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Introduction: Urban ecological instruction is an important method of sustainable
development that couples the needs of the population and the environment,
thus facilitating high-quality development. This study aimed to transform existing
large-scale considerations of ecological urban construction to provide a more
grounded evaluation framework. We constructed an integrated framework that
considers economic, environmental, social, cultural, and ecological factors and
their contribution to urban ecological construction.

Methods: We used methods of subjective and objective empowerment,
exploratory spatial data analysis, and the obstacle degree model to explore
spatiotemporal variations in urban ecological construction.

Results: Our results showed that: (1) From 2006 to 2018, urban ecological construction
in the Yellow River basin (YRB) exhibited a “polycentric” spatial differentiation pattern
and a significant, gradually decreasing “center-periphery” spatial distribution trend. (2)
High—high areas (with high agglomeration and high urban ecological construction) in
the YRB are mainly distributed in Shandong Province and the adjacent regions, whereas
low—-low areas are mainly distributed in south—central Ningxia Province and southern
Gansu Province. (3) Analysis of urban ecological construction characteristics across
different city scales, functional types, spatial carriers, and basin locations shows that the
urban ecological construction level is directly proportional to the scale of the city. The
level of urban ecological construction is relatively higher in the Shandong Peninsula
urban agglomeration, in the priority development area of the North China Plain, and in
the downstream and right bank of the YRB. Spatial differences are mainly controlled by
the net difference between regions from the upstream and midstream scales, as well
as intra-regional differences between the left and right banks. (4) Marked differences
can be observed in the obstacles to ecological construction in different types of cities.

Discussion: Typical barriers in cities in the YRB include the total water resources
per capita, energy consumption per unit of GDP, the proportion of research
and development investment in fiscal expenditure, the number of books in
public libraries per 10,000 people, and land use efficiency. In the future, urban
ecological construction should be based on the development conditions of each
individual city, and should be improved according to local conditions to achieve
the construction high-quality ecological cities.

urban ecological construction, spatiotemporal pattern, obstacle degree model, Yellow
River basin, China
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1. Introduction

Ecological city is the ideal mode of urban ecological development.
However, in order to ensure sustainable development, the city
continuously demands various material resources from the natural
ecosystem, which makes the ecological pressure continuously rise. The
rapid development of economy and technology also accelerated the
deterioration of the natural balance, resulting in great changes in the
urban ecosystem (Burcak and Demet, 2016). With the acceleration of
urbanization and industrialization in the world, a series of negative effects
such as heat island effect, reduction of water system and loss of farmland
(Neil and Marshall, 2015; Chen et al., 2020) have come one after another
in recent years. People increasingly agree that the construction of eco-city
has become one of the key countermeasures to deal with the global
ecological crisis.

Urban ecological construction considers the theory and
construction practices of ecological cities. It integrates goal-oriented,
problem-oriented, and experience-oriented thinking and considers
ecological city development from the perspectives of environmental
construction, economic and ecological transformation, urban
planning systems, cultural system construction, and spatial structure
optimization (Facth et al., 2011; Alexi and Romero, 2016; Burcak and
Demet, 2016; Gong and Zhou, 2021). Against the backdrop of high-
quality development, urban ecological construction improves the
quality of ecological cities and promotes sustainable urban
development. Research into the theory of ecological cities and urban
ecological construction mainly concentrated in two aspects: firstly,
researches were focused on the concept and framework, process and
mechanism, theory and method evolution of eco-city, urban
ecological construction and the relationship between man and land
(Balland et al., 2020; Wang et al., 2021; Fan and Fang, 2022), secondly,
the theory of ecological cities and urban ecological construction has
led to the development of an index system based on economic-
natural-social conditions or structural-functional-coordination
dimensions (Jansson, 2013; Samuel et al., 2013). Such index systems
have been used to record urban ecology in provinces (Dong et al.,
2016), river basins (Tong and Guo, 2000), urban areas (Chen et al,
2020), and urban agglomerations (Li, 2019). Zhang et al. (2022)
constructed an eco-city evaluation index system for global cities from
the four aspects of urban system structure, function, coordination
degree and well-being. Different from the general eco-city evaluation
index system, this system marks global cities and covers all aspects of
urban development. On this basis, it pays special attention to the
well-being of urban residents and the satisfaction of their needs,
meets the needs of the advanced development stage of super-large
cities, and can better guide the ecological construction of domestic
cities. Research has also recognized the importance of urban
ecological construction in the correction of unsustainable and
“non-ecological” urban construction. Specific methods for improving
urban ecological construction consider intersections of economy-
ecology, environment-ecology, social-ecology, space-ecology, and
culture-ecology (Kaushal and Belt, 2012; Ramaswami et al., 2012;
Neil and Marshall, 2015; Ren and Zhang, 2019; Xu et al., 2019).
Although research into urban ecological construction has been
conducted, several outstanding challenges remain. Although current
index systems consider many social, economic, and environmental
aspects, the indicators are typically too broad, making them difficult
to apply in specific planning management and design practice. To
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achieve ecological civilization construction, high-quality economic
development, the improvement of cultural soft power, and space
governance, existing eco-city evaluation systems must be improved,
particularly in the areas of space and culture. Previous research into
urban ecological construction has mostly focused on one type of
environment. The construction of a comprehensive “whole system”
urban ecological construction framework can contribute to the
timely adjustment of the goals and functional positioning of the
construction of an ecological city.

The Yellow River basin (YRB) plays an important role in China’s
economic and social development. Promoting ecological protection
and high-quality development of the YRB has therefore become one
of China’s key targets (Xi, 2019; Miao and Zhang, 2021; Ren and Du,
2021). Obstacles to achieving these targets include shortage of water
resources, soil erosion, partial degradation of ecosystem structure
and/or function, natural disasters (e.g., floods, droughts), and
uncoordinated interaction between population and land use (Wang,
2020; Zhang and Miao, 2020; Liao and Du, 2021). Rapid urbanization
and industrial development of the YRB are limited by both resource
and environmental factors. The mismatch between the scale of
development and the carrying capacity is among the main
contradictions in the development and protection of the YRB (Fang,
2020; Wang et al., 2020; Li and Miao, 2022). Therefore, it is urgently
necessary to explore strategies for sustainable development in this
region. A new developmental concept has been proposed, whereby
ecological protection and the high-quality development of the YRB
emphasize “ecological priority and green development” and suggests
urban ecological construction to be an important approach for
achieving sustainable development (Ren and Du, 2021). This novel
development concept is conducive to forming a scientific
development model that meets the requirements of high-quality
urban development and spatial governance. Additionally, it lays the
foundation for governance of the YRB and helps formulate a
sustainable development strategy that considers the spatiotemporal
evolution of several factors.

On the basis of ecological protection and high-quality
development, how to measure the urban ecological construction in
the Yellow River basin, systematically classify the types of urban
ecological construction, put forward the multi-dimensional path of
urban ecological construction, and explore the “Yellow River
experience” and “Yellow River model” of urban ecological
construction has become an important topic facing the ecological
protection and high-quality development in the Yellow River basin
at this stage. In this study, firstly, we transformed existing large-scale
evaluations of ecological cities into a more grounded framework for
urban ecological construction. Through reconstructing the existing
index system by considering economic, environmental, social,
cultural, and spatial factors, we evaluated the urban ecological
construction level based on case studies of cities along the YRB in
2006, 2010, 2014, and 2018. Secondly, considering significant
environmental and developmental differences exist between the
upper and lower reaches, left and right banks of the YRB, especially
the development pattern of “three districts and seven groups” and
the geographical division of the upper, middle and lower reaches,
we systematically analyzed types of urban ecological construction in
the region and assessed spatial variation and different sources of
urban ecological construction. Finally, we used the obstacle factor
model to propose a practical path toward urban ecological
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construction that is consistent with high-quality development of the
YRB from a multi-dimensional perspective.

2. Research framework and index
system construction

2.1. Research framework

Eco-city is an urban ecosystem with coordinated development of
social, economic and natural dimensions and factors built according
to ecological principles. It mainly studies the correlation between
various elements of the system. Urban ecological construction
deepens the theory of eco-cities by optimizing the associated
theoretical and practical aspects. Urban ecological construction
coordinates the economic, environmental, social, cultural, and spatial
ecosystems of a city to achieve a stable and orderly state (Vergnes et al.,
2012; Schewenius et al., 2014; Zhang et al., 2014; Fu and Liu, 2021).
Based on steady economic growth, ecological and environmental
protection, quality of life, guaranteed public services, cultural soft
power, space structure optimization, and sustainable development
goals, We considered that high-quality economic growth, green and
safe ecological environment, livable and moderate living space,
integrated culture and space are the five key dimensions needed to
evaluate urban ecological construction, and their efficient combination
will form a theoretical guiding framework (Figure 1).

2.2. Index system construction

We created an index system for the YRB based on the research
framework and according to the scientific and systematic principles
of urban ecological construction (Table 1). Economic ecology aims to
develop both the economy and the ecology, thereby improving the
sustainability of economic development. Economic ecology of the
YRB emphasizes the coordination of economic growth and
environment (Chen et al., 2020), and can be measured by energy
consumption per unit of Gross Domestic Product (GDP) and research
and development (R&D) input. Social ecology takes into account the
need to satisfy the growing consumer demand, to improve the quality
of life and the level of equality, and to optimize the supply structure of
public services. The indicators of social ecology consider social equity
and stability factors, such as the income difference between urban and
rural residents, as well as living conditions. Environmental ecology
characterizes the micro-construction levels of ecological restoration,
pollution control, and resource utilization (Li, 2019). The ecological
environment of the YRB includes resources, ecology, environmental
protection, and governance. Factors used to assess the ecological
environment include the total water resources per capita, the harmless
treatment rate of household garbage, and the soil erosion index.
Imbalanced cultural ecology is alleviated by strengthening cultural
carriers and multicultural symbiotic coexistence (Chen, 2019; Zhan,
2021). The assessment index system we proposed therefore focuses on
the construction of cultural carriers and input communication. The
economic benefits generated by ecological construction are mainly
reflected in the fact that it considers the role of “ecological guidance”
in urban construction and development (Bo, 2019), and uses land use
efficiency and landscape diversity indices as assessment dimensions.
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3. Methods and data
3.1. Research and data source

The YRB flows through nine provincial administrative units in
Qinghai, Sichuan, Gansu, Ningxia, Inner Mongolia, Shanxi, Shaanxi,
Henan, and Shandong. Because Sichuan province is included in the
Yangtze River Economic Belt and eastern Inner Mongolia is closely
connected to northeast China, Inner Mongolia has been included in
the Northeast China Revitalization Plan (Xue et al., 2020). Here,
we collated data from 79 cities in these regions.

Our data were mainly categorized into statistical and spatial
data. Statistical data were obtained from the 2007-2019 China City
Statistical Yearbooks, the China Statistical Yearbook on Culture and
Related Industries, the China Water Conservancy Statistical
Yearbook, and seven series of national historical and cultural data
for villages and cities released by the Ministry of Construction and
the State Administration of Cultural Heritage. The spatial data were
obtained from the Geographic Information Bureau' of the Chinese
State Bureau of Surveying and Mapping, the Data Sharing and
Service Portal by the Chinese Academy of Sciences,” and the
Socioeconomic Data and Applications Center at Columbia
University.” We used ArcGIS to extract the heat island and land use
efficiency indices.

3.2. Methods

3.2.1. Calculation of ecological construction level
of cities

The entropy weight method is a commonly used information-
weighting method that can effectively overcome the disadvantages of
subjective value assignment (Richard, 1987). We adopted the entropy
weight method to measure the level of urban ecological construction,
Sij ,in the YRB as follows:

i (i=1,2,3...n) M

Z :1: 1X ij

Pij =

n
ej =k pijIn(p;j) (k>0, k=1/1n(n), ¢ >0 (2)
i=1
l1—e; m m 3)
gi=—Ec=>e;,0<g;<1) g =1,
m-E, = =
j=1 =1
(4)

m
Wi=gj/Dgjl<j<m)
j=1

1 http://bzdt.ch.mnr.gov.cn/
2 http://data.casearth.cn/

3 https://sedac.ciesin.columbia.edu/
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FIGURE 1
Framework for urban ecological construction.

m
Sij :ZWJ' XZij (i:1,2,3...n) (5)
=1

where Z; is a standardized value, Wi is the weight of j indicators in
the YRB, Pijj is the proportion of the i city in the index under the j
index, ej is the entropy value of the j index, g; is the difference
coefficient of the j index, m is the number of indicators, and n is the
total number of research objects.

3.2.2. Nuclear probability density functions

The nuclear density estimation method, a method for
non-parametric testing, was used to evaluate the unknown density
function in probability theory. The method is advantageous in that
it does not consider the influence of interval length, and thus yields
results with excellent continuity. Therefore, this method is suitable
for analyzing the temporal evolution of urban ecological
construction in the YRB ( ). The
calculation formula is as follows:

Frontiers in 04

f(X)=$ik(X;Xi) ©

where f(x) is the m density function estimated according to the value
x1, x2,.., xn of the urban ecological construction level in the YRB, k is
a kernel function, i is an area within the study area, and h is
the bandwidth.

3.2.3. The exploratory spatial data analysis (ESDA)
method
We used the ESDA method to test spatial correlation via global
and local spatial autocorrelation analyses. We also used this method
to analyze the spatial agglomeration status of the level of urban
ecological construction in the YRB. We followed the specific
calculation procedure outlined.
(1) Global spatial autocorrelation analysis. Global spatial
autocorrelation reflects the correlation between a geographical
phenomenon or an attribute value in a region and the same
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TABLE 1 Assessment index system indicating quality of urban ecological construction.

Content Factor Index (unit) Character  Weight
Economic per capita GDP/yuan + 0.0226
development Per capita disposable income/yuan + 0.0583
Energy consumption per unit of GDP (ton of standard coal/ten thousand yuan) - 0.0182
Economic
Resource use Carbon dioxide emission per unit of GDP (ton/ten thousand yuan) - 0.0248
ecologicalization
Water consumption per unit of GDP (m*/ten thousand yuan) - 0.0269
Proportion of tertiary industry in GDP (%) + 0.0698
Vitality index
R&D investment as a proportion of government expenditure (%) + 0.0100
Environmental Total water resources per capita (m?) + 0.0999
foundation Green coverage rate of built-up areas + 0.0067
Wastewater discharge per unit of built-up area (104 t/km?) - 0.0027
Environmental
Sulfur dioxide emissions per unit of built-up area (104 t/km?) - 0.0012
pollution
Environmental Soot emission per unit of built-up area (104 t/km?) - 0.0053
ecologicalization Comprehensive utilization rate of industrial solid waste (%) + 0.0136
Environmental
Centralized treatment rate of sewage treatment plants (%) + 0.0021
governance
Harmless disposal rate of household garbage (%) + 0.0031
Environmental Heat island effect index (°C) - 0.0063
disaster prevention Soil erosion index - 0.0044
Coefficient of income difference between urban and rural residents - 0.0129
Social justice
Per capita salary of staff (yuan) + 0.0165
Area of housing construction per capita (m?) + 0.0136
Infrastructure
Road area per capita (m?) + 0.0395
construction
Social Density of drainage pipes in a built-up area (km/km?) + 0.0170
ecologicalization Number of busses per 10,000 people + 0.0445
Public service Number of hospital beds per 10,000 people + 0.0192
Volume of public library collections per 10,000 people + 0.0360
Body mass index (BMI) + 0.0200
Healthy life
Life expectancy (years) + 0.0161
Number of 4A tourist attractions + 0.0217
Cultural resources Famous historical and cultural cities, villages, and towns + 0.0499
Number of national-level cultural industry demonstration parks + 0.0167
Cultural activities per capita (yuan) + 0.0399
Cultural Cultural investment
Share of culture and related industries in GDP + 0.0193
ecologicalization
Urban Baidu Index (%) + 0.0147
Cultural transmission
Number of foreign cultural exchange projects + 0.0421
Internet penetration rate (%) + 0.0147
Cultural supply
Number of titles issued + 0.0290
Land use efficiency + 0.0312
Land utilization
Space Compactness index + 0.0253
ecologicalization Shannon’s diversity index + 0.0510
Spatial pattern
Aggregation Index + 0.0334
phenomenon in neighboring regions, so as to reflect the spatial whether urban ecological construction in Shandong Province
distribution of geographical phenomenon or an attribute. In has spatial agglomeration characteristics. The calculation
this paper, global spatial autocorrelation is used to analyze formula is as follows:
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I nzi:12jzlwij (yJ —?) @)

Z?:]Z?:]Wij Z;l:l (Yi - y)2

Where 1 is the Global Moran’L; n is the total number of cities; y; and
v is the mean value of the classification index of region y and region
i, ¥ is the mean value of the classification index, Wi is the weight
matrix. The range of I is between [—1,1]. When I>0, it means that the
index is positively correlated and clustered in space. When I=0, it
means the index is randomly distributed in space. When 1<0, it
indicates that the indicators are negatively correlated and anisotropic
in space.
(2) Local
autocorrelation analysis can measure the local spatial

spatial autocorrelation analysis. Local spatial
correlation between each region and the surrounding region.
In this paper, Local Moran’s I is used to measure local spatial

autocorrelation, and the formula is as follows:

n
I =27 ZWiij (8)
j

Where I; represents the local spatial autocorrelation index; Z;
and Z; are the standardized forms of observed values, respectively.
W is the standardized spatial weight system matrix; I; is positive,
indicating that adjacent units of the region belong to similar
value cluster. I; is negative, indicating that the adjacent units of
the region belong to the cluster of non-similar values. If I; is 0,
the value of adjacent units in the region belongs to
random distribution.

3.2.4. Dagum’'s Decomposition of the Gini
coefficient

The Dagum Gini coefficient measures the degree of spatial
disequilibrium by performing a source or regional decomposition
of the regional differences. Compared to the Theil index that only
considers differences between the subsamples, the Gini
coefficient fully considers the spatial distribution of the
subsamples (Dagum, 1997). In this study, we used Gini
established via the Shorrocks-Mukherjee

decomposition method, whereby the regional population Gini

coefficients

coefficient, G, is calculated as follows:

1
L

where n is the number of samples in the group, x is the mean of the
samples in the group, and yi and yj are the urban ecological
construction level of areas i and j in the YRB. The decomposition
formula of the Gini coefficient is as follows:
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1
G=ZpﬁnGk+52mmﬂn-vd+R (10)

where G is the overall Gini coefficient, which represents the overall
spatial imbalance of urban ecological construction in the YRB, px
and pyp are the sample number shares of groups kand h, and 3y and
31, are ratios of the average urban ecological construction level of
group k and h to the average urban ecological construction level of all
samples, and Gy is the Gini coefficient of group k.

3.2.5. Establishment of obstacle diagnosis model

To design a more targeted strategy for improving the urban
ecological construction level, we adopted the obstacle degree model
to comprehensively measure the main constraints of the urban
ecological construction level in the YRB. The specific calculation
formulae are as follows:

1m

[ =1 - myjj

and

O = -
ijl(lij XW])

x100%, (12)

where I is the index deviation degree, W is the factor contribution
degree, mj; is the standardized value of the individual index, and Oij
is the obstacle degree. Higher Oj; values reflect a greater impact of a
given factor on the urban ecological construction level, indicating that
they present a greater obstacle to ecological construction.

4. Results and analysis

4.1. Spatiotemporal evolution of urban
ecological construction levels

4.1.1. Temporal trend evolution of urban
ecological construction level

The entropy method was used to weight calculations for the index
system so that scores for urban ecological construction level in the
YRB from 2006 to 2018 could be obtained. We explored the trend
using core density analysis in Stata (version 15.0). We obtained nuclear
density estimates for urban ecological construction in the YRB from
2006 to 2018 (Figure 2). The peak of the nuclear density curve shifted
from 0.33 in 2006 to approximately 0.48 in 2018, Showing a
remarkable growing “long tail” on the right. The speed of the kernel
density curve increased after 2014, indicating that cities with low
levels of urban ecological construction exhibit a “catching up effect”
We found that the level of urban ecological construction in the YRB
increased significantly in this time period. The nuclear density value
decreased from 2006 to 2010, and increased after 2010. A particularly
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strong increase in nuclear density was observed from 2010 to 2014. In
addition, the peak center tends to the right side, with most cities’
ecological construction level ranging from 0.3 to 0.5, and some cities
with higher ecological construction level reaching more than 0.6,
indicating that the absolute difference in urban ecological construction
between 2006 and 2010 increased, but the absolute difference
decreased after 2010. A single peak was observed in the nuclear
density curve for 2006-2018 in a certain time range, and the nuclear
density curve range exhibited a downward trend. This showed that
differences in ecological construction level between cities in the YRB
decreased, and no characteristics indicative of polarization were found.

4.1.2. Spatial analysis of urban ecological
construction level

We analyzed spatial patterns of urban ecological construction in
the YRB. ArcGIS10.3 was used to create a map of the level of urban
ecological construction in various time periods (Figure 3). We used
the natural breakpoint method to categorize the levels of urban
ecological construction into five levels: highest level, higher level,
medium level, lower level and lowest level.

As shown in Figure 3, urban ecological construction in the YRB
is high in the Yinshan Mountains, Taihang Mountains, Qinling, and
the North China Plain. The mountains form an area of increased
ecological construction value, compared with a decreased ecological
construction level in the center of the region. In 2006, highest level of
urban ecological construction were mainly concentrated in the middle
and lower reaches of the YRB. The areas of Jinan, Qingdao, Zhengzhou,
Taiyuan, and Hohhot formed a “bulge” in urban ecological
construction. Lowest levels of urban ecological construction were
mainly concentrated in the middle of the YRB in the cities of Xinzhou,
Ivliang, Guyuan, Pingliang, Tianshui, Dingxi, and Longnan, forming
a “collapse” in urban ecological construction. Cities at a lower level
(31) and lowest level (18) accounted for 22.78 and 39.24%, respectively.
The spatial distribution of urban ecological construction in the YRB
in 2010 and 2014 was similar to that in 2006, with an increase in both

10.3389/fevo.2023.1147619

highest level and medium level cities, which were mainly distributed
in Shandong Province and Shaanxi Province. Lowest level cities were
mainly distributed in western Gansu Province and Shanxi Province.
The level of urban ecological construction in southeastern Henan
Province improved significantly. In 2018, cities with highest level and
higher level increased. These cities were mainly distributed around
Jinan-Qingdao, Hohhot, Zhengzhou, and Xian, and low-level cities
in particular were mainly distributed in the southern part of Gansu
Province. In general, from 2006 to 2018, the proportion of cities with
lower levels of ecological construction in the YRB decreased, while the
proportion of middle level cities increased significantly. Cities with
medium or above level of urban ecological construction are mainly
distributed in the middle and lower reaches of the YRB, and the
proportion of cities increased significantly.

4.1.3. Spatial agglomeration analysis of urban
ecological construction level

(1) Global spatial auto-correlation analysis.

To explore the global spatial agglomeration characteristics of
urban ecological construction in the YRB, we used ArcGIS (version
10.3) to perform spatial auto-correlation tests across 79 cities in the
YRB and obtain Moran’s I index values. The results showed that the
Moran’s I index of urban ecological construction in 2006, 2010, 2014,
and 2018 were 0.2076, 0.1857, 0.2356, and 0.34014, respectively. These
results showed that the spatial agglomeration characteristics of urban
ecological construction in the YRB were statistically significant. This
indicated a mutual influence between adjacent cities, i.e., cities with
high ecological construction levels are adjacent, as are those with low
ecological construction levels.

(2) Local spatial auto-correlation analysis.

Figure 4 shows cities with both high agglomeration and high
levels of ecological construction (High-High areas) and cities with
low agglomeration and low levels of ecological construction (Low-
Low areas). In 2006-2018, urban ecological construction in High-
High areas was focused in Shandong Province. The Shandong

12
0 A -e2018 Y
Z 7N I, '
5 - ==2010 N g
= g 1y gy A
g - 2006 I
S 2014 ' VY '
i \
= 6 ] v i
= J v 1
\
< ! ] \
§ 4 A ! " \
= ! 1
= I} \
) ’\ \
2 4 b
2 A 4 "o A
2 y \
’ / \ \
’ / \\ ~
O ) (e A= ..I-‘/ _"-Is-" T ‘-I: _-_-\?"sl ——1
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Quality of Urban Ecological Construction
FIGURE 2
Kernel density estimation of quality of urban ecological construction in the Yellow River basin.
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FIGURE 3
Spatial distribution of quality of urban ecological construction in the Yellow River basin.

Peninsula hosts the only mature urban agglomeration along the
Yellow River. This agglomeration had good resource endowment,
an advantageous location, a good economic foundation, and
relatively close urban cooperation that allows the effect of ecological
construction to radiate to adjacent cities and form a continuous and
efficient spatial mode. In 2010-2018, Low-Low agglomeration areas
were concentrated in the central and southern part of Ningxia
Province and the southern part of Gansu Province. Geological
disasters occur frequently in the region, resulting in a fragile
ecological environment. Furthermore, reduced levels of urban
ecological construction result in low levels of economic income and
expenditure, living conditions, culture, infrastructure, public
services, social security, environmental quality, and organizational
management. The High-High areas in 2006-2018 were mainly
distributed in the lower reaches of the YRB, whereas the Low-Low
agglomeration areas were mainly distributed in the upper reaches
of the YRB.

High-Low areas refer to cities with high levels of ecological
construction but low levels of agglomeration, while Low-High cities
have low levels of ecological construction and high levels of
agglomeration. From 2006 to 2018, the High-Low agglomeration
cities are located in the provincial capitals of Zhengzhou and Taiyuan.
In the central region, which is relatively backward in development,
Zhengzhou and Taiyuan have absorbed more talents, resources and
capital in the region, and the resulting “siphoning phenomenon”
makes their own urban ecological construction level higher. From
2006 to 2010, Linyi City was an Low-High area. Although Linyi city
has general location conditions and has a weak foundation for
development, it is located close to cities with high levels of ecological
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construction such as Rizhao, Zibo, and Tai’an, and is in the “low-lying
land” of the siphon phenomenon. Overall, High-Low areas in 2006
2018 were mainly distributed in Henan Province and Shanxi Province,
while the Low-High
Shandong Province.

areas were mainly distributed in

4.1.4. Evolution of urban ecological construction
level in various city types

(1) Level of urban ecological construction across different
city sizes.

We analyzed the level of urban ecological construction across
different types of urban centers. Owing to the small number of
megacities (i.e., provincial capitals) and metropolitan areas (i.e.,
sub-provincial cities), we considered the following types of urban
center: Type I or above big cities, Type II large and medium-sized
cities, and Type I small cities. Cities classified as Type I or above
typically showed greater average values of urban ecological
construction (Figure 5A). Average values for urban water ecological
construction in 2006, 2010, 2014, and 2018 were 0.5172, 0.5387,
0.5793, and 0.5933, respectively. In Type II big cities, average values
for urban water ecological construction were 0.2970, 0.3457, 0.3668,
and 0.4513. Type II medium-sized cities typically exhibited lower
average values for urban water ecological construction of 0.2323,
0.3039, 0.3149, and 0.4233, respectively. Small Type I cities exhibited
the lowest average values for urban water ecological construction of
0.2500, 0.2967, 0.3141, and 0.4744, respectively. The level of urban
ecological construction was directly proportional to the type of city.
This is because city-scale expansion results in agglomeration of
various social resources; thus, economic volume is linked to the level
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LISA map showing the quality of urban ecological construction in the Yellow River basin.

of urban ecological construction. The scale effect is also evident in
small-scale cities, where measures are difficult to implement and the
level of urban ecological construction is improved slowly.

(2) Level of urban ecological construction across different
city function.

As per the National Sustainable Development Plan for Resource-
based Cities (2013-2020), we divided the cities in the YRB into 40
resource-based cities and 39 comprehensive cities. Statistical analysis
of the average urban ecological construction for each type of urban
center (Figure 5B) showed that the average ecological construction
level of comprehensive cities in 2006, 2010, 2014 and 2018 was 0.3016,
0.3483, 0.3688 and 0.4559, the average ecological construction levels
of resource-based cities are 0.2577, 0.3191, 0.3352 and 0.4359,
indicating that integration of urban functions is necessary to improve
urban ecological construction. Structural analysis showed that the
advantages of functional comprehensive cities are mainly reflected in
the ecological industry and spatial structure rationalization.

(3) Level of urban ecological construction across different
spatial carriers.

Based on the construction of a coordinated development pattern
for “three districts and seven groups” in the YRB (Jin, 2019),
we discuss the characteristics of the urban ecological construction
level of different spatial carriers.

The “three districts” refer to the protection and restriction
development zone of the Qinghai-Tibet Plateau, the coordinated zone
of economic development and ecological and environmental
protection of the Loess Plateau, and the modern and high-quality
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upgrading of and the coordinated development zone of the North
China Plain. Combining results for ecological construction levels
from the YRB and the three regions (Figure 5¢) showed that in 2006
2018, the North China Plain had the highest levels of urban ecological
construction water, followed by the average level across the YRB,
followed by the Loess Plateau, and finally the Qinghai-Tibet Plateau.
The North China Plain was found to have excellent economic,
environmental, and cultural ecological construction, while the
Qinghai-Tibet Plateau showed excellent performance in social
ecological construction, owing to the large and sparsely populated
land and the high ownership of public goods per capita. Variation in
the level of ecological construction between the three regions is related
to characteristics of the natural environment in the YRB and the
regional problems associated with its protection and development.
The “seven groups” refer to urban agglomerations of the Shandong
peninsula urban agglomeration, Central Plains urban agglomeration,
Guanzhong plain urban agglomeration, Jinzhong urban
agglomeration, Hubao Eyu urban agglomeration, Ningxia along the
Yellow River urban agglomeration and Lanxi urban agglomeration.
We combined results of urban ecological construction level from the
YRB and these seven urban agglomerations (Figure 5d). Our results
showed that ecological construction levels were higher in the mature
YRB urban agglomerations in 2006-2018. The urban ecological
construction levels in this region were higher than those in the rapidly
developing Hubao Eyu urban agglomeration, Jinzhong urban
agglomeration, Central plains Urban Agglomeration, Guanzhong

plain urban agglomeration, Ningxia urban agglomeration, and Lanxi
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urban agglomerations, where the average ecological construction level
was low. Further subdivision of the indicators revealed that, compared
with non-urban agglomerations, the advantages of urban
agglomerations are mainly reflected in the ecological construction of
economic, social, cultural and spatial dimensions, and there is still
room for improvement in both environmental and ecological
construction. Taking the Ningxia urban agglomeration, which is
located along the Yellow River, as an example, the proportion of
secondary industries is 53.17%, most of which are heavy industries.
The level of environmental and ecological construction is relatively
low. This shows that the degree of development of an urban
agglomeration is one of the main spatial carriers of urbanization and
affects the level of urban ecological construction. A higher degree of
development results in higher levels of urban ecological construction.

(4) Level of urban ecological construction across different
watershed locations.
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In the new stage of high-quality development, governance of
the environmental, ecological, and social conditions of the
YRB requires both upstream and downstream coordination, as
well as coordination between the left and right banks. Based on
the different scales of “upstream, middle and downstream,
left and right banks” (Zhao et al., 2021), we analyzed the
levels of urban ecological construction in different
watershed locations.

We conducted statistical analysis of the urban ecological
construction level in the upper, middle, and lower reaches of the
YRB (Figure 5E). From 2006 to 2018, the average level of urban
ecological construction in the upper reaches of the YRB was
higher than that in the middle and lower reaches. Moreover,
we found a higher level of urban ecological construction on the
right bank than on the left (Figure 5F), exceeding the average

value of urban ecological construction in the YRB.
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4.2. Measurement analysis of regional
differences in urban ecological
construction level

Through analysis of the level of urban ecological construction,
we found that urban ecological construction is regionally imbalanced.
We used MATLAB (version 2018) to calculate the Dagum Gini
coefficient. Additionally, we studied regional differences between the
middle and lower reaches of the YRB to reveal the size and source of
urban ecological construction.

Decomposition of the Gini coefficient for urban ecological
construction in the upper, middle, and lower reaches of the YRB is shown
in Table 2. The Gini coefficient showed an overall downward trend from
2006 to 2018, indicating an obvious effect of coordinated development
between cities, which promoted the gradual narrowing of regional
differences. The average Gini coefficient for the lower reaches of the YRB
during the study period (0.0572) was higher than that for the upper
(0.0312) and middle reaches (0.0423). This indicated that the imbalance
in urban ecological construction in the lower reaches of the YRB is higher
than that in the middle and lower reaches. From the perspective of
regional difference contribution rate, the rate of inter-group difference
contribution is highest, followed by the rate of intra-group difference
contribution and supervariable density contribution, intra-group
difference contribution rate had a small overall change range from 2006
to 2018, and inter-group difference contribution rate showed an upward
trend from 40.63 to 44.20% from 2010 to 2018. The contribution rate of
supervariable density decreased from 25.50 to 23.55% during 2010-2018.

Decomposition of the Gini coefficient for urban ecological
construction of the left and right banks of the YRB is shown in Table 3.
Overall, the Gini coeflicient of urban ecological construction on the left
bank is slightly higher than that on the right bank, indicating a higher
imbalance of urban ecological construction on the left bank. The regional
differential contribution rate within the group was comparable to that of

10.3389/fevo.2023.1147619

the hypervariable density, which was significantly higher than that of the
contribution rate between the groups. From 2006 to 2018, the differential
contribution rate within groups showed an overall upward trend, rising
from 43.73 to 49.57%. The contribution rate of supervariable density
changed slightly, and the differential contribution rate between groups
decreased from 9.22 to 3.89%.

Comparative analysis of the research results, from the perspective of
intra-regional difference, the intra-group difference of the left and right
banks of the YRB is higher than that of the upper, middle and lower
reaches of the YRB. From the perspective of inter-regional difference, the
inter-group difference of the upper, middle and lower banks of the YRB
is higher than that of the left and right banks of the YRB. From the
perspective of regional difference contribution rate, the intra-group and
inter-group contribution rate of the upper, middle and lower reaches of
the YRB is higher. In conclusion, the difference between the upper, middle
and lower reaches of the region contributes the most to the regional
imbalance of urban ecological construction in the YRB.

4.3. Diagnosis of obstacle factors for urban
ecological level

The obstacle degree model was used to identify obstacles to
ecological construction in 79 cities in the YRB. Based on the study by
Xu etal. (2019), the main obstacle factors of ecological construction
in each city were determined according to the principle of more than
10% obstacle levels. The mean results of the obstacle degree analysis
for all cities in the YRB from 2006 to 2018 are shown in Figure 6.

We identified
development, innovation vitality, and land use as the main

environmental foundation, economic
obstacles to ecological construction in most cities in the
YRB. Furthermore, we identified that the obstacles accounting for

the largest proportion in the indicator layer are, in order, total

TABLE 2 Dagum Gini coefficient decomposition for ecological construction levels in the upper, middle, and lower reaches of the Yellow River basin.

Year @ Overall Upstream Midstream Downstream @ Intra- Inter- Super Contribution rate (%)
group group Vvariable
density Intra-  Inter- Super
group group @ Vvariable
density
2006 0.0553 0.0318 0.0454 0.0612 0.0185 0.0197 0.0171 33.45 41.05 25.50
2010 0.0502 0.0321 0.0423 0.0523 0.0166 0.0204 0.0132 33.06 40.63 2631
2014 0.0489 0.0309 0.0438 0.0546 0.0158 0.0211 0.0120 3231 43.15 24.54
2018 0.0462 0.0302 0.0376 0.0607 0.0149 0.0204 0.0109 3225 4420 23.55

TABLE 3 Dagum Gini coefficient decomposition for ecological construction levels in the left and right banks of the Yellow River basin.

Overall Right Left Intra- Inter- Super Contribution rate (%)
Bank Bank group group \éaer:]asli)tl; Intra- Inter- Su_per

group group variable

density
2006 0.0553 0.0421 0.0568 0.0242 0.0051 0.0260 43.76 9.22 47.02
2010 0.0502 0.0489 0.0621 0.0257 0.0042 0.0199 51.19 8.37 40.44
2014 0.0489 0.0455 0.0598 0.0262 0.0025 0.0202 53.58 5.11 4131
2018 0.0462 0.4310 0.0525 0.0229 0.0018 0.0215 49.57 3.89 46.54
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FIGURE 6
Obstacle degree of main obstacle factors in the index for assessing quality of urban ecological construction in the Yellow River basin, expressed as
percentages.

water resources per capita, disposable income per capita, R&D
investment as a proportion of fiscal expenditure, and land use
efficiency. The obstacle degree values of resource use, public
service, cultural input, spatial pattern, and infrastructure are also
large, mainly in terms of energy consumption per unit of GDP,
public library collection per 10,000 people, proportion of culture
and related industries to GDP, and landscape diversity index. Our
study therefore indicates that ecological construction of a city with
the goal of high-quality development is subject to various obstacles
such as the improvement of cultural soft power and spatial
pattern optimization.

Based on the obstacle degree results, we followed the principle of
“priority of ecological construction-classification and zoning control-
focus on local policies” (Wolman, 1965; William, 1971; Figure 7).
We combined this principle with the location and function of different
types of cities and considered the ecological protection and high-
quality development of the YRB. We explored possible methods of
improving the ecological construction level of different types of cities,
and found the following methods for improvement:

First, Considering cities of different sizes: Type I big cities have
advantages in economic development, innovation vitality, and public
services. The main obstacles to urban ecological construction are
infrastructure, cultural resources, cultural investment, and spatial
pattern. In the future, we advise strengthening the structural
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adjustment of economic development and increasing investment in
science, education, and culture, such as Xi ‘an, Qingdao, Zhengzhou
and other Type I big cities. These changes will improve the efficiency
of urban land use and enable sustainable development. Relatively
economically developed cities have a large population and a high
degree of agglomeration. The residential land area per capita is,
however, relatively small, implying a contradiction between
population and land use. Small Type I cities,for example, Guyuan,
Dingxi, Zhongwei and other type I small cities need to focus on
economic development, innovation vitality, environmental disaster
prevention, public services, and infrastructure. Such cities should
prioritize the advantages of a good ecological environment. Pursuing
combined ecological and economic development leads to
enhancement in economic strength and quality. We also suggest
improving the quality of urban public services and cultural soft power.
Second, In cities with different functional types, the main
obstacles to ecological construction of comprehensive cities are
economic development, innovation vitality, infrastructure, and
environmental foundation. The obstacles to ecological construction of
resource-based cities are environmental governance, economic
potential, innovation vitality, public service provision, and land use.
Third, Considering different space carrier cities, the main
obstacles to ecological construction faced by the mature urban
agglomeration in the Shandong peninsula urban agglomeration are
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innovation, public services, infrastructure, and space pattern. For
agglomerations still in the early stage of development (i.e., Guanzhong
plain urban agglomeration, Ningxia along the Yellow River urban
agglomeration, Lanxi urban agglomeration), the main obstacles are
economic development, economic potential, environmental
governance, and cultural communication.

Forth, From the perspective of location along the YRB, the main
obstacles to ecological construction are cultural investment, cultural
communication, public service, and innovation vitality in the upper and
lower reaches of the YRB. The main obstacles upstream are urban

ecological level, environmental management, and economic development.

5.1. Conclusion

This study aims to transform the principles of large-scale
ecological city construction into a more grounded framework for
urban ecological construction. By constructing a five-pronged
theoretical framework of economic, environmental, social, cultural,
and spatial ecology, and using the entropy method, ESDA, Dagum
Gini coefficient, and the obstacle degree model, we explored the
spatial and temporal patterns and obstacles in urban ecological
construction. From our study, we conclude:

Frontiers in
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First, the ecological construction level varied spatially in 2006-
2018.The urban ecological construction in the YRB presents a
“polycentric” spatial differentiation structure, and has a significant
“center-periphery” decreasing spatial distribution trend. The
proportion of cities with low level and below of urban ecological
construction in the YRB decreases, while the proportion of cities
with medium level and above of urban ecological construction
increases significantly. Middle and downstream cities show high
levels of urban ecological construction, with construction
progressing toward cities in the middle and upper reaches over
time. The level of urban ecological construction in the YRB shows
characteristics of spatial agglomeration. From 2006 to 2018, High-
High agglomeration areas were mainly distributed in Shandong
Province in the lower reaches of the YRB. Low-Low agglomeration
areas were mainly distributed in the central and southern Ningxia
Province and southern Gansu Province. High-Low agglomeration
areas included Zhengzhou and Taiyuan, and Low-High
agglomeration aeras included Linyi.

Second, the level of urban ecological construction in the YRB is
directly proportional to the scale and type of city scale. The level of
urban ecological construction is relatively high in functional
comprehensive cities, such as the Shandong Peninsula city
agglomeration with a high degree of development, and the North
China Plain with areas of priority development. We found that the
lower reaches and the right bank of the YRB exhibited the highest
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levels of urban ecological construction. Regional differences existed
between the middle and lower Yellow River in terms of differential
contribution rate and urban ecological construction space imbalance.

Third, we found that the main factors influencing the urban
ecological construction level in the YRB are: water resources per capita;
disposable income per capita; R&D investment and fiscal expenditure
proportion; land use efficiency; energy consumption per unit GDP; public
library books per 10,000 people; culture and related industries in GDP;
and landscape diversity index. The obstacles to urban ecological
construction depend on local conditions. We found that upper and lower
reaches require improvement in different dimensions of economy; society,
environment, culture, and space.

5.2. Suggestions

Here, with the aim of promoting ecological protection and
high-quality development of the YRB, we propose a five-pronged
evaluation framework that considers the economy, society,
environment, culture, and space. We considered index selection for
national urban ecological construction, high-quality economic
development, cultural soft power promotion, space management
and other major demands, such as innovation, healthy life, cultural
investment, and space optimization elements. Our study differed
from static, single city, or provincial city research, and we based
our research on the size of different cities, space carrier, and river
basin location. The comparative analysis of urban ecological
construction was complementary to existing research and the use
of the obstacle model was helpful in analyzing the main barriers to
ecological construction in the YRB. Our results can provide a
reference for the coordinated development and central urban
agglomeration of cities in the YRB.

Improvement during the early development stage of the urban
agglomerations of Guanzhong Plain, Ningxia, and Lanxi requires
enhancement of the economic level and quality of life. The most important
objective is to maintain environmental quality and resource utilization
while aiming for high-quality economic growth and exploring the
Jeultural resources of the YRB to effectively improve the cultural quality
of agglomerations in the region. During the rapid development stage of
the urban agglomerations of Jinzhong and the Central Plains, attention
must still be paid to the social progress and spatial governance of some
cities in Henan Province and Shanxi Province. Regional differences
remain in the YRB. Spatial imbalance mainly arises from the difference
between the upper, middle, and lower reaches of the YRB cities. As the
difference between cities is relatively small, we suggest changing the
current fragmented management mechanism in future urban
development planning. This would narrow the development gap between
urban agglomerations in the lower and middle Yellow River, ultimately
resulting in coordinated development of the YRB.

Evaluation of urban ecological construction is a complex process
that requires systematic consideration of economic, social,
environmental, cultural, and spatial indicators. Therefore, building a
complete and comprehensive evaluation framework for urban
ecological construction presents a research challenge. Here,
we focused on measuring the level of urban ecological construction
based on objective indicators. In the future, subjective interview
materials and questionnaire data should be additionally considered
when conducting comprehensive analysis of urban ecological
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construction. Secondly, future research requires further exploration
of the mechanisms that govern high and low urban ecological
construction to provide targeted suggestions for improving the level
of urban ecological construction in the YRB.
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