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Abstract 
The efficiency of green economy is a key indicator to measure the development of 
regional green economy. This paper takes labor, capital and technology as input 
indicators, green GDP and air quality index as expected output and unexpected output 
indicators, establishes BCC model, and measures the green economic efficiency of Anhui 
Province based on relevant data from 2012 to 2020.According to the division of regions 
in southern, central and northern Anhui, it is analyzed that there are obvious differences 
in green economic efficiency among different regions. The green economic efficiency in 
southern Anhui is high, while that in central Anhui is low, showing a U-shaped 
development trend in general. 
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1. Introduction 

The "green economy" first appeared in the British environmental economist Peirc's "Green 
Economy Blueprint", which is a sustainable economy in which the economy and the 
environment coexist in harmony. Green economic efficiency is economic efficiency that takes 
into account both input factors and environmental costs. Optimization of economic efficiency is 
achieved by minimizing the possible harm to the environment caused by the process as much 
as possible when the economy has achieved the expected growth and taking full advantage of 
the various elements [1]. 
Green development is an important area of continuous concern at home and abroad, and 
accurately measuring the efficiency of green economy is the research basis for the healthy 
development of regional economy. At present, there is a wealth of research on the efficiency of 
the green economy, and most scholars use DEA, undesirable output DEA, and the Malmquist 
model for the green efficiency measurement method. Ye Rendao, Daniel Zhang established the 
SBM model, which conducted an empirical analysis of the efficiency of the green economy and 
tested its partial normal distribution in 29 provinces and cities in China. Li Qingsong and Zhang 
Fengdi analyzed the economic, environmental and green efficiency of the Yangtze River 
Economic Belt using the ultra-efficient EBM model in 11 provinces of the Yangtze River 
Economic Belt as the research object. Zhu Peiyu introduced the spatial econometric model to 
identify and decompose the influencing factors of green economic benefits, and believed that 
there were significant differences in the direction and intensity of direct and indirect effects in 
different regions. On the basis of the DEA-SBM model, Wei Prorong measured the green 
economic efficiency of Hubei Province and analyzed the factors by using Tobit regression 
method. 
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In 2019, Anhui Province was included in the integration of the Yangtze River Delta and 
improved the efficiency of the green economy, which not only opened up space for the green 
development of the Yangtze River Delta region and the balanced development and 
improvement of various regions, but also helped to enhance the status of Anhui Province in the 
entire Yangtze River Basin and even in the national economic development pattern. In this 
paper, Anhui Province is selected as the research object, the green economic efficiency between 
different regions is explored, and the most suitable green economic development model of 
Anhui Province is explored in light of the actual situation. It has also set an example for other 
regions and provided a reference for the exploration of other regions [2]. 

2. Research Methods and Index Construction 

In this paper, the level and regional differences of green economy efficiency in 16 prefectures 
and cities in Anhui Province are studied, and the DEA-BCC model is used for empirical analysis. 

2.1. Efficiency Measurement Model 
Data Packet Network Analysis (DEA) was proposed by American operations researchers 
Charnes, Cooper and Rhodes. Measuring the relative effectiveness of decision-making units 
under fixed-scale remuneration is called the CCR model. Scholars such as Banker and Charnes 
decomposed the overall technical efficiency (TE) into pure technical efficiency (PTE) multiplied 
by scale efficiency (SE) to produce the BCC model. In this paper, the BCC model is selected to 
measure 16 cities in the study area. 
Suppose there are k decision units, and each decision unit has m kinds of elements to input x 
and n kinds of factors to produce y, so as to establish a green economy efficiency measurement 
model (1) as follows: 
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Where the variable 𝜃  represents the efficiency value of the decision unit, when 𝜃 =1, the 
decision unit DEA is considered valid, and when 𝜃 <1t, he decision unit DEA is not valid [3]. 𝜆  
represents the weight vector, 𝑥  represents the total input of the ‘j’ decision unit to the ‘i’ input, 
𝑦  represents the total output of the ‘j’ decision unit to the ‘r’ output, 𝑆  represents the 
relaxation of the ‘i’ input indicator of the ‘o’ decision unit, and  𝑆  represents the relaxation of 
the ‘r’ output indicator of the ‘o’ decision unit. 

2.2. Index Selection 
This paper refers to the Solow growth model, selecting labor, capital and technology as input 
indicators. Labor input can be regarded as the amount of labor included in the production 
process, and this paper selects the number of individual year-end employed persons in each 
city as the labor input index. There is no way to obtain capital investment directly, and the 
perpetual inventory method is usually used. Obtained by Equation 𝐾 = 𝐾 (1 − 𝛿) + 𝐼 . 
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Among them, 𝐾  represents the capital stock in period t,𝐼  represents the new capital stock in 
period t, δ  represents the economic depreciation rate, and the total amount of fixed asset 
formation indicates the fixed asset input indicator. The number of patent applications filed by 
enterprises in each municipality was selected as technical input [4]. 
Output indicators include both expected and undesirable outputs. This paper selects the GDP 
of each city divided by the energy consumption index value per unit of GDP to define green GDP, 
and uses this indicator as the expected output. The number of days in which each city's air 
quality meets and exceeds the second level is divided by the provincial average as the urban 
environmental quality index as the undesired output. 

2.3. Data Source 
There are a total of 16 prefectures and cities in Anhui Province, covering Hefei, Bozhou, Chizhou, 
Wuhu and so on. Therefore, 16 prefectures and cities in Anhui Province were selected as 
decision-making units, and the relevant data from 2012 to 2020 were selected as research 
samples, and the data came from the Anhui Statistical Yearbook. For partially missing data, this 
paper is obtained by averaging method.     

3. The Empirical Analysis 

3.1. Measurement of Green Economy Efficiency in Anhui Province 
In this section, through model (1), the green economic efficiency of 16 prefectures and cities in 
Anhui between 2012 and 2020 is measured by year, and the results are shown in Table 1. 
 

Table 1. 2012-2020 Green Economic Efficiency of Cities in Anhui Province 
region 2012 2013 2014 2015 2016 2017 2018 2019 2020  

Hefei 0.12 0.15 0.13 0.18 0.18 0.18 0.82 0.15 0.12 

Huaibei 0.75 0.71 1.00 0.60 0.56 0.43 0.74 0.55 1.00 

Bozhou 0.94 0.84 0.76 0.59 0.56 0.51 0.63 0.29 1.00 

Suzhou 0.84 0.61 0.76 0.37 0.31 0.31 0.60 0.28 0.36 

Bengbu 0.44 0.41 0.41 0.33 0.34 0.35 0.73 0.38 1.00 

Fuyang 0.70 0.67 0.61 0.46 0.32 0.25 0.29 0.17 0.27 

Huainan 0.63 0.54 0.61 0.50 0.48 0.37 1.00 0.39 0.58 

Chuzhou 0.42 0.40 0.48 0.29 0.24 0.23 0.55 0.27 0.35 

Liuan 0.54 0.55 0.49 0.47 0.47 0.44 0.52 0.40 0.38 

Ma’anshan 0.48 0.34 0.43 0.56 0.53 0.46 0.73 0.60 0.54 

Wuhu 0.29 0.36 0.46 0.39 0.37 0.34 0.92 0.40 0.49 

Xuancheng 0.48 0.46 0.76 0.41 0.41 0.39 0.66 0.53 0.72 

Tongling 1.00 1.00 1.00 0.68 0.66 0.61 1.00 1.00 1.00 

Chizhou 1.00 1.00 1.00 0.92 0.75 0.63 0.85 0.81 1.00 

Anqing 0.81 0.34 0.46 0.35 0.30 0.28 0.53 0.28 0.34 

Huangshan 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

 
By visualizing the data in Table 1, a map of the trend of green economic efficiency in various 
cities in Anhui Province can be obtained, as shown in Figure 1. 
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Figure 1. Trends of green economic efficiency of cities in Anhui Province 

 
As can be seen from Figure 1, the difference in the efficiency of the green economy with regional 
changes is more obvious, and the overall trend shows a downward trend and then rises. Among 
them, the green economy efficiency of Huangshan City has changed steadily, and the green 
economy efficiency of Hefei City is generally low. 
Green economy efficiency fluctuated significantly in 2014 and 2018. Combined with the specific 
situation analysis of these two years, due to insufficient domestic and external demand in 2014, 
economic growth slowed down, which also had a certain impact on the efficiency of the green 
economy. The green economic efficiency of the cities in the region has declined significantly 
after 2018, which may be due to the impact of the outbreak on the economy, after which the 
epidemic has gradually been prevented and controlled, and the economy has begun to recover. 
 

 
Figure 2. Benefit Trend of Cities in Anhui Province 

 
Comprehensive benefits are determined by the combination of technical benefits and scale 
benefits. As can be seen from Figure 2, the difference in scale benefits of various cities is not 
large, and the trend of technical benefits and comprehensive benefits is similar, indicating that 
technology has a greater impact on the efficiency of the green economy. Although the scale 
benefits of some cities are large, the technical benefits are low and the comprehensive benefits 
are also low. Among them, Hefei City, Chuzhou City and Anqing City have lower scale efficiency, 
and Tongling City, Chizhou City and Huangshan City have higher scale efficiency. The technical 
benefits of each city are less than 1, indicating that there is still room for improvement in the 
technology. The economies of scale in each city are less than 1, indicating that the economies of 
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scale are increasing. If the scale benefit is too small, the scale can be appropriately expanded to 
increase the benefit. 

3.2. Regional Difference Analysis 
Anhui Province is divided into three regions: southern Anhui, central Anhui and northern Anhui. 
Among them, the southern Anhui region is headed by Wuhu and includes Tongling, Xuancheng, 
Huangshan, Chizhou and Ma'anshan. The central Anhui region is headed by Hefei and includes 
Lu'an, Anqing and Chuzhou. The northern Anhui region is headed by Bengbu and includes 
Huainan, Huaibei, Suzhou, Fuyang, and Bozhou [5]. 
The average green economy efficiency of each region is calculated according to the above 
regional division, and the results of the average green economy efficiency of each region are 
calculated( as follows Table 2). 
 

Table 2. Average green economic efficiency of each region 
Distribution 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Southern Anhui 0.71 0.69 0.77 0.66 0.62 0.57 0.86 0.72 0.79 
Central Anhui 0.47 0.36 0.39 0.32 0.29 0.28 0.60 0.27 0.30 

Northern Anhui 0.72 0.63 0.69 0.48 0.43 0.37 0.66 0.34 0.70 

 
Due to geographical location and other reasons, the economy of southern Anhui is relatively 
developed, and the economy of northern Anhui is relatively backward, and it can be seen from 
Table 2 that the green economy efficiency of southern Anhui is relatively high, and the green 
economy efficiency of central Anhui is low. It can be seen that the efficiency level of the green 
economy is not entirely determined by the level of the economy, but also related to other factors. 
Southern Anhui and central Anhui had the highest green economy efficiency in 2018, and 
northern Anhui had the highest green economy efficiency in 2012. Central Anhui and northern 
Anhui had the least green economy efficiency in 2019, while southern Anhui had the lowest 
value in 2017. 
 

 
Figure 3. Trends of green economic efficiency in different regions 

 
From the perspective of the trend of green economy efficiency in each region Figure 3, the green 
economic efficiency in southern Anhui showed an upward trend, while the central Anhui region 
showed a downward trend. Over time, the trend of green economy efficiency changes in 
different regions is basically the same, and there are obvious differences in green economy 
efficiency in different regions. 
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4. Conclusions and Suggestions 

4.1. The Relevant Conclusion  
The efficiency of the green economy in Anhui Province is unevenly developed. Excluding the 
impact of the epidemic, the overall trend of green economic efficiency has taken a U-shape. 
There are obvious differences between the three regions of southern Anhui, northern Anhui 
and central Anhui. Some regions have high economic level and low green economy efficiency, 
while some regions have low economic level and high green economy efficiency, and their 
development trends are also different.  
The economic development level of the central Anhui region is not the lowest among the three 
regions, but its green economic efficiency is the lowest among the three regions, which is closely 
related to its industrial structure. The central Anhui region pays more attention to economic 
growth, which has an impact on the environment, which has an impact on the efficiency of the 
green economy. Although the economy of northern Anhui is the lowest, the level of green 
economy is not low, indicating that its industrial proportion structure is more reasonable. GDP, 
urbanization, technical funds, industrial electricity and wastewater treatment in northern 
Anhui have obvious positive effects on the efficiency of the green economy, indicating that 
economic growth has a role in promoting the efficiency of the green economy in northern Anhui. 

4.2. Suggestions 
From the above conclusions, it can be seen that different measures should be taken according 
to local conditions and according to the specific conditions of different regions.  
The southern Anhui region should increase urbanization and narrow the gap between rural and 
urban residents in terms of resource allocation, employment opportunities, and work 
treatment. Promote the development of circular economy technology and the sustainable 
development of the economy, reduce environmental pollution, increase the investment in 
technical funds, and the improvement of technology is conducive to the improvement of 
efficiency, thereby promoting the development of the economy.  
The central Anhui region should improve the quality of urbanization, increase the input of 
development funds and technical funds, and improve the technical level of industrial 
production, so as to improve production efficiency. 
The northern Anhui region has actively promoted urbanization, adjusted the industrial 
structure, reduced the ratio of the secondary industry, increased the ratio of the tertiary 
industry, and improved the quality of development funds. 
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