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Abstract: The temporal and spatial evolution of landscape pattern is the most intuitive form of
land use transition. Analyzing the change of landscape pattern and its driving factors is of great
significance to land use management and water quality protection in the basin. Based on the land
use data obtained from the remote sensing image interpretation of the Yellow River Basin (Henan
section) in 1990, 2000, 2010, and 2020, the landscape pattern evolution characteristics of the Yellow
River Basin (Henan section) were quantitatively studied using the methods of multi-angle land use
transfer matrix, land use information atlas, and landscape pattern index, and the influencing factors
of landscape pattern evolution of the Yellow River Basin (Henan section) were revealed using the
geographic detectors (a new statistical method to measure the explanatory power of independent
variables to dependent variables mainly by analyzing the overall differences among various types
of geographical spaces). The results show that: (1) From 1990 to 2020, the mutual transformation of
land use types in the Yellow River Basin (Henan section) was frequent, and the transformation tracks
were diversified. Among them, the outflow behavior of land use types is mainly manifested in the
transformation from cultivated land to construction land, and the inflow behavior of land use types
is mainly manifested in the transformation from grassland and water to cultivated land. (2) In the
information map of land use change in the Yellow River Basin (Henan section) from 1990 to 2020, the
stable type had the widest distribution range, accounting for 94.60% of the total area of the study area,
with two main change patterns: “cultivated land-cultivated land-cultivated land-cultivated land”
and “woodland-woodland-woodland-woodland”, which indicates that the landscape pattern of the
basin dominated by cultivated land and woodland has not changed fundamentally. The four land use
change structure types, repeated change, early change, intermediate change and continuous change,
account for a relatively small proportion and are concentrated in the vicinity of the Yellow River. (3) At
the landscape level, the watershed generally shows the trend of decreasing landscape fragmentation,
increasing landscape heterogeneity and constantly balancing landscape patch types. At the level
of patch type, the landscape dominance of cultivated land decreases, while that of construction
land increases. The occupation of construction land is the main reason for the fragmentation and
homogenization of cultivated land. (4) From the perspective of landscape scale and patch type
scale, through the geographical exploration of various natural factors and socio-economic factors
that potentially affect the landscape pattern evolution, it is found that the spatial differences of
natural factors such as slope, elevation, temperature, and precipitation can better reflect the spatial
heterogeneity of the landscape pattern in the Yellow River Basin (Henan section) than those of
socio-economic factors such as GDP and population density, and the interaction of any two driving
factors has a greater influence on the spatial distribution characteristics of landscape pattern than any
single factor, indicating that the formation of spatial heterogeneity in the Yellow River Basin (Henan
section) is the result of the interaction of various influencing factors. The results of this study can
provide ideas for exploring the trend and influencing mechanism of landscape pattern change in the
basin, and have important reference significance for ecological environment management, ecosystem
protection, and land use planning in the Yellow River Basin (Henan section).
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1. Introduction

Land use/cover change is an important component and determinant of global en-
vironmental change, as well as the main manifestation of landscape pattern change of
land surface system [1,2]. As one of the comprehensive new methods of land use/cover
change research, land use transition has gradually entered the international academic
field of vision. The concept of land use transformation originated from the study of forest
transformation carried out by British geographer Grainger in the 1980s and 1990s, and land
use transformation is defined as the change of land use form in a country or region in the
process of economic and social development [3]. At the beginning of the 21st century, re-
searcher Long first proposed the concept of land use transformation in the study of land use
transformation characteristics along the Yangtze River transect [4]. As the subject of land
use transformation has captured the attention of domestic and foreign scholars, its scientific
connotations have become clearer. Many scholars have explored the theory and hypoth-
esis of land use transformation [5,6], the characteristics of land use transformation [7,8],
the development trend [9], the research framework [10], the driving mechanism [11,12],
the relationship between land use transformation and urban and rural development [13],
the economic and social [14,15] and the ecological environment effect [16,17], and the
transformation of special land types such as cultivated land, construction land, and rural
homestead [18–20]. The scenario simulation of future land use structure [21] has gradually
formed a systematic research framework.

Landscape pattern evolution is the most intuitive manifestation of land use trans-
formation, and landscape pattern evolution analysis based on land use transformation
is an important component of landscape ecology research [22–24]. Landscape mainly
reflects inland topography, landforms or scenery (such as grasslands, forests, mountains,
lakes, etc.), or reflects the comprehensive topographic features of a certain geographical area.
Landscape pattern in ecology refers to the spatial pattern, which is the spatial arrangement
and combination of landscape elements patches with different sizes and shapes, including
the types, numbers, spatial distribution, and configuration of landscape components. For
example, different types of patches can be randomly, uniformly, or clustered in space [25].
It is not only the concrete embodiment of landscape heterogeneity, but also the final
result of the action of various natural and social factors on complex time-space scales [26].
Previous studies have shown that land use change analysis is usually regarded as the
basis for studying landscape pattern change. Scholars mostly choose dynamic-attitude
models of land use, comprehensive index models of land use, land use transfer matrices,
and geo-information map methods to reflect the mutual transformation characteristics of
different land use types [27–30], and they use Geographic Information Science (GIS) spatial
analysis and landscape pattern index models to detect the spatial structure composition
and configuration characteristics of different landscape patches [31]. Among them, the
former emphasizes the change of surface properties in different periods, whereas the latter
emphasizes the change of the potential ecological pattern [32]. At present, the research on
the landscape pattern of land use mainly focuses on the index characteristics, temporal and
spatial evolution, fragmentation, driving factors, and analysis of sustainable development.
For example, based on remote sensing image data, Wei et al. performed quantitative
research on landscape structure, landscape dominance, landscape fragmentation, and
landscape diversity using the Fragstats index database [33]. Cabral et al. combined
remote sensing images and geospatial information to study the change trends of land cover
and landscape pattern in the border area between northern Guinea-Bissau and southern
Senegal, as well as the socio-economic factors and boundary effects driving its changes [34].
Yang et al. relying on ENVI and ArcGIS technologies, analyzed the temporal and spatial
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evolution of land use and landscape pattern in the Yangtze River Basin and conducted
an in-depth analysis of the driving factors for the changes [35]. Xu et al. calculated and
screened landscape pattern indexes based on hydrological response units and explored
the impact of landscape pattern change on soil erosion in large open-pit coal mining
areas, providing reference for land reclamation, ecological restoration, and sustainable
development in mining areas [36]. From the research object, the forest vegetation, wetland
landscape, city, karst mountain area, and alpine shrub meadow landscape of the Qinghai-
Tibet Plateau were studied. For example, Eker et al. studied the relationship between deep
forest road networks and forest landscape structures in southern Turkey, quantitatively
analyzed the relationship between forest landscape patch area/size and road density,
and provided a scientific basis for the construction of public infrastructure [37]. Yu et al.
selected remote sensing data to analyze the dynamic changes and driving factors of the
landscape pattern of Ebinur Lake wetland from 1972 to 2013 [38]. Based on landscape
ecology methods, Wang et al. used the landscape index to analyze the landscape pattern
of land use in Wuhan, and they introduced the analytic hierarchy process (AHP) to study
the spatial scale effect and its response mechanism of the landscape pattern of land use
in Wuhan [39]. Lu et al. used the landscape index and spatial autocorrelation analysis
methods to explore the spatial and temporal evolution characteristics of landscape pattern
vulnerability in typical karst mountain areas of Guizhou in the last 30 years [40]. From
the perspective of the research area, there are mainly large-scale plain agricultural areas,
arid oases, and Yangtze River Delta and Pearl River Delta economic zones. Daniela et al.
took Volturno Delta Plain in Campania, southern Italy, as an example and comprehensively
analyzed the changes of land use and landscape pattern caused by land reclamation
using RS and GIS technology [41]. Lud et al. used remote sensing technology to analyze
landscape pattern changes in arid and semi-arid areas [42]. Chen et al. evaluated the
ecosystem service values of various land use types based on land use data and analyzed
the dynamic changes of land ecosystem service values in Jiaxing City in the past 30 years
and their responses to land use changes and landscape pattern changes [43]. Zhang et al.
analyzed the landscape of the Liang Cheng Lake Basin and its change process based
on landscape type data; at the same time, they constructed a comprehensive index of
landscape vulnerability using the landscape sensitivity index and landscape fitness index
and analyzed the spatial-temporal differentiation of landscape pattern vulnerability in the
study area and its influencing factors [44]. Some studies have also performed detailed
analyses of the situation of provinces, municipalities, and autonomous regions in China.
For example, based on RS and GIS technology, Deng et al. used remote sensing images
of Jixi City from 1993, 2003, and 2015 as data sources to quantitatively analyze the spatial
and temporal evolution characteristics of the landscape pattern in the central city of Jixi in
the last 22 years [45]. Wang et al. took Hebei Province, which is facing new development
opportunities, as the research area, simulated the land use situation in 2030 using the
GeoSOS-FLUS model, and discussed the evolution of regional landscape pattern based on
the ecological software Fragstats [46]. Generally speaking, the existing research literature
has paid insufficient attention to the overall landscape pattern changes of small- and
medium-sized watersheds.

The Yellow River Basin is an important ecological barrier and a key area for national
economic development in China, and it plays an important role in the high-quality devel-
opment of China’s economy and society and the construction of an ecological civilization.
At the symposium on ecological protection and high-quality development of the Yellow
River Basin held in 2019, it was proposed that resources should be rationally developed
and utilized, and the sustainability should be taken into account to improve the recycling of
resources [47]. Since then, the ecological protection of the Yellow River Basin has officially
risen to the level of national strategy. The Yellow River Basin (Henan section) is located in
the middle and lower reaches of the Yellow River Basin. Rapid population growth and the
urbanization process have accelerated the land use transformation of the Yellow River Basin
(Henan section), and the landscape pattern of the basin has changed dramatically, exposing
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different degrees of fragmentation. It is extremely urgent to strengthen the ecological
management and protection of the Yellow River Basin (Henan section) and promote its
high-quality development. Therefore, it is particularly important to study its landscape
pattern on multiple scales.

To sum up, researchers have carried out a series of studies on landscape pattern
evolution from different angles and made phased progress. However, the long time series
studies from the perspective of multi-scale landscape pattern evolution, taking small- and
medium-scale watersheds, especially those in the Yellow River system, as a unit, have not
been systematically carried out. Therefore, based on the four periods of land use data in
1990, 2000, 2010, and 2020, taking the Yellow River Basin (Henan section) as the research
unit, this paper systematically analyzed the long-term time series spatial-temporal changes
of landscape pattern in small- and medium-sized watersheds using land use transfer matrix
and land use information atlas. With the help of Fragstats4.2.1 software, No Sampling
was used to analyze the landscape pattern fragmentation, patch shape and diversity of the
Yellow River Basin (Henan section) from two scales of patch type and landscape type, and
to clarify the characteristic differences among various landscape components and evaluate
the landscape pattern change degree of the basin. Through geographical detectors, the
driving factors of spatial heterogeneity of landscape pattern in river basins are discussed
from the aspects of nature and socio-economy, and the factors of spatial and temporal
changes of landscape pattern are comprehensively quantified. Our results can improve the
understanding of landscape pattern dynamics in river basins and reveal the relationships
between the changes of landscape pattern in river basins, social and economic activities,
and natural ecological processes, which are of great significance to landscape planning and
management, effective utilization of resources, and ecological protection.

2. Materials and Methods
2.1. Overview of Study Area

The Yellow River Basin (Henan section) spans the second and third steps of China’s
topography and has experienced three different river sections: mountains and valleys,
low hills and plains. The valley channel from Sanmenxia to Mengjin, the transition zone
from Mengjin to Zhengzhou from the valley channel to the wide and shallow channel,
the typical “hanging river” from Taohuayu to Lankao, and the meandering channel to
the east of Lankao are very rich in geographical landscape. The Yellow River Basin in
Henan Province is located in the middle and lower reaches of the Yellow River Basin. The
main river in the province is 711 km long, and the main tributaries are the Yiluo River
and Qinhe River. The basin area is 36,200 km2, accounting for 5.1% of the total area of the
Yellow River Basin (Figure 1). The Yellow River enters Henan Province in Lingbao city,
Henan Province, and flows through eight provincial cities, including Sanmenxia, Luoyang,
Zhengzhou, Jiaozuo, Xinxiang, Kaifeng etc. The average annual precipitation of the Yellow
River Basin (Henan section) is 450~700 mm, the average annual temperature is 11~15 ◦C,
the average annual sunshine is 1285.7~2292.9 h, and the frost-free period of the whole year
is 201~285 d. Rainfall is unevenly distributed in time and space, with the highest time from
June to August, showing a trend of more in the south and less in the north in space. The
Yellow River Basin (Henan section) mainly belongs to the warm temperate zone, which
belongs to the continental monsoon climate from the north subtropical zone to the warm
temperate zone. It has the characteristics of four distinct seasons, synchronous rain and
heat, complexity and diversity, and frequent meteorological disasters.

The altitude of the Yellow River Basin (Henan section) gradually decreases from
southwest to northeast, and the landscape pattern of land use shows the characteristics of
woodland and grassland in the middle reaches, cultivated land in the lower reaches, and
scattered urban and rural settlements of different sizes. The landscape includes the Yellow
River Basin and several water systems, mainly distributed at the junction of the middle and
lower reaches. The land use types in the basin are mainly cultivated land and woodland;



Water 2022, 14, 3872 5 of 27

agriculture is the main pillar industry, and the economic development level is low, which is
typical of an agricultural basin.
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2.2. Source of Data

The main research data include land use, elevation, meteorology, and socio-economic
data (Table 1). The data of land use in 1990, 2000, 2010, and 2020 are from the Resource
and Environment Data Center of Chinese Academy of Sciences (https://www.resdc.cn/
(accessed on 9 September 2021)), which has a spatial resolution of 30 m. Among them,
Landsat-TM/ETM remote sensing images were used for obtained data for 1990, 2000, and
2010, and Landsat 8 OLI remote sensing images were for 2020. The Kappa coefficient
of the dataset was 88.95%, and the overall accuracy was good. In this study, we divide
the land use types into six types (Table 2). The Digital Elevation Model (DEM) data
came from the geospatial data cloud platform (https://www.gscloud.cn/ (accessed on
9 September 2021)), and slopes are calculated according to DEM data after correction,
depression filling and other treatments. The meteorological data come from the temperature
and precipitation readings of meteorological stations around the Yellow River Basin (Henan
section) provided by the China Meteorological Science Data Sharing Service Network
(http://data.cma.cn (accessed on 9 September 2021)), with a spatial resolution of 1 km.
Societal raster data (population density and GDP) are from the Resource and Environment
Data Center of the Chinese Academy of Sciences (http://www.resdc.cn (accessed on
9 September 2021)) with a spatial resolution of 1 km.

https://www.resdc.cn/
https://www.gscloud.cn/
http://data.cma.cn
http://www.resdc.cn
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Table 1. Required data and sources.

Data Type Source Website Link

Land use type Grid Resource and Environment
Science and Data Center https://www.resdc.cn/ (accessed on 9 September 2021)

Social economy,
population density Grid Resource and Environment

Science and Data Center https://www.resdc.cn/ (accessed on 9 September 2021)

DEM Grid Geospatial Data Cloud https://www.gscloud.cn/ (accessed on 9 September 2021)
Precipitation, temperature,

etc. Num National Meteorological
Science Data Center http://data.cma.cn/ (accessed on 9 September 2021)

Table 2. Description of land use types in the Yellow River Basin (Henan section).

Land Use Types Description

Cultivated land Paddy fields and dry land

Woodland Natural and semi-natural manmade woodland, including closed forest land, shrub, open woodland,
nursery, garden and other woodlands

Grassland Natural and artificial grassland
Water Rivers, creeks, canals, ponds, lakes, reservoirs, and bays

Construction land Mainly urban and rural settlements, mining land, transportation land, and other special construction land

Unused land Mainly land without vegetation cover and difficult to use, including bare soil, sandy land, desert, saline,
and landfills

2.3. Study Methods

The workflow of the methods in this paper mainly included three steps: land use
change, landscape pattern evolution, and analysis of landscape change influencing factors
(Figure 2). Land use transfer matrix, land use information atlas, and landscape pattern
index were conducted using ArcGIS10.7 and Fragstats4.2. The core methods were described
as follows.

Water 2022, 14, 3872 6 of 29 
 

 

Table 1. Required data and sources. 

Data Type Source Website Link 

Land use type Grid Resource and Environment 
Science and Data Center 

https://www.resdc.cn/ (accessed on 9 Sep-
tember 2021) 

Social economy, 
population density Grid 

Resource and Environment 
Science and Data Center 

https://www.resdc.cn/ (accessed on 9 Sep-
tember 2021) 

DEM Grid Geospatial Data Cloud https://www.gscloud.cn/ (accessed on 9 
September 2021) 

Precipitation, temperature, 
etc. Num National Meteorological Sci-

ence Data Center 
http://data.cma.cn/ (accessed on 9 Septem-

ber 2021) 

Table 2. Description of land use types in the Yellow River Basin (Henan section). 

Land Use Types Description 
Cultivated land Paddy fields and dry land 

Woodland 
Natural and semi-natural manmade woodland, including closed 

forest land, shrub, open woodland, nursery, garden and other 
woodlands 

Grassland Natural and artificial grassland 
Water Rivers, creeks, canals, ponds, lakes, reservoirs, and bays 

Construction land  
Mainly urban and rural settlements, mining land, transportation 

land, and other special construction land 

Unused land Mainly land without vegetation cover and difficult to use, including 
bare soil, sandy land, desert, saline, and landfills 

2.3. Study Methods 
The workflow of the methods in this paper mainly included three steps: land use 

change, landscape pattern evolution, and analysis of landscape change influencing factors 
(Figure 2). Land use transfer matrix, land use information atlas, and landscape pattern 
index were conducted using ArcGIS10.7 and Fragstats4.2. The core methods were de-
scribed as follows. 

 
Figure 2. The workflow of this study. 
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2.3.1. Land Use Transfer Matrix

The landscape transfer matrix can quantitatively display the conversion between
different landscape types, quantitatively describe the system state and transfer state be-
tween different land use types in a certain time series unit, and comprehensively reflect
the conversion amount, structural characteristics, and transfer direction of land use type

https://www.resdc.cn/
https://www.resdc.cn/
https://www.gscloud.cn/
http://data.cma.cn/
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change. The matrix has been widely used in the study of land use change [48–50], and its
mathematical expression is as follows:

Sij =

∣∣∣∣∣∣∣∣∣
S11 S12 · · · S1n
S21 S22 · · · S2n

...
...

...
...

Sn1 Sn2 · · · Snn

∣∣∣∣∣∣∣∣∣ (1)

In Formula (1), Sij represents the area where the i-th land use type at the early stage of
the research is transformed into the j-th land use type at the end of the research, and i and j
are the land use types at the early stage and the end of the research, respectively; n is the
number of types of land use [51]. In this paper, the Origin software is used to visualize the
land use transfer matrix using a Sankey diagram.

2.3.2. Land Use Information Atlas

A geo-information map is a spatial-temporal composite analysis methodology sup-
ported by GIS that can comprehensively reflect the spatial-temporal distribution pattern
of land use integration of space-attribute-process. With the support of ArcGIS, the digital
codes of four land use types—0000, 000, 00, and 0—are given, and the land use evolution
map is obtained by reorganizing the unit types of the land use map. Drawing on the
existing research of relevant teams [52,53] and the actual situation of the study area, the
pattern changes can be divided into stable, early-stage, late-stage, intermediate, repeated,
and continuous patterns (Table 3).

Table 3. Map change patterns of the Yellow River Basin (Henan section) from 1990 to 2020.

Type Description

Stable type The land use pattern has not changed from 1990 to 2020.

Pre-change type Only from 1990 to 2000 has the land use pattern changed.

Late change type Only from 2010 to 2020 has the land use pattern changed.

Intermediate variation type The land use pattern changed only once from 2000 to 2010.

Repeated change type There were more than two changes from 1990 to 2020, and the
land use patterns in 1990 and 2020 were the same.

Continuous change type There were more than two changes from 1990 to 2020, and the
land use patterns in 2005 and 2020 were different.

2.3.3. Landscape Pattern Index and Its Influencing Factors

(1) Landscape pattern index: Landscape pattern index is a quantitative research method
to describe landscape changes, which can effectively reflect the spatial distribution
and structural characteristics of landscape patterns [54]. To fully reflect the landscape
spatial pattern characteristics of the Yellow River Basin (Henan section), based on
previous studies and the land use situation in the study area, the ecological significance
of each landscape pattern index was comprehensively considered [55]. In this study,
a series of landscape pattern indicators (Table 4) were selected at the patch-type
scale and landscape scales, and the characteristics of quantity, shape, and spatial
distribution of landscape elements in the Yellow River Basin (Henan section) were
analyzed. The patch type scale refers to the spatial distribution characteristics of each
land use type landscape, and the landscape scale refers to the spatial distribution
characteristics of the whole landscape.

(2) Selection of influencing factors of landscape change: The influencing factors of land-
scape development are different in different time and space scales, and most studies
divide them into natural factors and socio-economic factors [56]. This study mainly
analyzes the spatial differences of landscape heterogeneity caused by natural factors



Water 2022, 14, 3872 8 of 27

and socio-economic factors. Therefore, this study selects the spatial distribution data
of Gross Domestic Product (GDP) and Population Density (POP) to represent the
spatial differences between socio-economic level and population density. In addition,
it is found that climatic conditions have a small impact on the landscape spatial
distribution of small-scale watersheds [57], and landscape spatial heterogeneity can
be explained by terrain factors [58,59]. Therefore, this study selects the spatial data of
Temperature (TMP) and Precipitation (PRE) to represent the climatic conditions. The
meteorological data comes from the temperature and precipitation of meteorological
stations around the Yellow River Basin (Henan section) provided by the Resources
and Environment Data Center of China Academy of Sciences (https://www.resdc.cn/
(accessed on 9 September 2021)). Temperature is characterized by the average tem-
perature of 12 months, and precipitation is characterized by the total precipitation of
12 months. Moreover, topographic variables (DEM and SLOPE) are also considered.

Table 4. Landscape Pattern Index of Yellow River Basin (Henan Section).

Scale Level Index Selection Equation Ecological Significance

Patch type

Patch density (PD) PD = Ni/A The larger the number of patches per unit area, the
higher the fragmentation degree.

Edge density (ED) ED = E
A 106 Indicates the complexity of the boundary shape

Percentage of Landscape
(PLAND) PLAND =

n
∑
j=1

aij

A (100)
Reflects the dominant types of landscape

Largest Patch Index (LPI) LPI = Max(aij)
A (100)

The change of this value can reflect the influence of
human activities on land use types, determine the
dominant landscape types, and reflect the degree

of landscape disturbance.

Splitting Index (SPLIT) SPLIT = A2

n
∑
j=1

aij
2

Directly indicates the overall fragmentation degree
of the landscape. The higher the value, the greater
the impact of human activities on the landscape.

Landscape

Number of Patches (NP) NP = N Reflects the spatial pattern of the landscape and
describes its heterogeneity and fragmentation.

Landscape Shape Index
(LSI) LSI = 0.25E√

A

Reflects the change law of patch shape in the
landscape. The larger the value, the more irregular

the shape of a patch in the landscape.

Aggregation Index (AI)
AI =

2 ln(m) +
m
∑

i=1

n
∑

j=1
Pij ln(Pij)

Indicates the aggregation degree of a patch type in
the landscape. The larger the value, the more

compact the aggregation degree.

Contagion index (CONTAG)
CONTAG =[

1 +
m
∑

i=1

n
∑

j=1

Pij ln(Pij)
2 ln(m)

]
(100)

Indicates the degree of aggregation or extension
among different patch types in the landscape.

Shannon’s Diversity Index
(SHDI) SHDI = −

m
∑

i=1
(Pi · ln Pi) Focuses on the heterogeneity of the landscape.

Notes: i = 1, ..., m patch types (classes); j = 1, ..., n patches; A = total area of each landscape type (m2); aij = area
(m2) of patch ij; Pij = perimeter (m) of patch ij; Ni = number of patches in the landscape of patch type (class)
i; m = number of patch types (classes) present in the landscape, excluding the landscape border if present; Pi
= proportion of the landscape occupied by patch type (class) i. E = the total length of patch boundary in the
landscape; N = the total number of landscape patches.

2.3.4. Analysis of Landscape Influencing Factors

Geographic detector: The geo-detector model is a new statistical method to detect
spatial differences and reveal the influencing factors behind them, which mainly measures
the explanatory power of independent variables to dependent variables by analyzing
the overall differences among various types of geographic spaces [60,61]. In this study,

https://www.resdc.cn/
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the geographical detector model is used to detect the natural and socio-economic factors
that affect the spatial heterogeneity of the landscape pattern in the Yellow River Basin
(Henan section). This method has a concise form and a clear physical meaning, that is,
the embodiment of q-value, which quantifies the influence of different influencing factors
on the spatial distribution of landscape indicators between 0 and 1 to reflects the degree
of spatial heterogeneity of landscape indicators. The larger the q-value, the stronger the
heterogeneity of the landscape pattern. The model has four detector modules. This study
mainly uses “factor detector” and “interaction detector” to quantitatively analyze the
factors affecting the spatial heterogeneity of landscape pattern in the Yellow River Basin
(Henan section) and obtains the relative importance of each influencing factor and the
interaction among them.

(1) Factor detection: Detect the explanatory power of each influence factor X to the target
factor Y, measured by q-value, and the expression is:

q = 1− 1
Nσ2

L

∑
h=1

Nhσh
2 (2)

In Formula (2), q is the index of the detection power of the influencing factors of spatial
differentiation, and the value interval is [0, 1]; L is the stratification of variable Y or factor Y;
Nh is the number of sample units in layer h; N is the number of sample units in the whole
area; σh

2 is the variance of layer h; σ2 is the variance of the whole area.
When running the geographic probe model, each factor needs to be discretized, and

combining with the actual situation of the region, the natural breakpoint method is mainly
used for classification. GDP, POP, TMP, PRE, DEM, and SLOPE are divided into five
categories by natural fracture method. Using ArcGIS 10.7 software to create fishing net
tools, 5 km × 5 km grid points were created in the whole area, and the data set was
resampled based on the nearest distance method. After filtering and sorting the exported
data, the missing values were deleted, and 1393 pieces of data were obtained. Taking the
landscape pattern index of the Yellow River Basin (Henan section) as the Y variable, the
data of six factors, GDP, POP, TMP, PRE, DEM, and SLOPE, as the X variables, are input
into the geographic detector for detection. Finally, the analysis results of the influence
intensity and interaction of each driving factor on the landscape spatial heterogeneity of
the Yellow River Basin (Henan section) are obtained.

(2) Interactive detection: This method can be used to identify the interaction between
different influencing factors X, that is, to evaluate whether the interaction of two
influencing factors X1 and X2 will increase or decrease the explanatory power of
dependent variable Y, or whether the influences of these factors on Y are independent
of each other. The evaluation method is to first calculate the q-values of two factors
X1 and X2 for Y: q(X1) and q(X2), respectively, and calculate their interactive values:
q(X1∩X2), and compare q(X1), q(X2), and q(X1∩X2). The relationship between the two
factors can be divided into the following categories (Table 5):

Table 5. Factor interaction type and basis for determination.

Judgment Basis Interaction Type

q(X1∩X2) < Min(q(X1), q(X2)) Reduction of nonlinearity

Min(q(X1), q(X2)) < q(X1∩X2) < Max(q(X1), q(X2)) Nonlinear attenuation of
single factor

q(X1∩X2) > Max(q(X1), q(X2)) Two-factor enhancement

q(X1∩X2) = q(X1) + q(X2) Mutual independence of
factors

q(X1∩X2) > q(X1) + q(X2) Enhancement of nonlinearity
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3. Results
3.1. Land Use Space and Area Distribution

The distribution of land use space and area in the Yellow River Basin (Henan section)
from 1990 to 2020 is shown in Figure 3. Cultivated land is widely distributed in the middle
and lower reaches of the basin, and the distribution area in the middle reaches is larger than
that in the lower reaches. Woodland and grassland are mainly distributed in the middle
reaches of the basin, showing a concentrated distribution state. The waters are the Yellow
River and its tributaries, which flow from east to west. Urban and rural construction land is
concentrated in the middle reaches of the basin and scattered in the lower reaches. Unused
land accounts for a small proportion, which is scattered in the middle and lower reaches
of the basin. It is the dominant land use type in basin, with the widest distribution range
and an average area accounting for 54.87% of the total for many years, showing a trend
of first increasing and then decreasing as a whole. Woodland, with an average area of
22.73% of the total for many years, shows a trend of first decreasing and then increasing.
The average area of grassland accounts for 10.38% of the total for many years, showing
a slow decreasing trend as a whole. The average area of water accounts for 3.2% of the
total for many years, showing a trend of first decreasing and then increasing. The average
area of urban and rural construction land accounts for 8.76% of the total over many years,
showing a slow increasing trend as a whole. The average area of unused land is relatively
small, accounting for 0.15% of the total over many years.

During the 30 years from 1990 to 2020, the areas of various land types in the Yellow
River Basin (Henan section) have changed to different degrees and trends (Table 6). Cul-
tivated land, woodland, and grassland are the main types of land use in the basin. The
cultivated land area increased first and then decreased; from 1990 to 2000, it increased
substantially and then decreased to the level of 1990 in 2010. The change trend of wood-
land area is opposite that of cultivated land, showing a trend of first decreasing and then
increasing, with a slight decrease from 1990 to 2010, and then increasing to the level of 1990
in 2020. The increased amount of woodland is mainly distributed in the middle reaches of
the basin. The grassland area showed a small downward trend, with a decrease of about
1.15% in 2020 compared with 1990. The water area decreased by about 1.21% from 1990 to
2000, and then increased slightly. Urban and rural construction land showed a substantial
growth trend, with an increase of 1270.25 km2 in 2020 compared with 1990, reflecting the
accelerating urbanization process in China. The unused land area accounts for a very small
proportion, and its area change is related to that of other land types. After 2000, with the
increase in woodland, water area, and urban and rural construction land area, the area of
unused land has been further reduced.

Table 6. Area (km2) and ratio (%) of land use types in the Yellow River Basin (Henan section) from
1990 to 2020.

Land Use Types
1990 2000 2010 2020

Area Ratio Area Ratio Area Ratio Area Ratio

Farmland 19,898.43 54.29 20,272.34 55.31 19,983.48 54.52 19,672.54 53.68
Woodland 8385.25 22.879 8362.09 22.816 8335.33 22.743 8332.71 22.736
Grassland 3674.53 10.03 3566.16 9.73 3529.15 9.63 3523.52 9.61

Water 1414.17 3.86 1024.58 2.80 1237.48 3.38 1265.40 3.45
Construction land 3154.10 8.61 3380.83 9.22 3552.33 9.69 3842.56 10.48

Unused land 124.14 0.34 44.61 0.12 12.84 0.04 13.88 0.04
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3.2. Temporal and Spatial Change of Land Use

The change of land use types shows two kinds of change behaviors: inflow and
outflow. The outflow behavior refers to the transformation of a land use type to other land
use types, while the inflow behavior refers to the transformation of other land use types to
this land use type (Table 7). From 1990 to 2020, a total of 868.98 km2 of cultivated land in
the Yellow River Basin (Henan section) was transformed into other land types. The area
of cultivated land converted from other land types was about 643.10 km2, of which 76%
went to construction land and 25% to woodland, grassland and waters. The decrease in
cultivated land area is mainly due to the occupation of construction land, and the increase
in cultivated land area mainly came from the occupied waters and grasslands. Among
them, the area converted from waters accounted for 59% of the increased area of cultivated
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land, and that from grassland accounted for 20%. The inflow and outflow of forestland
area are basically balanced—mainly between cultivated land and grassland—and outflow
behavior has dominated the grassland for 30 years. The area of forest land converted to
other land types was 387.13 km2, and that of other land types converted to forest land is
183.58 km2. The outflow of water was the leading factor, and the area of water converted
to other land types was about 405.01 km2, and other land types converted to the area of
water was 256.24 km2, which was mainly converted to cultivated land. Construction land
was dominated by inflow. In the past 30 years, the area of construction land has obviously
increased, and the area of other land types converted into construction land was about
693.36 km2. The expansion of construction land was mainly occupied by cultivated land,
and about 95% of the newly increased construction land came from the occupation of
cultivated land.

Table 7. Land Use Transfer Matrix of the Yellow River Basin (Henan Section) from 1990 to 2020 (km2).

1990

2020
1990
TotalCultivated

Land Woodland Grassland Water Construction
Land

Unused
Land

Cultivated land 19,029.44 10.29 8.19 193.53 656.91 0.06 19,898.43
Woodland 42.13 8243.43 78.12 13.47 7.69 0.41 8385.25
Grassland 125.70 74.42 3429.21 33.89 10.90 0.41 3674.53

Water 382.04 4.56 5.96 1009.16 10.86 1.59 1414.17
Construction land 3.37 0.00 0.15 1.37 3149.20 0.00 3154.10

Unused land 89.86 0.00 1.89 13.98 7.00 11.41 124.14
2020 total 19,672.54 8332.71 3523.52 1265.40 3842.56 13.88

In addition, land use transformation also showed a big difference in time and space. In
time, the Sankey diagram in Figure 4 temporally visualizes the transformation of each land
use type in the Yellow River Basin (Henan section) in different periods. During 1990–2000,
waters were transformed into other land types, and most of them were converted to cultivated
land. Grassland also had an obvious outflow trend, mainly flowing to cultivated land and
woodland. The outflow and inflow of cultivated land were obvious; the inflow land use type
was mainly water area, and the outflow land use type was mainly construction land. During
the 10 years from 2000 to 2010, the outflow of cultivated land dominated, mainly flowing to
water areas and construction land, and the overall outflow was greater than the inflow. From
2010 to 2020, cultivated land was transformed into other land types, mainly into construction
land and water areas. On the whole, the mutual transformation of land use types in each
period from 1990 to 2020 was active, and the transformation tracks were diverse.

Spatially (Figure 5), the map patches that changed from 1990 to 2000 were mainly
concentrated in the middle reaches of the Yellow River (Henan section) and along the
Yellow River channel. From the point of view of the transformation of land use types, this
period was mainly involved the transformation of cultivated land, grassland, woodland,
and waters to other land use types, and the situation of the Yellow River channel turning
into cultivated land was more prominent. From 2000 to 2010, the transformation of land
use types in the basin was evenly distributed in the middle and lower reaches, mainly from
cultivated land to water area and construction land, and the transformation of land use
types along the Yellow River was more intense than that in the previous stage. From 2010
to 2020, the transformation of land use types in the upper and lower reaches of the basin
was more drastic. Among them, the transformation of cultivated land in the lower reaches
of the basin was obvious, and the transformation of land use types along the Yellow River
was obviously weakened. On the whole, the changes of land use types in the basin were
mainly concentrated in the middle and lower reaches of the plain, and those from 1990 to
2000 were significantly higher than those in other periods.
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According to the spatial analysis, the structure of the land use change in the Yellow
River Basin (Henan section) from 1990 to 2020 was complicated (Figure 6). The stable
structural type was the most widely distributed, accounting for 94.63% of the whole basin
area, and it was mainly composed of two stable types: “cultivated land-cultivated land-
cultivated land-cultivated land” and “woodland-woodland-woodland-woodland”, which
indicates that the landscape pattern of the basin dominated by cultivated land has not
changed fundamentally at present. The pre-change type accounted for 2.74% of the whole
watershed area, and water area changing to cultivated land, cultivated land changing to
construction land, and grassland changing to cultivated land accounting for 28.71%, 20.86%,
and 11.82% of the changing area in the pre-change type, respectively. The intermediate
type accounted for 1.19% of the whole watershed area, mainly including “cultivated
land-cultivated land-construction land-construction land”, “cultivated land-cultivated
land-water area-water area”, and “water area-water area-cultivated land-cultivated land”,
accounting for 38.79%, 26.67%, and 16.15% of this type of change structure area, respectively.
The late-stage change type accounted for 0.82% of the watershed area, which mostly
comprised the change from cultivated land to water area, accounting for 92.14% of the
area of this type of change structure. The recurrent pattern accounted for 0.51% of the
total watershed area, which was mainly manifested in the mutual transformation between
cultivated land and water area, namely “water area-cultivated land-water area-water area”
and “cultivated land-water area-cultivated land-cultivated land”, accounting for 65.11%,
6.75%, and 6.21% of the recurrent pattern, respectively. The least was the continuous change
type, which accounted for only 0.10% of the total area of the study area. The maps of “water
area-unused land-cultivated land-cultivated land”, “water area-woodland-cultivated land-
cultivated land” and “water area-grassland-cultivated land-cultivated land” were the main
maps, and the changes among various land use types were very drastic. Spatially, the stable
type occupies a large area and was widely distributed in the Yellow River Basin (Henan
section), and its later variability was mainly distributed in the middle and lower reaches of
the basin in patches, but the lower reaches were relatively more fragmented and had poor
continuity. Affected by tourism development activities, four types—repeated change, early
change, intermediate change, and continuous change, were concentrated in the vicinity of
the Yellow River. Specifically, the continuous change type was mainly distributed in the
middle reaches of the Yellow River basin in patches, and the repeated change type was
mainly distributed around the Yellow River. The early change type and the middle change
type were significantly broken, and they are mainly scattered in patches or strips among
the four main information map types: stable, continuous, repeated, and late change types.

3.3. Spatial-Temporal Change of Landscape Pattern

Different landscape pattern indexes of landscape scale and patch type scale were
calculated at a scale of 30 × 30 m. The former represents the spatial distribution character-
istics of the whole landscape, while the latter reflects the spatial distribution characteristics
of various land use types. From the five landscape indexes at the landscape level, the
landscape characteristics of the whole area of the Yellow River Basin (Henan section) can
be clearly defined (Figure 7). From 1990 to 2020, the total number of Number of Patches
(NP) decreased (32,317 to 20,654), the total number of NP decreased by 11663, and the
number of visible patches decreased, indicating that the degree of landscape fragmentation
decreased. Landscape Shape Index (LSI) decreased first and then increased, with a max-
imum in 1990 (113.67) and a minimum in 2010 (110.14). The total LSI decreased by 3.03,
indicating that the patch shape tended to be stable. Contagion index (CONTAG) showed
a trend of “increasing first and then decreasing”, and the maximum value appeared in
2000 (61.05), which indicated that the CONTAG of the landscape reached a maximum in
2000, and the landscape had a good geographical distribution and connectivity. Contrary
to CONTAG, Shannon’s Diversity Index (SHDI) showed a trend of “first decreasing and
then increasing”, and SHDI showed an increasing trend from 2000 to 2020, indicating
that the landscape patch types were constantly balanced and landscape heterogeneity was
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enhanced. Aggregation Index (AI) increased continuously in 1990–2010 and decreased
slightly in 2010–2020, with a maximum in 2010 (96.63%), and the overall AI increased by
0.09%, indicating that the degree of aggregation among patches increased slightly, and
the degree of landscape fragmentation decreased. It can be seen that in the past 30 years,
the Yellow River Basin (Henan section) generally showed a trend of decreasing landscape
fragmentation, increasing landscape heterogeneity, and constantly balancing landscape
patch types.
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The landscape pattern evolution characteristics of the Yellow River Basin (Henan
section) from 1990 to 2020 were analyzed in terms of patch type scale (Figure 8). The
Percentage of Landscape (PLAND) of cultivated land and forest land in the basin was
much larger than that of other landscape types, and the sum of the two areas accounted
for more than 76% of the total area of the study area, making it the dominant landscape
type in the basin. The PLAND of cultivated land first increased and then decreased,
reached a maximum (55.31%) in 2000, and then continued to decrease, whereas the PLAND
of woodland landscape decreased year after year. At the same time, the PLAND of
construction land increased continuously, which to some extent reflects the weakening
of the landscape dominance of cultivated land and woodland in the study area, as well
as the improvement of landscape dominance of construction land. In all land use types,
the changes of Patch density (PD) and Edge density (ED) values were stable, and there
was not much fluctuation during the study period. The Largest Patch Index (LPI) value
of construction land changed obviously in the whole study area, and the LPI value of
construction land in 2020 was 1.05 times that of 1990. The LPI of cultivated land reached a
maximum (24.89%) in 2000 and decreased to a minimum (23.07%) in 2020. The Splitting
Index (SPLIT) of construction land and unused land was the largest, and both showed
opposite change trends during the study period; the SPLIT value of construction land
decreased by 76.86%, whereas the SPLIT value of unused land increased. In 2020, the SPLIT
value was 193 times that of 1990, which shows that construction land was distributed
from decentralization to centralization, and unused land evolved from centralization to
decentralization. Similar to the land use change, the landscape pattern also showed obvious
spatial characteristics, reflecting the heterogeneity of the landscape in the Yellow River
Basin (Henan section). As shown in Figure 9, PD in the middle reaches was relatively small,
whereas PLAND, LPI, and ED were relatively large. However, this trend was reversed
in the lower reaches, which indicates that the landscape in the lower reaches was more
fragmented, heterogeneous and disturbed than that in the middle reaches. In addition, by
comparing the patch type index values of 1990 and 2020 in Figure 8, the landscape index of
most areas was almost unchanged except some areas in the downstream watershed.
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3.4. Analysis of Landscape Change Influencing Force

Geographic detector is an important tool for measuring and mining spatial strati-
fication heterogeneity and spatial pattern attributes. Through spatial heterogeneity, it
detects the consistency of spatial distribution pattern between dependent variables and
independent variables, and then measures the explanatory degree of independent vari-
ables to dependent variables, that is, q-value. The model has four detector modules. This
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study mainly uses “factor detector” and “interaction detector” to quantitatively analyze the
factors affecting the spatial heterogeneity of landscape pattern in the Yellow River Basin
(Henan section) and obtains the relative importance of each influencing factor and the inter-
action among them (Appendix A). According to the results of factor detection (Figure 10),
in 1990, the influencing factors of the Yellow River Basin (Henan section) explained the
spatial distribution of the landscape patterns of PD and ED to a relatively high degree,
and the explanatory power of the landscape patterns of PLAND, LPI and SPLIT was far
lower than that of PD and ED. Elevation, slope, temperature and population distribution
factors accounted for more than 15% of the spatial distribution of PD and ED landscape
patterns, which were the main influencing factors affecting landscape fragmentation and
complexity. In addition, the explanatory power of precipitation and GDP was less than 5%,
which was the secondary influencing factor of landscape fragmentation and complexity. In
2020, the explanatory power of various influencing factors for the spatial distribution of
PD, ED, PLAND, LPI, and SPLIT changed slightly, among which the explanatory power of
GDP and precipitation for the spatial distribution of PD increased slightly, whereas that
of elevation, slope and population distribution for SPLIT decreased, among which the
population distribution was the most obvious, and the q-value decreased from 0.06 in 1990
to 0.01 in 2020. In addition, as shown in Figure 11, the interaction of slope ∩ elevation
and slope ∩ temperature on the spatial distribution of ED and PD in the Yellow River
Basin (Henan section) in 1990 was strong, among which the interaction influence of slope
∩ temperature (q-value = 0.41) on the spatial distribution of ED ranked first, followed by
slope ∩ elevation (q-value = 0.39). The interaction between slope and other detection factors
further indicates that slope greatly influenced the spatial heterogeneity of the landscape
pattern in 1990. Figure 11 shows that in 2020, the explanatory power of the interaction
between slope ∩ elevation and slope ∩ temperature in the Yellow River Basin (Henan
section) was still the strongest. Therefore, the spatial differences of natural factors such as
slope, elevation, temperature, and precipitation can better reflect the spatial heterogeneity
of landscape pattern of the Yellow River Basin (Henan section) than those of socio-economic
factors such as GDP and population density. Furthermore, the influence of any two driving
factors on the spatial distribution characteristics of landscape pattern was greater than that
of any single factor, indicating that the formation of spatial heterogeneity in the Yellow
River Basin (Henan section) was the result of the interaction of various driving factors.
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4. Discussion

To study the evolution trend of a watershed landscape pattern, this paper compares
and analyzes the landscape pattern characteristics between typical landscape areas (culti-
vated land, woodland, grassland, water, construction land and unused land) and between
them and the whole watershed. During 1990–2020, six land use types in the Yellow River
Basin (Henan section) all changed, the area of cultivated land and water area fluctuated
and decreased, and the area of grassland and unused land continued to decrease. The area
of woodland fluctuated and increased, and that of construction land continued to increase.
From the perspective of spatial pattern, the information map effectively represents the
long-term change track of the different land use types. Influenced by tourism development
activities, four land use change structure types—repeated change type, early change type,
intermediate change type, and continuous change type—were concentrated in the vicinity
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of the Yellow River. The stable structure had the widest distribution range, with two
change patterns: “cultivated land-cultivated land-cultivated land-cultivated land” and
“woodland-woodland-woodland-woodland”, which indicates that the landscape pattern
of the basin dominated by cultivated land and woodland has not changed fundamentally.
Cultivated land and woodland are the dominant landscape types in the basin, but the
largest patch area decreased sharply from 2000 to 2020. At the same time, the PLAND of
construction land showed a continuous increase, which reflected, to some extent, how the
dominant position of cultivated land and woodland landscape in the study area weakened
and the landscape dominance of construction land increased. These results show that
the fragmentation and homogenization of landscape pattern intensified the encroachment
of construction land on forestland and cultivated land, that is, the decrease in cultivated
land and forestland was accompanied by the decrease in landscape dominance of culti-
vated land and forestland and the increase in the fragmentation and homogenization of
cultivated land and forestland. It was further confirmed that there existed corresponding
characteristics and interactions between land use change and landscape pattern change
proposed by relevant scholars [62,63]. Therefore, researchers can use the temporal change
of land use types to reflect the temporal change pattern of a certain landscape type in a
certain period. In addition, we have found similar results in other literatures, and existing
studies have shown that the weakening of landscape dominance of cultivated land and
woodland and the improvement of landscape dominance of construction land will acceler-
ate the expansion of urbanization, and the built-up areas and settlements will become more
concentrated [64]. At the same time, the watersheds around the rapidly urbanized areas are
more sensitive to the changes of landscape types because of their rich and fragile natural
ecosystems [65]. The landscape pattern characteristics of the Yellow River Basin (Henan
section) not only included the vulnerability and sensitivity of rivers and water sources but
also the contradiction between man and land in economically developed urbanized areas.
Therefore, with the strengthening of human activities and the acceleration of urbanization,
the disturbance and damage to the natural landscape of the river basin have increased, and
how to maintain economic development and protect the natural environment is an urgent
problem that needs to be solved.

In addition, it is helpful to identify and control the main influencing factors and guide
watershed protection management and sustainable planning by focusing on the spatial
dimension influence of each influencing factors on the watershed landscape pattern change.
The factors that influence the landscape pattern change of the river basin are complex and
diverse, and social and economic factors and natural factors are often used to summarize
when establishing an index system of driving factors. Previous studies mainly discussed
the influencing factors of land use type change in different locations [66,67] and different
time periods [67,68]. The research on landscape pattern and influencing factors mainly
focuses on the analysis of the temporal difference of landscape pattern in a single scope, but
few studies pay attention to the spatial difference, and there was a lack of comprehensive
quantitative research on the influencing factors leading to the spatial heterogeneity of
landscape patterns in river basins and the factors of spatial and temporal changes of
these patterns. However, at present, most works use classification methods to describe
the spatial characteristics of landscape patterns in different regions and their influencing
factors, and they seldom perform quantitative analyses on the spatial relationship between
variables [64]. The research of Ju et al. [69]. proved the applicability of the geographic probe
model in analyzing the influencing force of construction land expansion and provided
a new idea for analyzing the interaction among various spatial factors. Therefore, this
paper comprehensively considers the socio-economic factors and natural factors that affect
the landscape pattern change in the Yellow River Basin (Henan section), and it reveals
the influencing factors of landscape pattern spatial heterogeneity in the basin from the
perspectives of patch type scale, aiming at the differences of spatial allocation characteristics
of different landscape patches reflected by the landscape pattern change. The influencing
factors of spatial heterogeneity of landscape pattern in the Yellow River Basin (Henan
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section) were revealed from the spatial perspective, and the spatial relationship among
variables was quantitatively analyzed. A geographical detector was used to compare the
impacts of different natural factors on spatial landscape heterogeneity in the period of land
use change in the Yellow River Basin (Henan section) from 1990 and 2020 from a patch
type scale. The results showed that the spatial differences of natural factors such as slope,
elevation, temperature and precipitation can better reflect the spatial heterogeneity of the
landscape pattern in the Yellow River Basin (Henan section) than those of socio-economic
factors such as GDP and population density, and the interaction of any two driving factors
has a greater influence on the spatial distribution characteristics of landscape pattern than
any single factor, indicating that the formation of spatial heterogeneity in the Yellow River
Basin (Henan section) is the result of the interaction of various driving factors.

This study quantitatively estimated the temporal and spatial changes of land use types
and landscape patterns and analyzed the main reasons for the landscape pattern evolution.
Due to data constraints, this paper only takes the land use data of the Yellow River Basin
(Henan section) from 1990 to 2020 as an example to analyze the landscape pattern evolution.
Although remote sensing images or land cover data separated by 10 years can be used to
determine the temporal changes of landscape pattern in detail, the longer time interval may
cover up the real situation of landscape structure changes, and it is impossible to accurately
establish the relationship between various land use types and different influencing factors,
nor to accurately compare the driving factors of spatial heterogeneity of landscape pattern
in each period, thus affecting the landscape structure. In future research, it will be necessary
to accurately analyze and verify the changing characteristics of land use and landscape
pattern through a short time interval or continuous year land use data and case studies in
other regions. According to the characteristics of the research object, it is very important to
choose appropriate observation and analysis scales to accurately understand the change
trends of landscape pattern. In addition, considering the influence of policy factors, how
to establish a qualitative and quantitative influencing force detection model for landscape
pattern evolution, deepen the research on influencing forces, comprehensively consider
the influence of social economy, nature, and policy, and put forward a scientific and
comprehensive implementation strategy for land use and landscape pattern optimization
are the central questions to be answered.

5. Conclusions

Based on ArcGIS and Fragstats 4.2.1 software, the process of land use and landscape
pattern change in the Yellow River Basin (Henan section) from 1990 to 2020 was quantified
and visualized, and the main influencing factors affecting the landscape pattern change in the
basin were revealed using a geographic detector. The following conclusions were drawn:

(1) The structure of land use in the Yellow River Basin (Henan section) was obviously
clustered, and the main land use types were cultivated land, woodland, grassland,
water area, construction land and unused land. From 1990 to 2020, the mutual trans-
formation of land use types in the Yellow River Basin (Henan section) was frequent,
and the transformation tracks were diversified. Among them, the outflow behavior is
mainly manifested in the transformation from cultivated land to construction land,
and the inflow behavior is mainly manifested in the transformation from grassland
and water to cultivated land. The most obvious feature of land use change is the
large-scale transition from cultivated land and woodland to construction land.

(2) In the information map of land use change in the Yellow River Basin (Henan sec-
tion) from 1990 to 2020, stable structural change has the widest distribution range,
accounting for 94.63% of the whole basin area. In the early stage, the changing area of
the changing structure accounted for 2.74% of the whole basin area, and in the early
stage, it was mainly the conversion of water area to cultivated land, cultivated land
to construction land, and grassland to cultivated land. The Intermediate variation
type were mainly “cultivated land-cultivated land-construction land-construction
land” and “cultivated land-cultivated land-water area-water area”. In the later stage,
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the change type mostly manifested as the conversion from cultivated land to water
area. Repeated changes were mainly manifested in the mutual transformation be-
tween cultivated land and waters, namely “waters-cultivated land-waters-waters”
and “cultivated land-waters-cultivated land-cultivated land”. Although the continu-
ous change type accounted for only 0.10% of the watershed area, the changes among
various land use types were very drastic.

(3) After analyzing the landscape pattern evolution characteristics of the Yellow River
Basin (Henan section) from the five landscape indexes at the landscape level, it can
be concluded that the landscape fragmentation of the basin has been reduced, the
landscape heterogeneity has been enhanced, and the landscape patch types have
been constantly balanced in the last 30 years. According to the analysis of different
landscape pattern indexes at the level of land use, the landscape dominance of culti-
vated land decreases, whereas that of construction land increases. The occupation of
construction land was the main reason for the fragmentation and homogenization of
cultivated land.

(4) Through geographical exploration, we found many natural factors and socio-economic
factors that might influence the landscape pattern evolution. Compared with the
spatial differences of socio-economic factors such as GDP and population density,
the spatial differences of natural factors such as slope, elevation, temperature and
precipitation can better reflect the spatial heterogeneity of landscape pattern in the
Yellow River Basin (Henan section), and the influence of any two driving factors on
the spatial distribution characteristics of landscape pattern is greater than that of a
single factor, indicating that the formation of spatial heterogeneity in the Yellow River
Basin (Henan section) is the result of the interaction of various driving factors.
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Appendix A

Table A1. The force (q-value) among each influencing factor on each landscape pattern metric in 1990.

DEM SLOPE GDP POP TMP PRE

PD 0.320265 0.269227 0.030555 0.249925 0.297511 0.021016
ED 0.317664 0.298653 0.012679 0.185272 0.323857 0.049003

PLAND 0.057356 0.068945 0.003199 0.051945 0.056169 0.004931
LPI 0.057186 0.069836 0.003442 0.052241 0.055672 0.004846

SPLIT 0.043870 0.024579 0.018951 0.06542 0.034021 0.002010
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Table A2. The force (q-value) among each influencing factor on each landscape pattern metric in 2020.

DEM SLOPE GDP POP TMP PRE

PD 0.303486 0.248857 0.04203 0.21082 0.288939 0.036415
ED 0.321365 0.303087 0.008251 0.165651 0.323940 0.043316

PLAND 0.047560 0.064782 0.004896 0.038845 0.051109 0.001829
LPI 0.049030 0.064894 0.004991 0.037977 0.050909 0.001734

SPLIT 0.012620 0.007354 0.014943 0.014789 0.011247 0.007602

Table A3. The force (q-value) among any two influencing factors on Patch density (PD) interactively
in 1990.

DEM SLOPE GDP POP TMP PRE

DEM 0.320265
SLOPE 0.366379 0.269227

GDP 0.326063 0.278900 0.030555
POP 0.352265 0.344493 0.259322 0.249925
TMP 0.339093 0.353331 0.302255 0.342300 0.297511
PRE 0.347441 0.298648 0.048802 0.334315 0.339730 0.021016

Table A4. The force (q-value) among any two influencing factors on Edge density (ED) interactively
in 1990.

DEM SLOPE GDP POP TMP PRE

DEM 0.317664
SLOPE 0.387969 0.298653

GDP 0.326882 0.302781 0.012679
POP 0.336864 0.334696 0.193830 0.185272
TMP 0.356540 0.395255 0.326194 0.339173 0.323857
PRE 0.374806 0.361172 0.061956 0.333414 0.389954 0.049003

Table A5. The force (q-value) among any two influencing factors on Percentage of Landscape
(PLAND) interactively in 1990.

DEM SLOPE GDP POP TMP PRE

DEM 0.057356
SLOPE 0.083462 0.068945

GDP 0.067369 0.078631 0.003199
POP 0.079342 0.088952 0.057369 0.051945
TMP 0.062908 0.083681 0.062764 0.073216 0.056169
PRE 0.066765 0.078011 0.019010 0.073906 0.069120 0.004931

Table A6. The force (q-value) among any two influencing factors on Largest Patch Index (LPI)
interactively in 1990.

DEM SLOPE GDP POP TMP PRE

DEM 0.057186
SLOPE 0.081694 0.069836

GDP 0.069208 0.075461 0.003442
POP 0.077554 0.089637 0.059201 0.052241
TMP 0.062402 0.081454 0.061516 0.071548 0.055672
PRE 0.068275 0.077914 0.016770 0.071807 0.067510 0.004846
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Table A7. The force (q-value) among any two influencing factors on Splitting Index (SPLIT) interac-
tively in 1990.

DEM SLOPE GDP POP TMP PRE

DEM 0.04387
SLOPE 0.046222 0.024579

GDP 0.056009 0.039179 0.018951
POP 0.073137 0.068457 0.068585 0.065420
TMP 0.044943 0.038447 0.046465 0.070756 0.034021
PRE 0.048021 0.029017 0.022987 0.076758 0.039991 0.002010

Table A8. The force (q-value) among any two influencing factors on Patch density (PD) interactively
in 2020.

DEM SLOPE GDP POP TMP PRE

DEM 0.303486
SLOPE 0.347119 0.248857

GDP 0.314081 0.265913 0.042030
POP 0.33608 0.310521 0.213333 0.210820
TMP 0.328339 0.339372 0.301340 0.327140 0.288939
PRE 0.347989 0.303457 0.066416 0.324448 0.346093 0.036415

Table A9. The force (q-value) among any two influencing factors on Edge density (ED) interactively
in 2020.

DEM SLOPE GDP POP TMP PRE

DEM 0.321365
SLOPE 0.390951 0.303087

GDP 0.331398 0.306532 0.008251
POP 0.331089 0.328772 0.175638 0.165651
TMP 0.358784 0.395712 0.328311 0.334229 0.323940
PRE 0.384677 0.369056 0.052370 0.306907 0.396613 0.043316

Table A10. The force (q-value) among any two influencing factors on Percentage of Landscape
(PLAND) interactively in 2020.

DEM SLOPE GDP POP TMP PRE

DEM 0.047560
SLOPE 0.075211 0.064782

GDP 0.067396 0.078950 0.004896
POP 0.064758 0.079236 0.045332 0.038845
TMP 0.058121 0.07698 0.064861 0.061562 0.051109
PRE 0.061357 0.072691 0.013734 0.058267 0.062946 0.001829

Table A11. The force (q-value) among any two influencing factors on Largest Patch Index (LPI)
interactively in 2020.

DEM SLOPE GDP POP TMP PRE

DEM 0.049030
SLOPE 0.074544 0.064894

GDP 0.067172 0.076780 0.004991
POP 0.063646 0.079321 0.047001 0.037977
TMP 0.055395 0.075560 0.064553 0.063485 0.050909
PRE 0.064105 0.073934 0.013237 0.056173 0.063852 0.001734



Water 2022, 14, 3872 25 of 27

Table A12. The force (q-value) among any two influencing factors on Splitting Index (SPLIT) interac-
tively in 2020.

DEM SLOPE GDP POP TMP PRE

DEM 0.317664
SLOPE 0.387969 0.298653

GDP 0.326882 0.302781 0.012679
POP 0.336864 0.334696 0.193830 0.185272
TMP 0.356540 0.395255 0.326194 0.339173 0.323857
PRE 0.374806 0.361172 0.061956 0.333414 0.389954 0.049003
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