
Volume 1 Issue 1, 2020 

DOI: 10.6981/FEM.202001_1(1).0005 

34 

Frontiers in Economics and Management 

ISSN: 2692-7608 

Risk Evaluation of Fresh E-commerce Logistics Operation Based 
on Grey Clustering Analysis 

Qin Zhou1,a, Kun Wei2,b 

1School of Economic and Management, Chongqing University of Posts and 
Telecommunications, Chongqing 400065, China; 

2School of Modern Post, Chongqing University of Posts and Telecommunications, Chongqing 
400065, China. 

azhouqin29052@163.com, bjiaru520531@gmail.com 

Abstract 

Fresh e-commerce is considered to be the next blue sea in the field of e-commerce, the 
market prospects are broad. However, at present, fresh e-commerce is still in the 
exploration stage of development, and due to the particularity of fresh products, there 
are many risks in its logistics operation, how to carry on the scientific appraisal and the 
prompt control to the related risk is the important question which faces at present. This 
paper analyzes the logistics operation risk of fresh e-commerce from four aspects of 
supply, circulation, service and external environment, and constructs the corresponding 
risk evaluation index system. Secondly, the risk evaluation model of fresh e-commerce 
logistics operation is constructed by using entropy method and grey clustering analysis 
method. Finally, the feasibility of the model is verified by an example analysis, and the 
corresponding risk prevention and control recommendations are put forward. 
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1. Introduction 

Fresh e-commerce market is growing rapidly in China, with a transaction volume of 2.04 trillion 
yuan in 2019. In 2020, by the impact of new pneumonia epidemic, consumer demand for fresh 
to home rapid growth, fresh e-commerce is to usher in a small peak development. From the 
point of view of the supply side, with Ali, jd.com and other e-commerce giants to join, so that 
fresh e-commerce market has attracted much attention. On the consumer side, Chinese 
consumers have formed the habit of buying fresh food online. According to the survey data, 63.8 
percent of consumers buy fresh food online more than once a week, of which 28.6 percent buy 
fresh food 2-3 times a week. In addition, with the continuous increase of the scale of mobile 
users, the penetration rate of mobile online shopping and the popularity of the concept of online 
purchasing of fresh produce, consumers' demand for online purchasing of fresh produce will 
continue to expand, promoting the development of fresh produce e-commerce. By 2023, the 
market will have a transaction volume of more than 800 billion yuan, with broad prospects for 
development. 

Because of the short shelf life, storage difficulty and high loss of fresh products, the ability of 
supply chain becomes the key to success of fresh e-commerce. But at present, fresh e-commerce 
is faced with many problems, such as low standardization, long circulation chain, high loss of 
products, high logistics costs, etc. Therefore, only careful analysis and evaluation of logistics 
operation risk can provide high-quality products and services for consumers, and realize the 
healthy and long-term development of enterprises. 
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After a large number of literature review, the relevant research can be divided into three 
aspects: fresh e-commerce logistics, logistics operation risk identification, logistics operation 
risk assessment. In terms of fresh e-commerce logistics, Zhang J W, Zhu M J et al. (2008) put 
forward the concept of logistics ecosystem, considered risk factors from the perspective of 
ecology and environmental protection, and applied fuzzy analytic hierarchy process to conduct 
systematic evaluation of fresh e-commerce logistics [1]. Zhang C W et al. (2015) analyzed the 
current situation and existing problems of agricultural products logistics in China, carried out 
research on agricultural products e-commerce logistics, and put forward relevant Suggestions 
[2]. By using vulnerability models among different factors to constitute risk and non-risk 
systems, Wang Y D et al. (2015) constructed a structural model of fresh agricultural products 
e-commerce and a correlation model and risk model based on entropy theory [3]. Taking fresh 
e-commerce terminal logistics as the research and analysis object, Hou Jia (2016) 
systematically elaborated the current situation, problems and causes of fresh e-commerce 
terminal logistics by comparing and analyzing the domestic and foreign operations of fresh e-
commerce terminal logistics and using comparison, induction and research methods [4]. Based 
on the perspective of consumer perception and expectation, Wu Chengyun (2018) conducted 
an investigation and research on the "last kilometer" logistics distribution service quality of 
fresh e-commerce suppliers, and constructed an evaluation model of the "last kilometer" 
logistics distribution service quality of fresh e-commerce suppliers [5]. Zhang Xiaoling (2018) 
reviewed and reviewed the current research status of cold chain logistics, fresh e-commerce 
logistics and supply chain model, fresh e-commerce logistics end distribution problems, fresh 
e-commerce logistics risks, etc. [6]. Wang Bangzhao et al. (2019) designed the hierarchical layout 
of the distribution network by using the community search algorithm in the complex network 
combined with the improved genetic algorithm, aiming at the current situation of small orders 
and relatively scattered orders in the distribution process of fresh e-commerce [7]. Xu Guangshu 
(2019), aiming at customer dissatisfaction caused by logistics service quality, applied rough set 
method to evaluate the service quality of e-commerce logistics [8]. 

In terms of risk identification of logistics operation, Dou H R et al. (2009) constructed a risk 
index evaluation system for logistics operation from six aspects, including procurement risk, 
transportation risk, storage risk, operational risk, circulation risk and information risk, to 
further carry out risk early warning [9]. Huang Y W (2015), on the basis of ensuring the 
circulation quality of agricultural products, put forward the key risk factors and corresponding 
measures of operation mode of agricultural products logistics [10]. In order to evaluate the 
financial operation risks of agricultural products logistics, Wang Shuo (2016) used AHP to 
obtain the total weight vector ranking of each index from the aspects of external environment 
and technical risks of agricultural products [11]. Han Mingming (2017) analyzed the sources and 
types of risks in the end logistics distribution of fresh goods, and built an index evaluation 
system for the end logistics distribution risk of fresh e-commerce [12]. Du Zhiping et al. (2018) 
identified operational risks and established an operational risk indicator system by analyzing 
the operation process of cross-border logistics alliances based on their characteristics and 
system operation risk control issues [13]. Taking a logistics company as the research object, Li 
You (2019) used process mining to excavate and analyze its logistics operation process, and 
found the risks in the logistics operation process [14]. 

In terms of the risk assessment of logistics operation, Qin H H et al. (2011) believed that the 
road freight industry should understand and identify the existing or potential operational risks 
of cold chain logistics, and constructed a quantitative model based on "fuzzy comprehensive 
decision-making" to assess the risk of cold chain logistics service in the road freight industry[15]. 
Zhou Donge (2015) combined with the logistics distribution practice of sf Preferred fresh goods, 
constructed a risk assessment system with 19 indicators and 6 dimensions, and established the 
"last kilometer" distribution risk assessment model based on AHP-OWA operator [16]. Zhang Si 
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(2017) embodied logistics operation risks from four aspects of supply, circulation, service and 
external environment, and constructed a vertical fresh e-commerce logistics operation risk 
assessment model based on IAHP-support vector machine [17]. Shi Shuangting (2018), from the 
perspective of fresh e-commerce supply chain, sorted out the risk factors existing in each link 
of fresh e-commerce supply chain logistics, established the fresh e-commerce supply chain 
logistics risk evaluation model by using system dynamics, and analyzed the internal causality 
of each risk [18]. 

To sum up, some achievements have been made in the research on logistics operation risks of 
fresh electricity suppliers. However, the existing literature mainly focuses on cold chain 
logistics, logistics risks and the hot direction of "the last kilometer" distribution, while the 
research on the logistics operation direction of fresh e-commerce is less. In terms of research 
methods, the existing research mostly uses the combination of qualitative and quantitative 
methods to determine the overall risk level of logistics operation and the risk level of each 
indicator. But in general, the evaluation method is relatively simple and lacks certain innovation. 
Grey clustering can merge similar factors and simplify complex systems. Considering the 
complexity of logistics operation risks of fresh electricity suppliers, this paper proposes a risk 
assessment model based on entropy method and grey clustering analysis. 

2. Establish the Fresh E-commerce Logistics Operation Risk Evaluation 
Index System 

2.1. Identify Risk Factors of Fresh E-commerce Logistics Operation 

  (1) Supply risk. Supply risk appears at the beginning of the whole fresh e-commerce logistics 
activities. The quality of fresh products largely depends on the supply link. Therefore, supply 
risk is the main source of operation risk of fresh e-commerce logistics. Based on the actual 
operation of fresh e-commerce, this paper divides the supply risks into fresh supply risks, 
sorting and packaging risks, loading, unloading and handling risks. 

(2) Circulation risk. Circulation link refers to the process after the end of delivery, through short 
distance transport to the regional goods transfer station, and then by the transfer station 
according to the customer's receiving address for forwarding, and finally sent to the user or 
Courier station. The risk of circulation link is an uncertain factor in the whole process of 
circulation link. According to the analysis in this paper, the main risks in the circulation link 
include transportation risk, distribution risk, cold chain risk and some other uncontrollable 
factors in the transportation process. Cold chain risks include refrigeration equipment and 
facilities, cold chain technology and other risks, which are collectively referred to as whole-
process cold chain risks in this paper. In addition, the unreasonable route planning often leads 
to the long journey time, which leads to the increase of other uncertain factors and the optimal 
consumption time of the goods. To sum up, this paper divides the risks in circulation into 
transportation route planning risks and whole-process cold chain risks. 

(3) Service risk. The inevitable unknown factors may appear in the process of logistics service, 
namely, service risk. An important characteristic of fresh e-commerce is the interactivity of 
information. Every time a commodity enters a link, it needs to transfer and feedback 
information before and after the link. In the whole process of fresh e-commerce logistics, a lot 
of information of customers may be leaked. In addition, most users can pay online or pay on 
delivery when shopping in fresh e-commerce, while a large proportion of them will choose 
online payment, which may cause transaction security risks. To sum up, this paper divides the 
risk of service link into information technology risk and transaction security risk. 

(4) External environmental risks. External environmental risk is all the uncertain factors 
caused by the environment to the operation of fresh e-commerce logistics. Among them, the 
policies proposed by the state for e-commerce logistics have a certain support and promotion 
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effect on fresh e-commerce logistics. However, with the development of the city, there are some 
special requirements for the travel time of some freight vehicles, and some sudden natural risks 
in the delivery. The external environmental risks studied in this paper include traffic, laws and 
regulations and natural risks. 

2.2. Construction of Fresh E-commerce Logistics Operation Risk Index System 

Based on the above analysis of the supply, circulation, service and external environmental risks 
of fresh e-commerce logistics, the risk index system is obtained, as shown in Table 1: 

 
Table1 Risk assessment system of fresh e-commerce logistics operation 

First level indicator The secondary indicators 

Supply risk X1 

Fresh supply risk X11 

Sorting and packing risks X12 

Handling risk X13 

Currency risk X2 
Transportation route planning risks X21 

Total cold chain risk X22 

Service risk X3 
Information Technology risk X31 

Transaction security risk X32 

External environmental risk X4 
Legal and regulatory risks X41 

Natural risk X42 

 

3. Construct the Fresh E-commerce Logistics Operation Risk Assessment 
Model 

3.1. Determine Index Weight 

Entropy method is an objective assignment method, which can determine the index weight 
through the relationship between the original data and avoid the occurrence of subjective 
arbitrariness to a large extent. Therefore, this paper USES entropy method to determine the 
weight of evaluation index. The steps are as follows: 

① Construct risk evaluation matrix. n  objects and m indexes are selected to construct the data 
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② Standardized treatment. Since the measurement units of each index are not uniform, it is 
necessary to standardize the data before using it, that is, to convert the absolute value of the 
index into the relative value. In addition, the higher the positive index value is, the better; the 
lower the negative index value is, the better; the meanings of positive and negative index values 
are different, so different algorithms are needed for data standardization processing for 
different indicators 错误!未找到引用源。. 
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Negative indicators: 
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For the convenience of calculation, the processed data is still recorded as ijx . 

③ Calculated index specific gravity. The proportion of the i th object in the j th index is: 
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④ Calculate the entropy. The entropy value of the j th index is expressed as:  
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⑤ Calculate the redundancy of information entropy. 
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jg ——The coefficient of difference of the j th index. 

⑥ Calculate the weight of each index. 
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3.2. Grey Clustering Analysis 

Grey clustering analysis has a relatively low requirement for the number of data samples, and 
it can be used for accurate processing of indicators with incomplete information. Therefore, this 
paper adopts grey clustering analysis to carry out risk assessment for fresh e-commerce 
logistics operation. 

① Establish evaluation sample matrix. 

The risk levels of fresh e-commerce logistics operation are divided into five levels: “very low”, 
“low”, “middle”, “high” and “very high”. The five levels are located in the interval [0,5]. The 
specific interval is divided into the following values: lower risk [0,1], low risk [1,2], general risk 
[2,3], high risk [3,4] and higher risk [4,5], and the median value of each interval is taken as the 
specific risk value. 10 experts were invited to score the evaluation indicators, and the 
evaluation sample matrix was obtained, is shown as:  
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② Determine the evaluation grey class and construct the albino weight function. 

In this paper, risks are divided into five evaluation grey categories, namely, “very low risk”, “low 
risk”, “middle risk”, “high risk” and “very high risk”. The whitening weight function 
corresponding to each level is shown as follows: 
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③ Calculate the clustering coefficient. 

The average of the membership degree in the matrix D is substituted into the whitening weight 
function in step ② to obtain the whitening weight. The weight calculated by the whitening 
weight and entropy method is substituted into the following formula to calculate the clustering 
coefficient and the comprehensive clustering coefficient [20]. 
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s is the number of indicators in each layer. 

④ Construct clustered row vectors. 

Perform correlation cluster row vector analysis for the required indicator layer, for example 

4,2 == ks , 
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⑤ Clustering analysis. 
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Analyze the data calculated in step ④, compare the data of each row, and select the maximum 
value of each row. The grey class corresponding to the maximum value is the evaluation grade 
of this index. For example, the k  value corresponding to the maximum value is 2, which means 
that the risk is relatively low. 

4. Illustrative Example 

In this paper, Missfresh ecommerce as an example of analysis, Missfresh use of "urban sorting 
center + community preposition" model. The customer places an order on the network, and the 
enterprise transmits the order information to the front warehouse and the origin supplier 
within the distribution scope of the customer, and then distributes the goods to the customer 
through the cold chain transportation. According to the evaluation index system of fresh e-
commerce logistics operation risk, the data are obtained by expert scoring method. The degree 
of risk from low to high is “very low”, “low”, “middle”, “high” and “very high”, and the 
corresponding numerical ranges are [0,1] , [1,2] , [2,3] , [3,4] , [4,5] respectively. The lower the 
score is, the lower the risk will be. For enterprises, the lower the risk is better, is a negative 
indicator, so the indicator label value of -1 , statistical results is shown as table 2. 
 

Table 2 Expert scoring results 

indicators X11 X12 X13 X21 X22 X31 X32 X41 X42 

Index label value -1 -1 -1 -1 -1 -1 -1 -1 -1 

1 3.1 2.2 2.3 1.1 3.2 0.8 0.5 1.8 0.4 

2 2.2 2.5 2.5 2.6 2.7 2.9 2.8 1.8 1.5 

3 4.2 3.2 3.5 3.3 3.8 3.0 3.9 3.5 3.6 

4 4.8 3.1 3.2 2.9 4.2 3.1 2 2.1 1.3 

5 3.2 1.0 2.3 1.4 2.3 1.4 3.4 1.4 1.1 

6 3.5 2.8 4.0 4.5 4.3 4.1 3.4 3.6 2.7 

7 3.2 2.4 1.0 1.2 2.5 1.5 1.7 1.7 1.9 

8 1.7 1.4 4.5 2.0 2.0 1.4 1.3 1.5 3.0 

9 0.8 3.6 4.5 2.9 2.8 0.9 1.7 0.8 1.8 

10 2.0 3.5 3.5 1.5 1.5 2.5 2.5 1.0 1.0 

 

The logistics operation risk of Missfresh is divided into five gray categories: "very high", "high", 
" middle ", "low" and " very low". The center value of the interval is the risk value, and the risk 
value is denoted as 54321  、、、、 . The center point of each gray category is shown in 

Table 3. 
Table 3 Center points of each indicator 

Indicator 
Center point 

1  2  3  4  5  

ijX
 0.5 1.5 2.5 3.5 4.5 

 

The weight of each index is calculated by entropy method, as shown in Table 4: 
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Table 4 Weight of each index 

ijX
 11X  12X  13X  21X  22X  31X  32X  41X  42X  

jw
 0.0973 0.1569 0.1618 0.0730 0.1255 0.0866 0.1137 0.0981 0.0871 

 

According to the analysis in this paper, there are altogether 9 risk factors and 5 evaluation grey 
types, so let 5,9 == ks  and the comprehensive clustering coefficient be 5,1 == ks , and put the 

measured value into the formula of the constructed whitening weight function to obtain the 
comprehensive clustering coefficient and clustering coefficient, as shown in Table 5: 
 

Table 5 Comprehensive clustering coefficient and clustering coefficient 

Comprehensive clustering coefficient 0 0.3300 0.8471 0.7217 0.5614 

clustering coefficient 

0 0.0084 0.0829 0.0798 0.0621 

0 0.0450 0.1525 0.1152 0.0896 

0 0 0.1210 0.1447 0.1126 

0 0.0321 0.0683 0.0488 0.0380 

0 0.0059 0.1039 0.1051 0.0817 

0 0.0485 0.0748 0.0534 0.0416 

0 0.0515 0.1055 0.0754 0.0586 

0 0.0706 0.0753 0.0538 0.0419 

0 0.0679 0.0627 0.0455 0.0354 

 

We can draw that  5614.07217.08471.033.001 =  



































=

0354.00455.00627.00679.00

0419.00538.00753.00706.00

0586.00754.01055.00515.00

0416.00534.00748.00485.00

0817.01051.01039.00059.00

038.00488.00683.00321.00

1126.01447.0121.000

0896.01152.01525.0045.00

0621.00798.00829.00084.00

9  

 

According to the results, the maximum value of logistics operation risk of fresh electricity 
suppliers is 0.8471, that is, the circulation risk. The second is the service risk, with an estimated 
value of 0.7217, both of which are medium-high risk. 

From the perspective of specific risk factors, the maximum risk of product supply is 0.0829, 
which is a medium-high risk. The maximum risk of sorting and packaging is 0.1525, which 
belongs to the medium-high risk. The maximum loading, unloading, and handling risk is 0.1447, 
which is a high risk. The highest risk of transportation route planning is 0.0683, which is a 
medium risk. The maximum risk of whole-process cold chain is 0.1051, which is high and 
medium risk. The maximum risk of information technology is 0.0748, which is a medium risk. 
The maximum trading security risk is 0.1055, which is a medium risk. The maximum risk of 
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traffic, laws and regulations is 0.0753, which is a medium and lower risk. The maximum natural 
risk is 0.0679, which is low to medium risk. 

In conclusion, the logistics operation risks of Missfresh are ranked from highest to lowest as 
follows: loading and unloading risk, whole-process cold chain risk, product supply risk, sorting 
and packaging risk, transportation route planning risk, information technology risk, transaction 
security risk, legal and regulatory risk, and natural risk. 

5. Countermeasures and Suggestions 

In view of the above results, this paper proposes relevant countermeasures and preventive 
Suggestions for the loading, unloading, and handling risks, whole-process cold chain risks, 
product supply risks, and sorting and packaging risks that are above medium risks. 

① The handling risks 

The main factors leading to loading, unloading, and handling risks include low efficiency of 
loading, unloading, and handling tools, unreasonable loading, unloading, and handling planning, 
and poor quality of loading, unloading, and handling personnel. In order to reduce the risk of 
loading, unloading, and handling, enterprises should optimize the loading, unloading, and 
handling tools to improve their operational efficiency in the loading, unloading, and handling 
process. Reasonably plan the loading, unloading, and handling processes, and design the 
loading, unloading, and handling processes in combination with other transportation processes 
to ensure the smoothness of the whole logistics process; Improve the working quality of 
employees, conduct relevant training for employees, and develop reward and punishment 
mechanism for employees' work. 

② The whole cold chain risks 

The main risk factors of the whole cold chain include: the equipment and facilities of the cold 
chain are not advanced enough, the professional talents are not enough, and the staff operate 
the equipment incorrectly. In view of this risk, this paper puts forward the following measures: 
introducing high-quality logistics talents, learning and referring to the cold chain links of other 
excellent enterprises, studying the cold chain system belonging to the enterprise itself, and 
building the cold chain facilities and equipment suitable for the enterprise. Enterprises 
regularly train their employees to use these cold chain facilities and receive real-time feedback 
and demand for the use of each cold chain link equipment and facilities. 

③ Product supply risks 

The main factors of product supply risk include: periodicity of supply season, supplier's 
reputation, fresh degree of supply products, etc. For this kind of risk, this paper puts forward 
the following viewpoints: strengthen the selection of suppliers, ensure the quality of products 
when they are supplied, and set up specialized personnel for commodity management. 

④ Sort packing risks 

The main risk factors of sorting packaging include: poor packaging leads to the deterioration of 
goods quality, excessive packaging leads to the increase of costs, and wrong sorting. For such 
risks, a sorting system suitable for the enterprise itself can be developed. In order to ensure the 
quality of products, we can also launch a variety of packages, such as hardcover, plain packaging 
for customers to choose. 

6. Conclusion 

This paper studies the risk causes of fresh e-commerce logistics operation and constructs the 
corresponding risk evaluation index system. Secondly, the entropy method and grey clustering 
analysis method are combined to establish a relatively objective and scientific fresh e-
commerce logistics operation risk assessment model. The validity of the model is verified by 
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the case of Missfresh. Finally, according to the results of the case analysis, the corresponding 
countermeasures and Suggestions are put forward. 
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