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Abstract: Based on observations from the Unmanned Aerial Vehicle (UAV) together with an envi-
ronmental particulate matter analyzer (Grimm-180) and Global Positioning System (GPS) sounding 
balloons, the vertical structure of dust with different particle sizes was explored over the 
Taklimakan Desert (TD) during an intensive observation from 1 July 2021 to 31 July 2021. The power 
functions were fitted between the particle counts and particle sizes, indicating negative correlations 
with an R2 higher than 0.99 under different dust pollution conditions in Tazhong (TZ). The dust 
concentrations show a sharp vertical increase over the TD during dust pollution; however, more 
particles with larger sizes are entrained into the air in TZ compared with Minfeng (MF). The total 
solar radiation during dust pollution days is significantly weakened, accompanied by major modi-
fications in the temperature stratification, which were characterized by low-level cooling (with −2.71 
K mean intensity) and high-level heating (with +0.70 K mean intensity). On clear days, the average 
convective boundary layer (CBL) heights at the TZ and MF are approximately 3.94 and 2.84 km, 
respectively, and the average stable boundary layer (SBL) height at the TZ and MF are approxi-
mately 0.19 and 0.14 km, respectively. With the increasing dust pollution level, the CBL height de-
creases rapidly while the SBL height shows the opposite trend. The unique ultra-high atmospheric 
boundary layer structure in daytime provides beneficial conditions for the suspension and vertical 
transportation of dust over TD. Moreover, a negative correlation between the CBL height and near-
surface PM10/PM2.5/PM1.0 concentration in TD is revealed by power function fittings. 

Keywords: suspended dust; particulate matter concentration; atmospheric boundary layer; 
Taklimakan Desert 
 

1. Introduction 
Dust is one of the strongly light-absorbing aerosols, which directly absorbs and scat-

ters solar radiation and indirectly alters cloud microphysical properties, resulting in the 
changing radiation budget of the land–atmosphere system and global/regional climate 
change [1–4]. The Taklimakan Desert (TD) is one of the largest shifting deserts in the 
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world and is an important source of dust aerosols in Asia [5,6]. Moreover, TD dust has 
high absorptivity, optical properties, and more significant radiation forcing compared 
with other desert areas in the world [7]. Therefore, the study of TD dust plays an im-
portant role in global dust weather and the atmospheric environment. 

The vertical distribution of dust aerosols is one of the important parameters in the 
estimation of the dust radiative effect [8,9]. Since the Cloud-Aerosol Lidar and Infrared 
Pathfinder Satellite Observations (CALIPSO) satellite was launched, the study in the ver-
tical structure of dust aerosols under different spatiotemporal conditions had become pos-
sible [10,11]. For example, Huang et al. analyzed the distribution of different types of aer-
osols on a global scale from five years of CALIPSO data [12]. Guo et al. established 3D 
(three-dimensional) models of the occurrence frequency of smoke and dust aerosols in 
China based on multi-sourced satellite observation data (CALIPSO; OMI, Ozone Moni-
toring Instrument; and MODIS, Moderate Resolution Imaging Spectroradiometer) [13]. 
Liu et al. gained further insights into the generation, emission, transport, distribution, and 
speciation of aerosols over East Asia based on five years' worth of CALIPSO Level 3 data 
[14]. Although the vertical structure of dust can be obtained from the macro scale through 
CALIPSO data, the study of the vertical structure of dust with different particle sizes is 
still very limited.  

In fact, among a series of parameters that are used to characterize aerosol properties, 
aerosol size distribution is of great significance in the estimation and prediction of the 
dust emission-transport-deposition processes and their influences on human health and 
climate change [15]. However, the size distribution of suspended dust always varies spa-
tially and temporally, even in the same dust event [16]. At present, there has been a grow-
ing consensus that predicting the abundance of different sizes of dust particles for the 
global energy balance with reliable accuracy is very important [17–20]. Therefore, it is de-
sirable to obtain the vertical structure of dust with different particle sizes.  

In this study, a field experiment was initiated with an intensive observation period 
of one month in the summer at the Tazhong (TZ) and Minfeng (MF) stations, which are 
representatives of the hinterland and southern TD, respectively. Meteorological elements, 
PM10, PM2.5 and PM1.0 concentrations, radiative data, and high-resolution GPS sounding 
data were obtained. The objectives of this study were to: (1) obtain the grain size charac-
teristics of the dust particles in the near-surface over TZ; (2) analyze the vertical structure 
of dust with different particle sizes; and (3) estimate the dust radiative forcing and atmos-
pheric boundary layer (ABL) height over the TD.  

2. Materials and Methods 
2.1. Experimental Station 

The dust weather mainly occurs in the hinterland and south of the TD, and it is con-
centrated in the spring and summer seasons. Zhou et al. found that the annual mean dust 
days of TZ and MF were more than 200 days according to ten years of meteorological data, 
indicating dust weather as their main weather phenomenon [6]. Therefore, an intensive 
field experiment was conducted from 1 July to 31 July 2021 at the TZ and MF experimental 
stations, Xinjiang Province, China (Figure 1). The geomorphology of the TZ area is domi-
nated by sand dunes [21]; MF is in the convergence and rising area of the TD wind field 
[22]. TZ and MF are categorized as the national reference climate station. We obtained the 
daily averaged data of air temperature, wind speed, and atmospheric pressure in this 
study. These observation items are detailed in Table 1. 

Table 1. Meteorological observation at TZ and MF. 

Observation Item Sensor Type Measuring Height Acquisition Frequency 
Air temperature PT100 1.5 m 0.5 Hz 

Wind speed EL15-1C 10 m 4 Hz 
Atmospheric pressure HYPTB210 1.2 m 0.5 Hz 



Remote Sens. 2022, 14, 990 3 of 15 
 

 

 
Figure 1. Topographical map of this study domain, observation sites highlighted in red solid circles, 
namely TZ and MF. 

2.2. Unmanned Aerial Vehicle (UAV) 
The UAV is provided by Hangzhou Zog communication equipment Co., Ltd, which 

supports the measurement of the PM1.0, PM2.5, and PM10 concentrations, meteorological 
elements, radiation, and other factors. The overall design of the UAV integrates the strin-
gent requirements of ergonomics and aviation meteorology, and adopts the concept of 
modular, solid-state, and digital sensors, which can quickly measure atmospheric compo-
sitions and meteorological parameters. On the data analysis platform, the atmospheric 3D 
state is calculated and displayed in combination with the horizontal and vertical data dis-
tribution obtained by the GPS and terrain. The UAV models are UAV4000 and UAV6000 
in TZ and MF, respectively. The only difference between them is that UAV4000 supports 
the observation of total solar radiation. The UAV experiment was conducted from 24 July 
to 31 July 2021, which was carried out every 3 h in Beijing time (UTC + 8; similarly, here-
inafter): 08:00, 11:00, 14:00, 17:00, 20:00, 23:00, and 02:00. Due to the height limit of the 
airspace, the maximum flight altitude is 1 km in MF and 2 km in TZ. We carried out qual-
ity control on the original UAV data and eliminated outliers with a resolution of 5 m. 

2.3. Grimm-180 
The environmental particulate matter analyzer selected for this field experiment is 

made in Germany (Grimm-180). Grimm-180 can simultaneously obtain the PM mass con-
centration (PM1.0, PM2.5, and PM10) in the ambient atmosphere based on the principle of 
laser scattering, which complies with European standards EN 12341 (PM10) and EN14907 
(PM2.5) and obtained American EPA certification (PM2.5). The equipment does not need 
consumables and will automatically prompt possible error status and required mainte-
nance, thus it greatly improves the reliability of the system. Meanwhile, it can measure 
the particle size distribution data of 31 channels. The measurement range for the mass 
concentration is from 0.1 to 6000 μg/m3 and the particle concentration is from 1 to 2 000 
000 p/L with a time resolution of 6 s. 
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2.4. GPS Sounding Balloons 
The GPS radiosonde system used is developed by Beijing Changfeng Microelectron-

ics Technology Co., Ltd. and mainly consists of a GPS radiosonde and ground antenna 
receiving system. The data acquisition frequency is 1 Hz and the average speed of the 
sounding balloon is 300 m/min. The main meteorological elements observed by the system 
include air temperature, air pressure, relative humidity, and wind speed/direction. The 
sounding observation was carried out every 6 h in Beijing time: 02:00, 08:00, 14:00, and 
20:00. The profile data were averaged to a vertical resolution of 10 m. In this study, we 
evaluated the ABL height according to the thermodynamic method as follows [23,24]: the 
potential temperature was calculated based on the temperature profiles and the height, 
where there was a discontinuous gradient and strong inversion, was defined as the ABL 
height. 

3. Results  
3.1. An Overview of Dust Pollution Based On Ground Observations 

Figure 2a,b illustrates the temporal variations of the surface meteorological elements 
during July 2021 in MF and TZ. When dust weather occurs, the temperature (T) drops 
rapidly from a relatively higher value; higher wind speed (WS) is recorded, with average 
WS of 1.87 and 3.07m/s on clear days and dusty days, respectively. However, the lower 
surface pressure (P) is observed during dusty days (865.6 hPa), while the average P during 
clear days is 867.2 hPa. This indicates that dust events occurred under favorable weather 
conditions, including high wind speed and temperature and low surface pressure, which 
are consistent with the previous study [25]. 

 
Figure 2. Temporal variations of temperature, wind speed, and surface pressure in the surface layer 
during July 2021 in MF (a) and TZ (b). The yellow shaded area represents the dust weather. 

The grain size characteristics of the dust particles not only influence their accumula-
tion and transport but also reveal the material composition of the sediments in the source 
area. Therefore, the analysis of grain size is a necessary link to dust emission [26–28]. 
Based on the National Environmental Protection Standards of China (HJ 633-2012), the 
ambient air quality can be divided into six grades (Table 2) [29].  
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Table 2. AQI index of different grades. 

Pollution Level 1 2 3 4 5 6 
AQI 0–50 51–100 101–150 151–200 201–300 ＞300 

Air quality excellent good light 
pollution 

moderate 
pollution 

heavy 
pollution 

severe  
pollution 

In this study, excellent and good air quality is defined as clear days, and heavy and 
severe pollution are combined and categorized into heavy pollution due to the limited 
number of samples. The grain size characteristics of dust particles under different near-
surface dust pollution levels during July 2021 in TZ are shown in Figure 3. The power 
functions were fitted between these two variables, indicating negative correlations with 
an R2 higher than 0.99 under different dust pollution conditions. The counts of particles 
increase rapidly with the aggravation of dust pollution; however, particle counts decrease 
at a slower rate under larger particle sizes. When the particle size is larger than 10 μm, the 
particle counts reduce to near-zero. Zhou et al. carried out a summer observation in MF 
based on a QCM cascade impactor, which found that the surface particles with sizes larger 
than 10 μm are also almost undetectable on both clear days and dusty days [16]. Therefore, 
the dust particle size is mainly less than 10 μm in MF and TZ. Generally, dust particles 
with less than 20 μm (PM20) can suspend in the air and participate in global transport. 

 
Figure 3. Distribution of surface particle size under different dust pollution levels near-surface in 
TZ during July 2021. 

Figure 4 illustrates a comparison of the dust pollution level and near-surface concen-
tration in MF and TZ during July 2021. Figure 4a shows that the clear days account for 
86.2% in TZ, while the air quality is worse in MF with only 54.8% clean weather and more 
frequent pollution events—implying MF experiences worse dust pollution. Although TZ 
is situated in the hinterland of the desert and has a sufficient dust source, the wind fields 
converge strongly and rise in the MF areas as the cold airstreams that flow from different 
directions intrude into the basin, resulting in a higher frequency of dust emission in MF 
[22,30]. The PM10, PM2.5, and PM1.0 concentrations increased dramatically with the increase 
in the pollution level (Figure 4b–d), especially the PM10 concentration (Figure 4b). In MF, 
during the clear days, the PM10, PM2.5, and PM1.0 concentrations are 176.3, 37.5, and 12.1 
μg/m3 respectively, and, under heavy pollution, their concentrations increase to 1287.6, 
227.6, and 50.8 μg/m3, respectively. In TZ, during the clear days, the PM10, PM2.5, and PM1.0 
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concentrations are 144.0, 36.2, and 8.4 μg/m3, respectively, while during heavy pollution 
their concentrations increase to 1695.7, 413.8, and 81.5 μg/m3, respectively. By comparison, 
it is found that although the dust pollution frequency of TZ is less than that of MF, the 
dust concentration of TZ is obviously larger than that of MF with the aggravation of pol-
lution. This phenomenon may be attributed to the larger particle size in TZ than that of 
MF, since the smaller dust particles of MF can easily suspend in the air for a longer period, 
causing more frequent and worse dust pollution. 

 
Figure 4. Comparison of the pollution level and concentration in MF and TZ during July 2021. (a) 
pollution level, (b) PM10, (c) PM2.5, (d) PM1.0. 

3.2. Vertical Structure of Dust with Different Particle Sizes Observed by UAV 
As we know, the vertical distribution of dust aerosols largely determines their hori-

zontal and vertical motion [31], which has a decisive effect on the atmospheric thermal 
structure as well as the dust aerosol radiative forcing [8,9]. Figure 5 shows the vertical 
distributions of the particle concentrations with different sizes in MF and TZ during the 
observation period—the blank are the default values. It indicates that dust particles can 
be carried to high altitudes in MF and TZ with the occurrence of dust events (Figure 5c,f). 
Large discrepancies were observed in the vertical transport of dust particles between MF 
and TZ. In MF, the suspended dust particles are dominated by PM1.0 and PM2.5 (Figure 
5a,b); in TZ, although high concentrations of PM1.0 and PM2.5 are observed in suspended 
dust particles (Figure 5d,e), their concentrations are significantly lower than that of MF, 
especially PM1.0, which can hardly be detected. It suggests that larger particles are carried 
high in the hinterland of the TD (TZ), which is consistent with the results of Figure 4. In 
order to further understand the vertical distribution of particle size, the concentration ra-
tios of PM1.0/PM2.5, PM1.0/PM10, and PM2.5/PM10 are given in detail in the following. 
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Figure 5. Vertical distributions of particle concentration with different sizes in MF ((a), PM1.0; (b), 
PM2.5; (c), PM10) and TZ ((d), PM1.0; (e), PM2.5; (f), PM10) during the observation period. 

In MF, the detection height of the UAV was adjusted from 500 m to 1 000 m at the 
later stage of observation. Therefore, in order to better compare the observation results, 
the height of MF was unified to 500 m (Figure 6). Figure 6a,b shows the comparison of the 
dust concentrations between clear days and pollution days in MF during the observation 
period, with pollution days indicating that the air quality level is greater than or equal to 
level 3. On clear days, the average PM1.0, PM2.5, and PM10 concentrations are 12.5, 29.0, and 
52.1 μg/m3, respectively, and are 58.2, 113.8, and 206.1 μg/m3 on dust pollution days, re-
spectively. Figure 6c,e shows the vertical distribution of PM1.0/PM2.5, PM1.0/PM10, and 
PM2.5/PM10. The average concentration ratios of PM1.0/PM2.5, PM1.0/PM10, and PM2.5/PM10 
are 53.6, 29.9, and 55.8% on clear days, respectively, and are 51.3, 28.4, and 55.4% on dust 
pollution days, respectively. In summary, with the occurrence of dust pollution, the con-
centration ratios of PM1.0/PM2.5, PM1.0/PM10, and PM2.5/PM10 are similar to those on clear 
days with a slight reduction. It is worth noting that with the occurrence of pollution, the 
ratio of PM2.5/PM10 is significantly larger than that on clear days between 0.080–0.315 km 
(Figure 6e). 
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Figure 6. Comparison of the dust concentration between clear days (a) and pollution days (b); and 
the concentration ratio of (c) PM1.0/PM2.5, (d) PM1.0/PM10, (e) PM2.5/PM10 in MF during the observation 
period. 

Figure 7 is the same as Figure 6, but for TZ. On clear days, the average PM1.0, PM2.5, 
and PM10 concentrations are 4.4, 17.5, and 33.8 μg/m3, respectively; the average concentra-
tion ratios of PM1.0/PM2.5, PM1.0/PM10, and PM2.5/PM10 are 25.3, 13.1, and 51.8%, respec-
tively. On dust pollution days, the average PM1.0, PM2.5, and PM10 concentrations reach 
26.1, 123.3, and 279.5 μg/m3, respectively, and the average concentration ratios of 
PM1.0/PM2.5, PM1.0/PM10, and PM2.5/PM10 are 21.4, 9.5, and 44.9%, respectively. Therefore, 
the concentration ratios of PM1.0/PM2.5, PM1.0/PM10, and PM2.5/PM10 decreased significantly 
in TZ with the occurrence of dust pollution. Figure 7d,e also shows that the concentration 
ratios of PM1.0/PM10 and PM2.5/PM10 decrease more obviously as height increases. 
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Figure 7. Comparison of the dust concentration between clear days (a) and pollution days (b); and 
the concentration ratio of (c) PM1.0/PM2.5, (d) PM1.0/PM10, (e) PM2.5/PM10 in TZ during the observation 
period. 

3.3. Dust Radiative Forcing and Atmospheric Boundary Layer Height over TD 
The results above illustrate the vertical distribution of dust concentrations and parti-

cle sizes in detail, which shows that the TD dust can suspend in the air with dust pollution. 
As an absorption aerosol, dust exerts a significant effect on the radiation budget of the 
land–atmosphere system and global/regional climate change [1–4]. Figure 8a–c shows the 
vertical distribution of the PM10 concentration and radiation at 14:00 on 30–31 July 2021 in 
TZ, indicating that the increase in dust concentration is associated with the weakening of 
total solar radiation. The average total solar radiation was 969.6W/m2 on the clear days 
during the observation period, while it was 758.0 W/m2 on 30 July (mean PM10 concentra-
tion was 115.9 μg/m3) and 550.3W/m2 on 31 July (mean PM10 concentration was 247.2 
μg/m3). Meanwhile, during the dust polluted phase, temperature stratification was signif-
icantly modified (Figure 8d), which specifically presented low-level cooling (the mean 
temperature difference was −1.78 °C on 30 July and −3.63 °C on 31 July) and high-level 
heating (the mean temperature difference was +1.28 °C on 30 July and +0.12 °C on 31 July). 
The heavier the dust concentration, the more obvious the cooling of the low-level and the 
higher cooling layer (the height of the cooling layer was 1080 m on 30 July and was 1 730 



Remote Sens. 2022, 14, 990 10 of 15 
 

 

m on 31 July). The warming intensity of the upper layer was smaller than the cooling 
intensity of the lower layer. This is mainly because the lower layer cooling somehow re-
flected the total effect of dust aerosol extinction, which contained both shortwave radia-
tion absorption and scattering. However, the upper layer was only related to light absorp-
tion [32,33]. 

 
Figure 8. Vertical distribution of PM10 concentration, radiation, and temperature at 14:00 on 30–31 
July 2021 in TZ, (a) mean of clear days; (b) 30 July 2021; (c) 31 July 2021; (d) temperature. 

Normally, since the ABL sufficiently developed during the day and stabilized at 
night, the ABL height was measured at 14:00 (the convective boundary layer, CBL) and 
02:00 (the stable boundary layer, SBL) [29]. The vertical distribution of the potential tem-
perature under different pollution conditions during July 2021 in TZ and MF is shown in 
Figure 9. In TZ, the average CBL heights during clear days, light dust pollution, moderate 
dust pollution, and heavy dust pollution were approximately 3.94, 2.79, 0.76, and 0.72 km, 
respectively, and the average SBL heights during clear days, light dust pollution, moder-
ate dust pollution, and heavy dust pollution were approximately 0.19, 0.23, 0.27, and 0.52 
km, respectively. In MF, the average CBL heights during clear days, light dust pollution, 
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moderate dust pollution, and heavy dust pollution were approximately 2.84, 1.38, 1.08, 
and 0.96 km, respectively, and the average SBL heights during clear days, light dust pol-
lution, moderate dust pollution, and heavy dust pollution were approximately 0.14, 0.21, 
0.90, and 1.03 km, respectively. With the increasing dust pollution level, the CBL height 
decreases dramatically, which may be attributed to dust aerosol radiation effects and 
cloudy weather. By contrast, the change in SBL height shows the opposite trend, and the 
SBL height shows little difference between the dust pollution days and clear days com-
pared with the CBL height. It is the suppression of CBL development that mainly pro-
motes the dust suspension in the air. As a consequence, the unique ultra-high ABL struc-
ture provides beneficial conditions for the vertical transportation and suspension of dust 
in the air in TD. 

 
Figure 9. Vertical distribution of potential temperature under different pollution conditions during 
July 2021 in TZ and MF. (a) 02:00, TZ; (b) 14:00, TZ; (c) 02:00, MF; (d) 14:00, MF. 
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4. Discussion 
The ABL height indicates the height where turbulence almost vanishes and is considered 

a key parameter in dust emission [34–37]. It has a close relationship with turbulent mixing and 
surface dust concentration. The ABL height is determined by the thermodynamic and dy-
namic effects of turbulent motion. The temporal variations of the CBL heights in MF and TZ 
during the observation period are shown in Figure 10a,b. The CBL height is much lower on 
dust pollution days, which is consistent with the previous study [29]. 

The relationships between the CBL height and the near-surface concentrations of 
PM10/PM2.5/PM1.0 in greater detail are shown in Figure 10c,d. In MF, there is a negative 
relationship between the PM10/PM2.5/PM1.0 concentrations and the CBL height throughout 
the entirety of July 2021, and their relationships were explored using power functions, 
with an R2 of 0.32, 0.31, and 0.27 for PM10/PM2.5/PM1.0 concentration, respectively (Figure 
10c). The relationship in TZ is similar to that in MF, but with the higher R2 of 0.46, 0.53, 
and 0.51 for PM10/PM2.5/PM1.0 concentration, respectively. (Figure 10d). In summary, the 
negative relationship between the surface PM concentration and the CBL is presented, but 
it is not suitable for the SBL. It indicates that the relationship between the PM concentra-
tion near-surface and the SBL is more complicated [24].  

Surface cooling at night will lead to the cooling of the boundary layer from bottom 
to top, forming an SBL with an inverse potential temperature stratification. In fact, it is 
very difficult to study the SBL. Firstly, the turbulent energy in the SBL is very weak and 
the turbulent exchange is not dominant compared with other heat exchange processes; 
then, various parameters have no obvious transition characteristics at the top of the 
boundary layer, hence, it is difficult to determine the position of the top layer. Of course, 
the weak turbulence makes it difficult to separate their value characteristics from the ob-
servation error. Fortunately, various processes in the boundary layer change weakly with 
time as the SBL develops to the middle and late stages and the SBL can be regarded as 
steady. Therefore, the relationship between the SBL and surface PM concentration needs 
further discussion. 

 
Figure 10. Temporal variations of PM10/PM2.5/PM1.0 concentrations in the surface layer, and the 
ABLH in MF (a) and TZ (b); the relationships between PM concentration near-surface and ABLH in 
MF (c) and TZ (d). 
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5. Conclusions 
Based on multi-source comprehensive intensive observation experiments carried out 

from 1 to 31 July 2021 in TD, the vertical structure of dust with different particle sizes was 
investigated. 

The power functions are fitted and show a negative correlation between the particle 
counts and particle sizes, with an R2 higher than 0.99 under different dust pollution levels. 
The counts of particles increase rapidly with the aggravation of dust pollution; however, 
particle counts decrease at a slower rate under larger particle sizes. When the particle size 
is larger than 10 μm, the particle counts reduce to near-zero. 

Under dust pollution conditions, the vertical dust concentration increases sharply 
over the TD. In MF, the average concentration ratios of PM1.0/PM2.5, PM1.0/PM10, and 
PM2.5/PM10 are 53.6, 29.9, and 55.8% on clear days, respectively, and are 51.3, 28.4, and 
55.4% on dust pollution days, respectively. By contrast, in TZ, the average concentration 
ratios of PM1.0/PM2.5, PM1.0/PM10, and PM2.5/PM10 are 25.3, 13.1, and 51.8% on clear days, 
respectively, and are 21.4, 9.5, and 44.9% on dust pollution days, respectively. The results 
indicate that more particles with larger sizes are entrained into the air in TZ during dusty 
days. 

During dust pollution days, the total solar radiation is much smaller than that during 
clear days. Correspondingly, the temperature stratification was significantly modified, 
which presented low-level cooling (the mean temperature difference was −1.78 °C on 30 
July and −3.63 °C on 31 July) and high-level heating (the mean temperature difference was 
+1.28 °C on 30 July and +0.12 °C on 31 July).  

The average CBL heights during clear days, light dust pollution, moderate dust pol-
lution, and heavy dust pollution were approximately 3.94, 2.79, 0.76, and 0.72 km in TZ, 
respectively, and were approximately 2.84, 1.38, 1.08, and 0.96 km in MF, respectively. 

The average SBL heights during clear days, light dust pollution, moderate dust pol-
lution, and heavy dust pollution were approximately 0.19, 0.23, 0.27, and 0.52 km in TZ, 
respectively, and were approximately 0.14, 0.21, 0.90, and 1.03 km in MF, respectively. The 
CBL height decreases rapidly; however, the SBL height shows the opposite trend with the 
increasing dust pollution level. 

Finally, the relationship between the CBLH and surface PM concentration was dis-
cussed. In MF, the relationship can be described as a power function with an R2 of 0.32, 
0.31, and 0.27 for the surface PM10/PM2.5/PM1.0 concentrations, respectively. The situation 
in TZ is similar to that of MF, but with an R2 of 0.46, 0.53, and 0.51 for the surface 
PM10/PM2.5/PM1.0 concentrations, respectively.  
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