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Abstract: Studying the temporal and spatial evolution pattern and transformation rule of urban–
rural construction land in karst mountainous areas has important guiding significance for urban
development boundary planning, red lines for ecological protection, and cultivated land protection.
The present study took 46 townships (streets) in Qixingguan District of Guizhou Province, southwest
China, as the research area; collected the current status of four-phase land use data in 2009, 2013, 2017,
and 2020; and used GIS spatial analysis models and geographical detectors to analyze the temporal
and spatial evolution pattern characteristics and influencing factors of urban–rural construction.
The results showed the following: (1) Since 2009, the total area of urban–rural construction land
has continued to increase; the largest area is rural residential land, followed by urban land and
transportation land, with relatively little urban industrial and mining land, scenic spots, and special
land. The growth rate of land used for transport increased rapidly, and urban land grew faster
than rural residential land. (2) More than 57.72% of the newly increased urban–rural construction
land came from cultivated land, but the transformation of cultivated land for construction gradually
slowed down; 57.48% of urban–rural construction land was transferred for reclamation as cultivated
land. During the study period, the transformation of cultivated land to construction land was
more intense (the transfer out of cultivated land was greater than the transfer in by 9541.94 hm2).
(3) There are strong spatial differences in the density of urban–rural construction land, showing
scattered agglomeration distribution, and the degree of aggregation in medium-high- and high-
density areas is further strengthened, expanding to the east and southwest. (4) The growth of urban–
rural construction land has been controlled by a variety of complex factors, the most influential of
which are the completion of fixed asset investment in society as a whole and the total fiscal revenue,
with explanatory power (PD) values of 0.819 and 0.607, respectively. Interactions between detection
factors have a greater impact on the spatial differentiation of urban–rural construction land than
single factors. The results of this study can provide basic research data and support the control
and high-quality development of urban–rural construction land in Qixingguan District and karst
mountain areas.

Keywords: karst mountain area; urban–rural construction land; land transformation; temporal and
spatial evolution; geographical detector

1. Introduction

Land use transformation was first proposed by the British geographer Alan Grainger,
inspired by the concept of forest transformation proposed by the Finnish scholar A.S.
Mather [1]. The transforming land types mainly include cultivated land [2–4], forest land,
urban land [5,6], rural land, and other land use types, and they also include the overall
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regional land use type [7,8]. With the acceleration of urbanization and increasing human
activities, the transformation of urban–rural construction land in land use transformation
has become an important socioeconomic phenomenon worldwide [9,10]. Urban–rural
construction land is the core component of the land use system. It is not only an important
indicator to control urban expansion and urban–rural construction, but also the main
component of urban spatial planning and the spatial carrier of human non-agricultural
economic production activities [11–13]. At present, under circumstances in which global
warming is causing glaciers to melt and inundate some coastal areas, forests are sharply
reduced, the environmental carrying capacity is fragile, and human activities affect veg-
etation restoration [14–16], how to realize scientific and sustainable utilization of limited
land resources has become a key issue for the future development of the world. Whether
urban–rural construction land can be reasonably controlled and allocated will directly affect
the protection of cultivated land and the development of urbanization.

In recent years, many scholars have studied the evolution and driving factors of
urban–rural construction land by applying current land use data and using different
methods [17–20]. Weber and Puissant extracted land cover from 1986 to 1996 with time
series satellite images (SPOT XS), used a prediction model to carry out an empirical analysis
of the expansion characteristics of local construction land in Tunisia, and explained the
development trend of the city in the future [21]. Based on Landsat satellite observation data,
Masek et al. used the band reflection of NDVI to distinguish urban and agricultural land,
and dynamically monitored the expansion and evolution process of urban construction
land in Washington, DC, from 1973 to 1996. In conjunction with census data, they found
that urban expansion was strongly correlated with the regional economic development
level [22]. Saizen et al. quantitatively analyzed land use changes in the Osaka metropolitan
area of Japan from 1979 to 1996 through GIS raster data, and the results showed that the
main reason for the continuous increase in idle land in the suburbs was urban sprawl [23].
Ustaoglu and Aydmoglu used an integrated geographic information system (GIS) and
multicriteria decision analysis (MCA) approach to assess the suitability of land use in
the Pendikc area of eastern Istanbul, Turkey, for residential, industrial, commercial, and
recreational development in the city [24].

Mann used a regression analysis model to study the main driving factors of changes
in per capita construction land in rural areas and suggested that the implementation of
incentive measures for construction land management by local governments could limit
the expansion of construction land to a certain extent [25]. Colsaet et al. analyzed the
scientific literature on the occupation of agricultural land by urban construction land and
the determinants of urban expansion from 1990 to 2017, and suggested that population
and income growth, transportation infrastructure, and car use were the main driving
factors [26]. Bittner et al. studied the spatial evolution of land use in peri-urban areas of
Israel based on time-series land use data supplemented by summary statistical analysis,
and indicated that rural reorganization would have an important impact on the economic
society and ecological environment [27]. Diogo and Koomen studied the process of land
use change in Portugal between 1990 and 2006 and analyzed the impact of different driving
forces on the formation of land use patterns during this period. They concluded that land
expansion was positively correlated with economic development, and the driving influence
of economic factors on land use change remained stable in a certain period.

The deployment of new infrastructure and the gradual implementation of territorial
space planning policies will also affect land expansion [28]. However, the results of previous
works illustrate that the main driving factors for the evolution of urban–rural construction
land are the economic and social development level, social living conditions, and the policy
and institutional environment, etc. [29,30]. Overall, most studies on the influencing factors
of spatiotemporal changes of urban–rural construction land are based on linear analysis,
trend analysis, and correlation analysis; however, it is still difficult to quantitatively de-
compose the influencing factors of such land changes.
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The above studies are of great significance for understanding the driving factors of
urban–rural construction land changes, but the disadvantage of the methods used is that
they assume there is a constant and significant linear relationship between the driving forces
and land changes across the entire time series. An idealized linear model or qualitative
description can reveal the complex driving forces; in fact, there is no strict linear rela-
tionship between the transformation of urban–rural construction land and socioeconomic
development, population density [31], or urban residential development [32]. Although
studies have applied algorithms such as K-means [33] for classification and partitioning,
statistical methods for spatial differentiation need to be further developed.

Geographical detector comprises a group of statistical methods that detect spatial
differentiation and reveal driving forces [34]. Therefore, this study applied the geographic
detector model to analyze the characteristics and driving mechanisms of the transformation
of urban–rural construction land in typical karst mountain areas to explain the interactions
between social and economic activities and changes in such land. The results of the
present study are intended to help local governments explore whether any unreasonable,
unsustainable land use resulted from unsustainable human activities and development
practices, and thus adapt to current village planning and urbanization strategies and
optimize the efficiency of land resource allocation. Moreover, this study can also provide
reference for the urban–rural development of other karst areas and promote the integration
of urban and rural transformation and land use transformation.

2. Materials and Methods
2.1. Study Area

The present study area is located within Qixingguan District (27◦03′–27◦46′ N, 104◦51′–
105◦55′ E), Guizhou Province, southwest China, on the slopes of the Yunnan–Guizhou
Plateau, sloping toward the eastern low mountains (Figure 1) and covering an area of
3411.14 km2. The study area is adjacent to Yunnan Province in the west and Sichuan
Province in the north and is the transportation and logistics hub of southwest China [35].
The elevation ranges from 456 to 2210 m. The terrain is high in the west and low in the
east. The landform type is mainly mid-size mountains and hills. The western area has a
concentration of high mountains, mid-size mountains, and valleys, and the terrain is steep,
with ravines and mountains intertwined in the northeast. Most of the central area consists
of river valley flats and middle mountains [36]. The type of soil in this area is mainly yellow
soil (43.27%), which develops from limestone, followed by lime soil, yellow brown soil,
paddy soil, and coarse bone soil [37]. This area is located in the hinterlands of the Wumeng
Mountains. It is a typical karst mountain area with completely developed karst landforms
and severe rocky desertification, resulting in a low ecological environment capacity and
a fragile ecologic system. In terms of economic development, in 2020, the gross regional
product of Qixingguan District was RMB 50.006 billion, a year-over-year increase of 4.4%;
the fixed asset investment of the region increased by 3.7% over the previous year; the total
fiscal revenue of the region was RMB 11.749 billion, an increase of −2.4% over the previous
year; and the general public budget revenue was RMB 2.572 billion, an increase of −9.1%
over the previous year.
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Figure 1. Topographic and location map of study area.

2.2. Data Resources

The data of the present study mainly come from the National Remote Sensing Center,
Guizhou Branch (Guizhou Provincial Remote Sensing Center) and the State Engineering
Technology Institute for Karst Desertification Control, Guiyang, China, including land use
data of 2009, 2013, 2017, and 2020. Administrative division data from Qixingguan District,
road vector data, statistical yearbook data for Qixingguan District from 2009 to 2020, and
Seventh National Census Data were also used. This part of the data takes the 46 townships
or streets as the basic unit for attribute assignment. Digital elevation model (DEM) data with
30 m resolution were acquired from the Geospatial Data Cloud (http://www.gscloud.cn/).
In this study, the first land use included cultivated land, garden land, forest land, grassland,
water area, construction land, and other land types. According to the Land Use Status
Classification System (GB/T21010-2017) [38] and previous research [39], the second class of
construction land included urban land, urban industrial and mining land, rural residential
land, transportation land, scenic spots, and special land.

2.3. Analysis
2.3.1. GIS Spatial Analysis Method

We used ArcGIS software for basic data processing, topological analysis, summary
statistics, spatial display, thematic map production, etc. [40], and the GIS spatial overlay
tool to carry out overlay analysis on land types in two different periods. The final land
use transition matrix was formed through statistical analysis. The land use transfer matrix
can quantitatively describe the quantity and direction of mutual conversion between land
types in a specific area in a certain period of time. By analyzing the transfer matrix of
urban–rural construction land area, the total change between land types in two phases
can be obtained. In this study, the land use transfer matrix [41] was used to describe the

http://www.gscloud.cn/
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structural transformation trend between urban–rural construction land and other land
types, and its mathematical expression is as follows:

Sij =


S11 S12 · · · S1m
S21 S22 · · · S2m

...
...

...
...

Sm1 Sm2 · · · Smm

 (1)

where S is the area of land use, m is the type of land use, and i and j are the land use types
used in the initial and final stages, respectively. The land use transfer matrix is mainly used
to study the transfer of land use types between two adjacent periods to clarify variations in
each type at the beginning of the study and the source and composition of each type at the
end of the study [42].

2.3.2. Selection of Influencing Factors

Combined with the actual social economy and natural environment conditions in
Qixingguan District, and based on the principle of data accessibility, the following 3 cate-
gories and 12 detection factors were selected as explanatory variables to explore the driving
factors of urban–rural construction land transformation (Table 1). The influencing factors
mainly include the economic development level [43,44], social living conditions, and
basic natural conditions. The geomorphology of the present study area is of the mid-size
mountain type, and it is located in the sloping zone of the transition from the eastern Yunnan
Plateau to the original hills of the central Guizhou Mountains. The altitudinal variation
is 1754 m. Altitude, terrain slope, and road network density are the natural constraints of
urban spatial layout. Urban–rural construction land is the main spatial carrier in the process
of regional economic and social development. The improvement of the overall economic
development level (total social investment in fixed assets, total fiscal revenue, per capita
GDP, per land GDP, and total industrial output value) continuously promotes the speed of
urban–rural construction land expansion. In addition, the urbanization rate, population
density, year-end resident population, and year-end salary of employees were used to
represent the effects of regional social living conditions on the expansion of urban–rural
construction land.

On the basis of index construction, SPSS 19.0 software was used to conduct the Kai-ser-
Meyer-Olkin (KMO) test to check correlations and partial correlations between variables.
The resulting values are between 0 and 1; the closer the KMO statistic is to 1, the stronger
the correlation between variables, and the weaker the partial correlation, the better the
effect of factor analysis. Bartlett’s sphericity test judges whether the correlation matrix is
a unit matrix, and if the independent factor analysis method of each variable is invalid.
When the test results of the 12 indicators in 4 monitoring periods by SPSS showed a
p-value < 0.05, this meant that the standard was met, the data were spherically distributed,
and the variables had a spherical distribution independent of each other to a certain extent.
The calculated KMO values were 0.665, 0.713, 0.785, and 0.692, which were all greater than
the threshold of 0.5. Bartlett’s test results were all significant at the 0.01 level, indicating a
correlation between the variables of each index, and factor analysis could be carried out.
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Table 1. Detection indicators of influencing factors of urban–rural construction land changes.

Influencing Factor Number Detection Factor Access Definition of Indicator

Basic natural
conditions

X10 Terrain slope Based on DEM, obtained using
ArcGIS slope calculation tool

Basis of natural
conditions

X11 Average elevation
Based on DEM data, using

ArcGIS software
partition statistics

Basis of natural
conditions

X12 Road network density Total road area/total area Degree of traffic
development

Level of economic
development

X1 GDP per capita Total GDP/total population
of region

Level of economic
development

X2 Average GDP Total GDP/total area of region Level of economic
development

X9 Gross industrial output Bijie Seven Star Customs District
Statistical Yearbook

Level of industrial
development

X7 Total fiscal revenue Outline of National Economic
and Social Development Plan

Level of economic
strength

X7 Completed investment in
fixed assets of whole society

Total investment in social fixed
assets/area of urban and rural

construction land

Land use investment
intensity

Social life
conditions

X3 Urbanization rate
Urban permanent

population/total regional
population

Population
agglomeration level

X4 Population density Total population of region/total
area of region

Population
agglomeration level

X5 Population density
Directly obtained from Bijie

Qixingguan District
Statistical Yearbook

Population
agglomeration level

X8
Total salary of employees of

unit at end of year

Directly obtained from Bijie
Qixingguan District
Statistical Yearbook

Social life conditions

2.3.3. Geographical Detector

The spatial distribution patterns of the geography or phenomena in a region are
driven by both natural and human factors. By analyzing the relationship between the de-
pendent and independent variables, the geographic detector can better describe the spatial
heterogeneity of the dependent variable, and it is an effective spatial analysis method for
revealing mechanisms [45]. It has been widely used [46–48]. If the independent variable
has a significant effect on the dependent variable, then the spatial distributions of the two
variables are similar. The formula is as follows:

PD = 1 − 1
nσ2 ∑L

h = 1 nhσ2
h = 1 − SSW

SST
(2)

SSW =
L

∑
h = 1

Nhœ2
h, SST = Nœ2 (3)

In this formula, PD is the explanatory power, with a value ranging from 0 to 1; n and
nh are the numbers of samples in the entire area and in layer h, respectively; σ2 and σh

2

are the dispersion variance of the entire area and layer h, respectively; L is the number of
subareas; and SST and SSW are the total variance of the study area and the sum of the
variance of the subregions, respectively. The larger the PD value, the stronger the driving
effect of the detection factor on the evolution of urban–rural construction land.

The steps of the geographical detection operation are as follows:
(1) Extract information. In ArcGIS 10.5, villages and towns or streets are taken as the

basic research units, and then the data of urban–rural construction land and influencing
factors of each town or street are correlated according to the spatial location to generate
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an attribute table and obtain the quantitative relationship between the corresponding
urban–rural construction land and each selected indicator.

(2) Classify impact factors. Using the Reclassify tool in ArcGIS, each impact factor is
classified according to the natural breakpoint method [49], and the classification value of
each variable is extracted. Then, the per capita GDP, land average GDP, urbanization rate,
total industrial output value, completion of fixed asset investment in the whole society, and
total salary of employees at the end of the year are divided into 5 grades, and the average
slope, average elevation, year-end total population, and population density are divided
into 6 grades. In addition, total fiscal revenue and road network density are divided into 7
and 9 categories, respectively.

(3) Input the dependent variable Y (statistical value of urban–rural construction land
area) and the independent variable X (gradual value of each influencing factor) into Excel
Geodetector software (http://www.geodetector.cn) to detect the influence of factors and
their interactions.

3. Results and Discussion
3.1. Spatiotemporal Pattern Analysis of Urban–Rural Construction Land
3.1.1. Structure and Spatial Pattern of Urban–Rural Construction Land

As seen from the change in the time-series law of scale structure, the area of urban–
rural construction land in Qixingguan District increased from 10,034.97 hm2 in 2009 to
22,879.86 hm2 in 2020, thus more than doubling in those 10 years (Table 2). Using the natural
breakpoint method, the quantity change of urban–rural construction land was divided
into five zones: low, medium low, medium, medium high, and high density (Figure 2).
The spatial distribution of urban–rural construction land changes in Qixingguan District
during the four monitoring periods had similar uniformity, expanding outward from the
central urban area and gradually increasing. Overall, the rural residential land in the study
area is mainly characterized by the largest amount of land and broken map spots, which is
consistent with the surface features of a broken karst mountainous area. In terms of map
spots, in 2020, the number of map spots for urban use was 8155, while the number for rural
residential land was up to 75,178. The medium-high-density and high-density areas of
urban–rural construction land are mainly distributed in non-central urban areas and towns,
indicating that rural residential land in the study area has the characteristics of large land
occupation, scattered layout, and low land use efficiency. During the monitoring period,
the area of urban land continued to increase, and its proportion reached a maximum of
28.86% in 2017.

As shown in Figure 2, the central urban area has always been in a low-density area,
while the conclusions of previous works were mostly related to urban expansion and
showed higher exponential growth than other regions [50]. A previous study suggested
that high-density construction land areas, such as industry and transportation, should be
mainly distributed in relatively good township areas, which disagrees with our study. There
are two possible reasons for this: (1) The present study area is located in a karst mountain
area, where the ecological environment is relatively fragile, the location is relatively remote,
there is insufficient motivation for urban development motivation, economic and social
development are seriously lagging behind, the planned urban expansion area is limited,
and the administrative division of several streets in the central urban area is small. (2) The
flow of farmers to more developed cities to work and the return of funds will increase the
rural residential land area or improve the residential functions, resulting in a spreading of
rural space, which will continue to increase the rural residential land use.

http://www.geodetector.cn


Land 2022, 11, 1734 8 of 18

Table 2. Quantity of change in urban–rural construction land in Qixingguan District (2009–2020)
(hm2, %).

Classification of Land Use Statistical Indicator 2009 2013 2017 2020

Urban land
Number of polygons 606 1060 2570 8155

Area 2193.14 3234.55 4177.09 5587.29
Proportion 21.85 25.34 28.86 24.42

Rural residential land
Number of polygons 22,648 22,863 24,382 75,178

Area 7536.82 7614.13 7793.91 9552.45
Proportion 75.11 59.65 53.85 41.75

Urban industrial and mining
land

Number of polygons 436 655 679 1974
area 195.82 668.46 671.82 2086.95

proportion 1.95 5.24 4.64 9.12

Traffic land
Number of polygons 6 740 1569 18,251

Area 7.53 1144.65 1721.40 5467.53
Proportion 0.08 8.97 11.89 23.90

Scenic spots and special land
Number of polygons 256 256 262 888

Area 101.66 103.83 108.36 185.64
Proportion 1.01 0.81 0.75 0.81

Aggregate statistics Total area 10,034.97 12,765.62 14,472.59 22,879.86

Note: In land use classification, proportion refers to the proportion of each land use type in urban–rural construc-
tion land.
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It is worth noting that, during the study period, the quantity and scale of transportation
land changed the most significantly; its area increased by 5460.00 hm2, and the average
annual growth rate in each monitoring period was higher than that of other land types,
with an average annual increase of 546 hm2 (Table 2). During the study period, the average
annual growth rate was 82.01%. The reason for this is that, during the research period,
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Guizhou Province achieved high-speed access between counties, highways to villages, and
hardened roads between groups, establishing a main transportation network extending all
over the study area. At the same time, with the development of urbanization, road facilities
also continuously increased. The quantity and scale of urban industrial and mining land,
scenic spots, and special land had little variation during the study period.

3.1.2. Sources and Trends of Urban–Rural Construction Land

1. Sources of urban–rural construction land transformation
A land use transfer matrix can show the transformation law of urban–rural construc-

tion land. As shown in Figure 3, the sources of urban–rural construction land in Qixingguan
District greatly increased from 2009 to 2020, with the newly increased area being the most
significant when comparing rural residential land, urban land, and transportation land.
During that period, 89.36% of the newly increased area of urban–rural construction land
came from three areas: urban, industrial, and mining land. The size of the newly added
area encompassing scenic spots and special land is small. It was found that most of the
newly increased urban–rural construction land (more than 89%) consists of agricultural
land types, including arable land and forest land, with proportions larger than 57.72%
and not less than 18.92%, respectively. Among the newly increased area of urban–rural
construction land, 42.25% is rural residential land, mostly cultivated land (71.54%), and
forest land (26%). A total of 94.43% of newly increased urban land consists of agricultural
land types, including cultivated land (75.51%) and forest land (18.92%). The areas of newly
increased urban industrial and mining land, transportation land, scenic spots, and special
land differ slightly, with areas of 1240.65, 3127.94, and 89.65 hm2, accounting for 64.91,
60.3, and 57.72%, respectively. During the study period, the proportions of grassland,
gardens, water, and other areas occupied by various types of urban–rural construction
land were small. Garden land had the largest area occupied by urban land (72.82 hm2).
This was mainly due to the large proportion of agricultural land in Qixingguan District
(agricultural land accounted for more than 88.22% of the total area and cultivated land
was approximately 44.46% during the monitoring period) and its wide distribution. It
is inevitable that it will be occupied to a large extent during the rapid development of
urbanization and industrialization.

2. Trend of urban–rural construction land trans formation
With regard to the direction of the reduction in urban–rural construction land in

Qixingguan District during the monitoring period, as shown in Figure 4, in terms of absolute
quantity, the main reason for the reduction in land from 2009 to 2020 was the reclamation
of rural residential land. This represented an area of 5828.00 hm2, accounting for 88.46%
of the reduced urban–rural construction land area. A total of 92.19% of the transferred
rural residential land was reclaimed as farmland and woodland, which accounted for
57.86% of the total. The second largest proportion was urban land, which had a reduced
area of 544.80 hm2, accounting for 8.27% of the reduced area of urban–rural construction
land. This reduction was mainly due to conversion to arable land and forest land (together
accounting for 82.17%). The reduction in area of urban industrial and mining land, scenic
spots, and special land were relatively small: 141.73 and 71.84 hm2, respectively. A total
of 3.3% of the transferred urban industrial and mining land was reclaimed as arable land,
and more than 52.67% was reclaimed as forest land and other nonarable agricultural land
types. However, the transformation of transportation land showed a trend of continuous
increase and did not decrease during the monitoring period. During the study period,
transportation land only decreased by 1.90 hm2, which again confirmed the remarkable
results of road construction in Qixingguan District during the study period, changing it into
an important land transportation hub from a regressive area in southwest China. In terms
of absolute area, land converted from urban–rural construction land to grassland, garden,
water, and other land types was far smaller than the land converted to cultivated land and
woodland, which in recent years has been closely related to the many land consolidation
works aimed at replenishing cultivated land.
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3.2. Analysis of Driving Factors of Urban–Rural Construction Land Transformation
3.2.1. Analysis of Detection Factor Influence

By testing the driving factors of urban–rural construction land, the influence of testing
factor on driving factors was revealed. The PD value of each driving factor was calculated
by the geographic detector (Table 3), and the influence of each factor on urban–rural
construction land was determined. Table 3 shows the order of impact of various driving
factors on urban–rural construction land (from high to low): total fixed asset investment in
society as a whole > total fiscal revenue > road network density > total population at the
end of the year > urbanization rate > per capita GDP > total annual wages of employees
per unit > average GDP > total industrial output > population density > average slope
> average elevation. According to the detection results for the driving factors, the total
fixed assets investment for the whole society had the greatest impact on the growth of
urban–rural land with an explanatory power of 0.819, which is similar to the results of
studies conducted in China and internationally [46,47]. It is believed that total fixed assets
investment improves people’s living standards, stimulates the development of urban real
estate, and promotes the expansion of urban construction land.

Figure 5 shows that the PD values of population density and total industrial output
from 2009 to 2020 generally show increasing trends, and the PD values of other driving
factors have increases and decreases during the monitoring period. From 2009 to 2013,
except for increased PD values, average slope, average elevation, road network density,
population density, and total industrial output value, the PD values of other driving
factors showed decreasing trends to varying degrees. From 2013 to 2017, the PD values
of total fixed asset investment of the whole society, average slope, average elevation, road
network density, etc., showed a decreasing trend. From 2017 to 2020, the PD values of
other driving factors showed an increasing trend, except for values for per capita GDP,
total population at the end of the year, total fiscal revenue, and road network density.
To summarize, the explanatory power of the driving factors during each monitoring
period for Qixingguan District regarding the expansion of urban–rural construction land
varies. Therefore, time series monitoring of driving factors would have important guiding
significance for predicting the expansion of urban–rural construction land.
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Figure 5. Change in PD value of detection factor in Seven Star Pass area from 2009 to 2020. X1, per
capita GDP; X2, average GDP; X3, urbanization rate; X4, population density; X5, total population
at end of year; X6, total industrial output; X7, total fixed assets investment of whole society; X8,
total annual wages of employees per unit; X9, total fiscal revenue; X10, average slope; X11, average
elevation; X12, road network density.
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Table 3. PD values of detection factors.

Detection Factor X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12

PD value 0.325 0.291 0.328 0.189 0.351 0.205 0.819 0.304 0.607 0.139 0.134 0.440
p value 0.073 0.414 0.251 0.553 0.096 0.434 0.000 0.148 0.000 0.386 0.566 0.193

3.2.2. Interaction Analysis of Detection Factors

The interaction detection in the geographic detector mainly identifies the degree of
influence of interactions between driving factors on changes in urban–rural construction
land in Qixingguan District. On this basis, interaction detection evaluates whether the
influence of factors is independent or if it increases or decreases the explanatory power of
the evolution of urban–rural construction land due to the interaction. Table 4 shows the
relationships between driving factors affecting the evolution of urban–rural construction
land by using the interaction detector. The results indicate that there are no factors that
independently affect urban–rural construction land, and the interaction effect between
driving factors is mainly manifested in the relationship of nonlinear enhancement and
mutual enhancement, and the explanatory power of the interaction between all factors
increases significantly: X9∩X3 (0.915) > X5∩X3 (0.891) > X7∩X3 (0.882) > X12∩X3 (0.794) >
X10∩X3 (0.707) > X6∩X3 (0.642) > X4∩X3 (0.591) > X11∩X3 (0.544). In particular, a significant
interaction exists between other factors and the completion of fixed assets and total fiscal
revenue in the whole society, and the interaction between total fiscal revenue and total
industrial output has the strongest explanatory power. Overall, the influences of the driving
factors on the evolution of urban–rural construction land are not independent, nor do they
represent a simple superposition process. Rather, a mutual or nonlinear enhancement effect
is shown, and the influence of the interactions between detecting factors on the spatial
differentiation of urban–rural construction land is greater than that of a single factor.

Table 4. Interaction of detection factors.

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12

X1 0.303
X2 0.870 0.185
X3 0.868 0.840 0.474
X4 0.863 0.840 0.591 0.339
X5 0.342 0.903 0.891 0.892 0.302
X6 0.868 0.814 0.642 0.410 0.891 0.268
X7 0.947 0.941 0.882 0.937 0.957 0.936 0.860
X8 0.868 0.817 0.542 0.646 0.896 0.557 0.878 0.386
X9 0.753 0.906 0.915 0.912 0.751 0.970 0.931 0.925 0.540
X10 0.717 0.720 0.707 0.513 0.724 0.514 0.902 0.538 0.721 0.120
X11 0.338 0.482 0.544 0.491 0.360 0.484 0.881 0.599 0.623 0.273 0.099
X12 0.819 0.529 0.794 0.851 0.848 0.829 0.916 0.764 0.913 0.625 0.676 0.225

3.3. Discussion
3.3.1. Unreasonable Structure of Urban and Rural Construction Land

Although the average annual growth rate of urban land in the study area (8.87%)
is higher than that of rural residential land (2.18%), the total rural residential land area
exceeds that of urban construction land. With regard to the proportion of urban–rural
construction land in the study area, the proportion of rural residential land is the largest,
and the map plot is broken. Although the proportion of the area has decreased since 2009,
the proportion of rural residential land was still as high as 41.75% by 2020. Moreover, the
number of map spots was almost twice that of urban construction land. For urban land,
the area continued to increase in the four monitoring periods of the study; the area ratio
increased from 21.85% in 2009 to 28.86% in 2017, it but decreased by 4.44% during the
period 2017–2020. During the 13th Five-Year Plan period in China, the urbanization rate of
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the resident population in the study area increased to 54%, indicating that the proportion
of land and population in rural areas is seriously imbalanced as a result of less population
occupying more land. China’s special long-term dual urban–rural structure is mainly
manifested in a continuous increase in the demand for construction land in cities, and the
continuously supply still occasioned an increasing shortage of construction land. However,
in the countryside, it is manifested in the continuous increase in the population moving to
cities, and the construction land does not decrease but increases. A large amount of rural
construction land is thus idle [51].

The present study area is located in an underdeveloped area of karst mountains
in southwest China, and the problem of unbalanced and insufficient urban and rural
development is particularly prominent. Compared with China’s economically developed
regions (e.g., Yangtze River Delta) [52], the main features are that the structure of urban–
rural construction land is unreasonable, the area of rural residential land is larger than
the area of urban land, the population and residential areas are obviously scattered, and
the driving forces of urban and rural development and urbanization are mainly external
(e.g., state investment, project-driven development, administrative promotion), thus the
development of urban–rural integration is limited by economic development, difficulty
integrating urban and rural resources, etc. In other countries, such as the United States [53],
Japan [54], the United Kingdom [55], and France [56], urban–rural integration has basically
been achieved because it was developed earlier and their economies are more developed,
resulting in fewer significant differences between urban and rural areas. However, China
is still in the early stage of urban–rural integration; especially in the karst mountain area
with fragile ecological environment, the promotion of urban–rural development is costly,
difficult, and slow.

To address the problems in urban and rural land planning, Qixingguan District should
formulate policies to control the expansion of urban construction land and the consolidation
of rural land based on the experience of developed countries to deal with the relationship
between urban and rural land to a certain extent. It is necessary to pay closer attention to
the management of rural construction land, and to optimize the allocation of rural land
and agricultural development through rural land consolidation, sorting out more land
that can free up more land targets for the expansion of the central urban area. Moreover,
urban land should be controlled within a certain range, in order to realize rational urban
development and adjust the structure and layout of rural residential and urban land.
This would satisfy the common development of urbanization and industrialization and
improve rural development and urban–rural relations, which would improve the efficiency
and effectiveness of land use, and at the same time avoid the continuous spread of the
“hollowing out” phenomenon in rural areas.

3.3.2. Transformation of Cultivated Land into Construction Land

From 2009 to 2020, the main source of new urban–rural construction land in the study
area was agricultural land (more than 89%, of which the minimum occupied cultivated land
was 57.72%). Cultivated land converted to new urban–rural construction land amounted to
13,328.91 hm2, but construction occupying cultivated land slowed down to a certain extent.
From 2009 to 2020, the urban–rural construction land mainly transformed into reclaimed
construction land. The area of reclaimed land transformed into cultivated land was 3786.97
hm2; 61.20% of the transferred urban land was reclaimed as cultivated land, while 57.86%
of the transferred rural residential land was reclaimed as cultivated land.

In terms of stages, the proportion of urban–rural construction land reclaimed as
cultivated land shows a fluctuating trend, but the area of cultivated land transformed
to urban–rural construction land continues to increase. In terms of area, the reduction
of urban–rural construction land to grassland, garden, water, and other types of land is
much smaller than the area of cultivated land and forest land, indicating that, in recent
years, a large number of supplementary cultivated land projects were carried out in the
study area, which will contribute to the protection of cultivated land to a certain extent. It



Land 2022, 11, 1734 14 of 18

is worth noting that under the condition that the land area remains stable, if the current
growth trend is maintained and the cultivated land is recklessly constructed, it will lead
to expanded urban development and the unreasonable and disorderly growth of rural
residential land. The “red line” of cultivated land will be broken. At the same time, it will
inevitably lead to wasted land resources and increased carrying capacity of land. Therefore,
in the process of land development in the study area, more attention should be given to
excavating the existing rural residential land, reforming and improving the countryside
homestead management, and promoting the efficient and intensive use of urban–rural
construction land by the use of clearing property rights, compensation systems for the use of
resources, and standardized circulation. At the same time, it is also necessary to strengthen
the supervision of the red line of cultivated land protection, resolutely implement the
policy of linkage between urban land taking and rural land giving (LUTRG), and prohibit
construction and development in non-construction areas, especially in karst areas with a
fragile ecological environment.

3.3.3. Regular Evaluation of Planning and Dynamic Revision

From the detection results of driving factors (Section 3.3), the completion of fixed
assets in the whole society has the greatest impact on the growth of urban and rural land
use, and the PD value is 0.819, which agrees with previous works in other regions [57,58].
The completion of fixed asset investment in the whole society improved people’s living
standards, stimulated the development of urban real estate, and promoted the expansion
of urban construction land. At the same time, our results imply that the PD value of each
driving factor and the interaction between factors of urban and rural construction land are
not constant in different monitoring periods and show dynamic changes with fluctuation.
For example, the PD value of road network density as a single factor of urban–rural
construction land was lower than 23% in 2009 and 2020, but it was greater than 70% in 2013
and 2017. However, China’s current laws and regulations, such as those regarding land
use planning or urban and rural planning, focus on vision planning, in an effort to develop
an ideal planning scheme to achieve the “ultimate goal” throughout the planning period,
while ignoring the suitability between the processes of “static” planning and “dynamic”
implementation. In addition, there is limited ability to quickly and synchronously adjust
the planning scheme when identifying changing factors, resulting in a greatly reduced
implementation effect.

According to the changes in the influence of driving factors and the actual situation
in the study area, the present study suggests that formulating land-related laws and
regulations does not mean planning an ultimate blueprint, but a strategic and structural
type of flexible and dynamic planning. Based on this, this study suggests that detecting
the driving factors of urban–rural construction land in the study area should be included
in the city-level urban physical examination category of “territorial space safety”. The
formation of the annual urban physical examination index system should be optimized,
the key driving factors of urban–rural construction land in each monitoring period in the
study area should be identified, and the implementation of the plan should be regularly
scheduled, evaluated, and adjusted during planning. This not only could improve the
utilization of urban–rural construction land resources and the efficiency of land resource
utilization, but also more accurately predict the reasonable demand and spatial expansion
direction of urban–rural construction land in the future.

3.3.4. Research Prospects

The following aspects should receive more attention in future work: (1) Research on
the transformation of urban–rural construction land only considers the transfer between
construction land and non-construction land, and mainly focuses on its dominant char-
acteristics (quantity structure, source destination, spatial differentiation, etc.). Thus, it
is necessary to consider urban–rural construction land in the next step in terms of the
transformation between types and the analysis of the interaction mechanism of strength-
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ening the hidden characteristics (input–output, utilization efficiency, economic density,
function, etc.), to gain an in-depth understanding of the transformation characteristics and
driving mechanism of urban–rural construction land. (2) The acquisition of basic data and
indicators was limited to only four periods of land use data (2009, 2013, 2017 and 2020),
which was not able to fully reflect the long-term and continuous process of urban–rural
construction land transformation, resulting in insufficient research depth. It is extremely
important for research to obtain multitemporal land use data and make comparisons with
the natural environmental conditions, economic and social levels, policy and institutional
environment, and other data in the same period. (3) The spatial distribution law, evolution
process, and driving mechanism of urban–rural construction land reflect the interactive
human–land relationship. Based on the limited availability and accessibility of data in this
study, the selection of driving indicators of urban–rural construction land transformation
needs to be further improved, and in the selection of indicators, the categories can be further
increased, such as forest cover [59], technological progress, food security [60], karst basin
water re-sources [61], etc., to clarify the mechanism of the driving factors of urban–rural
construction land transformation more clearly. (4) Research results on carbon peaking
and carbon neutralization surge since the double carbon target was proposed [62,63], the
carbon emissions of urban–rural construction have attracted more attention [64]. In order
to optimize carbon neutrality in new urbanization construction, more studies should be
conducted that combine the processes of carbon emission reduction and carbon trading,
relying on this huge carbon sink [65] to achieve the goal of carbon neutrality [66].

4. Conclusions

Using spatial analysis and geographical detectors, this study conducted a detailed
analysis of the spatial and temporal evolution characteristics of urban–rural construction
land in the study area and explored the effects of their driving factors. The main research
conclusions are as follows:

(1) With regard to time series, the urban–rural construction land increased in Qix-
ingguan District from 2009 to 2020, and most of it came from agricultural land. The
proportion of cultivated land among the various land use types is not less than 57.72%.
The fastest growing land types are rural residential, urban, and transportation land. The
expansion of rural residential land is greater than that of urban land, and it continues to
grow. With regard to the spatial distribution pattern, the spatial distribution expands from
the surrounding area of the central city; until 2020, the distribution was medium high and
high density in the northern, eastern, and southwestern townships of the study area, and
medium low density in the central urban area.

(2) From 2009 to 2020, the ranking of various driving factors on urban and rural
construction land in terms of impact was as follows (from high to low): total fixed asset
investment in society as a whole > total fiscal revenue > road network density > total
population at the end of the year > urbanization rate > per capita GDP > total annual wages
of employees per unit > average GDP > total industrial output > population density >
average slope > average elevation. The PD value of total fixed asset investment in the whole
society and total fiscal revenue is above 60%; thus, they have become the main driving
factors affecting the change of urban–rural construction land.

(3) The driving factors have interactive effects in terms of their impact on urban–
rural construction land, and these effects show mutual and nonlinear enhancement. The
present study reveals that the PD value of the driving factors in Qixingguan District in each
monitoring period has changed. This study reveals the impact of these driving factors on
urban–rural construction land and provides a foundation for studying the dynamics of the
transformation of such land.
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