management of North China Electric Power University (Baoding) 

experiment procedure: 

(1) Introduce experiment requirements and rules to 11 subjects. 

(2) Select 1 experimenter as the supplier, and distribute the contract according to the 
experimental background. 

(3) Set 10 retailers as respectively, where-is the type and-is the type. Write the corresponding 
number on the slip of paper. 10 participants are fixed as retailers, and the type of retailer is 
randomly selected. The one who draws the corresponding number will act as the corresponding 
retailer. 

(4) Let the supplier and the corresponding game respectively (i=1……10). In these 10 groups of 
supply chains, the retailer R knows whether he is in high demand or low demand, but the 
supplier R does not know which type the other party is. 

(5) The supplier sets the w and m in the contract, and gives the contract to the corresponding 
retailer. The retailer will choose to accept or reject it according to its own judgment. For 
example: suppose the supplier sets w to 8 yuan and m to 40, but if the retailer at this time is of 
a high demand type, it will think that w is too high and therefore refuse to sign this contract. 

(6) The retailer makes a decision to sign or not to sign the contract based on the issued contract 
and the market it faces, and then feeds it back to the supplier. 

(7) Repeat the process (3)-(5) for 25 rounds. And count the corresponding results for 
verification. 

4.4. Experimental results and analysis 

The 25-round experiment process was recorded, and the scores of 10 retailers obtained after 
signing the contract under the set score feedback mechanism are shown in the following figure, 
where the colors from light to dark indicate 1-3 points respectively. 

 

 
Figure 2. The overall score of the experiment 
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First, we observe the overall scores of the participants in the experimental results. From the 
light and dark arrangement in Figure 2, it can be seen that there are more light-colored scores 
in the first ten rounds, and the overall score fluctuates greatly, indicating that retailers are not 
the contract has not been signed in full accordance with actual market demand, and the 
commitment penalty mechanism has not yet worked. But after the 10th round of the 
experiment, there was basically no light-colored part in the table, that is, 1 point appeared. This 
means that after ten rounds, participants will no longer choose to sign a contract that is 
contrary to their own market needs to get 1 point, and retailers have begun to tell the truth. 

Specifically, after 10 rounds, when the supplier provided all retailers with contracts 
representing high demand, six of the participants received 20 points and four participants 
received 30 points. Four representatives of high-demand businessmen chose to sign the 
contract, and six representatives of low-demand businessmen chose not to sign the contract. 
When a low-demand contract was provided, the situation was in line with expectations. This 
means that the commitment penalty mechanism represented by this kind of contract has 
worked, and the supplier can already judge the retailer’s demand based on the retailer’s signing 
of the contract-the type of demand is the type of contract signed. 

On this basis, due to space limitations, we selected the scores of 5 retailers for variance analysis 
to determine the fluctuations in their scores, so that the retailers' decision-making on the 
contract can be obtained. The score variance is shown in Figure 4: 

 

Figure 4. Score variance of five experimenters 
Rounds 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Sum 11 12 12 11 9 7 11 11 12 10 12 10 13 13 13 11 13 14 13 12 13 12 14 12 14 

Mean 2.2 2.4 2.4 2.2 1.8 1.4 2.2 2.2 2.4 2.0 2.4 2.0 2.6 2.6 2.6 2.2 2.6 2.8 2.6 2.4 2.6 2.4 2.8 2.4 2.8 

Variance 0.7 0.3 0.3 0.7 0.2 0.3 1.2 0.2 0.3 0.5 0.8 0.0 0.3 0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.3 0.3 0.2 0.3 0.2 

 

From the data in the figure, it can be easily concluded that after the tenth round, except for the 
eleventh round, the score variance of each round of experiments stabilized at a small value such 
as 0.3 and 0.2, indicating that the score at this time has stabilized. Moreover, the average score 
is also at a relatively high level, which shows that in the later stage of the experiment, retailers 
have basically no longer selected contracts that are contrary to market demand for signing. 
They have "telled the truth", and the commitment penalty contract mechanism has successfully 
disclosed the retailers. Market demand information. 

From the above analysis, it can be seen that in the first ten rounds, after distributing the contract 
as a supplier, the required market information could not be obtained, which indicates that 
under this mechanism, it may still require a certain amount of time or money to exchange for 
information, but compared to ordinary situations The operation of the supply chain: The 
supplier has been in a weak position and has not been able to grasp enough market information 
for a long time, and the problem that has greatly affected the profit has been improved in the 
subsequent sales process. In the long run, the commitment penalty contract mechanism is still 
of practical significance. 

5. Conclusions 

This article is based on the secondary supply chain model of agricultural products in the micro-
business model. In order to solve the problem of the asymmetry in the grasp of market demand 
information between farmers and retailers in this type of supply chain, this paper designs 
contract types for different markets and constructs corresponding Commitment punishment 
model. Through multiple rounds of gambling on the retailer's decision to sign the contract and 
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the feedback on the revenue of the retailer in the supply chain, the goal of letting the retailer 
"tell the truth" sign the corresponding contract. 

Aiming at the commitment penalty contract model, a game experiment was designed, and the 
rationality of the model in this article was verified through experimental operations. Finally, it 
was concluded that farmers, as suppliers, can actually issue contracts based on this contract for 
multiple times, and use the early gains. To "in exchange" for the market information that 
retailers have, to reduce their own inventory or investment risks, and to lay a solid foundation 
for long-term cooperation in the future. To a certain extent, it solves the disadvantaged 
situation that farmers can only "obey" retailers and sell agricultural products for farmers. The 
increased revenue and stability of the new channels have brought theoretical support. After 
that, we will not only improve the content of the model and the scientific nature of the 
experiment, but also seek to be able to play a role in combination with the actual situation, in 
order to provide relevant solutions in the ever-changing trend of the supply chain, and to 
achieve a wide range of applications.  
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