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Abstract: This study is dedicated to
evaluating the Green Progress Index of 40
Cities dominated by resource industries in
the Yellow River Basin (YRB) over the
period from 2013--2022, and to examining
the variations in this efficiency across
different time frames and regions. By
constructing an evaluation system for
Green Progress Index and employing the
super-SBM model, the study finds that the
Green Progress Index of Cities dominated
by resource industries in this region
generally shows a fluctuating upward trend.
The upstream areas have significantly
higher Green Progress Index than the
middle and lower reaches, but the
downstream areas show the greatest
increase. The research also reveals that with
the advancement of ecological civilization
construction, the Green Progress Index of
Cities dominated by resource industries in
the YRB has been increasing year by year.
This study provides theoretical and
practical references for Cities dominated by
resource industries in the YRB to formulate
green development strategies, optimize
industrial structures, and enhance the
capacity for green technological innovation.

Keywords: Cities Dominated by Resource
Industries; Green Progress Index; Yellow
River Basin; Super-SBM Model;
Spatiotemporal Differences

1. Introduction

The Yellow River Basin (YRB) traverses the
eastern and western parts of China, serves as a
vital ecological shield and a significant energy
production base for the country. Cities
dominated by resource industries within this
basin constitute 33% of the national total of
such cities and account for 54% of the urban
areas along the river's main course, thereby
providing substantial energy support for the
nation's industrialization process. However,
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due to the "reliance on energy" and extensive
development mode of industry, some cities
have successively experienced the
phenomenon of "mine exhaustion and urban
decline" and "resource curse", which has
severely limited  regional economic
development,  seriously = damaged  the
ecological environment, and formed a vicious
circle, so Cities dominated by resource
industries have always been a "problem area"
in the sustainable development of the YRB.
This research endeavors to thoroughly
examine the efficiency of sustainable
development within the resource-dependent
urban centers of the YRB, set against the new
criteria of productivity quality. The goal is to
reveal and boost the cities' latent capabilities
and management effectiveness in pursuing
green growth. By doing so, the study seeks to
invigorate the emergence and expansion of
eco-friendly productive forces, smoothing the
way for a shift towards an environmentally
sustainable and low-carbon economic model in
these cities, and establishing a robust basis for
enduring regional development. This study
attempts to answer the above questions from
an objective and scientific perspective, and has
important theoretical and practical value for
guiding Cities dominated by resource
industries in the YRB to formulate green
development strategies, optimize industrial
structure, and enhance green technology
innovation capabilities.

As an important ecological barrier in China,
the YRB has been extensively discussed in
terms of its high-quality development level,
influencing factors, improvement paths, and
green transformation countermeasures (11 As a
major difficulty in regional sustainable
development, the green transformation and
development of Cities dominated by resource
industries is still a research frontier hotspot 1],
and promoting the green development of Cities
dominated by resource industries in the YRB
and improving the resilience of the industrial
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economy are important guarantees for
achieving high-quality economic development
in the YRB 3], The existing studies have laid a
good foundation for the research on the GPI of
Cities dominated by resource industries in the
YRB, but the evaluation system and indicators
of the GPI of Cities dominated by resource
industries need to be further improved, and the
research on the GPI of typical river basins
needs to be further expanded.

2. Research Unit and Model Design

2.1 Research Units

Table 1. Cities Dominated by Resource Industries and Groupings in the YRB
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Focusing on the main stream of the YRB, this
study encompasses seven provincial-level
regions: Gansu, Ningxia, Inner Mongolia,
Shaanxi, Shanxi, Henan, and Shandong.
Considering the accessibility of data and the
uniformity of statistical standards, the research
is confined to prefecture-level administrative
divisions. In accordance with the document
'China Planning for Sustainable Development
of Cities dominated by resource industries
(2013-2020)", this study ultimately identified
40 Cities dominated by resource industries for
analysis, as detailed in Table 1.

Region Province Ci
Gansu Jinchang Qingyang Zhangye Baiyin Pingliang | Wu Wei |Longnan
upstream Ningxia Shizuishan
Inner Mongolia Baotou Erdos Wauhai
. Shaanxi Tongchuan Weinan Baoji Yan'an Xianyang |  Yulin
Middle - - - -
reaches Shanxi Dgtong Jinzhong Yangquan Yuncheng | Changzhi | Xinzhou |Jincheng
Linfen Shuozhou Shuozhou
Downstrea Henan Luoyang Jiaozuo Pingdingshan | Puyang Hebi  |Sanmenxia|Nanyang
m Shandong Zibo Jining Zaozhuang Tai'an Dongying | Linyi
model.
2.2 Super-SBM Model with Undesired L /0
Queputs e e
Data Envelopment Analysis typically measures _ N _
the production efficiency of decision-making o= F 0= -0
units and is extensively applied in assessing = +
GPL. It considers multiple inputs and outputs = 120 ’
to assess the units' performance effectively.
The traditional DEA model includes the < ,
Banker-Charnes-Cooper (BCC) and the =1.#0
Charnes-Cooper-Rhodes (CCR) model, @)
however, they have the limitation of focusing <
solely on expected outputs, making them =120
unsuitable for handling undesirable output > 5 < < 5
indicators. Tone (2001) introduced the SBM
model, which incorporates relaxation variables =1 ~—=0 =0,
into the traditional DEA framework, resulting —120
in a non-radial and non-angular approach [/, In >0 =0

2002, the super-efficient SBM model was

further  introduced, enabling effective
differentiation among multiple
decision-making units. This advancement

addressed the limitation of the traditional SBM
model, which struggled to compare and rank
units with an efficiency score of 10l The
Super-SBM  model, which accounts for
undesired outputs, employs a non-parametric
linear programming approach. It evaluates
efficiency by introducing a set of reference
points represented by dummy variables. The
following is the formula for the Super-SBM
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In the formula, p represents the value of
efficiency value. If p is greater than or equal to
1, it indicates that the  assessed
decision-making unit possesses relative
efficiency in terms of green development.
Conversely, if p is less than or equal to 1, t
suggests that the decision-making unit has
deficiencies in green development and still has
room for improvement., represents the inputs,
denotes the desired outputs,and  signi
fies the undesired outputs. , 1, o are the
number of inputs, expected outputs and
undesired outputs indicators. The
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symbols ~, ,and refer to the slacks for
inputs, desired outputs, and undesired outputs,
respectively. represents the weight
vector, represents the first number of decision
units,0 represents the first output.

3. Indicator Selection and Data Origin

3.1 Construction of Indicator System

This paper, after systematically reviewing
existing research findings, categorizes the
input indicators into five main categories:
energy, capital, labor, land, and technology.
Energy input was selected based on total
energy consumption and total water usage,
which represent the consumption of fossil
fuels and water resources, respectively. The
selection of land input indicators focuses on
the urban built-up area, indicative of land use,
and these are acknowledged as major
contributors to environmental pollution and
the generation of undesirable outputs.
Regarding capital investment, indicators such
as total expenditure on science and technology
and the total amount of social investment in
fixed assets were selected. These are used to
assess the impact of valuing technological
advancement and social investment. In terms
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of corporate patent applications, it is essential
to intensify research and development efforts
and enhance the capacity for technological
innovation. In addition, the emphasis is on
efficient patent administration and
safeguarding, aiming to cultivate an
atmosphere that is favorable for technological
advancements and to guarantee the most
effective backing for innovation [®71. Labor
input is quantified based on the year-end
headcount of active employees within each
organization. Output indicators are categorized
into two main groups: anticipated outputs and
unanticipated outputs. The anticipated outputs
primarily include economic growth, ecological
benefits, social welfare, and green technology.
Economic growth is described by changes in
GDP per capita. Ecological benefits are
measured by the per capita area of park green
spaces and the green coverage rate of built-up
areas. Social welfare is assessed by fiscal
revenue and the sales volumes in the consumer
goods market. The number of green patent
grants serves as a metric for assessing the
outcomes of green technological innovation. In
this study, unanticipated outputs primarily
pertain to environmental pollution, with the
extent of pollution being quantified through

of technolo gica] investment, the number of indicators such as industrial wastewater
patent applications accepted at the provincial discharge, total industrial sulfur dioxide
and municipal levels was chosen. This emissions, and total industrial smoke
indicator  reflects the emphasis on emissions. The detailed indicators are
technological innovation. To boost the number presented in Table 2.
Table 2. Measurement System of GPI
Metric Type Variable Variable Meaning unit
ener Total energy consumption Ten thousand tons of standard coal
d Total water consumption Ten thousand cubic meters
land The built-up area of the city Square kilometers
Input metrics capital Science and technology spending Ten thousand yuan
P Total investment in fixed assets Ten thousand yuan
technology Patent applications accepted item
labor Year-end employee count Ten thousand people
economic growth GDP per capita Yuan
Eco-efficiency The area of green space in parks per capita squarg: metre
Green coverage of built-up areas Revenue %
Expected output
social welfare Revenue Ten thousand yuan
Sales volumes in the consumer goods market Ten thousand yuan
Green technology The number of green invention patents granted item
vironmental Total industrial wastewater discharged Ten thousand tons
Undesired outputs environmenta Total industrial sulfur dioxide emissions ton
pollution - —
Industrial smoke emissions ton
reports, EPS databases, etc. For individual
3.2 Data Origin missing values, linear imputation and moving

The data required for this paper are derived
from the 2013-2023 China Urban Statistical
Yearbook, China Urban  Construction
Yearbook, municipal statistical yearbooks,
regional economic and social development
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average methods were used to complete them.
To adjust for economic indicators and mitigate
the effects of price fluctuations, the data from
2013 were utilized for deflation purposes.
Descriptive statistical data for each indicator
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are presented in Table 3.

Economic Society and Humanities Vol. 1 No. 7, 2024

Table 3. Descriptive Statistics of the Indicator System

The name of the variable Obs Mean Std. Dev. Min Max
Total energy consumption 400 1406.75 999.39 159.52 7210.75
Total water consumption 400 7186.51 6116.13 437.00 31749.90
The built-up area of the city 400 93.54 65.29 14.00 333.00
Science and technology spending 400 32339.25 38381.42 1439.86 310379.90
Total investment in fixed assets 400 13737557.67 11266722.45 2051.67 52210931.32
Patent applications accepted 400 2128.03 2472.52 74.00 13017.00
Year-end employee count 400 36.53 21.36 7.02 101.10
GDP per capita 400 51204.31 29044.22 9699.00 212959.10
The area of green space in parks per capita 400 15.99 7.48 1.44 75.05
Green coverage of built-up areas Revenue 400 39.97 5.66 3.08 53.71
Revenue 400 1313507.00 1122466.00 158695.00 8122411.00
Sales volumes in the consumer goods market| 400 6333168.00 5594754.00 573924.00 25069994.83
The number of green invention patents 400 148.72 198.61 1.00 1273.00
granted
Industrial wastewater discharge 400 3716.09 3562.64 61.92 17624.00
Total industrial sulfur dioxide emissions 400 37355.58 44572.24 517.00 212067.00
Industrial smoke emissions 400 37072.08 160914.90 56.00 3153822.00

4. Analysis of results

4.1 Trends in Green Progress Index of the
YRB

The calculated average GPI of Cities
dominated by resource industries in the YRB
is depicted in Figure 1. From a holistic
perspective, the GPI of Cities dominated by
resource industries in the YRB has shown a
fluctuating upward trend from 2013 to 2022,
increasing from 0.645 to 1.063, marking a
64.8% growth. During the period from 2017 to
2019, the efficiency experienced an inverted
"V" shaped fluctuation, peaking in 2018 before
declining to 0.886 in 2019, a drop of over 10%,
and then continued to rise from 2020 to 2022.
In 2013, China proposed that all regions
should break the assessment mechanism based
on GDP and advocating for the advancement
of ecological civilization construction. By
2019, there was a renewed emphasis on the
shift in China's economic development
paradigm from rapid expansion to one focused
on quality growth. This necessitates that the
economic development in the YRB balance
ecological considerations and transition
towards a green development model, which
led to the first minor peak in 2018. Having
passed through a phase of rapid growth,
regions have recognized that green
development is a protracted endeavor.
Consequently, since 2019, the GPI of Cities
dominated by resource industries in the YRB
has been on a steady upward trajectory. With
the release of the 'National Plan for
Sustainable Development of Cities dominated
by resource industries (2013-2020)" in 2013 by

the Chinese government, the importance and
trajectory of sustainable development for such
cities were underscored, leading to the
development of policies and implementation
of measures by various provinces and cities.
With the elevation of ecological and
environmental conservation to a national
strategic priority and its inclusion in the
performance evaluation system for
government officials, it can be observed that,
overall, the GPI of Cities dominated by
resource industries in the YRB has been on an
upward trend from 2013 to 2022 181,

4.2 Regional Efficiency Variations in the
YRB

Considering the differences among river basins,
it is evident that the GPI of Cities dominated
by resource industries within the upstream
regions of the YRB is considerably higher
compared to the central and lower parts,
exhibiting a more distinct inverted 'V' pattern
during the years 2017 to 2019. From 2013 to
2018, the gap between the upstream and the
midstream reached 64.7% in 2013 and 71.5%
with the downstream, and at the peak of 2018,
the gap between the upstream area a and both
the midstream and downstream regions
reached the largest, with 91.8% and 79%,
respectively. After 2019, the gap between the
two gradually narrowed, and the gap with the
middle and downstream in 2022 was only
0.8% and 3.5% respectively. From a holistic
perspective, the GPI of Cities dominated by
resource industries in the YRB has shown a
fluctuating upward trend from 2013 to 2022,
increasing from 0.645 to 1.063, marking a
64.8% growth. During the period from 2017 to
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2019, the efficiency experienced an inverted
"V" shaped fluctuation, peaking in 2018 before
declining to 0.886 in 2019, a drop of over 10%,
and then continued to rise from 2020 to 2022.
The inland upper reaches of the Yellow River,
where agriculture with animal husbandry as its
main feature, have seen their socioeconomic
development increasingly rely on resource
exploitation, especially with the emergence of
coal resource cities like Pingliang and Wuhai.
However, compared to Cities dominated by
resource industries in the middle and lower
reaches, these upstream cities still have a
relatively lower dependency on resources,
resulting in less undesirable industrial waste.
Consequently, the GPI of Cities dominated by
resource industries in the upper reaches
remains relatively higher. However, in the
midstream provinces of Shaanxi and Shanxi,
Cities dominated by resource industries were
developed earlier, depended more on resources,
and polluted the environment for a longer time,
such as Yulin and Datong, which have large
coal reserves, large product markets, and high
sales volumes, and over-exploitation of
resources make regional green development
relatively  inefficient [l The industrial
development level of cities within the lower
sections of the YRB exceeds the efficiency
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levels found in the central and upper parts of
the basin, and the industrial added value of
Shandong and Henan in 2022 will be 2,829.7
billion yuan and 1,713.42 billion yuan,
respectively, ranking first and second in the
nine provinces and regions along the Yellow
River. In 2022, Henan and Shandong
provinces led the YRB in total agricultural
output. Agricultural development in the lower
part of the YRB is highly dependent on
irrigation, which places great demands on
water resources, while agricultural production
in the region also relies on mechanised
large-scale operations. The development of
urban industries is still dominated by
energy-consuming raw material industries,
such as iron and steel and chemicals, which
have led to pollutant emissions exceeding
standards and causing damage to the
ecological environment. However, from 2012
to 2022, Shandong Province made significant
strides in the development of strategic
emerging industries, with a substantial
increase in its comprehensive score, placing it
at the forefront within the YRB. Henan
Province also demonstrated a steady upward
trend in its overall performance, contributing
to the largest increase in GPI in the lower
reaches of the Yellow River. [1],

Figure 1. Green Development Efficiency in the YRB

5. Conclusions and Implications

This study, grounded in the concept of new
quality productivity, develops an evaluation
system for the GPI of Cities dominated by
resource industries in the YRB and applies the
super-SBM model to assess the GPI of 40 such
cities from 2013-2022. The study reveals that
the GPI of Cities dominated by resource
industries in the YRB generally exhibits a
trend of fluctuating growth, with the upstream
areas showing higher efficiency compared to
the middle and lower reaches; however, the
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efficiency increase in the downstream areas
has far outpaced that of the upstream and
middle reaches. Hence, several suggestions are
proposed in this paper: Firstly, it is essential to
establish and refine a long-term green
performance assessment mechanism
specifically for Cities dominated by resource
industries in the YRB. On the one hand, the
green assessment of Cities dominated by
resource industries in the YRB, which vary in
type and developmental stages, should adopt a
'differentiated' approach. On the other hand,
governments should consider incorporating
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GPI as a basis for future urban planning. It is
imperative to move beyond a sole focus on
environmental governance investment and
instead embrace the concept of sustainable
development to achieve enduring growth in the
green economy. secondly, build a green
industrial ~ system and  promote  the
transformation and upgrading of the industrial
structure. Increase support for high-tech
industries and modern service sectors, guiding
capital towards green and low-carbon
industries. Promote the transformation and
upgrading of traditional Cities dominated by
resource industries through technological
innovation, such as adopting clean energy and
circular economy models to reduce
environmental damage; Thirdly, strengthen
environmental regulations and implement
green governance. Stricter environmental
protection regulations and standards should be
established, with a focus on implementing
total quantity control and emission permit
systems for pollutant discharges. The
supervision of corporate environmental
protection practices should be intensified, with
severe penalties for enterprises that exceed
emission standards, while also encouraging
enterprises to reduce pollutant emissions
through technological innovation; Finally, we
need to strengthen regional coordination and
achieve shared development. Establish
regional coordination mechanisms to align
industrial development plans among cities,
preventing homogenized competition and
fostering distinctive industry clusters; promote
the interconnectivity of regional infrastructure
to enhance logistics efficiency and reduce
costs; strengthen regional cooperation on
environmental protection to jointly address
pollution within the basin and safeguard the
ecological environment; facilitate the sharing
of regional innovation resources, establish
regional innovation platforms, and encourage
the exchange and application of technological
innovations.
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