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To balance sustainable road construction and environmental impact, intrinsic relationships between regional road networks and
land surface temperature (LST) along the roads must be examined. In this study, we hypothesize that expanding road networks
can affect the LSTwithin a given region.)us, we determined the influence of varying road grades on the surrounding LST. Using
an improved single-window algorithm with reasonably adjusted water vapor parameters, LST data for the relevant areas were
extracted from Landsat 8 data. Analyzing these data revealed that, in the improved single-window algorithm, theMOD05 L2 water
vapor parameter could obtain results, indicating that road grades are positively correlated with LST changes when road network
mileage is increased. In addition, we found that LSTwas increased by highways and low-grade roads over distances of 180m and
150m compared with the surrounding area, respectively. Furthermore, LST was affected by road interchanges over a distance of
300m and by intersections formed by low-grade roads over 150m; both have a linear nonuniform influence on the propagation
models. Finally, we determined that different highways in the LSTradiation range can interact to form an LSTconcentration zone,
resulting in further LST increases.

1. Introduction

Land surface temperature (LST) is a favorable indicator for
the study of environmental conditions, and the use of LST
indicators as a useful research object in regional energy
change discussion is also increasing [1–5]. As the infra-
structure construction of the strip land, the roads will have
an impact on the LST of the area along the roads due to the
construction of it and the subsequent occupation due to the
land occupation and itself. In addition, with the continuous
development of social needs, the mileage of road networks is
increasing, and the LST within the road’s domain will also
change due to the influence of the road itself, thus affecting
the surrounding environment. At present, most of the
studies on regional LST are to study a large scope of urban
areas [6–8], but there are fewer studies on LST changes
within the road areas.

As an important indicator of environmental change,
most LSTresearchers use it as an important characterization

object for surface energy evolvement and environmental
change [1–5, 9, 10]. However, in addition to the use of real-
time monitoring and measurement methods [11], re-
searchers have made it more convenient to adopt satellite
data to study regional LST [12, 13]. )erefore, a large
number of researchers use satellite data for regional LST
analysis, not only from the inversion algorithms to explore
and make improvement but also in the selection of source
data in different aspects of screening. For example, some
researchers have summarized and analyzed several major
LST inversion methods and compared their accuracy
[14, 15]. However, different parameter selection on the
inversion algorithms will also cause differences in accuracy.
For example, some researchers use the split-window algo-
rithm from MODIS product for temperature inversion [16].
As the algorithm is relatively sensitive to the bands 31 and
32, the bare soil parameters are adjusted in the inversion
algorithm, and MODIS data are used to verify the impact of
LST temperature inversion accuracy. However, some studies
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have shown that the single-window algorithm has relatively
higher precision from LANDSAT TM 5 [17]. However, the
single-window algorithm adopted a few parameters, which is
greatly affected by water vapor parameters. But studies have
shown that single-window algorithm has certain advantages
in temperature inversion at high altitude areas [18]. )e
split-window algorithm also plays an important role in the
study of LST discussion. Some studies have shown that,
usingMODIS products to invert the LST in the split-window
algorithm, the accuracy is higher in regions with more land
content [13, 16]. It can be seen that there are differences in
the adaptability of different algorithms, and there will be an
impact on the accuracy of the inversion results due to the
interference of the source data cloud [11]. Some researchers
have addressed this problem and combined the advantages
of thermal infrared (TIR) with passive microwave (PMW)
measurements to propose the all-weather LST retrieval al-
gorithm, and the LST retrieval algorithm method has im-
proved the accuracy compared to the use of MODIS to
extract LST [19]. Its applicability, however, requires further
investigation. )erefore, the correct selection of the algo-
rithm suitable for the study area in the LST inversion process
plays an important role in the accuracy of the LST inversion
results. At the same time, the effective selection of the source
data is equally important in the discussion.

Different source data differ in resolution. )erefore, the
selection of source data will also affect the results when the
LST is inverted. It has been shown that the use of MODIS
data for LST studies is fruitful, including change in urban
energy and discussion of urban vegetation coverage indi-
cators [2, 6, 11–13, 20–22]. For example, in the process of
using MODIS data to study the LST of urban areas, results
show that the development of urbanization has a significant
relationship with LST changes [2]. It has also been shown
that the LST in the urban areas change greatly every ten
years; the more intensive the urban area is, the more con-
centrated the LSTwill be [22]. It is indicated that the change
of the original conditions caused by the different influencing
factors in the urban development process will cause changes
in the LST of the region, but studies on the LST change
caused by road development and construction in the ur-
banization development process are still lacking. When
researchers gradually use Landsat data to study LST, the
research results are also significant [7, 23–25]. Some studies
have shown that multispectral analysis methods can be used
to analyze urban LST changes, and its accuracy compared
with the general inversion method has been improved [3]. It
is also proved that the Landsat data has certain advantages in
accuracy [25]. In addition, in the study of urban LST, it is
found that there is a strong linear relationship between
urban area density and LST, while urban green space use is
negatively correlated with LST [7]. However, the result only
discusses the relationship between LST changes and its
influencing factors. )ere is no research on the specific
quantification of influencing factors. In addition, some
studies have used regression analysis to quantify the increase
and decrease between urban tree growth and decrement with
temperature value in urban LST analysis [26]. It is indicated
that the vegetation factors have an important influence on

the LST in the evolving process. In some studies, the change
of vegetation coverage has also gradually evolved into the
LSTevolvement [9, 10, 27], and its overall impact is negative.
In the study of LST, the influencing factors are diverse. Most
of the current studies focus on different interference factors,
and some studies focus on regional LST study from land use
changes [27, 28]. Studies have shown that the relationship
between land use and urban LSTis a positive correlation, and
the higher the land utilization rate, the higher the LST
performance [4]. In addition, some researchers have im-
proved the research accuracy and discussed the intrinsic
relationship between LST and its influencing factors.
)erefore, a large amount of data is used as the research
basis, and a variety of source data combination analysis is
performed; for example, a plurality of source data are
combined for LST analysis [29], which provides some ideas
for the subsequent research due to insufficient source data.
Similarly, researchers have explored the mechanism of the
effect of vegetation index and built index on LST by con-
tinuously refining the raster data [30] and by using these
grids to perform weight refinement analysis of different grid
sizes [31] in order to study its impact on the LST.

As a product of infrastructure construction, roads have
similarities and differences with the internal factors of LST
caused by the development of urban areas. However, the
construction of road will also have an impact on the LSTdue
to its own construction [32]. Studies have shown that the
temperature zone is formed in the road area [5], but there is
no specific analysis of the scope and impact of the specific
temperature zone. Because the road is a belt-like structure,
its construction will also affect the area along the road
[33, 34], and the road itself will also affect the vegetation and
soil along the road [35, 36]. At present, most studies only
discussed the LST of urban regional road network [37] and
emphasized on urban areas [38]. However, as an important
part of the development of social foundation, attention
should be paid to the sustainable development in the con-
tinuous development process of road [39, 40], and in-depth
research and analysis should be conducted due to its own
changes. In the text, in order to discuss the change of LST
along the road domain caused by the continuous con-
struction of the road and the impact on the surrounding
environment, from the perspective of the LSTalong the road,
Landsat 8 remote sensing image data is used to internally
analyze the LST of the regional road network area and
analyze the evolvement of the influence mechanism of the
LSTalong the road during its continuously changing process
and at the same time explore the impact factors of the road
itself. It is aimed at guiding the road network encryption
planning process from the LST aspect in the future and
helping with the environmental protection, which is of great
significance to the sustainable and healthy development of
the road.

2. Materials and Methods

In this paper, according to the characteristics of road net-
work structure in different regions, the paper selects Jin-
cheng City, Shanxi Province, China, as the main road
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network LST discussion area, where there is a ring structure
and the mileage of road network is increasing. Other grades
of road in the study area cannot meet the requirements of
highway construction scale regardless of the width or the
traffic volume; thus the research objects are divided into
highways and other grades of road in the paper. )e geo-
graphical location of the research area is
112°46′30ʺ∼112°56′30ʺE; 35°27′30ʺ∼35°32′30ʺN, and the
position is shown in Figure 1.

For the study of LST, many scholars used different
satellite images for discussion, mainly includingMODIS and
Landsat 8 [41, 42]. Among them, the MODIS data have a
lower spatial resolution than the Landsat 8 data; thus, the
LST inversion over a large area, such as the urban area, can
have satisfactory results. However, due to the small range of
road compared with urban area, this paper chose Landsat 8
data with higher spatial resolution as the raw data for
extracting LST in order to improve the accuracy of LST
inversion and to facilitate the analysis of road network LST
evolution.)e research data in this paper was obtained from
Landsat 8 source data (http://www.gscloud.cn/) and the
MOD05 L2 water vapor data was downloaded from NASA’s
official website (https://ladsweb.modaps.eosdis.nasa.gov/
search/). Moreover, the climate conditions in the study
area in April were relatively better, and the source data had
the least interference due to cloudiness. )erefore, in the
selection of data, in order to prevent the data of different
months from affecting the results, and to reduce the impact
of time interference of source data, the data extraction is
carried out from the road network area of LST data from
April 2013 to April 2018. However, due to the large amount
of image cloud interference in April 2016, it was replaced by
May 2016, and the other data extraction is from the same
month. Similarly, some studies have chosen to replace the
source data of neighboring months in the case of large
interference of source data [43]. In addition, studies have
used different data in case of insufficient data [29]; the results
proved that they both had achieved better inversion results.

In this paper, Arcgis 10.2 and ENVI 5.0 software are
applied to study the regional road networks in the LST
extraction process, and the visual method and related sta-
tistical data are used to extract the road networks. Figure 2
shows the road network of Jincheng in 2013 and 2018, re-
spectively. )en, the road network vector data for LST
analysis is established. )e highway road network in the
paper established a buffer analysis area with a radius of 80m,
while the other grades of road networks established a buffer
analysis area with a radius of 40m. )us, the inversion
results of the LST with a grid size of 30m× 30 m are
obtained.

Recently, there are relatively few studies on the road
network of LST using the surface thermal characteristics
reflected by Landsat thermal infrared sensor (TIRS). As for
some mature models [14], the satellites can be divided into
single-window algorithm and split-window algorithm. )e
difference is in the use of a thermal infrared channel in the
Landsat TIRS or two thermal infrared channels to invert the
LST.

According to the US Geological Survey (USGS), it is
found that, due to the influence of stray light outside the
TIRS field of view, the calibration parameters of the thermal
infrared band are in error and need to be corrected. For TIR
1, 0.29W/(m2·sr·μm) is subtracted from the radiation data at
the top of the atmosphere, and 0.51W/(m2·sr·μm) is sub-
tracted for TIR 2. )e brightness temperature at the sensor
measured by the corrected TIR 1 will decrease by 2.1 K, and
the TIR 2 will decrease by 4.4 K. Due to the high uncertainty
of TIR 2 band correlation calibration, the official recom-
mendation has not relied on its quantitative analysis of TIRS
data [44]. In February 2017, the stray light correction al-
gorithm was developed and implemented into the pro-
cessing system.)e preliminary evaluation results show that
the error of TIR 1 after stray light correction is reduced from
2.1K to 0.3 K, and the error of TIR 2 is reduced from 4.4K to
0.19K. However, the use of stray light correction and split-
window atmospheric correction technology is still under
evaluation. Until then, the TIR 2 band was not recom-
mended for the inversion of LST [45]. Xu Hanqiu used the
improved single-channel (ISC) algorithm to invert LST
based on TIR 1 and compared it with split-window (SW)
algorithm. )e study found that the two SW algorithms are
proposed for the Landsat 8-band characteristics, but the
error is much larger than the SC algorithm, reaching 5.75°C
and 17.99°C, respectively, and the inversion effect is not ideal
[46]. )e conclusions of this study are consistent with the
official USGS announcement. According to the above
analysis, it is known that the calibration parameters of the
TIR 2 band are unstable. )erefore, the single-channel al-
gorithm is used to invert the LST of highway network do-
main in the study area. )e information about the
wavelengths of the two Landsat TIR channels is shown in
Table 1.

In the three single-channel algorithms for Landsat 8, the
radiative transfer equation (RTE) method is difficult to
guarantee due to the real-time and authenticity of atmo-
spheric parameters, while the improved monowindow
(IMW) algorithm [47] and improved single-channel (ISC)
algorithm [48] do not depend on the atmospheric model, so
the error relative radiation transfer equation method is
smaller. Among them, the IMW algorithm needs two pa-
rameters to invert LST, while the ISC algorithm only needs
one parameter; fewer parameters leading to possible errors
are also smaller. )erefore, the LST extraction in this study
selects the TIR 1-based ISC algorithm [48] to invert the LST
of the highway network area. )e calculation process of the
ISC algorithm inversion of the LST is shown in Figure 3. )e
calculation model of LST (Ts) inversion by ISC algorithm is
as follows:

Ts � c
1
ε

φ1Lλ + φ2(  + φ3  + δ. (1)

εis the surface-specific emissivity; Lλ is the radiation value re-
ceived by thermal infrared sensor; c and δ are parameters which
can be expressed by c ≈ T2

sat/bcLλ and δ ≈ Tsat − T2
sat/ bc, where

Tsat is brightness temperature. When the TIR 1 of Landsat 8 is
selected for surface temperature inversion, bc takes the value of
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1324K; φ1, φ2, and φ3 are the atmospheric functions; w is the
water vapor content coefficient.

In this paper, the research object is the road scope, so the
surface coverage of the research area is regarded as a land
surface composed of different proportions of vegetation and
bare soil, and the surface-specific emissivity is calculated
according tomixed pixels. So the surface-specific emissivity of
the Landsat 8 thermal infrared band can be estimated indi-
rectly using the multispectral band. Surface emissivity model
of land surface mixed pixels in TIR 1 band is as follows:

εv&s � εvRvfc + εsRs 1 − fc(  + dε. (2)
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Figure 2: (a) )e study of regional road networks in 2013 and (b) the study of regional road networks in 2018.
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Figure 1: Location of the study area, Jincheng City, Shanxi Province, China.

Table 1: Wavelengths of the two Landsat TIRS.

Band Wavelength (μm) Spatial resolution (m)
Band 10 TIRS 1 10.60–11.19 100
Band 11 TIRS 2 11.50–12.51 100
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Figure 3: Flowchart of LST calculation.
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εv and εs, respectively, represent the surface-specific emis-
sivity of pure vegetation and pure bare soil in the TIR 1 band,
Rv expresses the vegetation temperature ratio, calculated by
Rv � 0.9332 + 0.0585fc, Rs is the ratio of bare soil tem-
perature, calculated by Rs � 0.9902 + 0.1068fc, ds means the
internal reflection effect value caused by the surface height
difference in TIR 1 band, it is neglible in the study with the
surface height difference very small, and fc represents
vegetation coverage calculated by

fc �
NDVI − NDVIsoil

NDVIveg − NDVIsoil
 

2

. (3)

)e atmospheric function can obtain its value in two
ways. )e first method is to obtain the atmospheric function
by fitting the atmospheric water vapor content. )e ex-
pression is

φ1

φ2

φ3

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
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0.04019
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0.20324

−0.27514

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

ω2

ω

1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦. (4)

When the atmospheric water vapor content exceeds 3 g/
cm2, fitting the atmospheric function with the parameters
obtained by the simulation will lead to a significant increase
in the error of the calculation result. At this point, the second
method of the formula derivation method can be used to
calculate these parameters, as shown in

φ1 �
1
τ

,

φ2 � −Ld −
Lu

τ
,

φ3 � Ld.

(5)

τ is atmospheric transmittance of thermal infrared band
received by thermal infrared sensor; Ld is the downward
radiation value of the atmosphere; Lu is the upward radiation
value of the atmosphere.

In this paper, when using the ISC to invert the LSTof the
road network area, the data source is adjusted when the
water vapor value is extracted compared with the general
algorithm. Compared with the direct use of water vapor
source data such as MOD11 [13], the paper uses MOD03
coordinate system geometric correction combined with
MOD05 L2 water vapor data to resample the water vapor
data value of the study area; thus the algorithm water vapor
parameters are used that have been adjusted in the paper.
)e aim is to improve the inversion result by adjusting the
water vapor value.

3. Results and Discussion

)e LSTanalysis of urban areas using the highest and lowest
values is currently the commonly used LST spatial distri-
bution analysis method [49]. In this paper, in order to better
analyze the intrinsic coupling relationship between road
network area and LST, the lowest temperature and the

highest temperature are both discussed in the road network
area to analyze the influence between the road network
mileage change and the road network area LST. As for the
analysis and model establishment, the Pearson test model is
used as a favorable model in the correlation study [50].)ere
are a lot of studies on the linear fitting model and the
nonlinear model in the LST research process [51–54], which
are useful to discuss the inherent laws between different
indicators. Table 2 shows the LST extracted from the study
area. Figures 4 and 5 show the LSTof the road network area
in 2013 and 2018 in the study area, respectively.

3.1. Pearson Correlation Test and Model Establishment.
According to relevant research, road construction will have a
certain impact on the surrounding natural environment
[39].)e total number of road network mileages in the study
area changes with time, but the mileage change of the
highway network in the study area is not obvious, so the
influence of the mileage changes on LST is not discussed. In
the study area, the mileage equivalent of other grades of road
network increases significantly; therefore, other grades of
road networks are mainly used to explore the regional LST
for mileage factors. )en the Pearson coefficient calculated
by the abovementioned other grades of road network
mileage increases and its corresponding LST input SPSS is
calculated, and the lowest LSTand the highest LSTare passed
to other grades of road network area. )e Pearson corre-
lation analysis of road mileage factors has a coefficient of
0.767 and 0.772, respectively. According to the classification
of Pearson correlation coefficient, 0.8∼1.0 is extremely
strongly correlated; 0.6∼0.8 is strongly correlated; 0.4∼0.6 is
medium intensity correlation; 0.2∼0.4 is weak correlation;
0.0∼0.2 is very weak correlation or no correlation.)erefore,
it can be known that the correlation coefficient is strongly
positively correlated. It can be seen from Table 3 that the
other road network mileage increases significantly in the
study area, and the LST variation caused by it is also sig-
nificant. )e analysis shows that the impact rate of the road
network area LST is fluctuating year by year. Some re-
searchers proved that when studying the LSTof urban areas,
the results prove that the temperature will change greatly
over time [22] but did not specifically explore the impact of
road construction on LST. However, road construction will
have a certain impact on the LST. When the increase of the
road mileage in a certain year has a significant change from
the previous years, the low LST and high LST both change
significantly, and the characteristic is that the LST fluctu-
ations are rising, but the overall impact process is charac-
terized by a weakening trend. )is shows that the other
grades of road network will cause the high and low LST
fluctuations of the road network area when the mileage in
the study area changes relatively significantly. )e final
impact of the results is that the LST of other grades of road
network area continues to rise to a certain extent.

Linear regression plays an important role in the process
of LST research, and most studies use it [51, 52]. In order to
analyze the intrinsic relationship between the road network
mileage of other grades and the LST, the paper linearly fits
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the increasing percentage of mileage and the high and low
LST increasing numbers. )e fitting results are shown in
Figure 6. )e fitting effect of the low LST increase and the

mileage rise percentage is better than the high LST increase,
indicating that there is a linear coupling relationship be-
tween other grades of road network and its LST. Other

Table 2: LST of the study areas from 2013 to 2018.

Time )e whole area Highway Other grades of road Interchanges Intersections
2013.4 20.6741∼34.5746 23.7769∼32.7215 21.1361∼32.8874 23.7769∼32.2404 22.7693∼31.0927
2014.4 18.3573∼43.5246 21.1623∼37.1141 20.5124∼36.4639 21.8507∼35.3601 21.7665∼34.0013
2015.4 13.0031∼36.3321 15.0197∼33.547 17.1859∼34.7466 18.1029∼32.1481 18.7466∼31.1404
2016.5 15.5093∼46.6938 15.5039∼41.9333 18.7977∼41.9576 19.4151∼40.3719 15.2166∼40.5061
2017.4 25.1023∼43.5137 29.1495∼41.6524 27.4282∼41.9069 29.6129∼40.8711 28.1996∼40.3042
2018.4 11.6477∼33.8372 11.6999∼28.0726 15.1224∼28.369 11.6999∼27.1015 17.4523∼27.1138
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Figure 4: LST of Jincheng road network area in 2013.
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Figure 5: LST of Jincheng road network area in 2018.

Table 3: Increased mileage of high and low LST change of other grades.

Time Other road networks’
increased mileage (m)

Mileage change rate of other
grades of road network

)e low LST change
value of other roads

(°C)

)e lowest LST change
rate of other roads

Maximum LST
variation of other roads

(°C)
2014 1809 +0.014223762 +2.1551 +0.117397439 −7.0607
2015 34805 +0.269865682 +4.1828 +0.321677139 −1.5855
2016 28936 +0.176677881 +3.2884 +0.212027622 −4.7362
2017 24649 +0.127904779 +2.3259 +0.092656848 −1.6068
2018 22276 +0.102484401 +3.4747 +0.298316406 −5.4682
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studies have shown that LST changes have a linear rela-
tionship with urban development [6]. )e results also prove
the effect of the increase on the road LST under the obvious
rise of other grades of road mileage. On the other hand, it
proves that the change in the impact on LST in the process of
road construction is a gradual change, not a sudden change.

3.2. Analysis of LST Radiation on Road Network Area.
)ere are related studies on the road LST field test to
measure its temperature radiation range, but the actual
measurement can only detect the single road temperature
radiation within a certain range. It is hard to analyze the
range of LSTradiation impact on a certain road network in a
certain area. However, some studies have found that a
temperature zone will form within the road scope [5].
However, there is a lack of research on the LSTconcentrated
area formed by road construction. Not only can the satellite
inversion of the LST of the road network be reflected in the
change of road network mileage, but also the LST in the area
where the road is located can be caused just as shown in the
circle marked in Figure 7. So in this paper, the impact of LST
on road width is further analyzed.

In order to study the influence of LSTvariation caused by
the width of road network area, the LST data of different
widths are extracted for highways and other grades of road.
As can be seen from the analysis in Figure 7, the darker the
color, the higher the LST. It is obvious that there is a sig-
nificant high LST point area in the highway scope, and the
LST influence range is spread from the axis of the road to the
sides of the road. Similarly, the results prove that LST in-
fluence law of other grades of road is consistent with
highways.

To explore the spread width and propagation rate of
highway and other grades of road along the road area width,
the LST of different distances are extracted along the road
center. In this paper, eight highway sections are extracted
from the road axis by the grid size of 30m, and the concrete
values are shown in Table 4.

It can be seen from Table 4 and Figure 8 that, as the
distance from the axis of the road increases, the LST of the
eight highway research sections gradually decreases.
Moreover, analysing the range of 0–60m separately as the
highway LSTconcentration area, the LSTgradually decreases
after the 60m distance range. It can be seen from Figure 8

that when the distance from the axis of the road is 180m, the
LST has been consistent with the LST of the surrounding
area. But other studies have proved that the LSTpropagation
distance is 90 meters from the highway center [55]. Simi-
larly, it can be seen from Table 4 that the LST value changes
significantly slower when the LST is spread to 180m, in-
dicating that the LSTradiation range affected by the highway
itself is 0∼180m.)e result proves that the LST transmission
range of highway construction is more than 90m, and it
should spread farther. And studies have shown that the
higher the land utilization rate, the higher the LST [4].

On the other hand, in the discussion of extracting the
LST of other grades of road network scope, the LST data of
eight sections are also extracted according to the grid size of
30m, as shown in Table 5. It can be seen from Figure 9 that
the LST of other grades of road is concentrated in the range
of 0∼30m, and the LST gradually decreases when the dis-
tance from the axis of the road keeps rising. It can be seen
from Table 5 that the LST influence is very weak at 120m
from the road. By analyzing the average LST reduction rate,
the LSTreduction rate has been abrupt and slowed down at a
distance of 120m. When the temperature data of road
section 5 is extracted, the LSTaffected by the road itself after
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the distance of 90m is negligible. However, the compre-
hensive analysis from Table 5 and Figure 9 shows that the
LST of other grades of road is already in the maximum

impact range when it reaches 150m from the axis of the
road. )e result of a temperature zone will form within the
road scope [5], and the higher land utilization rate will cause

Table 4: LST propagation data of eight highway sections.

Distance from
axis (m) Section 1 (°C) Section 2 (°C) Section 3 (°C) Section 4 (°C) Section 5 (°C) Section 6 (°C) Section 7 (°C) Section 8 (°C)

30 25.342468 24.629242 24.642517 22.694611 23.073578 22.481682 21.731018 23.085541
60 25.006866 23.341644 24.416229 22.035736 22.615112 22.228943 21.668518 22.646515
90 22.789520 22.930817 23.057190 21.588287 20.656036 21.850830 21.355194 21.298096
120 21.968567 22.450897 22.541412 21.448212 20.020203 21.837311 20.361481 21.447266
150 21.538849 22.154205 22.320892 21.319153 19.476898 19.954620 20.118866 21.417633
180 21.460114 21.987305 21.843719 20.996033 19.048920 19.800720 19.608185 21.285217
210 21.487762

N N

Study area of
highway
LST 2018

Study area of
highway
LST 2018

High: 25.342468
Low: 21.241852

High: 22.016998
Low: 19.180328

30m
Highway axis

30m
Highway axis

Figure 8: LST radiation in a typical area of highway.

Table 5: Other grades of road LST propagation data.

Distance from
axis (m) Section 1 (°C) Section 2 (°C) Section 3 (°C) Section 4 (°C) Section 5 (°C) Section 6 (°C) Section 7 (°C) Section 8 (°C)

30 25.074982 25.934235 22.473663 22.359344 20.374023 23.791107 24.958282 24.883209
60 24.883209 24.611511 20.701263 20.917847 19.765106 22.478485 24.544556 23.419495
90 23.041809 24.292084 20.237183 20.520874 18.469177 22.646698 23.945129 22.856171
120 22.654694 23.609589 20.02421 19.826935 22.11151 22.088287 22.331024
150 22.050659 22.728729 19.099121 21.915314 20.777252 22.126038
180 20.169983 21.938843

N N

Study area of
other roads
LST 2018

High: 22.359344
Low: 18.028229

Study area of
other roads
LST 2018

High: 25.074982
Low: 21.834747

30m
Other roads' axis

30m
Other roads' axis

Figure 9: LST radiation conditions in typical areas of other grades of road.
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higher LST [4]. )e highway construction occupies a larger
area compared with other grades of roads. )erefore, the
spread of LST is relatively farther. Vegetation coverage and
land use rate have important effects on LST [9]; road con-
struction will destroy vegetation and occupy land, so vege-
tation greening should be done well during road construction.

It can be known from the above discussion that the LST
will spread a certain distance. )erefore, when the distance
between different roads is relatively close, the LST effects
caused by the road itself will cross each other. In this paper,
the cross effect of LST is also proved by the data which
caused the temperature influence range in a certain road area
and generated a relatively concentrated LST area. As shown
in Figure 10, when the distance between two highways is
relatively close, the LST propagation effects will overlap, so
an LST concentration zone is formed between the two
highways. It is also proved that a temperature zone will form
within the road scope [5]. From Table 6, it can be seen that
the LST decreases with the rise of distance between the axes
of the road, but after the distance increases to 60m in the
discussion section, the LST value begins to rise again.
)erefore, it is explained that there is a mutual influence area
of LST, which leads to a relatively high LST in the entire road
section region, furthermore affecting the surrounding en-
vironment of the road, which causes damage to surrounding
vegetation and soil. )e continuous construction of high-
ways canmitigate the impact on the environment [40], so the
distance between road sections should be considered in the
construction of highways to further reduce the impact on the
environment. )ere is a strong linear relationship between
density and LST, while vegetation green space is negatively
correlated with LST [7]; therefore, reducing the density of
the road network will slow the rise of LST.

From Table 6, it is known that, in the LSTarea affected by
the two highways, the LSTgradually rises to the temperature
value of the axis region of another highway when the dis-
tance increases to 60m. Comparing with the LST propa-
gation of a single highway, it can be seen that the mode of
transmission is different from that of a single highway, and it
mainly shows the “V” propagation mode in the affected area
of the two highways. Its propagation mode is shown as
nonlinear propagation. To analyze the difference of the LST
interaction on the highway, the differences in LST drop
equivalents at the same distance of the highway are com-
pared. )e difference in LST drop at 90m between the two
road areas is 1.1911°C, and the average drop equivalent
difference of highway sections 2, 3, and 8 at 90m similar to
the drop equivalent difference is 1.6904°C. By comparison, it
can be seen that the temperature of the interaction zone
between the two highways is relatively increased by 0.4991°C,
indicating that the LST interaction zone formed in this zone
causes an LSTdrop value smaller than a single highway area
and makes the zone keep a certain high value of LST area.

3.3. Analysis of LST Highway Interchanges’ Areas.
Different grades of road cross each other to form an in-
tersection or interchange structure. While the intersection
and interchanges occupy a relatively large area relative to a

single road, the effects of crossing between different grades
of road and the same level of road are different. Using grid
data to study LST is an effective method [30, 31]. For ex-
ploring the influence law of LST between different crossing
points’ areas, the grid data is used to analyze the LSTdata of
different distances. In this paper, the data of the eight main
interchange point areas in the study in 2018 are extracted,
and the LST grid data at the interchange point areas are
extracted according to the radius distance, just as shown in
Table 7.

For analyzing the LST propagation law at the inter-
change point areas, the linear regression model is used to fit
the LST value with the distance value. Using linear fitting
method to study the relationship between the daily average
surface temperature and its influencing factors [6], the
results are negatively correlated as shown in Figure 11. It is
proved that the LST diffusion in the interchanges points
area linearly reduced when the distance increases, and the
influence of the effect is gradually weakened. In addition, to
specifically quantify the LST propagation distance at the
interchanges points area, the average LST reduction rate is
used. In general, a temperature zone will form within the
road scope [5]. )e interchange area formed by the
highway has a large area and relatively little vegetation. It
can be seen that the LST is relatively concentrated. )e
average LST reduction rate in the text is the ratio of the
difference between the temperature difference and the
adjacent distance. )e study only analyzes the propagation

N

Study area of
highway
LST 2018

High: 24.391113

Low: 19.420807

30m
Highway axis

Figure 10: LST of highway interaction area.

Table 6: Road LST interacting propagation.

Distance between the
axes of the two roads (m) LST of interacting propagation

30 24.131042
60 2s2.881012
90 23.169128
120 23.436981
150 23.834320
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distance and does not consider the propagation rate [55]. In
the analysis process, the LST drop propagation point is
determined by comparing the average LST reduction rates
to determine the LST propagation distance. When the
distance is in the range of 0∼210m, the average LST re-
duction rate is relatively small, indicating that the LSTeffect
is not significantly weakened in this distance range. When
the propagation distance is increased to 210m, the at-
tenuation rate of interchange points 7 and 8 is suddenly
increased, and then even if the distance is continuously
increased, the rate is weakened as a whole. When the
distance is increased to 270m, the average LSTof elevation
points of interchanges 2, 3, 5, and 6 are obviously increased
to the maximum value. )en, the rate of increase of the

distance does not change again, until the overall trend is
flat. When the distance increases to 300m, the average rate
of interchanges 1 and 4 decreases suddenly, and then the
distance increase value does not change again. It also can be
proved from Figure 12 that the LST influence range of the
highway interchange is consistent with the ambient tem-
perature after 300m, and the range of 0∼270m in the
highway is the main LST spread area. Beyond this distance
range, the influence caused by the highway factor is
weakened. )erefore, the LST analysis area of the highway
interchange can be obtained from 0 to 300m by the above
discussion. Comparing with the highway sections, its LST
spreads farther, and there are differences in the propagation
mode and speed.

Table 7: LST diffusion for eight interchanges’ areas in 2018.

Distance
(m) Interchange 1 Interchange 2 Interchange 3 Interchange 4 Interchange 5 Interchange 6 Interchange 7 Interchange 8

30 24.8288 23.4771 24.0960 25.5657 25.1682 23.6763 24.5691 23.6235
90 24.1785 22.7923 23.8489 25.4618 24.8464 23.2649 23.8390 23.2223
150 24.1301 20.6004 23.2153 25.2462 24.3517 22.9686 23.4613 22.7976
210 22.7694 20.0827 22.2544 24.7600 23.8060 22.6639 22.4104 21.5135
270 21.9353 19.2761 20.4554 24.4060 22.9759 21.9924 21.8843 21.4165
300 19.6164 18.9997 19.7362 23.1598 22.7159 21.7449 21.7757 20.9201
360 22.3157 21.9259
420 20.8838
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Figure 11: Temperature linear regression model of eight intersection points’ area.
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Figure 12: Temperature spread diagram of a typical interchange intersection in a highway.

Table 8: LST of intersection areas’ diffusion in 2018.

Distance
(m) Intersection 1 Intersection 2 Intersection 3 Intersection 4 Intersection 5 Intersection 6 Intersection 7 Intersection 8

30 23.3571 22.4715 21.9031 23.6276 23.3771 20.0807 25.4378 24.5378
60 23.2668 22.4157 22.3730 23.4187 22.9093 20.1564 24.8414 24.2541
90 22.6436 22.3030 21.5729 23.0832 22.2051 20.1159 23.8281 22.9567
120 21.3749 21.4684 19.6909 22.3879 20.7164 19.8695 23.5967 22.5511
150 20.6962 21.0381 19.0122 21.2535 19.9779 18.7861 23.2848 22.2739
180 19.1175 18.6579 20.9513 19.4736 22.8868 22.1546
210 17.9980 22.5496
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Figure 13: Continued.
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3.4. Analysis of LST of Other Grades of Road Network Inter-
sectionAreas. Due to road grades, most other road networks
form a level crossing structure at the intersection point.
However, there are a large number of intersection points in
the study area. )erefore, to explore the influence range of
LST at the level of intersection areas, eight typical inter-
section points’ areas are also selected in the paper for data
extraction and analysis according to different distances. )e
specific LST values are shown in Table 8.

Using the LST propagation data in Table 8, the linear
regression simulation between LST propagation value and
distance is carried out. It can be seen from Figure 13 that the
LST influence range of the eight intersection points’ area is
also a process of decreasing gradually with rising distance
and the overall LST impact with respect to distance exhibited
a strong negative correlation. From the previous research, it
is known that the higher the land use, the more obvious the
LSTchanges caused by it [4]. In addition, the spread distance
in the analysis of the intersection points is also determined
by calculating the LST reduction average rate to determine
the LST influence boundary. By analyzing the average rate of
decrease, it is known that when the distance is increased to
120m, the average rate of LSTdecrease at intersection of 1, 2,
3, 5, and 8 is abrupt. )en the rate of decrease tends to be
gentle with the change of distance and no more mutation
occurs. When the distance continues to increase to 150m,
the average LSTreduction rate of levels 4 and 6 is abrupt, and
then the rate of decrease is relatively flat. When the distance

continues to increase to 180m, the maximum value of the
abrupt change occurs at intersection point 7, but the average
LST reduction rate of intersection point 7 has changed
greatly when the distance is increased by 150m. It can be
seen from the above discussion that the LST influence range
in the intersection points area is concentrated in the range of
0∼120m, when the distance exceeds 150m. It can be seen
from Figure 14 that the LSTchange is not obvious compared
with the surrounding area. Comparing with the interchange
area, the LST propagation distance of the intersection is
relatively closer, but the propagation method is the same.

4. Conclusions

)e construction of highway engineering belongs to the
band engineering, and its construction will have an impact
on the ecology [37]. )e resulting effects are generated not
only in length but also in a certain width. )rough the study
of the paper, it can be concluded that when the construction
of other grades of road continues to keep and the scale of
mileage gradually increases, it will lead to a significant in-
crease in the LST along the line of road path, and the LST
changes and mileage factors along the line area increase
linearly. In addition, due to the influence of road width, the
LSTpropagationmechanism caused by the road width is also
different for highways and other grades of road. Previous
studies have shown that the LST range of highways is 90m
away from both sides of the road [55], but in this study, the
Landsat 8 satellite data with better resolution is found to
have an effect on the LST range of the highway within 180m
from the axis of the road. As for other roads, the LST in-
fluence range reaches the maximum distance of 150m from
the axis of the road, and the LST degree of influence
gradually decreases with the rise of the distance. At the same
time, it was found in the study that the highways would also
have a higher LST zone due to the cross effect of LST ra-
diation because they were within the LST range of each
other. )e LST propagation distances of the interchanges
and the intersection in the study area are discussed, re-
spectively. )e average rate of LST reduction was calculated
from the interchanges and intersection, and it is known that
the value will abruptly change at the critical boundary of LST
influence, after which its rate of propagation tends to be flat.
Furthermore, the LST propagation mode gradually weakens
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Figure 13: LST linear regression model of eight intersections’ area.
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Figure 14: LST spread diagram of typical intersection.
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with the trend of linear wave, so that the LST influence range
of the interchanges area is mainly concentrated in the range
of 0∼300m. Meanwhile, the LST influence range of other
grades of road intersection area is mainly concentrated in the
range of 0∼150m.)rough the study of LST in the area along
the road, it is known that the road has an influence on the
LST along it. )e increasing LST of the road will first ac-
celerate the aging rate of it, thereby reducing the service life.
In addition, the increase in the LSTof the road will affect the
vegetation of the road area, making it more difficult to
survive for a long time and thus affecting the environment.
)erefore, in order to ensure the healthy and sustainable
development of road and the areas along them, it is of great
significance to study the impact of LST on the road
surrounding.
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