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ABSTRACT

As an extension of ecological concepts, urban green development has gradually become a new
bridge for various countries or regions to achieve sustainable development. Based on the panel data
of 17 cities in Henan Province, China from 2007 to 2022, this article uses the entropy method to
measure the green development level of cities in Henan Province, and uses the Dagum Gini
coefficient method to analyze the green development differences between cities. The results show
that: first, urban green development in Henan Province is generally at a lower-middle level and tends
to be balanced. Second, there are obvious regional gaps in urban green development in Henan
Province. Third, inter-regional disparity is the main reason for the differential distribution of urban
green development levels in Henan Province. In order to promote the improvement of urban green
level and narrow the spatial development gap in Henan Province, this study puts forward
corresponding policy suggestions from the aspects of green investment, green technology
innovation, industrial structure upgrading and green life. This also provides reference for other less
developed regions in China to achieve balanced urban green development.
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1. INTRODUCTION

Urban green development has gained international attention due to the acceleration of global
urbanization (He, B. J., Zhao, D. X., & Gou, Z., 2020). Henan Province, one of China's most
significant centers of agricultural production, is also one of the most populous regions, both urban
and rural. Its urban green development is connected to other impoverished areas of China as well as
to the region's future sustainable development. Urban green transformation offers a certain level of
expertise. In order to support the creation of a new development pattern, the Chinese government's
"14th Five-Year Plan" development plan states that it is imperative to expedite the regional ecological
development process and simultaneously increase the effectiveness of green development (Liu, Q.,
2022). "Promoting green development and harmonious coexistence of man and nature" is the green
development philosophy that the Chinese government put forth in October 2021. Building a
sustainable society where people and the environment coexist peacefully from the standpoints of the
economy, resources, and health is the goal of green development.
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Scholars have published an increasing number of research findings on green development in recent
years as nations all over the world have given the topic more and more attention. comprising the
measurement of regional variations, the building of a green development indicator system (Zhou, G.,
Zhu, J., & Luo, S., 2022), and the assessment of green development levels (Ma, D., & Zhu, Q., 2022).
Liu, S., & Hou, M. (2022) measured.

Using panel data from 17 cities in Henan Province between 2007 and 2022, this article will create an
indicator system for the degree of urban green development and measure it using the entropy approach.
The geographical variations in green development across different cities will be measured and
analyzed using the Dagum Gini coefficient. In addition to helping Henan Province's cities develop
sustainably, this study can serve as a resource for researchers studying urban sustainable development
in China's other less developed areas. There are still several limitations to this study, primarily
because the data sources and indicator selection were inadequate. This is how the remainder of the
article is structured: The research design, including the data sources, indicator system setup, and
research methodologies, are introduced in Section 2. The research findings and analysis are presented
in Section 3. The research findings and suggested policies are presented in Section 4.

2. RESEARCH DESIGN
2.1. Research Methods
2.1.1. Entropy Method

The entropy weight approach exploits the discreteness of the data to obtain a more objective weight
that is independent of the positive and negative indications. It does this by objectively determining
the weight based on the information provided by each assessment index. The degree of urban green
development in Henan Province is assessed and examined using this methodology for the years 2007—
2022.

(1) Symbol explanation. Suppose there are ¢ regions, m years and n indicators. And a=1,2,3,...,c.
1=1,2,3,...,m. j=1,2,3,...,n. Therefore, xaij represents the original value of the j-th indicator in the i-
th year in the a-th region. In this study, c=17, m=16, n=12.

(2) Standardized processing. In order to eliminate the impact of dimensional problems on data
analysis, all indicators need to be standardized. Proceed as follows:

For positive indicators:

X ..— X _.

7. = aij min
aij
xmax - xmin
For negative indicators:
Z _ xmax _xal]
aij —
xmax - xmm

(3) Normalization of indicators.
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(4) Calculate the entropy value Ej of the j-th index.

L= —KiiPm.j xInF,

a=l i=1
(5) Calculate the redundancy Dj of the j-th index.

D =1-F,

] J

(6) Calculate the comprehensive weight coefficient Wj of the j-th indicator.

(7) The weighted summation formula is used to calculate the final comprehensive evaluation score
of each sample.

2.1.2. Dagum Gini Coefficient Method

Among the several techniques for calculating spatial gaps, the Dagum Gini coefficient considers
factors like sample overlap and subsample distribution, in contrast to the conventional Gini
coefficient and Theil index. The coefficient is more precise, therefore the results are more accurate.
The spatial difference is more noticeable the larger the size. The precise equation is as follows:

2 X 2 2]
u.—u
_ j=1 b h=1 e i=] b r=1]| ]I hr

G )
2Un

The j and h stand for several separated areas among them. The 1 and r stand for a specific city in a
specific area. The total number of cities is denoted by n. The total number of separated areas is
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denoted by k. The number of cities in region j(h) is denoted by nj(h). U is the average green
development level across all cities, and uji(uhr) is the green development level of city i or h in region
j(h). We must first arrange the cities based on each region's green development level scores in order
to make calculations easier. The following is the formula:

UIS---SES---SES---SZ

The spatial disparity can be broken down into three categories using the Dagum Gini coefficient:
intra-regional, inter-regional, and hypervariable density. Gw is the comparable contribution to the
intra-regional Gini coefficient, Gjj. The net gap contribution is represented by Gnb, and the Gini
coefficient between areas is Gjh. The formula“G=Gw+Gnb+Gt” is satisfied by the hypervariable
density contribution, which is Gt.

Uy —U

Z J Z J
i=1 r=I1
G .=

] 2
2anj
k
G, = ZH G,p;s,

22
_ i=1 r=1

nn, (U, +U,)

Uji = Uy,

Jh

k -1
G, = Z_/:z Z;,:l Gjh (pjsh + phsj)Djh
k -1
G, = Z/‘:z 22:1 G(p;s,+pys)1-Dy)

_ djh_pjh
djh+pjh

Jh

d; = [} dF,(»)]] (v = 2)dF, ()

=, a0 (v =x)dF, (x)

Among them, pj(h)=nj(h)/n represents the proportion of the number of cities in the j(h) region to the
total number of cities, s, =7, U jm / nU represents the proportion of urban green development

level in region j(h) to the urban green development level in all study areas. Djh represents the relative
impact of urban green development levels between region j and region h. djh represents the difference
in urban green development levels between regions, and is the mathematical expectation of the
summary value of all samples with uji-uhr>0 in region j and region h. pjh is the supervariant first-
order moment, which is all the mathematical expectation of the sample summary value for uhr-uji>0.
Fj and Fh represent the cumulative distribution function of the urban green development level in
region j and region h respectively.
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2.2. Construction of Evaluation Index System

Table 1 shows the urban green development evaluation index system. Urban green development
should be comprehensive, so it mainly includes three dimensions: green production, ecological
management and green life, with a total of 12 indicators.

Table 1. Urban Green Development Evaluation Index System

Research Variable  Symbol Indicator Unit
The proportion of tertiary industry in GDP %
Green Wastewater discharge per unit of GDP ton/10.000 CNY GDP
Production Sulfur dioxide emissions per unit of GDP kg/10.000 CNY GDP
Soot emissions per unit of GDP kg/10.000 CNY GDP
Per capital green area Sq.m
Domestic sewage treatment rate %
Ecological
Harmless treatment rate of household garbage %
Urban Green Management
UGD Comprehensive utilization rate
Development %
of industrial solid waste
Gas penetration rate %
Urban public transport ridership
vehicle
Green per 10.000 population
Lifestyle Green coverage rate of built-up area in city %

. Microgram
PM2.5 concentration .
per cubic meter

2.3. Data Source

With a population of over 98 million, Henan Province is a core region of China that has an area of
around 167,000 square kilometres. It is a province with a sizable rural populace and a significant
agricultural production base. As a result, researching the urban development of Henan Province is
crucial and will serve as a model for the sustainable growth of cities in the majority of China's
impoverished regions.

Henan Province has jurisdiction over 17 cities, namely Zhengzhou, Luoyang, Xuchang, Kaifeng,
Nanyang, Xinxiang, Jiaozuo, Anyang, Puyang, Xinyang, Luohe, Pingdingshan, Zhoukou, Shangqiu,
Zhumadian, Sanmenxia and Hebi. The data in this article come from the "Henan Province Statistical
Yearbook", the "Government Work Report" of each city and the "National Economic and Social
Development Statistical Bulletin".

3. RESEARCH RESULTS
3.1. Urban Green Development Level

The entropy method is used to calculate the urban green development level and average ranking of
Henan Province from 2007 to 2022. As shown in Table 2.

In general, there will be fluctuations in the level of urban green development in Henan Province
between 2007 and 2022. Furthermore, it is evident from the "mean value" that 17 cities in Henan
Province have a concentrated degree of green development in [0.45, 0.59]. This demonstrates that
Henan Province's cities' general green development is at a middle-to-lower level. "Mean Value 2"
shows that, between 2007 and 2022, Henan Province's degree of urban green development went from
0.5528 to 0.6197, with an average yearly growth rate of 0.446%. This growth rate was incredibly
slow. The variance, on the other hand, reveals that the variance of the levels of urban green
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development in Henan Province has decreased from 0.0031 in 2007 to 0.0019 in 2022, indicating a
tendency towards balance in this area.

Table 2. Urban Green Development Levels in Henan Province from 2007 to 2022

City 2007 2009 2011 2013 2015 2017 2019 2021 2022 Mean 1 | Ranking
jiaozuo 0.5500 | 0.5329 | 0.4516 | 0.4779 | 0.4673 | 0.5003 | 0.5569 | 0.5108 | 0.5635 | 0.4912 14
kaifeng 0.4593 | 0.4264 | 0.3736 | 0.4635 | 0.4260 | 0.4694 | 0.5179 | 0.6380 | 0.6778 | 0.4719 16

luohe 0.5434 | 0.5173 | 0.4111 | 0.4788 | 0.4633 | 0.4981 | 0.6241 | 0.5907 | 0.6531 | 0.5067 12
luoyang 0.6018 | 0.5109 | 0.3872 | 0.5214 | 0.4939 | 0.5355 | 0.6035 | 0.5353 | 0.6382 | 0.5083 10

pingdingshan | 0.5822 | 0.4770 | 0.4014 | 0.5379 | 0.4419 | 0.5209 | 0.6571 | 0.6523 | 0.6532 | 0.5185 9
xinxiang 0.5636 | 0.6517 | 0.5488 | 0.5509 | 0.5616 | 0.5742 | 0.6038 | 0.6302 | 0.6371 | 0.5818 1
xuchang 0.6165 | 0.4911 | 0.4754 | 0.5582 | 0.5202 | 0.4630 | 0.6660 | 0.6235 | 0.6403 | 0.5437 5

zhengzhou 0.6665 | 0.6055 | 0.4486 | 0.5066 | 0.4798 | 0.5441 | 0.6050 | 0.5381 | 0.5757 | 0.5312 8
anyang 0.5392 | 0.4123 | 0.4011 | 0.4675 | 0.4371 | 0.5363 | 0.6161 | 0.5228 | 0.5846 | 0.4787 15

hebi 0.4970 | 0.6765 | 0.6343 | 0.6090 | 0.4857 | 0.5107 | 0.5612 | 0.5500 | 0.5550 | 0.5787 2
puyang 0.5050 | 0.4808 | 0.3989 | 0.4248 | 0.3535 | 0.5518 | 0.5838 | 0.5178 | 0.5515 | 0.4565 17
nanyang 0.5585 | 0.5390 | 0.4298 | 0.5118 | 0.4577 | 0.4853 | 0.5548 | 0.5324 | 0.5659 | 0.4991 13

sanmenxia 0.6252 | 0.5164 | 0.5258 | 0.5794 | 0.4765 | 0.5570 | 0.6134 | 0.6470 | 0.6309 | 0.5667 4
shangqiu 0.4514 | 0.6148 | 0.4262 | 0.5280 | 0.4835 | 0.5772 | 0.6403 | 0.6158 | 0.6393 | 0.5353 7
xinyang 0.5266 | 0.6793 | 0.4755 | 0.5242 | 0.5093 | 0.6014 | 0.7091 | 0.6462 | 0.6727 | 0.5710 3
zhoukou 0.5544 | 0.4978 | 0.4068 | 0.4619 | 0.4378 | 0.5313 | 0.6108 | 0.6159 | 0.6271 | 0.5077 11

zhumadian 0.5563 | 0.5210 | 0.4556 | 0.4982 | 0.4311 | 0.6179 | 0.6574 | 0.6664 | 0.6687 | 0.5406 6
Mean 2 0.5528 | 0.5383 | 0.4501 | 0.5118 | 0.4662 | 0.5338 | 0.6107 | 0.5902 | 0.6197
Variance 0.0031 | 0.0064 | 0.0045 | 0.0022 | 0.0020 | 0.0019 | 0.0022 | 0.0030 | 0.0019

3.2. Regional Differences in Urban Green Development Levels

Based on the analysis results of the entropy method, it can be seen that there are spatial differences
in the green development levels of cities in Henan Province. In order to further explain its spatial non-
equilibrium using the Dagum Gini coefficient method, Henan Province will be analyzed by regional
decomposition. In 2007, the Henan Provincial Government divided the province into the central
region, northern region, west and southwestern region and Huanghuai region based on regional
development status. The Central Plains region includes Zhengzhou City, Luoyang City, Kaifeng City,
Xuchang City, Xinxiang City, Jiaozuo City, Pingdingshan City, and Luohe City. The northern region
includes Anyang City, Puyang City and Hebi City. The west and southwestern regions include
Nanyang City and Sanmenxia City. The Huanghuai region includes Shangqiu City, Xinyang City,
Zhumadian City and Zhoukou City. This study will follow this division method. Table 2 shows the
Dagum Gini coefficient of urban green development in Henan Province from 2007 to 2022. Among
them, C represents the Central Plains region, N represents the northern Henan region, W represents
the west and southwestern regions, and H represents the Huanghuai region. The calculation results
are shown in Table 3.

First, the overall Dagum Gini coefficient. Table 3 shows that the Dagum Gini coefficient of the levels
of urban green development in Henan Province from 2007 to 2022 usually showed a progressive
lower trend, suggesting that the overall disparity in urban green development in Henan Province is
gradually narrowing.

Second, the Dagum Gini coefficient within the region.Table 3 makes clear that each of the four
regions' intra-regional disparities is at a different level and exhibits a distinct evolution tendency. At
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0.0683, the N region has the highest Gini coefficient. C region 0.0509, W region 0.0331, and H region
0.0315 come next. This indicates that there is a big disparity in urban green development levels
between region N, a medium level of disparity between region W and H, and a tiny gap within region
C.Given the evolution trends perspective, the most noticeable variations in urban green development
may be seen in region N, as indicated by the highest variance of its Dagum Gini coefficient. The
variation of the Dagum Gini coefficient in the other three locations varies essentially
indistinguishably, suggesting that there is minimal variation un urban green development in these
regions between 2007 and 2022.

Third, the Dagum Gini coefficient between regions. As can be seen from Table 3, the Dagum Gini
coefficient of urban green development in W and H regions is the smallest, and the variance is the
smallest, indicating that the difference in urban green development between these two regions is
minimal and with the stable evolution. The Dagum Gini coefficient of urban green development in N
and W regions is the largest and the variance is also the largest. This shows that the two regions have
the greatest difference in urban green development, and with the unstable evolution trend.

Fourth, the source and contribution of the spatial gap in urban green development in Henan Province.
Table 3 makes clear that inter-regional gaps are the primary cause of the uneven distribution of urban
green development levels in Henan Province. The contribution rate of inter-regional gaps is
significantly higher than the contribution rate of intra-regional gaps and hyper-variable density. There
is a general increase tendency in the inter-regional disparity contribution rate. The intra-regional gap's
contribution rate varies somewhat smoothly. There is a general lower trend in the contribution rate of
hypervariable density (the interaction between the first two), suggesting a weakening of the
phenomena of cross-over overlap between regions.

Table 3. Dagum Gini Coefficient of Cities in Henan Province from 2007 to 2022

1(—}0itnail Intra-Region Gini Coefficient Inter-Region Gini Coefficient Contribution Rate/%
e C"eg‘de c N w H | C&N | C&W | C&H | N&W | N&H | W&H | Gj Gin | G
2007 0.0550 0.0540 | 00180 0.(())28 0.(())41 0.(;56 0.%50 0.(2)356 0.(;45 0.(;36 0.(;49 22;.(;2 5(;.(?5 2;.31
2008 0.0680 0.0530 | 01130 0.(())02 0.(())51 0.(;77 0.(4)‘46 0.(;53 0.(;91 0.%90 0.(;42 23.37 173.(&)30 52.5)32
2009 0.0800 0.0700 | 01120 0.(())11 0.(())69 0.(;86 0.(4)‘61 0.(4)‘74 0.(4)‘89 0.(4)‘96 0.(4)‘60 222.39 2%).(?9 4§.(é)31
2010 0.0920 0.0820 | 01580 0.(())33 0.(())30 0.1212 0.(;76 0.(2)370 0.1131 0.1109 0.(;32 273.(())3 1%).(())8 597.(é)38
2011 0.0750 0.0660 | 01090 0.(())50 0.(())33 0.(2)385 0.(;68 0.(;57 0.(;99 0.(;80 0.(147 272.(;4 22.(4)&6 475.39
2012 0.0700 0.0520 | 01200 0.(())52 0.(())16 0.(2)379 0.%59 0.(;42 0.;08 0.(;79 0.(;43 24;.(())3 2_’;.37 5%).39
2013 0.0510 0.0370 | 00820 0.(())31 0.(())28 0.%55 0.(;39 0.%35 0.(;74 0.(;60 0.(())37 255.(;7 2_’;3.55 5 1736
2014 0.0730 0.0600 | 01230 0.(())37 0.(())33 0.(‘)‘84 0.(;57 0.(;54 0.1504 0.%85 0.(;45 23.38 24;.52 42(3).38
2015 0.0510 00470 | 0.0690 0.(())10 0.(())38 0.(())60 0.(())41 0.(;45 0.(())55 0.(;56 0.%32 292.(())9 413.32 295.38
2016 0.0560 00470 | 0.0720 O.(())SZ O.(())13 0.(;56 0.%51 0.(‘)‘46 0.270 O.(;Sl 0.234 245.gl 43.36 341-.32
2017 0.0450 00390 | 0.0170 O.(())34 O.(())3O 0.(;35 0.%39 0.(‘)‘50 O.(())ZS 0.236 0.244 2‘;83 5%.61-2 1%84
2018 0.0490 0029 | 0.0320 O.(())SO O.(())l‘) 0.%30 0.(;39 0.(;47 O.(;47 O.(i47 0.236 185.(4)1-5 61.84 171.30
2019 0.0420 00410 | 0.0210 O.(())ZS O.(())3O 0.%38 0.(;40 0.(())43 O.(‘)923 O.(;4O 0.241 285.(())3 5(;.53 2;.53
2020 0.0490 00580 | 0.0200 O.(())38 O.(())39 0.(151 0.(;54 0.%53 0.233 O.(())38 0.241 323.39 257.86 411.34
2021 0.0510 00480 | 0.0130 O.(())49 O.(())IS 0.(150 0.(149 0.(;43 0.241 0.352 0.235 242.83 52.34 185.52
2022 0.0380 00310 | 0.0130 O.(())27 O.(())16 0.(())39 0.(())33 0.(;27 0.226 O.(‘)942 0.229 222.31 655.(;36 1 1382
Mean 0.0591 00509 | 0.0683 0.233 0.231 0.%62 0.%50 0.(;50 O.(‘)966 0.262 O.(;4O 22.;0 375.57 365.31
Varian 0.00024 0.0002 | 0.0024 | 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000
ce 0 4 25 21 52 14 14 15 57 06
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4. CONCLUSION AND RECOMMENDATIONS
4.1. Conclusion

Through the entropy method calculation, it is known that urban green development in Henan Province
has improved to a certain extent from 2007 to 2022, but the overall level is still at the middle to lower
level.

The Dagum Gini coefficient method is used to measure the spatial differences in urban green
development in Henan Province. The results show: First, from 2007 to 2022, the overall gap in urban
green development in Henan Province is narrowing. Second, from the perspective of each region, the
green development gap within the northern region is the most obvious, while the urban green
development gap in other regions is relatively stable. Third, from the perspective of inter-regional
urban green development gaps, only the west and southwestern regions and the Huanghuai region
have smaller urban green development gaps and smaller fluctuations. However, the urban green
development gap between other interactive areas is obvious and fluctuates greatly. The inter-regional
gap is the main reason for the differential distribution of urban green development levels in Henan
Province.

4.2. Recommendations for the Future

4.21. To Increase Green Investment

The government can increase financial support for environmental protection projects and encourage
social capital to participate in green industry investment to promote urban green infrastructure
construction (Pauleit, S., Vasquéz, A., Maruthaveeran, S., Liu, L., & Cilliers, S. S., 2021). Green
industry funds can be established by the government and attract social capital to participate. This fund
is used to support projects in line with green development directions and provide diversified financial
support such as loans and equity investments (Irfan, M., Razzaq, A., Sharif, A., & Yang, X., 2022).
Local governments formulate preferential tax policies and grant a certain percentage of tax reductions
or tax preferences to enterprises engaged in green industries to increase the return on investment and
attract more funds to flow into the green field (Song, M., Wang, S., & Zhang, H., 2020). And the
government can issue green bonds to raise funds to support urban green infrastructure construction
(Cousins, J. J., & Hill, D. T., 2021).

4.2.2. To Promote Green Technology Innovation

According to Hepburn, C., Qi, Y., Stern, N., Ward, B., Xie, C., & Zenghelis, D. (2021) the
government must direct businesses to invest more in green technology research and development,
encourage the transformation of scientific and technological advancements, and encourage the
application of green technology in urban energy, transportation, and other fields.First, by issuing
rewards and subsidies for technological innovation, companies are encouraged to invest more
resources in green technology innovation and improve innovation vitality (Shao, Y., & Chen, Z.,
2022). Second, allocate special funds to establish a green technology innovation platform, provide
opportunities for resource sharing, information exchange and cooperative projects, and accelerate the
research and development and promotion of green technology (Gebhardt, M., Kopyto, M., Birkel, H.,
& Hartmann, E., 2022). Third, the government can encourage companies to establish close
cooperation mechanisms with universities and research institutions to promote the transformation of
scientific research results (Lerman, L. V., Gerstlberger, W., Lima, M. F., & Frank, A. G., 2021).

4.2.3. To Upgrade Industrial Structure

The upgrading of industrial structure requires policy guidance to promote the upgrading of Central
China's industries in a green and low-carbon direction and promote the development of clean
production and circular economy (Xing, X., & Ye, A., 2022). First, the government can provide
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financial support and provide direct financial support for green industries by establishing a special
fund for green industry development (Wang, X., & Wang, Q., 2021). Second, to encourage enterprises
to adopt cleaner production technologies (Dong, Z., Tan, Y., Wang, L., Zheng, J., & Hu, S., 2021),
promote the green upgrading of the industrial chain, and guide enterprises to implement The circular
economy model reduces dependence on natural resources and improves resource utilization efficiency
through resource recycling and waste reuse. Third, establish green industry standards and certification
systems to encourage companies to follow environmental protection and social responsibility
standards, which will help improve the competitiveness of corporate green industries and provide
consumers with more environmentally friendly product choices (Jiang, X., Li, G., & Fan, X., 2023).

4.2.4. To Advocate Green Life

The government and enterprises contribute to urban green development through green investment,
green technology innovation and industrial structure upgrading. In daily life, ordinary residents must
also have the awareness of green environmental protection, whether urban residents or rural residents.
The government should strengthen publicity and education on environmental protection and green
living, and promote green living among residents through certain reward and punishment measures.
This includes waste sorting, water and electricity conservation, green travel, etc. (Makomere, J.,
2024).
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