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Based on the panel data of Jinzhou, Panjin, Songyuan, Daqing, Yangzhou, Dongying and
other 20 oil and gas resource-based cities from 2010 to 2018, combined with DEA-SBM
model and Malmquist-Luenberger index, using DEA-SOLVERPro 5.0 and MaxDEA
software. This paper evaluates the green growth efficiency of oil and gas resource-
based cities from static and dynamic perspectives.The results show that the average
static efficiency of green growth of themain oil and gas resource-based cities in China does
not reach 1, there is efficiency loss, and it does not reach Pareto optimum.The static
efficiency of green growth of the eastern oil and gas resource-based cities is higher than
that of other regions, which is in line with the law of the Environmental Kuznets Curve. The
environment has been improved. More than half of the oil and gas resource-based cities
have a dynamic efficiency value of green growth greater than 1, and the development trend
of green growth is better.
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INTRODUCTION

Since the founding of the People’s Republic of China in 1949, a number of oil and gas resource-based
cities have been established relying on oil and gas resources, which has provided tremendous
dynamic support for the economic development of the Republic. These oil and gas resource-based
cities are inevitably trapped in development dilemma because of the imbalance of industrial structure
and the reduction of resources, so it is very important to explore a new economic growth model for
oil and gas resource-based cities. Therefore, economic green growth is an inevitable choice for oil and
gas resource-based cities in the new era. What is the efficiency of green economic growth in oil and
gas resource-based cities? Which indicators can be used to evaluate the green growth efficiency of oil
and gas resource-based cities? Starting from these two problems, combing the literature on the
efficiency evaluation of green growth at home and abroad, this paper constructs the evaluation index
system of green growth of oil and gas resource-based cities, based on the panel data of 20 oil and gas
resource-based cities such as Jinzhou, Panjin, Songyuan, Daqing, Yangzhou and Dongying from
2010 to 2018, using MaxDEA software. Based on DEA-SBM model and Malmquist-Luenberger
index, this paper evaluates the green growth efficiency of oil and gas resource-based cities from static
and dynamic perspectives.

Edited by:
Jinze Xu,

University of Calgary, Canada

Reviewed by:
Liangbin Dou,

Xi’an Shiyou University, China
Ting Sun,

China University of Petroleum, China
Cong Lu,

Southwest Petroleum University,
China

Xiong Qingshan,
Yangtze University, China

*Correspondence:
Pengtai Li

dqlipengtai@163.com

Specialty section:
This article was submitted to

Economic Geology,
a section of the journal

Frontiers in Earth Science

Received: 02 April 2022
Accepted: 05 May 2022

Published: 07 September 2022

Citation:
Shi H, Li P, Wei J and Shi S (2022)

Green Growth Efficiency Evaluation of
Major Domestic Oil-Gas Resource-

Based Cities——Based on Panel Data
of SBM Model and Malmquist-

Luenberger Index.
Front. Earth Sci. 10:911646.

doi: 10.3389/feart.2022.911646

Frontiers in Earth Science | www.frontiersin.org September 2022 | Volume 10 | Article 9116461

ORIGINAL RESEARCH
published: 07 September 2022
doi: 10.3389/feart.2022.911646

http://crossmark.crossref.org/dialog/?doi=10.3389/feart.2022.911646&domain=pdf&date_stamp=2022-09-07
https://www.frontiersin.org/articles/10.3389/feart.2022.911646/full
https://www.frontiersin.org/articles/10.3389/feart.2022.911646/full
https://www.frontiersin.org/articles/10.3389/feart.2022.911646/full
https://www.frontiersin.org/articles/10.3389/feart.2022.911646/full
https://www.frontiersin.org/articles/10.3389/feart.2022.911646/full
https://www.frontiersin.org/articles/10.3389/feart.2022.911646/full
http://creativecommons.org/licenses/by/4.0/
mailto:dqlipengtai@163.com
https://doi.org/10.3389/feart.2022.911646
https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2022.911646


At present, there are relatively few literatures on the green
growth efficiency of oil and gas resource-based cities in
academia, and most of them study the green growth
efficiency of a specific region or province. In 1991, Hall
constructed a green growth evaluation index system with
two dimensions of green status and green policy, and used it
to evaluate the environmental quality status of the
United States (Hall and Kerr, 1991), which opened the
prelude of quantitative analysis of regional green growth
efficiency evaluation in academia. Beginning in 2010,
China’s Green Development Index, co-authored by Beijing
Normal University, Southwest University of Finance and
Economics and the National Bureau of Statistics, is the first
edition of China’s Green Development Index framework,
which provides more than 60 indicators for the three
dimensions of economic growth greening, resource
and environment carrying potential and government policy
support. It can be used to calculate the annual green index of
provinces and municipalities in China.In 2013, Qian
Zhengming and other scholars used the input-output theory
to calculate the green growth efficiency of each province in
China. The selected input indicators are labor, capital and
energy, the expected output is GDP, and the unexpected
output is the emission of three wastes. They divided China
into three regions: the eastern region, the central region and the
western region, and compared the green growth efficiency of
the three regions (Qian and Liu, 2013). In 2014, Vlontzos et al.
Based on the data from 2001 to 2008, used the non-radial
DEA method to evaluate the energy and environmental
efficiency of EU member States, and compared the impact
of environmental protection on environmental efficiency
(Vlontzos et al., 2014). In 2015, Wu Chunyou’s team at
Dalian University of Technology measured the green growth
efficiency of G20 countries (Wang and Wu, 2015). In 2017,
Moutinho et al. Evaluated the eco-efficiency of 26 countries by
using DEA model based on output-oriented variable scale
and immutable scale model (Xu et al., 2018). In 2016, Guo
Lingling and others constructed China’s green growth
evaluation index system, which selected 19 indicators in five
aspects of nature, resources, economy, policy and quality of
life (Guo et al., 2016). In 2017, Wen Chaoxiang and other
scholars based on the 1999-2012 provincial panel data, with the
help of SBMmodel, evaluated the green development efficiency
of each province in China, and found that the
green development efficiency of each province in China is
uneven, the gap is obvious, and the gap shows an upward
trend over time (Yang and Wen, 2017). Many experts and
scholars have made great contributions to measuring the
green growth efficiency of individual provinces and cities. In
2016, Zhang Huan and others measured the green development
level of cities in Hubei Province (Zhang et al., 2016). In 2017,
Feng Zhijun and others measured the level of green growth in
Guangdong Province (Xu et al., 2019). In 2009, Ouyang Zhiyun

and others measured the green development level of 286 cities
in China (Ouyang et al., 2009). In 2018, Wu Chuanqing
measured the green development efficiency of major cities in
the Yangtze River Economic Belt (Wu and Song, 2018).

Experts and scholars at home and abroad have done a lot of
work on the efficiency evaluation of green growth, and DEA
(Data Envelopment Analysis) is the most commonly used
method to evaluate the efficiency of green growth for
specific objectives, because there are differences in the
research objects and their backgrounds, and there is no
unified evaluation index system at present. The most
accurate and scientific index system should be constructed
according to the attributes of the research object and its
background.In addition, when domestic and foreign
scholars study the efficiency of green growth, they mostly
choose various countries, provinces or an economic belt,
lacking more in-depth subdivision research, such as the
efficiency of green growth of oil and gas resource-based
cities, so this paper aims at oil and gas resource-based
cities, referring to the evaluation methods and indicators
selected by previous scholars. It aims to establish a more
scientific evaluation system to study the green growth
efficiency of oil and gas resource-based cities.

THEORETICAL BASIS

Selection Basis of Evaluation Method
In the long river of exploring the efficiency evaluation of green
growth, scholars have used a variety of efficiency evaluation
methods, of which the most common six methods are: data
envelopment analysis, comprehensive index method, fuzzy
comprehensive evaluation method, TOPSIS analysis, grey
relational analysis and analytic hierarchy process. A
comparison of the six methods is shown in Table 1.

This paper evaluates the green growth efficiency of 20 oil and
gas resource-based cities, and the sample size is relatively large,
which is aimed at the efficiency evaluation of 20 decision-making
units, multi-input and multi-output. Therefore, this paper
chooses DEA to evaluate the green growth efficiency of oil
and gas resource-based cities.

DEA-SBM Model
In 2001, in order to solve the problem of angle assumption,
Tone put forward DEA-SBM model, which is based on Pareto-
Koopmans economic theory, and introduced slack variable
into DEA model, which makes it unnecessary to assume that
input and output change in the same direction and different
outputs change in the same direction when measuring
efficiency. Therefore, DEA-SBM model is a non-radial non-
angle efficiency evaluation model, which can be used to
evaluate the efficiency of decision making units containing
undesirable output. The model is as follows.
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In the formula (1), ρ denotes the target efficiency value of the
decision-making unit, ρ∈[0,1], when ρ = 1, the decision-making
unit is completely effective, as long as ρ≠1, the efficiency loss of
the decision-making unit exists, the closer ρ is to 0, the more the
efficiency loss of the decision making unit exists, and the larger
the improvement space is.ztk represents the weight coefficient, the

number of factor inputs is represented by N, M represents the
number of expected outputs, and I represents the number of non-
expected outputs.sxn is the slack variable of the input factor.sym is
the slack variable of the expected output. spi represents the slack
variable of the undesired output. The xi’kn and yt’kmrespectively
represent two different types of outputs of the k’decision-making
unit at t’. Thebt’ki represents the investment of the decision making
unit k’ at time t’.

Malmquist-Luenberger Index
When evaluating the static efficiency of a specific time node with
undesirable output in a DMU, DEA-SBM model can effectively
measure the utilization degree of input factors in the DMU.
However, when evaluating the vertical change of DMU efficiency,
that is, considering the time factor, we need to use the dynamic
efficiency evaluation method to analyze the trend, causes and
potential of efficiency growth.The Malmquist index proposed by
Swedish economist Sten Malmquist in 1953 is recognized and
used by most scholars. Compared with other dynamic efficiency
analysis methods, the combination of Malmquist index and DEA
model has significant advantages. In the process of dynamic
efficiency evaluation, the traditional Malmquist index also has
some drawbacks, it ignores the undesirable output. So in 1997,
Chungetal and other scholars proposed Malmquist—Luenberger
index (ML) model, which introduced the directional distance

TABLE 1 | Comparison of evaluation and analysis method.

Method Explanation Merit Shortcoming

Data Envelopment
Analysis

Based on the concept of relative efficiency, this
paper evaluates the efficiency of multiple input
and multiple output of multiple decision making
units

It is not necessary to determine the weight
according to the subjective will of the
researchers, follow the original data, and be
objective and accurate. The method is simple
and easy to use

Based on the concept of relative efficiency,
the effectiveness of evaluation is relative

Comprehensive Index
Method

The indexes of each evaluation object are
transformed into the relative evaluation value of
the same quantity, and these values are
synthesized to obtain the comprehensive
evaluation index

The method is simple and easy to understand It is difficult to determine the evaluation
system and the index processing is more
complex

Fuzzy comprehensive
evaluation method

Based on the comprehensive evaluation
method of fuzzy mathematics, the object
limited by multiple factors is solved by
qualitative evaluation to quantitative evaluation

Solving the problem of uncertainty and non-
quantification

The subjectivity of index weight is strong, and
the calculation process is stable and complex

TOPSIS analysis
method

Advantages and disadvantages of the solution
example method, the existing evaluation object
and the best program and the distance
between the worst program relative sort

The requirements for the data of the research
objects are low, and the operation is simple

Cannot resolve duplicate information between
metric

Grey correlation degree
analysis method

Quantitative analysis of the dynamic change of
the system development is proposed to
determine the correlation degree of various
factors, and the close degree of the relationship
is determined by the geometric shape similarity
of the reference data and the comparative data
column

The method is simple and intuitive Cannot resolve duplicate information between
metric

Analytic Hierarchy Proc The multi-objective decision-making problem
as a system, through qualitative analysis of the
multi-objective decomposition, decomposed
into different groups of factors, and through
continuous comparison to determine the
weight, and finally come to the total sort

It needs less quantitative data and more
systematic and comprehensive thinking

There are more subjective elements, more
quantitative and less qualitative, which are
difficult to be convinced. When the number of
indicators is large, it is easy to have the
problem that the weight is difficult to
determine
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function into the Malmquist index to solve the problem of
undesirable output. The directional distance function is as
follows:

Dt
0

	→(xt, yt, bt;g) � sup{β: (yt, b) + βg ∈ pt(xt)} (2)
In the formula (2), g represents a direction vector, gt=(y,-bt), in

the formula, y and b are respectively used to represent the
expected output and the unexpected output, and the minus
sign represents a direction, which means that the directions of
the expected output and the unexpected output are opposite.
βrepresents the state of complete efficiency, that is, there is the
maximum expected output and the minimum unexpected output.

The functional expression of Talmudist-Gutenberg index is as
follows:

MLt+1
t �
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1 + �D

t
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1 + →
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1
2

(3)

There are three cases, namelyML > 1,ML = 1 andML < 1,ML >
1, it shows that the static efficiency of green growth shows an
upward trend. If ML = 1, it shows that the efficiency of green
growth has no obvious trend. If ML < 1, the efficiency of green
growth shows a downward trend. The ML index can be
decomposed into EFFch and TEch, EFFch represents the
technical efficiency change index, TEch represents the technical
progress index, and the judgment criteria of the two values are
consistent with those of the ml index. The decomposition function
is as follows:

MLt+1
t � EFFchpTEch

EFFcht+1t � 1 + �D
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1
2

(4)

SELECTION OF INDICATORS AND DATA
SOURCES

In order to evaluate the green growth efficiency of major oil and
gas resource-based cities in China, 20 oil and gas resource-based
cities in China were selected as the research objects, and the DEA-
SBM model was used to evaluate the static efficiency of green
growth of oil and gas-based cities. Combined with Malmquist-
Luenberger index, this paper evaluates the dynamic efficiency of
green growth of oil and gas resource-based cities.

Selection of Indicator
Drawing on the green growth evaluation indicators of OECD
(OECD, 2011), World Bank (World Bank, 2012), UNEP (UNEP,
2012), Chinese Academy of Sciences (Research Group of

Sustainable Development Strategy of Chinese Academy of
Sciences, 2011) and Beijing Normal University (Beijing
Normal University Scientific Development Concept and
Economic Sustainable Development Research Base and etc,
2012) and other authoritative institutions, this paper collates a
large number of relevant literatures on green growth evaluation
indicators. For example, Qu Ying used pollution emissions,
energy consumption and labor input and other input
indicators to measure the green growth efficiency of pollution-
intensive industries in Liaoning Province (Qu et al., 2017). When
Jiao Linlin and others measure the green growth efficiency of
coastal cities, the input indicators are labor input, total energy
consumption, pollutant emissions and CO2 emissions, and the
output indicators are regional GDP (Xu et al., 2020). Under the
guidance of these institutions’ green growth evaluation index and
these literatures, considering the characteristics of oil and gas
resource-based cities, this paper finally determines GDP, the
number of employees, industrial electricity, industrial
wastewater emissions, industrial sulfur dioxide emissions, total
fixed assets investment and science and technology expenditure
as the evaluation index system of this paper.Labor input, capital
input, energy input and technology input are taken as input
indicators, and the expected output is GDP. Considering the
characteristics of large pollutant emissions in oil and gas
resource-based cities, industrial pollutants are taken as non-
expected output, and the evaluation index system is shown in
Table 2.

Data Sources
Oil and gas resource-based cities are not only an important
energy base in China, but also an important pillar of China’s
urban economy. Considering the distribution of oil and gas
resource-based cities and the availability of data, this paper
selects 20 typical oil and gas resource-based cities as the
research object. They are: Cangzhou, Ordos, Jinzhou, Panjin,
Songyuan, Daqing, Yangzhou, Dongying, Binzhou, Puyang,
Nanyang, Jingzhou, Hengyang, Zhanjiang, Suining, Yan’an,
Yulin, Jiuquan, Qingyang and Karamay.According to the
geographical location and economic development of these
cities, they can be divided into three regions. According to the
experience of predecessors, this paper divides Jinzhou City and
Panjin City of Liaoning Province into the eastern region, Daqing
City of Heilongjiang Province and Songyuan City of Jilin
Province into the central region, the specific division is: The
oil and gas resource-based cities in the eastern region include
Dongying, Yangzhou, Panjin, Cangzhou, Zhanjiang, Jinzhou and
Binzhou, the oil and gas resource-based cities in the central region
include Daqing, Songyuan, Puyang, Nanyang, Jingzhou,
Hengyang and Ordos, and the oil and gas resource-oriented
cities in the western region include Qingyang, Jiuquan, Yan’an,
Yulin, Karamay and Suining.This paper studies the green growth
efficiency of oil and gas resource-based cities based on the data
from 2010 to 2018. The data mainly come from China Urban
Statistical Yearbook, China Environmental Statistical Yearbook,
China Energy Statistical Yearbook and China Science and
Technology Statistics Yearbook.
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EMPIRICAL RESEARCH

In the course of the study, because of the existence of undesirable
environmental pollutants, this paper chooses DEA-SBMmodel to
evaluate the green growth efficiency of oil and gas resource-based
cities, but wants to explore the dynamic changes of green growth
efficiency of oil and gas resource-based CIT ies vertically and
conduct more in-depth research. A combination of the DEA-
SBM model and the Malmquist-Luenberger index is required.

Static Efficiency Evaluation
According to the DEA-SBM model, the static efficiency of green
growth of 20 oil and gas resource-based cities is evaluated by
using DEA-SOLVERPro5.0 software, and the evaluation results
are shown in Table 3.

As shown in Table 3, the average static efficiency of 20 oil and
gas resource-based cities is Yangzhou, Binzhou, Ordos,
Zhanjiang, Dongying, Jingzhou, Daqing, Cangzhou, Yulin,
Hengyang, Jinzhou, Songyuan, Karamay, Suining, Puyang,
Jiuquan, Yan’an, Panjin, Nanyang and Qingyang from large to
small. The average static efficiency of green growth of all oil and
gas resource-based cities does not reach 1,It shows that there are
efficiency losses in the green growth of various oil and gas

resource-based cities in 2010–2018, but the efficiency value of
some cities in some years, such as Zhanjiang in 2010–2013,
Yangzhou, Ordos, Binzhou, Zhanjiang and Dongying in 2018,
has reached 1, indicating that these cities have reached Pareto
optimal state and achieved green economic growth in these years,
But there are also cities like Qingyang with extremely low
efficiency of green economic growth.In order to better
compare the green growth efficiency of oil and gas resource-
based cities in various regions, the static efficiency evaluation
results of green growth of oil and gas resource-based cities in
different regions are sorted out according to the data in Table 3,
as shown in Table 4.

In order to more intuitively reflect the comparison of the static
efficiency of green growth in different regions and their respective
development trends, the static efficiency comparison chart of
green growth in different regions is drawn according to Table 4,
as shown in Figure 1.

Since 2010, under the premise of the steady improvement of
green growth efficiency in China, the static efficiency of green
growth of oil and gas resource-based cities has generally shown a
downward trend, which also shows that the green growth of oil
and gas resource-based cities in China is not ideal. Among all the
oil and gas resource-based cities, Yangzhou’s green growth static

TABLE 2 | Evaluation index system of green growth efficiency of oil and gas resource-based cities.

Indicator Type Index Meaning Index Calculation Unit

Input index Labor input number of people employed person
Capital investment Total investment in fixed assets Ten thousand yuan
Energy input Industrial power consumption 10,000 kWh
Technical input Science and technology expenditure Ten thousand yuan

Output indicators Expected output GDP Ten thousand yuan
Unexpected output Industrial pollutant emission Ton

TABLE 3 | Static efficiency evaluation results of green growth of Oil and gas resource-based cities.

City 2010 2011 2012 2013 2014 2015 2016 2017 2018 Mean
Value

Ranking

Yangzhou 1.0000 1.0000 1.0000 0.6570 1.0000 0.6721 1.0000 0.5755 1.0000 0.8783 1
Binzhou 1.0000 1.0000 1.0000 0.7816 0.6403 1.0000 0.7989 0.6503 1.0000 0.8746 2
Erdos 1.0000 1.0000 1.0000 1.0000 0.9026 1.0000 0.2007 0.3364 1.0000 0.8266 3
Zhanjiang 1.0000 1.0000 1.0000 1.0000 0.9026 1.0000 0.2007 0.3364 1.0000 0.8266 4
Dongying 0.8041 0.7304 0.7240 0.6867 0.6571 0.7699 0.8093 0.5337 1.0000 0.7462 5
Jingzhou 1.0000 1.0000 0.5989 1.0000 0.6768 0.5064 0.7289 0.5067 0.6138 0.7368 6
Daqing 0.5714 0.6038 0.6566 0.5361 0.5985 0.6875 0.8033 0.8612 1.0000 0.7020 7
Cangzhou 0.7549 1.0000 1.0000 0.7161 0.6672 0.7624 0.4600 0.3354 0.4260 0.6802 8
Yulin 0.5794 0.7304 0.6856 0.4530 0.5883 0.7045 0.5727 1.0000 0.6256 0.6599 9
Hengyang 0.8445 0.7455 1.0000 0.6055 0.5340 0.5034 0.5486 0.3740 0.3854 0.6157 10
Jinzhou 0.6254 0.7181 0.6358 0.4797 0.3562 0.5985 0.5717 0.3737 1.0000 0.5954 11
Songyuan 1.0000 1.0000 0.1942 0.7052 0.6486 0.5038 0.4156 0.4025 0.4712 0.5935 12
Karamay 1.0000 1.0000 0.7597 0.6341 0.5569 0.5396 0.3073 0.2520 0.2767 0.5918 13
Suining 1.0000 1.0000 0.4891 0.2788 0.3670 0.3278 0.2270 0.7624 0.2883 0.5267 14
Puyang 1.0000 0.5607 0.6297 0.5287 0.4825 0.5193 0.3328 0.2621 0.3077 0.5137 15
Jiuquan 1.0000 0.6348 1.0000 0.3562 0.3842 0.2592 0.1573 0.1859 0.1777 0.4617 16
Yan’an 1.0000 1.0000 0.7404 0.3218 0.2367 0.2411 0.2554 0.1990 0.1574 0.4613 17
Panjin 0.2546 0.5443 0.4999 0.6127 0.3573 0.4280 0.3603 0.3368 0.5143 0.4342 18
Nanyang 0.5585 0.4327 0.4015 0.3353 0.3433 0.3569 0.2440 0.2572 0.3073 0.3597 19
Qingyang 0.9990 0.9992 0.1237 0.0750 0.0792 0.0533 0.0576 0.0888 0.1561 0.2924 20
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efficiency ranks first, the green growth efficiency value is greater
than 0.5, and the average green growth efficiency is 0.8,783, which
indicates that compared with other oil and gas resource-based
cities, Yangzhou’s economic development model is relatively
healthy and its resource allocation is relatively
reasonable.However, from the perspective of efficiency, green
growth still has efficiency loss. The average static efficiency of
green growth in Jiuquan, Yan’an, Panjin, Nanyang, Qingyang and
other cities is less than 0.5, the economic development model is
extremely unhealthy, the input factors of production have not
been ideal output, there are waste of resources, environmental
pollution and other factors that damage green growth in the
region.From the perspective of spatial dimension, the static
efficiency of green growth of oil and gas resource-based cities
in the eastern region is higher than that of other regions, which is
in line with the law of environmental Kuznets curve. After
economic development to a certain extent, the degree of
environmental pollution has been gradually alleviated, and the
environmental quality has been improved. The static efficiency

value of green growth of oil and gas resource-based cities in
central and western regions is the largest in 2010, and after 2010,
the static efficiency of green growth has a significant downward
trend. The overall water level of the western, central and eastern
regions and oil and gas resource-based cities showed a straight
downward trend, and the green growth efficiency did not reach 1.
It shows that the green growth of all oil and gas resource-based
cities has efficiency loss and does not reach the Pareto optimal
state, which further illustrates that the green growth of 20 oil and
gas resource-based cities in the past nine years is not optimistic,
and there are problems such as slow economic development,
waste of resources, environmental pollution and so on. How to
improve the green growth efficiency of oil and gas resource-based
cities has become a difficult problem that the government of oil
and gas resource-based cities has to face and solve.

Dynamic Efficiency Evaluation
The static evaluation results show that the static efficiency of
green growth of oil and gas resource-based cities is generally low.

TABLE 4 | Static efficiency evaluation results of green growth of oil and gas resource-based cities in different regions.

Particular year Youcheng Average Eastern region Central Region Western region

2010 0.8496 0.7770 0.8534 0.9297
2011 0.8349 0.8561 0.7632 0.8940
2012 0.7069 0.8371 0.6401 0.6330
2013 0.5881 0.7048 0.6729 0.35315
2014 0.5489 0.6544 0.5980 0.3687
2015 0.5716 0.7472 0.5824 0.35425
2016 0.4526 0.6001 0.4677 0.2628
2017 0.4315 0.4488 0.4285 0.4146
2018 0.5854 0.8486 0.5836 0.2803

FIGURE 1 | Comparison of static efficiency of green growth in different regions.
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Combined with DEA-SBM model and Malmquist-Luenberger
index, the dynamic efficiency of green growth of 20 oil and gas
resource-based cities from 2010 to 2018 is evaluated and analyzed
by using MaxDEA software. Because the dynamic efficiency of
green growth is a dynamic evaluation of the efficiency of green
growth, only eight periods can be evaluated in the nine-year
period. The evaluation results are shown in Tables 5, 6.

The evaluation results show that more than half (11) of the oil
and gas resource-based cities have a green dynamic growth rate
ML value greater than 1, including Cangzhou, Daqing, Dongying,
Jinzhou, Jingzhou, Nanyang, Panjin, Puyang, Qingyang,
Yangzhou and Yulin, and their green growth is on the rise.
The green growth momentum of Qingyang, Yulin and
Dongying is remarkable. The ML values of Binzhou, Ordos,

Hengyang, Jiuquan, Karamay, Songyuan, Suining, Yan’an and
Zhanjiang are less than 1, and the green growth is in a downward
trend.In order to better understand the green growth efficiency of
oil and gas resource-based cities, this paper decomposes the total
elements of green growth into green growth technology index
(EC) and green growth technology progress index (TC), as shown
in Table 6.

The evaluation result of green dynamic growth efficiency
reflects the development trend of green growth of oil and gas
resource-based cities. When the dynamic evaluation result ML >
1, the green growth efficiency of oil and gas resource-based cities
shows an upward trend during the evaluation period. If ML < 1, it
indicates that the green growth efficiency of oil and gas resource-
based cities shows a downward trend during the evaluation
period. If ML = 1, It means that the green growth efficiency of
oil and gas resource-based cities has not changed significantly
during the evaluation period.In order to conduct a more in-depth
study on the green growth of oil and gas resource-based cities, the
green total factor growth efficiency can be decomposed into TC
and EC indexes. TC is the index of green technological progress,
which represents how technological progress affects the efficiency
of green growth of oil and gas resource-based cities. EC is a green
technology efficiency index, which represents how the
comprehensive factors such as the proficiency of technology
users and market environment affect the green growth
efficiency of oil and gas resource-based cities when technology
remains stable. In the research literature at home and abroad,
many scholars mentioned that TC and EC change in the same
direction. The static efficiency of green growth indicates the
allocation ability of resources within the region when the
technology is stable, in contrast, the efficiency of green
dynamic growth indicates whether the region has the ability to
improve efficiency when the technology is improved, and it also
becomes the basis of how the static efficiency of green growth
changes. Comparing the static efficiency of green growth and the
value of green total factor productivity, this paper analyzes the
growth state and growth potential of green economy from static

TABLE 5 | Evaluation results of green dynamic growth efficiency.

City 2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017 2017-2018

Binzhou 1.4687 0.9807 0.7688 0.6953 0.8728 0.9823 1.0402 1.1023
Cangzhou 1.1716 0.5129 0.9496 0.8700 1.0411 1.1386 1.1364 1.2787
Daqing 1.3582 0.9500 0.9885 1.1537 0.9860 0.6768 1.1594 0.9730
Dongying 1.1331 0.8991 0.9736 1.0436 1.1270 1.0870 1.2832 1.0371
Erdos 1.0244 1.0312 0.9641 1.0283 0.9616 1.0613 0.7741 1.0692
Hengyang 1.2591 1.0077 0.4734 1.0255 0.9980 1.0759 0.8879 1.0551
Jinzhou 1.0696 0.9595 1.0202 1.0662 1.0934 1.2272 1.0529 1.0187
Jingzhou 1.0528 0.9667 0.9045 0.9568 0.9529 1.0587 0.9992 1.1100
Jiuquan 0.9232 0.8242 0.9984 0.7167 0.4417 1.5907 1.2638 0.8772
Karamay 1.0635 0.5396 0.7886 1.1815 0.7530 1.0931 1.0546 1.1192
Nanyang 1.0726 0.9782 0.9898 0.9677 1.0120 1.4101 1.1125 1.0276
Panjin 1.0630 1.0011 0.9510 1.0180 1.0165 0.9988 1.2815 1.1094
Puyang 1.0779 0.9511 0.9680 1.0527 0.9980 1.0198 1.0499 1.0099
Qingyang 0.6612 1.3452 0.9720 0.9853 1.0772 1.0484 1.3504 1.9957
Songyuan 0.8913 0.9948 0.9734 0.9993 1.0188 1.0813 1.0695 0.9271
Sui ning 0.9941 0.7155 1.0717 0.8026 1.0019 0.9957 1.0012 0.9952
Yan’an 1.0060 0.7981 0.5485 0.8547 0.7146 0.8752 1.1474 1.3485
Yangzhou 1.1235 1.0460 0.8096 1.0863 1.0440 1.0779 1.1500 1.0487

TABLE 6 | Decomposition results of green total factor growth efficiency of Oil and
gas resource-based cities.

City ML Ranking EC Ranking TC Ranking

Binzhou 0.9889 15 0.9426 18 1.0677 3
Cangzhou 1.0123 10 1.0040 11 1.0135 7
Daqing 1.0306 8 1.0000 13 1.0306 6
Dongying 1.0729 3 1.1067 3 1.0093 8
Erdos 0.9893 14 1.0000 13 0.9893 16
Hengyang 0.9728 16 1.0016 12 0.9885 17
Ji zhou 1.0635 5 1.1302 1 0.9755 18
Jingzhou 1.0002 11 1.0125 9 0.9966 12
Jiuquan 0.9545 17 0.9752 16 1.0002 11
Karamay 0.9491 18 0.9556 17 1.0056 10
Nanyang 1.0713 4 1.0449 7 1.0385 4
Panjin 1.0549 6 1.0673 5 0.9898 15
Puyang 1.0159 9 1.0308 8 0.9929 14
Qingyang 1.1794 1 1.0926 4 1.2340 1
Songyuan 0.9945 13 1.0000 13 0.9945 13
Suining 0.9472 19 1.0061 10 0.9454 19
Yan’an 0.9116 20 0.9857 14 0.9448 20
Yangzhou 1.0483 7 1.0507 6 1.0067 9
Yulin 1.1609 2 1.1211 2 1.0861 2
Zhanjiang 0.9971 12 0.9763 15 1.0328 5
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and dynamic perspectives. The results show that, compared with
the ranking of static efficiency of green growth, there is no
obvious positive and negative relationship between them. For
example, Qingyang’s green total factor productivity ranks first,
while the static efficiency of green growth is the last, which shows
that although the current level of green growth in Qingyang is
low, it has good development potential.

It can be seen from Table 6 that the analysis of the green
technology progress index of oil and gas resource-based cities
shows that the values of the green technology progress index of oil
and gas resource-based cities from 2010 to 2018 are greater than
0.9 and approximate to 1, indicating that green technology
progress can promote the efficiency of green growth. The
analysis of the green technical efficiency index of oil and gas
resource-based cities shows that the technical efficiency values of
11 oil and gas resource-based cities, such as Daqing, Binzhou,
Cangzhou and Dongying, are all greater than 1, which shows that
green technology can improve the efficiency of green growth.By
comparing with the green total factor growth efficiency index
ranking, this paper analyzes the impact of the two indexes on the
green growth efficiency of oil and gas resource-based cities,
among which Yan’an and Suining have the lowest ml value,
which is less than 1, Qingyang TC index ranks first, and EC index
is 1.0926.For cities with higher ml value, TC is the power source
to maintain efficiency improvement, while for cities with higher
EC ranking, the value of TC is not necessarily large. To sum up, at
present, the greater factor to improve the efficiency of green
growth of oil and gas resource-based cities is the progress of green
technology, although the efficiency of green technology can also
play a certain role, but relatively limited.

CONCLUSION

Based on the panel data of SBM model and Malmquist-
Luenberger index, this paper evaluates the green growth
efficiency of major oil and gas resource-based cities in China,
and draws the following conclusions.

1) Using the non-radial non-angle DEA-SBM model, from the
static point of view of China’s oil and gas resource-based cities
2010–2018 green growth efficiency evaluation. The evaluation
results show that the average static efficiency of the 20 oil and
gas resource-based cities ranks in the following order:
Yangzhou, Binzhou, Ordos, Zhanjiang, Dongying, Jingzhou,
Daqing, Cangzhou, Yulin, Hengyang, Jinzhou, Songyuan,
Karamay, Suining, Puyang, Jiuquan, Yan’an, Panjin,
Nanyang and Qingyang. They did not reach 1 and did not
reach Pareto optimality. It shows that the present situation of
green growth of oil and gas resource-based cities is not ideal,
the input of production factors does not achieve the desired
effect, while the economy is backward, the waste of resources
is serious, the environmental situation is not optimistic, and

the coordinated development of economy, resources and
environment can not be realized.From the perspective of
spatial dimension, the static efficiency of green growth of
oil and gas resource-based cities in the eastern region is higher
than that of other regions, which is in line with the law of
environmental Kuznets curve. The economic development
level of oil and gas resource-based cities in the eastern region is
higher, and the degree of environmental pollution is gradually
improved.

2) Based on DEA-SBMmodel andMalmquist-Luenberger index,
this paper evaluates the green growth efficiency of oil and gas
resource-based cities in China from 2010 to 2018 from the
dynamic perspective. The evaluation results show that more
than half of the oil and gas resource-based cities have green
growth total factor productivity ml value greater than 1.
Specifically, Cangzhou, Daqing, Dongying, Jinzhou,
Jingzhou, Nanyang, Panjin, Puyang, Qingyang, Yangzhou
and Yulin are in an upward trend of green growth, among
which Qingyang, Yulin and Dongying are the most
significant.The ml value of Binzhou, Ordos, Hengyang,
Jiuquan, Karamay, Songyuan, Suining, Yan’an and
Zhanjiang is less than 1, the green growth is in a
downward trend, and the efficiency of green growth has
great room for improvement. The green total factor growth
efficiency of oil and gas resource-based cities is different. The
green technological progress has a greater impact on the green
growth efficiency of oil and gas resource-based cities, while the
green technological efficiency has a smaller impact.
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