
Pol. J. Environ. Stud. Vol. 32, No. 4 (2023), 3545-3564

	  		   			    		   		  Original Research              

Empirical Study of Industrial Green Development 
Level of Oil and Gas Resource-Based 

Prefecture-Level Cities in China Based 
on Entropy Weight-TOPSIS Model

         

Sun Fei1, Sun Chongliang2*, Li Youjun3   
  

1School of Economics and Management, Northeast Petroleum University, Daqing, Heilongjiang 163318, China
2Daqing Oilfield Design Institute Ltd., Daqing, Heilongjiang 163712, China 

3Institute of Petroleum Economics and Management, Northeast Petroleum University, Daqing, 
Heilongjiang 163318, China

     

Received: 2 February 2023
Accepted: 29 April 2023

Abstract

The industrial green development of oil and gas resource-based cities is a way towards “green 
industry” and an essential process in industrial development. Based on the actual situations of oil and 
gas resource-based cities, the entropy weight-TOPSIS model is used to measure the industrial green 
development levels of oil and gas resource-based cities in China during 2004-2018, and the evolution 
trend and characteristics of the industrial green development of the oil and gas resource-based cities 
were evaluated from two perspectives of overall system and sub-system. The results demonstrate that 
the industrial green development levels of the oil and gas resource-based cities are generally low and 
vary significantly among cities; According to the variation of the industrial green development levels 
of the oil and gas resource-based cities, some cities show a similar variation trend over the 15 years, 
while some cities show great differences in the industrial green development level over the 15 years; 
The ranking of the sub-system nearness degrees of the industrial green development levels of different 
oil and gas resource-based cities in China varies greatly over the 15 years. In view of the findings, 
we recommend that cities increase investments in environmental protection projects, introduce clean 
production, and establish foundations of industrial green development.
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Introduction

According to Plan for Industrial Green Development 
(2016-2020) (Ministry of Industry and Information 
Technology of the People’s Republic of China, 
2016), promoting green growth and implementing 
new green policies are common choices of major 
global economies, and promoting green development 
is an inevitable way to enhance international 
competitiveness. Nevertheless, China’s industry has 
not yet escaped from the development mode of “high 
input, high consumption, and high emission”, with 
low resource and energy utilization efficiency and 
prominent ecological and environmental issues [1]. 
Oil and gas resource-based cities are resource-based 
cities with oil and gas extraction and processing as 
their mainstay industries, and resource extraction and 
related industries take a great part in their industrial 
structure. Therefore, the development of these cities is 
limited by serious ecological environmental issues. For 
instance, oil field development can cause air pollution 
in oil and gas resource-based cities, and the pollutants 
mainly include SO2 and dust, which can also pollute 
soil, and the pollutants contain large amounts of NaCl, 
NaOH, and Na2CO3, which can deteriorate the physical 
properties of soil and even make soil unable to grow 
plants. Therefore, with the worsening of the resource 
environment in China and under the constraints 
of resource-environmental carrying capacity, it is 
inevitable for the oil and gas resource-based cities to 
walk toward industrial green development. 

Industrial green development is the crucial way 
to promote the high-quality development of China's 
economy. It can change the mode of industrial economic 
growth and make it change to the direction of "two low 
and one high", namely "low emission, low input, high 
output" [2]. The green development of industry should 
aim at eradicating poverty, improving employment, and 
achieving sustainable development of industry. In the 
process of industrial production, it also should improve 
industrial energy efficiency, reduce pollution, and 
reduce carbon emissions. Therefore, the measurement of 
industrial green development level should be considered 
from the aspects of economy, environment, society, 
science and technology, etc. [3-4]. 

With regard to the construction of the evaluation 
index system of industrial green development level, 
many scholars selected various relevant indicators 
from five aspects of green production, green emissions, 
green protection, green innovation, and green quality 
and efficiency in combination with the requirements 
of modern industrial green development, and finally 
built the evaluation index system of industrial green 
development level after repeated screening [5]. On the 
basis of previous studies, some scholars have drawn 
on some of the indicators in the Green Development 
Indicator System (2016) formulated by the National 
Development and Reform Commission. And after 
selection, they have built an evaluation indicator system 

for the level of industrial green development, which 
mainly covers the indicators of industrial growth 
level, industrial research and development intensity, 
government support, industrial energy consumption 
level, pollution control efficiency and other aspects [6-
7]. At present, level evaluating of the industrial green 
development are still focused on quantitative analysis 
methods, such as entropy method, TOPISI method [8], 
dynamic panel system GMM estimation method [9], 
factor analysis model synthesis, k-means clustering 
analysis method, etc. and the green development 
level and supply-side power structure of industry 
are evaluated in Hebei Province, the Yangtze River 
Economic Belt of our country.

To sum up, the research on the evaluation index 
system of industrial green development level mainly 
focuses on the evaluation from the perspective of 
economic development, ecological environment, 
resource consumption, social life, etc. with the 
constructed index system generally including 
resources and environment, social progress, ecological 
civilization, scientific and technological innovation and 
other indicators, which are combined with economic 
development indicators to jointly measure the level of 
industrial green development level. While the research 
on evaluation methods of industrial green development 
level focuses on TOPISIS method, entropy method, 
dynamic panel system GMM estimation method, factor 
analysis method, k-means clustering analysis and other 
methods. From the perspective of research objects, most 
of the research is carried out in regions or individual 
provinces, with less research on resource-based cities, 
and less research on oil and gas cities. Therefore, it 
has certain practical significance for this paper to take 
oil and gas cities as the research object, uses entropy 
weight-TOPSIS model to measure the level of industrial 
green development of oil and gas cities, and evaluates 
the evolution trend and characteristics of industrial 
green development of oil and gas cities from the two 
aspects of total system and subsystem.

Materials and Method 

Data Source

Considering the availability and comparability of 
data from various cities, this paper selects 2004-2018 as 
the research period, and selects China’s prefecture-level 
oil and gas cities as the empirical evaluation object. 
There are 18 prefecture-level oil and gas cities in China, 
of which Hami, Qingyang, Zhaotong and Fushun have 
serious lack of research index data. Therefore, this 
paper collected the index data of 14 prefecture-level 
oil and gas cities in the eastern, central and western 
regions (Table 1) for research. The data comes from the 
EPS database, China Urban Statistical Yearbook and 
the official website, and the OLS trend analysis method 
is used to fill in the missing data.
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Entropy Weight-TOPSIS Model

The level evaluation of industrial green development 
needs to follow the idea of system analysis [10]. And 
this article intends to adopt the entropy weight TOPSIS 
model. TOPSIS model is a distance comprehensive 
evaluation method, which defines a measure in the target 
space and calculates the weighted distance between a 
certain evaluation object and a positive ideal solution 
and a negative ideal solution to measure the degree to 
which the target is close to the positive ideal solution 
and away from the negative ideal solution, thereby 
evaluating the level of industrial green development. 
The combination of TOPSIS model and entropy method 
is called entropy weight TOPSIS model. The entropy 
method is used to determine the weight, relying on 
the objective value of indicators, avoiding subjective 
judgment, and the results are objective, which can 
objectively and comprehensively reflect the dynamic 
changes in the green development level of oil and gas 
city industry. The basic steps of entropy weight TOPSIS 
model are as follows [11].

If the sample size of the study is m and the relevant 
evaluation index is n, the original evaluation matrix of 
the sample is:

          (1) 

(1) Data standardization
Each indicator represents different evaluation types 

and has different dimensions. In order to perform 
unified operation on all indicators, the extreme value 
method is selected to process the relevant data. The 
formula is as follows:

Positive indicator (the larger the better type): 

 (i = 1, 2, ..., m; j = 1,2, ..., n)                
(2) 

Negative indicator (the smaller the better type): 

 (i = 1, 2, ..., m; j = 1, 2, ..., n)
(3) 

                                                                   
(2) Calculating entropy weight

 
(j is the number of indicators, j = 1, 2, ..., n; i is the 
number of samples, i = 1, 2, …, m)          

(4) 

(3) Build weighted decision matrix
The index weight vector wj determined by entropy 

weight method is considered in the decision matrix, and 
the weighted normalized decision matrix R = (Rij) m×n 

Table 1. Distribution areas and types of oil and gas cities in China.

Region Province Oil and gas city City level

Eastern

Heilongjiang Daqing City at prefecture level

Hebei Tangshan City at prefecture level

Liaoning Panjin City at prefecture level

Shandong Dongying City at prefecture level

Jilin Songyuan City at prefecture level

Central

Inner Mongolia Ordos City at prefecture level

Henan
Nanyang City at prefecture level

Puyang City at prefecture level

Western

Sichuan

Nanchong City at prefecture level

Luzhou City at prefecture level

Dazhou City at prefecture level

Shaanxi
Yan’an City at prefecture level

Yulin City at prefecture level

Xinjiang Karamay City at prefecture level
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is calculated. The weighted decision matrix R = (Rij)m×n  
is obtained by multiplying each row of matrix V by its 
corresponding weight wj, that is R = (Rij)m×n = wj*Vij.

 (5) 

(4) Determine positive and negative ideal solutions
The positive ideal solution is the optimal index 

value of each index, that is, the most preferred scheme. 
While the negative ideal solution is the worst index 
value of each index, that is, the least preferred scheme. 
Let R+ represent positive ideal solution and R - represent 
negative ideal solution, then there is:

 
(6) 

Rij is the weighted normalized value of index j of 
the ith sample; Rj+and Rj - are the most preferred and 
least preferred values of the jth index in the evaluation.

(5) Calculate relative closeness ηi

 
(i = 1, 2, …, m)                     (7)  

Where, ηi represents the closeness of the index to the 
optimal solution, 0≤ηi≤1. The larger the value of ηi, the 
closer to the optimal solution, indicating the higher the 
level of industrial green development in the region; On 
the contrary, the closer to the worst solution, the lower 
the level of industrial green development in the region. 
When ηi = 1, the level of industrial green development 
is the highest, reaching the optimal state of industrial 
green development; When ηi = 0, the green development 
of industry is in a highly disordered state [4].

Establishment of Index System

In this study, an evaluation index system of industrial 
green development level of oil and gas resource-based 
cities is developed on the basis of previous reported 
industrial green development evaluation index system 
[12-15], Green Development Index System (2016) issued 
by National Development and Reform Commission, 
the current policy orientation, the representativeness 
of the selected indicators, and the availability of each 
indicator. Specifically, the developed system consists of 
one objective layer (overall system), four criterion layers 

(sub-systems), and 19 evaluation indexes, wherein the 
influence directions of the three layers of indicators are 
labeled, as shown in Table 2.

Study Area

Based on the National Plan for Sustainable 
Development of Resource-based Cities (2013-2020) 
and the List of 262 Resource-based Cities in China, 
referring to the oil and gas cities defined in the existing 
literature, this paper defines a total of 29 oil and gas 
cities in China (see Table 3), including 8 in the east,  
5 in the center, and 16 in the west. Among them, 18 
cities are prefecture-level cities. And Xinjiang has the 
largest distribution of oil and gas cities, with 7 oil and 
gas cities, accounting for about 1/4 of the country. 

In order to measure the efficiency of industrial 
green development in oil and gas cities better, the 
time selected for this study are 15 years from 2004 to 
2018. Considering the comparability of data of each 
city, this paper takes prefecture-level oil and gas cities 
as the object of empirical evaluation, and there are 18 
prefecture-level cities among 29 oil and gas cities, as 
shown in Table 3 and Fig. 1. Due to the serious lack 
of data on research indicators in Hami, Qingyang, 
Zhaotong and Fushun, considering the availability 
of data, this paper collects the indicator data of 14 
representative oil and gas cities in the eastern, central 
and western regions for the study. The data are obtained 
from EPS database, China City Statistical Yearbook, 
provincial and municipal statistical yearbooks and 
official websites, and this paper uses OLS trend analysis 
to fill in the missing data.

Results and Discussion

Evolution Trend and Characteristics of Overall 
System of Industrial Green Development Level

The weight of each evaluation index was calculated, 
and the entropy weight-TOPSIS model was used to 
calculate the nearness degrees of industrial green 
development levels of different oil and gas resource-
based cities in China, and the variation trend of the 
nearness degrees was plotted (Fig. 2, Table 4) to analyze 
its evolution trend and characteristics.

As shown in Fig. 1, the nearness degrees of 
industrial green development levels of oil and gas 
resource-based cities in China fall in the range of  
0.1-0.8, particularly in the range of 0.2-0.5. Among the 
oil and gas resource-based cities in China, Karamay, 
Dongying, Daqing, and Ordos have a relatively high 
industrial green development level; Dazhou, Luzhou, 
Nanchong, and Tangshan have a relatively low industrial 
green development level. According to the variation 
trend of the industrial green development levels of the 
oil and gas resource-based cities, Karamay, Puyang, 
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measures to improve the innovation mechanism of 
enterprises in recent years and achieved significant 
success, and the proportion of scientific research and 
technical service personnel has increased significantly 
since 2013. Meanwhile, influenced by the reduced crude 
oil production, the crude oil production in Daqing has 
been decreasing from 2004 to 2018. Also, the crude oil 
production in Dongying has been decreasing slightly 
since 2012, as a result of which the industrial green 
development levels of Daqing and Dongying are high 
but show a fluctuating downward trend in general. 
The industrial green development levels of Dazhou, 
Luzhou, and Nanchong are low, which may be because 
no effective measures have been taken in environmental 
management in Dazhou and Luzhou; in recent years, 
both cities have realized the problem and started to 
take relevant measures to manage the environmental 
problem, which have achieved some results. Meanwhile, 
the unit industrial added values of Luzhou and 
Nanchong are lower than other cities and show a 
slightly fluctuating trend, indicating a low degree of 

Tangshan, and Dazhou show a similar variation trend 
over the 15 years, which is stable in general except 
for a peak in 2016; Daqing and Dongying show a 
fluctuating downward trend. The remaining cities show 
a fluctuating upward trend, among which Ordos, Yulin, 
Yan’an, Luzhou, Tangshan, and Nanyang show a rapid 
increase.

The reason why Karamay, Dongying, Daqing, and 
Ordos have high industrial green development levels is 
that the municipal governments paid great attention to 
technological innovation over the 15 years. Compared 
with other cities, Karamay and Dongying invested more 
in technological innovation over the 15 years; Although 
the investment in technological innovation in Daqing is 
not as high as that in Karamay and Dongying, Daqing 
has the highest proportion of scientific research and 
technical service personnel among all cities, and the 
number of patent applications shows a significantly 
increasing trend, indicating that Daqing has attached 
great importance to the construction of its scientific 
and technological innovation system; Ordos has taken 

Table 2. Evaluation index system of industrial green development level of oil and gas resource-based cities.

Objective 
layer Criterion layer Index layer (unit) Influence 

direction

Industrial 
green 

development 
level of oil and 
gas resource-
based cities

 (A)

Resource 
consumption 
intensity (B1)

Energy consumption per unit industrial added value (tons of standard coal/10,000 
yuan) (C1) Negative

Electricity consumption per unit industrial added value (kWh/10,000 yuan) (C2) Negative

Water consumption per unit industrial added value (m3/10,000 yuan) (C3) Negative

Fixed asset investment consumption per unit industrial added value (no unit) (C4) Negative

Land area per unit industrial added value (km2/100 million yuan) (C5) Negative

Environmental 
impact and 

treatment (B2)

Wastewater discharge intensity per unit industrial added value (tons/10,000 yuan) 
(C6) Negative

SiO2 and gas and dust emissions intensity per unit industrial added value (tons/yuan) 
(C7) Negative

Comprehensive utilization rate of general industrial solid waste (%) (C8) Positive

Harmless treatment rate of domestic waste (%) (C9) Positive

Centralized treatment rate of sewage treatment plants (%) (C10) Positive

Economic 
benefits and 

structure (B3)

Industrial added value per capita (10,000 yuan/person) (C11) Positive

Growth rate of industrial added value above designated size (%) (C12) Positive

Average profit of industrial enterprises above designated size (10,000 yuan/
enterprise) (C13) Positive

Liabilities to assets ratio of industrial enterprises above designated size (%) (C14) Negative

Income profit margin of industrial enterprises above designated size (%) (C15) Positive

Share of the secondary industry in GDP (%) (C16) Negative

Technological 
innovation and 

investment 
(B4)

Share of R&D expenditure in the main business income of industrial enterprises 
above designated size (%) (C17) Positive

Average number of valid invention patents of industrial enterprises above designated 
size (patents/enterprise) (C18) Positive

Number of valid invention patents of industrial enterprises above designated size 
per capita (patents/10,000 persons)  (C19) Positive
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intensive land use among the oil and gas resource-based 
cities. This has a great impact on the industrial green 
development levels of the two cities, and compared 
with other oil and gas resource-based cities, the two 
cities still need further improvement in the scale of the 
industrial economy.

Evolution Characteristics of Sub-systems 
of Industrial Green Development Levels

The weights of different evaluation indicators 
were calculated, and the entropy weight-TOPSIS 
model was used to calculate the nearness degrees of 

resource consumption intensity, environmental impact 
and treatment, economic benefits and structure, and 
technological innovation and investment of different oil 
and gas resource-based cities in China (see Figs 3-6, 
Tables 5-12).

In the ranking of nearness degrees of resource 
consumption intensity, the first places in 2004-2018 
are Dazhou (2004), Yan’an (2005-2006, 2008-2009, 
2015, 2018), Daqing (2007), Yulin (2010-2014), Ordos 
(2016) and Karamay (2017), indicating that the resource 
consumption intensity of the cities is close to the optimal 
value. The last place is Nanchong (2004-2008, 2012), 
Tangshan (2009-2011), Panjin (2013-2016), Yulin (2014), 

Table 3. Distribution areas and types of oil and gas cities in China.

Region Province Oil and gas city City level

Eastern

Heilongjiang Daqing City at prefecture level

Hebei
Renqiu County-level city

Tangshan City at prefecture level

Liaoning
Panjin City at prefecture level

Fushun City at prefecture level

Shandong Dongying City at prefecture level

Jilin Songyuan City at prefecture level

Hainan Dongfang County-level city

Central

Inner Mongolia
Ordos City at prefecture level

Xilinhot County-level city

Henan
Nanyang City at prefecture level

Puyang City at prefecture level

Hubei Qianjiang County-level city

Western

Sichuan

Nanchong City at prefecture level

Luzhou City at prefecture level

Dazhou City at prefecture level

Shaanxi
Yan’an City at prefecture level

Yulin City at prefecture level

Gansu 
Qingyang City at prefecture level

Yumen County-level city

Ningxia Lingwu County-level city

Yunnan Zhaotong City at prefecture level

Xinjiang

Hami City at prefecture level

Shanshan County

Fukang County-level city

Bayingolin Autonomous prefecture

Korla County-level city

Karamay City at prefecture level

Baicheng County
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and Nanchong (2018), indicating that the resource 
consumption intensity of the cities is large. The smallest 
extreme difference is 0.3769 (2009), and the largest is 
0.5118 (2017). Also, the difference is basically stable 
between 2004 and 2016, but the difference increases 
significantly in 2017 and decreases slightly in 2018. 
Overall, different oil and gas resource-based cities in 
China show an insignificant difference in the resource 
consumption intensity before 2016, and after 2017, the 
difference between cities gradually increases.

In the ranking of nearness degrees of environmental 
impact and treatment, the first places in 2004-2018 
are Karamay (2004, 2017), Yan’an (2005), Dongying 

(2006-2007), Panjin (2008-2010), Daqing (2011-2015), 
Songyuan (2015), and Dazhou (2018), indicating that 
these cities have a smaller environmental impact and 
achieve better treatment results than other cities; The 
last places are Dazhou (2004, 2010-2012), Luzhou 
(2005-5009, 2018), Tangshan (2013-2014), Yulin (2015, 
2017), and Panjin (2016), indicating that these cities 
have a greater environmental impact and achieve fewer 
treatment results than other cities. The smallest extreme 
difference is 0.3918 (2018), and the largest is 0.7830 
(2010). The results demonstrate that the difference 
between the environmental impact and treatment sub-
system of different oil and gas resource-based cities 

Fig. 1. Spatial Distribution Map of Oil and Gas Cities in China.

Fig. 2. Trend of nearness degrees of industrial green development levels of different oil and gas resource-based cities in China during 
2004-2018.
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in China is increasing first and then decreasing (see  
Fig. 4). Hence, the oil and gas resource-based cities 
have made practical efforts in environmental treatment 
in recent years and taken relevant measures to reduce 
the differences between cities.

In the ranking of nearness degrees of economic 
benefits and structure, the first places in 2004-2018 
are Karamay (2004-2008, 2010-2011, 2014, 2017-2018), 
and Ordos (2009, 2012-2013, 2015-2016), indicating 
that these oil and gas resource-based cities have better 
economic development than other cities over the 15 
years; The last places are Yulin (2004-2006), Puyang 

(2007-2011), Nanyang (2012), Nanchong (2013, 2018), 
Panjin (2014, 2016), Yan’an (2015), and Songyuan 
(2017), indicating that the economic development of 
these oil and gas resource-based cities is poorer than 
other cities and needs improvement in these years. 
The smallest extreme difference is 0.3643 (2017), and 
the largest is 0.6557 (2005), and the difference shows  
a decreasing and then increasing trend (see Fig. 5,  
Table 9, Table 10), suggesting that the gap between the 
oil and gas resource-based cities in China in terms of 
economic development is gradually widening. Hence, 
the economic development of some oil and gas resource-

Fig. 3. Ranking of nearness degrees of resource consumption intensity of oil and gas resource-based cities in China during 2004-2018.

Fig. 4. Ranking of nearness degree of environmental impact and treatment of oil and gas resource-based cities in China during 2004-
2018.
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based cities is good, while the economic development 
of some other cities is not optimistic, which will also 
directly affect the industrial green development levels 
of these cities.

In the ranking of nearness degrees of technological 
innovation and investment, the first places in  
2004-2018 are Dongying (2004-2009, 2016), Karamay 
(2010-2015, 2017), and Nanyang (2018), and the last 
places are Nanyang (2004) and Songyuan (2005-2018). 
The smallest extreme difference is 0.4807 (2006), and 
the largest is 0.9230 (2004), and the difference first 
decreases, then gradually increases, and then decreases 
(see Fig. 6 Table 11, Table 12). The results demonstrate 
that different oil and gas resource-based cities in China 
differ greatly in terms of technological innovation and 

investment, but the difference is decreasing. Hence, 
promoting technological innovation and investment has 
become a common way for oil and gas resource-based 
cities to seek industrial green development, and all cities 
are taking active measures to increase technological 
innovation investment and enhance technological 
innovation capability.

According to Fig. 2-5 (from Table 4 to  
Table 12), the ranking of the sub-system nearness 
degrees of industrial green development levels of 
different oil and gas resource-based cities in China 
varies significantly from year to year, and differences 
exist for the four indicators, and the differences vary, 
which is due to the uneven economic development, 
social progress, and natural environment of different 

Fig. 5. Ranking of nearness degree of economic benefits and structure of oil and gas resource-based cities in China during 2004-2018.

Fig. 6. Ranking of nearness degree of technological innovation and investment of oil and gas resource-based cities in China during 2004-
2018.
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oil and gas resource-based cities in China. In terms of 
the resource consumption intensity, different oil and gas 
resource-based cities in China show an insignificant 
difference before 2016 and the difference gradually 
increases after 2017; in terms of environmental impact 
and treatment, the sub-system difference first increases 
and then decreases; in terms of economic development, 
the difference between different oil and gas resource-
based cities in China is increasing; in terms of 
technological innovation and investment, although 
the difference between the cities is significant, the 
difference is decreasing. The difference between the oil 
and gas resource-based cities in China in environmental 
impact and treatment and technological innovation 
and investment is gradually decreasing, which verifies 
the overall increasing trend of the industrial green 
development levels of the oil and gas resource-based 
cities; the sub-system difference between the cities 
in resource consumption intensity and economic 
development is increasing, indicating that the resource 
consumption of some oil and gas resource-based cities 
still needs to be improved to enhance the overall 
economic strength of the cities. Since oil and gas 
resource-based cities are located throughout the eastern, 
central, and western regions of China, the advantages 
and disadvantages of each region are different in the 
context of prominent regional differences in China.

Conclusions 

The development of oil and gas resource-based 
cities is constrained by their economic structures 
and other factors, and most of the cities are in an 
extensive economic development mode, in which mode 
low energy consumption and pollution are achieved 
through industrial green development. In this study, 
the entropy weight-TOPSIS model was used to measure 
the industrial green development levels of 14 oil and 
gas resource-based cities from 2004 to 2018, and the 
overall system and sub-system nearness degrees of the 
industrial green development levels of the oil and gas 
resource-based cities and their rankings were analyzed. 
The following conclusions are drawn:

1. The industrial green development levels of the oil 
and gas resource-based cities are generally low, and the 
difference between the cities is significant. The nearness 
degrees of the industrial green development levels of 
the oil and gas resource-based cities in China range 
from 0.2 to 0.5, which is obviously low. Specifically, 
the industrial green development levels of Karamay, 
Dongying, Daqing, and Ordos are relatively high, while 
the industrial green development levels of Dazhou, 
Luzhou, Nanchong, and Tangshan are relatively low.

2. According to the variation trend of the industrial 
green development levels of the oil and gas resource-
based cities, some cities show a similar variation trend 
over the 15 years while some cities fluctuate greatly  
in terms of the industrial green development level.  

For instance, Yulin, Yan’an, Ordos, and Nanyang show 
a rapid increase, while Dongying, Daqing, Nanchong, 
and Songyuan show a rapid decrease.

3. The four sub-systems of industrial green 
development level vary among different oil and 
gas resource-based cities in China. Specifically, 
the differences between different cities in resource 
consumption intensity and economic benefits and 
structure have been increasing in recent years, while the 
differences between different cities in environmental 
impact and treatment and technological innovation and 
investment have been decreasing in recent years.
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