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Abstract: The long-term atmospheric mixing layer height (MLH) information plays an important
role in air quality and weather forecasting. However, it is not sufficient to study the characteristics of
MLH using long-term high spatial and temporal resolution data in the desert. In this paper, over the
southern edge of the Taklimakan Desert, the diurnal, monthly, and seasonal variations in the daytime
MLH (retrieved by coherent Doppler wind lidar) and surface meteorological elements (provided by
the local meteorological station) in a two-year period (from July 2021 to July 2023) were statistically
analyzed, and the relationship between the two kinds of data was summarized. It was found that
the diurnal average MLH exhibits a unimodal distribution, and the decrease rate in the MLH in
the afternoon is much higher than the increase rate before noon. From the seasonal and monthly
perspective, the most frequent deep mixing layer (>4 km) was formed in June, and the MLH is
the highest in spring and summer. Finally, in terms of their mutual relationship, it was observed
that the east-pathway wind has a greater impact on the formation of the deep mixing layer than
the west-pathway wind; the dust weather with visibility of 1-10 km contributes significantly to the
formation of the mixing layer; the temperature and relative humidity also exhibit a clear trend of a
concentrated distribution at about the height of 3 km. The statistical analysis of the MLH deepens the
understanding of the characteristics of dust pollution in this area, which is of great significance for
the treatment of local dust pollution.
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1. Introduction

The atmospheric mixing layer (ML) is a type of atmospheric boundary layer (ABL)
where exchange processes between the atmosphere and surface occur through turbulent
mixing [1]. Its height, known as the mixing layer height (MLH), can indicate the diffusion
and dilution ability of atmospheric aerosol in the vertical direction and quantify the degree
of turbulent mixing development [2]. The long-term continuous observation of the MLH
is of great significance to the local air pollution forecasting and the formulation of air
pollution policies.

The variation in MLH is significantly affected by the local weather system and me-
teorological conditions [3]. Dust weather is mainly distributed along the southern edge
and hinterland of the Taklimakan Desert (TD) [4]. The study site of this paper is Min-
Feng County, which is situated at the southern edge of the TD and the foot of the Kunlun
Mountains. It is of great significance to study the ML at this site. On the one hand, the con-
vergence of the east-west airflows at the study site leads to frequent wind-sand events [5,6],
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and the health of local people is deeply impacted by dust weather [7]. According to statis-
tics, the average annual dust days in MinFeng has reached 113.5 days [8], making it the
place with the most frequent occurrence of dust weather in China. On the other hand, there
is a widespread dust aerosol layer at a height of 3 km [9], the deep ML of higher than 3 km
occurred frequently [10], and the number of days with an MLH exceeding 4 km is more
than that of other meteorological stations in the TD during the summer [11]. It is significant
that the dust aerosols here can rise into the free troposphere above 7 km, driven by the
northern slope of the Tibetan Plateau (TP) [12,13], and can affect the climate of the TP and
even the whole globe [14,15]. However, the MinFeng station was built in 2018 [16], and the
previous studies on the ML in this region were relatively few, mostly focusing on summer
and case studies [17,18]. There are few long-term high spatial and temporal resolution
observations to reveal the variation characteristics of the local ML from monthly, seasonal,
and annual perspectives.

At present, the MLH cannot be measured directly by instruments, and its estimation
relies on the analysis of vertical profiles of the temperature, turbulence, or atmospheric
composition [3]. The coherent Doppler wind lidar (CDWL) has the characteristics of high
spatial and temporal resolution, a short blind area, and high detection height [19-22], which
confirms the reliability of its estimation of MLH in various application scenarios [17,23-25].

In view of this, the CDWL was used to conduct a long-term stable observation experi-
ment spanning up to 2 years in the MinFeng County, located in the TD, and the MLH was
calculated. The relationship and variation between the MLH and the surface meteorological
elements (SMEs) were statistically analyzed. This paper is organized as follows: the study
site, data, and methods are described in Section 2. The variation in MLH and SMEs with
time are analyzed in Section 3. The relationship between MLH and SMEs is analyzed in
Section 4. Finally, a conclusion is drawn in Section 5.

2. Site, Data, and Methods
2.1. Site

The experiment was carried out at MingFeng (37.06° N, 82.69° E, elevation 1418 m),
situated at the northern foot of Kunlun Mountain and the southern edge of TD, as shown
in Figure 1. The mountains, gobi, desert, saline-alkali land, and alluvial fan plains are
widely distributed in MinFeng county. Due to the blocking effect of the TP and the desert
surrounded by three mountains, the water vapor sources in the territory of MinFeng are
scarce. Furthermore, the east-west airflow converges here, resulting in frequent droughts,
dry-hot winds, dust storms, and other disastrous weather in this region [26-28].
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Figure 1. The 3D topographic map of Taklimakan Desert. The red circle represents the study site
of MinFeng.
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2.2. Data

Using the CDWL, a long-term stable observation experiment was conducted in the
TD from July 2021 to May 2023. The wavelength and pulse energy of the CDWL are
1.5 um and 130 yJ, respectively. During the experiment, the scanning elevation angle was
fixed at 70°, the azimuth interval angle was set to 12°, and the velocity azimuth display
(VAD) scanning mode with period of 1 min was continuously performed [29]. The key
parameters of the CDWL are listed in Table 1. In the preprocessing stage, when the carrier-
to-noise ratio (CNR) is below —18 dB, the lidar data involved in the MLH calculation
are eliminated. The instrument calibration and potential data bias were described by Li
and Wei [30,31]. According to the average sunrise and sunset time, the daytime period
is defined as 08:00~21:00 Beijing time (BJT). The amount of MLH data included in the
statistics reached 440 thousand groups.

Table 1. Key parameters of the CDWL.

Parameter Value
Wavelength 1.5 pm
Pulse energy 130 pJ
Pulse duration 200 ns
Pulse repletion frequency 10 kHz
Diameter of telescope 100 mm
Radial spatial resolution 30 m
Azimuth scanning range 0-360°
Elevation angle 70°
Sample rate of ADC 500 MS/s

The MinFeng weather station provides SMEs from July 2021 to July 2023, including
near-surface ten-minute average wind speed (WS), near-surface ten-minute average wind
direction (WD), atmospheric temperature (T), relative humidity (RH), and horizontal
visibility (VIS). The temporal resolution of SMEs is 1 h, and the sample size is 9883 groups.

2.3. Methods

The high spatial and temporal resolution characteristics of CDWL data can be utilized to
estimate the turbulent kinetic energy dissipation rate (TKEDR) at different heights [32-34].
To calculate the TKEDR while taking into account the temporal resolution, the CDWL used
the VAD scanning mode with the azimuth interval of 12°. The TKEDR threshold method
is one of the effective approaches to estimate the MLH [35,36]. The threshold of TKEDR in
this paper is set at 10~* m? s~3. When there is a cloud, the HWCT (Haar wavelet covariance
transform) method is first used to identify the cloud [19]; secondly, when the cloud coverage
time exceeds 10 min and causes a drastic change in the MLH, the MLH data during this period
are removed. The error analysis for calculating TKEDR and MLH was conducted by Viktor A.
Banakh [32,37]. The same type of CDWL instrument has been applied and verified for the
estimation of TKEDR and MLH in various application scenarios [19,38,39].

The typical TKEDR and MLH inversion results are presented in Figure 2. At night, the
radiation cooling of the desert underlying surface facilitates the formation of the inversion
layer [40]. Compared to the night, the MLH during the daytime (8:00~21:00 B]JT) can better
reflect the dust pollution. In summer, the MLH exceeded 4 km (Figure 2(31-33)). In the
winter (Figure 2(46-54)), the MLH is generally lower than 1 km. To investigate the variation
characteristics of the ML, all the MLH data were statistically analyzed.
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Figure 2. The typical atmospheric mixing layer height results calculated by using the TKEDR threshold method.
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3. Monthly and Seasonal Variation Characteristics
3.1. Wind Speed and Wind Direction

In the hinterland of the TD, the threshold wind velocity of dust-moving ranges from
3.5 t0 10.9 m/s at the height of 2 m [41]. However, due to the difference in surface dust
contents and land use types, dust activity is more frequent in the study site [5]. In this
paper, 3.5 m/s is selected as the critical wind speed of dust-moving. During the daytime,
the distribution of the wind direction and wind speed at the study site is shown in Figure 3.

(a)Spr. N (b)Sum. N Wind speed(m/s) (e) Annual
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Figure 3. The seasonal and annual wind frequency rose diagrams during the daytime. (a) Spring.
(b) Summer. (c) Fall. (d) Winter. (e) Annual.

It can be seen from Figure 3e that the study site is a dual wind type, the east-
pathway [42] (0-90°) and west-pathway (180-270°) winds are dominant. The occurrence
probability of east-pathway wind (isoline, 15%) is greater than that of west-pathway wind
(isoline, 10%). The TD is located in the mid-latitude region of the northern hemisphere,
which is mainly controlled by the westerly atmospheric circulation. The airflow entering
the TD from the western valley is prone to form a westerly jet due to the mouth effect [43,44].
When the westerly jet encountered the blocking effect of the TP (Figure 1), the westerly
wind deflects into the stronger southwest wind (>3.5 m/s) with a high probability of
occurrence. Due to the blocking effect of the Tianshan Mountains in the northern TD, a part
of the westerly airflow is poured into the eastern part of the desert with a lower altitude
and flatter ground, forming the easterly wind [12,45]. The east-west airflow on the surface
converges and rises at the study site, resulting in extremely strong wind-sand activity in
this area. The probability of the north wind crossing the Tianshan Mountains and the
south wind crossing the TP is low. In spring, the frequent occurrence of east-west pathway
airflow with high wind speed makes the wind-sand activity more intense [46]. The strong
west-pathway wind dominates in summer. Autumn is mainly controlled by the slowing
east-pathway airflow. The wind speed is weakest during the daytime in winter.

3.2. Monthly Variation Characteristics

At the study site during the daytime, the average hourly change in MLH and SMEs
in different months is shown in Figure 4. The main way of energy exchange of the land-
atmosphere is turbulent sensible heat in the TD [10,47]. From the perspective of the time
span, between 8:00 and 14:00 BJT, with the increase in temperature and wind speed, the
ML rises rapidly (Figure 4a). From 14:00 to 17:00 B]T, the change in amplitude of all SMEs
is small (Figure 4b—e), and the MLH is always maintained in a high range. From 17:00 to
20:00 BJT, due to the dust aerosols in the atmosphere increasing the surface energy [48], the
atmospheric cooling rate is slow (Figure 4b). However, the decrease in the desert surface
temperature is much higher than that of the upper atmosphere, which can promote the
formation of the inversion layer, and combined with the sharply decreasing wind speed
(Figure 4e), the MLH decreases rapidly.
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Figure 4. During the daytime, the average hourly change in the mixing layer height and various
surface meteorological elements in different months. (a) Mixing layer height. (b) Atmospheric
temperature. (c) Relative humidity. (d) Horizontal visibility. (e) Near-surface wind speed. The data at
8:00 BJT represent the monthly average of the whole hour, and the data of other hours are the same.

The monthly average height of the ML reaches its highest at 17:00 BJT. At this moment,
the temperature warms up and the wind is strong (2.74 m/s, Figure 4e) in March, which
accelerates the evaporation of water and leads to the largest decrease in air relative humidity.
In May, the wind speed is the strongest (2.8 m/s, Figure 4e), and the visibility is the lowest
among all months (9.4 km, Figure 4d). The warmest month is July (33.83 °C, Figure 4b),
but the highest MLH is in June (3.68 km, Figure 4a). From June to July, although the
changes in temperature, relative humidity, and visibility are not significant, the wind speed
decrease at the highest rate of all months, thus affecting the degree of turbulent mixing in
the ML. From August to September, the desert underlying surface absorbed much heat in
summer and began to release heat in September, causing the temperature to rise slightly
(30.40-30.61 °C, Figure 4b). At the same time, the relative humidity and visibility changed
the most among all months (Figure 4c,d), and MLH showed an increasing trend. From
September to December, the cooling of the atmosphere and the decrease in solar radiation
lad to the rapid decrease in temperature (30.61-2.45 °C, Figure 4b).

3.3. Seasonal Variation Characteristics

During the daytime, the average hourly changes in MLH and SMEs across different
seasons are shown in Figure 5. It can be seen in Figure 5a that the highest average hourly
MLH (2.98 km) appeared at 17:00 BJT in spring and at 16:00 BJT in other seasons. Taking
16:00 BJT as the center point, the MLH presents a unimodal distribution, and the MLH
decreases more rapidly in the afternoon than it increases before noon. The MLH is the
highest in spring and summer, followed by autumn, and the lowest in winter.
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Figure 5. During the daytime, the average hourly change in the mixing layer height and various
surface meteorological elements across different seasons. (a) Mixing layer height. (b) Atmospheric
temperature. (c) Relative humidity. (d) Horizontal visibility. (e) Near-surface wind speed.

In spring, firstly, the cold air activity is frequent and intense (maximum wind speed
2.68 m/s, 17:00 B]JT). Secondly, it can be found in Figure 5b that the temperature rises rapidly
from winter to spring after the underlying surface is heated by solar radiation, which can
accelerate the freeze—thaw alternation of soil. Finally, the combination of the two roles can
accelerate the exchange of land-air material and energy, resulting in rapid development of
the ML (Figure 5a). Due to frequent sand-dust weather, visibility is the lowest in spring
(Figure 5d). In summer, the precipitation in the study area is the most concentrated, and the
surface evaporation is high, so the relative humidity at 15:00-18:00 BJT is similar to that in
winter (Figure 5¢). The characteristics of dust underlying the surface in summer have the
most significant heating effect on the atmosphere (32.31 °C, 17:00 BJT), and the distribution
characteristics of MLH in summer are similar to those in spring (Figure 5a). Fall is the
transition season, and this season has the best visibility (Figure 5d). As the near-surface
layer cools in fall, the atmosphere becomes more stable, and the development of the ML is
gradually suppressed. In winter, the rapid cooling and unique basin topography enable
the lower desert atmosphere to form an inversion layer [49], and coupled with soil freezing
and wind speed slowing, the average MLH is the lowest in each season.

4. Probability Distribution and Relation

The height of the ML is generally below 2-3 km [50]. However, over the TD, a deep
ML exceeding 3 km occurred frequently, and the height can even reach 5 km [10,11]. Based
on the baseline of 3 km, the MLH is divided into different height intervals for statistical
and probabilistic analysis. As shown in Table 2, the corresponding SMEs are divided
according to China’s national meteorological standards, such as the ‘Classification of sand
and dust weather, GB/T 20480-2017’, ‘Grade of surface air temperature assessment, GB/T
35562-2017’, etc. In this paper, MLH exceeding 4 km are is as deep ML; a temperature
greater than 28 °C is classified as hot weather; a relative humidity range of less than 10%
corresponds to an extremely dry environment; dust weather mainly consists of floating
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dust, followed by blowing dust and dust storms [4], and according to the national standard,
visibility below 1 km is usually associated with sandstorms, while visibility between 1 and
10 km is most likely associated with floating dust or blowing dust; and the wind speed of
3.5 m/s is classified as the critical wind speed of dust-moving.

Table 2. The division ranges for MLH and surface meteorological elements.

MLH (km) T (°C) RH (%) VIS (km) WS (m/s) WD (°)
I [0, 1) [-25,0) [0, 10) [0,1) [0,1) [0, 90)
I [1,3) [0, 10) [10, 20) [1,10) [1,2) [90, 180)
I 3, 4) 10, 20) [20, 40) [10, 20) 2,3.5) [180, 270)
v [4, 6] [20, 28) [40, 60) [20, 30] [3.5,9] [270, 360)
A\ [28, 45] [60, 100]

4.1. Probability Distribution

The probability distribution of MLH and SMEs in each month and season during
the daytime is as shown in Figure 6. In spring, from the perspective of temperature and
humidity (Figure 6b,c), the temperature increase rate from March to May was the fastest,
and the proportion of relative humidity below 10% was the highest (28.41%). In terms of
wind speed (Figure 6e), the proportion of wind speed greater than 3.5 m/s reached 17.56%
in spring, which was the highest in each season, and May was the month with the strongest
wind speed (>3.5 m/s, 21.84%). The proportion of visibility (Figure 6d) less than 10 km and
less than 1 km in spring reached 62.12% and 3.35%, respectively, which were the highest
percentages in all seasons. The material, thermal, and dynamic conditions in spring were
sufficient, and the proportion of MLH higher than 3 km reached 22.13% (Figure 6a), which
indicates that the development of ML was the most vigorous in this season.

MLH (km)

0.75 - |
| I

0.25

1 2 3 4 5 6 7 8 9 10 11 12  Spr. Sum. Fal. Win.
Month Season
Figure 6. During the daytime, the probability distribution of the mixing layer height and various
surface meteorological elements in each month and season. (a) Mixing layer height. (b) Atmospheric
temperature. (c) Relative humidity. (d) Horizontal visibility. (e) Near-surface wind speed. (f) Near-
surface wind direction.
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In summer, most of the time was dominated by hot weather (>28 °C, 53.77%), the
proportion of west-pathway wind was the highest in the whole season (30.01%), and the
distribution characteristics of MLH were similar to those in spring (>3 km, 20.38%). On the
one hand, the long-term high temperature made the temperature of the underlying surface
much higher than that of the upper atmosphere, which is easy to form thermal convection;
on the other hand, the thermal pump effect of the TP can produce convergent updrafts and
lift dust [51-53], thus promoting the development of the ML. The most frequent deep ML
formed in June (>4 km, 13.8%) [29].

In fall, the rapid cooling led to a monthly increase in relative humidity, the visibility
was the best (>10 km, 61%), the wind speed was small (<3.5 m/s, 94.86%), the atmospheric
stability was improved, and the development of the ML was suppressed (<1 km, 60%).

In winter, the temperature was the lowest (<0 °C, 53.68%), the relative humidity was
the highest (>20%, 86.79%), the wind speed was the smallest (<3.5 m/s, 95.47%), the soil
was easier to freeze, and the MLH was maintained at a lower height (<1 km, 77.62%).

From an annual perspective, both the east-pathway airflow (39.67%) and west-pathway
airflow (24.86%) occurred frequently, the proportion of visibility less than 10 km in the
study site reached 48.9%, the wind speed was high (>3.5 m/s, 10.04%), and the MLH was
relatively low (<1 km, 55.37%). The study site was deeply affected by dust weather.

4.2. Relation Analysis

Figure 7 shows the contribution degree of SMEs to the MLH at different height inter-
vals. From the temperature perspective (Figure 7a), the cold temperature (T1) makes the
dust pollutants difficult to spread and contributes the most to the MLH1. The high temper-
ature (T5) provides sufficient thermal conditions for the development of the ML, and the
deep ML develops vigorously (MLH4). With the increase in temperature, the contribution
degree to MLH1 and MLH4 showed a decreasing and increasing trend, respectively.

(b) \\:D;l-[?. 70,360)
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Figure 7. During the daytime, the contribution degree of surface meteorological elements to the
mixing layer height at various height intervals. (a) The MLH and its corresponding atmospheric
temperature (T) and relative humidity (RH). (b) The MLH and its corresponding horizontal visibility
(VIS), near-surface wind speed (WS) and near-surface wind direction (WD). The beginning and end
of the arrow indicate two related variables. The width of the arrow trunk signifies the degree of
contribution to the mixing layer height, where a wider arrow trunk indicates a greater contribution.

In an extremely dry environment (RH1, Figure 7a), it is conducive to the development
of MLH3, but the effect on MLH4 is not obvious. The reason may be that when the atmo-
spheric water vapor content in the desert is very low, the dust aerosol content will dominate,
which will lead to the increase of the vertical temperature gradient of the atmosphere and
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weaken the atmospheric convective activity. In the relatively dry environment (RH2), it
plays a role in promoting the development of the ML higher than 1 km, specifically the
MLHA4. In a relatively humid environment (RH4 and RH5), the hygroscopic growth of dust
particles is easier, the atmospheric stability can be enhanced, and the height distribution of
the ML is low (MLH1).

The invasion of cold air often leads to the generation of dust storms (VIS1), and the
large amount of dust in the atmosphere can greatly weaken the solar radiation reaching
the surface and hinder the penetration of laser beams, resulting in a low MLH distribution
(MLH1, Figure 7b). The visibility of floating dust and blowing dust weather falls within
the range of VIS2, which has sufficient contribution to all types of MLH. The probability of
occurrence of excellent atmospheric visibility (VIS4) in the desert is low, and the effect on
the MLH is not significant.

When the horizontal wind speed is small (WS1, Figure 7b), on the one hand, the friction
or retardation of the air flow mediated by the underlying surface will be more obvious,
thus limiting the vertical mixing air; on the other hand, the weakening of the cooling effect
of wind on the ground may reduce the temperature gradient of the atmosphere; finally, the
MLH is generally distributed at a lower height (MLH1). With the increase in wind speed,
the contribution to MLH1 gradually decreased. WS2 and WS3 belong to the wind speed
range defined by floating dust weather, and both have different degrees of effects on the
MLH higher than 1 km. It is easier to form dust storm weather when the wind speed falls
within the range of WS4.

Compared with the strong west-pathway airflow (WD3, Figure 7b), the east-pathway
airflow (WD1) has a greater impact on the deep ML (MLH4). Since WD1 is adapted to
the inertial oscillation mechanism of the low-level jet [54], the low-level jet can contain
more momentum, strengthen wind shear, and promote the development of the ML in
the TD [11,13,55,56]. The gravity effect of the cold air, the different cooling amplitude
on the slope terrain, and the foehn effect of the TP will lead to the generation of the
downhill airflow (WD2), and the downhill airflow can enhance the turbulence intensity
and contribute to MLH4 [29]. The thermal pump effect of the TP [51] and the blocking and
lifting of the mountains will form the uphill airflow (WD4), which has an effect on MLH at
different heights.

Compared with the cold season (fall and winter), the study site in the warm season
(spring and summer) has a higher temperature, higher wind speed, higher MLH, and lower
visibility (Figures 5 and 6), thus resulting in more serious dust pollution. Figure 8 shows
the probability density distribution between the MLH and the SMEs in the warm season.
In the preprocessing stage, the invalid values of SMEs are first removed. Secondly, since
the temporal resolution of SMEs is 1 h, the calculated MLH represents the average value
within 1 h. Finally, the total number of valid samples during the daytime is 3410.

In the warm season, the temperature distribution in the desert ranges from —5 °C to
45 °C, which represents a large temperature difference. In particular, the temperature is
mainly concentrated in the range of 15 °C to 30 °C (Figure 8a). When the MLH is lower than
2 km, the relative humidity is concentrated within the range of —10% to 50%. However,
when the MLH exceeds 2 km, the center of the relative humidity distribution is located
near 15% (Figure 8b). The wind speed is mostly distributed below 2 m/s (Figure 8c), which
meets the wind speed requirements for floating dust weather. According to the national
meteorological standard, weather with visibility less than 10 km in the desert is categorized
as dust weather, and the proportion of visibility below 10 km (Figure 8d) in the local area
is very high. It is worth noting that when the height of ML is approximately 3 km, the
temperature (30 °C), the relative humidity (15%), the wind speed (2 m/s), and the visibility
(5 km) all show a clear trend of a concentrated distribution, which indirectly supports
the research of Qing He [9] on the existence of a dust layer at the height of 3 km. From
the analysis of the MLH, it is evident that during the daytime of the warm season, the
MLH is widely distributed between 2 km and 4 km. A higher MLH is conducive to the
upward diffusion and dilution of dust particles, thereby increasing the likelihood of dust
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transport to greater heights and distances, ultimately affecting the air quality, climate, and
environment in the surrounding areas.
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Figure 8. During the daytime, the probability density distribution between the hourly mean mixed
layer height and the ground meteorological elements in spring and summer. (a) Atmospheric
temperature versus MLH. (b) Relative humidity versus MLH. (c) Near-surface wind speed versus
MLH. (d) Horizontal visibility versus MLH.

5. Conclusions

Using CDWL, a two-year stable observation experiment was conducted out on the
southern edge of the TD. The MLH during the daytime was retrieved by using the TKEDR
threshold method and statistically analyzed with the wind speed, wind direction, atmo-
spheric temperature, relative humidity, and horizontal visibility obtained from the ground
weather station. It is found that the proportion of horizontal visibility (<10 km), wind speed
(>3.5m/s), and MLH (<1 km) in the daytime of the study site reached 50.7%, 10.19%, and
56.96%, respectively. These data fully illustrate the severity of local dust pollution.

From the hourly analysis of the daytime, the average maximum MLH occurs between
16:00 BJT and 17:00 BJT. The MLH exhibits a unimodal distribution, and the decrease
rate of the MLH after noon is much greater than the increase rate before noon due to the
characteristics of the desert underlying surface.

In terms of the average monthly change in data, the average wind speed in March
increased most significantly and peaked at 2.8 m/s in May. Although the average temper-
ature reached its highest point in July (33.83 °C), the average wind speed was stronger
in June, and the deep ML (>4 km) was also formed most frequently. From September to
December, the cooling rate is fast (from 30.61 °C to 2.45 °C).

From the seasonal perspective, the daytime winds at the study site were dominated by
west-pathway (the probability of occurrence is 24.86%) and east-pathway (39.67%) winds
due to the blocking effect of the Tibetan plateau and the surrounding mountains. Although
the average daytime temperature was the highest in summer, the strong east-pathway
airflow and west-pathway airflow occurred more frequently in spring, which made the
distribution characteristics of MLH in spring (>3 km, 22.13%) similar to those in summer
(>3 km, 20.38%).

In the analysis of the relationship between MLH and surface meteorological elements,
high temperatures (>28 °C) provide sufficient thermal conditions for the development of
the ML. The relative humidity that most contributes to MLH higher than 3 km ranges
between 10% and 20%. In conditions of floating dust or blowing dust weather, with
visibility ranging from 1-10 km, the ML is significantly influenced. Compared with the
stronger west-pathway airflow, the east-pathway airflow conforms to the mechanism of
the low-level jet, which contributes more to the formation of a deep ML. When specifically
considering MLH around 3 km, there is a clear trend of a concentrated distribution in
temperature and relative humidity.
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Overall, the study results reveal the distribution characteristics of daytime MLH in the
southern edge of the TD and provide important data supplementation for meteorological
research on the TD. However, this paper only discussed the influence of near-surface
meteorological data on the MLH during the daytime and did not consider the effects of
nighttime conditions, different weather patterns, and varying heights on the MLH. The
follow-up work will combine the multi-source data to further explore the variation under
different weather conditions, as well as the differences between the uphill airflow and the
downhill airflow during the ML development.
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