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Abstract: The agriculture field is a fundamental industry which supports the rapid development of the nation’s economy. 

However, credit constraints faced by farmers have restricted the modernization in the agricultural industry. The agricultural 

supply chain finance is effective in promoting rural industrial revitalization and agricultural modernization, which is of great 

significance to the transformation and development of rural economy and agriculture in China. In this paper, the financial 

coordination model in agricultural supply chain is constructed, and the income distribution model of Shapley value method is 

introduced. The results showed that the agricultural supply chain finance can significantly improve the income of the 

participants in the agricultural industrial chain and verify the economic feasibility of agricultural supply chain finance. 

Keywords: Agriculture; Supply chain finance; Income distribution 

Publication date: June 2021; Online publication: June 30, 2021  

 

1. Introduction 

It is believed that agricultural supply chain finance refers to a systematic solution that focuses on the core 

enterprises of agricultural characteristics and valuable agricultural products which bundles the interests of 

upstream and downstream small and medium-sized enterprises (SMEs), farmers, or consumers; hence, 

designing rational and systematic financial products to meet the financial needs of all the participants in the 

supply chain, as well as to promote the overall coordination of the agricultural supply chain operation.[1] 

Agricultural supply chain finance targets the credit status of the whole supply chain. Relying on core 

enterprises and real trades of specific products improve the credit ratings of SMEs and farmers while 

reducing financing costs as well as the risks. Hence, it is conducive to the development of agricultural 

financial services.[2] 

At present, the research on supply chain finance in the local academic circle is extensive and increasing. 

However, the research on its application in the agricultural industry is still incomplete. The existing research 

primarily focus on the background, operation mode, risk control, prevention, poverty reduction mechanism, 

and so on of the agricultural supply chain finance. Hence, in this paper, the financial coordination model of 

agricultural supply chain is constructed, and the income distribution model of Shapley value method is 

introduced to analyze the income of each participant in the agricultural supply chain finance; thereby, 

discussing the economic feasibility of agricultural supply chain finance. 

 

2. Operation Process of Agricultural Supply Chain Finance 

The operation of the agricultural supply chain financial model in relation to farmers, agricultural enterprises, 

and financial institutions is shown in the following figure: 
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Operation flow chart of agricultural supply chain financial model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this model, farmers would apply for loans from financial institutions. As the main body, agricultural 

enterprises would issue loans in batches after the commencement of agricultural production in order to meet 

the capital needs of the production process. When the agricultural products have matured, farmers would 

then supply their products to agricultural enterprises for unified sales. Subsequently, the agricultural 

enterprises would hand over the revenue made to agricultural cooperatives. These cooperatives function to 

distribute the remaining balance to the farmers after settling loan repayments to the financial institutions. 

In this model, the involvement of agricultural cooperatives promoted the assembling of farmers from all 

over and attained the effect of risk sharing. To a certain extent, the credit guarantee of agricultural 

enterprises would help to alleviate the difficulties faced by farmers and their costly loans. 

 

3. Model Building 

3.1. Supply chain coordination model 

Basic assumptions: 

(1) The agricultural supply chain finance is assumed to be operating around a single agricultural product 

for one cycle and the supply chain only involves one agricultural enterprise and one farmer. 

(2) The output function of the farmer is assumed to be ( )10,00 += baaIyy b， , whereby 0y  is 

the original output of the farmer without any financial support from financial institutions, I  is the 

amount of loans obtained by the farmer, and ba,  reflects the industrial progress rate of the farmer 

in terms of capital utilization and production efficiency. 

(3) The purchase price of agricultural products by the agricultural enterprise is assumed to be 0p  and 

the sales price is 1p . Under the financial model of agricultural supply chain, agricultural enterprises 

need to bear certain risks in providing credit guarantee for farmers whereby the coefficient of the 

guarantee cost is assumed to be  . 

(4) The loan interest rate of financial institutions is assumed to be   and the coefficient of the loan 

cost is assumed as  . 

 

Based on the above assumptions, these are derived: 

The income function of the farmer: 

( )  IaIypIypU b −+=−= 0001  

The income function of the agricultural enterprise:  

( ) ( )( )  IaIyppIyppU b −+−=−−= 0002  
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The income function of the financial institution:  

 IIU −=3  

The overall benefits of the supply chain: 

( )  IIaIypUUUU b −−+=++= 0321
 

 

3.1.1. Centralized decision-making 

Under centralized decision-making, the farmer, agricultural enterprise, and financial institution would 

pursue the highest overall interests in the supply chain and mutually decide the loan amount. 

 

Overall benefits of supply chain: 

( )  IIaIypUUUU b −−+=++= 0321
 

Make: 01 =−−= − bpabI
dI
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3.1.2. Decentralized decision-making 

(1) Optimal loan amount of the farmer 

 

The income of the farmer: 

( ) IaIypU b −+= 001
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(2) Optimal secured loan amount of the agricultural enterprise 

 

The income of the agricultural enterprise: 

( )( ) IaIyppU b −+−= 002  

Make: ( ) 01

0
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(3) Optimal lending amount of the bank 

 

The bank’s income:  

 IIU −=3  

If   , 3U  is the increasing function of I . 

If  = , 03 =U  

If   , 3U  is the decreasing function of I . 
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3.1.3. Supply chain coordination 

Make: 𝐼∗ = 𝐼1 = 𝐼2, 
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Substituting into the original formula: 
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3.2. Income distribution model 

3.2.1. Distribution strategy based on Shapley value method 

The general model of Shapley value method is as below:  

There are n  members in alliance I , whereby,  nI ,,2,1 = . For any subset Is   of I , there is 

a real number ( )sv  corresponding to it, indicating the benefits of cooperative alliance s . ( )sv  satisfies 

the following conditions: 

 

(1) ( ) 0=v  

(2) ( ) ( ) ( ) ( )IsIssssvsvssv =+ 21212121 ,,,   

 

( )sv  is a characteristic function defined on I . Set  vI ,  represents the cooperative problem of n  

agents. ( )vi  represents the income value allocated by member i  from the maximum income ( )Iv  of 

the alliance. The cooperative allocation strategy is as follows: 

 

(3) ( ) ( ) ( ) ( ) vvvv n ,,, 21 =  

(4) ( ) ( ) ( ) ( )  niisvsvswv
iSs

i ,,2,1,\ =−= 


  

In which s  is the number of enterprises in the subset, ( )
( ) ( )

!

!1!

n

ssn
sw

−−
=  is the weighting factor, 

and iS  is the set composed of all subsets including member i  in I . 

 

3.2.2. Model assumptions 

The model assumptions are as below: 

(1) In the interest alliance of the farmer, agricultural enterprise, and financial institution, if the farmer 

does not participate, agricultural enterprise will lose their product source while the financial 

institution will lose their customer. Therefore, the farmer would get a small amount of income from 
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independent operation. The income 2R  from independent operation of the enterprise, the income 

3R  from independent operation of the financial institution, and the income 23R  from cooperation 

between the agricultural enterprise and financial institution are all 0. 

(2) The income that the farmer would obtain from operating alone: 001 ypR =  

(3) The benefits that the farmer and agricultural enterprise would obtain from cooperation: 012 pyR =  

(4) The income from cooperation between the farmer and financial institution: ( ) IaIypR b −+= 0013
 

(5) Benefits from tripartite cooperation among the farmer, agricultural enterprise, and financial 

institution: ( )  IIaIypUR b −−+== 0123
 

(6) In the process of income distribution, the loan amount can maximize the supply chain income 

whereby: 

1
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Based on the above assumptions, the income of each participant in agricultural supply chain finance is 

calculated as below: 

 

Allocation Model Farmer 

Farmer and 

agricultural 

enterprise 

Farmer and 

financial institution 

Farmer, agricultural 

enterprise, and 

financial institution 
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The available income of the farmer: 
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The available income of the agricultural enterprise: 
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The available income of the financial institution: 
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3.3. Numerical simulation 

According to the optimal benefits of each participant in the first coordination model, and the benefits of 

each party in the second revenue distribution model, a numerical analysis is carried out. The basic 

parameters are as follows: 

 

0p
 

p
 0y

 
a  b    

 


 

10 12 1000 10 0.5 0.01 0.05 0.05 

 

3.3.1. Scenario 1: Traditional circulation mode of agricultural products 

Under the traditional circulation mode of agricultural products, financial institutions did not participate. 

Considering the output of farmers is 0y   without financial support, agricultural enterprises bought 

agricultural products from farmers at a price of 0p , and then sold them to the market at a price of p . In 

this scenario, the benefits of all parties are as follows: 

 

Income of farmers: 10000001 == yp  

Income of agricultural enterprises: 2000) 002 =−= ypp（  

Financial institutions did not participate; hence, the income is 0. 

Overall benefits of supply chain: 120000 == py  

 

3.3.2. Scenario 2: Agricultural supply chain financial model without income coordination 

In the second scenario, financial institutions participated to provide farmers with a loan amount of *I , loan 

interest rate of   and a loan cost of  . With financial support, farmers expanded their production scale, 

and the output increased whereby the output was baIyy += 0
. Agricultural enterprises also bought 

agricultural products from farmers at a price of 0p  and sold them to the market at a price of p . However, 

this time, agricultural enterprises provided loan guarantees for farmers. Considering the risks and other 

factors, agricultural enterprises have certain loan guarantee costs with a cost coefficient of  . According 

to the values brought in by *U , 
*

1U , 
*

2U  and *

3U  in the coordination model: 

 

Income of farmers: 
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Income of agricultural enterprises: 
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Income of financial institutions: 
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Total benefits of supply chain: 
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3.3.3. Scenario 3: Financial model of agricultural supply chain with income coordination 

Scenario 3 introduces the Shapley value method income distribution model based on scenario 2 and 

rationalized the income distribution of each participant. According to the values brought in by ( )v1 , 

( )v2 , and ( )v3  in the distribution model: 

 

Income of farmers: 
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Income of agricultural enterprises: 
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Income of financial institutions: 
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The overall revenue of the supply chain is 72,000 alike in scenario 2. 

 

Comparing Scenario 1 and Scenario 3, the benefits of all participants in the agricultural supply chain 

financial model have greatly improved compared with the traditional agricultural product circulation model. 

Therefore, agricultural supply chain finance plays an important role in promoting agricultural development. 

 

4. Conclusions and Suggestions 

In this paper, the financial coordination model of agricultural supply chain is constructed, and the income 

distribution model of Shapley value method is introduced. The financial and economic feasibility of 

agricultural supply chain is then verified by numerical simulations. It showed that with the agricultural 

supply chain finance, the overall income of agricultural industry chain and the income of each participant 

improved. However, at present, China’s agricultural supply chain finance has not been fully developed, and 

there are many constraints. Hence, joint efforts by all parties are required to create favorable conditions for 

the development of the agricultural supply chain finance. 

Grass-roots government organizations should be entrusted to play guiding and bridging roles. For a 

long time, influenced by the idea of small-scale peasant economy, farmers who have low educational levels 

lacked the initiative to seek innovation as well as development and they were skeptical towards financial 

institutions. In view of this, grass-roots government organizations should guide farmers to actively 

participate in the trend of agricultural innovation and development. A good communication bridge between 

farmers, financial institutions, and agricultural enterprises should also be built so that farmers would be 

able to fully trust and understand the financial model of agricultural supply chain and eventually, participate 

in it. 

By improving laws and regulations, the risk management system would also be enhanced. The financial 

capital chain of agricultural supply chain is complex, involving farmers, agricultural enterprises, financial 

institutions, and other participants. Any problems that occur to one of the participants would affect the 

development of the whole industrial chain. Therefore, improving the risk management mechanism as well 

as clarifying the rights and responsibilities of all parties will benefit in reducing the possibility of credit and 

ethical risks. 
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