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Abstract. Functional zoning is an effective method to disclose the spatial diversity of land and a
prerequisite for the optimization of national land space. We explore the spatial and temporal characteristics
of land use in the Central Plains urban agglomeration from 1990 to 2020, and the GWLR (geographically
weighted-logistic regression) model was used to investigate the key driving elements for the land change
in the urban agglomeration as a whole and in different land use function zones. The results indicate that (1)
the most significant changes occurred on cultivated and construction land, with land use change intensities
of 1.42% and 1.36%, respectively. (2) There are obvious differences in changes among different land
function zones. The core economic zone has the highest proportion of change from cultivated land to
construction land; within the urban and main agricultural production zones, due to the lack of natural forest
and grass growing conditions, the change in land type is also manifested as the extension of construction
land. (3) There are large differences among the motivating elements of cultivated land and construction
land change in varied eras and different land use function zones, and changes in construction land are more
influenced by socio-economic factors.

Keywords: LUCC, spatial-temporal evolution, GWLR, Central Plains urban agglomeration, spatial
heterogeneity; driving mechanism

Introduction

Land use/cover change is an essential representation of the status of human-nature
interactions and fundamental to research sustainable development and global
environmental change (Hailu et al., 2020). With the rapid growth of the population,
urbanization and industrialization, human-land conflicts have been increasing, and
environmental problems have proliferated (Liu and Long, 2016). Urban agglomerations,
as the areas with the most drastic and concentrated land use changes (Li et al., 2022b),
focus on their spatial and temporal changes in land use patterns and driving mechanisms,
which have important research value for the rational distribution of land resources and
the promotion of sustainable development of social, economic and ecological
environments.

Throughout China and abroad, study of land use changes and driving mechanisms of
urban agglomerations has always been the focus of scholars and governments. Relevant
scholars mainly focus on relatively mature urban agglomerations such as Beijing-Tianjin-
Hebei, the Yangtze River Delta, and the Pearl River Delta urban agglomerations, etc. (Lu
and Zhang, 2022; Niu et al., 2022; Wen et al., 2023); the land use and driving mechanism
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of the "developing"” urban agglomerations in the central and western parts of the country
have not been sufficiently explored. Socio-economic and topographic differences within
urban agglomerations, as well as certain conflicts or coordination between general
development plans and local development plans, can lead to significant spatial differences
in land use changes (Zhang et al., 2019). Functional zoning, as an effective mean of
revealing the spatial heterogeneity of land, is also a prerequisite for the optimization of
national land space, and is binding on all types of land use development activities (Wang
et al.,, 2022). Existing research on land use and its driving mechanism in urban
agglomerations is mostly from the perspective of urban agglomerations as a whole, and
the investigation of the differences between various land use function zones of urban
agglomerations is relatively weak. Although some scholars have considered analyzing
land use changes in urban agglomerations from different levels of administrative
divisions (He et al., 2022), they failed to break through the geospatial limitations; some
scholars have also divided functional areas from socio-economic and natural resource
dimensions (Miao et al., 2021), but less consideration has been given to the land use
characteristics of the urban agglomerations themselves. Scholars mainly depict the
features of land use temporal changes by constructing LULC dynamic attitude models
and comprehensive land use index models (Han et al., 2021; Yang et al., 2022b); the
CLUE-S model, landscape pattern index method and geo-information Tupu are employed
to track changes in land use temporal and spatial patterns (Dutta and Das, 2019; Bosch et
al., 2020; Yang et al., 2022a). Among them, geo-information Tupu (Tang and Li, 2020),
as a geospatial and temporal analysis methodology, has shown obvious advantages in
analyzing land use.

Regression analysis (Zhu et al., 2019), correlation analysis (Li et al., 2018), and
principal component analysis (Xie and Li, 2021) are the main driving force analysis
methods, however, these models are difficult to reflect the characteristics of spatial
differentiation and spatial distribution of research objects. With the continuous
advancement of GIS technology and the deepening of driver research, methods such as
geographic probes (Ju et al., 2022) and GWR model (Kong et al., 2021)12 which
consider spatial factors, have been gradually applied in the research of driver mechanisms.

“The 14" Five-Year Plan” states that “China will improve the spatial layout of
urbanization and continue to develop urban agglomeration and core metropolitan areas”.
As a typical representative of “developing” urban agglomeration in central and western
China, the status of urban agglomeration will be further upgraded as the Zhengzhou
Metropolitan Area Development Plan has been formally reviewed by the National
Development and Reform Commission in 2023. Therefore, the Central Plains urban
agglomeration is chosen as the subject area for this research.

The objectives of this study were to: (1) construct a comprehensive evaluation model
from three dimensions, namely, natural, socioeconomic and land use evolutionary
characteristics to carry out functional zoning of urban agglomeration,(2) use geo-
information Tupu to analyze the characteristics of land use evolution of urban
agglomeration as a whole and different land use type areas, and (3) use the geographically
weighted-logistic regression (GWLR) model to explore the spatial variation of the key
factors from the urban agglomeration as a whole and different land use type areas. This
study aims to serve as a theoretical foundation for the strategic planning of land-use space
in the Central Plains urban agglomeration and the adjustment of urban agglomeration-
driven policies.
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Study area and data processing
Study area

Based on the Central Plains urban agglomeration Development Plan released by the
National Development and Reform Commission in December 2016, the Central Plains
urban agglomeration studied in this paper covers 30 prefecture-level cities dispersed in 5
provinces (Figure 1). The urban agglomeration is situated in the midst of China's
economic expansion from east to west, combining open coastal regions with the central
and western regions, in the transition zone of the north—south climate and the transition
zone from the second to the third step, covering an area of 287,000 square kilometers. By
the end of 2020, the regional GDP of the urban agglomeration grew at an average annual
rate of 5.9%, accounting for 8.0% of the country's GPD, and had reached 812.66 billion
yuan; the local general public budget revenue reached 598.7 billion yuan; social consumer
goods were sold for a total of 344.54 billion yuan in retail sales. The added value of
tertiary industries continues to rise, under the new normal, the financial system is further
optimized, and tertiary industries have taken over as the primary engine of economic
growth in the study region.
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Figure 1. Geographic location and administrative division in the study area

Data source and processing

Land use data, digital elevation models (DEM), basic geographic information data and
socioeconomic development data make up the majority of the research data. The land use
data are obtained from the GlobeLand30 dataset which provided by the National Center
for Basic Geographic Information (http://www.ngcc.cn/ngcc/), and the land types cover
ten categories: cropland, forests, grasslands, shrublands, wetlands, water bodies, tundra,
artificial surfaces, bare ground, glaciers and permanent snow. DEM data were gained
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from the Geospatial Data Cloud (http://www.gscloud.cn/), and the data product used was
the ASTER GDEM V2 global digital elevation dataset officially released in 2015. Both
the spatial scale of land use data and DEM data are 30 m. The slope data were calculated
from ArcGIS 10.2 spatial analysis based on the DEM data. The Chinese Academy of
Sciences' Data Center for Resource and Environmental Sciences (https://www.resdc.cn/)
provided both the basic geographic information data and the GDP spatial distribution km
grid in the socioeconomic data. The spatial scale of the GDP data was 1 km. Other
socioeconomic development data are obtained from the relevant provincial Statistical
Yearbooks and district and county social development statistical bulletins.

Data on land use were interpreted visually and checked for accuracy by human-
computer interaction, and land use data were extracted from the Central Plains urban
agglomeration for 1990, 2000, 2010 and 2020. To make the construction and analysis of
the land use transformation map easier, the land use types in the research region were
separated into six groups: cultivated land, forestland, grassland, water area, construction
land, and unused land. These groupings were then assigned numerical codes which were
assigned as 1, 2, 3, 4, 5 and 6 (Figure 2). At the same time, to facilitate the regression
model analysis, all data were converted to raster data with 30 m resolution and aligned to
the same coordinate system (Aisa_lambert_Conformal_Conic).

(a)1990 (b)2000 (¢)2010 (d)2020 A

legend
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Figure 2. LUCC map of the Central Plains urban agglomeration in 1990, 2000, 2010 and 2020

Methods
Spatial and temporal land use change analysis methods
LULC dynamic attitude

LULC dynamic attitude (Wang et al., 2023) is the change in the amount of a specific
land use category over a specific time period in a research area and is expressed as:
Ue—Us

K =222 X = x 100% (Eq.1)

Us

where K stands for the dynamic attitude of a land use category in the research era, U and
U, stand for the areas of a land use category at the start and the end of the research era,
respectively, and T'stand for the time era. When T is set to year, Kindicates the yearly rate
of change of a land use category in the research era.
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Land use intensity

Land use intensity, which is used to measure the strength of various types of land
change (Zhu et al., 2022), is expressed as follows:

U1
S = 5 XX 100% (Eq.2)

where S is the intensity of a specific category of land use change (the larger the value is,
the more drastic the shift in the land use pattern is), U; is the absolute change in the ith
land use category in the research period, Uis the entire change in each land use category,
and Tis the length of the research era. The unit is years.

Chord diagram visualization model

A chord diagram is an effective method for the visual representation of
interrelationships between a large amount of complex data (Zhen et al., 2022), which can
reflect the number and flow relationships of transitions between various land t categories
in the process of land use change. In the paper, the land use transfer matrix is visualized
in a chord diagram using the origin to construct a land use/land cover quantity change
model.

Geo-information Tupu

Considering the accessibility of data, the spatial cell of the Tupu was selected as a
30 m x 30 m grid cell, and the temporal cells were 1990-2000, 2000-2010 and 2010-2020.
The land use categories' coded values for the two eras before and after were put through
algebraic operations using the raster calculator feature of the ArcGIS 10.2 software, the
new and shrinking scales of land use categories are further extracted from them to
construct maps of the arising and declining of the three time periods (Yang et al., 2019).

Land function zoning methods
Construction of the evaluation index system and weights

Using counties and districts as the study's main organizational units, and on the basis
of the criteria of operability, representativeness, and independence, variables that can
characterize natural resources, socioeconomic and land use evolutionary characteristics
are selected to establish a comprehensive evaluation index system (Table 1) and
determine the index weights using the information entropy method (Lin and Chen, 2022).

Comprehensive evaluation and zoning

Based on the standardized index data and the weight values determined by the
information entropy weighting method, a comprehensive evaluation model (Yang et al.,
2017) was used to evaluate the social economy, natural resources and characteristics of
land use evolution of the research area, and its calculation formula was:

Sl' = Z?:l w;j X Xij (Eq3)

where §; is the comprehensive evaluation score, w; is the index weight, and x;; is the
standardized individual index value.
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Table 1. Comprehensive evaluation system and weights of land use

Target layer Index layer weight
Social economic Citizen 0.12
Real GDP per capita 0.15
population density 0.51
Urban per capita disposable income 0.06
Fixed investment growth rate 0.03
Proportion of expenditure on education 0.11
Proportion of secondary and tertiary industries 0.03
Natural resources rainfall 0.07
Forest coverage 0.49
Water index 0.32
Land reclamation rate 0.02
Utilization rate of construction land 0.09
Characteristics of land use evolution Land use intensity of cultivated land 0.01
Land use intensity of forest land 0.22
Land use intensity of grass land 0.22
Land use intensity of water area 0.17
Land use intensity of unused land 0.38
Land use intensity of construction land 0.01

The spatial association index Getis-Ord Gi* (Yang et al., 2017) was used to identify
hot and cold spots. It is calculated by the formula:

Gi (d) = Ximy wii(d)x; / Xi=1 % (Eq.4)
where the Z-normalization treatment equation is:
G-E(G})

where E(G;) and V(G;) stand for the expectation and the number of variances,
respectively; w;; stands for the spatial weights. If Z(G;") is positive and significant, the
nearby values are comparatively high (above the mean) and is the hot spot (high value
clustering); in contrast, if Z(G;") is negative and significant, the nearby area is a cold spot
(low value clustering).

Z(G;) =

(Eq.5)

Driving force method
Driving force indicator

Based on the results of land use category classification of the Central Plains urban
agglomeration in 1990, 2000, 2010 and 2020, the most substantial changes have occurred
in cultivated land and construction land, hence the next section focuses mostly on the
mechanisms that have caused these changes in these two land categories. Previous
research (Li et al., 2022a; Zhang et al., 2022) has indicated that the driving elements of
the two land type changes are not exactly the same, and different driving indicators need
to be selected. Considering the scientific nature and availability of the driving factors and
their relevance to regional land use changes, the driving indicators of cultivated land were
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selected from natural conditions, location transportation and economic development,
among which the location traffic factor was constructed by the expert scoring method
(Kamali, 2017) to calculate the weights (Table 2).

Table 2. Indicators of driving factors of cultivated land evolution

Category Variables Definition Asmgnmept{Umt/
Description
. Cultivated land changes (1990-2000,2000-
Dependent variable Y 2010,2010-2020) Oor 1
Natural conditions Dem DEM meters
factors Slope Slope degree
Pop Population density People/ K’m
Citizen Urbanization rate %
Social economy factors PGDP GDP per capita Million yuan
Public finance expenditure as a percentage
FD : %
of regional GDP
TS Value added of tertiary industry %
Nearest distance according to district and K
m
county centers (0.4)
Location and Traffic Nearest distance according to road
Transportation factors : (provincial road, national road, highway) km
(0.3)
Nearest distance according to railroad (0.3) km

The primary determinants of construction land change include natural conditions,
neighborhood variables, and the social economy. Depending on whether driving factors
are available, the following driving indicators are selected (Table 3).

Table 3. Indicators of driving factors of construction land evolution

Assignment / Unit

Category Variables Definition / Description
. Construction land changes (1990-2000,2000-

Dependent variable Y 2010,2010-2020) Oor 1
Natural conditions factors Dem DEM meters
Slope Slope degree

Pop Population density people/ K°m

Social economy factors | industry Total industrial output Million yuan

invest Fixed investment growth rate %

Nearest distance according to district and

center km
Location and Transportation .county center§
factors P road Ngargstdlstance gccordlng to_road Kkm
(provincial road, national road, highway)
river Nearest distance according to river km

GWLR model

The GWLR model, an extension of the traditional logistic regression model, not only
takes into account the spatial characteristics of land class changes but also overcomes the
drawback that the GWR (geographically weighted regression) model may make the
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results close to the traditional linear regression due to the overlap of numerous coordinates
(Jin et al., 2022), and the model is set up in the following form:

Log % = Bo(us, v;) + Xieq Bre(uiy vi) Xy + & (Eq.6)

where p stands for the probability of the land use change event, x;,(k = 1,2,...,m)
stands for the value of the independent variable at location i, (u;, v;) stands for the
coordinate of the regression analysis point, B,(u;, v;) stands for the intercept term,
Br(u;,v;)(k = 1,2,...,m) stands for the regression analysis coefficient, and ¢; is the
error term. In the research, the Gaussian function is used to determine the weights, and
the optimal bandwidth is calculated using the cross-validation method (Huang et al.,
2010). Collinearity of all factors was tested in SPSS software to calculate the Variance
Inflation Factor (VIF), and based on these results, the GWLR regression results were
computed using GWR4.0 software.

Results
Analysis of land use change

Table 4 and Figure 3 illustrate the characteristics of the changes in various land
categories in urban agglomeration from 1990 to 2020. Cultivated land is the most
prevalent land type in the research area, with the proportion exceeding 65% in all four
periods: 73.18%, 70.51%, 68.08% and 65.73%. The proportion of forestland area ranged
from 13.98% to 15.45%, and the percentage of construction land area ranged from 7.64%
to 14.76%, and the percentage of grassland, water area and unused land was relatively
low, demonstrating that the land use structure in the research area was dominated by
agricultural production.

Overall, the most significant changes occurred in cultivated and construction land,
with land use change intensities of 1.42% and 1.36% from 1990 to 2020, respectively.
Cultivated land shows a continuous trend of shrinkage, and both inflow and outflow
behaviors are more frequent. Outflow behaviors mainly show the shift of cultivated land
to construction land, forestland and grassland, and inflow behaviors mainly show the
transformation of forestland, grassland and water area to cultivated land. Due to the large
total amount of cultivated land, the overall shrinking proportion is small, and the average
annual change rate is only 0.34%. The area of forestland first slightly decreased and then
slightly increased, mainly due to the effects of the compensation scheme of cultivated
land in the early stage. Some forestland was reclaimed as cultivated land, and the
expansion in the later stage could be related to the effective implementation of the policy
of converting cultivated land to forest, while the outflow behavior of forestland to
cultivated land intensified between 2010 and 2020, which slowed the rate of decrease
(0.58%-0.44%). Grassland area first expanded slightly and then declined, with a general
tendency of shrinkage. The main flow was cultivated land to forestland, the early
expansion was mainly affected by the policy of converting farmland to grassland, and
later, the outflow behavior of grassland to forestland and cultivated land increased to
accelerate the area rate of decline. The water area exhibited a tendency of slightly
dropping and then slightly expanding, with 0.56% change rate on average.
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Table 4. Land use change in the Central Plains urban agglomeration from 1990 to 2020

LULC 1990 2000 2010 2020 LULC dynamic attitude (%) Land use intensity(%6)

B | sknoskmsen | BDZ0 o me | me me mo o
CUL 205267.3 197793.5 190983.09  184383.72 -0.36 -0.34 -0.35 -0.34 4.70 4.06 3.70 1.42
FL 39339.49 39222.30  41509.16 43348.83 -0.03 0.58 0.44 0.34 0.07 1.36 1.02 0.27
GL 11768.48 12228.63  10649.72 8233.85 0.39 -1.29 -2.27 -1.00 0.29 0.94 1.34 0.24
WL 2688.89  2335.62 2973.49 3141.64 -1.31 2.73 0.57 0.56 0.22 0.38 0.09 0.03
UL 25.49 15.25 8.08 4.88 -4.02 -4.70 -3.96 -2.70 0.006 0.004 0.002 0.001
CoL 21424.20 28918.57  34390.35  41400.94 3.50 1.89 2.04 311 4.71 3.26 3.89 1.36

Note: CUL, FL, GL, WL, UL and COL denote cultivated land, forestland, grassland, water area, unused land and construction land, respectively, and S denotes area
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Figure 3. Trajectories of LUCC in the Central Plains urban agglomeration from 1990 to 2020

The unused land area is smaller and shows a continuous shrinking trend, and its inflow
and outflow behavior is relatively insignificant. Construction land has shown a
continuous trend of expansion, with the rate of expansion decreasing and then increasing,
reaching a peak of 3.5% in 1990-2000. The advancement of economic development and
urbanization has resulted in a sharp surge in the requirement for land for construction
activities, intensifying the outward expansion of construction land.

Classification of land functional areas in the Central Plains urban agglomeration

According to the comprehensive land use evaluation scores of counties and districts,
the spatial association index of each county unit can be obtained by using the spatial
association index model. The spatial association index is divided into five intervals from
high to low values of clustering using the natural breakpoint approach (Figure 4).
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Figure 4. The distribution map of Getis-Ord Gi*

The spatial distribution maps of socioeconomic, natural resource and land use intensity
integrated indices were overlaid and analyzed to establish a comprehensive land use
zoning scheme for the county, and the type zones were designated considering the
location characteristics and land function characteristics (Figure 5).

Core economic zone, this zone is an area with high socioeconomic concentration and
high natural resource attributes and high land use intensity or counties and districts with
high socioeconomic intensity but low resource environment and land use intensity,
distributed in Zhengzhou City, Luoyang City and surrounding districts and counties,
totaling 39 districts and counties, covering an area of 23140.58 km?, accounting for 8.25%
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of the total area. The region has a high level of urbanization and an outstanding
contradiction between people and land. It should reduce the pace of expansion, focus on
transformation and modernization, promote intensive advancement and utilization of land,
and drive the rapid growth of the surrounding areas suitable for development with priority
development as a guide.
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Figure 5. Division of land use function zones in the Central Plains urban agglomeration

Outer urban zone, this type of area has high socioeconomic comprehensive value,
while natural resource value and land use intensity are also medium and above, distributed
across Xingtai, Handan, Jincheng and other places, comprising 53 districts and counties,
occupying 56387.41 km?, representing 20.10% of the whole area. It is a key area for the
implementation of industrial transfer, urbanization and industrialization in the urban
agglomeration with high potential for land development and utilization.

Belly of urban zone, the area where the comprehensive socioeconomic value is in the
middle range, but the intensity of natural resources and land use is in the low or very low
range, distributed across Handan, Anyang, Hebi, and a total of 38 districts and counties,
covering an area of 23733.57 km?, accounting for 8.46% of the total area. This area is a
comprehensive area of land use with relatively weak natural resource carrying capacity,
and should be developed moderately.

Ecological functional zone, this zone is an area with low socioeconomic intensity but
high natural resources environment or high land use intensity, mainly situated in the
southwest of the research area, with 56 districts and counties, covering an area of
90216.26 km?, accounting for 32.16% of the total area. This area has a good ecological
environment and should be moderately developed economically while maintaining the
ecological functional service function.
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Main agricultural production zone, this region has low socioeconomic, resource
environment and land use intensity evaluation values, and the overall terrain is relatively
flat and dominated by agricultural production, covering 83 districts and counties such as
Xingtai and Liaocheng, with an area of 87,047.26 km?, accounting for 31.03% of the
total area. On the basis of maintaining the leading function of agricultural production, the
region should be moderately industrialized and urbanized to promote agriculture with
industry and increase the input—output efficiency of land.

Arising Tupu analysis and declining Tupu analysis

By combining the arising Tupu (Figures 6-9) and the Tupu structure table (Table 5),
it is evident that throughout the 1990-2020 period, the proportion of newly constructed
land within the change area consistently accounted for the largest share, with this
proportion exceeding 39% in all three sub-periods. This is followed by newly increased
cultivated land, forestland, grassland, and water areas, while newly unused land remained
minimal. The proportion of newly cultivated land initially decreased from 22.42% to
20.46%, before rising to 23.94%. The initial reduction is attributed to the accelerated
urbanization process and the policy of converting farmland to forests and grasslands,
while the later increase resulted from the implementation of farmland protection policies.
Newly increased forestland showed a continuous upward trend, while newly increased
grassland consistently declined. Additionally, the proportion of newly enhanced
construction land initially decreased before rising again, while newly enhanced water

areas expanded before contracting.
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Figure 6. Proportion of Newly Added Land Types in Different Land Functional Zones from
1990 to 2020

There are obvious differences in land use change among different land functional
zones: the new construction land is mainly in the main agricultural production zone and
urban hinterland, and the other land types increase less. The area of newly added
cultivated land in the ecological functional zone is always greater than the area of newly
added construction land, and the area of newly added forest land is the largest after 2000.
This is related to the coexistence of hilly terrain and basin. The area of forestland,
grassland and construction land in outer urban zone has expanded rapidly.
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Figure 7. Arising Tupu of land use of each sequential element in the Central Plains urban
agglomeration from 1990-2000. Note: Nos. 1-6 represent cultivated land, forest land,
grassland, water, unused land and construction land, respectively.
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Figure 8. Arising Tupu of land use of each sequential element in the Central Plains urban
agglomeration from 2000-2010
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Figure 9. Arising Tupu of land use of each sequential element in the Central Plains urban
agglomeration from 2010-2020

Table 5. The structure list of arising Tupu of land use in the urban agglomeration (km?)

Period Zone | Invariant region | CUL FL GL WL UL COL
MAPZ 84305.67 117.3 0.67 0.75 75.03 0.28 | 254151

EFz 83963.46 2099.07 | 1147.43 | 1308.41 | 133.12 | 6.17 | 1549.45

1990-2000 | OUZ 51356.61 11943 | 975.77 | 1328.15 | 109.53 | 0.84 | 1418.18
+ BUZ 22670.11 144.64 25.72 65.05 35.73 0.02 791.81
CEZ 20995.15 30451 | 162.98 | 264.41 | 113.2 0.52 | 1298.33

Total 263291 3859.77 | 2312.74 | 2966.82 | 466.71 | 7.83 | 7599.49

MAPZ 84665.28 44.73 2.29 3.04 180.01 | 0.11 | 2145.74

EFZ 84370.38 1636.73 | 1652.62 | 715.22 | 296.32 | 0.97 | 1174.87

2000-2010 ouz 52185.49 970.96 | 1390.82 | 607.9 | 247.46 1.3 979.45
BUZ 22765.78 93.25 108.83 48.91 64.91 0.86 650.53

CEz 21318.51 290.77 | 369.11 | 105.19 | 183.82 2.4 869.29

Total 265305.44 3036.43 | 3523.78 | 1480 973 5.64 5820

MAPZ 83799.06 106.48 6.23 0.36 149.23 | 0.31 | 2979.53

EFZ 84482.11 1714.16 | 2076.24 | 391.34 | 347.33 1.7 1194.22

9010-2020 ouz 52001.69 1519.96 | 12215 | 47853 | 132.97 0.5 1028.25
BUZ 22592.29 138.31 66.76 47.07 37.6 0.1 850.95

CEz 21066.65 485.67 155.5 111.08 | 108.97 | 1.15 | 1210.08

Total 263941.79 3964.58 | 3526.23 | 1028.38 | 776.1 3.76 | 7263.03

Note: MAPZ, EFZ, OUZ, BUZ and CEZ denote main agricultural production zone, ecological functional
zone, outer urban zone, belly of urban zone and core economic zone, respectively

Combined with the declining Tupu (Figures 10-12) and the declining Tupu structure
table (Table 6), it can be noticed that the entire change is somewhat similar to the rising
potential space, and among the three phases of change, the cultivated land area that has
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shrunk is consistently the largest, showing a trend that first goes down and then up,
followed by shrunken grassland area, shrunken forestland, shrunken water and shrunken
construction land, and shrunken unused land area is relatively small. The tendency of the
shrinking construction land is one of first increase and then subsequent decrease. The
former is a result of the regional implementation of the policy of relating urban and rural
construction land increase and decrease, prompting people to take back vacant and vacant
rural construction land and convert it into cultivated land. The latter is due to China’s
unique urban—rural dual structure social system; the regional urban village and hollow
village problems are serious, resulting abandoned rural settlements and other challenges.
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Figure 10. Declining Tupu of land use of each sequential element in the Central Plains urban
agglomeration from 1990 to 2000

There was a significant difference in land use changes among the major land function
areas. The proportion of arable land shrinking was large in the core economic zone, the
belly of urban zone and the outer urban zone. The rate of forest land reduction in the outer
urban zone and ecological functional zone gradually decreased, while the reduction in
grassland area increased significantly.

Driving force analysis

To avoid spatial autocorrelation between data from adjacent plots, random stratified
sampling was used. A total of 8810 sample points were taken in the three periods,
including 3034 sample points and 2000 sample points of cultivated land from 1990 to
2000. Variable 0 and variable 1 have approximately the same number of samples, thus
ensuring that unchanged and changed land use types have approximately the same
prediction accuracy. All factor data were normalized and covariance was detected in
SPSS 24.0 software, and VIF (Variance inflation factor) < 10 in the results, which could
be entered into the regression model (Li et al., 2018).
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Figure 11. Declining Tupu of land use of each sequential element in the Central Plains urban
agglomeration from 2000 to 2010
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Figure 12. Declining Tupu of land use of each sequential element in the Central Plains urban
agglomeration from 2010 to 2020
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Table 6. The structure list of declining Tupu of land use in the urban agglomeration (km?)

Period Zone Invariant region CUL FL GL WL UL COL
MAPZ 84305.67 2566.34 6.16 1148  131.69 0.65 19.21
EFZ 83963.46 3121.67 1370.88 1341.15 367.65 15.80 26.49
1990- OUZz 51356.61 3107.77 82954  961.09 103.78 1.07 23.53
2000 BUZ 22670.11 882.30 62.08 52.95 58.26 0.15 7.23
CEZ 20995.15 1655.25 161.24  139.85 15858  0.40 28.63
Total 263291.00 11333.33 24299 2506.52 819.96 18.07  105.09
MAPZ 84665.28 2256.48 1.00 1.41 47.48 0.35 69.21
EFZ 84370.38 295097  787.55 1496.44 108.04 10.69  123.04
2000- OuZz 52185.49 2489.70  365.56 121091 60.88 1.10 69.75
2010 BUZ 22765.78 829.81 12.65 75.38 32.23 0.03 17.18
CEZ 21318.51 1319.81 70.16 27499  86.09 0.64 68.9
Total 265305.44 9846.77 1236.92 3059.13 334.72 12.81  348.08
MAPZ 83799.06 3076.97 1.76 3.10 122.01 011 38.19
EFZ 84482.11 3064.00 723.06 1618.2 202.98 252 114.22
2010- OUZz 52001.69 2056.82  691.31 1479.23 108.62 1.17 44.55
2020 BUZ 22592.29 949.04 37.94 84.24 56.49 0.84 12.24
CEZ 21066.65 1417.09 23252 25943 11785 231 43.27
Total 263941.79 10563.92 1686.59 344420 607.95  6.95 252.47

Analysis of cultivated land drivers

The driving factors and influence intensity of cultivated land change changed with
time (Figure 13). The fluctuation of cultivated land during 30 years was always affected
by natural factors, and changes in cultivated land in the southern region were mainly
influenced by altitude. The degree of slope influence showed an obvious trend of higher
in the west and lower in the east. Population density had inhibitory effect on cultivated
land change from 1990 to 2010. Both the urbanization rate and per capita GDP had
suppressive effects on fluctuations in cultivated land. The proportion of fiscal expenditure
and the added value of the tertiary industry showed a significant negative effect in some
areas. The impact of regional traffic has increased significantly since 2010.

There were significant differences in cultivated land changes among different land
functional zones (Figure 14). The main agricultural production zone are flat, and
cultivated land is less affected by natural processes. From 1990 to 2000, cultivated land
changes were primarily driven by the urbanization rate. After 2000, the influence of
regional traffic on cultivated land transfer gradually deepened. Changes in cultivated land
in ecological functional zone were mainly influenced by elevation and slope. Since 2010,
changes in cultivated land have been primarily influenced by the proportion of fiscal
expenditure. Population density, slope, industrial output value, and the proportion of
fiscal expenditure are the main factors influencing changes in cultivated land in suburban
areas. Most of the downtown area is located in the Huang-Huai-hai plain, some areas are
located in the south Taihang Mountain, the overall low-lying. Arable land use will
increase. In the core economic zone, GDP, population density, regional transportation and
urbanization rate have been the main driving forces of regional cultivated land change.
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Figure 13. Spatial patterns of coefficients in the GWLR
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Figure 14. Radar chart of the contribution rate of different factors to the impact of cultivated
land in differentiated functional zones

Analysis of construction land drivers

The driving factors and intensity of construction land changes vary across different
periods (Figure 15). Over the past 30 years, the growth of construction land has been
influenced by natural factors, with the distribution of elevation and slope coefficients
showing clear east-west differences. High-value areas tend to shift toward the central and
western regions. Between 1990 and 2000, and again from 2010 to 2020, population
density inhibited the growth of construction land, with significant effects observed in the
central and eastern parts of the study area. Between 1990 and 2010, the growth rate of
fixed investment significantly contributed to construction land expansion, though its
influence gradually diminished, particularly in the eastern region. From 1990 to 2000,
total industrial output in the southern part of the study area had a significant positive effect
on construction land change. After 2010, this positive impact extended across the entire
study area, with higher industrial output increasing the likelihood of construction land
change. Location is another key factor influencing the transfer of construction land, and
it generally shows a negative correlation.

The growth rates of construction land in different land functional zones vary
significantly (Figure 16). From 1990 to 2000, the expansion of construction land in the
main agricultural production zone was primarily driven by the growth of fixed asset
investment and industrial output value, however, from 2000 to 2010, the growth in
industrial output had a negative impact on construction land expansion. The increase in
population density between 2000 and 2010 intensified construction land expansion.
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Figurel5. Spatial patterns of coefficients in the GWLR

The terrain of the ecological functional zone is mainly mountainous, and the urban
construction and development is greatly restricted by the terrain. Since 2000, the growth
rate of fixed investment has played a crucial role in construction land changes. Between
1990 and 2000, the socioeconomic level of the belly of urban zone was moderate, with
population being the primary factor driving changes in urban construction land. In the
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outer urban zone and core economic zone, socioeconomic development is relatively
advanced, exerting a greater influence on the expansion of construction land. In addition,
population density inhibits the expansion of construction land from 2010 to 2020.
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Figure 16. Radar chart of the contribution rate of different factors to the impact of construction
land in differentiated functional zones

Discussion
Characteristics of different land functional areas

Comprehensive land use zoning reflects the spatial differentiation of land use functions
and guides the direction of multifunctional expansion, existing research on urban
agglomeration functional zoning focuses on the ‘three living” functions, ecological
restoration, and carbon neutrality (Tan et al., 2017; He et al., 2019; Cai et al., 2020), and
did not form a more consistent hierarchical index system, and combined with the
characteristics of the evolution of land use There is no consistent hierarchical index
system, and less functional zoning is carried out by combining land use evolution
characteristics. Land use/cover change, as an important representation of human-nature
interaction, when combined with the spatial characteristics of traditional natural resources
and socio-economic factors, can improve the appropriateness of regional land functional
zoning.

The core economic zone is located in the central and northern regions of the urban
agglomeration, and is the economic center of the urban agglomeration. The region has a
high population density, with the maximum reaching 44313.84 people per square
kilometer. The economic development is rapid, with prominent industrial and mining
production conditions, and several national and provincial key development zones. The
region is highly urbanized, and the contradiction between population and land is evident.
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The focus should be on reducing large-scale expansion, promoting transformation and
upgrading, and fostering intensive land development. Priority development should guide
and drive the growth of surrounding areas. Due to the influence of the radiation of the
core economic zone, the highest regional per capita GDP can reach up to 121,748.01 yuan.
As proposed in the "Zhengzhou Metropolitan Area Development Plan"”, the economic
development of the surrounding regions of Zhengzhou will be further improved, and the
development pattern of "Zhengzhou Metropolitan Area™ will gradually take shape. Some
areas in the outer urban zone, near the Funiu Mountain region, possess rich natural
resources and offer great potential for land development. These areas can serve as key
locations for industrial transfer in the Central Plains urban agglomeration and for
promoting urbanization and industrialization. The natural resource carrying capacity in
the urban hinterland is relatively weak and should be developed cautiously. The
ecological development zone, located in the Funiu and Tongbai-Dabie Mountain regions,
features rich ecological conditions, abundant vegetation, and tourism resources, with
predominantly mountainous and hilly terrain and a strong forest industry base. The region
has a good ecological environment, and should develop the economy appropriately while
maintaining the ecological development service function. The main producing area of
agricultural products is located in the Huang-Huai-hai Plain, with flat terrain, superior
climate and light resources, and a number of national key agricultural development
demonstration zones within the territory. This region should prioritize agricultural
production while pursuing moderate industrialization and urbanization, using industry to
support agriculture and enhancing land input-output efficiency.

Spatial and temporal differences of different land function zones

There are obvious differences in land use change among different land functional areas:
main agricultural production zone and urban areas are located in the Huang-Huai-Hai
Plain, where the natural conditions are not conducive to the formation of forest or
grassland, so land type changes are mainly reflected in the expansion of new construction
land. In the ecological functional area, the shrinking area of forest land decreased
gradually, and the shrinking area of grassland increased significantly. In addition to the
natural degradation of grasslands, afforestation and national land regulation have also
contributed to the gradual conversion of grassland into woodland in some areas. The outer
urban area contains both mountainous and plain regions and undertakes major water
conservation tasks, such as the South-to-North Water Diversion Project and the Huaihe
River Ecological Corridor. Woodland and grassland area increased rapidly. At the same
time, affected by the radiation of Zhengzhou metropolitan area, the construction land has
expanded rapidly. Rapid economic development and ongoing urbanization in the
economic core areas have resulted in significant agricultural land being converted into
construction land.

Cultivated land drivers variability

On the whole, the fluctuation of cultivated land during 30 years was always greatly
affected by natural factors, and there were obvious terrain differences, which was related
to the southernmost location of Tongbai-Dabie Mountains in the study area. The
urbanization rate and per capita GDP had an inhibitory effect on changes in cultivated
land. The continued progress of urbanization and economic development increases the
demand for construction land, making it more likely that cultivated land will be converted
into other land categories. The proportion of fiscal expenditure and the added value of the
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tertiary industry showed a significant negative effect in some areas. The former is related
to the fact that in some areas, the government will restrict urban expansion to maintain
regional ecological or production functions. The latter is because the greater the added
value of the tertiary industry, indicating that the tertiary industry such as technical
services, financial services, and commercial services with relatively small demand for
land continues to develop, the industrial structure continues to optimize, and the land type
changes are relatively small. The significant improvement in regional transportation after
2010 may be attributed to the construction of the ‘one core, four axes, and four districts’
network spatial pattern, first proposed in the 2016 Development Plan of the Central Plains
Urban Agglomeration, which has accelerated the integration of urban agglomeration and
formed a modern transport network with efficient multi-path connections between regions.
Since 2010, population density has promoted changes in cultivated land, which is related
to cultivated land protection policies.

The influencing factors of cultivated land change in different land function zones were
significantly different. The main agricultural production zone are flat and the cultivated
land is less affected by natural processes. From 1990 to 2000, the change was mainly
driven by the urbanization rate. After 2000, the influence of regional transportation on
the transfer of cultivated land gradually increased. Since 2010, changes in cultivated land
have been primarily influenced by fiscal expenditure. To ensure regional ecological
service functions, local governments have promoted the policy of returning farmland to
forest, leading to a reduction in cultivated land. Most outer urban zone are located in the
Huang-Huai-Hai Plain, while some are in the southern Taihang Mountains. The overall
terrain is low, and changes in cultivated land are mainly driven by socio-economic factors,
with arable land use expected to increase. The core economic zone, as a high-value
economic hub within the Central Plains city group, features flat terrain, developed
transportation, and prominent industrial and mining production conditions. Therefore,
GDP, population density, regional transportation and urbanization rate have been the
main driving forces of regional cultivated land change.

Construction land drivers variability

In the past 30 years, the growth of construction land has been influenced by natural
factors, with high-elevation and steep-slope areas showing a tendency to shift towards the
central and western regions, which is related to the rise of the Central Plains urban
agglomeration, the vigorous construction of Zhengzhou metropolitan area, and the
strategy of intensifying the development of the central and western regions. Population
density has inhibited the growth of construction land, particularly in the central and
eastern parts of the study area. This is because the eastern region is dominated by
agriculture, and the permanent population is often smaller than the registered population,
resulting in a serious loss of urban human resources. In the central region, rapid urban
land expansion driven by economic development and urbanization outpaces population
growth, leading to a negative population density coefficient. From 1990 to 2010, the
growth rate of fixed investment significantly impacted construction land expansion in the
eastern region, with investment shifting from real estate and new district development to
agriculture, forestry, animal husbandry, and fishery. On the whole, the more developed
the total industrial output value of the region, the continuous progress of urbanization, so
that the construction land change probability is greater. Location factors inhibit the
transfer of construction land. The closer the existing urbanization projects are, the more
restricted the urban expansion will be.
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The growth rate of construction land in different land function zones varies
significantly and exhibits obvious regional characteristics. For example, the growth rate
of industrial output value from 2000 to 2010 inhibited the expansion of construction land
in the main agricultural production zone. This is due to the farming needs of main
agricultural production zone, which restrict extensive industrialization and land space
development; the more developed the industry, the more constrained the expansion of
construction land in the region. The terrain in ecological functional zone is predominantly
mountainous, which significantly restricts urban construction and development. After
2000, the regional investment in real estate and new district construction increased, which
intensified the transfer of regional construction land. The social and economic level of
the belly of urban zone is moderate, with population being the main factor driving changes
in urban construction land. The level of social and economic development of outer urban
zone and core economic zones is relatively high. From 2010 to 2020, population density
has inhibited the expansion of construction land, possibly related to the rapid growth of
urban land scale in the region.

Conclusion

Taking the Central Plains urban agglomeration as a case region, we divide different
land functional areas and adopt geographic information mapping to portray the spatial
and temporal land use evolutionary features of different land functional areas, then apply
the GWLR method to research the key driving variables on land use change in each region.
The following conclusions are drawn:

e The most prevalent land type in the study region is cultivated land, and the
proportion of arable land exceeds 65% in all four periods. Arable land and grassland
show a continuous trend of shrinkage, with average yearly change rates of -0.34%
and -1.00%, respectively. The areas of construction land and forestland increase,
with average yearly change rates of 3.11% and 0.34%, respectively.

e There are obvious differences in Tupu changes among different land function zones,
with the most significant change of cultivated land and construction land in the core
economic zone, frequent shift between cultivated land and forest and grassland in
the ecological functional zone and outer urban zone, and rapid extension of
construction land in outer urban zone. Due to the lack of natural forest and grass
growing conditions in the belly of urban zone and the main agricultural production
zone. Much of the shift in land type has also manifested itself in an increase in the
extension of construction land.

e The motivating motives for cultivated land and construction land change in various
eras and land use type zones differ significantly. On the whole, cultivated land is
always influenced by natural factors, the change in arable land in the main
agricultural production zone is most significantly driven by the urbanization rate,
the cultivated land in the ecological functional zone and belly of urban zone is
mainly influenced by elevation, population is the leading factor driving the change
in cultivated land in the outer urban area, and the change in cultivated land in the
core economic zone is mainly influenced by the urbanization rate. Population,
socioeconomic elements and location elements all have an influence on the shift in
construction land. The growth of construction land in the main agricultural
production zone and ecological functional zone is significantly influenced by
population and fixed investment growth rate, while the extension in construction

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(2):2869-2895.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/acer/2302_28692895
© 2025, ALOKI Kft., Budapest, Hungary



Wang et al.: Spatial-temporal characteristics and driving forces of land use change in the central plains urban agglomeration of
China from the perspective of functional zoning
- 2893 -

land in the belly of urban zone is mainly driven by population and location factors,
and the change in construction land in the core economic zone and outer urban zone
is significantly influenced by population and plays a negative driving role during
2010-2020, which is related to the fast regional urbanization development, which
exceeds the population's pace of natural increase.

With the national urban agglomeration development policy being actively promoted,
monitoring land use changes in the central and western urban agglomerations is essential
to promote the coordinated advancement of urban agglomerations. The Central Plains
urban agglomeration is the largest and densest populated urban group in the 500 km radius
between Beijing, Wuhan, Jinan and Xi'an, with strong economic power, rapid
industrialization, a high urbanization level and outstanding transportation location
advantages. It is of profound significance for the prudent exploitation and development
of land resources, ensuring regional ecological security and food safety and building
ecological civilization. This paper couples the spatial characteristics of natural resources,
socioeconomic and land use evolution hotspots, divides land use functional areas, and
constructs land use arising and declining Tupu for three-time series units of each land use
functional area, which comprehensively reflects the changes and differences in land use
in urban clusters in spatial and time series. Finally, the GWLR model explores the spatial
variation characteristics of natural factors, socioeconomic factors and location and traffic
on land use changes in each region, aiming to give a theoretical foundation for regional
territorial spatial planning and sustainable exploitation of land resource use. Due to space
limitations, the study of future trends of land use is not carried out in this paper but will
be continued in future studies.
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