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Abstract 
 Although the market demand for cold-chain logistics of agricultural products in China is growing rapidly, 

the technology and scale of cold-chain logistics in China still lag behind the developed countries, resulting in 
large energy consumption. In our country, many authors have studied the efficiency of cold-chain logistics by 
using analytic hierarchy process and data envelopment method, but they haven't eliminated the influence of 
environmental factors and random error factors on the efficiency of cold-chain logistics, and most of them are 
limited to regional research. Therefore, in this paper, the three-stage DEA method is used. Based on the green 
logistics idea, firstly, the efficiency of 29 listed logistics enterprises in China is analyzed. Secondly, this paper 
uses SFA model to exclude the influence of environment and error factors on the analysis results, taking the 
enterprise's operating years, local GDP and the proportion of cold chain assets as environmental variables. 
Finally, this paper estimates the efficiency value again by adjusting the input value. The results are as follows: 
the main reason of high efficiency enterprises is to achieve scale efficiency. So the scale of assets should be 
maintained or appropriately expanded. At the same time, the economic development and the number of years of 
enterprise establishment will significantly affect the efficiency of cold-chain logistics. The influence of these 
environmental variables on the accuracy of the analysis conclusion should be fully considered. 
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1. Introduction 

With the rapid improvement of the consumption level of urban and rural residents in China, the demand for 
fresh agricultural products in food is increasing rapidly, and the pursuit of quality of agricultural products is 
further improved, which directly promotes the development of the cold chain logistics of agricultural products 
in China. Although China is a big country in the production and consumption of agricultural products, the 
technology, scale and development of cold chain logistics still lag far behind those of developed countries. 
There are many problems such as low integration degree, lack of guarantee for the quality of cold chain food, 
disordered industrial competition, and serious waste in transportation. At the same time, it consumes a lot of 
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energy in each link, which poses a great threat to resources and environment. So this paper intends to build a 
green logistics of agricultural products cold chain logistics enterprise efficiency evaluation index system, and 
try to using the three stage DEA model to selected listed logistics enterprise's efficiency using data on the 
empirical analysis, hope for China's cold chain logistics enterprise's efficiency and ecological sustainable 
development provides a new train of thought. 
 
2. Literature review 

In the research of the development of the agricultural products cold chain, Vollrath DEA method is used to 
select data from different countries, such as the unbalanced allocation of the agricultural land use under the 
condition of agricultural production efficiency difference question[1]. Y. Zhang creatively and W Internet as 
the foundation, to explore the new model of the cold chain operation of agricultural products, in the study, she 
studied respectively four offline mode and three online mode, and pointed out in the final fused these patterns 
efficiently to support the development of agricultural products cold chain [2]. 

In terms of research on the efficiency of cold chain logistics of agricultural products, M.Q.Jia used DEA 
model to analyze the development efficiency and Malmquist index of cold chain logistics of agricultural 
products in 31 provincial regions, and found that most provincial regions in China did not invest enough in the 
scale expansion of technological innovation and memory industry, which led to the decline of total factor 
productivity [3]. X. Meng used DEA-CCR and DEA-BCC models to conduct in-depth research and analysis on 
the logistics efficiency of the Yangtze River economic belt from 2009 to 2013, and further decomposed the 
total efficiency into pure technical efficiency and scale efficiency to further analyze the logistics efficiency, 
and proposed improvement and optimization countermeasures based on the measurement results [4]. J. Sun 
used DEA model to measure and analyze the efficiency of cold chain logistics of agricultural products in 
northeast China, creatively considered the cooperation factors, and put forward Suggestions to promote the 
sustainable development of cold chain of agricultural products [5]. Based on the panel data of M.Y. Guo 
province from 2001 to 2014, M.Y. Guo studied and analyzed the efficiency of green logistics in Guangdong 
province as a whole and in all prefect-level cities by combining with DEA method. The research results show 
that: the overall efficiency of Guangdong province fluctuates greatly, while the green efficiency of logistics 
industry in prefecture-level cities fluctuates little and is in a process of benign development [6]. Z.Y. Feng using 
fuzzy synthetic method and analytic hierarchy process (AHP) to fresh products cold chain logistics enterprise 
performance examining, constructed including logistics, asset level 4 first-level indicators and 16 secondary 
index of efficiency evaluation system, it is concluded that the core competitiveness, park management 
organization is the main factors influencing the efficiency of agricultural products logistics park [7]. T.Y. Zhang 
used activity-based cost method and analytic hierarchy process (AHP) to evaluate the logistics efficiency of 
agricultural products in yunnan province, and concluded that the logistics efficiency of agricultural products 
in yunnan province is currently in a low state, and gave Suggestions from the aspects of government, 
agricultural product operators, agricultural product logistics infrastructure, agricultural product informatization 
construction and supervision [8]. 

E.B. Mariano et al, research on green logistics efficiency, the carbon dioxide into the analysis framework, 
and using DEA - SBM - VRS model, selection of window reference method to construct the reference set and 
Malmquist index decomposition method in 104 countries, including CO2 emissions logistics performance 
evaluation, it is concluded that the highest performance index was like Japan, Germany, Togo and benin 
conclusion [9]. L.Y. Yu et al. took CO2 into consideration and used DEA-Malmquist index model to investigate 
the logistics efficiency of the Yangtze river economic belt from 2008 to 2015, and concluded that the logistics 
efficiency of the middle and upper reaches of the Yangtze river economic belt was relatively lagging behind, 
while the logistics efficiency of the lower reaches was relatively good, but the growth rate slowed down [10]. X. 
Zang chose carbon intensity as the index, and studied that the introduction of FDI in China could reduce the 
carbon dioxide emissions of the logistics industry, thereby achieving energy conservation and emission 
reduction and improving the green efficiency of the logistics industry [11]. Kim Moonjun pionts out that the 
organizational characteristics of social enterprises showed a significant difference in sales as economic 
performance. External grants have no positive effect on the economic performance (sales) of social enterprises, 
while paid workers have a positive (+) influence on the economic performance [12]. Shin Sangwoo proposes a 
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Bayesian stochastic frontier model that is well-suited to productivity/efficiency analysis particularly using 
panel data [13].  

In general, there are the following aspects that need to be improved in the current literature on the efficiency 
of cold chain logistics enterprises: first, the current research methods for the efficiency of cold chain logistics 
industry mainly focus on activity-based cost method, index number method, analytic hierarchy process (AHP), 
and data envelopment method. However, most of the efficiency evaluation values obtained by the research did 
not exclude the impact of environmental factors and random error factors on the efficiency of the cold chain 
logistics industry, so the efficiency evaluation values cannot truly reflect the current production efficiency 
level of China's cold chain logistics industry. Second, most previous studies on the efficiency of cold chain 
green logistics of agricultural products belong to regional studies, which are limited to a certain region or 
province, and lack of analysis on the overall situation of cold chain logistics efficiency nationwide. Based on 
this, this paper tries to build a cold-chain logistics enterprises based on green logistics system efficiency 
evaluation, and using the three stage DEA model to analyze China's cold chain logistics enterprise efficiency 
problems, aim to fill the blank of the relevant theoretical research in the field of, at the same time for the 
construction of ecological civilization under the background of China's cold chain logistics enterprise 
efficiency to provide a new train of thought. 
 
3. Analytical methods 

In the study of industrial efficiency, the DEA model proposed by A. Charnes, W.W. Cooper and ERhodes  
has been widely applied[14]. However, since the model cannot exclude the impact of environmental and 
statistical noise on the efficiency value in practical application, Fried et al. proposed a three-stage DEA model 
that can exclude the impact of environmental and statistical noise [15]. The basic idea is as follows: firstly, the 
traditional DEA model is used to analyze the relationship between input data and output data to obtain the 
difference between the enterprise's efficiency value and input value. Then, the influence of selected 
environmental variables on the difference value was analyzed, and the SFA model was used to adjust the input 
items of sample enterprises, in order to eliminate the error caused by the influence of environmental and error 
factors on the analysis results. Finally, DEA model is used to analyze the adjusted input data and the original 
output data.  

The first stage: traditional DEA model. In this stage, the input-oriented BCC model with variable returns to 
scale is usually adopted and the input-output data is used for DEA analysis. The mathematical expression is as 
follows 

Min                      PTEk 
Subject to:      
  

  ≤         = 1,2, … … ,  

 
  ≥             = 1,2, … … ,  

                          λ ≥ 0                j = 1,2, … … , n     =  1                        
  

 
The second stage: building a similar SFA model. Since the input-oriented DEA model was adopted in the 

first stage, three factors, namely environmental impact, management inefficiency and statistical noise, would 
affect the input variables and thus affect the output. Therefore, it is necessary to further analyze the difference 
between the ideal input and the actual input in order to further adjust the input value and re-estimate the 
efficiency value which is not affected by environmental factors and random errors. 
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Establish relaxation variables:                =  − Xnλ ≥ 0, n = 1,2, … … N;  i = 1,2, … … I 

 
Regression model of relaxation variables and environmental explanatory variables: 
               = n(; ) +  + , n= 1,2, … … , N; i= 1,2, … … , I 

 
Finally, the input variables for the next step of efficiency analysis are adjusted. First, the random error in 

the mixing error is separated, and the input of the samples of those enterprises in a relatively favorable 
operating environment or a relatively good operating time is adjusted: 

    =   + [ () − ] + [ ( ) −  ] ,  = 1,2, … … , ;  = 1,2, … … ,  
 

Among them,   and   are the adjusted input quantity respectively. The first step on the right of the 
above formula is to adjust the selected analysis samples to the common operating environment, and set all the 
enterprises to the same environment variables. The second step is to set the natural state of all enterprises as 
the most unfavorable operating opportunity state, so as to make each sample DMU face the same operating 
environment and natural state, so as to analyze the efficiency problem more objectively. 

The third stage: the adjusted DEA model. The adjusted input data   is brought into the BCC model of 
the first stage to replace the original input data   to calculate the efficiency value. To obtain the efficiency 
value excluding the impact of environmental and statistical noise, can better reflect the trust industry facts. 

 
4. Selection of samples and input-output variables 

4.1  Selection of sample data 
 
In recent years, with the gradual development of cold chain logistics enterprises, the listed companies 

related to cold chain logistics enterprises have also received the attention of investors, and formed the cold 
chain logistics concept stocks. Therefore, this paper selects 34 listed logistics enterprises with cold chain 
logistics business in the list of the top 50 logistics enterprises in China (ranked by logistics revenue) released 
by China federation of logistics and purchasing in 2018 as research objects. They are in the industry leading 
position in market share, performance, brand and other aspects. The data of listing of these 34 companies in 
2018 and related data of some questionnaires were used as the samples of input and output. Among them, a 
total of 29 enterprises were recovered and effective by questionnaires. Therefore, the 29 enterprises were 
empirically analyzed in this paper. In the cold chain logistics business of Chinese enterprises, primary 
agricultural products and processed agricultural products account for more than 90% of the total business, so 
the data obtained in this study can represent the efficiency level of China's cold chain logistics of agricultural 
products. 

 
4.2  Selection of input and output indicators 
 
The selection of input-output indicators directly affects the analysis results of logistics efficiency. In order 

to select the most representative input-output variables to evaluate the efficiency of cold chain logistics 
enterprises, the author sorted out the selection of indicators with high frequency in relevant research results at 
home and abroad, as shown in table 1.   

 
Table 1. Input and output indicators in related research 

Research on the efficiency of cold chain logistics 
Related 
research Input indicators Output indicators 
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Zhou Net fixed assets, Employee salary, 
Operating expenses Operating income 

Hokey Staff salaries, Operating equipment, 
Property size, Operating costs Pretax profit 

Ma Mengkun 
Net fixed assets, Main business costs, 
Management costs, Cold chain 
technology investment rate 

Operating revenue growth rate, 
Cold chain delivery on time, Cold 
chain delivery accuracy 

Shen Yuan Net value of current assets , Fixed assets Net profit, Return on total assets, 
Earnings per share 

Deng Xue Ping Main business costs, Fixed assets, 
Employee salary Total amount of profits 

Research on the efficiency of green logistics 

Fang Kai 
Fixed assets net worth, Employee salary, 
Current ratio, Green concept promotion 
rate, Green technology utilization rate 

Return on total assets, growth 
rate of operating income, Energy 
consumption rate of transport 
vehicles 

Wang Zhongwei 
Zhao Fangni 

Number of employees, Main business 
costs, Administrative expenses, 
Environmental protection investment 
rate, Green packaging utilization rate 

Net profit, Main business income, 
Green packaging recovery rate, 
Energy consumption rate 

 
In view of the above indicators, the author specially sent questionnaires to 23 experts in the field of 

agricultural products cold chain logistics, and asked them to judge the importance of each performance 
indicator, and the importance degree was divided into five levels. A total of 23 questionnaires were distributed 
and 23 were returned, among which 19 were valid, with the effective recovery rate of 82.61%. The results of 
the questionnaire survey are shown in table 2. 

 
Table 2. Statistical table of expert questionnaire on performance evaluation indicators 

Input Index score Composite scores 
5 4 3 2 1 

Net fixed assets 16 3    4.842 
Employee salary 17 2    4.895 
Operating costs 8 10 1   4.368 
Operating equipment 9 6 4   4.263 
Size of the property 2 7 7 2 1 3.316 
Operating costs 7 8 3 1  4.105 
Main business cost 15 1 3   4.632 
Management fees 8 6 5   4.158 
Cold chain technology 
investment rate 14 4 1   4.684 

Current assets 5 3 7 2 2 3.263 
Current ratio 4 5 6 3 1 3.368 
Green concept 
promotion rate 7 9 1 2  4.105 

Green technology usage 9 7 3   4.316 
Worker number 12 4 1 1 1 4.263 
Environmental 
investment rate 17 2    4.895 

Green packaging 
utilization rate 13 3 4   4.450 

Operating income 4 12 2 1  4.000 
Pretax profit 3 8 5 3  3.579 
Revenue growth rate 18 1    4.974 
On-time cold chain 15 4    4.790 
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According to the performance evaluation standard, net value of fixed assets, employees salary 

compensation, advocate business wu cost, TouRuLv cold chain technology, environmental protection 
investment, operating income growth, cold-chain distribution on time rate and the total assets return rate 
composite scores higher than 4.5, and the other indicators below 4.5 points, therefore, according to the opinions 
of the experts give the eight indexes that retains the other indicators shall be excluded. 

 
The selected input indicators are: 
①The net value of fixed assets, used to reflect the level of capital input. How to make use of this material 

and the effect of its utilization will directly affect its economic benefits. 
②Employee salary, used to reflect the enterprise's level of labor input. So far, labor is still one of the main 

input factors of cold chain logistics enterprises. 
③The main business cost is used to calculate the actual cost of daily activities such as providing labor 

services or transferring the right to use assets. 
④Environmental protection investment rate, cold chain logistics enterprises to enhance their green 

environmental protection level, we must pay attention to the environmental protection facilities and 
environmental protection technology investment. 

Environmental investment rate = (Environmental investment/Operating income) *100% 
⑤Cold chain technology investment rate, reflects the importance of agricultural products cold chain 

logistics enterprises on cold chain research and development, technological transformation, technological 
innovation and other aspects. 

Cold chain technology investment rate = (Technology expenditure in cycle/Operating income in cycle) 
*100% 

 
The selected output indicators are: 
①Return on total assets = (Total profits - Interest expenses)/Average total assets *100% 

②Operating revenue growth rate = (Current year operating revenue growth amount/Last year total 
operating revenue) *100% 
③Cold chain delivery on time rate = (On time delivery times/Total delivery times) *100% 
 
When the DEA model is used for evaluation, the selected input-output criteria must pass the correlation 

test. The higher the correlation coefficient is, the higher the correlation degree is, indicating that there is a 
causal relationship between the input-output indicators, making the evaluation results more reliable [A]. In this 
paper, SPSS19.0 software was used for Spearman correlation analysis of selected input and output indexes. 

delivery 
Cold chain delivery 
accuracy 10 4 3 2  4.158 

Net profit 10 5 2 2  4.211 
Return on total assets 12 7    4.632 
Earnings per share 3 5 7 4  3.368 
The total amount of 
profits 2 6 7 3 1 3.211 

Energy consumption 
rate of transport vehicles 11 6 2   4.474 

Green packaging 
recovery 

5 12 2   4.158 

Rate of energy 
consumption 

9 7 3   4.316 
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The correlation coefficients of each index are shown in table 3. As can be seen from table 3, the input and 
output indexes selected in this paper show a positive correlation, which conforms to the principle of 
"directional property" of DEA model. 

 
 

Table 3. Input-output index correlation test 

Input→ 
Output↓ 

Net fixed 
assets 

Employee 
salary 

Main 
business 
cost 

Cold chain 
technology 
input rate 

Environmental 
protection 
investment rate 

Return on total 
assets 0.744** 0.833** 0.899** 0.733* 941* 

Revenue growth 
rate 0.325* 0.213** 0.776** 0.887** 0.526* 

Cold chain 
delivery on time 0.188* 0.031 0.019* 0.486** 0.057 

 
 
4.3  Selection of indicators of environment variables 

 
External factors will affect the operating efficiency of the enterprise, but these factors are not within the 

scope of the subjective control of the sample. Considering the characteristics of the cold chain logistics industry 
of agricultural products, the author chooses the following factors as environmental variables:①The 
establishment years of the enterprise, the longer the establishment time of the enterprise, the richer the 
management experience. ②The location of the enterprise GDP that year, the variable can measure the level 
of local economic development and people's living standards, affect the capital environment and investment 
level of the enterprise. ③Proportion of cold chain assets, because the selected logistics listed enterprises are 
not all cold chain logistics as the main business, so the proportion of cold chain assets will have an impact on 
the efficiency of cold chain logistics. 

The Descriptive variables of 29 listed logistics enterprises in 2018 are shown in table 4. 
 
 

Table 4. Statistics on Input/Output Data 

Variable Max Min Average SD 
Input      

Net fixed assets 150.902 0.0208 26.8173 38.4443 
Employee salary 12.8007 0.0065 1.745 2.9354 

Main business cost 1211.5802 1.3099 131.8397 235.2587 
Environmental protection investment rate 0.5715 0.0988 0.3056 0.1448 

Cold chain technology input rate 0.6088 0.1577 0.3406 0.1154 
Output     

Return on total assets 0.51 0.0001 0.0765 0.1054 
Revenue growth rate 0.5407 0.0332 0.1533 0.1704 

Cold chain delivery on time 0.9527 0.7639 0.8717 0.0581 

Environment variable     
Years of establishment 68 9 22.5172 11.3064 

Local GDP 32680 1237 18389.552 11851.03 
Proportion of cold chain assets 0.2976 0.0194 0.0829 0.0638 
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5. Empirical analysis 
5.1 The first stage: DEA analysis 
 
The BCC model is divided into input-oriented and output-oriented. In terms of logistics efficiency 

evaluation, input variables are the basic variables of decision-making, which are easy to control, while output 
variables are relatively difficult to control. Therefore, this paper chooses the investment-oriented BCC model 
for the first stage analysis. The comprehensive efficiency, pure technical efficiency and scale efficiency of the 
selected 29 logistics enterprises were calculated by using DEA software Dea-Solver8.0 and inputting the 
sample data of each year. The results of software operation are shown in table 6. It can be seen that the average 
values of technical efficiency, pure technical efficiency and scale efficiency of selected cold chain logistics 
enterprises are 0.7034, 0.8135 and 0.8453, respectively. Among them, 7 enterprises, such as GHWL, CMLOG 
and JIAYOU, are at the forefront of efficiency. Another 13 enterprises, such as shuanghui development, 
cazenove international and zhongchu development, have lower logistics efficiency than the average. In short, 
the efficiency of cold chain logistics in logistics enterprises is low, and there is a certain waste of resources. 
Since the traditional DEA model does not consider the impact of environmental factors and random error 
factors, it is not enough to reflect the real efficiency of logistics enterprises, so the SFA model is selected for 
adjustment. 

 
5.2 The second stage: SFA regression analysis  
 
From the first stage, the slack of each input variable of the sample in 2018 can be obtained, which is taken 

as the explained variable of the function. The environmental variables such as the years of establishment, local 
GDP, and the proportion of cold chain assets are taken as the explanatory variables. The software frontier4.1 
is used to conduct SFA regression analysis on the data of 29 enterprises. 

 
Table 5. Results of SFA regression analysis in the second stage 

   coefficient standard-error t-ratio 

N
et fixed assets 

beta 0 -11.0505 0.0191 -578.0592*** 
beta 1 -2844.8734 0.9907 -2871.6211*** 
beta 2 -723.8035 0.5738 -1261.5291*** 
beta 3 1714.8106 0.9667 1773.8781*** 

σ2 1585.4822 0.9944 1594.4201*** 
γ 1 0.0000 70779834.0000*** 

LR test error 18.2433*** 

Em
ployee salary 

beta 0 -1.8876 0.3557 -5.3072*** 
beta 1 174.9843 5.8869 29.7244*** 
beta 2 -36.3795 5.2451 -6.9360*** 
beta 3 71.9542 19.4700 3.6956*** 

σ2 10.9450 1.3496 8.1099*** 
γ 1 0.0000 68668.3560*** 

LR test error 19.695109*** 

M
ain business 

cost 

beta 0 -135.1880 42.6140 -3.1723882*** 
beta 1 51866.4580 200.2089 259.06175*** 
beta 2 -5335.8377 117.3072 -45.486017*** 
beta 3 -1679.4603 669.7806 -2.5074785*** 

σ2 111050.7000 39.7743 2792.0213*** 
γ 0.9983 0.0039 253.5533*** 
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LR test error 16.5246*** Cold chain technology 
input rate 

beta 0 -0.0313 0.0195 -1.6024 
beta 1 1.8786 1.0432 1.8008* 
beta 2 0.3256 1.3311 0.2446 
beta 3 0.5059 1.7398 0.2908 

σ2 0.0116 0.0037 3.1148*** 
γ 0.9989 0.0034 290.9555*** 

LR test error 19.4141*** 

Environm
ental 

protection 
investm

ent rate 

beta 0 -0.0218 0.0069 -3.1748*** 
beta 1 -7.2002 0.9567 -7.5257*** 
beta 2 -0.1971 0.2567 -0.7680 
beta 3 2.9865 0.4487 6.6564*** 

σ2 0.0073 0.0027 2.6987*** 
γ 1 0.0007 1509.2976*** 

LR test error 24.9536*** 
 

As can be seen from table 5, the values of the net value of fixed assets, employee compensation and 
environmental protection investment rate are all 1 and are significant at the level of 1%, indicating that the 
error is caused by the non-efficiency of production. The cost of main business and the investment rate of cold 
chain technology are both close to 1 and significant at 1%, indicating the difference in management efficiency. 
Therefore, it is feasible to use SFA analysis technology. 

The following part analyzes the impact of each environmental variable index on the efficiency of sample 
cold chain enterprises: 

Years of establishment: The estimated coefficient of the relaxation variables of the number of years of 
establishment on the net value of fixed assets and the rate of environmental protection investment is 
significantly negative. So the longer the number of years of establishment of cold chain enterprises, the more 
conducive to reduce the waste of fixed assets and environmental protection investment. The effect was reversed 
for the other three inputs. 

Local GDP: The regression coefficient of GDP in the location of the enterprise on the investment rate of 
cold chain technology is positive, indicating that the more developed the economy is, the more likely it is to 
cause the waste of investment in cold chain technology. Although it has not passed the significance test, it still 
has directional influence. The regression coefficient of the other four inputs is negative and most of them are 
significant, so when GDP increases, it is beneficial to reduce the waste of these inputs. 

Proportion of cold chain assets: The analysis results show that the regression coefficient of the proportion 
of cold chain assets of logistics enterprises is positive to the net value of fixed assets, employees' salary, 
investment rate of cold chain technology and investment rate of environmental protection, indicating that the 
increase of cold chain business will cause the efficiency of these inputs to decrease, such as it will cause too 
much investment in cold chain technology and form waste. 

 
5.3 The third stage: DEA analysis after input adjustment  
 
In this stage, the original input was adjusted according to the environment and the influence of random 

errors obtained in the second stage, and the dea-solver8.0 software was used to calculate the operating 
efficiency of China's listed cold-chain logistics companies after the adjustment. The results are shown in table 
6. 

 
Table 6. Results of DEA analysis in the third stage 

 
 The first stage The third stage 

DMU TE PTE SE RTS TE PTE SE RTS 
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It can be seen from table 6 that after the SFA adjustment, the comprehensive technical efficiency of 29 

logistics listed enterprises decreased from 0.7034 before the SFA adjustment to 0.6879, the pure technical 
efficiency increased from 0.8135 to 0.9256, and the scale efficiency decreased from 0.8453 to 0.7524. The 
decline of comprehensive technical efficiency shows that most enterprises show high efficiency because of 
better external environment and random factors. In terms of pure technical efficiency, the whole system has 
been improved after adjustment. At the forefront of pure technical efficiency, CRT and GHWL and other 
enterprises have made the most reasonable use of technology and achieved the efficiency of pure technology. 
While other enterprises with low pure technical efficiency value, such as C&D INC., are caused by low 
technical and management level. These enterprises should learn the technical and management experience of 
enterprises with high pure technical efficiency, upgrade and strengthen the management of the cold chain 
logistics system of local agricultural products, so as to achieve the pure technical efficiency and effectiveness. 
In terms of scale efficiency, after the adjustment, all enterprises experienced different degrees of decline, 
indicating that scale efficiency was overestimated in the first stage, and external environmental factors 
promoted the improvement of scale efficiency of enterprises. For example, the mean scale efficiency of GHWL 
changed from 1 to 0.9051, indicating that the scale efficiency of GHWL decreased after the elimination of 
environmental factors and random errors. The reasons for the decrease were mainly caused by the unreasonable 
allocation of local resources and development scale, such as the redundant fixed investment and insufficient 
freight volume of agricultural products cold chain logistics. 

 
6. Conclusion  
This paper USES the three-stage DEA model to make an empirical analysis of the efficiency of 29 cold 

CRT 0.7003 1 0.7003 drs 1 1 1 - 
WANJIANG 0.5267 0.6319 0.8335 drs 0.6423 0.8629 0.7443 irs 

IrsTS 0.7392 0.7707 0.9592 irs 0.8426 0.8484 0.9931 drs 
GHWL 1 1 1 - 0.9051 1 0.9051 irs 
XNWL 0.5907 0.8200 0.7203 irs 0.4212 0.9712 0.4337 irs 

WANLIN 0.7986 1 0.7986 irs 0.5434 0.9942 0.5466 irs 
CMLOG 1 1 1 - 0.2959 0.9803 0.3019 irs 
JIAYOU 1 1 1 - 0.7961 0.9147 0.8704 drs 

SLC 0.7636 0.7815 0.9771 drs 0.2617 0.9469 0.2763 drs 
CMST 0.0509 0.0794 0.6409 irs 0.4210 0.9865 0.4268 irs 

MILKYWAY 1 1 1 - 0.8370 1 0.8370 irs 
EAST TOP 0.7367 1 0.7367 irs 0.4969 0.9844 0.5048 irs 
JIACHENG 0.5334 0.8544 0.6242 irs 0.7319 0.8064 0.9076 drs 

HENGTONG 1 1 1 - 0.9096 1 0.9096 irs 
ZFTC 0.8435 0.8654 0.9747 irs 0.1878 1 0.1878 irs 

GENSHO 1 1 1 - 1 1 1 - 
CHANGJIANG 0.9030 1 0.9030 irs 0.7370 0.7373 0.9997 irs 

DEPPON 0.5475 0.7358 0.7440 irs 0.3793 0.9924 0.3822 irs 
ANTONG 0.4842 0.7076 0.6843 irs 0.8006 0.9381 0.8534 irs 

EA 0.8533 0.9818 0.8690 irs 0.9203 0.9345 0.9848 drs 
TRANSFAR 0.8878 1 0.8878 irs 0.9294 1 0.9294 irs 
SINOTRANS 0.5260 0.5764 0.9126 irs 0.8311 1 0.8311 irs 

YTO 0.9206 0.9826 0.9369 drs 0.6838 1 0.6838 irs 
STO 0.5073 0.7347 0.6904 drs 0.7837 0.8887 0.8819 drs 

YUNDA 0.6718 1 0.6718 drs 1 1 1 - 
C&D IRS. 0.3743 0.5517 0.6784 irs 0.7079 0.7708 0.9184 irs 

SF HOLDINGS 0.3419 0.3509 0.9744 irs 0.5350 0.5397 0.9912 irs 
SHUANGHUI 0.0989 0.1662 0.5949 drs 0.4986 0.7798 0.6394 irs 

GUANGHONG 1 1 1 - 0.8488 0.9650 0.8795 irs 
Average 0.7034 0.8135 0.8453  0.6879 0.9256 0.7524  
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chain logistics enterprises in China in 2018. The conclusions are as follows: first, the inefficiency of inefficient 
enterprises in Chinese logistics enterprises mainly comes from the inefficiency of scale, and the main reason 
for the inefficiency of scale is that these cold chain logistics enterprises are relatively small in scale. Second, 
more than half of the selected cold-chain logistics enterprises have acceptable efficiency, the main reason is to 
achieve scale efficiency, these enterprises should maintain or moderately expand the scale of assets, give play 
to the advantages of economies of scale. Thirdly, the economic development of the region where the cold chain 
logistics enterprises are located and the number of years of establishment of the enterprises will significantly 
affect the employee compensation and the input efficiency of the main business costs. Therefore, when 
analyzing the efficiency of cold chain logistics enterprises, the influence of these environmental variables on 
the accuracy of the analysis conclusion should be fully considered. 

Based on the above research conclusions, China's cold-chain logistics enterprises can consider the following 
ways while expanding their assets and realizing economies of scale: 

(1) Accelerate the pace of capital operation. On the basis of standardized shareholding system reform, we 
will accelerate the pace of capital operation and raise funds through the bond market, stock market and other 
capital markets. 

(2)Implement asset restructuring. Implement low-cost expansion, promote internal specialization while 
rapidly expanding market share, and realize optimal allocation of capital, talents, technology and other 
elements. 

(3)Rapid expansion through technological transformation. We will continue to increase investment in 
technological transformation, introduce advanced technology and equipment, and form superior products and 
services, so as to realize the rapid self-expansion of enterprises, accelerate the information connection with the 
same industry, and form a diversified business pattern with complementary resources and functions. 

(4)Improve the overall efficiency of cold chain logistics enterprises by developing financial business. Cold 
chain logistics finance is used to convert inventory into capital and improve the capital turnover rate in the 
supply chain, so as to improve the operating efficiency of the supply chain and the overall efficiency of the 
enterprise. 

There are still some shortcomings in this study. Limited by the number of samples selected and the integrity 
of the data, empirical research is weak. For example, some of the selected enterprises are mainly engaged in 
the conventional logistics business, while the cold chain logistics only accounts for a part of their business, 
which will affect the rigor of the conclusion to a certain extent. In the end, some Suggestions are put forward 
to improve the overall efficiency of China's cold-chain logistics enterprises through logistics financial business, 
but there is still no systematic conclusion on the specific implementation measures. These questions will be 
the focus of future research. 
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