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Abstract

The accelerated advancement of urbanization has intensified land use changes,
consequently leading to increasingly prominent urban thermal environment is-
sues. Based on MYD21A2 land surface temperature data from the summers of
2005 and 2018, spatial statistical methods were employed to analyze the spa-
tiotemporal distribution patterns of LST. Combined with land use data, the
source-sink role characteristics of land cover types and administrative divisions
in the urban agglomeration on the northern slope of the Tianshan Mountains
were analyzed through the contribution index. The results indicate: (1) From
2005 to 2018, construction land and cropland increased significantly, while nat-
ural resource land types such as glaciers and forest land decreased substantially,
demonstrating that urban development has caused relatively severe impacts on
the ecological environment and natural resources. (2) The spatial distribution
of land surface temperature grades exhibits a negative correlation with elevation.
From 2005 to 2018, the spatial distribution of high temperature grades during
daytime showed a trend of dispersion, whereas the opposite occurred at night,
with the overall spatial distribution of high temperature grades at night showing
a trend of southeastward migration. (3) Due to differences in natural conditions,
specific heat capacity, and other physical properties, different cities and land
cover types exhibit different source-sink roles during daytime and nighttime,
which can be summarized as diurnal heat source type (CI>0), day-sink night-
source type (CI<0 during daytime, CI>0 at nighttime), and diurnal heat sink
type (CI<0). (4) The unique climate and desert-oasis-mountain landscape of
the urban agglomeration on the northern slope of the Tianshan Mountains cause
construction land to be a day-sink night-source land type, with source-sink roles
differing from those of some inland urban agglomerations (Beijing-Tianjin-Hebei
urban agglomeration).
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Abstract

The acceleration of urbanization has intensified land use changes, which in turn
has led to increasingly prominent urban thermal environmental problems. Based
on MYD21A2 surface temperature data from the summers of 2005 and 2018, the
spatial and temporal distribution pattern of land surface temperature (LST) was
analyzed using spatial statistics, combined with land use data, and the contri-
bution index was used to determine the source-sink characteristics of land cover
types and administrative divisions in the urban agglomeration on the northern
slope of the Tianshan Mountains. The results show that: (1) Construction
land and cultivated land increased significantly, while natural resource land
types such as glaciers and forest land decreased significantly, indicating that
urban development had a serious impact on the ecological environment and
natural resources. (2) The spatial distribution of surface temperature grades
is negatively correlated with altitude; from 2005 to 2018, the spatial distribu-
tion of high temperature grades in the daytime showed a trend of discretization,
while the opposite was true at night, and the overall spatial distribution of high
temperature grades at night had a tendency to migrate to the southeast. (3)
Different cities and land cover types had different day/night source and sink
roles due to differences in natural conditions, specific heat capacity, and other
physical properties; these can be summarized as a day and night heat source
type (CI > 0), a day sink-night source type (day CI < 0, night CI > 0), and
a day and night heat sink type (CI < 0). (4) The unique climate and desert-
oasis-mountain landforms of the urban agglomeration on the northern slope of
the Tianshan Mountains led to construction land being a day sink-night source
land type, with the source-sink role differing from that of some inland urban
agglomerations (e.g., Beijing-Tianjin-Hebei urban agglomeration).

Keywords: MYD21A2; urban agglomeration on the northern slope of Tianshan
Mountains; land surface temperature; contribution index
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1. Introduction

Land surface temperature (LST) is a key factor affecting energy exchange and
water cycling between land and atmosphere, representing an important man-
ifestation of Earth’ s surface energy balance and the most direct expression
of urban thermal environments. Since the 21st century, China’ s rapid eco-
nomic development and accelerated urbanization have transformed land at a
rate of 1,788 km? annually. The extensive development of impervious surfaces
dominated by cement and asphalt has destroyed original land cover and natural
landscapes, altering surface state parameters such as albedo and emissivity, and
breaking the original surface thermal balance, resulting in significant changes in
urban thermal environments. These changes not only reduce living environment
comfort and pose health risks to humans but also severely impact local urban
climates. Therefore, investigating the impact of surface cover types on urban
thermal environments is of great significance for scientific urban planning.

In recent years, thanks to continuous development in remote sensing technol-
ogy, thermal infrared remote sensing has made quantitative acquisition of pre-
cise LST a reality, becoming the only effective means for obtaining LST spa-
tiotemporal distribution at large regional scales. Current domestic and inter-
national research on the relationship and mechanism between urban land cover
and LST mainly focuses on: (1) Investigating the impact of specific land cover
type changes on LST, such as exploring the response between urban impervious
surfaces and vegetation coverage changes and urban LST; (2) Exploring the
role of urban blue-green landscapes in reducing LST and mitigating urban heat
island effects, with numerous studies showing that appropriate proportions of
green space and water bodies are important for balancing urban thermal radi-
ation and reducing LST; (3) Using landscape pattern indices from landscape
ecology to study the relationship between land cover landscape patterns and
LST, such as investigating the relationship between construction land and green
space patch aggregation (PLAND), largest patch index (LPI), and LST land-
scape pattern indices. However, most studies use linear relationships to explore
the relationship between single land use/cover types or land use landscape pat-
terns and LST. In reality, land use changes affect LST in extremely complex
ways, with multiple land use types jointly influencing LST. Therefore, this study
comprehensively considers various land use types to investigate their impact on
urban thermal environments.

The national “14th Five-Year Plan” outlines the promotion of integrated ur-
ban agglomeration development, and the urban agglomeration on the northern
slope of the Tianshan Mountains is one of the key urban agglomerations for
cultivation and development, representing the strategic core area for Xinjiang’ s
urbanization construction and economic development. Driven by this national
strategic background, the rapid economic and industrial development and ur-
banization advancement in this region will inevitably lead to dramatic land
use/cover changes, consequently causing urban thermal environment changes.
This study takes the urban agglomeration on the northern slope of the Tian-
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shan Mountains as the research area to explore the spatiotemporal differences
in LST and the contribution of different land use types, aiming to provide scien-
tific reference for how to optimize and balance land use combination structures
to regulate thermal environment changes in future planning and construction.

1.1 Study Area Overview

The urban agglomeration on the northern slope of the Tianshan Mountains is
located in the center of the Eurasian continent, with geographical coordinates
of approximately 83°24 ~91°54 E and 41°11 ~46°18 N, situated on the northern
foothills of the Tianshan Mountains and the southern part of the Junggar Basin.
It borders the Gurbantiinggiit Desert to the north, Jinghe County of Bortala
Mongol Autonomous Prefecture to the west, and Barkol Kazakh Autonomous
County of Hami City to the east, with an average elevation of 1,000 m. The
urban agglomeration includes Urumgqi City, Wujiaqu City, Changji Hui Au-
tonomous Prefecture, Turpan City, Shihezi City, Karamay City, Kuitun City
of Tli Prefecture, and Wusu City and Shawan County of Tacheng Prefecture.
As the region with the highest economic level, most developed transportation,
densest population, and most concentrated industry in Xinjiang, by the end of
2018, the urban agglomeration’ s population was approximately 5.9171 million,
accounting for 23.8% of Xinjiang’ s total population, with a GDP of 656.645
billion yuan, accounting for 44.4% of Xinjiang’ s total GDP. It is the main area
leading Xinjiang’ s new urbanization construction and socio-economic develop-
ment.

1.2 Data Sources and Preprocessing

The study used MYD21A2 surface temperature data from NASA’ s LP DAAC
(Land Processes Distributed Active Archive Center). The MODIS sensor has a
wide band range and high temporal resolution, including a series of standard
products for oceans, land, and atmosphere. Currently, the Terra satellite passes
at approximately local time 10:30 AM, while the Aqua satellite passes at approx-
imately local time 13:30 PM and 22:30 PM. The MYD21A2 product provides
8-day composite daytime and nighttime LST data. The data were downloaded
from https://ladsweb.modaps.eosdis.nasa.gov/ and reprojected and mosaicked
using MODIS’ s official reprojection tool (MRT). The MYD21 dataset is a new
generation LST product that has been validated globally using a combination
of temperature and radiation-based methods. Validation results show that com-
pared with the traditional MYD11 product, MYD21 has higher accuracy and
reliability in northwestern China.

Land use data were obtained from the 30 m resolution national land use remote
sensing monitoring dataset from the Chinese Academy of Sciences’ Resources
and Environmental Sciences Data Center (https://www.resdc.cn/). This land
use classification dataset includes six primary types: cultivated land, forest land,
grassland, water bodies, residential land, and unused land, generated through
manual visual interpretation of Landsat remote sensing images and widely used
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in various research fields with reliable accuracy. Based on the land use charac-
teristics of the study area, this study separated glaciers as an individual category
while maintaining the original primary classification, resulting in seven land use
types: cultivated land, forest land, water bodies, glaciers, grassland, construc-
tion land, and unused land.

1.3 Research Methods

1.3.1 LST Data Processing The MYD21A2 product provides cloud-free
LST data, from which the true LST values were calculated using GIS software.
The valid value range is [0, 65535], with a conversion coefficient of 0.02. The
calculation formula is:

TS = DN x 0.02 —273.15

where TS represents the LST value (°C) and DN represents the pixel brightness
value.

To compare the contribution differences of different land use types to LST be-
tween daytime and nighttime in summer, the average values of 46 periods of
daytime and nighttime data during summer (June-August) were calculated sep-
arately using GIS software.

1.3.2 LST Grade Classification The mean-standard deviation method was
used to classify LST into six grades. This method uses combinations of the
mean and different multiples of standard deviation to effectively characterize
temperature concentration and dispersion. The specific classification criteria
are shown in Table 1.

Table 1. Criteria for classification of LST

LST Grade Temperature Range
Extremely low T < - 1.5std

Low -1.5std < T < -0.5std
Medium -0.5std < T < 4+ 0.5std
High + 0.5std < T <+ 1.5std

Extremely high T > 4 1.5std

Note: T is the temperature interval, is the mean value, and std is the standard
deviation.

1.3.3 Standard Deviation Ellipse Standard Deviation Ellipse (SDE) is a
spatial statistical method that can precisely reveal the central tendency, direc-
tionality, and directional deviation of geographic elements. SDE was used to
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analyze the spatial center distribution and directional distribution of high tem-
perature grade areas (high and extremely high temperature zones). The center
coordinates of SDE represent the relative spatial location of geographic elements;
the long and short axes represent the primary and secondary distribution direc-
tions, with their lengths indicating dispersion; the azimuth angle characterizes
the dominant direction of spatial distribution.

The calculation formulas are:

A \/Zzl(% cos § — y, sin )2 , \/Zil(xi sin § — y, cos 6)2

n n

Y@ i) + \/(Z?:l(fv? —yP))? + 4T, wyi)?
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0 = arctan

where M is the center point coordinate of SDE; x_i and y_i are the 2D spa-
tial coordinates of the i-th geographic element; n is the number of geographic
elements; D is directionality; S is dispersion; and R is the azimuth angle of SDE.

1.3.4 Spatial Autocorrelation Analysis Spatial autocorrelation can ex-
plain the spatial aggregation characteristics and spatial correlation degree of
geographic elements, divided into global spatial autocorrelation and local spa-
tial autocorrelation, generally measured by Moran’ s I. Global Moran’ s I is
used to measure the spatial aggregation of adjacent geographic elements in the
entire region, while Local Moran’ s I measures spatial correlation in local areas.
GeoDa software was used for spatial autocorrelation analysis.

Global Moran’ s I can measure the global spatial correlation of LST in the
entire region. The larger the index, the stronger the correlation and the more
aggregated the LST in space. The calculation formula is:

nZ?:l Z;;l wij(xi - f)(% —I)
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where I is the global Moran’ s index; n is the total number of patches; x_i and
x_j are the LST values of patches i and j; W__{ij} is the spatial weight matrix;
Z is the mean value of all patches; w__{ij} represents the weight between patches
i and j; and S is the standard deviation.

Local Moran’ s I is used to analyze the spatial correlation of each patch in
local areas. Based on Z(I) significance testing, it can intuitively reflect regional
aggregation and differentiation characteristics of LST. The formulas are:
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where Z(I) is the significance of Moran’ s index; E(I) is the expected value of
the index; V(I) is the variance of the index; and I_L is the local Moran® s index.

1.3.5 Contribution Index Urban underlying surfaces are composed of mul-
tiple land use types that jointly affect urban LST. Different land use types have
different impacts on urban LST due to differences in heat flux, specific heat ca-
pacity, and other properties, and may also show significant differences in their
effects on urban LST at different times. Therefore, according to the differential
impacts of different land use types on LST, they can be classified as source or
sink landscapes. The contribution degree of different land types to urban LST
can be quantitatively expressed by the Contribution Index (CI). The calculation
formula is:

D, xS,
o= iR
CI, 5

where CI_i is the contribution index of the i-th land use type to LST in the
study area. Its absolute value represents contribution intensity (larger absolute
value = greater contribution), and its positive/negative values indicate warming
(source) and cooling (sink) effects on LST, respectively. D_1i is the difference
between the average LST of the i-th land use type and the average LST of the
entire study area; S_iand S are the area of the i-th land use type and the total
study area, respectively.

Due to differences in development level, geographical location, and functional
positioning, different cities have different land use spatial patterns and thus
significantly different impacts on the regional LST. Based on the contribution
index, this study explores the contribution of different cities to the LST of the
entire urban agglomeration, calculated as the difference between each city’ s
average LST and the urban agglomeration’ s average LST, multiplied by the
ratio of each city’ s area to the total area of the urban agglomeration.

2. Results and Analysis
2.1 Land Use/Cover Change Characteristics

The land use/cover data for 2005 and 2018 were reclassified, and the area, per-
centage, and change rate of each land use type were statistically analyzed (Fig-
ure 2, Table 2). The results show that land use/cover changes in the urban
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agglomeration on the northern slope of the Tianshan Mountains were signifi-
cant between 2005 and 2018. Grassland and unused land dominated, together
accounting for over 75% of the total area. Temporally, construction land and
glaciers showed the highest change rates, with absolute change rates exceed-
ing 65%. The urban agglomeration experienced significant urbanization, with
construction land showing the highest change rate of 77.65%, increasing from
1,817.92 km? to 3,230.84 km?, most notably in the “Urumgi-Changji” economic
circle. Glaciers decreased from 2,680.10 km? to 930.84 km? (-65.27%). For-
est land, water bodies, and cultivated land also showed notable changes, with
forest land decreasing by 49.78%, particularly on the northern slope of the Tian-
shan Mountains, likely due to cultivated land expansion encroaching on shrub
forests. Water bodies increased by 33.89%, possibly related to glacier melting.
Cultivated land expanded rapidly, increasing by 5,850.42 km? (37.19%), verify-
ing large-scale cultivated land increase in the urban agglomeration. Although
grassland and unused land dominated in area, their absolute change rates were
below 5%. Overall, the ecosystem of the urban agglomeration on the northern
slope of the Tianshan Mountains is fragile, dominated by grassland and unused
land, with severe encroachment on natural resources and ecological environ-
ment destruction during urbanization, economic development, and agricultural
expansion.

2.2 Spatiotemporal Variation Characteristics of LST

LST was graded and the area and change of each temperature grade during day-
time and nighttime were statistically analyzed (Table 3, Figure 3). The results
show that extremely low temperature zones during both day and night were
mainly distributed in high-altitude areas of the urban agglomeration, such as
the Bogda Mountains east of Urumgqji, the northern slope of the Tianshan Moun-
tains to the southwest, and the Beita Mountains in the northeast. Although
area changes were not significant, both daytime and nighttime areas decreased,
corresponding to glacier reduction. Extremely high temperature zones were
distributed in the low-altitude Turpan Basin during both day and night, but
with certain differences between day and night. During daytime, extremely
high temperature zones were mainly distributed in the Kumtag Desert in Shan-
shan County, Turpan, with decreasing area related to the “desert greening”
project implemented in recent years. At night, the desert cooled and extremely
high temperature zones shifted westward to oasis areas in the Turpan Basin.
Compared with daytime, nighttime extremely high temperature zones showed
more significant area changes, increasing by 1,086.22 km?. Low temperature
zones were nested around extremely low temperature zones and also extensively
distributed in cultivated land areas except in Turpan during daytime. Low
temperature zone area increased significantly by 5,850.42 km?, verifying large-
scale cultivated land increase. Medium temperature zones were concentrated
in grassland areas during daytime, while at night they were distributed in both
grassland and unused land, with both daytime and nighttime medium temper-
ature zones decreasing significantly by 5,655.44 km?. High temperature zones
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during daytime were concentrated in Turpan and unused land in the northern
part of the study area, while at night they were more concentrated in Turpan,
with some distribution in construction land and unused land in the north. Un-
used land showed increasing high temperature zone area during both day and
night. Overall, the distribution and changes of LST grades in the study area
were closely related to altitude, land use/cover changes, etc., with significant
changes occurring mainly in oasis and unused land areas.

2.3 Spatial Aggregation Characteristics of LST

To explore the spatial aggregation and correlation of LST in the urban agglom-
eration, GeoDa software was used to calculate global and local Moran’ s I. The
results (Table 4) show that global Moran’ s I values for both daytime and night-
time in 2005 and 2018 were greater than 0.6 and generally increasing, with
daytime Moran’ s I greater than nighttime. All P-values were less than 0.001,
indicating that LST in the study area showed strong positive spatial correlation
with strengthening characteristics, and daytime correlation was stronger than
nighttime.

Table 4. Significance test of global spatial autocorrelation of LST

Year Time Moran’ sI Z-score P-value

2005 Day 0.7421 203.81  <0.001
2005 Night 0.6947 190.84  <0.001
2018 Day 0.7555 207.45 <0.001
2018 Night 0.7041 193.39  <0.001

Local spatial autocorrelation analysis (Figure 4) shows that high-high aggre-
gation areas during daytime were mainly distributed in Turpan and unused
land in the northern part of the study area—regions that are primary high and
extremely high temperature zones with relatively stable changes. Low-low ag-
gregation areas were concentrated in high-altitude areas such as the northern
slope of the Tianshan Mountains and Bogda Mountains, with small distributions
in oasis cultivated areas of the urban agglomeration. These areas are primary
low and extremely low temperature zones. In Shawan, Wusu, and Kuitun oasis
areas, low-high aggregation was evident, possibly due to large-scale cultivated
land increase lowering daytime LST. At night, low-low aggregation areas were
only distributed in high-altitude areas such as the northern slope of the Tian-
shan Mountains and Bogda Mountains, while high-high aggregation areas were
mainly distributed in Turpan, with significant increases in 2018 compared to
2005, possibly related to grassland reduction in this region. Both Turpan and
unused land in the northern part of the study area were high-high aggregation
regions during day and night, while high-altitude areas such as the northern
slope of the Tianshan Mountains and Bogda Mountains were low-low aggrega-
tion regions, with changes mainly occurring in oasis areas of the study region.
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2.4 Spatial Distribution Characteristics of High Temperature Grades

High temperature grade areas (high and extremely high temperature zones)
were converted from polygon to point data using GIS software for standard de-
viation ellipse analysis, and characteristic parameters were calculated (Table 5).
The results show significant differences in spatial distribution between daytime
and nighttime SDE, with the nighttime center point shifting northwestward
compared to daytime.

Table 5. Standard deviation ellipse parameter information for high
temperature grades

Center Center X-axis Std Y-axis Std Azimuth
Year Time Longitude  Latitude Dev (km) Dev (km) )
2005 Day 89°38 E 43°07 N 111.23 68.45 68.45
2005 Night 87°47 E 44°34 N 98.76 75.32 75.32
2018 Day 89°19 E 43°12 N 115.67 72.18 72.18
2018 Night 88°01 E 43°79 N 92.34 78.56 78.56

From 2005 to 2018, the daytime center point shifted northwestward, though
the shift magnitude was not obvious. Directionality decreased while disper-
sion increased, and the azimuth angle decreased, indicating that the general
distribution direction of high temperature grade areas changed from southeast-
northwest to east-west, with more discrete distribution along the long axis. In
2018, the nighttime center point showed a trend of moving southeastward, with
a large movement magnitude from Wujiaqu City to inside Urumgqi City. Direc-
tionality increased while dispersion decreased, and the azimuth angle increased,
indicating that the general distribution direction of high temperature grade ar-
eas remained unchanged, with more concentrated distribution along the long
axis and an overall trend of moving southeastward.

2.5 Contribution Analysis

2.5.1 Spatiotemporal Differences in Contribution of Different Land
Use/Cover Types Using the urban agglomeration on the northern slope of
the Tianshan Mountains as the statistical unit, the contribution index (CI) of
each land use type to the LST of the urban agglomeration was calculated ac-
cording to the formula (Figure 6). The results show that CI values for unused
land were positive in all periods, indicating that this land type made positive
contributions to LST increase, serving as the primary heat source land type
for the urban agglomeration. This is mainly due to its high area proportion,
high surface exposure, extremely low water content, and small specific heat
capacity, causing rapid temperature rise during daytime solar radiation and
rapid cooling at night, but its average LST remained high. CI values for grass-
land, forest land, and glaciers were negative in all periods, indicating negative
contributions to LST increase and serving as heat sink land types. Grassland
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and forest land maintain relatively low temperatures through large-area photo-
synthesis and transpiration of green vegetation. The largest absolute negative
contribution value for grassland may be due to its large area proportion. The
significant reduction in absolute CI value for glaciers was mainly due to large
area reduction.

CI values for cultivated land, construction land, and water bodies showed differ-
ent characteristics between day and night. During daytime, all three land types
had negative CI values, indicating negative contributions to LST increase and
serving as sink land types. At night, their CI values became positive, indicating
positive contributions to LST increase and becoming source land types. The rea-
son for this diurnal role reversal may be due to differences in physical properties
such as specific heat capacity and human impacts. For example, water has large
specific heat capacity, strong heat retention, and slow heat dissipation, resulting
in high nighttime temperatures and positive nighttime CI values. For cultivated
land, the absolute value of negative contribution during daytime increased sig-
nificantly in 2018, closely related to its area increase. Both construction land
and water bodies showed increasing absolute CI values with increasing area.

2.5.2 Contribution Differences Among Different Cities Using each
city/county in the urban agglomeration as a statistical unit, the average LST
and contribution index of each region were obtained through zonal statistics
(Figure 7). The results show that Turpan City, Karamay City, and Wujiaqu
City had positive contribution indices during both daytime and nighttime in
2005 and 2018, indicating these regions’ average LST was always higher than
the study area’ s average, showing warming effects on the urban agglomeration
and serving as heat source regions. Among them, Turpan’ s contribution index
absolute value was far higher than Karamay and Wujiaqu, making it the most
important contributor to LST increase in the study area. Urumgqi City, Changji
Hui Autonomous Prefecture, Wusu City, and Shawan County had negative con-
tribution indices during both day and night, indicating these regions’ average
LST was always lower than the study area’s average, showing cooling effects and
serving as sink regions. These regions contain most of the high-altitude areas
in the study area, where low and extremely low temperature grades dominate,
resulting in lower average LST. Shihezi City had a negative contribution index
during daytime but positive at night, indicating its heat environment source-sink
role changes with diurnal variation—cooling the urban agglomeration during day-
time while warming it at night. Most areas of the urban agglomeration on the
northern slope of the Tianshan Mountains had negative contribution indices,
playing a cooling role. Turpan City dominated among regions with positive con-
tributions and showed an increasing trend, requiring attention. The source-sink
role of each region is closely related to its altitude, terrain, and surface cover.
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3. Discussion

Analysis of land use type changes from 2005 to 2018 shows that construction
land, cultivated land, and water bodies increased actively, mainly due to rapid
urbanization and increasing urban population demanding more food and water
resources, leading to extensive cultivated land reclamation and reservoir con-
struction. Glacier melting has been substantial, with glaciers in Xinjiang in a
continuous loss state, slowing down only after 2010, and temperature rise be-
ing the main factor causing large-scale glacier melting, consistent with existing
research. Large forest reduction was mainly due to cultivated land expansion
encroaching on forest land and commercial logging, leading to substantial for-
est resource reduction. Although ecological protection has received increasing
attention, forest resource recovery still requires considerable time.

Different surface cover types have different surface albedo, emissivity, specific
heat capacity, and roughness properties, resulting in different surface tempera-
tures under the same solar radiation conditions, thus causing urban heat (cold)
island effects. This explains why areas with dramatic land use changes also
show significant temperature grade changes. The contribution index reveals
that construction land in the urban agglomeration on the northern slope of
the Tianshan Mountains had negative CI during daytime but positive CI at
night, with its source-sink role changing diurnally. This differs from studies
by Kuang et al. and Sun et al., which found construction land had positive
CI during both day and night, contributing positively to surface warming as a
heat source land type. This discrepancy is related to the unique climate and
geomorphological features of oasis cities in arid regions. The transition zones
outside oasis cities are mostly desert bare land and low-coverage grassland, with
high surface exposure, extremely low water content, small specific heat capacity,
and relatively high salinity, causing rapid temperature rise during daytime solar
radiation. In contrast, construction land areas have more artificial blue-green
landscapes, relatively higher water content, larger specific heat capacity, and
slower temperature rise, resulting in relatively lower LST during daytime. At
night, the opposite occurs. However, as oasis cities develop, the desert-oasis
transition zone continues to shrink, and urban thermal environmental problems
will inevitably become more severe.

This study identifies heat environment source-sink land types based on the con-
tribution index, providing preliminary understanding for optimizing land use
type combinations and structures to regulate urban thermal environments in
the urban agglomeration on the northern slope of the Tianshan Mountains.
However, this study has limitations in data temporal continuity, focusing only
on the summers of 2005 and 2018. Future research should use multi-temporal
remote sensing data to explore seasonal and annual variation trends, providing
more scientific and comprehensive reference basis for preventing and controlling
thermal environmental problems.
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4. Conclusions

1) Land use change analysis shows that from 2005 to 2018, the urban ag-
glomeration on the northern slope of the Tianshan Mountains developed
rapidly, with construction land area increasing significantly, water body
area increasing due to glacier melting and reservoir construction, and for-
est land area decreasing substantially due to cultivated land expansion and
early commercial logging, indicating that rapid urbanization, economic,
and agricultural development intensified the ecological environment load.

2) LST grade analysis shows that high temperature grades (high and ex-
tremely high temperature) were mainly distributed in low-altitude areas.
During daytime, the distribution direction showed a trend of changing
from southeast-northwest to east-west, with decreasing directionality and
increasing dispersion. At night, there was an overall trend of moving south-
eastward, with increasing directionality and decreasing dispersion. Low
temperature grades (low and extremely low temperature) were mainly dis-
tributed in high-altitude areas such as the northern slope of the Tianshan
Mountains and Bogda Mountains.

3) Spatial autocorrelation analysis shows that LST in the study area had
strong positive spatial correlation during both day and night, with the
correlation strengthening over time and being stronger during daytime
than nighttime. High-high aggregation areas were mainly distributed in
Turpan and unused land in the northern part of the study area, while
low-low aggregation areas were concentrated in high-altitude regions.

4) Contribution analysis shows that from the perspective of land cover types,
unused land is a day-night heat source type, grassland, forest land, and
glaciers are day-night heat sink types, and cultivated land, construction
land, and water bodies are day sink-night source types. From the per-
spective of administrative divisions, Turpan City, Karamay City, and Wu-
jiaqu City are day-night heat source regions, Urumgqi City, Changji Hui
Autonomous Prefecture, Wusu City, and Shawan County are day-night
heat sink regions, and only Shihezi City is a day sink-night source region.
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