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Abstract: Road construction fragments the landscape, reduces connectivity, and drives land use
changes. To our knowledge, little is known about the scope and intensity of the effects of cross-border
roads on changes in land use. Here, with the land use data products provided by the US Agency
for International Development’s SERVIR Mekong project, using the GIS-based spatial analysis to
quantitatively analyze and compare the effects of the cross-border road on land use changes within a
30 km buffer area along the Kunming-Bangkok Highway between Laos and Thailand. The results
show the following: The greater the distance was from the highway, the smaller were the overall
changes in land use within the buffer zone. A comparison of the situation before and after the
road was opened in 2013 revealed significant differences in the most influential land use types of
agricultural expansion, i.e., from 47.07% to 52.07% (the buffer zone was 1 km). In particular, 57.32%
(1381.93 ha) and 40.08% (966.46 ha) of the land occupied by forests had been converted into land for
plantation and agriculture, respectively, from 2013 to 2018. The scope of the impact of the operational
route on the dynamics of land use was inconsistent. The largest impact before the road became
operational was within 4 km of the buffer zone (0.26 to 0.24). Once the road had been opened, the
range of its impact was beyond 10 km (0.63 to 0.57). The work here can provide a scientific basis for
regional transportation planning and the sustainable use of land resources.

Keywords: land use changes; comprehensive dynamic degree; expansion/reduction intensity index;
Kunming-Bangkok Highway; SERVIR-Mekong

1. Introduction

Transport networks are continually expanding rapidly around the world and include
cross-border roads. These transport routes have significantly improved the economy of
cross-border dwellers and accessibility to such areas, but have also had undesirable local
eco-environmental consequences. Access to the transportation infrastructure is a major
driver of urbanization, along with factors such as proximity to urban land, demographics
and economic growth, and policies for spatial expansion [1]. A new rapid transit system
can stimulate, revitalize, order, optimize, and/or create infrastructure economies in the
course of urban development [2]. In addition, urban sprawl, coupled with the demand for
transportation infrastructures, potentially has direct and indirect effects on the environ-
ment, such as the destruction of landscapes (ecological corridors), habitats (e.g., plants and
animals), and irreversible land use changes [3,4]. The construction of transportation infras-
tructures is based on land as a supporting force. Changes in it can enhance accessibility,
and improvements to it can shape urban spatial expansion, restructure the country’s land
use patterns, and motivate the advancement of particular patterns [5]. While expressways
have yielded significant benefits, they have also significantly affected the ecological en-
vironment [4]. The construction, operation, and maintenance of highways have changed
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the original landform as well as the form of land use. This has led to changes in the
regional landscape pattern and the deterioration of the ecosystem through segmentation,
interference, destruction, degradation, and pollution. Studies have shown that this impact
extends to at least 15% to 20% of the world’s landmass [6].

Various models and theories have been used to identify the effects of transportation
on land use changes [7-9]. Ullman (1956), in his account of humanity’s role in changing the
face of the earth [10], claimed that “few forces have been more influential in modifying the
Earth than transportation.” Among them, the impact of rapid transport routes on land use
is apparent mainly in the form of corridors at the microscopic scale, such as suburban func-
tional areas in corridors along roads, in clusters or as corridor—cluster combinations [11].
Traffic systems and urban spatial structures influence each other [12]. Prevalent research on
the connection between transportation and land use has focused on intercity corridors and
paid little attention to the impact of transportation routes on temporal and spatial changes
in various types of land use, particularly cross-border roads. Many impacts of this kind are
evident, where ecological flows (natural processes) and patterns of biodiversity have been
disrupted. Road networks crossing landscapes cause land erosion, and stream networks,
valleys, and other landscapes are significantly interrupted [13]. Since landscapes and road
systems are at the same scale, changes in the ecology of the landscape inexorably become
important for planning transportation routes. Research has sought to understand the rela-
tion between roads and land use/land cover, along with its ecological and environmental
effects [14-17]. The impact of roads on land use is constrained by the density of the road
system and the conditions of the road itself, and in turn leads to spatial differences [18]. The
above-mentioned effects are reflected in specific roads or sections of roads, and modeling
this impact may be a complicated exercise. Therefore, it is difficult to reasonably determine
the range of impact of the road on land use, where it is important to better understand the
mechanism of the influence of roads on land use/land cover changes.

The road has a corridor effect, which means that newly constructed transport routes
trigger quantitative and distributed adjustments in land in the relevant corridors. The
corridor effect can be divided into the effects of exclusion and attraction, whereby adjust-
ments closer to the transport route tend to be more intensive than those farther away from
it [19,20]. Transportation plays a crucial role in shaping a region’s spatial structure and
influences accessibility to it [21]. Although past research has significantly enriched our
knowledge of cross-border roads and land use changes, two relevant questions remain
unanswered. First, how cross-border roads impact land use changes, in what type, extent,
and degree? Second, how to quantitatively analyze the effects of cross-border roads on land
use changes? The Kunming-Bangkok Highway is part of the Asian international highway
network, and is a cooperative project by China, Laos, and Thailand. When completed, it
had an important impact on the regional patterns of transportation and trade, but also
gave rise to cross-border changes in land use. In this study, we use data from land use
products from the US Agency for International Development’s SERVIR Mekong project to
characterize land use changes within a 30 km buffer of the Kunming-Bangkok Highway,
and to assess the effects of cross-border roads on these changes.

2. Materials and Methods
2.1. Study Areas

The Kunming-Bangkok Highway is an important transportation artery connecting
China to Southeast Asian countries by land(Figure 1). It is one of the key cooperative
projects on infrastructure between China and the Association of Southeast Asian Nations,
and the most important cross-border corridor (i.e., the north-south economic corridor) in
the context of Greater Mekong Sub-Region Cooperation. This includes one of the four key
highways connecting Yunnan Province in China to foreign countries through a bridgehead
construction. The construction of the Kunming—Bangkok Highway started in 1992 in
Kunming city of China. It enters Laos through the Mohan port of Xishuangbanna, passes
through Chiang Khong in Thailand, the Huay Xai and Chiang Khong ports in Luang
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Namtha and Bokeo Provinces of Laos, respectively, and finally reaches the capital (i.e.,
Bangkok) of Thailand. The Kunming-Bangkok Highway generally has four lanes, and
there are not too many restrictions. On the Laos Boding-Haikai Highway, there are many
mountain roads in the Laos section of the highway, some of the roads are winding, and
there are no guardrails on both sides of the road, and the passage of people and animals
is relatively many. With a total length of 1807 km, the Kunming-Bangkok Highway is
divided into a Chinese section (688 km), a Laotian section (229 km), and a Thai section
(890 km).
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Figure 1. Maps of the 30 km buffer area of the Kunming-Bangkok Highway and its topography (ASTER GDEM), showing
land use in 2018 as well as the results of field surveys in 2013, 2016, and 2019.

Part of the highway in China was built in 2008. Construction on the Laotian section
began in 2004. By December 2012, a bridge connecting Huay Xai and Chiang Khong (or
The Fourth Thai-Lao Friendship Bridge) had been built to complete the Kunming-Bangkok
Highway.

2.2. Methods and Materials
2.2.1. Land Use Data Products and Pre-Processing

Annual land use data (2004-2018) (the spatial resolution is 30 m) were used from
the US Agency for International Development’s SERVIR Mekong project for the Mekong
region, including Laos and Thailand. The aim of this system is to generate data providing
high-quality land cover information to serve a variety of needs of regional and national
institutions concerning policy, planning, management, and reporting. For more information
about the workflow and method used for annual land cover mapping, the interested reader
can refer to the study by Saah et al. [22]. They show that the overall accuracy of products
of the SERVIR Mekong dataset is 94% for 18 land cover classes: Aquaculture, barren
land, cropland, evergreen broadleaf forests, flooded forests, forests, grassland, mangroves,
mining lands, mixed forests, orchards and plantation forests, rice paddies, shrublands,
snow and ice, surface water, urban and built-up land, and wetland. Evergreen broadleaf
forests, flooded forests, forests, mixed forests, and shrublands were classified as forests.
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The raster products of forests, agricultural land, construction, and land used for plantation
were then used to examine the dynamic land use changes along the Kunming-Bangkok
Highway by identifying changes in pixel values in ArcGIS 10.x through raster iterators
and buffer analysis. It is worth noting that, “plantation” in the paper mainly refers to
“orchards and plantation forests”, “agricultural land” mainly refers to “cropland”, “forest”
mainly refers to “evergreen broadleaf forests, flooded forests, forests, mixed forests, and

shrublands”, and “construction land” mainly refers to “urban and built-up area”.

2.2.2. Buffer Analysis

To identify the impact of roads on land use changes, we determined the road buffer
distance with step lengths of one (1-10 km) and five (10-30 km) to form a series of buffer
zones. The buffer zones were distributed on both sides of the highway. To consider the
differences between the initial dynamics due to relevant factors in the area and the positive
use of land driven by roads, the definition of the range of influence of the road needed to
be combined with the trend of changes as well as the range of values of the comprehensive
positive dynamics before and after road construction. Moreover, it is judged by the high
value area or inflection point of the positive comprehensive dynamic index afterwards [23].

2.2.3. Index of Comprehensive Dynamic Degree

The comprehensive dynamic degree (or the LC) can reflect the rate of annual change

in all land use in a given region:
YiALU;—; 1

LC = ————— x — x 1009 1
C S LU, X 5% 00% D)

LC refers to the comprehensive dynamic degree, LU, is the area of the i-th land use
type at the beginning of the monitoring period, ALU;_; represents the area in which the
i-th land use type is converted into the j-th land use type during monitoring, and ¢ is the
detection period.

2.2.4. Expansion/Reduction Intensity Index

The expansion/reduction intensity index (EI or RI) is the main indicator used to
characterize the degree or intensity of the effects of highway construction on land use
changes. The expansion/reduction intensity index refers to the area of expansion of a
spatial unit as a percentage of its total land area during the study period. To compare the
strength or speed of expansion of land use in different research periods, the annual average
strength of expansion of each spatial unit was calculated. This was the area of each spatial
unit used to standardize its annual average rate of expansion. The index of intensity of
expansion is as follows:

(LUA; 110 — LUA; )/t

b= TLA,

x 100 ()

(3 is the expansion/reduction intensity index, LUA indicates the land use of a certain
type of area, TLA represents the total area of land use, 7 refers to the study area, and ¢
indicates the study period.

3. Results
3.1. Characteristics of Major Land Use Changes in 20042018

We considered the land use changes only in forests, agricultural land, plantation land,
and land for construction since the areas of the other land use types that had changed
due to the construction and operation of the highway were minor. During 2004-2018,
agricultural land, forests, and land for plantation had prominent characteristics of temporal
distribution and periodic differences (Figure S1). The area occupied by forest covered up
to 50% of the total land and was greater than areas of the other types of land use at any
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given time. The second-largest land type was agricultural land, accounting for about 40%
of the total area. Significant changes in the transfer of agricultural land from 2004 to 2018
(Figure 2) (reduced by nearly 2.48%), with a significant decrease in the areas of forests and
arable land (reduced by nearly 3.31%). In addition, lands for plantation and construction
exhibited a trend of increase. Specifically, the reduction in the area of forested land was the
most significant, about 89,900 ha, followed by agricultural land (76,900 ha). The area of
land used for planting increased significantly, by about 136,200 ha. Although the area of
forested land had decreased significantly, this land was not the most prominent type of
changes in land use. The area of plantation land underwent the most significant expansion,
accounting for 40.74% of all land use changes, followed by forested land, accounting for
26.91%. A prominent change event was noted when the Kunming-Bangkok Highway was
completed in 2013. Therefore, the trends of changes in land use were also different in the
periods before and after it began operating.
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Figure 2. Comparison of spatial changes in major land use types in the 30 km buffer area in (a) 2004-2013 and (b) 2013-2018.

The trend of changes in land for plantation was the most significant from 2004 to
2013, with a relative rate of change of 39.38%, followed by forests (31.73%), but exhibited a
trend of decrease. Agricultural land also showed a downward trend, with a relative rate
of change of 18.15%. The smallest change was noted in the land for construction, which
exhibited a trend of increase with a relative rate of change of 5.86%. From 2013 to 2018,
the extent of changes in plantation land was the most significant (41.89%), followed by
agricultural land, which still exhibited a trend of decrease that was even more severe than
that in 2004-2013 (27.07%). Although construction land still showed a trend of increase,
the rate of increase was lower than in 2004-2013 (0.20%). A comparison of the two periods
shows that while their trends of land use types were the same, their relative rates of change
were significantly different. Plantation land recorded a substantial trend of increase, but
its trend of growth from 2013 to 2018 was more prominent (41.89% > 39.38%). Moreover,
the relative rate of change of agricultural land in 2013-2018 increased and was higher than
that of forests. In 2004-2013, the relative rate of change of agricultural land (2.48%) was
lower than that of forests (3.31%). Construction land (3.89%) also recorded a slight increase,
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but as the highway was opened to traffic, the changes in construction land gradually
slowed down.

3.2. Expansion/Reduction Intensity Index in Buffers of Kunming—Bangkok Highway

The results show a significant difference in the rate of change as well as intensity
across different periods. As shown in Table S1, before the Kunming-Bangkok Highway
was opened to traffic (2004—2013), the area of forest land shrank as the distance increased
and the intensities of changes were different. When the buffer zone was 1-7 km from the
road, the rate of reduction in forest land continuously decreased, and EI decreased from
0.0886 to 0.0736. In the buffer zone farther than 7 km from the road, the rate of reduction
in forest land continued to increase, and changes in agricultural land were the same as
those of forest land. In the 5 years after the opening of the Kunming-Bangkok Highway
(2013-2018), the trends of changes in agricultural land and forest land were the same as
before—a trend of decrease with an increasing distance from the road—but with higher
intensities than before opening.

The area of plantation reflected a trend of increase in both periods with the same
rate of expansion. As the buffer distance increased, their speeds of expansion differed.
When the buffer area was 1-4 km, the speed of expansion of planting land continuously
decreased. When the buffer zone was 6-10 km, its speed of expansion increased. However,
when the buffer zone was farther than 7 km from the highway, the speed of expansion of
forest land showed a decreasing trend. In general, the rate of expansion in 2014-2018 was
higher than that in 2003-2013. The change in construction land was the most interesting.
When the buffer zone was 3-5 km, the area of construction land increased but the rate of
expansion was different between the periods. The rate in 20042013 was higher than in
2013-2018. When the buffer distance was 6-11 km, although the intensity of expansion of
construction land decreased in both periods, the nature of the trends of change in it was
opposite. The area of construction land increased from 2003 to 2014 and decreased from
2014 to 2018. When the buffer zone was greater than 20 km, the area of construction land
increased, but its speed of expansion did not change significantly.

3.3. Comparison of Land Use Transfer and Comprehensive Land Use Dynamics among Buffers

We combined the EI and RI analyses with the land use transfer matrix of buffer zones
at different distances from the highway. Figure 3 shows that when the buffer zone was
1 km, the land use transfer for plantation land was the highest in 2004-2013 (52.06%). The
total area of land use transfer of construction land (0.01%), agricultural land (53.98%), and
forest land (46.02%) was 2629.50 ha. In 2013-2018, the land use transfer for agricultural
land was the highest (47.08%). The total area of land use transfer for construction land
(16.86%), plantation land (63.25%), and forest land (19.89%) was 3047.78 ha. With the
increase in buffer distance, significant differences were noted between the periods in terms
of the type of land use transfer. From 2004 to 2013, as the buffer distance increased, the
most significant transfers in land use types were noted in forest land and agricultural
land, where the difference between them was small. From 2013-2018, the most significant
transfer in the land use type was noted for agricultural land.

In 2004-2013, the overall range of change of the comprehensive land use dynamics
was not wide—between 0.24% and 0.26% with an average value of 0.24%. In general, the
dynamic degree of land use along the route showed a decreasing trend as the distance to
the road increased. Moreover, clear points of conflict occurred within 4 km of the buffer
zone (Figure 3). The changes in land use of the 14 km buffer zone was quicker than
beyond 4 km. The major type of land use transfer was the conversion from planting land to
agricultural land and forest land, and the space for construction land was scattered in the
surrounding area. When the expressway began operation (2013-2018), the comprehensive
land use dynamics were higher than before, and the interval of change was 0.5695-0.6363%
with an average value of 0.6163%. The difference between this and the earlier period
was that the most significant change in the buffer zone occurred beyond 10 km. The
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changes were relatively stable when the buffer zone was 1-10 km. The most significant
change in the two periods was in the transfer of construction land. Although the distance
between the construction land and the buffer zone increased in the two phases, both were
mainly transferred to agricultural land. However, the extent of conversion in land use
from the construction land to the agricultural land in 2013-2018 was about 10 times that in
2004-2013.
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Figure 3. Single/comprehensive degree of land use dynamics in buffers of Kunming-Bangkok
Highway. (a) Single land use dynamics from 2004 to 2013; (b) Single land use dynamics from 2013 to
2018; (c) Comprehensive land use dynamics from 2004 to 2018.

When the buffer zone was 1 km, the transfer from the agricultural land was promi-
nent (Figure 4). In 2004-2013, agricultural land was mainly transformed into forest land
(1169.66 ha), whereas the areas of land transferred to construction (55.79 ha) and plantation
(116.67 ha) were small. However, with the operation of the Kunming-Bangkok Highway,
significant changes occurred in terms of the transfer from the agricultural land. Although
it was primarily still transformed into forest land, the transfer was mainly concentrated to
land for plantation (1927.69 ha).
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Figure 4. Land use transfer in the buffers of Kunming-Bangkok Highway in 2004-2013 and 2013-2018 (the arrow indicates
the direction of transfer, and the width indicates the amount of transfer).
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4. Discussion

The causes of changes in land use are complex, and include economic, institutional,
political, and demographic factors [24-26]. Road construction is a major contributor to,
and consequence of, land use changes. Road construction is an international concern since
it poses a wide range of societal and environmental challenges [27-29]. The impact of
roads on changes in regional land use have garnered considerable attention [30,31]. While
the relationships among roads, accessibility, and land cover are well understood, they
have rarely been considered across borders [32]. Cross-border road projects constitute
strategic corridors for the growth of commerce among neighboring countries and have
changed the infrastructure across land [33]. The fact that these roads pass through national
frontiers makes the assessment of the impact of infrastructure especially complicated, since
it multiplies the array of national rules on land use [34].

The impact of roads on land use changes can be analyzed from two perspectives. The
first is the impact on biodiversity and ecological environment, which can be assessed in
terms of the conversion of forest land. Second, the effects of human activities are mainly
manifested in the expansion or contraction of construction land, and changes in plantation
land and agricultural land. According to the theory of top succession, the transfer of forest
land to other land types is the reverse succession of the ecosystem, indicating that it has
degraded [35]. The shift from forest land to agricultural land and planting land reflects the
pressure of human disturbance on the natural ecosystem. Most of the relevant research
has focused on changes in land use types over a short period of time, and continuous,
long-term series analyses of the factors influencing these changes. However, how do we
assess the impact of an event that leads to sudden and prominent changes in land use? This
study used the Kunming-Bangkok Highway as an example of such an event to answer
this question.

The buffer analysis can accurately define the range of impact of roads of changes in
land use. It has been widely used to study the impact of roads on the ecological environ-
ment [36-38]. International standards for road buffers are not suitable for all the areas [39].
The effects of the road network on regional land use change significantly with the distance
from the road. Different areas are affected by the natural background as well as the direc-
tional influence of social and economic development. Most of the relevant research has
shown that the comprehensive land use dynamics of the buffer zone decreases with the
increase in the distance from the road [40,41]. The results of this paper on the comprehensive
dynamics of land use in the Kunming-Bangkok Highway buffer zone indicate whether it
is before the operation of the Kunming-Bangkok Highway or after a period of operation.
The dynamic degree of comprehensive changes in land use decreased with the increase in
the distance from the highway, which was consistent with the results of most of the past
research. However, the impact of the highway on the buffer zone is not the same.

For example, the Qinghai-Tibet Railway has a significant impact on land use changes
in a range of 7 km [42]. The range of impact of the highway from Glomus to Tangela
Mountain is 1~3 km [43]. Other studies have found that due to the topography and
geomorphology of the area, the threshold of impact is 1~5 km around the road [44]. Past
research did not conduct a comparative analysis of periods before and after a highway was
opened to traffic. Therefore, we analyzed the degree of changes in various types of land
use in a 30 km buffer zone along the Kunming-Bangkok Highway. The results showed that
different land use types are inconsistently affected by the highway in the same buffer zone.

In the period (2004-2013) in which the expressway was not yet accessible, the overall
dynamics were not prominent, and there was no clear point of conflict. However, the
dynamics of land use in the vicinity of the road (within 2 km) were slightly higher farther
away. The comprehensive dynamic degree did not exceed 0.25%. The major conversion in
land use occurred from planting and agricultural land to forest land. When the highway
was opened to traffic (2013-2018), the dynamic degree of the buffer zone in the study
area was the highest at 2 km and fluctuated with the increasing distance from the road.
Agricultural land and construction land changed between the periods from being scattered
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to forming clusters along the road. This is mainly due to the fact that the road network is the
basic framework of urban development, and its spatial structure affects the formation and
development of the basic outline of urban space. As the basic functional unit of the city, the
utilization of construction land is inevitably affected by the development level of regional
roads. The impact is first reflected in the macro-layout of the functions of construction land.
Moreover, promoting the continuous increase in the total amount of land use along the
line, and objectively forming a land development channel to promote the development of
areas along the line, are also the reasons for the increase in construction land. After the
operation of the highway, due to the improvement of regional accessibility, the economic
production cost is greatly reduced, and the suitable functions of the land along the line
are further improved, resulting in the rapid expansion of the construction land area. The
east axis is a continuous strip of spatial characteristics. This was a “point axis” pattern,
where the distribution of land use changes transitioned from a “dot” to an “axis” pattern.
Comprehensive dynamics in the later period of the operation of the highway were higher,
indicating that land use changes were more significant after the highway began operation,
and tended to ease after reaching a certain level. The expansion of construction land is
bound to be supplemented by other types of land. The total loss of cultivated land, forest
land, water bodies, and orchards as well as other land types will all flow to the construction
land. It shows that in the area along Kunming and Manchuria, other types of land have
rapidly shifted to construction land after the operation of the expressway, and the road has
become the axis of regional urban expansion.

The dynamics of forest land and agricultural land before the operation of the Kunming—
Bangkok Highway were lower than those of construction land and plantation land. The
farmland and plantation land show opposite dynamics. The decline of agricultural land
shows that roads have an impact on the suitability of agriculture, affecting its own attributes
of agriculture, and then turning it into a more suitable planting industry. The expansion
of rubber plantations is an important reason for the increase in plantation [45]. The most
prominent dynamic change occurred in the planting land within 4 km of the buffer zone.
As the distance to the buffer zone increased, the dynamics of the plantation decreased first
and then increased. When the buffer zone was 15 km from the road, the dynamics showed
a trend of decrease. This was opposite to changes in construction land, the dynamics of
which decreased first and then increased with the increase in the distance to the buffer zone.
Moreover, this shows that the impact of highway traffic on land use changes was “axial.”
In the 5 years after the Kunming-Bangkok Highway was officially opened to traffic in 2013,
the dynamics of construction land changed slowly. Although it showed a slight increase
in dynamics with the increase in the distance to the buffer zone, the area of change in the
construction land decreased with the increase in this distance. The dynamics of forest land
and agricultural land changed drastically. The dynamics of the planting industry were
opposite before and after the opening of the highway. This shows that the operation of
the Kunming-Bangkok Highway has had a significant impact on land use changes in the
area. Affected by human activities, the spatial variation of land use around the highway is
closely related to the transfer in land use types.

5. Conclusions

This study used data from the US Agency for International Development’s SERVIR
Mekong project in the Mekong region, including Laos and Thailand, consisting of 18
land cover classes. We used them to examine dynamic changes in land use along the
Kunming-Bangkok Highway by detecting changes in pixel values in ArcGIS 10.x via
raster iterators and buffer analysis. The results showed the following: Once the Kunming-
Bangkok Highway was opened to traffic, the dynamics of land use were much higher than
before it was opened (the comprehensive dynamic degrees of land use were 0.2445 and
0.6163, respectively), and the impacts of the highway on land use changes were different.
Before the opening, the area of significant impact was within 4 km of the buffer zone
(the comprehensive dynamic degree was 0.2379) and was 10 km after the opening. The
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changes in land use in this buffer zone were drastic (the comprehensive dynamic degree is
0.6343). Moreover, with the increase in the distance to the buffer zone, the higher degree of
transfer of land use types in the two periods is plantation (e.g., rubber and orchard), and
the direction of transfer is mainly to agricultural land (47.07% and 52.07%).

There are several limitations in this study. We mainly considered the impact of a
single expressway on changes in land use and did not consider the impact of other roads
along the line on the landscape pattern. Analyzing the influence of political and economic
factors in the buffer zone on the spatial pattern can also help in understanding the specific
reasons for changes in various types of land use. We found that the interaction between the
characteristics of the highway and models of spatial development of construction land is
still unclear. In the future, it is important to examine the strength of the influence of other
factors on the condition of the highway. Researchers should also use more refined data on
traffic, land use, and the economic population to conduct a more comprehensive analysis
of the degree of impact of highways on changes in land use types.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/1and10090991 /51, Table S1. Expansion/reduction in the intensity index from 2004 to 2013.
Figure S1. Major land use types and changes in the 30 km buffer areas of the Kunming-Bangkok
Highway in 2004-2018. Figure S2. Major land use types in the 30 km buffer areas of the Kunming-
Bangkok Highway in 2004, 2013, and 2018.
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