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Abstract: Taking Yuxi City, a typical mountain-flatland in the southwestern karst mountainous area,
as an example, we used six remote sensing images from 1995 to 2018 as the main data sources, and the
grid scale was used to calculate the landscape pattern index in order to analyze the temporal-spatial
evolution characteristics of the landscape pattern. The results are shown as follows: (1) At the class
level, most landscape indices and fragmentation degrees of landscape units in the flatland area
are significantly higher than those in the mountainous area. The layout of construction land and
cultivated land is also more concentrated than that in the mountainous area, but the central tendency
of forest and grass in the mountainous area is more eye-catching. (2) At the landscape level, although
the landscape diversity index and landscape shape index of both the mountainous areas and the
flatland areas decrease in the low-value area and increase in the high-value area, the proportion of
high-value areas in the flatland area is noticeably greater. The proportion of the high-value areas
of the largest patch index in the mountainous area is significantly greater, and in the flatland area,
the low-value area continues to expand while the middle and high value areas continue to shrink.
(3) The landscape shape of the flatland area is becoming more complex, and the landscape units in
the mountainous area tend to be single. The natural landscape of forest and grass in the mountainous
area continues to expand and tends to be contiguous, while the man-made landscape in the flatland
area continually increases and shows fragmentation, reflecting the pattern characteristics formed by
the coupling evolution of land use between two regions. The urban expansion and the increase in the
construction land in the flatland area are mutually causal with the decrease in cultivated land and the
increase in forest and grass in the mountainous area.

Keywords: mountainous areas; flatland areas; grid scale; landscape pattern evolution; Yuxi City

1. Introduction

Due to the imbalance between social and economic development and the natural
ecological process [1], as well as the instability, sensitivity and complexity of the natural
system of the mountainous area itself, the mountainous area has become the most intense
region of global environmental change and ecological degradation in recent years [2], and
the conflicts between human and land have become more prominent and complex. In the
southwest of China, the terrain is fragmented and sensitive, and the generalized moun-
tain landscape is an important and unique natural—human geography unit composed of
“mountain” and “flatland” as the core elements [3,4], which is an important content of the
scientific research of human—land systems in mountainous areas. To fully guarantee the
ecological security and sustainable development of mountainous areas, it is necessary to
take land resources as the main constraint condition [5], coordinate the linkage relationship
between “mountain” and “flatland” in the whole region, and study the changes and correla-
tion of “mountain” and “flatland” elements in mountainous landscapes, in order to provide
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more scientific and accurate strategies for rural revitalization, mountain development,
spatial governance, as well as the maintenance and improvement of ecosystem services.

A landscape pattern mainly refers to the shape, proportion and spatial configuration of
the elements that constitute landscape units [6]. It is not only the comprehensive expression
of landscape heterogeneity in space [7,8], but also the result of various ecological processes
driven by natural and social factors at different scales [9,10]. Landscape pattern change
is the change in the landscape’s spatial structure on the basis of the changes in various
landscape elements, which are closely related to climate change, land use/land cover
change and change in biodiversity [11,12]. Understanding the evolutionary characteristics
of the landscape pattern is the premise and basis for landscape pattern analysis. The evolu-
tion of landscape pattern is a comprehensive reflection of the interaction and influence of
natural elements and human factors in a certain region, as well as the different external
characteristics and spatial combinations of various factors, which constantly affect the
ecological process and marginal effect [13]. Exploring the evolution process of a landscape
pattern is helpful for grasping the evolutionary characteristics and rules of the regional
landscape, and to provide basic data for the assessment of the sensitivity, vulnerability and
ecological risk of ecological degradation [14], which is the basis and important support for
decision-makers to formulate reasonable and scientific urban planning [15]. At present, the
analysis methods of landscape pattern evolution mainly include spatial statistical analysis,
landscape index analysis and pattern dynamic model simulation [16,17]. From the perspec-
tive of landscape ecology, landscape index analysis regards the study area as a whole and
reveals the changes in the landscape’s spatial pattern characteristics in time series through
various landscape indices [18]. Landscape indices include a patch level index, a patch type
level index and a landscape level index. As a scale of landscape pattern characteristics, the
landscape index has been widely used to analyze regional landscape patterns and dynamic
evolution [19,20], including urban [21], rural [22], urban fringe areas [23] and econom-
ically developed areas [24]. However, the landscape pattern evolution of two different
geographical units of “mountain” and “flatland” in the generalized mountain landscape is
rarely involved. There are great differences between the physical geographical conditions
and human and social activities in the mountainous area and flatland area. What are the
evolutionary differences in the landscape pattern on the spatial and temporal scale? Is there
a certain correlation between the evolution of the two on the space—time scale? All these
need to be explained by landscape pattern analysis.

In addition, the scaling effect of a landscape pattern is also a major feature of landscape
pattern analysis [25]. The results of landscape pattern evolution at different scales often
vary vigorously, and the landscape index will change with the scale and have a scale effect
at a finer scale [26]. Landscape pattern characteristics at different spatial scales are often
different, and at the same spatial scale, a landscape pattern at different time scales will also
be different [27]. The dynamic landscape characteristics of urban and rural construction
land show great differences in scale [28], and the landscape pattern of cultivated land in
the middle reaches of the Yangtze River has great differences in quantity, area, aggregation
degree and diversity at different scales [29]. Therefore, the small-scale and refined studies
on land use dynamic change and landscape pattern evolution at and below the county level
have attracted ever increasing attention [30,31]. Some scholars have used the grid scale
to carry out their research, and obtained more refined results compared with the scale of
watershed and administrative regions [32,33].

In addition to the low level intermountain basins, valleys and depressions, “flatlands”
in this study also include lacustrine plains which occupy a certain area in central Yun-
nan [4]. Yuxi City, with typical mountain—flatland landform features [34], is located in the
mountainous area of southwest China. The flatland 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 [35–37]. Due to the
geographical connectivity of “mountains” and “flatlands”, the intercrossing of human
activities in different time and space has brought about the differences in the evolution of
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the landscape pattern on the spatial and temporal scale. Therefore, based on the grid scale
and with the help of a landscape pattern index, this paper analyzes the temporal—spatial
variation in mountain—flatland landscape patterns in Yuxi City, and discusses the correla-
tion between mountains and flatlands in the evolution process of landscape patterns, so as
to provide certain references for regional coordinated and sustainable development.

2. Materials and Methods
2.1. Study Area

Yuxi City is in the center of Yunnan Province on the southwest border of China,
between latitude 23◦19′~24◦53′ north and longitude 101◦16′~103◦09′ east (Figure 1a). It is a
prefecture-level city under the jurisdiction of Yunnan Province, bordering the provincial
capital Kunming City in the north, Honghe Prefecture in the southeast, Pu’er City in the
southwest and Chuxiong Prefecture in the northwest (Figure 1b). The terrain is high
in the northwest and low in the southeast, with staggered distribution of mountains,
canyons, plateaus, and basins. The west is mainly a deep-cut alpine valley landform. The
central and eastern regions belong to the mountains of central Yunnan Province, which
is dominated by a middle mountain; the terrain of most areas is undulating in the shape
of waves, and there are many intermountain basins of different sizes scattered among the
mountains. The eastern region is mainly dominated by plateau lake-basin landforms, with
three plateau faulted lakes, Fuxian Lake, Xingyun Lake and Qilu Lake. Around three lakes,
Chengjiang, Jiangchuan and Tonghai, lacustrine basins are formed, with flat and open
terrain in the basins.
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Yuxi City is located in the low-latitude Yunnan Plateau, with long hours of sunshine
and abundant heat. It belongs to the subtropical plateau monsoon climate. Due to the
great difference in elevation of the terrain, the three-dimensional climate is clear. Under
the comprehensive influence of the Indian Ocean and the Gulf of Tonkin, the climate in
most areas is mild, with distinct dry and wet seasons, no severe cold in winter and no
severe heat in summer. The annual average temperature is 15.4–24.2 ◦C, and the annual
precipitation is 787.8–1000 mm, which mostly occurs from June to October, with heavy rain
mainly from June to August. Due to the complex terrain and the great elevation difference,
the rainfall is heavier, and the temperature is lower in the mountainous area than in the
flatland area. From the top of the mountain to the bottom of the valley, the temperature
difference is significant throughout the year and between day and night.

2.2. Data Source and Processing

In this study, six Landsat satellite remote sensing images in 1995, 2000, 2005, 2010,
2015 and 2018 were downloaded from the geospatial Data Cloud website (www.gscloud.cn,
accessed on 10 June 2019), mainly including Landsat 5 TM images, Landsat 7 ETM+ images
and Landsat 8 OLI images. The selection of remote sensing images was based on the
premise of little cloud and good quality. Winter and spring were selected as the image
months, and the imaging times of the remote sensing images were all in January, February,
and March of each year. The cloud content (CC) of all images was less than 10%, and the
cloud content of most images was less than 1%. Based on the ArcGIS 10.8 software, the
maximum likelihood classification method was used to classify landscape units. Referring
to the standard of “Classification of Land Use Status” and combining with the research
needs of landscape patterns in Yuxi City, the landscape units were divided into five types:
cultivated land, forest and grass, construction land, water area and unused land (Figure 2).
Kappa coefficients are all above 80%, and the accuracy meets the research requirements.
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Based on the terrain characteristics, area size and elevation of Yuxi City, 500 m ×
500 m, 1.5 km × 1.5 km and 3 km × 3 km grids were constructed as preselected evaluation
units. With the help of analysis tools such as ArcGIS 10.8 software Create Fishnet, Dissolve,
Clip and Merge, a total of 7570 grids with a size of 1.5 km× 1.5 km were finally determined.
Therefore, the equal space system sampling method was used to divide the study area
into 1.5 km × 1.5 km landscape plots, which were used as the basic unit for the study
of landscape pattern evolution. There were 1775 landscape plots in the flatland area and
5795 landscape plots in the mountainous area (Figure 1c). The raster maps of land use in
mountainous areas and flatland areas from 1995 to 2018 were cropped to obtain the raster
data of landscape units over the years at the grid scale for the subsequent calculation of the
landscape index. Based on the data of landscape units in each grid, the landscape index of
each grid was calculated by Fragstats 4.2 software (Oregon, USA).

2.3. Index Calculation

By referring to the relevant literature [38] and combining with the unique characteris-
tics of the mountain–flatland, landscape indices were selected respectively from the class
level and landscape level to characterize and analyze the landscape pattern of Yuxi City.
Plaque Density (PD), Edge Density (ED), Largest Plaque Index (LPI), and Mean Plaque
Area (Area_MN) were selected at the class level. At the landscape level, Landscape Shape
Index (LSI), Largest Patch Index (LPI) and Shannon Diversity Index (SHDI) were selected.
The calculation formula and ecological significance of each landscape index are shown in
the reference [23,39].

The Fragstats 4.2 software was used to calculate the landscape pattern index at the
class level first, and excel software was used for statistics and mapping analysis. The
landscape indices of each landscape plots in the mountainous area and the flatland area
in six periods was then calculated by using the processed raster data of landscape units
over the past years, and the spatial distribution maps of landscape indices were obtained.
Finally, this study divides each landscape index into five levels according to the natural
breakpoint method, which are represented by I, II, III, IV and V, respectively.

3. Measurement and Comparison of Landscape Pattern Change at Class Level
3.1. Variation Characteristics of Landscape Pattern at Class Level in Mountainous Areas

During the study period, at class level, the variation in the landscape index in the
mountainous area was significantly different (Figure 3). The PD and ED of cultivated
land increased first and then decreased at the turning point of 2000, and the trend of the
Area_MN was in an “S” shape, while the LPI continued to decline. The PD and ED of forest
and grass, water area and construction land increased first and then decreased, while the
Area_MN first decreased and then increased. The patches number and density of forest and
grass decreased and the Area_MN of construction land changed only slightly. The ED of
cultivated land, forest and grass was higher than that of the water area, construction land
and unused land. The LPI and the Area_MN of forest and grass were the largest, which
had a great influence on other landscape types.

3.2. Variation Characteristics of Landscape Pattern at Class Level in Flatland Areas

During the study period, the PD of cultivated land in the flatland area increased
continuously, the Area_MN decreased significantly, and the ED first increased and then
continued to decrease, but it always ranked in first place among all regions, while the LPI
continued to decline (Figure 4). As the first dominant type, forest and grass, the Area_MN
first decreased and then increased, the PD and ED first increased and then decreased, and
the LPI continued to decrease, indicating that the dominant position of large patches in
the landscape gradually decreased. The PD and ED of the water area first increased and
then decreased, and the degree of fragmentation gradually increased; the LPI changed little
during the study period, but the Area_MN showed a downward trend. The Area_MN of
construction land reached its lowest level in 2005, and then continued to rise with significant
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changes, while the LPI also increased significantly. However, the PD and ED first increased
and then decreased with 2005 as the turning point, suggesting that the distribution of
construction land was relatively scattered before 2005, but that after 2005, the construction
land patches gradually concentrated with contiguous distribution.
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Combined with the implementation time of regional land management policies, the
changes in the landscape indices of cultivated land and forest and grass in mountainous
and flatland areas were mainly affected by the policy of returning cultivated land to forest
and grass during the study period. The overall fragmentation degree of construction land
and forest and grass in the flatland area is clearly higher than that in the mountainous area,
and the layout of the construction land is more concentrated. This is mainly because the
social and economic development level of the flatland area has improved rapidly since
2005, and the urban land has expanded significantly. However, due to the migration of
populations to the flatland area and for other reasons, the farmland in the mountainous
area was abandoned, while the forest and grass became more concentrated and contiguous.
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4. Measurement and Comparison of Landscape Pattern Change at Landscape Level
4.1. Variation Characteristics of Landscape Pattern at Landscape Level in Mountainous Areas
4.1.1. Landscape Diversity

During the study period, the landscape diversity in the mountainous area showed ob-
vious phased characteristics, and the change during the period 1995–2005 was significantly
higher than that during the years 2005–2018. The proportion of the SHDI was the highest
in class II and III, the proportion of the low value area decreased, while the proportion of
the high value area increased (Figure 5a). The area where the SHDI increased was greater
than the area where the SHDI decreased in each period. From 1995 to 2018, the area where
the index increased accounted for 26.74% of the total, while the index reduction areas
accounted for 5.48%, indicating that the landscape diversity showed an increasing trend
year by year. The high value area of the landscape diversity index mainly concentrated in
the relatively low flat areas of the east and the north, where the main landscape units are
cultivated land, forest and grass, while the low value area is mainly located in the central
and northwest Ailao mountain area, where the main landscape unit is forest and grass
(Figure 6).
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tainous areas; (b) graded area proportion of SHDI in flatland areas; (c) graded area proportion of 
LSI in mountainous areas; (d) graded area proportion of LSI in flatland areas; (e) graded area pro-
portion of LPI in mountainous areas; (f) graded area proportion of LPI in flatland areas. 

Figure 5. Graded area proportion of landscape index. (a) graded area proportion of SHDI in
mountainous areas; (b) graded area proportion of SHDI in flatland areas; (c) graded area proportion
of LSI in mountainous areas; (d) graded area proportion of LSI in flatland areas; (e) graded area
proportion of LPI in mountainous areas; (f) graded area proportion of LPI in flatland areas.

4.1.2. Landscape Shape

Over the years, in the mountainous area, the LSI of grade I and II accounts for a
relatively high proportion, and the combined proportion of the two is as high as over 70%,
while the proportion of grade IV and V is about 14%, indicating that the landscape shape is
relatively simple (Figure 5c). In terms of time change, the proportion of grade I showed a
downward trend, while the proportion of other levels showed an upward trend. The area
where the LSI increased accounted for 23.85% of the total, while the index reduction area
accounted for 3.14%, indicating that from 1995 to 2018, the LSI continued to increase, and
the landscape shape tended from simple to complex. However, from 2005 to 2010 and 2010
to 2015, the index increased area was smaller than the index decreased area, indicating
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that the landscape in these two periods was clearly contiguous, and the shape tended to
be simple (Figure 7). During the study period, the areas with increased LSI were mainly
distributed in the northern and southwestern regions, while the areas with decreased LSI
were mainly concentrated in the eastern regions.
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4.1.3. Largest Patch

From 1995 to 2018, the LPI levels in mountainous areas were mainly II, III and IV,
but the proportion of I, II and III level increased, while the proportion of IV and V level
decreased (Figure 5e). In each period, the area of the LPI that increased was much less than
the decreasing area; the area of the increased LPI accounted for 7%, and the area of the
index decreased accounted for 24%. The high value area of the LPI and the change in the
LPI mainly occurred in the northern, central and western regions, with large topographic
relief and high altitude. The low value area of the LPI with little change was mainly
distributed in the eastern region, mainly in the relatively low and flat terrain area (Figure 8).
From 1995 to 2018, the LPI decreased significantly in the central and western regions,
especially in the northern part of the country, mainly because the forest and grass cover in
the northern Yimen County was cut by a large amount of arable land, which resulted in
serious fragmentation and rapid decline of the LPI.
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4.2. Variation Characteristics of Landscape Pattern at Landscape Level in Flatland Areas
4.2.1. Landscape Diversity

From 1995 to 2018, the SHDI in the flatland area was mainly grade II, III and IV,
accounting for 78%–80% of the total, while grade I and V were relatively small, with a
total proportion between 20% and 22% over the years (Figure 5b). With the construction
of roads and the expansion of residential areas, the concentrated contiguity of cultivated
land was divided, and the SHDI clearly increased, with the low value area decreasing and
the middle and high value areas increasing. The proportion of landscape diversity level
I decreased from 11.46% to 7.25%, the proportion of grade II decreased from 24.14% to
19.72%, and the proportion of grade III decreased from 29.36% to 27.46%. It can be seen that
although the landscape diversity is on a downward trend, the decline rate becomes ever
smaller from grade I to III, indicating that the decrease is mainly caused by the decrease in
the low value area. The proportion of class IV increased from 25.52% to 29.50%, and the
proportion of class V increased from 9.52% to 15.17%, with the highest increase rate of class
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V. In the study period, the periodic changes were obvious, and the changes in the periods
1995–2000 and 2000–2005 were significantly higher than those in the other three periods
(Figure 9). In the first four periods, the area with increased SHDI was smaller than that
with decreased SHDI. However, a reversal occurred from 2015 to 2018; that is, the area with
decreased SHDI was larger than that with increased SHDI, indicating that the landscape
complexity began to decline at this stage and the complexity degree decreased.
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4.2.2. Landscape Shape

The LSI of the flatland area is mainly graded as II, III and IV. The proportion of grade I
and II showed a downward trend, and the phased changes were first decreasing and then
increasing (Figure 5d). The proportion of class III, IV and V showed an overall upward
trend, and the phased changes were first increasing and then decreasing. Taking 2000
or 2005 as the boundary, the proportion of class I decreased rapidly from 1995 to 2000
and then increased and the proportion of class II decreased continuously in the period
1995–2005, then increased, while the proportion of class IV and V both peaked in 2005 and
subsequently decreased. During the study period, the phased changes were clear, and the
first two periods were completely the opposite to the last three periods. During the periods
1995–2000 and 2000–2005, the area of the LSI that increased was larger than that of the
decreased. However, during the periods 2005–2010, 2010–2015 and 2015–2018, the area of
the LSI that decreased was greater than that of the increased (Figure 10).

4.2.3. Largest Patch

From 1995 to 2018, the proportion of class I increased from 15.36% to 21.21%, and class
II increased from 25.46% to 27.33%, indicating that the low value area of the LPI in the
flatland area continued to expand (Figure 5f). However, the proportion of class III decreased
from 27.45% to 25.01%, class IV decreased from 19.64% to 17.46%, and class V decreased
from 12.09% to 9.06%. This indicated that the medium and high value area continued to
shrink and that the landscape fragmentation degree clearly increased. During the study
period, the overall change in the LPI decreased, mainly during the periods 1995–2000 and
2000–2005 (Figure 11). During the period 1995–2000, the area of the LPI that decreased was
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45,946.49 hm2, which was 4.01 times that of the index increased. From 2000 to 2005, the area
of the LPI that decreased reached 41,649.45 hm2, which was 1.51 times the increased area. In
the first four time periods, the index decreased areas were greater than the increasing areas,
but the index increased area was greater than the decreasing area in the period 2015–2018.
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5. Discussion

This study showed that the spatial and temporal trends in landscape pattern evolution
in mountainous areas and flatland areas were the same: both showed an increased frag-
mentation degree and decreased connectivity degree, but there were also clear differences
between them. At the class level, the fragmentation degree of construction land in the
flatland area was significantly higher than that in the mountainous area, but its patch
area was larger and the layout was more concentrated than that in the mountainous area,
while the construction land in the mountainous area was more dispersed, mainly because
the human activity intensity in the flatland area was significantly higher than that in the
mountainous area due to the superiority of natural and socio-economic conditions [40].
Similar to the construction land, the landscape index of cultivated land in the flatland
area was higher, but the Area_MN continued to decline, showing clear fragmentation but
also a concentrated layout, mainly because the flatland area had flat terrain and sufficient
hydrothermal conditions, which were conducive to cultivation [36]. Over time, however,
human interference in the cultivated land has intensified [41]. The PD and ED of forest
and grass in the flatland area were significantly higher but the Area_MN and LPI were
significantly lower than those in the mountainous area, in fact only about a third of those in
the mountainous area. Combined with the implementation time of regional land manage-
ment policies, mainly affected by the policy of returning cultivated land to forest and grass
during the study period, the degree of fragmentation of forest and grass in the flatland
area was significantly higher than that in the mountainous area, while the forest and grass
in the mountainous area showed an obvious trend of concentration and contiguity. At
the landscape level, landscape diversity in the flatland area was significantly higher than
that in the mountainous area. In the relatively low-lying area for urban construction, the
urban construction and development interspersed the urban patches with the patches of
cultivated land, forest and grass, with the consequence that the SHDI continued to rise, and
the landscape fragmentation degree also continued to increase. The landscape shape in the
mountainous area was simpler than that in the flatland area. Due to the implementation
effect of the policy of returning farmland to forest and the rapid improvement of the level
of social and economic development, the LPI in the flatland area continued to increase, and
the landscape units in the mountainous area dominated by forest and grass tended to be
more concentrated and contiguous [42].

Topography plays a key role in the formation of landscape patterns, determining the
basic landscape pattern [43], and the differentiated development of the social economy
will further affect the change in the landscape pattern. With the increase in topographic
relief, the man-made landscape gradually gives way to the natural landscape. In terms of
influencing landscape unit distribution, human factors usually dominate in flatland areas,
while natural factors usually dominate in mountainous areas. The mountainous area is
high in elevation and slope, and the topography is undulating, with the consequence that
the accessibility is worse than in the flatland area. At the same time, it can be difficult to
meet the demand for high-quality land brought by population growth and the pursuit of
a prosperous life, which makes most of the population migrate to the flatland area [44],
bringing about the transformation of cultivated land landscapes to forest and grass land-
scapes. It has been found that the landscape pattern of mountainous areas in southwest
China is affected by the landforms of high mountains and river valleys, mainly forest and
grass [45], while high-quality arable land mainly continues to be distributed in basins,
trough valleys and low mountain valleys [46]. Before 2000, with the increase in population,
in order to meet the needs of survival, the mountainous area was blindly reclaimed and the
forest was destroyed [47], while the landscape diversity was higher than that of the flatland
area [48]. After 2000, due to road construction and settlement expansion, concentrated and
contiguous cultivated land was divided, and the landscape diversity of the flatland area
increased significantly. However, due to ecological restoration or vegetation degradation,
the landscape types in mountainous areas gradually became single, and the landscape
diversity declined [37].
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The comparison and analysis of landscape spatial patterns between mountainous areas
and flatland areas based on a grid method and further microscopization and refinement
from the scale [49] are of great importance for clarifying the difference in landscape patterns
between mountainous areas and flatland areas on the micro scale. The difference in the
spatial and temporal evolution of landscape patterns in the mountainous area and flatland
area leads to the consideration of coordinated and sustainable development of mountains
and flatlands. Appropriate human intervention appears to help enhance the diversity
of the landscape, while inappropriate human intervention will exacerbate the problem
of landscape fragmentation [50–52]. It is the differentiated characteristics of the social
and economic development that form the differentiation in landscape pattern evolution
between mountainous areas and flatland areas. The level of “landscape diversity” is
inversely correlated with that of “biological diversity”. Broken “landscape diversity”
is not conducive to “biological diversity” [53], because the contact surface between the
landscape system and the environment is large, and the “hinterland” is not deep, which
is not conducive to the recovery of some species in the “biological chain”. The decline in
the landscape diversity in mountainous areas is the result of the connectivity of forest and
grass. The enhancement in the connectivity of forest and grass in the mountainous area
further enriches biodiversity and is conducive to the restoration of the ecosystem (animal
habitat and reproduction) [54]. The landscape diversity of the flatland area is a response
to the development of the society and economy. The expansion of urban construction
land is conducive to population agglomeration and job creation [55]. The development
of the transportation industry, although it has brought about an increase in landscape
fragmentation, has facilitated the circulation of people and materials [41]. The in-depth
intersection of arable land patches and urban construction land patches further expands the
rural and urban interface, making it more conducive to the connection between the sales
and consumption chains of agricultural products. All in all, the mountainous area provides
an ecological barrier to the social and economic development of the flatland area. While the
social and economic development level of the flatland area is constantly improved, it feeds
the mountainous area and provides the economic foundation for the further optimization
of the mountainous area and the construction of an ecological environment.

6. Conclusions

Despite the uncertainties in the interpretation accuracy of the landscape units, as well
as the small extent of the study area used, some meaningful conclusions can be drawn from
this research. Preliminary results show that the analysis of mountain–flatland landscape
pattern evolution based on the grid scale can effectively reveal the variation difference and
coupling law.

In the past 24 years, the landscape pattern of the mountainous area and the flatland
area in Yuxi City has shown periodic changes, and the trend of its evolution is consistent
with the laws of human social and economic development. With the further development
of the social economy, the landscape fragmentation and landscape diversity in the flatland
area are clearly higher than those in the mountainous area, and the degree of landscape
fragmentation is further intensified, while the landscape shape in the mountainous area is
simpler than that in the flatland area, and the trend in landscape concentration and conti-
guity is obvious. The natural landscape of forest and grass in mountainous areas continues
to expand and tends to be contiguous, while the man-made landscape in flatland areas
constantly increases and shows fragmentation, which reflects the pattern characteristics
formed by the coupling evolution of land use between the mountain and flatland. There is a
coupling linkage relationship between the landscape pattern evolution of the mountainous
area and the flatland area. The urban expansion and the increase in construction land in
the flatland area are mutually causal with the decrease in cultivated land and the increase
in forest and grass in the mountainous area.

In future studies, we can further improve the interpretation accuracy of the landscape
units and carry out further studies by taking the whole southwest mountainous area as
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the research area, in order to find the general coupling laws of landscape pattern evolution
between mountainous areas and flatland areas. The rationality and universality of the law
will be verified by statistical inspection and analysis, based on which the coordinated and
sustainable development countermeasures of mountainous areas and flatland areas in the
southwest karst region will be formulated.
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