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Abstract

Promoting the coordinated development of urban resilience (Ur) and urban land use ef-
ficiency (Ulue) is key to solving regional sustainable development challenges. Based on
panel data of relevant indicators from the Yangtze River Economic Belt (YREB) for the
period 2011–2024, this study employs the coupling coordination degree model, kernel
density estimation, and exploratory spatial analysis tools to analyze the spatiotemporal
differentiation characteristics and spatial correlation of the coupling coordination degree
between Ur and Ulue (Uucc). And the spatial patterns of Uucc driving factors are investi-
gated using the Geographically Weighted Regression (GWR) method. The results indicate:
(1) In terms of the temporal dimension, the Uucc in the YREB shows an upward trend, with
its level continuously improving. The number of cities with higher Uucc levels gradually
increases, exhibiting multi-center and multi-layered characteristics. (2) In the dimension of
space, Uucc exhibits strong spatial correlation. LISA high-value clusters are concentrated
in the downstream region of the YREB, while low-value clusters are found in the upstream
and midstream regions. The spatial clustering presents a pattern of “large dispersion, small
agglomeration”. (3) The driving factors of Uucc display significant spatial heterogeneity.
Urbanization, government regulation capacity and technological innovation are the dom-
inant drivers in the downstream region. Urbanization has a significantly positive effect
on Uucc, while its impact gradually weakens from the downstream to the midstream and
upstream regions. Urbanization and openness level are the dominant drivers in the mid-
stream region. This study provides references for governments to formulate differentiated
policy for different regions.

Keywords: Ur; Ulue; spatial heterogeneity; SBM model

1. Introduction
As complex social ecosystems, cities play a crucial role in ecological governance and

sustainable development. With the acceleration of urbanization, challenges such as aging
urban infrastructure, shortages in public service facilities, difficulties in responding to
sudden disasters, inefficient land use, and ecological environmental degradation have
become increasingly prominent. These challenges hinder the enhancement of Ur, ratio-
nal spatial utilization, and high-quality urban development. High-resilience cities can
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withstand risks, respond flexibly, recover and continue to develop when confronted with
external shocks and internal disturbances [1–3]. With the rapid expansion of urban scale,
the Ulue has also become a significant topic of academic interest. Improving Ulue can
promote sustainable economic growth [4–6], optimize spatial layout and achieve intensive
transformation, while also facilitating environmental protection and improving people’s
livelihoods [7,8]. Therefore, achieving the synergy between and Ulue has become the core
path for enhancing the overall competitiveness of cities [9–11].

Scholars’ research on Ur and Ulue focuses on evaluation framework, spatial analysis,
driving factors, and improvement strategies, among other aspects. The socioeconomic
conditions, infrastructure, and ecological environment of Ur were measured using models
such as the entropy-weighted TOPSIS model and network big data analysis [12–15]. The
research focuses on examining the spatio-temporal evolution characteristics of resilience lev-
els, the urban resilience factors, as well as its relationship with economic development and
urbanization level. Mainly, regression analysis and big data methods are used to quantify
the extent of the influence of factors such as economic development and urbanization.

Ulue evaluation indicators encompass both inputs and outputs [16,17]. The evalua-
tion index system for land, capital, and labor was measured using methods such as the
Super-SBM, SFA, DEA, and the Malmquist index [18–20]. Research content usually uses
spatial correlation analysis, the Gini coefficient, and gravity center models to interpret
the spatiotemporal differentiation distinctions of Ulue [21]. Studies on driving factors
mainly utilize Tobit models [22,23], GMM models [24], and gray correlation degree models
to measure the influence of socioeconomic factors, such as regional GDP [25], industrial
structure, fixed capital formation, public service facilities, land marketization level, foreign
direct investment (FDI), urban spatial compactness, urbanization, land revenue distribution
systems, and regional integration on Ulue. Scholars hold that the Uucc shows distinct
spatial differentiation characteristics, which are shaped by variables including urbanization,
regional GDP, ecological pressure, technological level, infrastructure, and government
regulatory capacity [26,27].

Furthermore, studies on the relationship between Ur and mostly employ coupling
coordination models, spatial analysis methods, etc., They conduct empirical investigations
on the coordination level and spatio-temporal evolution characteristics of the two. They
often use spatial Durbin models, Tobit models, etc. to measure the influence degree of
factors such as government fiscal expenditure, environmental governance, scientific and
technological innovation, and opening up to the outside world on Uucc [28,29]. Ulue
determines the urban spatial structure and resource allocation level, aiming to enhance the
ability of the city to withstand shocks and recover quickly; Ur reduces risks and ensures
stable operation, thereby promoting long-term efficient land utilization. Uucc is the key
support for achieving efficient urban economy, resource conservation, social equity and
ecological security, and is an inherent requirement for sustainable urban development.
These studies expand the conceptual boundaries of Ur multidimensionality and Ulue,
establish a multidimensional indicator system to measure resilience and efficiency, reveal
their spatiotemporal evolution and influencing factors, and provide theoretical guidance
and empirical references for subsequent research.

Previous work has yielded fruitful results, but research gaps remain. First, the in-
terplay between Ur and Ulue lacks a robust theoretical foundation; second, few studies
have empirically traced the spatio-temporal dynamics of the coupled and coordinated
development on both; third, scholars have paid insufficient attention to the processes and
drivers that enable the synergistic coupling of both. Therefore, scientifically measuring the
development level of Uucc and its influencing factors is a critical issue in the process of
urban development. The primary objectives of this research are to delineate the spatiotem-
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poral patterns of Ur and to identify its key driving factors, and the relationship between
Ur and economic development and urbanization. Methods like quantitative techniques,
notably regression modeling are mainly applied to measure the influence of factors such as
economic development, urbanization, government support, openness level, transportation
convenience, and environmental regulations.

The YREB is China’s most economically powerful belt with enormous development
potential and the broadest influence. In 2025, the economic output will account for 47% of
the national total. However, the YREB, which covers 21% of the country’s land, is home to
over 40% of the population. It is an extremely intensive and densely developed area, facing
issues such as tight land resources, the need for continuous improvement in utilization
efficiency, significant pressure on urban systems when responding to risks, prominent
contradictions between people and land, and uncoordinated regional development. En-
hancing the overall Ur and Ulue has become more complex and urgent [30]. Against this
backdrop, this research focuses on 108 cities within the YREB. The entropy method and the
SBM model are applied to evaluate Ur and Ulue from 2011 to 2024, respectively. Kernel
density estimation and ArcGIS 10.5 are employed to elucidate the spatiotemporal dynamics
and spatial correlation of Uucc from a spatiotemporal interaction perspective. Finally, the
GWR model is applied to quantify the spatial differentiation characteristics of Uucc driving
factors. The research results provide directional guidance and decision-making basis for
rational land use planning, improving urban form and boosting resilience capacities.

2. Coupling Coordination Mechanism
Scholarly discourse on Ur centers on the enduring capability of metropolitan systems

to absorb, adapt, and evolve when confronted with internal and external pressures. Ulue
emphasizes the intensiveness of land resource allocation and the synergy of multiple
benefits. They are core dimensions supporting sustainable urban development. The
essence of their coupling and coordination mechanism is to achieve complementarity of
resources and elements, enhance the overall efficiency of the urban system through positive
feedback loops, and promote development of new urbanization, as shown in Figure 1.

Figure 1. Analysis of the Coordination Mechanism between Ur and Ulue.

The improvement of Ulue provides multi-dimensional support for enhancing Ur. First,
enhancing the efficiency of land use unlocks the potential for capital, technological innova-
tion, and labor to substitute for scarce land, expand the economic supply capacity of land,
and leverage the advantages of industrial agglomeration and economies of scale, thereby
a more sustainable and resilient economic structure. Consequently, the enhancement of
Ulue contributes to strengthening urban economic resilience. Second, vigorous economic
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development can prompt the government to increase fiscal investment in social public
services, Building systemic resilience for urban risk management. Therefore, efficiency
gains in land utilization can drive social resilience through economic development. Third,
the higher level of Ulue can maintain an appropriate ecological capacity by adopting a
compact layout, optimizing the spatial configuration of green spaces, water systems and
ecological corridors, and reasonably controlling the development intensity. This can en-
hance environmental sustainability, ecosystem services and ecological capacity, and jointly
support a stable, highly resistant to interference and highly efficient urban system. There-
fore, enhancing the efficiency of land utilization is a critical driver for strengthening urban
ecological resilience. Fourth, the efficient use of land can effectively aggregate various
factors, promote the urban resource allocation and infrastructure layout, and promote
the resilience and carrying capacity of urban facilities. The optimization of Ulue helps to
enhance urban facility resilience.

The social, economic, ecological, and infrastructural dimensions of Ur collectively
contribute to higher Ulue. High-level economic resilience accelerates the concentration of
factors by creating a stable environment, promotes the optimization and upgrading of the
industrial structure and specialized division of labor. It facilitates the growth of economies
of scale and the increase in industrial added value, thereby enhancing the degree of land
utilization intensification and the yield per unit area, and improving Ulue. Therefore,
economic resilience is the core driving force for enhancing Ulue. Cities with high social
resilience have a sound public service. Through the welfare economic suction effect, they
can improve the conditions of labor, investment, and other factors, drive high-quality
urban economic development, and impose higher requirements on resource allocation and
utilization efficiency, thereby forcing the improvement of Ulue. Strong ecological resilience
enables urban ecosystems to have excellent resistance and recovery capabilities, stable and
sustainable functions, and can coordinate the relationships among production, living, and
ecological spaces, reaching higher economic and ecological outcomes at a lower resource
and environmental cost [31], establishing the groundwork for promoting the optimal use of
land. As the “lifeline” of urban development, a sound urban infrastructure configuration
can optimize urban resource allocation and improve development efficiency [32], providing
key support for the efficient use of land. Through the interaction of spatial intensification,
functional diversity, and system connectivity, Ur and Ulue form a positive cycle of effi-
cient utilization, resource conservation, risk reduction, enhanced adaptability, and further
optimized utilization.

3. Materials and Methods
3.1. Research Methods
3.1.1. Entropy Method

The entropy method is an objective weighting method, reflecting the degree of disper-
sion of each indicator [33,34]. It is used in multi-indicator decision analysis to determine
indicator weights, reducing bias from subjective judgment.

X1
ij =

Xij−Xjmin
Xjmax−Xjmin

, X2
ij =

Xjmax−Xij
Xjmax−Xjmin

(1)

Pij =
Xij

∑n
i=1 Xij

(2)

Ej = − 1
ln n

n
∑

i=1

(
Pij × ln Pij

)
(3)

Dj = 1 − Ej (4)
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Wj =
Dj

∑m
j =1 Dj

(5)

yi =
m
∑

j=1
Wj × Xij (6)

where X1
ij and X2

ij represent the standardized values of the j indicator for i the city; xij

is the original data of the j indicator for the j city; xjmax and xjmin are the maximum and
minimum values of the j indicator, respectively; Pij is the proportion of the j indicator for
the i city; Ej is the entropy value of the j indicator; Dj is the information utility value of the
j indicator; Wj is the weight of the j indicator; yi is the comprehensive resilience score for
the i city.

3.1.2. Super-Efficiency SBM Model

The Super-SBM model is used to measure Ulue [35–37]. This model is a comprehensive
evaluation method considering multiple inputs and outputs, addressing slack issues,
capable of measuring undesired outputs, and solving the problem of multiple decision-
making units having efficiency scores of 1, overcoming limitations of other methods.

Assume there are nDMUj (j = 1, 2, . . . 108), each type of inputs Xi (x1k, x2k, . . . xmk),
s types of desirable outputs Yr (y1k, y2k, . . . ysk), and u types of undesirable outputs
Qq (x2k, . . . xuk).

The model is:

minp =

1 +
1
m

m
∑

i=1

S−
i

χik

1 − 1
s + u

(
s
∑

r=1

S+
r

yrk
+

u
∑

q=1

So−
q

Oqk

)


n
∑

j = 1
j ̸= k

λjχij − S−
i ≤ χik, i = 1, 2, . . . , m

n
∑

j = 1
j ̸= k

λjyrj + S+
r ≥ yrk, r = 1, 2, . . . , s

n
∑

j = 1
j ̸= k

λjoqj − So−
q ≤ Oqk, q = 1, 2, . . . , u

1 − 1
s + u

(
s
∑

r=1

S+
r

yrk
+

u
∑

q=1

So−
r

Ork

)
>0

λj, S−, S+ ≥ 0
j = 1, 2, . . . , n(j ̸= k)

(7)

where P denotes the Ulue of each city. When P ≥ 1, the Ulue of each city is relatively
effective; when P < 1, the Ulue of each city is relatively ineffective. S−I , S+

r and So
q are

the slack variables for inputs, desirable outputs, and undesirable outputs, respectively. xij

represents the i-th input of decision-making unit j. yrj represents the r-th desirable output
of decision-making unit j. oqj represents the q-th undesirable output of decision-making
unit j. λj denotes the weight of the decision-making unit.

3.1.3. Coupling Coordination Degree Model

Drawing on relevant research [38,39], The coupling degree model reflects the interac-
tion and mutual influence between two variables.
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C =
{

u1u2/((u1 + u2)/2)2
}1/2

(8)

where C is the coupling degree between Ur and Ulue; u1 is the Ur level; u2 is the Ulue level.
The C can determine the strength of the interaction between Ur and Ulue in the YREB,

but it cannot evaluate the Uucc development and evolution. Therefore, the formulasare as
follows [40,41].

T = αu1 + βu2 (9)

D =
√

CT (10)

where D represents the Uucc; T represents the comprehensive evaluation index of Ur and
Ulue. Based on existing research results [42,43], this study considers u1 and u2 equally
important, so both α and β are assigned a value of 0.5. Referring to relevant literature, D is
classified into six levels: Advanced coordination (1 ≥ D > 0.8), Intermediate coordination
(0.8 ≥ D > 0.6), Primary coordination (0.6 ≥ D > 0.4), Mild dissonance (0.4 ≥ D > 0.3),
Moderate dissonance (0.3 ≥ D > 0.2), and Severe dissonance (0.2 ≥ D > 0).

3.1.4. Kernel Density Estimation

KDE uses a smooth continuous density curve to describe the overall trend. effectively
revealing the potential distribution characteristics of data [44–46].

f (x) =
1

nh

n
∑

i=1
K
(

xi − x
h

)
K(x) =

1√
2π

exp
(
− x2

2

) (11)

where n represents the number of cities; h represents the bandwidth; K(·) is the kernel
function; xi is the Uucc of the i city; x is the average Uucc of all cities in the study region.
This study selects the Gaussian kernel function to calculate the kernel density curve of Uucc.

3.1.5. Spatial Correlation Analysis Method

The Global Moran’s I index is used to identify the spatial agglomeration and dispersion
effects of Uucc and test its spatial correlation [47,48]. Its value ranges from [−1, 1]. The
greater the absolute value of the Uucc among cities, the higher the spatial correlation.

Global Moran′s I =
∑n

i=1 ∑n
j=1 Wij(xi − x)

(
xj − x

)
1
n
× ∑n

i=1 (xi − x)2∑n
i=1 ∑n

j=1 Wij

(12)

where n represents the number of cities n = 108; xi and xj represent the Uucc for cities i and
j, respectively; x is the average Uucc for the 108 cities; Wij is the spatial adjacency matrix.

To further explore the spatial autocorrelation and its significance of Uucc in local
areas, the Local Indicator of Spatial Association (LISA) index Ii is introduced to reflect the
agglomeration of Uucc in each city [49].

Ii =
∑n

j=1 Wij(xi − x)
(
xj − x

)
1
n
× ∑n

j=1 (xi − x)2
(13)

3.1.6. Geographically Weighted Regression Model

The GWR model can reveal the characteristics of parameters changing with spatial
location and detect spatial non-stationarity [50]. It can quantitatively reflect the heteroge-
neous influence of explanatory variables at different sample points and visually express
the local spatial relationships between explanatory variables [51].
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Yi = β0(ui, vi) +
P

∑
k=1

βk(ui, vi)Xij + εi (14)

where X and Y are the explanatory and explained variables; (ui, vi) are the longitude and
latitude coordinates of variable i; P is the number of research variables; β0(ui, vi) is the
regression constant; βk(ui, vi) is the regression parameter; εi represents the residual. This
paper adopts the AICc criterion and adaptive bandwidth.

3.2. Construction of Indicator Systems
3.2.1. Ur

A city is a highly complex giant system composed of multiple elements such as society,
ecology, and infrastructure, facing numerous external shocks and internal disturbances.
Conceptualized as a systemic property, Ur enables a city to persist and evolve sustain-
ably through disturbances that impact its economic, social, ecological, and infrastructure
subsystems [52–56]. Specific indicators are shown in Table 1.

Table 1. Comprehensive Evaluation Indicator System for Ur.

Dimension
Layer Indicator Layer Indicator

Direction Weight

Economic

Foreign trade dependence (%) + 0.0637
Proportion of tertiary industry value in GDP (%) + 0.0099
Total retail sales of consumer goods (10,000 yuan) + 0.0722

Local fiscal general budget expenditure (10,000 yuan) + 0.0671
Year-end balance of deposits in financial institutions (10,000 yuan) + 0.1106

Proportion of education expenditure in fiscal expenditure (%) + 0.0031

Social

Year-end balance of urban and rural residents’ savings deposits (10,000 yuan) + 0.0739
Number of hospital beds per 10,000 people (beds/10,000 people) + 0.0402

Proportion of public administration and social organization personnel in
total population (%) + 0.0104

Proportion of registered urban unemployed population in total
population (%) − 0.0201

Collection volume of public libraries (1000 volumes) + 0.1026
Number of students enrolled in regular institutions of higher education

(persons) + 0.0928

Ecological

Per capita park green area (square meters/person) + 0.0325
Harmless treatment rate of domestic waste (%) + 0.0015

Centralized treatment rate of sewage treatment plants (%) + 0.0024
Comprehensive utilization rate of industrial solid waste (%) + 0.0087

Proportion of energy conservation and environmental protection in fiscal
expenditure (%) + 0.0121

Per capita industrial nitrogen oxide emissions (ton) − 0.0679

Infrastructure

Internet penetration rate (%) + 0.0335
Mobile phone penetration rate (%) + 0.0190

Per capita daily domestic water consumption (cubic meters/1000 people) − 0.0100
Gas penetration rate (%) + 0.0014

Number of public buses (1000 units) + 0.0839
Road area (million square meters) + 0.0605

3.2.2. Ulue

Ulue is a comprehensive concept used to measure the utilization degree and output
effect of urban land resources in socio-economic activities. It includes the input-output
ratio of all factors, reflecting the intensive and rational of land resources. Considering
that urban land use not only generates economic, social, and ecological benefits but also
causes ecological losses, guided by concepts such as green development and sustainable
development, and drawing on the green development efficiency evaluation model and
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existing research, Build the system from three aspects [57,58]. Specific indicators are shown
in Table 2. The environmental pollution index (without units) is composed of the per
capita emissions of industrial smoke dust (kg/person·year), sulfur dioxide (t/person·year)
and wastewater (m3/person·year). First, the three indicators are standardized, then the
weighted sum is calculated to obtain the comprehensive environmental pollution index.

Table 2. Comprehensive Evaluation Indicator System of Ulue.

Indicator Type Indicator Meaning Indicator Composition

Input

Land Urban construction land area (square kilometers)
Labor Proportion of secondary and tertiary industry employees (%)

Capital Fixed asset investment (10,000 yuan)
Energy Total electricity consumption of society (10,000 kWh)

Desired
Economic Added value of secondary and tertiary industries (10,000 yuan)

Social Per capita disposable income of urban residents (yuan)
Ecological Green coverage rate of built-up area (%)

Undesired Ecological Environmental pollution

3.3. Data Sources

This study takes 108 prefecture-level and above cities of the YREB from 2011 to
2024 as the research objects. The data are sourced from the statistical yearbooks and
social development statistical bulletins of each city, interpolation is used to fill in some
missing data.

4. Results Analysis
4.1. Spatiotemporal Changes in Ur and Ulue

Using the entropy method to calculate the comprehensive Ur score and the super-
efficiency SBM model to evaluate Ulue, the results are presented in Figure 2. From the
temporal evolution perspective, Ur and Ulue in the YREB showed an overall growth trend
from 2011 to 2024. Ur in the upstream region increased from 0.0576 in 2011 to 0.1133 in
2024, with an average annual growth rate of 0.4281%. Ulue increased from 0.0497 to 0.1187,
with an average annual growth rate of 0.5311%. In the midstream region, Ur increased
from 0.0590 to 0.1088, with an average annual growth rate of 0.3829%. Ulue increased from
0.0450 to 0.0998, with an average annual growth rate of 0.4213%. Although both showed a
growth trend, the growth rate was relatively moderate, indicating significant development
potential in the future. In the downstream region, Ur increased from 0.0980 to 0.1593, with
an average annual growth rate of 0.4716%. Ulue increased from 0.0794 to 0.1702, with an
average annual growth rate of 0.6983%, showing a clear accelerating development trend.
The level and growth rate of both Ur and Ulue show the development trend of downstream
region > upstream region > midstream region.

Figure 2. Temporal Evolution of Ur and Ulue in the YREB.
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Using the natural breaks method, Ur and Ulue are divided into five levels (Figure 3).
Red represents the first grade, indicating the highest Ur and Ulue, while blue represents
the fifth grade, indicating the lowest Ur and Ulue. From the spatial pattern perspective, the
first level of Ur and Ulue is mainly Shanghai. The second level is more scattered, showing
a sporadic distribution. The third and fourth levels are concentrated in the downstream
region, showing a block-like distribution. The fifth level is concentrated in the midstream
and upstream regions, showing a flake-like distribution. Overall, regional differences are
significant. Both Ur and Ulue show a spatial pattern of “high in downstream region, low
in midstream and upstream regions”. The reason is that the higher degree of openness
to the outside world and the diversified industrial layout in the downstream regions
are conducive to enhancing the urban innovation capacity and the ability to deal with
complex challenges. Advanced urban planning and management levels, along with the
agglomeration effect of industries, can optimize land use. Therefore, Ur and the level of
Ulue in the downstream regions are relatively high.

Figure 3. Spatial Pattern of Ur and Ulue in the YREB (2011–2024).

In the upstream region, Ur and Ulue of Chongqing and Chengdu are at the second
level, while most cities are at the fifth level, but have great development potential. Due
to the abundant resources in the upstream regions, the well-developed transportation
infrastructure has facilitated the connection between the middle and upstream regions,
promoting continuous rapid economic development and continuous optimization of the
industrial structure, enhancing the city’s emergency response and resource allocation
capabilities. Meanwhile, scientific land planning and control have optimized land resource
allocation, driving the city’s transformation toward high-quality development.

By calculating the average values of Ur and Ulue levels of 108 cities in the YREB from
2011 to 2024, the Ur and Ulue levels of cities in the midstream region are at the fourth
and fifth grades respectively. This is because the development of emerging industries
and service industries in the midstream region is relatively insufficient, and the industrial
structure is not optimized enough. Therefore, the economic stability and risk resistance
capacity are relatively weak. Moreover, the urban development concepts and land planning
levels in the midstream region need to be improved. The industrial development level
and agglomeration degree are not as good as those in the downstream region. The imple-
mentation and supervision of policies on land resource management and conservation and
intensive utilization need to be further strengthened.
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4.2. Spatiotemporal Evolution Characteristics of Uucc
4.2.1. Temporal Evolution Characteristics of Uucc

Figure 4 illustrates the temporal evolution of Uucc in the YREB. Overall, Uucc exhibited
a positive development trajectory throughout the study period. The mean Uucc for the
YREB was 0.4441, increasing from 0.3661 in 2011 to 0.4987 in 2024, with an average annual
growth rate of 1.0202%. The mean Uucc for the downstream region was 0.4777, increasing
from 0.3962 in the base year to 0.5622 in the final year, with an average annual growth
rate of 1.2763%. The mean Uucc for the midstream region was 0.4308, increasing from
0.3520 to 0.4963, with an average annual growth rate of 1.1100%. The mean Uucc for the
upstream region was 0.4191, increasing from 0.3426 to 0.4713, with an average annual
growth rate of 0.9900%. Specifically, Uucc in the YREB and the downstream region showed
a consistent upward trend. Uucc in the midstream and upstream region showed a trend of
rising–falling–rising. High-value regions are mainly distributed in economically developed
cities in the downstream region, while low-value regions are distributed in cities in the
upstream region. The coupling coordination degree in the downstream region is higher
than the level of the YREB, while the coupling coordination degrees in the midstream and
upstream region are lower than that level.

Figure 4. The variation of Uucc over time.

Using the Matlab R2023b software, we plotted the three-dimensional Gaussian kernel
function distribution map of Uucc from 2011 to 2024. By comparing the kernel density
curves across different times and regions, the dynamic trajectory of Uucc differences is
revealed, the results are shown in Figure 5.

From the perspective of distribution position and shape, the kernel density curves of
Uucc across all regions exhibit an overall rightward shift, indicating a general improvement
in Uucc levels. The main peak heights of the kernel density curves for the YREB, upstream,
midstream, and downstream regions rise annually, evolving from broad peaks to sharper
peaks. The peaks on the x-axis for the YREB, upstream, and midstream regions are concen-
trated between 0.3 and 0.4, while the downstream region’s peaks are concentrated between
0.3 and 0.5. This indicates regional convergence of Uucc within the peak range, revealing
that the dispersion of Uucc in the downstream region decreases, and the multi-polarization
trend weakens. Particularly in the downstream region, the change is more pronounced: the
curves evolve from low peaks with large widths to higher peaks with smaller widths. This
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demonstrates that cities within each region can fully utilize their own advantages, leading
to relatively balanced Uucc development within each region.

Figure 5. Dynamic Evolution of Uucc.

From the perspective of polarization characteristics, the kernel density curves of
Uucc for the YREB, upstream, midstream, and downstream regions all show a unimodal
distribution pattern. This indicates a gradual weakening of the multi-polarization phe-
nomenon in Uucc, suggesting that during the process of improving Uucc levels, these
regions utilize their own economic, social, and ecological capacities to mitigate the impact
of external uncertainties.

From the perspective of distribution extensibility, the kernel density curve of Uucc
across the entire YREB displays a right-skewed tail accompanied by several irregular bulges.
This indicates that a few individual cities within the economic belt have relatively high Uucc
levels. The kernel density curves for the upstream and midstream regions show significant
right-skewed tails with numerous irregular protrusions. This reflects the existence of multi-
polarization among individual cities in the processes of Uucc development. In contrast, the
downstream region shows fewer tailing phenomena, indicating that the Uucc among cities
in this region are relatively balanced, exhibiting no polarization characteristics.

4.2.2. Spatial Evolution Pattern of Uucc

The spatial evolution trend of Uucc in the YREB is shown in Figure 6. In 2011, the
coupling coordination degree of the YREB was relatively low. There were 32 cities at the
primary coordination level, concentrated in Zhejiang Province, southern Jiangsu Province
in the downstream region, and areas like Chongqing and Chengdu in the upstream region.
moderate dissonance was distributed in the northwest of the downstream region and the
northeast and southwest of the midstream region. In 2015, the range of moderate dissonance
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continued to shrink, while mild dissonance was distributed in the midstream region and
its range expanded significantly, indicating the initial effectiveness of the Yangtze River
Midstream Urban Agglomeration Development Plan. In 2019, the coupling coordination
degree of the YREB overall improved. Shanghai’s coupling coordination degree rose to
advanced coordination. Intermediate coordination was clustered in Nanjing (downstream),
Changsha (midstream), Chengdu and Chongqing (upstream). The number of primary
coordination cities increased to 37, mainly concentrated in the downstream and midstream
regions. In 2024, the overall Uucc of the YREB further improved overall, and the number of
cities with higher Uucc gradually increased. The number of advanced coordination cities
increased to 6, concentrated in downstream (Shanghai, Nanjing, Hangzhou, Suzhou) and
upstream (Chongqing, Chengdu). The number of intermediate coordination cities increased
to 11, concentrated in the downstream region. The number of Primary coordination cities
increased to 51, mainly in the downstream and midstream regions.

Figure 6. Spatial Evolution and Distribution of Uucc.

Overall, from 2011 to 2024, the Uucc in the YREB gradually improved. Most cities
evolved from moderate dissonance and mild dissonance to primary coordination and
intermediate coordination. The number of primary coordination, intermediate coordination,
and advanced coordination cities gradually increased. The Uucc in the downstream region
was significantly higher than that of the midstream and upstream regions. The downstream
region was the first to upgrade to advanced coordination. The areas at primary coordination,
intermediate coordination, and advanced coordination gradually expanded towards the
midstream and upstream regions, indicating significant spatial differences in the Uucc,
presenting a spatial pattern of “high downstream and upstream, low midstream”.

The underlying reason lies in the robust economic foundations of downstream cities
like Shanghai and Nanjing, enabling them to allocate greater resources toward urban de-
velopment. Scientific government urban planning can promote the optimal allocation of
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land resources and enhance Ur and Ulue. The midstream region has a certain gap with the
downstream region in terms of economic development level and industrial diversification.
Its economic radiation scope and intensity are relatively limited, and its driving effect
on surrounding cities is not strong enough, leading to room for improvement in Uucc
development among cities within the region. Policy support intensity and implementa-
tion effectiveness are relatively weak, and support in terms of funds and technology for
enhancing Ur and Ulue is relatively limited, affecting the overall improvement of Uucc.
Chongqing in the upstream region is an important support for the YREB, with obvious
industrial cluster effects. Its industrial layout fully considers factors such as topography
and transportation, aligning industrial layout with regional coordinated development.
Chengdu is one of the technology, culture, and financial centers in the southwest region. Its
diversified industrial structure enables the city to cope with different shocks and improve
Ur, while its innovation-driven development model also promotes efficient land use.

4.3. Analysis of Spatial Correlation in Uucc

To further examine the spatiotemporal evolution characteristics of Uucc in the YREB,
an adjacency matrix was employed to calculate the Global Moran’s I index for Uucc, thereby
enabling an assessment of the overall spatial agglomeration pattern. The results are shown
in Table 3. Moran’s I values are all significantly positive, and all results are significant at
the 5% level, indicating that there is a significant positive spatial correlation in Uucc within
the YREB. Cities with similar coupling coordination degree levels show a certain degree of
spatial agglomeration, meaning there are low-value or high-value agglomeration areas.

Table 3. Moran’s I Statistics of Uucc.

Year Moran’s I Z Test p Value

2011 0.2723 7.6903 0.0000
2012 0.2473 7.0259 0.0000
2013 0.2859 8.1365 0.0000
2014 0.2514 7.1988 0.0000
2015 0.2280 6.5861 0.0000
2016 0.1819 5.3503 0.0000
2017 0.1173 3.5484 0.0004
2018 0.1133 3.4605 0.0005
2019 0.0613 2.0075 0.0045
2020 0.0236 0.9187 0.0036
2021 0.0185 0.7706 0.0044
2022 0.1736 5.0095 0.0000
2023 0.0987 2.9411 0.0033
2024 0.1025 3.1252 0.0012

To analyze the local agglomeration distribution of Uucc in the YREB, this study selects
four time nodes (2011, 2015, 2019 and 2024) to create LISA spatial clustering maps at the
5% significance level (Figure 7). From 2011 to 2024, Uucc in the YREB exhibits various
clustering characteristics that are relatively significant. In 2011, high-value agglomeration
(H-H) was distributed in the southeast of the downstream region. High-Low agglomeration
(H-L) was distributed in patches in the upstream region. Low-High agglomeration (L-
H) had the smallest distribution range, scattered in the downstream region. Low-value
agglomeration (L-L) was distributed in patches in the northwest of the downstream region
and the northern part of the upstream region. In 2015, the distribution positions of H-H
and L-H were relatively stable. The range of L-H expanded slightly. The range of H-L
changed slightly. L-L shifted to the upstream region and was more scattered. In 2019, H-H
and L-H were still concentrated in the downstream region but their ranges were shrinking.
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The range of H-L shrank significantly and was scattered. The range of L-L showed an
expanding trend, exhibiting low-value agglomeration characteristics in the northwest of the
downstream region, the northeast of the midstream region, and the south of the upstream
region. In 2024, the range of H-H further shrank. The range of L-H expanded and was
distributed around H-H. The range of H-L expanded slightly but was scattered in the
midstream and upstream regions. The range of L-L shrank rapidly and was scattered.

Figure 7. LISA Spatial Patterns of Uucc.

In summary, H-H is mainly distributed in the downstream region, its range is continu-
ously shrinking and showing a concentrated distribution trend. The downstream region
has a strong economic foundation and good infrastructure, with balanced development
of resource elements among cities. The range of H-L gradually became fragmented, dis-
tributed in the upstream and midstream regions from Chongqing and Chengdu. Abundant
energy in this region can promote local economic development, but due to infrastructure
and geographical location, its driving effect and attractiveness to surrounding cities are
generally limited. L-H is mainly distributed around H-H, concentrated in the downstream
region. Affected by the siphon effect of H-H, resource allocation and flow between sys-
tems are poor. L-L is mainly distributed in the midstream and upstream regions of the
YREB and is located in marginal cities. This region has complex natural geographical
conditions, a fragile ecological environment, industrialization mainly based on extensive
expansion, insufficient coordination within urban agglomerations, and faces contradictions
between ecological protection and development, resulting in the inability of Ur and Ulue
to develop synergistically.

4.4. Analysis of Driving Factors of Uucc
4.4.1. Selection of Driving Factor Indicators

Affected by comprehensive factors, the spatial differences in each driving factor were
explored using the geographically weighted regression model. The selected influencing
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factor indicators are as follows: (1) Urbanization: Measure it by the proportion of urban
population. (2) Urban-rural income gap: Measured by the ratio of urban resident income to
rural resident income. (3) Government regulation capacity: Measured by the proportion
of regional fiscal expenditure to GDP. (4) Technological innovation: Measured by the
number of patents granted. (5) Openness level: Measured by the amount of actually
utilized foreign capital. (6) City size: Measure by the proportion of urban construction
area utilized. Specific indicators are shown in Table 4. Logarithms are taken to eliminate
heteroscedasticity between data and improve data robustness and accuracy.

Table 4. Influencing Factor Indicators of Uucc.

Variable Type Variable Selection Symbol Mean Std. Dev. Min Max

Explained variable Coupling Coordination Degree Uucc 0.406 0.104 0.127 0.995

Explanatory
Variables

Urbanization Urb 0.563 0.131 0.181 0.899
Urban-Rural Income Gap Urig 2.269 0.426 1.534 4.275

Government Regulation Capacity Grc 0.191 0.079 0.062 0.675
Technological Innovation Tei 8.046 1.597 1.609 12.13

Openness Level Opl 10.31 1.886 1.099 14.68
City Size Cis 0.434 0.289 0.005 5.036

4.4.2. Spatial Heterogeneity Analysis of Driving Factors

The spatial distribution of the mean regression coefficients for each driving factor
was visualized using ArcGIS. Figure 8a–f respectively illustrate the spatial influence of
urbanization, the urban–rural income gap, government regulatory capacity, technological
innovation, openness level, and city size on Uucc. The positive effect of urbanization on
Uucc is significant and has the largest impact coefficient. The impact coefficient is largest in
the downstream region and smallest in the upstream region, showing a trend of gradual
weakening from downstream to midstream and upstream regions spatially (Figure 8a). This
is because the Yangtze River Delta integration policy promotes cross-regional collaboration.
The downstream region is economically developed, with an industrial structure dominated
by high-value-added services and advanced manufacturing. It possesses stronger financial
strength, achieving efficient resource allocation such as intensive land use and green
infrastructure investment through high-quality urbanization, thereby achieving rapid
synergistic improvement of Ur and Ulue. The upstream region is constrained by ecological
protection policies and insufficient funds and technology. Limited by scale-expansion
urbanization and natural conditions, Uucc growth is relatively slow.

The impact of the urban-rural income gap on Uucc shows spatial differentiation: nega-
tive effects in the upstream region, the southwest of the midstream region, and the central
and eastern parts of the downstream region; positive effects in the central and eastern
parts of the midstream region and the western part of the downstream region (Figure 8b).
The reason lies in the distinctly different mechanisms through which the urban-rural in-
come gap affects the development stage, factor flow patterns, and governance capacity of
different regions. The midstream region is in a critical period of urban-rural relationship re-
structuring. A moderate income gap in the middle stage of industrialization can accelerate
labor transfer to cities and promote intensive urban land use. Widening income gaps in the
upstream and downstream regions exacerbate resource mismatch between rural and urban
areas, weakening rural support for cities. High income gaps in the downstream region
solidify high-density urban patterns, leading to excessive land carrying capacity. In the
upstream region, the income gap forces local governments to prioritize livelihood security,
squeezing investment in resilience construction. Excessive land resource development
causes soil erosion, which is detrimental to coupling coordination development.
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Figure 8. Spatial Distribution Maps of Regression Coefficients of Influencing Factors.

The impact of government regulation capacity on Uucc has differentiation: positive
effects in the central and western parts of the upstream region and the eastern and central
parts of the downstream region; negative effects in the midstream region (Figure 8c).
The underlying reason lies in the dynamic matching relationship between development
stages, market maturity, and policy intervention methods in different regions. Downstream
governments place emphasis on combining bottom-line control with innovation guidance.
They not only enforce rigid constraints on ecological red lines through territorial spatial
planning but also steer capital investment into the field of green infrastructure by means
of industrial policies, so as to strengthen the degree of coupling coordination. Upstream
industries are highly dependent on resources. Government economic regulation and policy
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support are conducive to economic recovery and Ur improvement. Government-led cross-
regional ecological compensation prioritizes ecological security, requiring strengthened
control to safeguard development rights in protected areas. In the midstream region,
administrative intervention mismatches market laws, resulting in high marginal effects
of government regulation. Over-reliance on land finance leads to Ulue collapse. Short-
term campaign-style environmental remediation disrupts the original industrial ecology,
reducing coupling coordination.

The impact of technological innovation on Uucc exists spatial differentiation: positive
effects in the eastern downstream region and upstream region; negative effects in the
midstream region and western downstream region (Figure 8d). The reason resides in dif-
ferences in the dynamic adaptability of technological innovation to regional development
stages, industrial structures, and institutional environments. Technological innovation in
the eastern downstream region is supply-creation type, with high conversion rates for orig-
inal innovation and deep empowerment by digital technologies. Technological innovation
synchronously improves Ulue and urban emergency evacuation capabilities. The positive
and significant effect of technological innovation on Uucc further extends to the upstream
region, which achieves a simultaneous leap in enhancing Ur and land digital management
by directly introducing mature technologies from downstream. In the midstream region,
innovation resources are mismatched. Technology is mainly concentrated in automobile
manufacturing, creating a “siphon effect” and decoupling from urban governance needs.
Innovation space in small and medium-sized cities is limited, leading to imbalance in
coupling coordination.

The positive effect of openness on Uucc is greatest in the midstream region, followed
by the upstream region, while the negative effect is most significant in the downstream
region (Figure 8e). This stems mainly from differences in regional development gradients,
industrial structures, policy orientations, and resource and environmental carrying capac-
ities. The midstream and upstream regions are rich in resources but lack key elements
such as capital and technology. Openness introduces foreign investment, injecting new
vitality into regional development. Undertaking industrial transfer can effectively promote
industrial structure adjustment. Ecological protection, open policies, and intensive land
use form a synergy to enhance coupling coordination. The downstream region has an
extremely high level of openness and dense foreign investment, dominated by finance and
high-end manufacturing. High land costs and fierce competition force inefficient expansion
of industrial land due to soaring commercial land prices, reducing coupling coordination.

The city size has a positive impact on the Uucc in the upstream region and a negative
impact on the midstream and downstream regions (Figure 8f). The reason lies in differences
in urban development stages, resource and environmental constraints, and scale effect
thresholds in different regions. Upstream cities are still in the rising stage of agglomeration
economies. Expanding city size can better agglomerate factors like capital, technology, and
talent, enabling large-scale and efficient development of local abundant natural resources,
transforming resource advantages into economic advantages. Upstream cities pay more
attention to ecological protection during development, actively taking measures to protect
the ecological environment, achieving coordinated development of Ur and Ulue. For
instance, the “Central Budgetary Investment Special Management Measures for Major
Regional Development Strategies (Green Development Direction of the YREB)” (2021)
supports green infrastructure projects such as wetland restoration in the upper reaches of
the Yangtze River and river improvement in the Chishui River Basin. In the midstream
and downstream regions, excessive population concentration increases pressure on urban
resources and the environment, increases pollutant emissions, and damages ecosystems.
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Moreover, continuous adjustment and transformation of industrial structures may lead to
unreasonable industrial layouts, all of which affect the Uucc.

5. Discussion
During the research period, the overall level of Uucc in YREB continued to rise. The

number of high-level cities increased, and the new urbanization strategy proposed by the
Chinese government in 2014, along with the relevant policies and market mechanisms, have
achieved positive results in promoting the positive interaction between Ur and Ulue. This
effectively refutes the zero-sum thinking that efficiency improvement is accompanied by
spatial expansion and ecological pressure, and that efficiency and resilience are difficult to
achieve simultaneously. Compared with the early characteristics of the Beijing “siphon ef-
fect” and large regional internal gaps in the Beijing-Tianjin-Hebei urban agglomeration [59],
YREB presents a more complex integrated river basin and differentiated block combination
collaborative model. This is related to the continuous improvement of the overall economic
development level of the YREB, government fiscal expenditure, technological innovation
and the level of opening up to the outside world. Various regions have actively promoted
the redevelopment and green utilization of inefficient land. These factors jointly promote
the coordinated development of Ur and Ulue, helping the cities achieve synchronous opti-
mization in responding to external shocks and efficient and intensive land utilization [60].
High-level cities, through the connection of industries, technologies and infrastructure,
drive the coordinated development of surrounding areas, enabling more cities to enter the
high-coordination category.

The spatial pattern of Uucc in the YREB is rather complex. Uucc shows a significant
spatial agglomeration feature. Cities with high and low coordination degrees have obvious
spatial proximity. LISA high-value agglomerations are concentrated in the developed cities
of the Yangtze River Delta, reflecting a high level of coordinated development and forming
a positive spatial spillover effect. This is attributed to the in-depth advancement of the
Yangtze River Delta integration strategy, which enables core cities like Shanghai, Hangzhou,
and Nanjing to effectively radiate to their surroundings. LISA has the characteristic of “large
dispersion and small agglomeration”, indicating the non-equilibrium in natural conditions,
development stages, and policy focuses within the YREB. These results support the existing
research conclusions with high values were concentrated in economically developed areas
and low values were found in the periphery [61,62]. However, this study does not support
their conclusion of “increased polarization”, but rather shows no significant polarization.
Xie (2022) quantified Ur development using TOPSIS-PSO-ELM and revealed a spatial
distribution imbalance phenomenon of “peaks” and “valleys” [63]. The levels of Ulue and
Ur both exhibit a spatial differentiation trend of “the stronger becomes stronger, the weaker
becomes weaker” and “high in the east, low in the west”, which supports the conclusion of
this study [64].

Urbanization, Urban-Rural Income Gap, Government Regulation Capacity, Techno-
logical Innovation, Openness Level, and City Size are all important factors influencing
Uucc. Moreover, the degree of influence of different factors shows a spatial distribution
with distinct characteristics, revealing the deep-seated differences in the internal develop-
ment dynamic mechanisms of the basin. Urbanization as a common fundamental driving
force throughout the upstream, midstream, and downstream regions. Government regu-
lation and technological innovation are driving factors in the downstream regions. The
Uucc of the Yangtze River Delta urban agglomeration not only benefits from government
regulation but also has strong explanatory power from the economic development level,
industrial structure, and labor force factors. The well-developed infrastructure, highly
concentrated capital, technology, and economic diversity promote regional coordinated de-
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velopment. Luo supports the conclusion of this study [65]. Moreover, the current economic
development and infrastructure construction levels failing to keep pace with the urban
development process is the main reason for the relatively slower progress of Ur compared
to Ulue. The level of openness has a significant impact on the midstream regions. The
current research findings reflect that urbanization and openness can promote urban infras-
tructure construction, optimize the urban structure layout, and enhance Ur and Ulue [66].
Technological innovation has the greatest impact effect on the upstream regions, which is
consistent with the existing research findings [67]. Enhancing regional innovation capabili-
ties can promote industrial structure adjustment and upgrading, improve the efficiency of
resource-based industries, optimize urban spatial layout, drive the coordinated progress
of Ur and Ulue, thereby enhancing the internal competitiveness and adaptability of the
city. At the same time, he believes that the terrain in the upstream regions is steep and
the ecological environment is fragile. The government supports collaborative promotion
of UUCC development in terms of efficient resource utilization, ecological environment
protection, and urban security [68].

6. Conclusions and Recommendations
6.1. Conclusions

This study utilized data from 108 prefecture-level cities in the YREB spanning 2011–
2024 to examine the spatiotemporal evolution characteristics of Uucc through a multidi-
mensional approach and explore its influencing factors. The conclusions are as follows:

Uucc shows an upward trend. The Uucc development trend is good, and its level is
continuously improving. The number of cities with higher levels is gradually increasing.
The Uucc levels in some cities are uneven and exhibit certain polarization characteristics.
The upstream, midstream, and downstream regions radiate outward centered on cities
such as Chongqing, Changsha, and Shanghai, respectively, showing a multi-center, multi-
layered feature. The Moran’s I statistic of Uucc has always been positive, and all results
are significant at the 5% level. indicating an agglomeration trend of Uucc in the study
area. The local aggregation distribution characteristics of Uucc indicate. LISA high-value
agglomeration is in the downstream region, while low-value agglomeration is in marginal
cities of the midstream and upstream regions. Spatial clustering of Uucc presents a “large
dispersion, small agglomeration” spatial distribution pattern. The impact degree of Uucc
driving factors shows significant spatial heterogeneity. The dominant driving factors in the
downstream region are urbanization, government regulation capacity, and technological
innovation. The dominant driving factors in the midstream region are urbanization and
openness level. The dominant driving factors in the upstream region are urbanization,
technological innovation, government regulation capacity, openness level, and city size.

6.2. Recommendations

(1) Optimize the multi-center networked development pattern to promote the overall
improvement of regional Uucc level.

Based on the feature of Uucc showing multi-center, multi-layered radiation, the ra-
diating and driving role of multiple provincial capital core cities should be leveraged to
promote coordinated development within layers. Improve cross-regional transportation
networks and factor flow mechanisms for urban agglomerations such as the Yangtze River
Delta, the Midstream region, and Chengdu-Chongqing to promote the diffusion and driv-
ing effects of industries, resources, and public services to surrounding cities, facilitating
regional coordinated development. Meanwhile, given the relatively balanced Uucc of
most cities, secondary central cities should be cultivated to build a multi-level, networked
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urban system, forming a coordinated development pattern of “core leadership, multi-point
support”, consolidating the non-polarized balanced development trend.

(2) Implement differentiated spatial development strategies to break the “large disper-
sion, small agglomeration” spatial pattern.

Given that the spatial distribution of Uucc presents the characteristic of simultaneous
agglomeration and dispersion, it is necessary to strengthen agglomeration effects and
promote regional linkages. For high-value agglomeration areas like the Yangtze River
Delta, integrated layouts in fields such as technological innovation, industrial division, and
ecological protection should be promoted to consolidate and expand the positive spillover
effects of high-value agglomeration. For low-value agglomeration areas such as marginal
cities in the midstream and upstream regions, development capacity should be enhanced
by strengthening the cultivation of advantageous industrial clusters and infrastructure
construction based on local resource endowments and industrial foundations. At the
same time, relying on national regional development strategies, cross-regional cooperation
platforms should be established to promote the flow of elements such as talent, technology,
and capital between different agglomeration regions, forming a spatial development pattern
of “promoting linkage with agglomeration, promoting balance with linkage”, and driving
the overall improvement of regional coupling coordination degree.

(3) Formulate driving strategies based on local conditions to address regional develop-
ment heterogeneity challenges.

Given the spatial heterogeneity in the impact degree of driving factors, it is necessary
to develop differentiated regional development policies. The downstream region should fo-
cus on strengthening the leading role of technological innovation, improving the innovation
ecosystem, while optimizing government regulation methods to improve resource alloca-
tion efficiency, and promoting deep integration of various systems based on high-quality
urbanization. The midstream region needs to expand openness, actively undertake high-
quality industrial transfers, expand cooperation platforms, and simultaneously promote
integrated urban-rural development, striving to narrow the urban-rural income gap. The
upstream region should implement a multi-dimensional coordinated promotion strategy,
reasonably advance urbanization and city size expansion, strengthen the government’s
integration and allocation of basic resources, and make up for development shortcomings
by introducing technological innovation resources and establishing openness windows.
Additionally, establish a river basin coordinated development mechanism to promote the
linked development of upstream, midstream, and downstream regions, forming a new
pattern of regional development with complementary advantages.

6.3. Limitations

There are still some limitations. Many cities in upstream regions have partial data
gaps, preventing their inclusion in the study scope. Future work will refine the research
area, expand relevant indicator data, and supplement spatial correlation studies. This
study examined factors influencing Uucc. However, the drivers of spatial variation in
Uucc are complex. Future research can further explore the impacts of industrial structure
and geographical environment on Uucc. Transport accessibility, population density, envi-
ronmental quality, ecological resources and industrial structure may also be influencing
factors. In the future, these factors should be taken into consideration, and the impact
effects of the interaction of multiple factors on Uucc should be explored. Additionally, this
study analyzed Ur and Ulue while describing Uucc characteristics, but did not predict
their future developmental relationship. Subsequent research should focus on analyzing
Uucc’s internal operational mechanisms and future trends to provide practical value for
urban development.
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