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Abstract: Coordinating the interaction between urbanization and land use multifunctionality (LUMF)
is of great significance in regional sustainable development. This article explores the interaction
relationship between urbanization and LUMF in the Han River Basin (HRB) of China from 2000
to 2018. We used the combination weighting method, coupling coordination degree model, and
geographic detector method to examine the coupling relationship and internal mechanism between
urbanization and LUMF. The results showed that (1) there exists a significant correlation between
urbanization and LUME, the coupling coordination degree of each county displayed an upward trend
throughout the research period, and the whole region has a radiation effect of central cities; (2) from
the perspective of the internal mechanism of urbanization demand and the LUMF supply, we found
that social urbanization demand is the primary demand for LUME, while the town living function is
the main supply of LUMF for urbanization, which means social urbanization has more influence than
economic and population urbanization on LUMF, and the town living function has greater decisive
power than agricultural production function and ecological function on urbanization; and (3) the
supply and demand-influencing factors between urbanization and LUMF in each sub-region are
different, and the upstream is more susceptible to determinants than the midstream and downstream
because of the worse natural resource endowment. In conclusion, the critical finding provides not
only guidance to understand the relationship between urbanization and LUMF but also suggests that
the government should adapt to local conditions when formulating regional development planning.

Keywords: urbanization; land use multifunctionality; coupling and coordination; interaction; Han
River Basin

1. Introduction

Urbanization is a complicated process of social and economic development [1]. Dif-
ferent disciplines have different interpretations of urbanization. Demography defines
urbanization as the process of transforming rural populations into urban populations [2].
Economics defines urbanization as a process of change in the industrial structure [3], indus-
trialization occurs ahead of urbanization and promotes urbanization [4]. Ecology believes
that the process of urbanization is the evolution of the ecosystem. Sociologists define ur-
banization from the perspective of social relations and organizational changes [5]. In recent
years, rapid urbanization has brought a number of problems to regional sustainable devel-
opment; the increase in GDP per capita and financial development has a negative effect on
the environment [6], such as occupied cultivated land, resource shortage, and especially
the increased scarcity of land resources [7,8]. With socioeconomic development, the ability
of human beings to organize and transform land resources has improved continuously [9].
At the same time, land provides various products and services for humans through human
needs [10]. The ability to provide private or public services and products through different
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land-use types is called land use function [11]. The diversification of urbanization develop-
ment goals leads to diversified land use behaviors, so land use multifunctionality (LUMF)
has become an inevitable choice for regional sustainable development [12]. The view that
the changes of land use function are important factors in rapid urbanization has become a
worldwide consensus [13]. Thus, research on the interaction between urbanization and
land use is of great significance to regional sustainable development and improving land
use management.

The LUMEF concept evolved from the notion of agriculture multifunctionality. It
regards all land use types as an organic whole that provides the products and services
for humans within a certain area [14]. Although different scholars have different under-
standings of the connotation of LUME, they have basically reached a consensus on its
essential characteristics, that is, the goal of LUMF is to meet human demands for various
products and services, with land not only providing material products for humans but
also including non-material requirements, such as environmental, economic, cultural, and
other functions [15-17]. According to previous research, the evaluation system of LUMF is
mainly constructed from two aspects: one is economy, society, and the environment [18,19],
and the other is production, ecology, and living functions [20]. Based on these two clas-
sifications, scholars have expanded many other classification systems according to the
characteristics of the research area [21]; for example, Tao [22] divided the LUMF into five
functional classifications: production function, supply function, ecological function, safety
guarantee function, and economic function.

The interaction between urbanization and LUMF belongs to the human-land system,
which directly reflects the relationship of human demand for land and land supply for
humans [23]. Land is a limited regional resource that represents the restriction of the natural
environment on the development of urbanization [24]. However, urbanization not only has
a strong intervention effect on the structure, function, and scarcity of land resources, but it
also has various demands for land use functions, representing the transition of population,
society, and ecological factors [25,26]. The interaction of the supply and demand between
the two systems directly affects the realization of regional sustainable development [27].
Therefore, this paper proposes a research hypothesis that there is a significant correlation
between urbanization and land use functions based on the theory of the human-land
system. The human-land system is a huge system that integrates the two subsystems of
“human” and “land” [24]. The “human” system mainly refers to human social activities,
which consist of population development, economic development, and social development.
The “land” system mainly refers to the natural environment elements and land resource
elements, which including the production of resources, the living level of people, and
environmental protection [28]. The main goal of the human-land system is to coordinate
the human-land relationship, promote regional sustainable development [12], and provide
a practical theoretical basis for regional planning and development.

To study the interaction between two systems, the coupling coordination degree
model (CCDM) is a widely used approach [29]. This model was recently introduced to
measure the nonlinear relationship between the ecological environment and urbanization,
such as energy—environment efficiency and urbanization [30], ecological and economic
coordination in metropolitan areas [31], air environment and urbanization [32], and even
geological hazards and urbanization [33]. Studies have shown that urbanization and land
use function exist in an interaction relationship. On one hand, LUMF promotes land use
efficiently and sustainably, improves urbanization quality, and enhances the ability of land
to meet human needs [34]. On the other hand, urbanization activities stimulate demand
for LUME such as infrastructure construction, ecological environment maintenance, and
human entertainment [18]. However, the development of urbanization and LUMEF are
discussed separately from the view of supply and demand in most existing literature, and
the study of the interaction between LUMF and urbanization is lacking, so determining
how to satisfy the increasing demands of humans through multifunctional land use in
the process of urbanization can not only help ease the conflict between humans and land
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but also promote regional sustainable development. Furthermore, as urbanization and
LUMEF varies markedly between different cities, the internal mechanism of the two systems
is still unclear. In order to further explore the interaction between the two systems, this
study used the geographic detector to analyze how the internal factors of one system
affect the other from the view of supply and demand. The geographical detector model
was applied to explore the spatial differentiation between urbanization and LUME. The
geographical detector model describes the spatial differentiation and determination of
various factors through spatial stratification heterogeneity [35], and it has the advantage of
overcoming excessive assumptions and collinearity compared with traditional statistical
analysis methods [36]. In addition, this method can provide a higher level of explanatory
capability, but it does not require a linear relationship between independent and dependent
variables [37]. Therefore, the geographical detector can be effectively used to study the
determinants of spatial heterogeneity between urbanization and LUMF.

To implement the interaction between urbanization and LUMEF, this paper first con-
structed an urbanization and LUMF system in the Han River Basin (HRB) from 2000 to
2018 to study the temporal and spatial trends of urbanization and LUMEFE. Second, the
CCDM was used to explore the coupling effect between the two systems in the HRB.
Finally, the geographical detector model was applied to analyze the internal mechanism of
urbanization and LUMF from the perspective of supply and demand. The experience of
the HRB can provide a reference for other similar developing countries.

This article is organized as follows: Part 2 describes the study area and conceptual
framework of the interaction relationship between urbanization and LUMF. Part 3 shows
the data and methods used. Part 4 examines the relationship of the coupling and effect
mechanism between urbanization and LUMF. Part 5 is a discussion about the relationship
between urbanization and LUMF. Part 6 outlines the main conclusions.

2. Study Area and Data Source
2.1. Study Area

This study selected the Han River Basin (HRB) as the research area. As a typical
ecologically fragile area and area of concentrated poverty in China, the contradiction
between economic development and environmental protection in the HRB is more serious
compared with other regions. The HRB is located at 30°05' N-34°25" N and 105°30" E-
114°00" E, which is located in the middle of China. As the largest tributary of the Yangtze
River, the Han River flows through 64 counties in the Shaanxi, Henan, and Hubei provinces,
with a total length of approximately 1532 km and a watershed area of 15.9 x 10* km?, the
specific location is shown in Figure 1. The whole watershed is divided into three parts: the
upstream part is a mountain area, and the land type is mainly forest land and grassland;
the midstream part contains hilly basins, where the land types are mainly forest land and
cultivated land; and the downstream part is a plains area, where the land use type is
mainly cultivated land. The diverse topography in the HRB makes the natural resources
distinct and the economic development greatly unbalanced. Furthermore, the HRB is a
concentrated area of impoverished counties in China, and it is also a national first-level
water source protection zone, which has an important strategic position in the ecological
environment. The urgent requirements of economic development are in serious conflict
with environmental protection. Facing these challenges, the Chinese government began to
seek a new type of urbanization starting in 2012; the new urbanization emphasizes that
economic development and ecological security should be placed at an equally important
position. With the contradiction becoming increasingly acute between human and land use
in the HRB, analyzing the interaction between urbanization and LUMF is of great strategic
significance to promote regional sustainable development.
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2.2. Data Source

Figure 1. Study area.

The main data used in this article are shown in Table 1. The socioeconomic statistical
data was obtained from China’s County Statistical Yearbooks. Land use/land cover map
was acquired from the remote sensing images of Landsat 5 TM in 2000, 2005, and 2010
and Landsat 8 OLI in 2018; then, ENVI 5.1 was used for manual interpretation to obtain
a land-use classification map with a spatial resolution of 30 m. Land use was classified
into six types: arable land, grassland, construction land, forestland, water area, and bare
land. In order to eliminate the impact of inflation, economic data were deflated using the
consumer price index (CPI), which is a constant price based on 2000. All data were unified
to the WGS_1984_UTM_Zone_49N projected coordinate system and unified to a 30 m
resolution before calculation. These datasets were used to construct the indices identified

in Table 2.
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Table 1. Data description.

Data Resolution Source
China Soil Map Based on Harmonized World Soil Database
Soil Map Raster; 1 km (v1.1). Available online: http://westdc.westgis.ac.cn/

(accessed on 25 Juanary 2021).

Normalized Difference Vegetation Index
data (NDVI)

Raster; 1 km

Resource and Environment Data Cloud Platform. Available
online: http://www.resdc.cn/ (accessed on 20 Juanary 2021)

Digital Elevation Model (DEM)

Raster; 30 m

Geospatial Data Cloud. Available online:
http:/ /www.giscloud.cn/ (accessed on 28 Juanary 2021)

Precipitation Data

Vector; 30 m

China Meteorological Data Sharing Service System. Available
online: http://data.cma.cn/ (accessed on 15 Juanary 2021)

Geospatial Data Cloud. Available online:

Land Use/Land Cover Raster; 30 m x 30 m http:/ /www.giscloud.cn/ (accessed on 21 Juanary 2021)
Grain Output Statistics Hubei/Shannxi/Henan Statistical Yearbook
Socioeconomic Data Statistics China’s County Statistical Yearbooks

Table 2. Index system of urbanization and LUMF.

Layer of Target Criterion Level Index Level Attribute Weight

Population Population density (people/ km?) (x7) + 0.0915

urbanization Population urbanization rate (%) (x7) + 0.0748

Secondary and tertiary industry output value N 0.0380
account for GDP (%) (x3) ’

Economic urbanization Real GDP per capita (RMB/person) (x4) + 0.0976

Local government revenue per capita

(RMB/person) (x5) * 0.1270

Urbanizati Fixed-asset investment per capita (RMB/person) (x¢) + 0.1141

rbanization Average salary of employees (RMB) (x7) + 0.0698

Total retail sales of consumer goods per capita + 0.1064
Social urbanization (RMB) (xg) '

Disposable income ratio of urban and rural residents B 0.0609
(%) (x9) '

Number of beds in hospitals and health centers N 01086

(beds) (x10)

Highway density (x11) + 0.1113

Food output per capita (t/person) (x17) + 0.0851

Agricultural Per capita gross output value of agriculture, forestry, N 0.0896
production function animal husbandry and fisheries (RMB/person) (x13) '

Cultivated land area per capita (m?/person) (x14) + 0.0604

GDP per unit area (RMB10,000/ km?) (x15) + 0.1906

Land use Industry employees per unit area (people/km?) (x14) + 0.1938
multifunctionality Town living function y emproyees p . peop: 16 ‘

Government expenditure per unit area + 0.1642
(RMB10,000/km?) (x17) '

Carbon stock t/ (hmz-a> (x18) + 0.0692

Ecological maintenance )
function Soil erosion t/ <hm -a) (x19) - 0.0472
Forest cover rate (%) (x20) + 0.0999
3. Methods

This section first establishes an evaluation system for urbanization and LUMF, and
calculates the weight of each indicator through entropy method and principal component
analysis, then obtains the composite index of the two systems. Next, the CCDM was
applied to explore the coupling relationship between urbanization and LUMF. Finally, the
geographical detector was applied to analyze the spatial differentiation of the two systems.
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3.1. Index System

To study the interaction relationship between urbanization and LUMF in the HRB,
we constructed a composite index system for urbanization and LUMF in accordance
with the following criteria: (a) ease of obtaining data; (b) the most accepted indicators
based on the citation; and (c) ability to cover multiple dimensions of the urbanization and
LUMTF system:s.

Urbanization development has caused a reduction in arable land and an increase
in the pollution of the ecological environment. According to the understanding of the
urbanization demand for land use in the HRB, this paper constructed an evaluation system
of urbanization from the three aspects of population urbanization, economy urbanization,
and society urbanization. Specifically, population urbanization is the basis of urbanization
development; it refers to the process of transforming agricultural populations into non-
agricultural populations and is usually represented by the population urbanization rate.
Economic urbanization is the core of the urbanization process; it shows the conversion
of agricultural activities to non-agricultural activities and the improvement in the urban
economy, including secondary and tertiary industry output value, real GDP per capita, local
government revenue per capita, and fixed-asset investment per capita. Social urbanization
is the key to measuring the quality of urbanization development. It refers to changes
in people’s lifestyles and traditional consumption concepts, which assist with changes
in resource utilization and environmental protection [38], and it consists of the average
salary of employees, total retail sales of consumer goods per capita, disposable income
ratio of urban and rural residents, number of beds in hospitals and health centers, and
highway density.

LUMEF refers to the ability of the land to provide private or public services and products
to humans through different land-use types [39]. The diversification of social and economic
development goals leads to diversified land use functions. Under the background of rapid
urbanization, the LUMF system often includes three functions: agricultural production
function, town living function, and ecological maintain function [40]. Specifically, the
agricultural production function is a foundation of the land-use system related to providing
various agricultural and industrial products for humans, which includes food output per
capita, per capita gross output value of agriculture, forestry, animal husbandry and fisheries,
and cultivated land area per capita. Town living function is the core function to maintain
human consumption, housing, employment, and infrastructure construction. It includes
GDP per unit area, industry employee per unit area, and government expenditure per unit
area. Ecological function refers to the function that mainly undertakes ecological services
and ecosystem maintenance, including carbon stock, soil erosion, and forest cover rate.

This article used the data shown in Table 1 to quantitatively calculate the composite
indices of urbanization and LUMF in the HRB from 2000 to 2018. Among them, soil erosion
was calculated by the RUSLE model [41] and carbon stock was obtained by the INVEST
model [42]. The indicators are shown in Table 2.

3.2. Index Weight Setting and Score Calculation
3.2.1. Data Standardization

Because of the differences in the dimensions of each selected indicator, we used the
range standardization method to transform the indicators into dimensionless values, as
shown in Equations (1) and (2):

Positive indicator: .

(xjj — minx;)
Zij= ( » 1)
maxx; — minx;)

Negative indicator:

(maxx; — x;j)
Zjj = ( — 2)
maxx; — minx;)
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In the formula, x;; denotes the initial value of the ith indicators in the jth counties
from 2000-2018,i=(1,2,... ... ,19),j=(@1,2,... ... , 64); zjj represents the standardized
value of x;j; and min x; and max x; are the minimum value and maximum value of the ith
indicators of n (1 = 64) counties, respectively. After standardization, all index values were
in the range of [0, 1].

3.2.2. Weight Calculation

Index weights have an important influence on the evaluation of comprehensive assess-
ment. The entropy weight method is an objective weighting method based on the degree
of dispersion of index values, and it is used worldwide to obtain weights. The greater the
dispersion of the index, the larger its weight is. However, in the general evaluation index
system, there may be some correlation between various indices. Therefore, the traditional
entropy weight method has the problem of repeated weighting, which leads to deviations
in the evaluation results [43,44]. The principal component analysis method converts mul-
tiple indicators of the original data into a few comprehensive indicators, removes data
redundancy and correlation, and increases the role of the main component. However, in
the process of variable dimensionality reduction, the original variable is blurred [45,46]. In
actual applications, there are often many special data that can cause the obtained weights
to be very different from people’s expectations. Thus, we need to combine weighting
methods to calculate the weight.

This article used two methods to calculate the weights separately, and the final weight
is the average value of the two methods. After trial calculations, we found that the
combination of the two methods could reduce the absolute impact of a single method on
the weight of a certain index and improve the accuracy of the calculation results. The
weight results are shown in Table 2.

(1) The entropy method

First, we calculated the proportion of the ith indicator to the jth counties, where n
represents the total number of counties:

pij = # 3)
j=1%ij

Second, we calculated the entropy value for the ith indicator:
1 & 1
e = — iiln— 4)
1 l nn ];l pl] pl]

Finally, we calculated the weight for the ith indicator, where m represents the total

number of indicators: 1

B Yt l—e
The indicator’s weight value is in the range of [0, 1], and the higher the weight value,

the more important the indicator is in the entire evaluation system. Conversely, the lower
the weight value, the weaker the importance of the indicator.

Wie

®)

(2) Principal component analysis

Principal component analysis is a method that replaces the original indicators with
a set of irrelevant composite indicators to achieve dimension reduction of the indicators
while retaining the information of the original parameters.

First, we used the Kaiser-Meyer—Olkin (KMO) test to test whether the data were
appropriate for using principal component analysis and found that the KMO value was
above 0.5, meaning that the original variable was suitable for principal component analysis.

Then, we established the original variable matrix X. The matrix can be expressed as

X = (xy) 1w Where xj; denotes the ith indicators of county j. In addition, we used SPSS
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software to calculate the correlation coefficient matrix (R) of a standardization matrix Z and
obtained the eigenvalues A;(i = 1,2,3,..., p), the eigenvectors E;(i =1,2,3,...,p), and
the initial factor loading matrix fl-]-(i =1,2,...,p,j=1,2,...,k). The calculation method is
shown in Equations (6)—(9):

Z1m zZiz v 21
Z Z “ e Z .
Z=(zy)= |2 2 7 ©)
Zit  Zit o Zjj
L _ 7
R= L 77 8
p—1
(AE-R)=0 9)

where Z, R, E, and A denote the standardization matrix, correlation coefficient matrix,
eigenvector matrix, and eigenvalue matrix, respectively.

Next, we established the equations of the principal components and calculate their
values. We selected eigenvectors with a cumulative contribution rate of more than 80%;
among them, urbanization selected the first three eigenvectors, and LUMEF selected the
first four eigenvectors. Finally, we calculated the weight of the urbanization and LUMF
indicators separately. The steps to calculate the index weights of the two systems were the
same, the only difference is that the urbanization system had three principal components,
k = 3, and the LUMF system had four principal components, k = 4; the equations are
as follows:

Fe=ayZy+apZy+---+ akap (10)

_ S
VA

al-j (11)

k
w; = Z‘al]f X E; (12)
j=1

In the above formulas, Fy is the composite score of the k-th principal component; a;;
describes the factor scoring matrix of factor i in the j-th principal component, that is, the
contribution of the i-th factor to the j-th principal component. w; is the weight of factor i.
Because the sum of the weights of all indicators is 1, the final indicator weights (w;) need
to be normalized on the basis of the comprehensive model.

i — 13
s (13)

(3) Composite index

Finally, the composite index of urbanization and LUMF can be calculated by the
following equation:
e (wie + wip)
Uj(or Lj) = Z% 7 (14)
i=
where U; and L; represent the composite indices of urbanization and LUMF, respectively.

M is the average weight obtained by the entropy weight method and the principal

component analysis method, and Z;; is the normalized value.
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3.3. Coupling Coordination Degree Model (CCDM)

The principle of CCDM is to detect the interaction relationship between two or more
systems and was originally identified by physicists [47]. This study constructed a CCDM
of urbanization and LUMF in the HRB, and the equations are as follows:

2

oo ) Uixli (15)
[Mr
2
T =al;+ ﬁL]' (16)
D =+CT (17)

where C denotes the coupling degree of urbanization and LUMF; U; and L; are the com-
posite index of urbanization and LUMF, respectively; T is the coordination degree of
urbanization and LUMF; and « and § are the contribution rate of urbanization and LUMF,
which are both 0.5 because urbanization and LUMF are equally important in this paper.
D denotes the coupling coordination degree (CCD) between urbanization and LUMEF, the
value range is [0, 1]. It is necessary to note that if both the index of urbanization and the
LUMF are high, the CCD of the two systems will be high. Otherwise, the CCD will be low.

On the basis of existing research [48], the CCD of urbanization and LUMF were
divided into 5 levels (see Table 3).

Table 3. Classification of the CCD between urbanization and LUMF.

D Coupling State Characteristics
5<D1 Hgncowlng o coulngbomee wbaiion
06<D<038 Moderate coupling Urbanizatiogaalg;dmlélivl\i/iﬁ Escglilnott(})l;::operate and
04<D <06 Low coupling The interacti}(d)g?vl[);tsv;eeiré :ﬁ:inization and
02<D<04 Moderate uncoupling Urbanization avr:,c;;iljirl\r/lltl:acll:r\::elopment show a
0<D <02 Severe uncoupling Urbanization and LUMF develé)pment show a

serious imbalance.

3.4. Geographical Detector

The geographical detectors were adopted to detect the internal influence of the in-
teraction between urbanization and LUMF from the perspective of supply and demand.
The geographical detector consists of ecological, risk, interaction, and factor detectors.
This research primarily utilized the factor detector, which is used to analyze the formation
mechanism of the spatial distribution differences and determine what drives it [49,50]. The
internal mechanism relationship between urbanization and LUMF was expressed by a
g-value, and the formula is as follows:

1 & )
g=1-——= Y Nyoj (18)
Nog? =

where g is the value of the explanatory force of the independent variable on the dependent
variable and the g-value is a range from 0 to 1, with 0 indicating no correlation between the
dependent variable and the independent variable, meaning that the dependent variable is
likely to be randomly distributed in each subcategory of the explanatory variables. g =1
indicates that the dependent variable can be completely explained by the independent
variables, where the dependent variable tends to be the same without any variance within
each subcategory of the explanatory variables. The larger the value, the stronger the
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interpretation ability. h (h =1, 2, ..., L) is the stratification of the independent variables.
Following references [51] and trial calculations, the natural breakpoint method of ArcGIS
software was used to divide the population urbanization rate, food output per capita, and
soil erosion into 6 layers and the other independent variables into 7 layers. Nj and N are
the number of samples in layer & and in the whole area, respectively, and (75 and o2 are
the variance of the dependent variable of layer h and of the whole area, respectively. In
this paper, with the use of GeoDetector software, the internal mechanism of urbanization
indicators on the LUMF index and the internal mechanism of LUMF indicators on the
urbanization index were detected separately.

4. Results
4.1. Spatiotemporal Change of Urbanization and LUMF
4.1.1. Spatiotemporal Change of Urbanization

We calculated the urbanization composite index of 64 counties in the HRB. The whole
basin was divided into three parts: upstream, midstream, and downstream. Figure 2 shows
the spatiotemporal change trends of the urbanization composite index in the HRB from
2000 to 2018. From the perspective of temporal change, we can see the urbanization index
of each region has increased constantly over the research period, and the urbanization index
of the three regions ranked from high to low was downstream > midstream > upstream.

a. 2000 b. 2005 N
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Figure 2. Spatial change trend of urbanization. The (a-d) stand for 2000, 2005, 2010, and 2018
respectively. Low level indicates that the indices of the three subsystems were all lower than the
average value of the whole basin. Moderately low level indicates that any one of the three subsystem
indices was higher than the average value of the whole basin. Moderately high level indicates that
any two indices of the three subsystems were higher than the average value of the whole basin. High
level indicates that the indices of the three subsystems were all higher than the average value of the
whole basin.

From the perspective of spatial change, the urbanization composite index was divided
into four categories using the natural breakpoint method, which are low-level, moderately
low-level, moderately high-level, and high-level. Figure 3 also displays the spatial dif-
ference in the urbanization index from 2000 to 2018. Overall, the comprehensive level of
urbanization presented a spatial distribution characteristic of low in the west and high in
the east. In 2000, the HRB was dominated by low-level and moderately low-level urbaniza-
tion, except for Shiyan, Xiangyang, Nanyang, and Hantai, which are municipal districts
that stayed at the moderately high level. Although the urbanization index among the
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64 counties increased, the character of spatial distribution in 2005 was similar to that in
2000. Specifically, the low-level areas were mainly located in the upstream region of the
HRB, and the moderately low-level areas were distributed in the midstream and down-
stream regions. In 2010, the urbanization composite index greatly improved. In the upper
reaches of the HRB, 96% of counties improved from low levels to moderately lower levels,
and 64% of counties improved from moderately low levels to moderately high levels in the
midstream and downstream areas of the HRB. In 2018, the urbanization level increased
significantly; the midstream and downstream areas mostly stayed in moderately high- or
high-level states. Only Yunxi county stayed in a low-level state because Yunxi is located
in a mountainous area with harsh weather conditions, and the agriculture and industry
developed slowly with the restrictions of natural conditions, so the urbanization quality
was worse than that of other counties.
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Figure 3. Spatial change trend of LUMF. The (a—d) stand for 2000, 2005, 2010, and 2018 respectively.
Low level indicates that the indices of the three subsystems were all lower than the average value
of the whole basin. Moderately low level indicates that any one of the three subsystem indices
was higher than the average value of the whole basin. Moderately high level indicates that any
two indices of the three subsystems were higher than the average value of the whole basin. High
level indicates that the indices of the three subsystems were all higher than the average value of the
whole basin.

The overall quality of urbanization in the HRB was relatively low, and upstream
urbanization quality was lower than midstream and downstream urbanization quality. The
reason is that the upstream region of the HRB has a high altitude and rugged mountains,
so there is backward industrial development, inconvenient transportation, and a low
urbanization quality composite index. By contrast, the middle and lower reaches of the HRB
have good soil and water conditions. Furthermore, Shiyan and Xiangyang are important
automobile production bases in China, and the industrial development of these areas drives
urban development and radiates to surrounding counties and districts. Therefore, the
urbanization development level of the middle and lower reaches is higher than that of the
upper reaches. Furthermore, the areas where the urbanization composite index increased
significantly were all municipal districts of each city, such as Shiyan, Xiangyang, Nanyang,
and Hantai; these areas are core regions of the economy and technology of the city, and
they not only have excellent resources but also have a strong driving force of central cities,
so the composite index of urbanization quality is relatively high.
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4.1.2. Spatiotemporal Change of LUMF

Figure 3 shows the spatiotemporal change trends of the LUMF composite index in
the HRB from 2000 to 2018. From the perspective of temporal change, the LUMF index
of each region increased during the study period and was significantly different between
the three regions. The ranking of the three regions by the LUMF composite index was the
same as the ranking by urbanization composite index, with an order from high to low of
downstream, midstream, and upstream.

From the perspective of spatial change, using the natural breakpoint method to divide
the LUMF index into four categories, the meaning of each category was the same as
that of the urbanization index. The spatial pattern of LUMF was diversified, with the
characteristics of low levels in the upstream region of the HRB and high levels in the
midstream and downstream regions of the HRB, which was consistent with the spatial
distribution of urbanization. In 2000, the HRB was dominated by low-level and moderately
low-level LUMF, except Hantai and Gucheng Counties, which stayed in the moderately
high-level state. Compared with that in 2000, the LUMF index in 2005 changed slightly. In
2010, the high-value area of the LUMF index showed a spatial diffusion trend from Hantai,
Shiyan, and Gucheng to their peripheral areas. This diffusion trend was especially obvious
in 2018. This means that the LUMF index has a radiation effect from the central city in the
HRB, indicating that the LUMF index of the central city is high, which also drives the index
of the surrounding areas to high levels, such as Hantai, Shiyan, and Gucheng.

The composite index of LUMEF in the upper reaches of the HRB was lower than that in
the middle and lower reaches. This is because the topography of the upper reaches of the
HRB is mostly mountainous and hilly, and the natural conditions restricted agricultural
production function and town living function. The middle and lower reaches of the HRB
are plains areas, with developed transportation, rapid economic development, and high
quality of cultivated land, so the composite index is higher than that upstream.

4.2. Coupling Analysis of Urbanization and LUMF

Through the above analysis of the temporal and spatial changes of urbanization and
LUME, we found that the two systems’ temporal and spatial changes have similar charac-
teristics. On the temporal scale, urbanization and LUMF both showed an upward trend
during the research period. On the spatial scale, they both displayed a spatial distribution
characteristic of low values in the west and high values in the east. These phenomena indi-
cate a synergy relationship between the two systems, so the coupling coordination degree
model (CCDM) was applied to explore the interaction between urbanization and LUMEFE.

4.2.1. Temporal Characteristics of the Coupling Coordination between Urbanization
and LUMF

Figure 4A shows the temporal change trends of urbanization, LUMF, and coupling
coordination degree (CCD) of 64 counties in the HRB. The composite level of urbanization
and LUMEF both increased from 2000 to 2018, but the urbanization index was smaller than
the LUMF index. Overall, the average CCD of urbanization and LUMF increased from
0.3856 to 0.5167 over the study period. This indicates that the CCD had an upward trend,
and the development toward a new orderly structure was under the influence of each
other. The coordination degree of each region is shown in detail in Figure 4B. We can see
that the CCD of the three regions has increased but with a spatial difference. Moreover,
the ranked order from high to low was the same as that for urbanization and LUMF,
that is, downstream > midstream > upstream. The two systems represent a synchronous
growth trend, indicating that the coupling relationship between urbanization and LUMF is
developing in the right direction.
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Figure 4. Temporal change trend of the coupling coordination degree between urbanization and

LUMF in different regions. (A) represents the whole region of the HRB; (B) represents the three

sub-regions of the HRB.

4.2.2. The Spatial Characteristics of the Coupling Coordination between Urbanization

and LUMF

The CCD was divided into five classes based on Table 3. Figure 5 shows the spatial
change trend of the CCD between urbanization and LUME. The overall state ranged
from moderate uncoupling to high coupling, with values ranging from 0.2985 to 0.8579.
Moreover, the spatial distribution of the CCD in the HRB was low in the west and high in

the east.
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Figure 5. Spatial change trend of the coupling coordination degree between urbanization and LUMF.
The (a-d) stand for 2000, 2005, 2010, and 2018 respectively.

According to the classification of the CCD between urbanization and LUMF in Table 3,
we can see the coupling coordination degree was divided into four class. In 2000-2005, the
degree of coupling coordination was dominated by moderate uncoupling and low coupling
in the study area. The moderate uncoupling level was mostly distributed in the upper
reaches of the HRB, and the low coupling level was distributed in the middle and lower
reaches of the HRB. In 2010, the coupling coordination degree of the upstream region had
significantly improved; most areas changed from moderate uncoupling to low coupling,
except five counties, Luonan, Danfeng, Yunxi, Xunyang, and Zheba, where the economy is
underdeveloped because of the limited natural conditions. Meanwhile, Xiangfan, Shiyan,
and Hantai were the three counties with the highest degree of coupling coordination, with
values of 0.6417, 0.6896, and 0.6071, respectively. The three areas are municipal jurisdictions
with good economic conditions and a high level of multi-functional land use, so they have
higher coupling coordination degrees. By 2018, 38.04% of counties in the middle and low
reaches of the HRB had transformed from low coupling to moderate coupling. The highest



Land 2021, 10, 938

14 of 21

coupling coordination degree was observed in Shiyan County with a value of 0.8659, which
indicates a state of high coupling, and other areas reached states of low coupling.

In general, the coupling coordination degree of the upstream region was lower than
that of the midstream and downstream regions, consistent with the spatial distribution
of urbanization and LUMF, indicating that when the composite level of urbanization and
LUMEF are both high, the CCD is also high. On the contrary, when the levels of urbanization
and LUMF are both low, or one is high and another is low, the CCD of the two systems
will be low. Although the coordination level of the HRB is gradually increasing, the overall
level is relatively low. Improvement in the coordination of urbanization and LUMF is
necessary in the future.

4.3. Research on the Mechanism of Influence between Urbanization and LUMF
4.3.1. Exploring the Impact of Urbanization on LUMF from the Perspective of Demand

The development of urbanization has multiple demands for land use functions. There-
fore, we took the composite index of LUMF as the dependent variable and the urbanization
indicators as the independent variables to analyze how urbanization affects LUMF in the
whole region and three sub-regions. Because of the similar coordination characteristics of
urbanization and LUMF in the middle and lower reaches of the HRB, the two regions were
combined and named “midstream—downstream” for analysis.

Table 4 reflects the demand effect of urbanization factors on LUMEF. From the view
of the whole stream, we can see that in population urbanization, the population density
was significant at a level of 0.01, but the household registration urbanization rate was not
significant, showing that the population density indicator can better reflect the demand
effect of urbanization for LUMEF. In economic urbanization, the real GDP per capita had a
strong influence on LUMF (0.6316); other indicators had less influence on LUMF. In social
urbanization, apart from the average salary of employees and highway density, which were
not significant indicators, the other variables had different degrees of impact on the LUMFE.
Among them, the total retail sales of consumer goods per capita had the largest g-value
of 0.7142, showing that this indicator can predominantly explain the spatial variability
of LUME. The impact of the number of beds in hospitals and health centers (0.5148) on
LUMF was second only to the total retail sales of consumer goods per capita. The impact
of the disposable income ratio of urban and rural residents on LUMF was weaker than
those two indicators. Overall, in the urbanization demand for LUME we found that social
urbanization had a more significant influence than population urbanization and economic
urbanization on demand for LUMF.

From the sub-region perspective, we can see that in the upstream region of the HRB,
only three indicators had a significant effect on LUMEF, namely, population density, total
retail sales of consumer goods per capita, and the number of beds in hospitals and health
centers. The g-values of the three indicators were all larger than 0.8, which demonstrates
that the three indicators have an extensive contribution to the development of LUME.
Because of the limitation of natural conditions in the upstream region, the inadequate
local government revenue and fixed-asset investment, and the large income gap between
urban and rural areas, these indicators did not stimulate the multifunctional use of land.
Nevertheless, when population density, total retail sales of consumer goods per capita, and
the number of beds in hospitals and health centers increase, the demand of humans for land
use also increases, and the increasing demand drives land for multifunctional use under
the limited usable land in the upstream region. In the midstream—-downstream region, only
the real GDP per capita was significant for LUMEF. A possible reason is that the midstream-
downstream region has a concentrated population and promising economic and social
conditions, and the land use functions are also diversified. If we want to promote multi-
functional land use further, it can only be achieved by improving the regional economic
level. When the economic level improves, the increase in demand for land will promote
the LUME.
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Table 4. The impact of urbanization factors on the internal mechanism of LUMF.
Criterion Level Index Level Whole Region Upstream Midstream-Downstream
g-Value g-Value g-Value
Population Population density 0.5253 ** 0.8306 ** 0.2874
urbanization Population urbanization rate 0.4582 0.6007 0.4272
Secondary and tertiary industry
output value account for GDP 0-2557 0-5097 0.1783
Economic urbanization . R;}al GDP per capita 0.6316 *** 0.6437 0.7151 **
ocal government revenue 0.5670 0.6040 0.4292
per capita
Fixed-asset investment per capita 0.3254 0.6304 0.3387
Average salary of employees 0.1403 0.2211 0.2663
Total retail sales of consumer goods 07142 #+ 0.8599 ** 0.4488
per capita
Social urbanization Disposable income r.atlo of urban 0.3208 * 0.0314 04336
and rural residents
Number of beds in hospitals and 0.5148 *++ 0.8435 **+ 02373
health centers
Highway density 0.2583 0.2572 0.0649

Note: *** represents statistical significance at a level of 0.01, ** represents statistical significance at a level of 0.05, * represents statistical

significance at a level of 0.1.

4.3.2. Exploring the Impact of LUMF on Urbanization from the Perspective of Supply

As the carrier of urbanization, land provides multiple services to meet human survival
needs, such as production, ecology, and living functions. We took the composite index of
urbanization as the dependent variable and LUMF indicators as the independent variables
to explore the supply effect of LUMF on urbanization.

Table 5 reflects the supply effect of LUMF on urbanization. From the view of the
whole region, we can see that in the agricultural production function, the food output per
capita did not significantly influence urbanization. The per capita gross output value of
agriculture, forestry, animal husbandry and fisheries, and cultivated land area per capita
significantly influenced urbanization, but their g-value was less than 0.5, indicating that
these two indicators have a weak supply effect on urbanization. In respect to the town
living function, the three factors of GDP per unit area, industry employee per unit area, and
government expenditure per unit area were all significant at the level of 0.01. The g-value
of the three indicators was more extensive than the others, meaning that the town living
function had the most considerable impact on the supply effect of urbanization. In the
ecological function, the g-value of the three indicators was smaller than that of the others
and did not significantly influence urbanization, which means that the supply effect of
ecological indicators on urbanization was not apparent. The results show that in the supply
of LUMF to urbanization, the town living functions are the most explanatory factors for
urbanization, followed by agricultural production supply, and the ecological function is
the weakest supply to urbanization.

From the sub-region perspective, we can see that cultivated land area per capita,
GDP per unit area, industry employees per unit area, and government expenditure per
unit area had a significant influence on urbanization in the HRB upstream region. The
undulating terrain caused severe soil erosion, weak agricultural production conditions,
and slow development of secondary and tertiary industries in the HRB upstream region.
Therefore, an increase in cultivated land and town living indicators can effectively solve
these problems in the upstream region of the HRB. In the midstream—downstream region,
there were no factors significant to urbanization, meaning that either the agricultural
production function or town living function and ecological maintenance function were
all in a good state. Hence, a change in these indicators has no significant influence on the
development of urbanization in the middle and lower reaches.
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Table 5. The impact of LUMEF factors on the internal mechanism of urbanization.

o Whole Stream Upstream Midstream-Downstream
Criterion Level Index Level g-Value g-Value g-Value
Food output per capita 0.2234 0.3971 0.0809
Agricultural Per capita gross output value of
production function agriculture, forestry, animal 0.2480 * 0.3566 0.2570
husbandry and fisheries
Cultivated land area per capita 0.4740 ** 0.8056 *** 0.4113
GDP per unit area 0.7864 *** 0.9617 *** 0.5832
T livine functi Industry employee per unit area 0.7838 *** 0.9507 *** 0.7178
own living function :
Government .expendlture per 0.6320 *** 0.7946 *** 0.4297
unit area
Ecological L Carbon stock 0.1771 0.2126 0.0762
oo maintain Soil erosion 0.2366 0.1128 0.5415
unction Forest cover rate 0.0762 0.0877 0.1826

Note: *** represents statistical significance at a level of 0.01, ** represents statistical significance at a level of 0.05, and * represents statistical

significance at a level of 0.1.

5. Discussion

The interaction and coordination development of urbanization and LUMEF is the key
issue to realize the sustainable development of regions. LUMF is the accumulation of
natural and man-made conditions on the effect of land use in historical processes; this
means that the emergence of LUMF cannot be separated from two carriers, namely, the land
supply and the needs of human society [12]. Incorporating urbanization and LUMF into
the human-land system, urbanization development refers to human needs for the social,
economic, and environmental functions of land resources. Land resources are the suppliers
of various products and services for the development of urbanization [52,53]. With the
rapid development of urbanization, the intensity of human demand for land resources
continues to increase, and the conflict between urbanization and land use becomes more
serious. LUMF is a great method to solve this problem by balancing the supply and demand
of land resources [54]. This article provides a reference for the coordinated development of
urbanization and land use on a regional scale.

5.1. Coupling Relationship of Urbanization and LUMF

In the coupling analysis of urbanization and LUMF, we found that the areas with the
highest coordination values were distributed in the municipal jurisdictions, such as Shiyan,
Xiangfan, Nanyang, and Hantai. The results show that the coordinated development
of LUMF and urbanization in the HRB has a radiation effect from central cities, but the
driving power of central cities to surrounding areas is different between locations. For
example, in the upper reaches of the HRB, traditional agriculture is concentrated, and the
development of secondary and tertiary industries is limited, so Hantai District has little
radiation effect on the surrounding counties. By contrast, the middle and lower reaches of
the HRB possess obvious advantages in agricultural production and industrial economy;,
so Shiyan, Xiangfan, Nanyang have strong driving effects on the surrounding areas.

In addition to the influence of natural conditions and economic indicators, policies
are another important factor coordinating the development of urbanization and LUMF
in the HRB. In the early period, the urbanization of the HRB only focused on economic
development but ignored the quality of development, which caused serious environmental
problems and hindered the development of urbanization. To tackle this, governments im-
plemented ecological restoration policies in the HRB. Moreover, in 2017, the “Development
Planning of Han River Ecological Economic Belt” proposed to build Xiangfan as a central
city in the HRB and support Hantai, Xiangfan, Jingmen, and Nanyang to develop high-tech
industries. These policies strengthened the role of ecological and economic functions in the
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process of urbanization, contributing to LUMF and urbanization showing a simultaneous
growth trend over time.

To guarantee the coordinated and sustainable development of urbanization and LUMF
in the future, we recommend that policymakers should fully consider regional divergence
and avoid creating one policy that applies to all regions. In areas with limited natural
conditions, the government should increase investment in infrastructure and medical
facilities, improve resource utilization efficiency, and strive to promote economic and
urban development. In areas with better economic conditions, such as municipal districts,
policymakers should make full use of the radiation effect of the central city, strengthen
cooperation with surrounding areas, and place the economic development and ecological
security in equally important positions to take advantage of multifunctional land use under
the process of urbanization.

5.2. The Internal Influence of Urbanization and LUMF

With respect to the internal influence of urbanization and LUME, this study found that
each indicator’s decision-making power was quite different. In the urbanization demand
for LUME the g-value of the midstream—-downstream region was smaller than that of the
upstream region. This is because urbanization and LUMF have a coordinated relationship;
the urbanization level is a key factor promoting LUME, and the urbanization level of the
midstream—downstream region is better than that of the upstream region, making the ur-
banization of upstream areas more sensitive to LUMF than that of midstream-downstream
areas. Similarly, LUMEF in the upstream region is more sensitive to urbanization than that
in the midstream-downstream region.

In the supply effect of LUMF on urbanization, the ecological maintenance function was
not significant, meaning that the ecological function has less supply effect on urbanization.
The HRB is an ecologically fragile area, and the ecological environment is greatly affected by
human disturbance. In addition, the region is a concentrated area of poverty in China, and
the development of urbanization mainly focused on economic development but ignored
the ecological maintenance function, which caused severe environmental problems, such
as soil erosion, water pollution. and ecological environment degradation. Therefore, the
ecological supply to urbanization is not significant for urbanization. Additionally, the
town living function indicators have more impact than ecological function and agricultural
production function on the supply effect of urbanization. A possible reason is that the
town living function is the ultimate goal of multi-functional land use urbanization, and it
is achieved through the production and ecological functions.

The relationship between urbanization and LUMF in the upstream region is more
susceptible to determining factors than that in the midstream and downstream regions.
The upstream regions of the HRB are dominated by mountains and hills, with large
undulations of land cover and serious soil erosion. Because of the barrier of mountains,
communication between cities maintains a low efficiency, and urbanization and LUMF
have a low coupling degree, so the entire system is vulnerable to external interference.
By contrast, the middle and lower reaches of the HRB are part of the Jianghan Plain,
where resources are abundant, agricultural production has advantageous conditions, and
industrial and high-tech industries are relatively developed. Moreover, the downstream
region is also adjacent to China’s central megacity, Wuhan, which has a strong radiation
effect on the lower reaches of the HRB. These factors have jointly promoted the rapid
development of urbanization, high land-use efficiency, and stable development of the
human and land interaction in the middle and lower reaches of the HRB. It can be seen
that the coordinated development of urbanization and LUMEF plays a vital role in resisting
external disturbances and realizing regional sustainable and stable development.

5.3. Limitations

This article proposed a new framework and effective methodology for studying the
interaction between urbanization and LUMEF, but there are still several limitations. (1) In
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terms of index selection, because the study area is at the county level and covers 64 counties,
the data availability is restricted in the selection of indicators. (2) This article conducted
research in the HRB, which contains ecologically fragile and poverty-intensive areas, and it
is also an important ecological environment protection zone in China, so there is a large
conflict between the urgent requirements of economic development and the realization
of environmental protection goals. Therefore, the recommendations in the conclusion do
not apply to all other regions, especially those with good conditions of natural resources
and economic development. (3) The article studied the coupling coordination relationship
between urbanization and LUMF and explored the internal influence mechanism of the two
systems, but the influence factors of the coupling relationship have not been studied yet.
Exploring which factors lead to the changes in the degree of coupling coordination between
the two systems is important for future research on regional sustainable development.

6. Conclusions

In recent years, rapid urbanization has put land use under great pressure in the
HRB. This paper aimed to explore the interaction between urbanization and LUME. First,
this article selected appropriate indices according to the regional characteristics of the
HRB to construct an evaluation system of urbanization and LUMF. We integrated the
entropy weight method and the principal component analysis method to calculate the
index weight, making the results more comprehensive and accurate. Next, we used CCDM
to test whether there was a coupling and coordination relationship between urbanization
and LUME. Furthermore, we explored the internal effect mechanism of urbanization and
LUMF from the perspective of supply and demand. However, detailed analyses of the
interaction between LUMF supply and urbanization demand are rare. Thus, this research
can be considered a first attempt to gain a deeper understanding of the interaction between
the two systems.

In the coupling analysis of urbanization and LUMF, we found that there was a sig-
nificant and upward coupling relationship between the two systems, and the coupling
coordination degree ranged from a moderate uncoupling state to a high coupling state,
with the values of the upstream regions being lower than those in the midstream and
downstream regions. Moreover, the highest coordination values were distributed in mu-
nicipal jurisdictions, such as Shiyan, Xiangfan, Nanyang, and Hantai. In the internal
mechanism analysis, we found that social urbanization demand was the primary demand
for urbanization for LUMEF. In addition to population and economic urbanization, social
urbanization also warrants sufficient attention in the policy formulation of LUMF devel-
opment, meaning that the development of urbanization pays more attention to quality
rather than purely economic factors. In the supply effect of LUMF on urbanization, the
town living function was the main supply, followed by agricultural production supply,
and the ecological function was the weakest supply to urbanization. Moreover, because of
different resource endowments, the sub-regions’ internal mechanisms showed different
characteristics; the upstream region is more likely to be disturbed by human activities than
the midstream and downstream regions.

In conclusion, there is a mutually reinforcing relationship between urbanization and
LUME. As the spatial carrier of urbanization development, land is an essential support
for urbanization development, and the quality of urbanization development affects the
change of land use function. The key finding provides guidance to increase ecological
function supply and pay more attention to social urbanization demand in the HRB, which
can improve the coordination of urbanization and LUMF. In general, the coordination of
urbanization and LUMEF in the upper reaches of the HRB deserves more attention. The
government should increase capital and technology input, strengthen agricultural and
industrial production efficiency in the HRB’s upstream regions, and improve cooperation
and exchange among sub-regions. As an important ecological barrier and economic
development area in central China, the Han River Ecological Economic Belt shoulders
the task of ensuring national food security and promoting economic development in the
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central region. Studying the coordinated relationship between urbanization and LUMF in
the HRB not only proposes new insights into the interactive effect between urbanization
and LUMEF but also contributes a guide to achieving sustainable development in other
similar regions.
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