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Abstract: In order to improve the rationality, accuracy, and timeliness of decisions on financial risks in agri-
cultural product supply chains, it is necessary to evaluate and control these risks sensibly. In this paper, re-
search is conducted on financial risk factors in agricultural product supply chains, and on this basis a financial 
risk evaluation index system for such supply chains is built in four identified dimensions – credit risk, market 
risk, pledge risk, and supply chain relation risk. Next, the weights of risk indexes are measured by means of 
combined weighting based on subjective F-AHP method and objective CRITIC method. The final risk weight 
coefficients are then derived with EDAS method. With the aid of an improved DEMATEL method, the agri-
cultural product supply chain financial risk factors are analyzed, and comprehensive impact degrees of differ-
ent risk factors in agricultural product supply chains are calculated. The calculation results show that financial 
risks in agricultural product supply chains are highly influenced by cooperation level, performance record, 
and financial standing and repayment history of borrowing organization. Based on the findings of this paper, 
appropriate financial risk management and control measures can be developed in light of the key risk factors 
identified in agricultural product supply chains, thereby providing a valuable reference for financial risk con-
trol in agricultural product supply chains. 
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1. Introduction 
Internet-based supply chain finance mainly covers the business fields of credit ex-tension and 

financing. Using Internet as a platform, it serves core enterprises in supply chains as well as those 
operating in upstream and downstream links. With a long history behind it, supply chain finance is 
now in 3.0 Era, which is characterized by close connections between Internet, finance systems, and 
industrial chains that spur rapid social and economic development, and also by more prominent 
issues related to risk management and control. 

Research on agricultural product supply chain finance has gained traction in the academic 
world with ever-increasing popularity in recent years. Financial risk control in agricultural product 
supply chains is intended to guarantee healthy and balanced development of agricultural product 
supply chain finance through effective risk prevention and mitigation. To achieve this, it stands to 
reason that a “unified front” for governing agricultural product supply chain finance should be built 
(Peng, 2018; Xu, 2020; Yu, 2018). More specifically, a risk measurement system needs to be put 
into place to evaluate and predict financial risks in agricultural product supply chains, to accurately 
quantify major comprehensive impact of various risk factors, and to determine prerequisites for 
effective control of such risks. 

In the present study, in order to achieve more meaningful and logical evaluation of financial 
risks in agricultural product supply chains, F-AHP method and CRITIC method are used to obtain 
subjective and objective combined weights of risk indexes respectively. Following that, EDAS 
method and an improved DEMATEL method are adopted to analyze financial risks in agricultural 
product supply chains. Based on calculation of com-prehensive impact degrees, an agricultural 
product supply chain financial risk measurement model is developed, and risk measurement data 
is derived. An agricultural product supply chain financial risk control model is subsequently created 
with the data thus obtained. Measures for controlling these risks are also proposed. 
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2. Materials and Methods 
The Materials and Methods should be described with sufficient details to allow others to rep-

licate and build on the published results. Please note that the publication of your manuscript impli-
cates that you must make all materials, data, computer code, and protocols associated with the 
publication available to readers. Please disclose at the submission stage any restrictions on the 
availability of materials or information. New methods and protocols should be described in detail 
while well-established methods can be briefly described and appropriately cited. 

Research manuscripts reporting large datasets that are deposited in a publicly available data-
base should specify where the data have been deposited and provide the relevant accession numbers. 
If the accession numbers have not yet been obtained at the time of submission, please state that 
they will be provided during review. They must be provided prior to publication. 

Interventionary studies involving animals or humans, and other studies that require ethical 
approval, must list the authority that provided approval and the corresponding ethical approval code. 

2.1. Development of Agricultural Product Supply Chain Financial Risk Measurement Indexes 
545 Internet users were polled through questionnaire survey or expert interview. To make the 

survey data more targeted, authoritative, and practical, 78 experts in relevant fields were inter-
viewed, including 22 professors and researchers, 26 adjunct professors and associate researchers, 
and 30 doctoral students. Among 623 questionnaires distributed, 578 were recovered, with a recov-
ery rate of 92.78%. The specific questionnaire survey flowchart is summarized below in Figure 1, 
covering the survey plan, expert interviews, and relevant studies (Dan et al., 2016; Jin, 2016; Xu et 
al., 2018; Q. Yang et al., 2016; Zeng et al., 2018; Zhao, 2021). 
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Figure 1. Low chart of questionnaire survey on agricultural product supply chain financial risks. 

Based on the above questionnaire survey, expert interviews, and relevant studies (Fang et al., 
2017; Higgins, 2010; Huo et al., 2011; Lan et al., 2021; Li et al., 2021; D. Liu et al., 2013; Shi et 
al., 2019; SZNAJD-WERON & SZNAJD, 2000; Xia et al., 2012; Q. Yang, et al., 2020; Zhang & 
Zhang, 2009; Zhao & Wang, 2013) four evaluation dimensions, including credit risk, market risk, 
pledge risk, and supply chain relation risk, are identified as Level 1 indexes, and 13 Level 2 agri-
cultural product supply chain financial risk indexes are defined as well. The system of agricultural 
product supply chain financial risk measurement indexes is given in Table 1 below. 
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Table 1. System of agricultural product supply chain financial risk measurement indexes. 

Target level Level 1 index Level 2 index 

Agricultural product supply chain fi-
nance risk measurement indexes 

(B) 

Credit risk (B1) 

Financial standing and repayment his-
tory of borrowing organization (B11) 

Enterprise scale of borrowing organiza-
tion (B12) 

Management system of borrowing or-
ganization (B13) 

Core corporate credit risk (B14) 

Market risk (B2) 

Natural risk (B21) 
Risk arising from deterioration of exter-

nal operation environment (B22) 
Risk due to price change of agricultural 

products 
(B23) 

Pledge risk (B3) 
Stock status (B31) 

Status of orders (B32) 
Status of accounts receivable (B33) 

Supply chain relation risk (B4) 
Supply chain robustness (B41) 

Cooperation level (B42) 
Performance record (B43) 

2.2. Creation of an Agricultural Product Supply Chain Financial Risk Evaluation Model Based 
on An Improved DEMATEL Method 
2.2.1. Calculation of Subjective Weight with F-AHP Method 

As a fuzzy analytic hierarchy process, F-AHP method features a combination of qualitative 
and quantitative techniques, and consequently provides both fuzziness and consistency properties. 
It is capable of quantifying expert assessments objectively and turning qualitative problems into 
quantitative ones through layer-by-layer decomposition. This method, therefore, adds to the relia-
bility of agricultural product supply chain finance evaluation. 

Step 1: Starting from the agricultural product supply chain financial risk measurement indexes, 
a nn×  fuzzy judgment matrix nnijbB ×= )(  is built in consideration of the subjective prefer-

ences of experts for n ( 13=n ) risk measurement indexes and the relative importance values as-
signed to the indexes with F-AHP method as shown in Table 2. 

Table 2. Relative importance values assigned to indexes with F-AHP method. 

Value Meaning 
0.5 Two elements are equally important 
0.6 One element is slightly more important than the other 
0.7 One element is significantly important compared with the other 
0.8 One element is very important compared with the other 
0.9 One element is extremely important compared with the other 

0.1, 0.2, 0.3, 0.4 Comparison in reverse order: njbb jiij ,,3,2,1,1 L==+  

Step 2: In regard to satisfaction consistency and order consistency of the fuzzy matrix, a fuzz 
consistency matrix nnijfF ×= )(  is built out of matrix B , where 

5.0
2

1 +
−

=
∑
=

n

bb
f

n

j
ijij

ij
 

(1) 

Step 3: Subjective weights ),,,,( 321 nχχχχχ L=  are calculated, where jχ represents 

the weight of the j th risk index. The following equations are then derived: 
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2.2.2. Calculation of Objective Weight with CRITIC Method 
As an objective weighting process, CRITIC method takes into account not only the infor-

mation volume of indexes, but also the level of comparison between indexes. It, therefore, leads to 
more objective, reasonable, and accurate index weight calculations. 

Step 1: The agricultural product supply chain financial risks are processed through relativiza-
tion. High-priority indexes are transformed with Equation (4): 

ijij

ijij
ij yy

yy
g

minmax
min
−

−
=

 
(4) 

Low-priority indexes are transformed with Equation (5): 

ijij

ijij
ij yy

yy
g

minmax
max

−

−
=

 
(5) 

Step 2: Negative indexes are converted into positive ones since they need to have the same 
sign. The conversion is realized with Equation (6):  

ijj
ij yY

y
++

=
max

1,

η
 

(6) 

where jYmax  denotes the maximum of the j th risk index, namely the maximum of the j th 

row in matrix Y , and η  is a coordination coefficient ( 1.0=η  in normal cases). This process 
yields a positive matrix ,Y . 

Step 3: Since the meaning of the positive matrix ,Y  varies with the units adopted, dimen-
sionless treatment of the risk indexes using Equation (7) is required: 

mi
y

y
y

n

i
ij

ij
ij ,,3,2,1           

)(
1

2,

,
,, L==

∑
=  

(7) 

where m  is the number of schemes, and n  is the number of risk indexes in each scheme. In this 
way, a standard dimensionless matrix ,,Y  is generated. 

Step 4: Calculation of risk index objective weight. From the standard dimensionless matrix 
,,Y , standard deviation jσ  and correlation coefficient ijκ  of different risk indexes can be de-

rived as follows: 

∑
=

−
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i
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(8) 
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where 
,,

jy
−

 is the average of the j th risk index, and ),cov( ,,,,
ij YY  denotes the covariance be-

tween the j th row and the i th row of the standard matrix ,,Y .  

jR  is used to represent the information volume of agricultural product supply chain financial 
risk indexes. It is calculated as follows: 

,

1
,,3,2,1         )1(

,

niR
n

i
ijjj L=−= ∑

=
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(10) 

where   )1(
,

1
∑
=

−
n

i
ijκ  is a quantitative indicator of the degree of conflict between the j th risk 

index and other risk indexes. The higher the value of jR , the larger weight of the risk index.  

The objective weight jw  is calculated with Equation (11). 
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(11) 

2.2.3. Method for Determining Combined Weight 

The subjective weights ),,,,( 321 nχχχχχ L= and objective weights 

),,,,( 321 nwwwww L= of the measurement indexes can be obtained with F-AHP method and 

CRITIC method respectively, where 10,1
1

≤≤=∑
=

j

n

j
j χχ ; 10,1

1
≤≤=∑

=
j

n

j
j ww  

Assuming hW  is the combined weight of a risk index, the equation χ21 cwcWh +=  

holds true, where 0,0,1 2121 ≥≥=+ cccc . By expressing the weighted measurement value of 

an agricultural product supply chain financial risk with iFD  and the standard value of the j th 

item of the i th scheme with ijd , the following equation can be established:  

[ ]
2

1
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n
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ijjji dcwcFD χ . hW  should be selected in such a way to achieve max-

imum value of iFD .  
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(12) 

where 0,0,1 2121 ≥≥=+ cccc . A Lagrange multiplier function is created as follows based on 
Equation (12):  
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j
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(13) 

The partial derivatives of 321 ,, ccc  are solved with Equation (13):  
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The following results can be derived from Equation (14): 
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In the second round of survey, the data derived from the agricultural product supply chain 
financial risk measurement index system and corresponding evaluation criteria were supplied 
to the above-mentioned experts. 78 questionnaires were distributed in this survey, and 69 were 
recovered, with a recovery rate of 88.46%. The experts were asked to give their measurement 
of different risk indexes, and their feedback was combined with pertinent literature data for 
further research (Blackman et al., 2013; Cheng et al., 2016; Z. Liu, 2021; Trkman & McCor-
mack, 2009; Tseng et al., 2021; X. Yang, et al., 2020; Yao & Qin, 2021). 2009AHP method 
and CRITIC method are used to determine the subject weight and objective weight of different 
finance risk indexes for agricultural product supply chains respectively, based on which a 
combined weight χ21 cwcWh +=  is obtained for each index. Finally, from the combined 
weights of different risk indexes, combined weight coefficients are obtained through 
MATLAB operation, as shown in Table 3. 
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Table 3. Weights of different indexes in the agricultural product supply chain financial risk measurement 
index system. 

Level 1 index Level 2 index 
Subjective 

weight 
Objective 

weight 
Combined 

weight 

Credit risk (B1) 

Financial standing and repayment history of borrow-
ing organization (B11) 

0.09 0.10 0.096 

Enterprise scale of borrowing organization (B12) 0.05 0.03 0.038 
Management system of borrowing organization (B13) 0.07 0.06 0.064 

Core corporate credit risk (B14) 0.03 0.03 0.030 

Market risk (B2) 

Natural risk (B21) 0.03 0.04 0.036 
Risk arising from deterioration of external operation 

environment (B22) 
0.06 0.08 0.072 

Risk due to price change of agricultural products 
(B23) 

0.04 0.04 0.04 

Pledge risk (B3) 
Stock status (B31) 0.05 0.04 0.044 

Status of orders (B32) 0.08 0.07 0.074 
Status of accounts receivable (B33) 0.03 0.04 0.036 

Supply chain relation risk (B4) 
Supply chain robustness (B41) 0.08 0.07 0.074 

Cooperation level (B42) 0.21 0.23 0.222 
Performance record (B43) 0.18 0.17 0.174 

2.2.4. Method for Determining Index Weight Based on EDAS 
Because experts may find it very difficult to evaluate the agricultural product supply chain 

financial risk measurement index system objectively and accurately, an index weight determination 
method based on EDAS is proposed in the present study, thus realizing more objective, reasonable, 
and logical measurement results. 

In this method, a probabilistic language term set is introduced and expressed as follows: 

 








≤=≥∈= ∑
=

)(

1

)()()()()( 1),(,,2,1,0,)()(
pQ

k

kkkkk ppQkpSQpQpQ
κ

κL , where 

)( )()( kk pQ  is a language term )(kQ  containing probabilistic information )(kp . )( pQκ  de-
notes the number of language terms in )( pQ , and KpQ =)(κ . Then the entropy of )( pQ  
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(16) 

It is assumed in this study that 13 risk evaluation indexes are selected by an agricultural prod-
uct supply chain finance emergency department, their weight being denoted by

T）（ 1321 ,,, υυυυ L= ,  
Eight experts with relevant background can be selected and asked to assign language evalua-

tion values to the 13 risk measurement indexes, and a decision maker can make use of the following 
set to measure agricultural product supply chain financial risk indexes:  
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Based on the language evaluation values offered by the experts, a probabilistic language de-
cision matrix nmip pQR ×= )]([ can be created, as shown in Table 4.  

Table 4. Probabilistic language decision matrix based on expert evaluation. 

Ex-
pert B11 B12 B13 B14 B21 B22 B23 B31 B32 B33 B41 B42 B43 

1 s1, s2 s2,s3 s0,s1 s-1,s0 s3,s4 s0,s1 s-4,s-3 s-1,s0 s-2,s-1 s0,s1 s2,s3 s-3,s-2 s-1,s0 
2 s-1,s0 s3,s4 s0,s1 s-4,s-3, s2,s3 s0,s1 s-1,s0 s3,s4 s0,s1 s3,s4 s0,s1 s0,s1 s-4,s-3, 
3 s0,s1 s-1,s0 s-2,s-1 s0,s1 s-1,s0 s0,s1 s0,s1 s2,s3 s-3,s-2 s-1,s0 s3,s4 s-4,s-3 s-4,s-3 
4 s0,s1 s0,s1 s-1,s0 s0,s1 s-4,s-3 s0,s1 s3,s4 s0,s1 s3,s4 s-4,s-3 s2,s3 s0,s1 s0,s1 
5 s-2,s-1 s0,s1 s-4,s-3 s-3,s-2 s0,s1 s-2,s-1 s0,s1 s-4,s-3 s2,s3 s0,s1 s0,s1 s0,s1 s0,s1 
6 s-1,s0 s3,s4 s0,s1 s-4,s-3 s0,s1 s-1,s0 s3,s4 s0,s1 s2,s3 s0,s1 s0,s1 s2,s3 s3,s4 
7 s-4,s-3 s2,s3 s0,s1 s-1,s0 s0,s1 s2,s3 s2,s3 s3,s4 s0,s1 s0,s1 s3,s4 s0,s1 s2,s3 
8 s0,s1 s-1,s0 s0,s1 s0,s1 s3,s4 s0,s1 s-1,s0 s0,s1 s0,s1 s-3,s-2 s0,s1 s-4,s-3 s0,s1 

Next, the probabilistic language decision matrix is standardized. Equations (17) and (18) are 
then used to calculate weights of risk evaluation indexes, and the results obtained in the present 
research are listed in Table 5.  
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where 10,1
1

≤≤=∑
=

j

m

j
j υυ .  

   Table 5. Weights of the risk measurement index system based on EDAS. 

B11 B12 B13 B14 B21 B22 B23 B31 B32 B33 B41 B42 B43 
0.0934 0.0312 0.0571 0.0268 0.0334 0.0626 0.0265 0.0435 0.0664 0.0315 0.0667 0.2789 0.1820 

In order to make these expert-derived weights more rational, accurate, and logical, and to 
reduce randomness, the following combined weight equation concerning expert evaluation is 
adopted: 

ihz ww υβα βα +=，

 
(19) 

Delphi method is used again to analyze the weight coefficients of βα βα ,  based on data 
provided by the eight experts, following which the data from every expert is reviewed and corrected. 
The revised data is then delivered to the experts so that they can offer opinions on data refinement. 
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This process occurs iteratively until the result of 4.0,6.0 == βα βα  is achieved unanimously. 
The resulting final combined weight coefficients of the agricultural product supply chain financial 
risk indexes in our study are shown in Table 6.  

Table 6. Final combined weights in the risk measurement index system. 

B11 B12 B13 B14 B21 B22 B23 B31 B32 B33 B41 B42 B43 
0.09496 0.03528 0.06124 0.02872 0.03496 0.06824 0.0346 0.0438 0.07096 0.0342 0.07108 0.24476 0.1772 

2.2.5. Calculation of the Comprehensive Impact Matrix Based on an Improved DEMATEL 
Method 

Shaped by a variety of factors, financial risks in agricultural product supply chains have un-
certainties. In order to reduce the number of elements in the agricultural product supply chain fi-
nancial risk system and to simplify relations between elements, we perform general evaluation from 
a holistic perspective using an improved DEMATEL method with the following steps: 

Step 1: The values of 0, 0.2, 0.4, 0.6, 0.8, and 1 are used to represent “no impact”, “very weak 
impact”, “weak impact”, “average impact”, “strong impact”, and “very strong impact” respectively, 
and the values of 0.1, 0.3, 0.5, 0.7, and 0.9 correspond to impact degrees between them. By cor-
recting these values based on expert evaluation results and relevant weights, an original matrix of 
agricultural product supply chain financial risk factors can be generated. 

Step 2: The data in the agricultural product supply chain financial risk factor matrix also re-
ceives dimensionless treatment. Initial value operators are used to generate an initial value matrix. 
Let ))13(,),1(),1(( hhhh L xxxX =  be the behavior sequence of factor hX  with  1D  being 
an operator in the sequence, and we can calculate as follows:  

))13(,,)2(,)1(( 1111 dxdxdxDX hhhh L=  (20) 

where 13,,2,1,0)1(,
)1(
)()( 1 Lh

h

h
h =≠= kx

x
kxdkx . Here 1D  is called initial value oper-

ator. The behavior sequence of the main system risk factor is denoted by 0X , and that of relevant 

agricultural product supply chain financial risk factors are denoted by hX  and jX . If  

jrr 00 ≥h  holds true for the corresponding grey relation degree, we say hX  precedes over jX , 

and this relation is expressed as jXX fh , where “ f ” is the grey relation sequence derived from 
the grey relation. 

Step 3: Calculation of maximum and minimum in the initial value matrix of 
agricultural product supply chain financial risk factors. 

)()()( 00 sxsxs hh −=∆ , where 13,,2,1 L=s ; 13,,2,1 Lh =  
Step 4: Calculation of correlation coefficient and derivation of direct impact matrix. ρ  is 

used to denote the identification coefficient. In the value range of (0, 1), the lower the ρ  value, 
the higher degree of identification. If { })(0 sx  corresponds to a data column of optimal value, a 

larger )(shς  is desired. If { })(0 sx  corresponds to a data column of worst value, a smaller 

)(shς  is desired. Suppose 5.0=ρ , and we can obtain the following result: 

)()(maxmax)()(

)()(maxmax)()(minmin
)(

00

00

sxsxsxsx

sxsxsxsx
s

s

ss

hhh

hhhh
h −⋅+−

−⋅+−
=

ρ

ρ
ς , where 13,,2,1 L=s  (21) 

The values of )1(hς , )2(hς , ……, )13(hς  are calculated for 1=h . Similarly, correla-
tion coefficients for 13,,3,2 Lh =  are all derived. A direct impact matrix of agricultural product 
supply chain financial risk factors can then be generated, as shown in Table 7. 
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Table 7. Direct impact matrix of agricultural product supply chain financial risk factors. 

No. B11 B12 B13 B14 B21 B22 B23 B31 B32 B33 B41 B42 B43 

B11 
0.000

0 
0.199

7 
0.180

7 
0.199

7 
0.646

7 
0.057

1 
0.144

3 
0.595

2 
0.207

1 
0.081

0 
0.293

3 
0.846

7 
0.826

5 

B12 
0.874

5 
0.000

0 
0.149

9 
0.188

5 
0.540

8 
0.404

8 
0.345

3 
0.274

3 
0.426

7 
0.760

0 
0.238

6 
0.650

0 
0.634

5 

B13 
0.734

9 
0.171

8 
0.000

0 
0.171

8 
0.483

3 
0.797

1 
0.137

4 
0.156

9 
0.540

8 
0.626

7 
0.287

1 
0.796

7 
0.697

8 

B14 
0.663

3 
0.646

7 
0.241

4 
0.000

0 
0.345

3 
0.786

7 
0.241

4 
0.358

6 
0.433

3 
0.215

7 
0.347

1 
0.862

9 
0.755

2 

B21 
0.796

7 
0.675

4 
0.404

8 
0.489

4 
0.000

0 
0.654

4 
0.404

8 
0.583

3 
0.453

3 
0.366

7 
0.664

3 
0.893

3 
0.613

6 

B22 
0.863

3 
0.646

7 
0.603

3 
0.160

0 
0.786

7 
0.000

0 
0.057

1 
0.266

7 
0.241

4 
0.081

0 
0.266

7 
0.750

0 
0.766

7 

B23 
0.660

0 
0.181

0 
0.489

2 
0.437

3 
0.000

0 
0.091

0 
0.000

0 
0.644

4 
0.404

8 
0.794

4 
0.644

4 
0.830

0 
0.312

9 

B31 
0.768

0 
0.264

3 
0.654

4 
0.789

9 
0.345

3 
0.433

3 
0.207

1 
0.000

0 
0.218

6 
0.764

3 
0.764

3 
0.772

0 
0.623

3 

B32 
0.696

4 
0.595

2 
0.454

3 
0.600

0 
0.137

4 
0.381

0 
0.293

3 
0.713

6 
0.000

0 
0.784

2 
0.713

6 
0.571

4 
0.751

5 

B33 
0.568

0 
0.426

7 
0.787

1 
0.338

6 
0.241

4 
0.587

3 
0.001

2 
0.654

4 
0.404

8 
0.000

0 
0.453

3 
0.696

7 
0.759

8 

B41 
0.412

9 
0.120

0 
0.600

0 
0.573

3 
0.404

8 
0.404

3 
0.345

3 
0.646

7 
0.057

1 
0.266

7 
0.000

0 
0.888

5 
0.726

9 

B42 
0.813

3 
0.400

0 
0.540

8 
0.626

7 
0.287

1 
0.787

1 
0.137

4 
0.654

4 
0.404

8 
0.483

3 
0.453

3 
0.000

0 
0.615

7 

B43 
0.612

9 
0.254

3 
0.287

1 
0.760

0 
0.238

6 
0.266

7 
0.241

4 
0.081

0 
0.797

1 
0.459

2 
0.643

3 
0.751

2 
0.000

0 

Step 5: Construction of a comprehensive impact matrix: Assuming xG  is the direct impact 
matrix of agricultural product supply chain financial risk factors, standardization of this matrix will 
lead to a standard direct matrix xyG .  

∑
=

≤≤

=
n

j
x

n

x j
Gf

1
1
max

1
h

h

, xxxy GfG =    (22) 

A comprehensive impact matrix xyB  can then be built: 

1)( −−= xyxyxy GIGB    (23) 

where I  is a unit matrix. With the aid of MATLBA software, the comprehensive impact matrix 
of xyB  is obtained, as shown in Table 8. 
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Table 8. Comprehensive impact matrix of agricultural product supply chain financial risk factors. 

No. B11 B12 B13 B14 B21 B22 B23 B31 B32 B33 B41 B42 B43 

B11 
0.327

8 
0.209

3 
0.236

9 
0.255

3 
0.270

9 
0.239

4 
0.124

1 
0.299

7 
0.219

3 
0.226

0 
0.270

5 
0.467

0 
0.426

4 

B12 
0.515

1 
0.224

0 
0.282

6 
0.295

6 
0.302

7 
0.331

1 
0.170

5 
0.312

9 
0.288

6 
0.358

2 
0.311

2 
0.523

4 
0.478

3 

B13 
0.507

8 
0.255

9 
0.267

5 
0.298

3 
0.303

7 
0.390

8 
0.144

7 
0.301

0 
0.308

8 
0.343

5 
0.321

7 
0.550

7 
0.496

7 

B14 
0.519

3 
0.326

5 
0.309

2 
0.286

8 
0.297

4 
0.400

7 
0.166

7 
0.336

6 
0.305

3 
0.306

0 
0.341

2 
0.579

2 
0.520

3 

B21 
0.611

0 
0.370

0 
0.381

8 
0.404

1 
0.293

3 
0.437

8 
0.212

2 
0.419

8 
0.349

1 
0.376

3 
0.435

0 
0.668

1 
0.577

8 

B22 
0.516

5 
0.308

9 
0.334

1 
0.290

4 
0.339

3 
0.279

6 
0.135

8 
0.305

2 
0.266

9 
0.271

0 
0.312

0 
0.536

6 
0.494

4 

B23 
0.486

6 
0.244

9 
0.331

5 
0.331

0 
0.231

0 
0.297

1 
0.122

3 
0.362

1 
0.282

7 
0.366

7 
0.363

2 
0.547

3 
0.439

6 

B31 
0.575

2 
0.300

7 
0.396

8 
0.422

2 
0.323

1 
0.395

1 
0.175

2 
0.322

0 
0.303

9 
0.403

1 
0.426

0 
0.623

2 
0.552

9 

B32 
0.573

0 
0.344

9 
0.375

7 
0.404

7 
0.298

2 
0.388

1 
0.189

3 
0.420

0 
0.276

7 
0.416

3 
0.426

6 
0.603

8 
0.574

2 

B33 
0.509

6 
0.296

9 
0.384

4 
0.336

2 
0.286

4 
0.382

5 
0.134

9 
0.374

1 
0.304

3 
0.279

6 
0.357

7 
0.563

3 
0.526

3 

B41 
0.459

7 
0.240

8 
0.341

7 
0.349

3 
0.286

0 
0.339

9 
0.171

0 
0.354

8 
0.243

0 
0.296

3 
0.278

3 
0.556

3 
0.489

3 

B42 
0.555

9 
0.304

9 
0.362

6 
0.381

5 
0.303

2 
0.416

1 
0.157

8 
0.386

6 
0.311

2 
0.350

9 
0.368

2 
0.491

9 
0.525

2 

B43 
0.476

7 
0.258

6 
0.296

7 
0.367

4 
0.259

7 
0.316

2 
0.157

3 
0.286

7 
0.331

9 
0.316

8 
0.358

4 
0.531

6 
0.392

9 

Step 6: Analysis of agricultural product supply chain financial risk factors: From the compre-
hensive impact matrix of agricultural product supply chain financial risk factors, centrality degree 
( hLm ) and causality degree ( hLu ) are derived through the following equations, where hLD  

and hLR  represent impact degree and vulnerability degree respectively.  

  ∑
=

=
n

j
jt

1
LD hh  )13,,2,1 ⋅⋅⋅=h（         (24) 

∑
=

=
n

j
jt

1
LR hh  )13,,2,1 ⋅⋅⋅=h（           (25) 

 

hhh LRLDLm +=  )13,,2,1 ⋅⋅⋅=h（      (26) 

 

hhh LRLDLu −=  )13,,2,1 ⋅⋅⋅=h（            (27) 

 

3. Results 
Based on the above analysis, the impact degree and vulnerability degree values of agricultural 

product supply chain financial risk factors are calculated with Equations (24) - (27), as shown in 
Table 9, and the centrality degree and causality degree values are given in Table 10. 
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Table 9. Impact degree and vulnerability degree of agricultural product supply chain financial risk. 

No. B11 B12 B13 B14 B21 B22 B23 B31 B32 B33 B41 B42 B43 
Impact 
degree 3.5726 4.394

2 
4.490

9 
4.695

1 
5.536

4 
4.390

6 
4.405

9 
5.219

4 
5.291

4 
4.736

3 
4.406

3 
4.916

0 
4.350

9 
Vulnera-
bility de-

gree 
6.6341 

3.686
2 

4.301
7 

4.422
8 

3.795
0 

4.614
2 

2.061
5 

4.481
5 

3.791
7 

4.310
7 

4.570
1 

7.242
3 

6.494
1 

Table 10. Centrality degree and causality degree of agricultural product supply chain financial risk. 

No. B11 B12 B13 B14 B21 B22 B23 B31 B32 B33 B41 B42 B43 
Cen-
trality 
degree 

10.20
67 

8.080
5 

8.792
6 

9.117
9 

9.331
4 

9.004
8 

6.467
4 

9.700
9 

9.083
1 

9.047
0 

8.976
4 

12.15
83 

10.84
50 

Causal-
ity de-
gree 

3.061
5 

0.708
0 

0.189
3 

0.272
3 

1.741
4 

0.223
6 

2.344
4 

0.737
9 

1.499
8 

0.425
6 

0.163
8 

2.326
4 

2.143
2 

With the centrality degree and causality degree values, a causal relation graph is plot ted, as 
shown in Figure 2: 

 
Figure 2. Causal relation of comprehensive impact of agricultural product supply chain financial risk factors. 

Based on the combined weight coefficients and calculation results of DEMATEL method, the 
product of a centrality degree and corresponding weight of an agricultural product supply chain 
financial risk factor is calculated as the comprehensive impact degree of that risk factor. The com-
prehensive impact degree serves as an accurate measure of the importance of risk factors, and helps 
reduce subjectivity of combined weight coefficients and improve DEMATEL method. The multi-
plication operation is expressed as follows: 

)13,,2,1(   , Lhhh =⋅= zwLmz                  (28) 

where ，
zw  is a weight of an agricultural product supply chain financial risk measurement index in 

the final combined weight coefficient method. The calculation results are given in Table 11:  
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Table 11. Comprehensive impact degree of agricultural product supply chain financial risk factors. 

Impact 
factor B11 B12 B13 B14 B21 B22 B23 B31 B32 B33 B41 B42 B43 

hz  0.969
2 

0.285
1 0.5385 0.261

9 
0.326

2 
0.614

5 
0.223

8 
0.424

9 
0.644

5 
0.309

4 
0.638

0 
2.975

9 
1.921

7 
Ranking 3 11 7 12 9 6 13 8 4 10 5 1 2 

   Centrality degree reflects the importance of different impact factors in the course of agri-
cultural product supply chain financial risk evaluation. It can be seen from Figure 2 that the risk 
indexes of cooperation level, performance record, financial standing and repayment history of bor-
rower organization, and stock status have a high centrality degree that exceeds 9.5. They belong to 
supply chain relation risk, credit risk, and pledge risk respectively. This indicates that these risk 
factors play a more significant role in agricultural product supply chain financial risk evaluation. 

Based on the comprehensive degrees of agricultural product supply chain financial risk factors 
listed in Table 9, cooperation level, performance record, financial standing and repayment history 
of borrower organization, status of orders, supply chain robustness, and risk arising from deterio-
ration of external operation environment are main agricultural product supply chain financial risk 
impact factors, among which cooperation level, performance record, financial standing and repay-
ment history of borrower organization have a higher comprehensive impact degree. Hence, stricter 
control of supply chain relation risk and credit risk is required. 

4. Discussion 
Current management of agricultural product supply chain financial risks is still confronted 

with many challenges, such as difficult risk warning, delayed risk monitoring, and lack of coordi-
nation by financial regulatory authorities for agricultural product supply chains. It is therefore im-
perative for the government to reinforce agricultural product supply chain financial risk control 
(Fan et al., 2017; Jing et al., 2021; J. Liu et al., 2019). The government should build and refine a 
financial information sharing platform for agri-cultural product supply chains, and improve warn-
ing, intervention, response, and post-event accountability mechanisms for relevant risks, thereby 
laying systematic groundwork for control of such risks. It is advisable for the government to make 
use of block chain technology to help agricultural product SMEs improve their risk management 
capabilities, and to refine the government regulatory system. The block chain concepts and princi-
ples may aid optimization of financial models in agricultural product supply chains (Song et al., 
2017; M. Yang et al., 2021), and may be coupled with experiences of managers to facilitate risk 
control in agricultural product SMEs. The specific risk control mechanisms are illustrated in Figure 
3: 

SMEs in 
agricultural 

product supply 
chains finance feature 

extraction

characteristic elements

agricultur
al product 
financing 
platform

information 
asymmetry, 

centralization

government 
monitoring 

layout

supply chain 
relation risk, 

credit risk

poor 
supervision

risk 
management 
capabilities

technical drivers

block chain technology

information 
tracing,symmetrizat
ion of information 

transmission

improving the 
management system 

of agricultural 
product 

SMEs,enhancing 
the level of 
government 
supervision

improving the 
management 
capabilitiesof 

agricultural product 
SMEs

management 
mechanisms

smart contract,
consensus 

machanisms

technical features

asymmetric encryption
distributed ledger

solving problems

 
Figure 3. Finance risk control mechanisms based on block chain technology for agricultural 
product supply chains. 
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Block chain technology can give full play to network effects and application syner-gies be-
tween users, and help build a real-time information sharing database. Conse-quently, a more flexi-
ble and practical knowledge configuration can be created to provide assurance for agricultural prod-
uct SMEs in their risk prevention and control. The intelli-gent coordination of risk control between 
banks, core enterprises, and agricultural product SMEs will also be boosted (Y. Liu & Cui, 2016; 
Luo & Chen, 2016; Wu et al., 2022). Moreover, block chain technology contributes to effectiveness 
and confidentiality of risk control, as well as traceability and efficient transmission of pertinent 
knowledge and information. Thanks to tamper-proof functions and intelligent contracts enabled by 
block chain technology, the government is able to provide agricultural product SMEs with different 
paths for mitigating various risks, improving their risk immunity and making sure that all supply 
chain financial risks are controllable and manageable. 

5. Conclusions 
Based on research on agricultural product supply chain financial risk impact factors, four di-

mensions of the agricultural product supply chain financial risk measurement in-dex system are 
identified – credit risk, market risk, pledge risk, and supply chain relation risk. Weight measure-
ment is performed on the risk indexes with subjective F-AHP method and objective CRITIC 
method, and the final risk weight coefficients are obtained with EDAS method. Next, an improved 
DEMATEL method is adopted to analyze agri-cultural product supply chain financial risk factors, 
and the comprehensive impact de-grees of different risk factors are calculated. According to find-
ings of the present research, cooperation level, performance record, financial standing and repay-
ment history of bor-rower organization, status of orders, supply chain robustness, and risk arising 
from de-terioration of external operation environment are main financial risk impact factors for 
agricultural product supply chains.  

Recommendations for the government: In the context of Finance 4.0 for supply chains, the 
government can make use of fintech such as block chain to help agricultural product SMEs improve 
their risk monitoring, prevention and control capabilities. By exploiting the tamper-proof and de-
centralized nature of block chain technologies, the government may create a supply chain financial 
risk monitoring system to enable transaction tracking and automatic monitoring among agricultural 
products SMEs, which will mitigate the credit risks confronted by them. In the meanwhile, it is 
necessary to grant stronger sup-port to agricultural product SMEs by creating a favorable financing 
environment and improving the credit extension system to solve their financing difficulties. Besides, 
given the unstable operation of some agricultural product SMEs, the government should promote 
establishment of associations of SMEs and micro enterprises. The members of such associations 
may support and cooperate with each other for mutual benefit. Through creation of credit guarantee 
funds, it is possible to make up for core enterprise credit guarantee losses. Recommendations for 
financial institutions: A risk monitoring and punishment management system should be set up to 
urge agricultural product SMEs to share information effectively. This will contribute to better un-
derstanding of the operation and financial status of agricultural product SMEs. Recommendations 
for agricultural products: They should give priority to financial and accounting transparency and 
improve credibility of information disclosure to ensure standard statement of their internal financial 
information. 

The present research makes certain breakthrough and innovation in highlighting re-search 
viewpoints, promoting research concepts, and integrating research methods. The scope of the re-
search extends to the realms of agricultural product supply chain man-agement, risk management, 
information economics, and supply chain finance. In partic-ular, the in-depth research on supply 
chain risk management may provide more experi-ences and reproducible risk control patterns and 
paths for financial institutions. On the other hand, there are certain aspects in this research that need 
to be improved in the future, and a more insightful research outlook needs to be developed. 

Future research direction and outlook: The research on agricultural product supply chain fi-
nancial risks may evolve from QCA analysis to MEM study. While QCA analysis involves relevant 
risk impact factors, MEM analysis covers collection, calculation, and visualization of credit data of 
research objects. These two methods may be combined in the future to enable deep study on some 
risk indexes that are hard to quantify, to better verify correctness of conclusions, and to give birth 
to long-term mechanisms for preventing and mitigating risks. 
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