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Abstract 
This paper takes the agricultural listed companies in Shanghai and Shenzhen as the 
research samples, and uses the DEA-BCC model and the Malmquist index method to 
analyze and study their financing efficiency from 2015 to 2020. The result shows that the 
agricultural listed enterprises generally have low financing efficiency, and the low 
technical level is an important reason for the low efficiency. Based on the above 
conclusions, suggestions are put forward to improve the financing efficiency of listed 
agricultural enterprises. 
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1. Introduction 

Agriculture has been the foundation of the national economy since ancient times. Promoting 
the high-quality development of agriculture is crucial to realizing my country's next economic 
miracle and improving its comprehensive strength. The "14th Five-Year Plan" proposes: 
"Continuously improve the comprehensive efficiency and competitiveness of agriculture, 
accelerate the development of modern agriculture" and "cultivate agricultural enterprise 
groups". As the industry leader, listed agricultural companies are responsible for leading the 
development of agriculture. However, due to the long production cycle and strong seasonality 
of agriculture, it is difficult for listed agricultural companies to raise financing and face many 
restrictions on development. Therefore, agriculture should Breaking through the predicament 
and achieving greater development requires efficient capital input and output, and achieving 
high financing efficiency is very important for agricultural listed companies. Therefore, it is 
necessary to study how to comprehensively measure and evaluate the financing efficiency of 
listed agricultural enterprises. 

2. Literature Review 

Zeng Xiongwang et al. (2021) calculated the financing efficiency of listed agricultural companies 
from 2015 to 2019, and further studied the impact of government subsidies on financing 
efficiency [1]. Chen Chaohua et al. (2021) measured the financing efficiency of new agricultural 
business entities in 12 counties, cities and ba districts of Qiannan Prefecture, and found that 
environmental factors have a greater impact on the technical efficiency of counties and cities 
with lower economic development levels [2]. Wang Chunliu et al. (2021) studied the financing 
efficiency of 121 agricultural science and technology enterprises in Hebei Province at different 
stages of the transformation of scientific and technological achievements [3]. Xie Shaanxi and 
Yu Guoxin (2019) used DEA model and Malmquist index method to measure and analyze the 
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financing efficiency of agricultural listed companies in different financial growth cycles [4]. Chu 
Jingqian (2019) measured the financing efficiency and analyzed the factors affecting the 
financing efficiency of agricultural listed companies [5].Zhou Chaobo's (2019) study found that 
the financing efficiency of listed companies in ecological agriculture is on the rise [6]. Ni Xiaonan 
and Xiao Mengyao (2018) used principal component analysis and entropy method to evaluate 
the financing efficiency of agricultural listed companies from 2013 to 2015. The research 
results show that the financing efficiency of agricultural listed companies is generally low, 
mainly due to the weak profitability, unreasonable equity structure and slow financing speed 
of agricultural listed companies [7]. Qiao Jun (2018) found that the financing efficiency of 
leading agricultural industrialization enterprises has high overall scale efficiency, while pure 
technical efficiency is low [8]. Jiang Huifeng (2016) found that the effective proportion of 
financing efficiency of listed agricultural companies is low, and the efficiency value of most 
companies is between 0.4-0.8 [9]. Zhao Diyan and Wang Hongmei (2016) used the DEA model 
to calculate the financing efficiency of agricultural companies in the New Fourth Board market 
from 2011 to 2014, and compared the financing efficiency of the company before and after its 
listing in 2013 [10]. Li Ludan and Zhang Min (2015) studied the equity financing efficiency and 
main influencing factors of agricultural listed companies based on the entropy method [11]. 

3. Research Design 

3.1. Sample Selection and Data Sources 
According to the 2012 edition of the Industry Classification of the China Securities Regulatory 
Commission, this article uses the 2015-2020 data of 13 agricultural listed companies in 
Shanghai and Shenzhen A shares (excluding those listed after 2015 and ST and *ST companies) 
as the research sample, which will be replaced by NO.1-13 below. The data comes from the 
CSMAR database, and DEA-SOLVER Pro5.0 and DEAP 2.1 software are used to conduct financing 
efficiency research. 

3.2. Evaluation Method 
Most literatures choose the DEA model method when studying financing efficiency, and directly 
select the appropriate input and output indicators to obtain the efficiency value of the decision-
making unit. In this paper, the DEA-BCC model proposed by Banker et al. [12] is used to evaluate 
the financing efficiency of listed agricultural enterprises. The premise of this model is variable 
returns to scale. Further, the Malmquist index method is used to calculate the Malmquist Total 
Factor Productivity (TFP) to evaluate the changes in the productivity of decision-making units 
at multiple time points to explore the reasons for the changes in financing efficiency. 

3.3. The Construction of Index System 
Combining the characteristics of agricultural enterprises and drawing on the research of Jiang 
Huifeng [9], Zhao Diyan & Wang Hongmei [10], the input and output indicators selected in this 
paper are shown in Table 1. 
 

Table 1. Evaluation Index of Financing Efficiency 
Index Precise data 

inputs 
Total assets 

Asset-liability ratio 
Operating costs 

outputs 
Total asset turnover 

ROE 
Operating income growth rates 
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3.4. Data Processing 
The ROE and Operating income growth rates in this article are negative. If the DEA model data 
is not required to be non-negative, drawing on the research of Wang Chongrun&Wang Zan [13] 
and Xu Kai [14], this paper uses the extreme value method to process the data t. The calculation 
formula is as follows: 
 

max 𝑍 = 𝑎  

min 𝑍 = 𝑏  

                   𝑍 = 0.1 + × 0.9, 𝑍 ∈ [0,1]                                                (1) 

4. Empirical Analysis 

4.1. Descriptive Statistics 
From the distribution of investment indicators of sample companies in Table 2, the average 
value of total assets exceeds 5 billion yuan, which is relatively large, but the standard deviation 
exceeds 4 billion yuan, the minimum value is 668 million yuan, and the maximum value is 17.7 
billion yuan. The difference in asset size is quite different The average asset-liability ratio is 
41.4%, the standard deviation is 0.190, the minimum value is 5.9%, and the maximum value is 
78.8%. The asset-liability ratio of agricultural enterprises is relatively moderate and the risk is 
low; the average operating costs is around 1.8 billion yuan, with a standard deviation It is 2.75 
billion yuan, a big difference. From the perspective of the distribution of output indicators, the 
average value of the total asset turnover is 0.452, the standard deviation is 0.288, the minimum  
is 0.085, and the maximum is 1.655. Overall, the total asset turnover is relatively low and the 
difference is large; The adjusted ROE average was 0.852, the standard deviation is 0.132, the 
minimum value is 0.099, and the maximum value is 1.000; the adjusted operating income 
growth rate has a mean value of 0.301, a standard deviation of 0.121, a minimum value of 0.100, 
and a maximum value of 1.000. 
 

Table 2. Sample Company Descriptive Statistics 
Variable Number Mean Std. Dev. Min Max 

Total assets 78 5.04e+09 4.39e+09 6.68e+08 1.77e+10 

Asset-liability ratio 78 0.414 0.190 0.059 0.788 
Operating costs 78 1.80e+09 2.75e+09 9.02e+07 1.49e+10 

Total asset turnover 78 0.452 0.288 0.085 1.655 
ROE 78 0.824 0.132 0.099 1.000 

Operating income growth rates 78 0.301 0.121 0.100 1.000 

4.2. Static Analysis 
4.2.1. Overall Analysis 

 
Figure 1. Proportion of DEA Effective Enterprises of Agricultural Listed Companies 
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As can be seen from Figure 1, the proportion of companies with effective DEA in financing 
efficiency is not high. The best performance was in 2015, accounting for 46%, and the worst 
performance was the subsequent 2016, only 13%. In other years, the proportion of DEA valid 
enterprises does not exceed 31%. This shows that the funds raised by listed agricultural 
enterprises have not been used efficiently. 
The mean values of financing efficiency from 2015 to 2020 were 0.733, 0.701, 0.592, 0.647, 
0.715, and 0.666, respectively. As can be seen from Figure 2, from the perspective of the average 
efficiency over the years, although there are certain fluctuations, it basically remains between 
0.6-0.8. The average value in 2015 was the highest at 0.733, which was also related to the fact 
that many companies achieved DEA effectiveness, which is consistent with the above 
conclusions. The average value in 2017 was the lowest at 0.592, which was also reflected in the 
number of companies that were higher than the average value, which was higher than the 
average value in 2017. There are only 3 enterprises in 2017, and the performance is the worst, 
and the remaining years are basically around half or more than half. 
 

 
Figure 2. Mean value of listed agricultural companies 

4.2.2. Company-specific Analysis 

 
Figure 3. Mean value and proportion of DEA effective proportion 

 
From the perspective of the proportion of the DEA effective number of financing efficiency of 
specific companies, it can be seen from Figure 3 that the best performing company among the 
13 companies is (NO.10), which has achieved DEA effectiveness in 6 years, followed by (NO.5), 
and the DEA effective year The proportion is 83%, with an average value of 0.939, showing 
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good performance in each year. (NO.4) and (NO.12) the proportion of DEA effective number is 
50%, but their average financing efficiency can be kept above 0.9, indicating that although DEA 
is not effective in some years, it is relatively close, and the financing efficiency good. The five 
companies (NO.6), (NO.8), (NO.9), (NO.11) and (NO.13) did not reach the effective DEA in the 
6-year observation period, and the financing efficiency was very poor. The remaining 
companies do not account for more than 20%. On the whole, the effectiveness of financing 
efficiency of different companies is quite different. 
On the whole, the financing efficiency of listed agricultural companies is low and the financing 
risk is relatively high. 

4.3. Dynamic Analysis 
The foregoing is a static efficiency evaluation of the financing efficiency of agricultural 
enterprises, which can only evaluate the horizontal differences of the sample companies, and it 
is difficult to compare them vertically. In order to better reflect the changing trend of the 
financing efficiency of agricultural listed companies and study the reasons for the low financing 
efficiency, this paper uses the Malmquist index method to calculate the total factor productivity 
and its decomposition index of agricultural listed companies from 2015 to 2020. The 
calculation software is DEAP2. 1. The selected indicators are consistent with the static efficiency 
analysis, and the results are shown in Figure 4. 
 

 
Figure 4. Malmquist exponent and its decomposition 
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The results are shown in Table 3. Among the 13 companies, the Malmquist index of 7 companies 
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an increase of 14.9%; (NO.2) and (NO.8) both have technical efficiency index and technological 
progress index greater than 1, indicating that these two companies are in 2015-2020. During 
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and the technical efficiency index is both 1, indicating that the financing efficiency of these two 
companies is high. The growth is due to technological breakthroughs; the technical efficiency 
index of (NO.11), (NO.12) and (NO.13) is greater than 1, and the technological progress index 
is less than 1, indicating that the progress of the technical efficiency of these three companies 
makes up for it The technical regression has been avoided, so that the financing efficiency has 
been improved during the observation period. The remaining six companies whose Malmquist 
index is less than 1 are (NO.1), (NO.3), (NO.4), (NO.6), (NO.7) and (NO.9). Among them, the 
technical progress index of (NO.3) and (NO.6) is greater than 1, and the technical efficiency 
index is less than 1, indicating that the technological progress of these two companies failed to 
make up for the regression of technical efficiency, making the Malmquist index less than 1, 
which is manifested as financing Efficiency decline; the technical progress index and technical 
efficiency index of the remaining 4 companies are both less than 1, resulting in a continuous 
decline in financing efficiency. 
4.3.2. Company-specific Analysis 
It can be seen that the Malmquist index of various companies varies greatly. The reason is the 
difference between the technological progress index and the technological efficiency index. 
Technology plays a vital role in agricultural enterprises, and the weak technical level of 
agricultural enterprises hinders the improvement of financing efficiency. 
 

Table 3. Malmquist index of each company and its decomposition changes 
Number Effch Techch Pech Sech Malmquist index 

1 0.878 0.996 0.791 1.110 0.875 
2 1.016 1.109 1.000 1.016 1.127 
3 0.804 1.090 0.957 0.840 0.876 
4 0.949 0.924 1.000 0.949 0.876 
5 1.000 1.149 1.000 1.000 1.149 
6 0.975 1.005 1.027 0.950 0.980 
7 1.000 0.981 1.000 1.000 0.981 
8 1.118 1.023 1.139 0.982 1.145 
9 0.999 0.954 1.063 0.940 0.953 

10 1.000 1.058 1.000 1.000 1.058 
11 1.181 0.942 1.173 1.006 1.112 
12 1.043 0.989 1.000 1.043 1.031 
13 1.059 0.963 1.122 0.944 1.020 

5. Conclusion and Suggestions 

Agricultural listed companies generally have low financing efficiency, and the low level of 
technology is an important reason. Further, the following suggestions are put forward to 
improve financing efficiency: (1) Strengthen internal management and improve technical level. 
Agricultural listed companies should pay more attention to the management of funds to 
improve the utilization rate of funds, avoid idle and waste of funds, and improve financing 
efficiency. On the other hand, increase investment in scientific research and innovation, 
establish a competitive advantage, increase the technical content of agricultural products; 
increase the training of talents and the cultivation of innovation consciousness, and consolidate 
the core competitiveness of listed agricultural enterprises. (2) Emphasis on endogenous 
financing. The most effective way to improve financing efficiency is to improve one's own 
profitability. The characteristics of agricultural production make the accumulation of funds 
slower. Therefore, listed agricultural enterprises should vigorously enhance their operational 
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capabilities in their daily operations, increase the proportion of surplus extraction, and increase 
the retained earnings of listed companies. (3) Increase the government's support for the 
financing of listed agricultural companies. Listed agricultural enterprises are the vanguards of 
promoting agricultural modernization, but they are easily affected by external factors. The state 
should attach importance to and support the development of agricultural enterprises, increase 
policy support for agricultural enterprises, build a sound agricultural financial support system, 
and provide policy protection for agricultural enterprise financing. 
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