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Abstract 

The Yangtze River Economic Belt is an inland river economic belt with global influence, 
and it is also the first demonstration belt of ecological civilization construction. From the 
perspective of economic efficiency of ecological priority and green development, this 
paper comprehensively selects reasonable input-output indicators of green economy, 
and analyzes and evaluates the efficiency of green economy by SPSS correlation analysis 
and DEA model based on the data of 108 prefecture-level cities and above in the Yangtze 
River Economic Belt from 2018 to 2019. The conclusion shows that the green economic 
efficiency in the Yangtze River Economic Belt is characterized by "high in the middle and 
low at both ends", and the economic development speed and greening degree are 
directly proportional to the green economic efficiency. Finally, some suggestions on 
green development of Yangtze River Economic Belt are put forward. 

Keywords  

DEA model; Yangtze River Economic Belt; Green economic efficiency. 

1. Introduction 

Green economy has developed continuously since it was put forward, and in recent years it has 
risen to the national strategic level of our country, and has become an important part of our 
overall planning. Among them, the State Council explicitly requires that the location advantage 
of the Yangtze River Economic Belt should be brought into full play, and the high-quality 
development of green economy in the upper, middle and lower reaches of the Yangtze River 
should be promoted under the guidance of paying attention to great protection instead of great 
development. At present, with the development pattern of "one axis, two wings, three poles and 
multiple points", the Yangtze River Economic Belt has the advantages of convenient 
transportation, abundant resources, industrial agglomeration and dense cities, etc. Its GDP 
accounts for 46.2% of the whole country, and the economic growth rate of many provinces and 
cities is outstanding. However, with the rapid development of the Yangtze River Economic Belt, 
the ecological environment situation is grim, the industrial development along the Yangtze 
River is inertia, and the pollutant emission base is large, with wastewater, chemical oxygen 
demand and ammonia nitrogen emissions accounting for 43%, 37% and 43% of the whole 
country respectively. Therefore, it is necessary to correctly grasp the relationship between 
ecological environment protection and economic development and explore ways to promote 
ecological priority and green development together. Therefore, this paper introduces the 
evaluation index of green economic efficiency, reveals the characteristics of 11 provinces and 
cities in the Yangtze River Economic Belt, and scientifically evaluates and explores their green 
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economic efficiency, so as to provide reference for improving its green economic efficiency in 
the future. 

2. Literature Review 

Back in 1989, the British economist Davy[1] the term "green economy" put forward by Mary 
Pierce in the Blue Book of green economy has gradually been widely recognized and accepted. 
Especially in the past ten years, scholars at home and abroad have made more and more 
thorough researches on the development efficiency of green economy: 

2.1. The frequency of DEA model is high 

More and more scholars choose DEA, super-efficiency Dea, expected output DEA model, with 
the help of factor analysis, system GMM, principal component analysis and so on. Its research 
scope includes water resources total production factor green economy efficiency, Yangtze River 
Delta Economic Zone Green economy efficiency and so on. In constructing the index system of 
green economy efficiency, these documents are mainly divided into two parts: Input Index and 
output index, and input index is divided into labor, capital and energy, the output index is 
divided into expectation index and non-expectation index, and represents GDP and industrial 
"three wastes" and so on.  

Among them, Wang ran[2] and others used super-efficiency DEA model and GMM method to 
calculate China's regional green economy efficiency, and verified the impact of environmental 
regulation on China's regional ecological efficiency, finally, different countermeasures and 
suggestions are provided for different regions, Zhao Xuejun[3] adopts the three-stage DEA 
method, the output system is constructed by using DMU method, which is used as a non-
expected index to measure the output of green economy efficiency Wang Renwen[4] and others 
regard the discharge of "three wastes" in the pan-triangle area as an undesired output in the 
process of the green development of the region, the cross-efficiency method of DEA is used to 
evaluate and rank the development efficiency of green economy in this area.  

Through the above analysis, the above literature gives the author a lot of inspiration and 
thinking in model adoption and index processing. 

2.2. The models are increasingly diverse and refined 

Some scholars also use other research methods when they study the development of green 
economy efficiency, and extend the original DEA method, and the model adopted is more 
pertinence. The green economy efficiency of 30 provinces, cities and autonomous regions in 
China is calculated by using Super-SBM model, and the difference degree of their 
comprehensive economic zones is analyzed Huang Lei et Al. used the global super-efficient SBM 
model with undesired output and the Tyre index to analyze the spatio-temporal evolution of 
green industrial development efficiency in cities along the Yangtze River economic belt Zhang 
Wei[7] and others analyzed the utilization efficiency of green water resources in the Yangtze 
River economic zone by establishing the EBM evaluation model, and obtained the key to 
improve the water use efficiency of provinces and cities along the Yangtze River; Li Linhan [8] 
and so on, this paper uses Tobit model and Malmquist analysis to evaluate the development 
efficiency of green economy in China. 

Through the above analysis, the above documents give the author some help in the model entry 
point and thinking.  

To sum up, in view of the inspiration and guidance of the former, combined with the theme of 
this paper on the evaluation of the development efficiency of the all-factor green economy in 
the Yangtze River Economic Belt, the DEA-SBM model is constructed to measure and evaluate 
the efficiency, and the model has multiple inputs and multiple outputs; No dimensionless 
treatment is required; Excluding subjective factors and other advantages.  
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3. model building 

3.1. Model Selection 

Systematic Clustering Method 

In order to better grasp the differences and commonness of the green economy development 
levels of 108 cities at prefecture level and above in the Yangtze River Economic Belt, SPSS is 
used to analyze the collected green economy data and obtain the correlation of green economy 
development of 108 provinces and cities.  

DEA model 

In this paper, we first use DEA method to evaluate the efficiency of constructing the input-
output index of green economic development in 108 provinces and cities of the Yangtze River 

economic belt,each DMjU ( j =1,2, n ) has r  input. ),,,( 21 rjjjj xxxX  And s item outputs
T

sjjjj yyyY ),,( 21  , where, mjx  represents the j  input of type of DMjU , and ljy  type j  of

DMjU ,conditions 0mjx , rmylj ,3,2,1,0  , sl ，，，， 321 . The construction model is as 

follows: 
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Among them, the most important value is that if the value is close to 1, the more effective it will 

be. The measurement method of the scale is as follows: If  =1,and s =0, -s =0 the decision unit 

is invalid.Among them, the behavior of the people is insufficient, and the adjustment input will 
change the output. If a DMU is invalid, the input index can be adjusted to achieve DEA efficiency. 

 sXX ii1   sYY i1  If the input level is constant, the output variable can be adjusted,If the 

output level is constant, the input variables can be adjusted. A more in-depth production 
efficiency ranking model for DEA efficient decision-making units is obtained: 
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X ,Y , 


rs , 

rs ,  ,  , among them, the indication of the status of the owner is the weight variable; 

the indication is a variable of uncertainty; The main reason for this is to relax the variables and 

to indicate the input and output. 

rs  

rs  The judgment rules are as follows: if the result is less 

than 1, it means that there is a virtual decision unit whose output is greater than or equal to the 
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output of the decision unit, and this decision unit is invalid for DEA; If the outcome is equal to 
1, and if all are 0, then this decision will be effective.  

3.2. Data Sources and Indicator Construction 

Data sources 

This paper uses the panel data of 108 cities at or above the prefecture level covering 11 
provinces and cities in Shanghai, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hunan, Chongqing, 
Sichuan, Yunnan and Guizhou from 2018 to 2019,Some of the data are derived from China 
Statistical Yearbook, China Urban Statistical Yearbook, China Environmental Yearbook, China 
Environmental Statistical Yearbook, China Energy Statistical Yearbook and China Science and 
Technology Statistical Yearbook, and the rest are indirect data.  

Index Construction 

Based on the available data and indicators, this paper scientifically and reasonably selects 18 
indicators to construct the green economy input-output index system. The economic 
development input index is subdivided into four aspects: labor, capital, energy and science and 
technology, and the green output index is subdivided into expected output and non-expected 
output. 

economic development investment indicators 

Select cities at or above the prefecture level.The number of labor force employees ( 1X ); The 

amount of capital in stock( 2X ) , the amount of capital invested in fixed assets( 3X );the 

amount of capital invested in financial deposits( 4X );Energy consumption( 5X );water 

supply( 6X ), electricity consumption( 7X );The stock of technological capital( 8X ) ;the 

investment of science and technology( 9X ).  

Green economy output indicators 

Select cities at or above the prefecture level.the average GDP per capita( 1Y ), the growth rate of 

GDP( 2Y ), the consumption level of the residents( 3Y ), the industrial added value( 4Y ),Park 

Green area( 5Y ); built-up Area Green Coverage( 6Y ); industrial emissions( 7Y ), industrial 

wastewater emissions( 8Y )and industrial solid waste emissions ( 9Y )The data and description 
of each indicator are shown in Table 1 . 

Table 1: Summary of Input-output Indicators 

Indicator type subdivide variable unit 

Input indicator 

labour 
Employment at the end of 

the year 
ten thousand people 

capital 

capital stock 
One hundred million 

yuan 

fixed-asset investment 
One hundred million 

yuan 

Financial deposits 
One hundred million 

yuan 

energy 

Energy consumption ton 

Power supply Ten thousand kwh 

water supply amount Billion cubic meters 

science and 
technology 

Technological capital stock Ten thousand yuan 

Research and development 
funding 

Ten thousand yuan 
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Output 
indicators 

Expected output 

Per capita GDP 
Yuan Dynasty (1206-

1368) 

GDP growth rate % 

Consumption level of 
residents 

Yuan Dynasty (1206-
1368) 

Industrial added value 
One hundred million 

yuan 

Park green area hektare 

Built-up area green coverage 
rate 

% 

Unexpected output 

Industrial exhaust emissions Billion cubic meters 

Industrial wastewater 
discharge 

Ten thousand tons 

Industrial solid waste 
emissions 

Ten thousand tons 

 

4. Empirical analysis of green economy efficiency 

4.1. Cluster Correlation Analysis Results 

Firstly, the correlation analysis is carried out on the 18 main factors collected, and the degree 
of commonality is calculated by SPSS, which indicates the degree to which the common factors 
can explain each variable,The initial variance of the common factors of each variable is 1,The 
greater the degree of commonality, the greater the degree to which the common factors can 
explain the variable, that is, the greater the dependence of the variable on the common factors. 
Low commonality indicates low importance in the factors. The general criterion is that its value 
is less than 0.4, which is considered to be relatively low,In this case, it is better to remove the 
variable from the analysis. The following table 2 carries out the joint degree analysis on the 
input and output,According to the data, it is found that all of the 18 selected input-output 
indicators are greater than 0.4, thus judging that all the indicators are strongly related to the 
green economy efficiency, and the DEA green economy efficiency can be measured.  

Table 2 :Common Degree Analysis of Input-output Indicators 

Communalities 

Input 
indicator 

originate pick 
Output 

indicators 
originate pick 

Employment 
at the end of 

the year 
one 0.641 Per capita GDP one 0.923 

capital stock one 0.993 
GDP growth 

rate 
one 0.763 

fixed-asset 
investment 

one 0.968 
Consumption 

level of 
residents 

one 0.876 
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Financial 
deposits 

one 0.947 
Industrial 

added value 
one 0.725 

Energy 
consumption 

one 0.795 
Park green 

area 
one 0.768 

Power supply one 0.582 
Built-up area 

green 
coverage rate 

one 0.771 

water supply 
amount 

one 0.474 
Industrial 
exhaust 

emissions 
one 0.753 

Local finance 
expenditure 

on science and 
technology 

one 0.85 
Industrial 

wastewater 
discharge 

one 0.66 

Research and 
development 

funding 
one 0.951 

Industrial 
solid waste 
emissions 

one  

 

4.2. Calculation Results of Green Economic Efficiency in Yangtze River 
Economic Belt 

Using DEAP2.1 software, the above 18 input-output indicators are brought into the model, and 
the calculation results are shown in Table 3 . From the classification of DEA data, we can see 
that the efficiency value ranges from 0 to 0.5 for the low-efficiency areas of green economy; The 
efficiency value range from 0.5 to 0.8 is the efficiency area in the green economy; Efficiency 
value above 0.8 is the high efficiency area of green economy. 

Table 3: Calculation Results of Green Economy Efficiency in Yangtze River Economic Belt 

The upper reaches of the Yangtze River The middle reaches of the Yangtze River The lower reaches of the Yangtze River 

Chongqing 
Municipality 

0.730 Yaan city 0.394 
Nanchang 

city 
0.800 

Xiaogan 
city 

0.733 Shanghai 0.865 Luan city 0.459 

Chengdu 0.887 
Bazhong 

city 
0.699 Jingdezhen 0.662 

Jingzhou 
city 

0.601 
Hangzhou 

city 
0.234 

Ma On Shan 
City 

0.315 

Zigong city 0.697 Ziyang 0.696 
Pingxiang 

city 
0.697 

Huanggang 
city 

0.664 Ningbo 0.323 Wuhu city 0.404 

Panzhihua 
city 

0.698 
Kunming 

city 
0.735 Jiujiang 0.699 

Xianning 
city 

0.718 
Wenzhou 

city 
0.572 

Xuancheng 
city 

0.487 

Luzhou 0.688 
Qujing 

city 
0.676 Xinyu city 0.797 

Suizhou 
city 

0.685 
Jiaxing 

city 
0.255 

Tongling 
city 

0.482 

Deyang city 0.610 Yuxi city 0.408 
Yingtan 

city 
0.596 

Changsha 
city 

0.885 
Huzhou 

city 
0.218 Chizhou city 0.592 

Mianyang 
city 

0.698 
Baoshan 

city 
0.305 

Ganzhou 
city 

0.773 
Zhuzhou 

city 
0.785 

Shaoxing 
city 

0.241 Anqing city 0.379 

Guangyuan 
city 

0.698 
Zhaotong 

city 
0.687 Ji' an city 0.641 

Xiangtan 
city 

0.485 
Jinhua 

city 
0.586 

Huangshan 
city 

0.364 

Suining city 0.691 
Lijiang 

city 
0.647 Yichun city 0.564 

Hengyang 
city 

0.953 
Quzhou 

city 
0.521 Nanjing 0.662 

Neijiang city 0.697 Pu 'er City 0.658 
Fuzhou 

city 
0.575 

Shaoyang 
city 

0.385 
Zhoushan 

city 
0.573 Wuxi city 0.505 

Leshan city 0.698 Lincang 0.693 
Shangrao 

city 
0.338 

Yueyang 
city 

0.637 taizhou 0.331 Xuzhou city 0.594 
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Nanchong 
city 

0.684 
Guiyang 

city 
0.402 

Wuhan 
city 

0.719 
Changde 

city 
0.573 

Lishui 
city 

0.456 
Changzhou 

city 
0.531 

Meishan 
city 

0.693 
liupanshui 

city 
0.683 

Huangshi 
city 

0.608 
Zhangjiajie 

city 
0.732 Hefei city 0.691 Suzhou city 0.691 

Yibin city 0.593 Zunyi city 0.565 Shiyan city 0.839 Yiyang city 0.584 
Huaibei 

city 
0.571 

Nantong 
City 

0.712 

Guang' an 
city 

0.699 
Anshun 

city 
0.442 

Yichang 
city 

0.600 
Chenzhou 

city 
0.484 

Bozhou 
city 

0.608 
Lianyungang 

city 
0.677 

Dazhou city 0.699 Bijie city 0.323 
Xiangyang 

city 
0.603 

Yongzhou 
city 

0.667 
Suzhou 

city 
0.359 Huaian city 0.695 

  
tongren 

city 
0.496 e`zhou city 0.565 

Huaihua 
city 

0.638 
Bengbu 

city 
0.423 

Yancheng 
city 

0.545 

    
Jingmen 

city 
0.683 Loudi City 0.473 

Fuyang 
city 

0.435 
Yangzhou 

city 
0.531 

        
Chuzhou 

city 
0.542 

Zhenjiang 
city 

0.654 

          Taizhou city 0.608 

From a regional perspective, the green economic efficiency in the Yangtze River economic belt 
is characterized by "high in the middle, low at both ends, and even worse in the lower reaches". 
According to the upper, middle and lower reaches of the Yangtze River, the average value of 
green economic efficiency in the upper reaches of the Yangtze River is 0.60336; The average 
economic efficiency in the middle reaches of the Yangtze River is 0.64281; The average 
economic efficiency of the lower reaches of the Yangtze River is 0.49464 . This is closely related 
to China's development pattern of "one axis, two wings, three poles and many points",As a key 
development area in recent years, the central cities have reasonably protected the environment 
in this area while developing rapidly and strictly controlled the discharge of three wastes,The 
upper reaches of the Yangtze River is located in the western part of our country,Its economic 
development is slightly inferior to that of the other two regions, but it has strict control over 
the unexpected output,There are many coastal cities in the lower reaches of the Yangtze River, 
which belongs to the early development area of our country, but their performance in focusing 
on the control of the unexpected output is not good.  

According to the sub-efficiency value, "the speed of economic development is directly 
proportional to the efficiency of green economy, and the degree of greening is directly 
proportional to the efficiency of green economy". The green economy efficiency values of 108 
prefecture-level cities in the Yangtze River Economic Belt are uneven. Such as Chongqing, 
Chengdu, Wuhan, Shanghai and other high-speed economic development cities, the green 
economy efficiency value is more than 0.7, close to the green economy efficiency value; Ma 
'anshan City, Bengbu City, Baoshan City and other cities with low-speed economic development, 
the efficiency value is about 0.4, only reaching the low efficiency of green economy; The average 
efficiency of green economy in Yunnan, where the economic development is not rapid but the 
greening degree is high, reaches 0.60113.  

5. Conclusions and recommendations 

5.1. Strengthen Green Economy Awareness and Advocate Harmonious 
Development 

The distribution characteristics of green economy efficiency on the Yangtze River economic belt 
are related to its geographical location and development degree,Through calculation, we know 
that most cities with superior geographical location and higher development degree have done 
better in green economy efficiency, and the green economy efficiency value generally exceeds 
0.55,At the same time, there are still some prefecture-level cities that do not pay attention to 
green development, which leads to the over-standard of unexpected output and indirectly leads 
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to the low efficiency value. At this time, the local government should advocate more local green 
economic development, and pay attention to economic promotion and green development.  

5.2. Increase the inter-city relevance and take the initiative to jointly develop 

According to the DEA data, the first-tier cities not only have high efficiency in their own green 
economy development, but also have higher efficiency than the surrounding cities. This shows 
the advantages of joint development,At this time, the local government can strengthen the 
relationship between first-tier cities, between first-tier cities and peripheral cities in the same 
province, and between first-tier cities and peripheral cities in different provinces,It can learn 
from each other and support each other for a win-win situation,It can not only rapidly improve 
the economy of peripheral prefecture-level cities, but also jointly integrate excellent policies 
and effectively increase green development.  

5.3. Improving the liquidity of key elements to accurately hit the pain points 

Many of the investment indicators involve investment in infrastructure and education,Factors 
that can effectively improve the efficiency value of green economy cannot well realize its 
economic value in underdeveloped prefecture-level cities,At this time, the government should 
increase the circulation of factors or go out to learn from others, reflect on whether the factors 
in the province have been reasonably allocated, and combine the pain points to accurately 
improve the efficiency of green economy development,While solving the pain points, the 
government should effectively improve the development of green economy. 
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