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Land use/land cover change is an important carrier for the study of human-land
relationship. Yuxi City is a typical area of with alternating mountain and basin
landforms, forming a special human-land system with “mountains” and “basins”
as the core elements. Taking 75 towns in Yuxi City, Yunnan Province as a case
study, this paper uses a comprehensive evaluation model of land use/land cover
change and related analysis methods to analyze the changes of land use pattern
in mountainous areas and basin areas respectively from 1995 to 2018, and to
reveal their spatial differences and its influencing factors. The results show that:
1) The dynamic evolution of land use in the mountainous area and the basin area
presented obvious stage characteristics. From 1995 to 2005, the average
comprehensive dynamic degree of land use in the mountainous area was
1.7861, which was significantly higher than the 1.7033 in the basin area. The
average comprehensive dynamic degree of land use in mountainous areas from
2005 to 2018 was 1.1284, which was significantly lower than 1.9427 in the basin
area. 2) From 1995 to 2018, the land use degree and the comprehensive
dynamic degree of land use continued to rise in the basin area, while the
mountainous area showed a trend of rising first and then falling. The overall
change trend of land use depletion in the mountainous area was consistent with
that in the basin area, but the mountainous area was always higher than that in
the basin area. 3) The land use change in mountainous areas and basin areas was
mainly reflected in the difference of natural factors and socio-economic fators.
The radiation and agglomeration functions of the basin area have always
attracted people to migrate from the mountains to the basin, which was
beneficial to the ecological restoration of the vegetation in the mountains.
Since the mountainous area and the basin area are geographically adjacent, the
coupling and coordination of the two is the premise and foundation for the
sustainable development of the region. This causal relationship of land use
changes provides a reliable basis for the regulation of mountain-basin human-
land coupling relationship.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fenvs.2022.1029917/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.1029917/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.1029917/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.1029917/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.1029917/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2022.1029917&domain=pdf&date_stamp=2022-10-05
mailto:xbgyb1961@163.com
mailto:lijingzhong@xcu.edu.cn
https://doi.org/10.3389/fenvs.2022.1029917
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2022.1029917

Wu et al.

KEYWORDS

10.3389/fenvs.2022.1029917

land use change, mountainous areas, basin areas, township scale, Yuxi city

1 Introduction

As an important carrier of social and economic development
and human activities (Smiraglia et al., 2015), land resources
utilization change can not only reflect the spatio-temporal
change characteristics of regional land use, but also reflect the
influence of natural and human factors on its long-term effects,
representing the spatio-temporal change of natural and human
factors and reflecting the coupling relationship between human
and land (Gondwe et al., 2019; Olorunfemi et al., 2020). With the
increase of human activities and climate change, the land use/
land cover has undergone great changes and become a core issue
of major international research projects (Xie et al., 2021). Land
use/land cover change is an important source of information for
understanding the complex interactions between human
activities and the ecological environment, which helps to
protect and manage related resources, solve the dilemma of
current decision-making among land, water, energy and food
sectors, and improve human well-being and ecological security
(Wolde et al., 2021; Parven et al., 2022). At present, the dynamic
change analysis of land use mainly uses the land use/land cover
data interpreted by remote sensing images, and they have been
used to analyze the temporal and spatial evolution process and
pattern of land use/land cover (Kumar et al., 2021; Matlhodi
et al., 2021), and to understand and analyze the driving force,
change speed and pattern of land use/land cover change from
different research scales (Isufi and Berila, 2021; Twongyirwe
2022). with  the
improvement of urbanization level and the change of

et al, In recent years, continuous
population quantity and spatial distribution structure, the
problems of resource environment and ecological security
brought by land use change have become increasingly
prominent (Hou et al., 2022; Siddik et al., 2022). At present,
discussing the dynamic change process of land use from the
perspective of coupling between human activities and the natural
environment, and the dynamic change law of land use (Solomon
etal., 2020) as well as its impact on the environment and ecology
(Meer and Mishra, 2020; Msofe et al., 2020; Yang et al., 2022)
from different levels is the focus of many scholars. However, it
should be pointed out that, this kind of research results mainly
came from the sociallly and economically developed areas (Guo
et al,, 2009; Lu et al., 2019), the ecologically environment fragile
zones (Zhou et al., 2016; Zhao et al,, 2018), and the urban fringe
areas (Yang et al,, 2011; Cui et al,, 2013; Li et al,, 2018). But there
are relatively few studies on mountainous areas, especially from
the perspectives of “mountain” and “basin” sub-regions, which
have not attracted enough attention and formed a significant
research system.

The sustainable management of mountainous areas has

aroused considerable interest in recent decades and occupied
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a prominent space in the international debates on regional
sustainable development. Mountainous areas are an important
carrier for ecosystem services and biodiversity maintenance
(Schild, 2008), as well as an ecological barrier for regional
2012).
However, with the advancement of urbanization, mountainous

socio-economic development (Scheurer and Jost,
areas have gradually become marginal and conflicting areas of
economic development (Schild and Sharma, 2011). The conflicts
between the fragility characteristics of mountain ecosystems and
high-intensity human activities have led to problems such as
ecological degradation, economic backwardness, and population
poverty (Kohler and von Dach, 2015; Ma et al., 2018; Zhang et al.,
2020), confronting the sustainable development of mountainous
The

mountainous areas is mainly due to the land use against the

areas great challenges. unsustainability faced by
natural laws. With the growth of the population, when the output
of plain farmland cannot meet the food demand, human beings
have no choice but to go to the mountains to reclaim the
relatively barren land (Zhang et al, 2016; Buchner et al,
2020). However, the over-exploitation of mountain land will
bring a series of negative ecological effects such as soil erosion
(Fengetal, 2010; Nguyen et al., 2022). From another perspective,
the current urbanization development strategy has accelerated
the labor migration and flow from mountainous areas to the
basin areas, which reduces the human disturbance of the
land, further the

transformation of land use. For example, the cultivated land

mountain and drives significant
in the mountainous area is transformed into forest and grassland,
and the conversion of the cultivated land in the basin area is
further accelerated, resulting in a series of socio-economic and
ecological environmental responses (Zhang et al., 2018; Zhang
et al., 2020).

In the terrestrial landscape system of China, the generalized
mountain landscape accounts for two-thirds. Due to the invasion
and influence of human activities, the characteristic human-earth
system with “mountain” and “basin” as the core elements has
been formed, and then constitutes an important and unique
natural-human geography unit, which has become an important
content of the scientific research of the human-earth system.
However, for a long time, comprehensive geographical studies on
mountainous/basin areas have mainly focused on natural
landscape differentiation (e.g., macroscopic classification or
vertical differentiation rules of mountain-basin, etc.) (Fang
et al, 2021) or the development of medium-macro scale
planning (e.g., territorial space development at provincial and
municipal scales, etc.) (Song et al.,, 2021). The results have played
an important role in supporting the precise spatial governance
and the of

development. With the refinement of regional development

decisions  correlation regional  sustainable

policies and the development of nature-human geography,
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FIGURE 1
Location of study area.

there is an urgent need to strengthen the micro-scale refinement
research, especially the research on the variation of factors
between “mountains” and “basins” and the coupling evolution
of land use in a broad sense. Thus, more scientific and precise
strategies will be provided for the rural revitalization,
mountainous area development, spatial governance, and
ecosystem service maintenance and improvement.

Yuxi City is located in the mountainous area of southwest
China, with typical mountain-basin landform characteristics
(Wu and Xie, 2019). The basin area is flat, suitable for
farming and construction, and is an important carrier of
human economic activities, while the natural conditions in the
mountainous area are complex and difficult to use (Meybeck
et al, 2001; Li et al, 2014; Liu and Li, 2020). However, the
mountainous area and the basin area are adjacent in the region,
which makes the coupling relationship between them exist in the
land use evolution. Therefore, based on the divided mountain-
basin types in Yuxi City at the township scale (Wu et al., 2020a),
the differences in land use changes between mountainous areas
and basin areas in Yuxi City at different time periods were
discussed to reveal the differential laws of land use changes.
According to the correlation analysis method, the influencing
factors of land use difference changes were analyzed respectively,
so as to provide some references for the difference analysis on the
land use coupling evolution relationship between mountainous
areas and basin areas.

Frontiers in Environmental Science

2 Materials and methods

2.1 Materials

2.1.1 Regional overview

Yuxi City is located at the central part of Yunnan Province,
on the Yunnan Plateau at low latitudes, with a subtropical
plateau monsoon climate, ranging from 23°19' to 24°53' north
latitude and 101°16’ to 103°09’ east longitude (Figure 1). Yuxi
is located at the core position of Yunnan Province, connecting
the east to the west and the north to the south. It is not only an
important hub of an “international channel”, but also a
strategic “hinterland” of Yunnan Province facing Southeast
Asia and South Asia. The city has a land area of 15,285 km®
and has jurisdiction over 75 townships (towns and streets) in
seven counties and two districts. The main landform in the
west is the deep-cut high mountain and valley landform, the
central and eastern part belongs to the mountainous area of
central Yunnan, and is dominated by the mid-mountain
landform, the eastern region is mainly composed of the
plateau lake basin landforms, and the terrain in the basin is
flat and open. At the end of 2018, the total permanent
population of Yuxi City was 2.386 million, of which the
1.238 million and the
population was 1.148 million, with an urbanization rate
of 51.9%.

urban population was rural
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FIGURE 2
Interpretation of land use type in Yuxi City from 1995 to 2018.

2.1.2 Data sources

The data of land use/land cover used in the study consists of
two parts. The first part is the research data of dynamic change in
land use, which is mainly obtained by interpretating six Landsat
remote sensing images in Yuxi City from 1995 to 2018. It mainly
includes Landsat five TM images, Landsat seven ETM + images
and Landsat eight OLI images, which are obtained from the
geospatial data cloud website (www.gscloud.cn). Based on
ArcGIS 10.8 software, the maximum likelihood classification
method was used to classify land use/land cover (Richards,
1995), which was divided into six categories: cultivated land,
forest land, grassland, water body, construction land and unused
land. According to the research needs, forest land and grassland
were combined into forest and grassland. A total of six periods of
land use/land cover data of Yuxi City from 1995 to 2018 were
obtained (Figure 2). The second part is the driving force analysis
data of land use change, including land use survey data and social
and economic data. The land use survey data came from the
survey data of Yuxi City over the years. The socio-economic data
were obtained from the Statistical Yearbook of Yunnan Province
from 1996 to 2019, the Statistical Yearbook of Yuxi City from
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cultivated land

B forest and grassland
B construcation land
B water body

unused land

1995 to 2018, and the statistical yearbook of each county and
district of Yuxi City from 1995 to 2018.

2.2 Methods

2.2.1 Land use degree

The land use degree can reflect the breadth and depth of land
use (Zhuang and Liu, 1997). In this study, the comprehensive
index of land use degree was used as an index to measure the land
use degree, and its calculation formula is as follows:

L, =100 x Y A x C;

i=1

1

Where, La is the comprehensive index of land use degree, Ai is
the grading index of the ith land use type, Ci is the area
percentage of the ith land use type, and n is the number of
land use types. In this paper, the natural and humanistic
attributes of land are comprehensively considered, and the
land use types are combined and reorganized into four
categories, which are further divided into four levels according

frontiersin.org
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TABLE 1 Land use degree classification index.

10.3389/fenvs.2022.1029917

Unused land Forset, grass, water Agricultural Land
land for urban settlement
Land use Unused land or unable Woodland, grassland, water Cultivated land Urban land, residential land, land for mining and industry, land for
types land body transportaion
Grading 1 2 3 4
index

to the land use degree and endowed with corresponding grading
indexes (Table 1).

2.2.2 Land use change speed

The speed of land use change can be reflected by the model of
comprehensive dynamic degree of land use (Wu et al., 2014).
Comprehensive dynamic degree of land use refers to the overall
speed of land use change in a region, and its calculation formula
is as follows:

;ALU,-, ;
Y LU;

i=1

LC = X — x 100% 2)

Where, LC is the comprehensive dynamic degree of land use, LU;
is the area of class i land use type at the beginning of the study
period, ALUj is the area of transformation from class i to class j
at the end of the study period, and T is the study duration.

2.2.3 Land use consumption degree

Land use consumption degree represents the actual
consumption degree of a certain land use type per unit time
(Lu et al., 2007), and its calculation formula is as follows:

Ca 1
LCU:U_bXTX 100%

a

3)

Where, LCU is the reduction degree of a certain land use type
during the study period, C,; is the total area of a certain land use
type that transformed into other land use types from time a to
time b, U,, is the area of this land use type at time a, and T is the
study duration.

2.2.4 Land use transfer matrix

The changes in the transfer and outflow of various land
classes during the study period can be reflected by the land use
transfer matrix, and the transfer direction at the beginning of
maturity and the transfer source at the end of the term can also be
understood (Lu et al., 2007). Its mathematical model is as follows:

S Su o S
821 822 - S2n
Si=|. 0 4
St Sz v Sun
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Where, S is the area of the land class, n is the number of land use
types, i and j are the land use types at the beginning and end of
the study period respectively.

3 Land use dynamic differences
between mountainous and basin
areas

3.1 Land use structure and degree change

The land use in the mountainous area and basin area of Yuxi
City is dominated by forest, grassland and cultivated land, but the
cultivated land, construction land and water body in the basin
area are significantly more than those in the mountainous area.
The cultivated land accounts for 15-16% in the mountainous
area while 20-23% in the basin area. The total water area,
construction land and unused land do not exceed 30% of the
total area of the mountainous area or basin area. The proportion
of the cultivated land, water area and construction land in the
basin area is more than 20, 10 and 6% respectively, which are
significantly higher than that in the mountainous area (15,
1.5 and 2%). From 1995 to 2018, the proportion of the
construction land in mountainous areas was 2-3%, and that
in basin areas increased from 5.00 to 9.43%. The proportion of
the cultivated land in the mountainous area was 15-16%, while
the proportion of the cultivated land in the basin area is
2380 to 20.75%. The
comprehensive index of land use degree in the basin area

decreased  significantly  from
increased from 227.25 to 233.78, and that in the mountainous
area increased from 213.67 to 214.49, and then decreased
continuously to 214.09 in 2018. That is, the land use degree
in the basin area continued to rise, while in the mountainous
area, it increased first and then decreased, with a small change
range (Figure 3A). From 1995 to 2018, the urbanization level of
the basin area increased from 15.65 to 58.26%. The increase of
urban population led to the continuous expansion of
construction land, and the occupation of the unused land,
forest and grassland, and cultivated land, which improved the
land use degree continuously. On the contrary, in mountainous
areas, although the area of construction land increased to some
extent, the abandonment of arable land and the natural

restoration of forest and grassland contributed to a large
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amount of natural ecological space and reduced the land use
degree.

3.2 Land use comprehensive dynamic
degree change

The comprehensive dynamic degree of land use in the basin
area rose from 1.6974 in 1995 to 2.2523 in 2018, with an increase
of 33%. The comprehensive dynamic degree change of the land
use in mountainous areas showed a characteristics of stage
change. During the study period, the comprehensive dynamic
degree decreased from 1.782 to 1.3599, but the overall trend was
in the shape of an “S” (Figure 3B), including three stages, the
slight rise stage (1995-2005), the sharp decline stage (2005-2010)
and the continuous rise stage (2010-2018). The comprehensive
dynamic degree of the land use in the slight rise stage was higher
than that in the basin area, while in the latter two stages, the
dynamic degree of the land use in the basin area was higher than
that in the mountainous area. In comparison, the land use change
in the mountainous area was more severe than that in the basin
area from 1995 to 2005, while the change in the land use of the
basin area from 2005 to 2018 was more severe than that in the
mountainous area. The main reason was that with the continuous
improvement of urbanization level, the population in the
mountainous area migrated to the basin area, and the
intensity of human activities weakened in the mountainous
area while increased in the basin area.

3.3 Land use consumption change
From 1995 to 2018, the overall consumption of land use in

mountainous areas first increased from 12.27 to 12.70, then
decreased to the lowest, with the value of 9.16, and then
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continued to rise. From 2015 to 2018, it significantly
increased to a peak value of 13.20, with an increase of 44.10%
(Figure 3B). The change range of land use consumption in the
basin area is small, with a peak of 9.95 from 2000 to 2005, and
then a slow decline. Compared with the mountainous area in the
same period, the increase range was only 2.01%. In general, there
was an obvious trend of stage change of the overall land use
reduction degree in mountainous areas and basin areas, with a
change pattern of “rise-down-rise”. The construction land
consumption degree in the mountainous area in the last three
stages reached 3.79, 6.97 and 19.00 times of that in the basin area,
respectively, and the gap showed a trend of further widening
trend. The main reason was that the increase of population
density and urbanization level in the basin area increased the
demand of land. Due to the difference of natural conditions, the
large area of water in Yuxi City is mainly located in the basin area,
mainly three lakes, the water area is large and the variation is
small, while the area of water in the mountainous area is small
and varies greatly under the influence of annual precipitation.
The migration of population from mountainous areas to the
basin area, the consolidation of the rural residential areas,
demolition and so on greatly reduced the amount of
construction land.

3.4 Land use transfer change

From 1995 to 2018, land transfer in mountainous areas
mainly occurred between the cultivated land and the forest
and grassland, and the transfer amount of other land types
was relatively small (Figure 4). The main direction of the
cultivated land transfer in and out in each stage was forest
and grassland. From 1995 to 2018, the area of the cultivated
land converted to forest and grassland was 86,800 hm?
accounting for 90.78% of the total area of cultivated land

frontiersin.org
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transferred out. The area of the forest and grassland which was
converted to the cultivated land was 79,881 hm?, accounting for
47.37% of the total area of forest and grassland transferred out.
The transfer-in and transfer-out directions of the construction
land are the cultivated land and the forest and grassland, and the
transfer amount in the latter two stages was significantly higher
than that in the first three stages. From 2010 to 2015 and from
2015 to 2018, the total area of the cultivated land converted to the
construction land was 5,838 hm?, accounting for 72.48% of the
total amount of the cultivated land which was converted to
construction land during the study period. In the same
period, the conversion amount from construction land to
forest, grassland and cultivated land reached 9,112 hm?
accounting for 53.23% of the total amount of conversion from
construction land to forest, grassland and arable land during the
study period. The main transfer sources and destinations of the
unused land were the forest and grassland and cultivated land,
but the conversion of unused land to forest and grassland and
cultivated land continued to decline. From 1995 to 2000, the area
of the unused land converted to the cultivated land and forest and
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grassland reached an average of 1,611 hm?, while from 2015 to
2018, it reached an annual average of 881 hm?, with a decrease of
45.28%.

In general, the land type change in mountainous areas was
mainly the mutual transfer between the cultivated land and the
forest-grassland. During 1995-2000,
transformation from the forest-grassland into the cultivated

it was mainly the
land, but after 2000, it was mainly the transformation from
the cultivated land and unused land into the forest-grassland.
The transfer intensity of construction land after 2010 was greater
than that before 2010, and the transfer intensity of other land
types before 2005 was greater than that after 2005.

From 1995 to 2018, the land type transfer in the basin area
changed drastically, mainly among the cultivated land, the forest
and grassland, and the construction land (Figure 5). During the
study period, the accumulated transfer-out and transfer-in
amount of forest and grassland were the largest, and the
land and
construction land. Among them, the conversion of forest and

transfer-out direction was mainly cultivated

grassland to cultivated land reached an area of 26,809 hm?,
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accounting for 83.56% of the cumulative amount of transferred
in construction land. The conversion of forest and grassland to
construction land reached 11,354 hm?, accounting for 63.45% of
the accumulative amount of construction land transferred in.
The cultivated land was transferred to forest and grassland and
construction land. Among them, the conversion of cultivated
land to forest and grassland reached 32,792 hm?, accounting for
76.64% of the cumulative transfer of forest and grassland. The
cultivated land was converted to construction land with an area
of 4,903 hm?, accounting for 27.41% of the total amount of
construction land which was transferred in. The transfer
direction of unused land was the cultivated land and forest
and grassland, and the total amount of the unused land to
cultivated land and the forest and grassland was 9,739 hm?,
accounting for 95.04% of the total amount of the unused land
transferred out.

In general, the main changes of land types in the basin area
occurred in the mutual transfer of the cultivated land, forest-
grassland and the construction land, mainly manifested as the
transformation from the forest-grassland to the cultivated land
and construction land, and the transformation from the
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cultivated land to the forest-grassland and the construction
land. The average annual transfer volume of the first two
stages was 5,356 hm?, and the average annual transfer volume
of the last three stages was 4,181 hm* The transfer intensity

showed a downward trend.

4 Causative differentiation of land use
change between mountainous areas
and basin areas

4.1 Analysis framework and factor
selection

As internal factors, the natural factors determine the basic
pattern of the large-scale land use, with a cumulative effect in
time. In the short term, social and economic factors are the main
external driving force for land use change (Wu et al., 2022). As
the secondary core of the urban agglomeration in central
Yunnan, Yuxi City has obvious advantages in location. In
mountainous areas and basin areas, there are differences in
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Motivation analysis of land use change in moutain-basin of Yuxi City.

social and economic development, as well as in land use pattern
and its changes due to the different ecological environment
differences laid by topography and landform (Figure 6).

According to the actual situation of Yuxi City and the
availability of data, the social and economic factors were
selected from three aspects: population factors, industrial
factors and the economic situation. The influencing factors
reflecting the population factors in the study area include the
total population (X,), the urbanization rate (X,) and the rural
population (X3). The influencing factors characterizing regional
industrial factors include the added value of primary industry
(X4), the added value of secondary industry (Xs), the added value
of tertiary industry (Xs), the total agricultural output value (X;)
and the total industrial output value (Xs). The influencing factors
reflecting regional economic conditions include the gross
regional product (Xo), the fixed asset investment (X;,), the
local fiscal revenue (X;;) and the total retail sales of consumer
goods (X;y).

4.2 Analysis on influencing factors

Due to the difficulty in obtaining partial data of natural
factors and their temporal and spatial fixity, Pearson correlation
analysis was only used in this study to explore the relationships
between socio-economic factors and land use changes. In order
to eliminate the possible influences caused by the difference of
the data dimension of different indicators, the data was first
normalized. Pearson correlation analysis was then conducted on
the normalized land area and land use degree of the mountainous
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area and basin area, and the selected influencing factors, and
SPSS 25.0 software was employed to obtain the correlation
between the socio-economic factors and the change of land
area (Figures 7, 8). (Note: ** indicates that the correlation is
significant at the 0.01 level and * indicates that the correlation is
significant at the 0.05 level). No matter in the basin area or
mountainous area, the correlation between land use change and
the socio-economic factors is relatively significant, but there are
still obvious regional differences for each type.

Among the various types of mountainous areas, cultivated
land is most significantly affected by industrial factors, and each
factor has a significant negative correlation with the area of
cultivated land, and the highest correlation coefficient was found
for total industrial output value, followed by economic status.
The forest and grassland area is more significantly affected by
industrial factors, and each factor has a significant positive
correlation with it. Besides, the correlation coefficient of the
added value of the primary industry is the highest. The area of
construction land has a significant positive correlation with
industrial factors and economic conditions, also has the
largest correlation coefficient with the total population. Except
for the total population, there is no significant correlation
between the area of water body and unused land and
socioeconomic factors. The mountain water area is positively
correlated with the total population, and the unused land area is
negatively correlated with the total population, and the
correlation degrees are all low. In addition to being
significantly positively correlated with the total population, the
degree of land use has no significant correlations with other
factors (Figure 7). Therefore, the total population of the
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Correlation between land use types, land use degree and influencing factors in the mountainous area.

mountainous areas has the most significant impact on the area of
the built-up land. Secondly, the cultivated land, forest and
grassland and built-up land in mountainous areas are
significantly affected by the added value of primary and
secondary industries and the total industrial output value.
Except for the rural population, the cultivated land in the
basin area is significantly negatively correlated with other socio-
economic factors, among which the correlation coefficient
between the total population and the cultivated land area is
the largest, and the cultivated land is more affected by industrial
factors than other factors. The correlation direction between the
forest and grassland and the social and economic factors is
similar to that of cultivated land, but the correlation degree is
significantly lower, and the correlation coefficient between the
completed investment of fixed assets and the area of forest and
grassland is the highest. Except for the rural population, the
construction land has a significant positive correlation with other
factors, and the industrial factor has the most significant
influence, and the total population and the added value of the
primary industry have the highest correlation degree. Except for
the rural population, the area of water body and the area of
unused land are significantly negatively correlated with other
socioeconomic factors. The correlation coefficient between the
area of water body and the added value of the secondary industry
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is the highest, while the correlation coefficient between the
unused land area and the total population is also the highest.
The land use degree is significantly correlated with all factors,
except for the rural population and the added value of the
which
correlated, and the rest are significantly positively correlated

secondary industry, are significantly negatively
(Figure 8). Therefore, the cultivated land and unused land in
the basin area are most significantly affected by the total
population. The construction land is most significantly
affected by the total population and the added value of the
primary industry. What follows by the construction land is
more obviously affected by the total agricultural output value
and industrial output value, and the land use degree is obviously

affected by the socio-economic effect.

5 Discussion

With the increasing impact of human activities and climate
change on the Earth’s surface system, the natural and human
elements as well as the natural-socio-economic complex system
are also undergoing dramatic changes. It reflects the complex
spatial pattern and process mechanism of physical geography
and human geography, and the understanding of this pattern,
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process and mechanism is inseparable from the analysis
of this
mountainous areas and basin areas are regarded as two

technology information geography. In study,
different spatial types of human-land system, and the research
results show that the dynamic change process of land use is
significantly different. This study believes that this is not only the
result of the formation of different geographical patterns, but also
the driving factors for further development of geographical
pattern differences. At the same time, the different land use
structure and change characteristics of the mountainous area and
the basin area are closely related to the local natural environment,
social and economic factors (Wu and Xie, 2019). One of the
biggest inspirations of this research process is that geography, on
the basis of being divided into three branches: physical
geography, human geography and information geography, has
once again moved towards synthesis in the field of human-earth
system research (Fan, 2018). Thus, to some extent, it effectively
responds to and corroborates the thinking of Chen Fahu,
chairman of the Geographical Society of China, on the
establishment of a new research branch of “Comprehensive
Geography,” based on the system of geographical science. He
believes that “regional synthesis is the basis for the existence of
geographic science, the greatest feature of geographic science,
and also the biggest difficulty of geographic science”. Therefore,
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comprehensive geography should be “guided by the methods and
theories of geographic science, to solve all kinds of practical
application problems closely related to the development of nature
and human society and economy”. That is to say, “the regionality
of geography is based on the human-land relationship, using the
new means of information geography to integrate the process of
physical geography and human geography to understand the
regional spatial process, forming a second-level discipline of
comprehensive geography” (Chen et al., 2021).

Previous studies have found that the land use pattern in
mountainous areas of southwest China is affected by the
landform of mountains and river valleys, which is mainly
dominated by forest and grassland (Zhang et al, 2021),
followed by cultivated land. Forest and grass land and a large
number of sloping farmland are mainly distributed in
mountainous areas, and high-quality farmland is mainly
continuously distributed in flat basin area, trough valley area
and low mountain valley area (Li et al., 2020; Liang et al., 2021;
Maetal., 2021; Zhang et al., 2021). Before 2000, mountain forests
were largely cut down (Li et al., 2019), and the area of arable land
increased, and it was mainly transferred from woodland and
grassland (Yang et al., 2017). Since 2000, with the acceleration of
urbanization and industrialization in the mountainous areas of
Southwest China, the land use types have changed greatly. A large
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number of high-quality cultivated land has been occupied in the
basin area, and the construction land has increased significantly
(Ma et al,, 2021). The conversion of the land use types mainly
occurred between cultivated land, woodland and grassland (Li
et al, 2019). With the implementation of the national policy of
“returning farmland to forest” and the government’s emphasis
on ecological environment protection, the cultivated land in
mountainous areas was transferred to woodland and grassland
(Yang et al, 2017), and the expansion intensity of urban
construction land in basin areas was significantly higher than
that in mountainous areas (Wang et al., 2021). Yuxi City is
located in Yunnan Province, a mountainous area in the
southwest of China. It is a typical area with alternating
mountains and basins. The natural ecological conditions are
fragile, the land use conversion is dynamic, and at the same
time, it is disturbed by high-intensity human activities and
affected by governance policies. In addition to the three major
characteristics of regionality, space and complexity under the
traditional geographical concept, there are also two emerging
characteristics of conflict and dynamicity. In the real world, Yuxi
City and other mountainous areas are similar to a certain extent,
that is, there are more mountains and fewer basins. The conflicts
between the economic and the social development and ecological
environmental protection are inevitably transformed into a
conflict between the land use of regional human activities and
the land use of biodiversity protection, which is manifested as the
conflict between land resources and their natural ecological
function and human development function. Before 2000, due
to the growth of population and the livelihood characteristics of
relying on farming output, farmers in mountainous areas
reclaimed a large number of cultivated land, and the
overdevelopment of land brought serious soil erosion and
other problems (Zhang et al., 2018). After 2000, it entered the
stage of rapid urbanization. Although the high-quality cultivated
land in the basin area was largely occupied due to urban
construction and industrial development, the rapid economic
development also created a large number of employment
opportunities, which provided conditions for the large-scale
migration of farmers in mountainous areas to the basin area.
The transfer of rural labor force in mountainous areas mitigated
the human disturbance of mountainous land (Tian et al., 2010),
resulting in farmland abandonment and marginalization (Shao
et al., 2015), idle and abandoned homesteads (Liu et al., 2009),
forest expansion and restoration of grassland natural vegetation
(Li and Zhao, 2011).

With the accelerated development of urbanization in the
basin area, population migration has a significant impact on
the land use in the area of population outflow and inflow. The
migration of population from mountainous areas to basin
areas leads to the difference and correlation between the two
geographical spaces in the spatio-temporal dynamic changes
of land use (Zhang and Li, 2021). With the enhancement of
productivity and economic radiation capacity, the intensity of
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construction land expansion increases accordingly, thus
promoting the intensive use of land. However, the situation
of the cultivated land protection is severe, and part of natural
ecological space is occupied. In mountainous areas, because of
labor output, reduction in human activity intensity, and
changes in livelihood patterns, farmers gradually
abandoned their arable land, and cultivated land gradually
evolved into forest and grassland, showing the phenomenon
of shrinking cultivated land and expansion of forest and
grassland areas. The natural restoration of vegetation
the of land
significantly improves the function of ecological security
barrier (Wu et al., 2020b). Due to the differences of the

natural environment itself, many factors driving land use/

reduces vulnerability ecosystem and

land cover change in the basin area not only act in the internal
system of the basin area, but also have an impact on land use/
land cover change in the mountainous area. Conversely, the
driving factors of land use/land cover change in the
mountainous area are also the same. Thus, between the two
different geographical spaces of the mountainous area and the
basin area, there is not only the interaction within the system,
that is, the internal coupling, but also the interaction with the
adjacent exterior, that is, the peripheral coupling. According
to the dynamic mechanism of different coupling evolution of
mountain-basin land use, H. Zhang divided the coupling
evolution modes of mountain-basin land use landscape into
three categories: strong synergy, moderate synergy and weak
synergy (Zhang and Li, 2021), and pointed out that there were
different evolution characteristics of land use in southwest
mountain and basin land at different stages. From this
perspective, land use change should be regarded as a
dynamic interaction across spatial and temporal scales
within the socio-ecological coupling system (Liu et al,
2013), and the optimal allocation of mountain-basin land
use provides a practical grip for the “landing” of mountain-
basin land use coupling relationship regulation.

In addition, according to the availability of data, this study
selected three factors of population, industry and economy to
analyze the factors which would influence land use change.
The land use data mainly came from the survey data of land
use change in the past years, and the social and economic data
mainly came from the statistical yearbook and the statistical
bulletin of national economic and social development in the
past years. Some data showed a sudden change due to the
inconsistency of the statistical caliber before and after, which
may have a certain impact on the magnitude of the Pearson
correlation coefficient, but did not affect its significance and
correlation direction. At the same time, the mountain-basin
system is complex and comprehensive. In addition to the
factors selected in this paper, the influencing factors of land
use change should also consider the differential effects of the
special regional policies, such as nearby urbanization,
relocation of impoverished residents, rural revitalization,
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plateau characteristic agriculture development, and ecological
protection on the coupled evolution of mountain-basin
land use.

6 Conclusion

Based on the types of mountains and basins in Yuxi City, the
spatial and temporal changes of land use and its influencing
factors in mountainous areas and basin areas from 1995 to
2018 were analyzed at the township scale by integrating the
methods of land use degree, land use change rate, comprehensive
dynamic degree of land use, land use consumption degree and
land use transfer matrix.

As is shown in the study, the land use change in the
mountain-basin system shows a phased character, but the
intensity is slowing. The comprehensive dynamic attitude of
land use in the mountainous area is significantly higher than
that in the basin area from 1995 to 2005, and significantly lower
than that in the basin area from 2005 to 2018. The trend of land
use reduction in the mountainous area is consistent with that in
the basin area, but it was always higher in the mountainous area
than in the basin area. There is a significant difference in land
type change between mountainous areas and basin areas. The
construction land in the basin area increases rapidly, while the
cultivated land, forest and grassland and unused land continue to
decrease, while the construction land in the mountainous area
increases slowly, with the cultivated land increasing first and then
decreasing, and the forest and grassland and unused land
decreasing first and then increasing. Social and economic
development are the main driving factors of land use
difference between mountainous areas and basin areas. The
radiative agglomeration of the basin area attracts the
population to migrate from the mountainous area to the basin
area, and promotes the ecological restoration of the vegetation in
the mountainous area. The increase of construction land and
economic development in the basin area increases non-
agricultural employment opportunities, promotes population
migration, and reduces the cultivated land in the mountainous
area, increases the forest and grass land, and continues to
improve the ecology.

There are obvious differences in the characteristics of land
use change in the mountainous area and the basin area at
different time periods. When the urbanization level is low, the
land use change in the mountainous area is more drastic than
that in the basin area. However, with the rapid improvement of
the urbanization level, the population in the mountainous area
migrates to the basin area, and the intensity of land use change in
the basin area is significantly higher than that in the mountainous
area. The non-agricultural construction land in the basin area is
rapidly increasing, the protection of cultivated land is severe, and
part of the natural ecological space is occupied. In the
arable land is abandoned, and the

mountainous area,
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phenomenon of empty villages is serious. The natural
restoration of vegetation reduces the vulnerability of land
ecosystem, and the function of ecological security barrier is
significantly improved. Influenced by the difference of social
and economic development, a mutual “driving” and “linkage”
relationship between the mountainous area and the basin area
exist, which brings the difference of coupling evolution of the
land use, so that the urban expansion and the increase of
construction land in the basin area are mutually causal with
the decline of the mountainous area, the decrease of cultivated
land and the increase of forest and grassland.
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