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Abstract: Revealing the spatial differences and convergence mechanism of urban land use efficiency
(ULUE) under the background of regional integration is of great significance for exploring the co-
ordinated promotion path of ULUE. We attempted to build a theoretical framework to interpret
ULUE spatial convergence under the background of regional integration and build a ULUE “green”
evaluation system under multi-objective constraints. Based on this, we employed the super efficiency
slack-based model (SBM), exploratory spatial data analysis, and spatial convergence model incorpo-
rated into the spatial weight matrix to re-examine the true level, spatial differences, and convergence
mechanism of ULUE in the Yangtze River Economic Zone from 2003 to 2019 on a city scale. The
results show that: (1) during the investigation period, ULUE in the Yangtze River Economic Zone has
obvious spatial disequilibrium and spatial correlation characteristics; (2) there are absolute β-space
convergence and conditional β-space convergence of ULUE in the whole Yangtze River Economic
Zone and its upstream, midstream, and downstream areas; (3) driven by government management,
industrial development, and spatial error effects, the convergence time of ULUE in the whole Yangtze
River Economic Zone and its upstream, midstream, and downstream areas is obviously shortened.

Keywords: land use; urban land use efficiency; spatial differences; convergence mechanism; the
Yangtze River Economic Zone

1. Introduction

Urban land use efficiency (ULUE), as an objective reflection of the coupling level
between the input system of urban production factors and the output system of urban
land use, is the core indicator to measure land output capacity and regional development
quality [1]. Regional integration will contribute to the free flow of various elements
between cities and rational optimization of industrial structure within regions, which is
an effective way to promote the green growth of urban land use efficiency [2–5]. Under
the realistic background that regional integration has risen to a national strategy, we
urgently need to re-examine ULUE and its spatio-temporal evolution characteristics. It is
worth noting that China has a vast territory, unbalanced spatial development, different
regional factor endowment structures, and great differences in industrial structure and
land-use level among different regions. That will inevitably lead to certain differences in
the spatial distribution of ULUE. Then, will the spatial differences of ULUE shrink with
time and convergence? Is there a “catch-up effect” in backward areas? Does regional
integration promote spatial convergence of ULUE? The research on the above issues has
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important theoretical value and practical significance for exploring scientific and reasonable
ULUE collaborative improvement paths and enhancing regional sustainable development
capacity.

At present, there are few studies on the relationship between regional integration and
ULUE. The related research mainly focuses on the definition of the basic connotation of
ULUE [6–9], the construction of index system [10,11], the innovation of research meth-
ods [12], the analysis of the spatio-temporal pattern [9,13], and the discussion of promotion
path [14,15]. In the selection of ULUE indicators, there are mainly two representative cate-
gories: the first category is the ULUE single measurement indicator based on land economic
density [14] and land development intensity [15] in economics; the second category is the
ULUE comprehensive measurement framework from the perspective of the composite
system, which mainly includes the expected output variables such as “economy + society
+ environment” [16], “scale + structure + agglomeration” [1], and “input + output” [15].
However, urban land has also become a non-negligible source of carbon and pollutants
while utilizing and embodying its production, living, and ecological functions [16–18].
Based on understanding this objective fact, Yang [13] and Yue [19] incorporated the indus-
trial “three wastes” emissions into the “input + expected output + unexpected output”
indicator system. Li [20] incorporated energy carbon emissions into the evaluation system
of land low-carbon utilization efficiency. Some scholars have also made beneficial explo-
rations of land use patterns and evaluation systems from the perspectives of environment
friendliness [18] and sustainable development [21]. In the ULUE measurement method,
the DEA model that focuses on the expected output under the mode of “environment
for growth” [19] and the SBM model that focuses on the resources and environmental
costs in the process of sustainable development and its extended forms, such as the super
efficiency SBM model, are widely used. Based on the ULUE calculation results, some
scholars explore the influence of economic growth, industrial development, population
mobility, and government regulation on the evolution of the ULUE basic pattern through
the panel data regression model [22] and the Tobit analysis method [23]. The others use the
research framework of “GIS visualization analysis + traditional convergence model” [24] to
quantitatively depict the regional differences and convergence of ULUE at different scales.

To sum up, these research results provide literature support and method reference
for us to explore the spatial differences and convergence mechanism of ULUE under the
background of regional integration. However, there are also some shortcomings: Firstly, the
existing studies mostly focus on the single constraint of ULUE such as “carbon emission” or
“pollutant emission” and lack the exploration of spatial differences characteristics of ULUE
under multi-objective constraints; secondly, few studies consider the role of geographic
spatial effect in the process of ULUE spatial convergence, resulting in biased empirical
results; finally, relevant studies mostly focus on the inter-provincial level of the whole
country or the central region and cannot deeply analyze the ULUE spatial differences, so
the guidance and demonstration significance are insufficient.

Based on this, we took 107 prefecture-level cities and above in the Yangtze River
Economic Zone as the research object and analyzed the basic level and spatial differences
characteristics of ULUE by adopting the super efficiency SBM model and exploratory
spatial data analysis model on the basis of considering multi-objective constraints such as
energy-saving, emissions reduction, and low carbon. After that, we employed the spatial
convergence model considering the geographical spatial effect to explore the convergence
mechanism of ULUE. The research results are intended to find out the real situation of
ULUE in the Yangtze River Economic Zone and provide empirical support and policy
enlightenment for exploring the coordinated development mode of urban land.

2. Theoretical Hypothesis: ULUE Space Converges under the Background of
Regional Integration

Due to the unbalanced spatial distribution of initial resources, technical conditions,
and factor structure, the ULUE high-value areas have a larger market scale than the low-
value areas, and the former have a stronger economic foundation and green innovation
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ability and better spatial agglomeration environment. That will accelerate the inflow of
production factors into more developed areas driven by comparative advantages and then
form the “siphoning effect”, which will bring about the divergent growth of efficiency
among regions [25]. However, due to the multi-directional flow of inter-regional elements
and cross-regional transfer of industries, central cities will inevitably diffuse and radi-
ate technical knowledge to marginal cities. With the further catalysis of the land price
mechanism, the intensity of land green use in marginal cities will benefit from this spatial
spillover and will “feedback” the further improvement of ULUE in central cities [1]. Espe-
cially under the background of regional integration, the strategy of urban economic growth
in different spatial scales has gradually changed from mutual competition to horizontal
cooperation. This government policy support, industrial structure upgrading, resource
factor agglomeration, and production technology innovation brought by this change will
directly or indirectly promote the spatial convergence of regional ULUE from the macro,
meso, and micro levels (Figure 1).
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2.1. Macro Convergence Mechanism

The convergence mechanism at the macro level is mainly the government behavior
convergence mechanism. The regional integration strategy is launched based on govern-
ment cooperation, with the aim of achieving the regional balance of economic production
among different levels of cities in a specific region [26]. In the process of promoting re-
gional integration, urban development policies, capital, and technical support policies
that consider “balance” and “sufficiency” will further encourage high-quality production
factors such as knowledge, technology, and innovation to gather in relatively backward
regions [27,28]. The resulting trickle-down effect can strengthen the endogenous devel-
opment ability of ULUE in backward regions and promote the convergence growth of
ULUE in the region. More importantly, regional integration has brought about the transfor-
mation of regional cooperation mode and the further expansion of market demand. The
government will manage and intervene in land production activities through a series of
measures such as establishing a trading market for pollution emission rights and carrying
out joint prevention and control of pollution to form external emission reduction incentives
and jointly improve the level of urban land utilization. At the same time, to enhance
the high-quality growth potential of the overall regional economy, the government will
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increase financial investment in public infrastructure construction in urban fringe areas,
which will lead to “top-by-top competition” in urban land green utilization [6,29]. On the
other hand, under the background of regional integration, the coordination and integration
of inter-regional governmental administrative powers is conducive to the functioning of
the market mechanism [30,31]. That is, while strengthening the survival of the fittest of
production factors, it weakens the “polarization effect” of the development of central cities,
thereby reducing the regional differences of ULUE [22].

2.2. Meso Convergence Mechanism

The convergence mechanism at the meso level is the convergence mechanism of the
industrial structure. With the deepening of regional integration, various industrial subjects
between central and marginal cities in a given region carry out extensive linkage in terms
of scale, division of labor, layout, and structure to form a rationalized “industrial com-
munity” [30]. In this process, ULUE will change significantly. For one thing, the rational
evolution of industrial structure strengthens the regional distribution of production re-
sources and economic commodities according to comparative advantages, thus improving
the overall regional labor productivity and energy use efficiency [31], which contributes
to the synergistic increase of land use output among cities. Simultaneously, in the devel-
opment process of industrial structure from rationalization to upgrading, the economic
service industry will stand out under the effect of market selection [32,33]. It can not only
directly stimulate the competition and R & D learning within the industrial community to
improve the quantity ratio of green production factors in land production but also indirectly
promote the participation of green production factors in spatial circulation in a wider range
and ultimately promote the common improvement of ULUE in the region. For another,
the industrial community will have a spatial radiation effect on the adjacent marginal
areas. Coupled with the spatial spillover of the industry’s own technical knowledge, the
overlap and integration of the two effects will weaken the regional difference of ULUE to
a certain extent. Under the influence of these effects, regional integration can better give
play to the interaction between industrial structure changes, industrial agglomeration, and
convergence of regional economic development. With the gradual convergence of regional
economic development structure, the correlation and synergy of industrial structure among
different cities have been highlighted year by year, and finally, the spatial convergence of
ULUE will be realized [6,34].

2.3. Micro Convergence Mechanism

The micro-level convergence mechanism includes the factor convergence mechanism
and the technology convergence mechanism. In the process of regional integration, compre-
hensive, diversified, and high-level production demand will accelerate the cross-regional
flow of clean production factors, broaden the allocation scope of production factors, and
improve their spatial allocation efficiency [26,35]. In this process, green capital and fac-
tors in developed areas flow into primary industries in underdeveloped areas, further
stimulating the continuous expansion of land in backward cities to increase the scale
effect of land green use and weaken the regional differences of ULUE. In addition, the
research and development of energy-saving and emission-reduction technologies and
forward-looking industrial green technologies, which are developed due to the demand
of high-quality economic growth, will produce the competitive and related effect in an
open market environment. That will be conducive to providing new growth impetus for
the green development of urban land and promoting the coordinated improvement of
green total factor productivity of urban land [6,33]. At the same time, with the in-depth
implementation of the regional coordinated development strategy, the dependence of
regional economic growth has gradually increased. It is easier for backward cities to obtain
technology spillovers from developed regions at low cost through human capital flow and
management experience exchange, thus speeding up the process of learning advanced
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green production technology and management mode and further reducing the regional
differences of ULUE.

3. Study Area Overview

With the upstream, midstream, and downstream areas of the Yangtze River as a
link, the Yangtze River Economic Zone runs through two municipalities, Shanghai and
Chongqing, as well as nine provinces, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hunan,
Sichuan, Guizhou, and Yunnan (Figure 2). With one of the most active economic develop-
ments, the highest degree of openness, and the strongest innovation capabilities in China,
it is a strategic region for regional integration development. In 2019, the Yangtze River
Economic Zone gathered 42.9% of China’s population and created 44.1% of the country’s
GDP. However, with the continuous improvement of urban land use, problems such as
rising labor costs, tightening of resource and environmental constraints, and insufficient
regional development momentum have become increasingly prominent in the Yangtze
River Economic Zone [36,37]. Additionally, the Yangtze River Economic Zone spans the
eastern, central, and western parts of China, and there are significant differences in eco-
nomic conditions, resource endowments, industrial structure, and policy support among
regions. All of these have brought severe challenges to the coordinated improvement
of land green use efficiency in the Yangtze River Economic Zone. Under such realistic
conditions, how to adapt to the process of regional integration and realize the coordinated
improvement of land-use level in the region is extremely urgent.
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Figure 2. The spatial scope of the Yangtze River Economic Zone in China.
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4. Model Setting and Variable Description
4.1. Model Setting
4.1.1. The Super Efficiency SBM Model

The Super Efficiency SBM (slack-based model) is a data envelopment analysis method
proposed by Tone [38], which includes slack variables and undesired output [39]. Com-
pared with the traditional data envelopment method, this model can not only solve the
problem of input–output slack but also solve the problem of efficiency analysis in the
presence of undesired output. Therefore, it is widely used in the measurement of urban
environmental efficiency [40], ULUE [41], and industrial green development efficiency [42].
Considering the loss of resource environment and ecological efficiency in urban land use,
we adopted the super efficiency SBM model based on unexpected output to measure the
ULUE level of cities in the Yangtze River Economic Zone. The basic model is formulated as
follows:

minρ =
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In Equations (1) and (2), n represents the number of decision-making units; m, r1,
and r2, respectively, represent the input, expected outputs, and undesired outputs of the
decision-making unit; x, yd, and yu are the number of elements in the corresponding input
matrix, expected matrix, and undesired matrix; ρ is the ULUE value.

4.1.2. Exploratory Spatial Data Analysis

Exploratory spatial data analysis (ESDA) is a scientific method to measure the corre-
lation degree of research data with spatial dependence or heterogeneity and interpret its
spatial action mechanism [16]. The commonly used ESDA mainly includes global spatial
autocorrelation analysis and local spatial autocorrelation analysis [43]. Global spatial
autocorrelation analysis can be used to explore the overall spatial correlation degree and
difference characteristics of ULUE. It is commonly expressed by Global Moran’s I statistic,
and the formula is as follows:

Moran′s I Global =
∑n

i=1 ∑n
j 6=i wij(xi−x)(xj−x)

σ2 ∑n
i=1 ∑n

j 6=i wij

=
∑n

i=1 ∑n
j 6=i wij(xi− 1

n ∑n
i=1 xi)(xj− 1

n ∑n
i=1 xi)

1
n ∑n

i=1(xi− 1
n ∑n

i=1 xi)
2

∑n
i=1 ∑n

j 6=i wij

(3)

In Equation (3), xi and xj represent the ULUE observed values of space geographical
units i and j, respectively, and i 6= j; wij represents the weight matrix of geographical
adjacent space; If i and j are adjacent to each other, then wij = 1, otherwise wij = 0; x
represents the average value of ULUE; σ2 represents the variance of ULUE;(xi − x)

(
xj − x

)
represents the similarity of ULUE between space geographical units i and j; n represents
the number of space geographical units.
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Local spatial autocorrelation analysis is to further explain the spatial non-stationary
and heterogeneous characteristics of regional local unit ULUE, which is often expressed by
Local Moran’s I statistic. Based on calculating local Moran’s I of ULUE, we drew the Moran
scatter diagram and LISA aggregation diagram to explore the local association mechanism
of ULUE under the background of regional integration. The formula is as follows:

Moran′s I Local =
n(xi − x)∑n

j=i wij
(
xj − x

)
∑n

i=1(xi − x)2 (4)

4.1.3. Spatial Convergence Model

The traditional convergence models include absolute β-convergence and conditional
β-convergence [44]. Absolute β-convergence can be reflected in a relatively homogeneous
economy, and the growth rate of the comprehensive development level of ULUE is nega-
tively correlated with the initial level. In other words, ULUE low-value areas have a faster
growth rate than high-value areas, which makes backward areas catch up with developed
areas, thus making it possible to narrow the regional gap. Conditional β-convergence is
to consider the influence of external factors based on absolute β-convergence, which can
avoid missing explanatory variables and enhance the ability to explain regional differences
in specific geographical phenomena. The existence of conditional β-convergence means
that the ULUE in each region will converge to its own steady-state level.

It is worth noting that if the spatial correlation of ULUE is determined, we need to
build a spatial β-convergence model incorporating into the spatial weight matrix. It mainly
includes the spatial error model (SEM) and spatial lag model (SLM). The corresponding
model is constructed as follows:

ln(ULUEit+T
ULUEit

) = α + β ln(ULUEit) + ρW ln(ULUEit+T
ULUEit

) + εit

ln(ULUEit+T
ULUEit

) = α + β ln(ULUEit) + ρW ln(ULUEit+T
ULUEit

) + γXit + εit
(5)

ln(ULUEit+T
ULUEit

) = α + β ln(ULUEit) + (1−λW)−1µit

ln(ULUEit+T
ULUEit

) = α + β ln(ULUEit) + γXit + (1−λW)−1µit
(6)

Equation (5) is the SEM model of absolute β-convergence and conditional β-convergence;
Equation (6) is the SLM model of absolute β-convergence and conditional β-convergence; ρ
is the coefficient of the spatial lag term; W is the spatial weight matrix; λ is the coefficient of
spatial error term; β is the convergence coefficient; εit and µi,t are both random errors. β < 0
indicates that there is β-convergence; otherwise, there is no β-convergence. Meanwhile,
according to β value, the convergence rate s and half-life cycle τ can be obtained. The
formula is as follows:

s =
− ln(1− |β|)

T
, τ =

ln(2)
s

(7)

4.2. Variable Description
4.2.1. Explained Variable: Urban Land Use Efficiency (ULUE)

ULUE under the background of regional integration is essentially a kind of green
land use efficiency. That is, under the concept of green development, it is an important
indicator to measure the adaptation intensity and degree of land use input and output
under multiple objectives such as the optimization of resource use scale, the minimization
of environmental pressure, and the coordinated improvement of social, economic, and
ecological output [6,11]. Different from the previous concept that only one problem of
economy and environment was solved in urban land use, it emphasizes the ability and
potential of urban land use to achieve the optimal level under the triple constraints of
energy saving, emission reduction, and low carbon. Based on calculating the allocation
scale of land, manpower, capital, and other factors as well as the benefits of socio-economic
and ecological output, ULUE needs to further consider the dynamic impact of green
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and sustainable development on urban land use. Therefore, it is necessary to include
unexpected indicators such as energy consumption, environmental pollution, and “carbon
emissions” at the same time.

In the selection of ULUE indicators, we referred to measurement ideas of the ULUE
by scholars such as Liang [6], Lu [7], and Wang [12]. They construct the evaluation system
from the perspective of input index and production place index (expected output and
unexpected output), select input index mainly from the dimension of production factors
and energy, screen expected index from the angle of social economic ecological impact, and
consider expected output from the angle of industrial waste. (1) In addition to considering
the quantity of land, capital, and labor factor inputs, the input indicators also try to
consider the dynamic changes in energy input scale over time. We selected the built-up
areas, fixed asset investment per land, tertiary industry employees per land, and electricity
consumption per unit of GDP to characterize it; (2) the expected output indicators mainly
consider the development of economic, social, and green ecological brought about by urban
land use. To a certain extent, the total GDP can be used to characterize the economic output
level of the land. To enhance the comparability of the data, with 2003 as the base period,
we used the regional GDP index to convert the nominal GDP into comparable real GDP.
The social development index can reflect the level of regional social development and the
improvement of people’s livelihood. We used the entropy weight method to calculate
the social development index by selecting the population growth rate, the proportion of
the population with a college degree or above in the total population, and the number of
hospital beds per 10,000 people. Expanding the green areas of built-up areas is an eco-
environment-friendly urban land use method. We selected the coverage rate of green area
in built-up areas as the measure index of the ecological quality of urban land use; (3) on the
specific selection of undesired outputs indicators, we adopted the entropy weight method
to synthesize industrial wastewater, solid waste, and industrial SO2 into a comprehensive
pollutant emission index. At the same time, considering emission of CO2 from urban land
use, energy carbon emissions indicators were added to the undesired outputs, including
the carbon emissions produced by the consumption of raw coal, coke, gasoline, kerosene,
diesel, fuel oil, liquefied petroleum gas, natural gas, cleaned coal, other coal washing, and
coke oven gas. The calculation method referred to the IPCC accounting framework [45].

4.2.2. Control Variables

Based on the previous theoretical discussion on the macro, meso, and micro multi-
ple mechanisms of ULUE spatial convergence and research on the influencing factors of
ULUE [9,11,34], the following variables were mainly included to investigate the conditional
β-convergence trend and dynamic mechanism of ULUE. (1) At the macro level, we mainly
selected the degree of government intervention Govern (the proportion of local fiscal
expenditure in GDP) and the level of infrastructure investment Infrastructure (the propor-
tion of public infrastructure fiscal investment in GDP); (2) At the meso level, we mainly
considered the upgrading of industry structure Upgrade (the ratio of the output value of
the tertiary industry to the output value of the secondary industry) and the rationalization
of the industrial structure Rational (measured by Theil index); (3) At the micro-level, we
mainly considered the level of technological innovation Technology (the proportion of
R&D investment in GDP).

4.2.3. Variable Statistics

The descriptive statistics of the variables involved in this paper are shown in Table 1.

4.3. Data Source

Considering that the spatial measurement part requires the geographical and spatial
continuity of the sample, Zhoushan City in Zhejiang Province was not included in the
research scope as an island. In addition, the original Chaohu City was revoked and placed
under the administration of Hefei City in 2011. Therefore, we selected 107 prefecture-level



Land 2021, 10, 1100 9 of 20

cities or above in the Yangtze River Economic Zone as research samples. Among them,
there were 31 cities in the upstream areas, 36 cities in the midstream areas, and 40 cities in
the downstream areas. Socio-economic data were retrieved from the China City Statistical
Yearbook and the provincial statistical yearbooks from 2004 to 2020, and a few missing
values were supplemented by the linear interpolation.

Table 1. Descriptive analysis of the variables.

Type Variable Symbol N Maximum Minimum Mean Standard Error of Mean

explained
variable urban land use efficiency ULUE 1819 1.7146 0.1672 0.6171 0.2865

control variable

level of government intervention Govern 1819 64.8833 2.4790 14.8268 7.1067
level of infrastructure investment Infrastructure 1819 67.2118 0.3764 7.3605 6.5291

upgrade of industry structure Upgrade 1819 9.0569 0.2393 0.9769 0.5759
rationalization of industrial structure Rational 1819 1.1871 0.0000 0.2089 0.2034

technology innovation level Technology 1819 2.9825 0.0008 0.2555 0.2940

5. Empirical Analysis
5.1. Spatio-Temporal Evolution of ULUE under the Background of Regional Integration

Based on the basic principle of the super efficiency SBM model, we used the MaxDEA6.4
software to calculate the ULUE of 107 cities along the Yangtze River Economic Zone from
2003 to 2019 and analyzed the time series evolution and spatial pattern of ULUE.

5.1.1. Timing Series Evolution

Figure 3 showed the time series change trend of ULUE in the Yangtze River Economic
Zone. On the whole, the mean value of ULUE in the Yangtze River Economic Zone fluc-
tuated and increased during the inspection period. The efficiency index increased from
0.5360 in 2003 to 0.7692 in 2019, with an average annual growth of 2.72%. First of all, the
improvement of ULUE benefits from the favorable promotion of regional coordinated
development strategy (proposed in 2003) and the continuous improvement of the regional
green development planning system; moreover, it also benefits from the fact that govern-
ments at all levels gradually realized the important position of green development in the
process of land use. For example, Hubei Province laid out scientific and rational land
green production space, living space, and ecological space through land consolidation and
improved the accountability system for ecological environmental protection of land use
and the compensation system for environmental damage so that the whole province could
share the dividends of land green use. Regionally, ULUE in the midstream and downstream
areas of the Yangtze River Economic Zone showed different degrees of growth, from 0.4867
and 0.4803 in the initial stage to 0.7100 and 0.9301 in the final late stage, with average
annual growth rates of 2.87% and 5.85%, respectively. In contrast, due to the relatively
loose environmental regulations during the implementation of the “Western Development”
policy, some industries with high energy consumption and high pollution are growing too
fast, which leads to the loss of ecological and environmental effects of urban land use in
the upstream areas of the Yangtze River Economic Zone. This result is like the research
result of Tan et al. (2021) on the urban land use green efficiency. As a result, the ULUE
average value in the upstream areas of the Yangtze River Economic Zone reduced from
0.6651 at the beginning to 0.6303 at the end.

5.1.2. Spatial Pattern

We used Arcgis10.2 software to show the spatial pattern of ULUE in the Yangtze River
Economic Zone (Figure 4). The level of ULUE in the Yangtze River Economic Zone has
evolved from a low-level balanced pattern to a high-level balanced pattern from 2003 to
2019, and the spatial convergence has become increasingly prominent. Specifically, in
2003, ULUE high-value areas were concentrated in the upstream cities, and two high-value
areas including Suining City, Nanchong City, Bazhong City, Ya ‘an City, Yuxi City, and
lincang City were formed. ULUE low-level types are mainly distributed in the midstream
and downstream provinces, forming a banded distribution pattern. Over time, the spatial



Land 2021, 10, 1100 10 of 20

pattern of ULUE has changed significantly, with the low-value areas decreasing sharply and
showing scattered distribution characteristics, while the high-value areas are concentrated
in Jiangsu, Shanghai, Zhejiang, and other regions, and the agglomeration effect is gradually
strengthened. In 2019, the Yangtze River Economic Zone initially formed ULUE high-
value agglomeration areas with the Yangtze River Delta urban agglomeration, Wuhan
urban agglomeration, and Yunnan Province as the main areas. To verify the above spatial
relationship, we used the exploratory spatial data analysis model to further analyze the
spatial correlation of ULUE in the Yangtze River Economic Zone.
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5.2. Spatial Differences of ULUE
5.2.1. Global Spatial Association

We used GeoDa095i software to calculate the Global Moran’s I index of ULUE in the
Yangtze River Economic Zone from 2003 to 2019 (Table 2). The results showed the Global
Moran’s I index of ULUE in the Yangtze River Economic Zone is all positive during the
study period, which has significant statistical significance. Especially after 2011, Global
Moran’s I index showed a rapid growth trend. That means ULUE in the Yangtze River
Economic Zone not only has the positive spatial correlation but also has the increasing
spatial agglomeration effect.

Table 2. ULUE Global Moran’s I index of the Yangtze River Economic Zone from 2003 to 2019.

Index
Year

2003 2004 2005 2006 2007 2008 2009 2010 2011

Global Moran’s I 0.1732 *** 0.1418 ** 0.1601 ** 0.1924 *** 0.1873 *** 0.1912 *** 0.1787 ** 0.1854 *** 0.2196 **
P 0.0060 0.0170 0.0130 0.0060 0.0050 0.0030 0.0130 0.0080 0.0020

Z(I) 2.8206 2.2858 2.5899 3.0259 2.9287 2.9755 2.7526 2.7921 3.6524

Index
Year

2012 2013 2014 2015 2016 2017 2018 2019

Global Moran’s I 0.2217 *** 0.2424 *** 0.3414 *** 0.3615 *** 0.4480 *** 0.4507 *** 0.4513 *** 0.4702 ***
P 0.0010 0.0020 0.0010 0.0010 0.0010 0.0010 0.0010 0.0010

Z(I) 3.5266 3.6499 5.1338 5.5886 6.5327 6.8070 6.7150 6.9872

Note: *, **, and *** represent significance at 10%, 5% and 1% statistical level, respectively.

5.2.2. Local Spatial Correlation

To further identify the aggregation types and locations of ULUE in different regions,
we drew the Local Moran scatter plot (Figure 5) and LISA agglomeration plot (Figure 6) to
describe the local spatial correlation characteristics of ULUE in the Yangtze River Economic
Zone from 2003 to 2019.

According to the Local Moran scatter plot, during the study period, most cities in the
Yangtze River Economic Zone were in I and III quadrants (ULUE showed spatial positive
correlation), and only a few cities were in II and IV quadrants (ULUE showed spatial
negative correlation). In addition, in 2019, the number of cities of HH type and LL type
increased compared with that in 2003, indicating the increasing spatial agglomeration effect
of regional ULUE, which is consistent with the evolution of Global Moran’s I index.

During the study period, the number of cities with significant agglomeration of ULUE
at the 5% level in the Yangtze River Economic Zone increased gradually, and the total
number increased from 16 in 2003 to 26 in 2019. It can be seen from Figure 6 that these cities
were distributed in the western region in the early stage and then extended to the central
and eastern regions. These remarkable gathering areas can reflect spatial homogeneity
to some extent, indicating that there may be spatial diffusion and spillover effects in the
gathering areas. At the same time, different agglomeration types and their agglomeration
degree change significantly with time, and ULUE shows spatial differentiation characteris-
tics. Specifically, the HH agglomeration areas spread from the upstream areas and finally
migrated to the downstream areas. Moreover, the agglomeration degree is enhanced. The
possible reason is that there is a strong correlation between the downstream cities. Zhejiang,
Shanghai, and Anhui give full play to the leading role of the green benchmarking industry,
thus forming a spatial pattern of coordinated improvement of regional green development;
the number of cities in the LL agglomeration areas remained basically unchanged during
the study period, but the distribution pattern was relatively unstable. The agglomeration
areas shifted from Lianyungang City, Yangzhou City in the downstream areas, and Anqing
City, Shangrao City, and Fuzhou City in the midstream areas to Liupanshui City, Bazhong
City, Nanchong City, Suining City, Dazhou City, Guang’an City, and Chongqing City in
the upstream areas. In contrast, the number of cities located in HL (high-low) and LH
(low-high) agglomeration areas was small and scattered, and most of them were distributed
in the fringe of HH (high-high) or LL (low-low) agglomeration areas.



Land 2021, 10, 1100 12 of 20
Land 2021, 10, 1100 13 of 21 
 

 

 

 

 
Figure 5. Local Moran scatter plot of ULUE in the Yangtze River Economic Zone. (a) Moran’s I in 2003; (b) Moran’s I in 
2008; (c) Moran’s I in 2014; (d) Moran’s I in 2019. 

  

Figure 6. LISA gathering plot of ULUE in the Yangtze River Economic Zone. (a) LISA in 2003; (b) 
LISA in 2008; (c) LISA in 2014; (d) LISA in 2019. 

According to the Local Moran scatter plot, during the study period, most cities in the 
Yangtze River Economic Zone were in I and III quadrants (ULUE showed spatial positive 

-2 -1 1 2 3 4

-2

-1

0

1

2

3
a.2003 Moran's  I=0.1732

HHLH

HLLL

Figure 5. Local Moran scatter plot of ULUE in the Yangtze River Economic Zone. (a) Moran’s I in 2003; (b) Moran’s I in
2008; (c) Moran’s I in 2014; (d) Moran’s I in 2019.

Land 2021, 10, 1100 13 of 21 
 

 

 

 

 
Figure 5. Local Moran scatter plot of ULUE in the Yangtze River Economic Zone. (a) Moran’s I in 2003; (b) Moran’s I in 
2008; (c) Moran’s I in 2014; (d) Moran’s I in 2019. 

  

Figure 6. LISA gathering plot of ULUE in the Yangtze River Economic Zone. (a) LISA in 2003; (b) 
LISA in 2008; (c) LISA in 2014; (d) LISA in 2019. 

According to the Local Moran scatter plot, during the study period, most cities in the 
Yangtze River Economic Zone were in I and III quadrants (ULUE showed spatial positive 

-2 -1 1 2 3 4

-2

-1

0

1

2

3
a.2003 Moran's  I=0.1732

HHLH

HLLL

Figure 6. LISA gathering plot of ULUE in the Yangtze River Economic Zone. (a) LISA in 2003; (b)
LISA in 2008; (c) LISA in 2014; (d) LISA in 2019.

5.3. Spatial Convergence Analysis of ULUE

Exploratory spatial data analysis showed that the ULUE in the Yangtze River Economic
Zone has significant spatial autocorrelation characteristics. If there is spatial autocorrelation
between the data, the results of the absolute convergence equation estimated by the OLS
method may be biased, so Table 3 also listed the maximum likelihood estimation results
of the spatial error model (SEM) and spatial lag model (SLM), respectively. It is not
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difficult to find that the goodness of fitting of the spatial econometric model is much higher
than that of the OLS model. That indicates that after considering the spatial effect, the
spatial autocorrelation of the residuals of the SEM model and SLM model estimated by the
maximum likelihood method is eliminated, and the estimated residuals of the models are
randomly distributed in space.

Furthermore, according to the basic principle of the spatial convergence model, we
used the Lagrange multiplier (LM) and Robust-LM test to select the spatial error model or
the spatial lag model. Table 4 showed that in absolute convergence, LM (lag), Robust-LM
(lag), LM (error), and Robust-LM (error) all pass 1% significant level test, and the LM (error)
statistics are greater than LM (lag) statistics. Therefore, we adopted the spatial error model
to analyze ULUE absolute convergence. Similarly, it is more appropriate to use the spatial
error model in ULUE conditional convergence analysis. In addition, Table 3 showed that
the goodness of fit of the SEM model is higher than that of SLM model, which also verifies
the rationality of our final choice of the SEM model. It is worth noting that according to
the test results of Hausman statistics (Table 4), the absolute β-convergence analysis and
conditional β-convergence analysis in this paper should be based on the fixed-effect model.

From the view of spatial econometric model selection, SEM model selection shows
that the ULUE of each city in the Yangtze River Economic Zone is not only related to the
ULUE level at its starting time but also related to the random impact term of the ULUE
of the adjacent cities. However, it has nothing to do with the ULUE of adjacent cities. For
example, if the ULUE in the surrounding area of a certain city in the area is higher, it does
not mean that the city also has a higher ULUE level. Hence, ULUE in the Yangtze River
Economic Zone has both agglomeration and heterogeneity characteristics in the whole
economic space, which is consistent with the previous conclusion obtained from the Local
Moran scatter plot and LISA agglomeration plot. Due to λ > 0 (the coefficient of the spatial
error term), the ULUE residual term of each city in the region has a diffusion effect on the
ULUE of adjacent cities.

By comparing the OLS estimation results of absolute β-convergence with the spatial
error model estimation results (Table 3), we found that the symbol of ULUE convergence
coefficient (β) has not changed. That indicates the convergence direction of ULUE in the
Yangtze River Economic Zone has not changed after considering the influence of spatial
factors on ULUE, and the significance level of the coefficient has increased. Not only that,
but the convergence speed (s) of ULUE in the region is obviously accelerated. By referring
to the study of Chen et al. [36], the convergence of ULUE is affected by many factors. Even
if every city is segmented, the law of diminishing marginal returns will also lead to the
convergence of ULUE. After considering the influence of spatial factors, that is, the actual
open economy, the cross-regional flow of capital, labor, knowledge, and technology is more
conducive to promoting ULUE convergence and speeding up its convergence. In term of
region difference, the upstream, midstream, and downstream areas of the Yangtze River
Economic Zone also show the same convergence trend, so we do not repeat them here.

Based on this, we argue that regional integration, which can significantly weaken or
eliminate administrative barriers and enable the free flow of production factors, should
be regarded as one of the important mechanisms to promote the convergence of regional
ULUE. Next, based on the theoretical hypothesis and the research on the influencing factors
of ULUE, we introduced five variables, including the government intervention degree
(Govern), infrastructure investment level (Infrastructure), industrial structure upgrading
(Upgrade), industrial structure rationalization (Rational), and technological innovation
level (Technology) to explore the conditional β-convergence trend of ULUE. This result is
basically consistent with Liang et al. [6].

The conditional β-convergence model can be regarded as the robustness test of the
absolute β-convergence model to a certain extent. It can be seen from the estimation results
of conditional convergence (Table 5) that the goodness of fitt of the conditional β-convergent
SEM model is higher than that of the absolute β-convergent SEM model after introducing
control variables. It indicates that the conditional β-convergent regression model has a
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better explanatory ability. In addition, for every 1% increase in ULUE in the Yangtze River
Economic Zone, ULUE will converge at a rate of 5.37% under the combined influence
of government intervention, infrastructure investment, industrial structure upgrading,
technological innovation, and spatial error effect. That is faster than the convergence rate
of 5.01% in the ordinary panel model. This shows that after considering the spatial effect,
the conditional convergence rate of ULUE has also increased, which means geographical
and spatial factors play an important role in the improvement of ULUE in the Yangtze
River Economic Zone. Regionally, the upstream, midstream, and downstream areas of the
Yangtze River Economic Zone also show similar convergence characteristics. However,
due to the large differences in natural conditions, resource endowments, and economic
development levels in different areas, there are significant differences in the periods when
they reach 1/2 convergence, and they will converge to different ULUE steady-state levels.

The estimation results of control variables showed that: (1) In the whole region of the
Yangtze River Economic Zone, the estimated coefficient of government intervention degree
is 0.0106, which is significant at a 5% level. That indicates that strengthening government
management reasonably is conducive to improving the comprehensive development of
ULUE and then speeding up the conditional convergence process of ULUE. The areas with
more reasonable intervention tend to converge at a higher level of land use. We believe that
the coordination and integration of inter-regional government administrative power under
the background of regional integration does not hinder the market mechanism from playing
its role but is conducive to breaking administrative barriers and improving the allocation
efficiency of land resources. Regionally, the upstream, midstream, and downstream areas
of the Yangtze River Economic Zone also showed the same phenomenon as the whole
scale. Under the background of regional integration, strengthening the government’s
reasonable intervention can promote the improvement of ULUE and the convergence of
ULUE spatial differences within the region. Additionally, the promoting effect showed
the basic pattern of the upstream areas > the midstream areas > the downstream areas;
(2) in the whole region of the Yangtze River Economic Zone, the estimated coefficients
of the upgrade and rationalization of the industrial structure are positive, and they have
passed the significance tests of 1% and 5%, respectively. It shows that industrial structure
upgrading and industrial structure adjustment can effectively promote the coordinated
improvement of ULUE among areas. Especially, the increase in the proportion of high-
tech industries can provide a better platform for the rational use of land. Regionally,
the upgrading effect of industrial structure in the upstream and midstream areas of the
Yangtze River Economic Zone is temporarily inferior to the downstream areas, and the
effect of industrial structure adjustment in the upstream and midstream areas has not yet
appeared, but its industrial structure has greater development potential. We believe that
improving the industry structure in the backward areas will have a positive influence on
the convergence of ULUE in the Yangtze River Economic Zone; (3) in the whole region of
the Yangtze River Economic Zone, the estimated coefficients of infrastructure investment
level and technology innovation level are negative, and they have passed the significance
tests of 10% and 5%, respectively. It indicates that the impact of both on ULUE convergence
is significantly negative during the study period. We believe that improving the level of
infrastructure investment and technological innovation will not reduce ULUE by itself.
The possible explanation is that infrastructure investment has squeezed the government’s
investment and subsidies for the green technological innovation of enterprises to a certain
extent, thus causing ULUE losses; also, the investment in technological innovation does not
encourage enterprises to develop green technology innovation or improve the level of clean
technology as expected; on the contrary, it increases the “compliance cost” of enterprises.
As a result, under the double constraints of profit maximization and limited resources,
technological progress follows costs and squeezes out other profitable investments of
enterprises, hindering the further improvement of ULUE.
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Table 3. Absolute β-convergence estimation result.

Variable
The Yangtze River Economic Zone The Upstream Areas The Midstream Areas The Downstream Areas

OLS SEM SLM OLS SEM SLM OLS SEM SLM OLS SEM SLM

β
−0.0769 ***
(−9.2300)

−0.5599 ***
(−24.2215)

−0.4030 ***
(−20.4593)

−0.0377 ***
(−2.8986)

−0.4762 ***
(−11.0950)

−0.3756 ***
(−10.5089)

−0.0815 ***
(−5.7188)

−0.6574 ***
(−17.2210)

−0.5703 ***
(−16.0932)

−0.1083 ***
(−7.0555)

−0.5116 ***
(−13.3342)

−0.4440 ***
(−13.4126)

λ
0.3160 ***
(10.0879)

0.1840 ***
(3.4196)

0.1878 ***
(2.6557)

0.4101 ***
(5.8158)

ρ 0.1799 ***
(6.1925)

0.0660 **
(1.9657)

0.1869 ***
(3.9364)

0.4024 ***
(8.4036)

s 0.0047 0.0586 0.0303 0.0023 0.0462 0.0277 0.0052 0.0765 0.0497 0.0067 0.0512 0.0345
τ 147.4781 11.8285 22.8761 301.3683 15.0032 25.0233 133.2975 9.0607 13.9467 103.4548 13,5380 20.0912

R2 0.0416 0.2723 0.2558 0.0163 0.2380 0.2225 0.0473 0.3916 0.3661 0.0552 0.2129 0.1590
Log(L) −27.4357 154.4103 180.4458 60.9026 90.0146 117.9425 −17.8858 80.6979 96.6282 −52.7359 −8.5234 18.9436

Note: T-Statistics are included in parentheses. *, **, and *** represent significance at 10%, 5%, and 1% statistical level, respectively.

Table 4. ULUE spatial correlation test.

Test
Absolute β-Convergence Conditional β-Convergence

t-Statistic p-Values t-Statistic p-Values

Hausman test of spatial error model 143.0404 0.0000 146.0059 0.0000
Hausman test of spatial lag model 18.2321 0.0000 29.2753 0.0001

LM (lag) 39.2015 0.0000 37.9432 0.0000
Robust-LM (lag) 96.9212 0.0000 52.9370 0.0000

LM (error) 120.5283 0.0000 95.7544 0.0000
Robust-LM (error) 178.2479 0.0000 110.7482 0.0000
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Table 5. Conditional β-convergence estimation result.

Variable
The Yangtze River Economic Zone The Upstream Areas The Midstream Areas The Downstream Areas

Ordinary Least
Squares Spatial Error Model Ordinary Least

Squares Spatial Error Model Ordinary Least
Squares Spatial Error Model Ordinary Least

Squares Spatial Error Model

β
−0.5041 ***
(−23.1664)

−0.5282 ***
(−23.0323)

−0.4542 ***
(−11.1850)

−0.5216 ***
(−11.3815)

−0.6598 ***
(−17.6315)

−0.7272 ***
(−18.6605)

−0.4723 ***
(−13.0524)

−0.5213 ***
(−13.7073)

λ
0.1460 ***
(4.7308)

0.0950 *
(1.8732)

0.1418 **
(1.9670)

0.1701 **
(2.3489)

Govern 0.0061 **
(2.3006)

0.0106 **
(2.3184)

0.0152 *
(1.6023)

0.0289 *
(−1.2997)

0.0173 *
(0.2906)

0.0126 *
(1.6496)

0.0066
(1.6057)

0.0038 *
(0.4945)

Infrastructure −0.0229 *
(−1.2919)

−0.0623 *
(−1.7483)

−0.0212
(−1.0708)

−0.0652 *
(−1.7217)

−0.0022
(−0.2660)

−0.0016 *
(−0.0608)

−0.2043 **
(−2.5395)

−0.6230 ***
(−3.6308)

Upgrade 0.0557 ***
(3.1482)

0.1424 ***
(4.1034)

0.0033
(0.1280)

0.0933 *
(1.7763)

0.0702 **
(2.4184)

0.2696 ***
(4.2889)

0.1436 ***
(3.6011)

0.3033 ***
(4.2133)

Rational 0.0210 **
(2.3221)

0.0205 *
(2.2104)

0.0053
(0.8311)

0.0432
(2.2644)

0.0108
(1.0400

0.013
5(1.3369)

0.0057
(1.3423)

0.0524 *
(1.9097)

Technology −0.0610 **
(−3.1067)

−0.0581 ***
(−2.8815)

−0.0364
(−1.6664)

−0.0829 **
(−2.5606)

−0.0959 ***
(−2.9750)

−0.0930 ***
(−2.8302)

−0.0013
(−1.5400)

0.0051 **
(2.0041)

s 0.0501 0.0537 0.0433 0.0527 0.0770 0.0928 0.0457 0.0526
τ 13.8353 12.9078 16.0080 13.1527 9.0019 7.4693 15.1673 13.1778

R2 0.2662 0.3219 0.2284 0.2844 0.3868 0.4522 0.2377 0.3005
Log(L) 120.3042 153.8936 87.2214 97.0128 81.8231 103.2177 −12.4631 4.5342

Note: t value is in parentheses; *, **, and *** represent significance at 10%, 5% and 1% statistical level, respectively.
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6. Conclusions and Discussion

Compared with the existing research, the possible contribution of this paper is to build
a theoretical framework of spatial convergence of ULUE under the background of regional
integration and to construct a “green” evaluation system of ULUE with multi-objective
constraints. Then, we re-examined the spatial differences and convergence mechanism of
ULUE in the Yangtze River Economic Zone from 2003 to 2019 through the super efficiency
SBM model, exploratory spatial data analysis model, and spatial convergence model
incorporating the spatial weight matrix.

The results showed that the ULUE level in the Yangtze River Economic Zone has been
continuously improved during the study period, but there are significant spatial disequi-
librium and spatial correlation characteristics. HH agglomeration and LL agglomeration
are the main spatial agglomeration patterns of ULUE in the Yangtze River Economic Zone.
Therefore, after considering the impact of spatial factors on ULUE, the ULUE in the Yangtze
River Economic Zone and its upstream, midstream, and downstream areas all show a
more obvious trend of absolute β-convergence and conditional β-convergence. Moreover,
reasonable government intervention and industrial structure improvement can accelerate
the convergence process of the ULUE. Unfortunately, the investment in infrastructure and
technology does not have a positive impact on the conditional β-convergence of the ULUE
in the Yangtze River Economic Zone.

Based on the above conclusions, we put forward the following policy recommenda-
tions:

(1) Actively promoting the integration of the Yangtze River Economic Zone. It is neces-
sary to break the administrative barriers, establish a regional coordinated develop-
ment mechanism, strengthen the guidance of ecological priority policies, and establish
a development committee of the Yangtze River Economic Zone led by national au-
thorities and joined by provinces along the Yangtze River. At the same time, it is
necessary to incorporate “regional cooperation” into the assessment system of party
and government leading cadres and promote regional integration development by
examining the role of “baton”, thus maximizing its role in promoting the green utiliza-
tion of urban land; additionally, we should focus on building a regional collaborative
development mechanism, giving full play to the spatial spillover effect of integrated
development, focusing on optimizing the spatial distribution channels of elements,
and improving the ability of cross-regional resource allocation and element spatial in-
tegration. Moreover, it is necessary to reduce the scale of regional pollution emissions
through industrial spatial redistribution, thus realizing the green transformation of
land use.

(2) According to the spatial pattern of ULUE, formulating the regional development
strategy according to local conditions [46]. HH agglomeration areas should not only
give priority to cultivating green high-tech industrial community and accelerate the
formation of land green intensification effect with industrial green development but
also give full play to its diffusion effect and strengthen the radiation driving effect on
the surrounding areas. HL agglomeration and LH agglomeration areas, as transitional
plates, should fully rely on geographical proximity to connect spatial elements transfer
corridors and ultimately achieve ULUE collaborative promotion. In contrast, the LL
agglomeration areas should focus on the establishment of regional internal sharing
and external linkage mechanisms, actively promote the process of open interaction
patterns between ULUE high-value areas and low-value areas, and actively absorb
advanced technologies and development concepts in high-value areas.

(3) Coordinating regional green development strategy and implementing policies for
different cities based on different driving factors. Government management and
technological innovation are the main driving forces for ULUE convergence. Based on
increasing the investment of the joint pollution control fund, the government should
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give full play to the correlation effect of infrastructure and promote the coordinated
promotion of ULUE by accelerating inter-regional cooperation to achieve a win–win
situation. The downstream areas should make full use of the economic system to
realize the effective connection between capital and technology and accelerate the
cultivation of green management talents and incubation of green technology. More
importantly, the downstream areas should drive the development of the ULUE around
by releasing spillover effects of the green kinetic energy; the midstream and upstream
areas should increase government technical support and at the same time introduce
supporting policies for talent introduction. The midstream and upstream areas need
to achieve steady improvement and leapfrog development of ULUE through policy
advantages. In addition, the optimization and upgrading of industrial structures
can accelerate the convergence of ULUE. The region should actively construct the
linkage and sharing mechanism of industrial development and form a cooperative
and progressive pattern of industrial dislocation, complementary advantages, and
division of labor. The key for technological innovation to promote ULUE growth is
to guide enterprises to produce “efficiency compensation” to offset the “compliance
cost” of industrial environmental pollution control and ultimately realize the win–win
situation between the economy and the environment of regional land use.
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