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A B S T R A C T   

The vertical distribution of aerosols is an important factor in the study of urban environment pollution. However, 
whether the aerosol is captured by the atmospheric boundary layer or the temperature inversion layer remains 
unclear. In this study, the relationship between atmospheric boundary layer and temperature inversion layer was 
investigated based on the micropulse lidar and radiosonde measurements from February 2017 to September 
2021 at atmospheric radiation measurement southern great plains site. The results revealed that for each residual 
layer height (RLH), stable boundary layer height (SBLH) and mixing layer height (MLH), the occurrence fre-
quency of inversion layer within its 0.3 km range is 58, 58 and 68%, respectively. Moreover, the relative error of 
the MLH, RLH and SBLH relative to the inversion layer height (ILH) under different inversion strength (ΔT) 
conditions were investigated. The mean relative errors for MLH-ILH, RLH-ILH and SBLH-ILH are − 4.13 ± 9.69, 
− 2.26 ± 9.36 and − 1.81 ± 15.87%, respectively. The result indicates that the ILH is generally higher than the 
top of the aerosol layer, and this phenomenon becomes more obvious as the ΔT increased. Finally, the aerosol 
capture capabilities of different layers are compared. The determination coefficient (R2) between AOD below 
RLH (MLH) and AOD below ILH are 0.47 (0.58). When the ΔT is larger than 2 ◦C, the R2 between AOD below 
RLH (MLH) and AOD below ILH has been obviously improved, increasing to 0.81 (0.90). By contrast, when the 
ΔT is smaller than 2 ◦C, the aerosol capture ability of RLH (MLH) is larger (smaller) than that of ILH. It indicates 
that the temperature inversion intensity is a key factor in determining the aerosol capture ability. These findings 
have implications for improving our understanding of the vertical distribution of aerosols and its controlling 
factors.   

1. Introduction 

Aerosols play an important role in human activities and the natural 
environment (Ramanathan et al., 2001; Bourgeois et al., 2018). Natural 
and anthropogenic aerosols can affect global climate change by scat-
tering and absorbing solar radiation and changing the radiation char-
acteristics of clouds (Koren et al., 2014; Che et al., 2014; Shi et al., 2021; 
Yang et al., 2021). Aerosol pollution caused by industrial emissions and 
sandstorms can also cause environmental problems and adversely affect 
human health (Wang et al., 2021; Yin et al., 2020; Liu et al., 2019). 
Moreover, the uneven distribution of aerosols in the vertical direction 
brings the challenges and uncertainties to ecological environment pro-
tection and weather forecasting (Guo et al., 2019; Liu et al., 2017; Ma 
et al., 2021a). Therefore, it is very important to study the vertical dis-
tribution of aerosols. 

Numerous research has been carried out to investigate the vertical 
distribution of aerosols (Guo et al., 2016; Fan et al., 2019; Liu et al., 
2020; Ma et al., 2021b; Zhu et al., 2021). Liu et al. (2017) studied the 
vertical distribution of aerosols over Wuhan based on lidar measure-
ment, and pointed out that most aerosols are concentrated within 0–3 
km near the surface. Bourgeois et al. (2018) investigated the aerosol 
optical depth (AOD) in the boundary layer and free troposphere within 
the globe. They indicated that the AOD in the boundary layer account 
for 69% of the total AOD. Moreover, Liu et al. (2020) and Shi et al. 
(2020) also indicated that a large fraction of aerosols remain in the re-
sidual layer during the nighttime, which may even act as a source for 
boundary layer aerosol formation the following day. These studies have 
given us a preliminary understanding of the vertical distribution of 
aerosols. 

With further research, some studies have begun to investigate the 
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driving factors of surface aerosol accumulation and diffusion, such as the 
role of atmospheric boundary layer and temperature inversions on the 
surface aerosol (Sun et al., 2012, 2013; Liu et al., 2019; Guo et al., 2020; 
Zhao et al., 2021; Ma et al., 2022). Tang et al. (2016) and Liu et al. 
(2021) studied the effect of atmospheric boundary layer on air pollution 
in Beijing based on the ceilometer observation. They pointed out that the 
boundary layer height affects the vertical diffusion capability that de-
termines the surface pollutants concentration. Ding et al. (2016) 
discovered the dome effect of the atmosphere boundary layer. Aerosols 
(especially black carbon) can affect the development of the atmospheric 
boundary layer through its radiation effect, leading to two-way feedback 
between air pollution and the atmospheric boundary layer (Ma et al., 
2020). Moverover, some studies have investigated the effect of in-
versions on the surface aerosols (Wallace and Kanaroglou, 2009; Wang 
et al., 2018). Prasad et al. (2022) compared the influence of boundary 
layer and inversion layer on the vertical extent of aerosols, and indicated 
that the strongest temperature inversion is the deciding factor for the 
aerosol vertical distribution rather than the boundary layer height. In 
addition, Sun et al. (2012) and Zhang et al. (2011) conducted field 
studies at various locations over China, also revealed that aerosols are 
accumulated mainly at the bottom of the inversion layer. From all these 
studies, the impact of boundary layer and temperature inversions on the 
surface aerosol loading is well understood but the aerosol capture ca-
pabilities of the boundary layer and the inversion layer remains 
unexplored. 

In this study, long-term micropulse lidar and radiosonde measure-
ments from February 2017 to September 2021 at atmospheric radiation 
measurement southern great plains (ARM SGP) site, are used to inves-
tigate the relationship between atmospheric boundary layer and tem-
perature inversion layer. The main objective of this work was to 
compare the aerosol capture capabilities of the boundary layer and the 
inversion layer. The results can help us understand the vertical distri-
bution of aerosols and its controlling factors. This paper proceeds as 
follows: Section 2 describes the MPL and RS observation data. Section 3 
describes the calculation method in terms of boundary layer heights, IL 
and AOD. Results and discussion are presented in Section 4, and a brief 
conclusion is given in Section 5. 

2. Instruments and data 

2.1. Micropulse lidar data 

The aerosol backscatter profiles are provided by the MPL system at 
ARM SGP site (36◦36′ N, 97◦29′ W). The wavelength of the MPL system 
is 532 nm, and it is equipped with both parallel and perpendicular po-
larization receiving channels. The vertical and temporal resolution of 
raw data are 15 m and 10 s, respectively. Given the effect of the overlap, 
there is a 150 m near-surface blind zone. Detailed parameters of the MPL 
system can be seen in previous study (Campbell et al., 2002, 2003). The 
MPL data are collected from February 2017 to September 2021. 
Following the standard processes, the normalized signal (NS) can be 
obtained from the raw MPL data by background subtraction, saturation, 
overlap, after-pulse, and range corrections (Welton et al., 2000, 2001). 
In here, the NS is were averaged in 1-h intervals to reduce the effects of 
background noise. Moreover, according to the MPL measurements and 
the quality-control flags, the erroneous data and rainy cases are elimi-
nated from our analysis. To ensure that the atmosphere contains a 
certain amount of aerosol for futher research, the cases with AOD less 
than 0.1 are also removerd. After the screening process, a total of 1998 
hourly profiles are obtained. 

2.2. Radiosonde data 

The temperature profiles are obtained from RS at the SGP site. RS 
launches took place at least four times per day at 05:30, 11:30, 17:30, 
and 23:30 coordinated universal time (UTC). The RS can measure the 

profile data of atmospheric temperature, humidity, wind speed and 
pressure (Guo et al., 2020, 2021). The vertical resolution of record data 
point is approximately 20 m. In this study, the RS data are also collected 
from February 2017 to September 2021 to match with MPL data. 
Moreover, the erroneous data and invalid cases are eliminated based on 
the quality-control flags. 

3. Methods 

3.1. Retrieval method of different aerosol layer heights 

The atmospheric boundary layer is in the mixing layer (ML) state 
during the daytime, and evolves into the stable boundary layer (SBL) 
and residual layer (RL) at nighttime (Stull, 1988; Liu et al., 2020). Due to 
the fact that there is a sharp signal decrease from the PBL upper 
boundary to the free troposphere, the MPL system can capture the 
aerosol layer height based on the NS profile (Seibert et al., 2000). In this 
study, the gradients method is used to calculate the aerosol layer height 
from the lidar data (Steyn et al., 1999; Liu et al., 2021). For the night-
time (00:00–12:00 UTC), we firstly identify the local minimum value in 
the NS gradient profile (range: 0.25–3.5 km). Following previous study, 
a dynamic threshold is applied to exclude the effect of noise (Su et al., 
2020). The shot noise is induced by background light and dark currents 
in each profile (Welton and Campbell, 2002; Whiteman et al., 2006). To 
avoid noise effects, the local minimum value must be lower than the 
threshold. As shown in Fig. 1a, the blue circles and red dotted line 
represent the effective local minimum value and threshold, respectively. 
Then, the first and last height of these local minimum values are 
regarded as SBL height (SBLH) and RL height (RLH). If there is only one 
effective local minimum value detected, it is considered that the RLH 
and SBLH are the same. By contrast, for the daytime (13:00–23:00 UTC), 
the height of minimum value in the NS gradient profile is regarded as ML 
height (MLH), as shown in Fig. 1b. 

3.2. Retrieval method of IL 

The temperature inversion parameters, such as inversion layer 
height (ILH), inversion depth and inversion strength, are estimated from 
the RS measurement. The IL is identified from the gradient change of the 
temperature profile (Kahl, 1990; Serreze et al., 1992). When there is a 
value greater than 0 on the temperature gradient profile, it is considered 
that a temperature inversion has occurred. The height of maximum 
value in the temperature gradient profile is regarded as ILH. Typical 
temperature profiles along with their gradients variation observed on 26 
July 2019 at 23:30 UTC is shown in Fig. 1c. In this case, the blue circles 
and blue line represent the maximum value and ILH, respectively. The 
height at which the temperature start increasing (decreasing) is defined 
as inversion base (top) height. The temperature difference between the 
inversion base and top is termed as inversion strength (ΔT) and the 
height difference is termed as inversion depth (ΔZ). This method is 
applied to all the RS profiles during 2017 to 2021 to calculate the 
temperature inversion parameters. In addition, the relationship between 
ΔT and ΔZ is investigated, as seen in Fig. S1. The exponential increase of 
the ΔZ as ΔT values increased, with R2 values of approximately 0.78. 
This result indicates that the ΔZ and ΔT have a strong positive 
correlation. 

3.3. Retrieval method of AOD 

According to the Fernald method and lidar equation, the aerosol 
extinction coefficient can be obtained to calculate AOD (Fernald, 1984). 
Kafle and Coulter (2013) pointed out that the lidar ratio at SGP site 
range from 15 sr to 75 sr with most common values between 28 sr and 
35 sr. Therefore, the lidar ratio and calibration height in here are set as 
30 sr and 6 km, respectively. Moreover, due to the effect of the overlap 
factor, the aerosol extinction coefficient profile from 0 to 150 m were 
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removed. To correct the overlap function, we extend the aerosol 
extinction coefficient at 150 m to the surface to reduce the effect of 
overlap. The aerosol extinction coefficient profile in the 0–6 km was 
then obtained. Finally, the AOD is the integral of the extinction coeffi-
cient along the optical path between r1 and r2 (Liu et al., 2017): 

AOD =

∫r2

ri

∝(r)dr (1) 

In this study, we focus on that how much aerosol can be captured by 
the boundary layer or the temperature inversion. Therefore, the AODs 
below ML, RL and IL are calculated to compare with each other. The r1 is 
set as 0, and r2 set as MLH, RLH and IL, respectively. 

4. Results and discussion 

4.1. Case study 

Fig. 2 shows a typical case on 24 July 2019. Fig. 2a shows the aerosol 
backscatter profiles and boundary layer height retrievals. The black 
solid dotted line and the dashed dotted line at nighttime (00:00–12:00 
UTC) represent SBLH and RLH, respectively. The black solid dotted line 
at daytime (13:00–23:00 UTC) represents MLH. The red stars is the ILH 
retrieved from RS measurement. The aerosols are mainly concentrated 
in the ML during the daytime. By contrast, during the nighttime, most of 
aerosols are below the SBL and part of aerosols are concentrated in the 
RL. This phenomenon is consistent with the diurnal variation of aerosol 
(Liu et al., 2020; Shi et al., 2020). Combined with RS measurement, 
Fig. 2b and c show the vertical distribution of aerosol backscatter and 

Fig. 1. The vertical profile of normalized signal (black) 
and NS gradient profile (red) observed on 26 January 
2019 at (a) 05:30 UTC and (b) 23:30 UTC over SGP site. 
(c) The vertical profile of temperature (black) and tem-
perature gradient profile (red) observed on 26 January 
2019 at 23:30 UTC over SGP site. Blue and red dotted lines 
represent the different layer height and threshold value, 
respectively. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the 
web version of this article.)   

Fig. 2. Case study on 24 July 2019: (a) time–height cross 
section of normalized signal (log scale). Red star and black 
dotted line represent the ILH and RLH, respectively. Black 
line represents the SBLH at nighttime (00:00–12:00 UTC) 
and MLH at daytime (13:00–23:00 UTC). The vertical 
profile of normalized signal (black) and temperature 
profile (red) observed on at (b) 05:30, (c) 11:30, (d) 17:30 
and (e) 23:30 UTC over SGP site. (For interpretation of the 
references to colour in this figure legend, the reader is 
referred to the web version of this article.)   
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temperature profiles at nighttime. It can find that the ILH is similar to 
RLH, but there is no temperature inversion at the SBLH. Similarly, the 
ILH is consistent with MLH at daytime (Fig. 2d and f). These results 
indicate that the top of the aerosol layer often accompanied by IL. This is 
due to the temperature inversion layer can capture moisture and aero-
sols, so there is often a temperature inversion on the top of the boundary 
layer (Seibert et al., 2000; Liu et al., 2018). 

Fig. 3 shows some cases under the multiple or no IL conditions. The 
top panels represent vertical distribution of the aerosol backscatter 
(black line) and temperature (red line) profiles. The bottom pannels is 
the corresponding aerosol backscatter (black line) and temperature (red 
line) gradient profile. Fig. 3a shows the case study at nighttime on 23 
March 2017. The IL appears at both RLH and SBLH. The case study under 
the multiple IL conditions at daytime can be seen in Fig. 3b. The higher 
ILH is similar to MLH. Moreover, there is a corresponding effective local 
minimum value on the aerosol backscatter gradient profile near the 
lower ILH. It indicates that there is a top of aerosol layer at the lower 
ILH. Fig. 3c and d show the case studies under no IL conditions. It can see 
that although there is no IL in temperature profiles, the RLH, SBLH and 
MLH can still be reversed from the aerosol backscatter gradient profiles. 
It indicates that the aerosols can form a corresponding boundary layer 
structure even there is no IL. This creates a basic curiosity to investigate 
the relationship between atmospheric boundary layer and temperature 
inversion layer. 

4.2. Occurrence frequency of boundary layer and IL and their 
associations 

In this section, we calculated the frequency of occurrence of 

boundary layer and IL to investigate the relationship between the 
boundary layer and the temperature inversion layer. Moreover, for each 
MLH, RLH or SBLH, we check whether there is a IL within its 0.3 km 
range. Similarly, for each ILH, we check whether there is a effective local 
minimum value on the aerosol backscatter gradient profile within its 0.3 
km range. 

Fig. 4a shows the number of observations of different aerosol layers 
and the corresponding IL. Black line shows the frequency of occurrence 
of IL. For all observations (1998 cases), 83% of samples are accompanied 
by IL. Specific to RL, SBL and ML, the frequency of occurrence of IL is 
58%, 58% and 68%, respectively. The number of observations of IL and 
the corresponding aerosol layer is shown in Fig. 4b. The numbers of 
observations of IL under 05:30, 11:30, 17:30 and 23:30 UTC are 431, 
390, 398 and 439, respectively. The Frequency of occurrence of corre-
sponding aerosol layer is 82%, 85%, 87% and 88%, respectively. These 
results confirm that the boundary layer structure can be obtained from 
aerosol backscatter profiles even without the IL structure. In contrast, 
the appearance of the IL means that there is a high probability that the 
top of the aerosol layer will appear near the ILH. Moreover, the efffect of 
ΔT and ΔZ on the frequency of occurrence of corresponding aerosol 
layer are investigated. With the ΔT increased, the frequency of occur-
rence of corresponding aerosol layer increases from 76% to 91% 
(Fig. 4c). Due to there is a strong positive correlation between the ΔZ 
and ΔT (Fig. S1), the efffect of ΔZ on the frequency of occurrence of 
corresponding aerosol layer is simliar to that of ΔT. The frequency of 
occurrence of corresponding aerosol layer increased from 75% to 91% 
with the ΔZ increased (Fig. 4d). It indicates that the greater the intensity 
of the IL, the more aerosols can be captured, which is more conducive to 
the formation of the top of the aerosol layer. Previous studies also point 

Fig. 3. The vertical profile of normalized signal (black) and temperature profile (red) observed (a) on 23 March 2017 at 11:30 UTC, (b) on 18 March 2017 at 17:30 
UTC, (c) on 7 August 2019 at 05:30 UTC, and (d) on 20 February 2017 at 23:30 UTC over SGP site. The corresponding vertical profile of normalized signal gradient 
(black) and temperature gradient profile (red) are shown in the bottom row. (For interpretation of the references to colour in this figure legend, the reader is referred 
to the web version of this article.) 
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out that the aerosols are accumulated mainly at the bottom of the 
inversion layer (Zhang et al., 2011; Sun et al., 2012). The accumulation 
of aerosol at the bottom of IL can form a gradient change on the aerosol 
backscatter profile, which will affect the inversion of the boundary layer 
height (Liu et al., 2018; Li et al., 2021). 

Fig. 5 shows the relative error between different boundary layer 
height and ILH under different ΔT conditions. The gray point and red 
line show the sample points and mean relative error, respectively. 
Fig. 5a shows the relative error between MLH and ILH with the ΔT 
increased. The mean relative error for all samples is − 4.13 ± 9.69. With 
the ΔT increased, the mean relative errors for each bin are − 3.25 ±
10.34, − 5.11 ± 8.91 and − 6.09 ± 7.48, respectively. For RLH and ILH 
(Fig. 5b), the mean relative error for all samples is − 2.26 ± 9.36. The 
mean relative errors for each bin are − 1.94 ± 9.31, − 2.29 ± 9.75 and 
− 4.51 ± 8.77, respectively. Fig. 5c shows the relative error between 
SBLH and ILH with the ΔT increased. The mean relative error for all 
samples and each bin are − 1.81 ± 15.87, − 1.59 ± 15.85, − 1.31 ±
17.65 and − 3.86 ± 12.79, respectively. Two phenomena can be found 
from these results. One is that the ILH is generally higher than the height 
of boundary layers. This is due to the aerosols cannot break through the 

IL in the vertical direction in most cases, and the IL exists at the top of 
boundary layer like a cover (Wallace and Kanaroglou, 2009; Prasad 
et al., 2022). On the other hand, with the ΔT increased, the phenomenon 
of ILH higher than the height of boundary layers becomes more obvious. 
This may be related to the method of calculating ILH. The ILH is iden-
tified as height of maximum value in the temperature gradient profile, 
instead of the bottom height of the IL (Section 3.2). This means that the 
ΔZ becomes larger when ΔT becomes larger. The difference between 
ILH and the bottom of the IL will become larger, causing that the LIH is 
higher than the height of the boundary layer. 

4.3. Aerosol capture capabilities of different layers 

In this section, we compare the AOD below the different layer heights 
to investigate which layer can capture more aerosols. Previous stduies 
indicate that the aerosols mainly exist in ML during the daytime and in 
RL at nighttime (Liu et al., 2020; Shi et al., 2020). Therefore, we only 
calculate the AOD below RLH, MLH and ILH here. In addition, for each 
temperature profile, if there are multiple IL, only the height of maximum 
value in the temperature gradient profile is regarded as ILH. 

Fig. 4. (a) Total observation number of aerosol profiles (blue bars) and the profiles that occur the temperature inversion (red bars) under different boundary layer 
conditions. Total observation number of the temperature inversion (red bars) and the corresponding aerosol layer (blue bars) under different (b) time, (c) inversion 
strengths and (d) inversion depth. Black line represents the frequency of occurrence. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 

Fig. 5. Relative error of (a) MLH, (b) RLH and (c) SBLH relative to ILH shown as a function of inversion strengths. The gray point and red line show the sample points 
and mean relative error, respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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Fig. 6 shows the AOD below the different layer heights under 
different conditions. The orange, red and blue box represent the AOD 
below RLH, MLH and ILH, respectively. Fig. 6a shows the comparison 
between the AOD below RLH and corresponding ILH under different 
season. The mean AODs below RLH (ILH) in spring, summer, autumn 
and winter are 0.16 (0.13), 0.19 (0.14), 0.16 (0.13) and 0.14 (0.14), 
respectively. The mean AOD below RLH is similar to that of ILH in 
winter, and slightly larger in other seasons. By contrast, the mean AODs 
below MLH (ILH) in four seasons are 0.15 (0.17), 0.18 (0.19), 0.17 
(0.18) and 0.16 (0.16), respectively. The mean AOD below MLH is 
slightly less than that of ILH except winter. Combined with the seasonal 
variations of temperature inversion intensity (Fig. S2), the average 
temperature inversion intensity is the largest in winter and the smallest 
in summer. It indicates that the temperature inversion intensity can 
affect the content of AOD below different layers. Fig. 6c and e show the 
comparison between the AOD below RLH and corresponding ILH under 
different ΔT and ΔZ conditions. With the ΔT increased, the mean AODs 
below RLH (ILH) for each box are 0.17 (0.13), 0.18 (0.13), 0.18 (0.18) 
and 0.14 (0.13), respectively. Moreover, the mean AODs below RLH 
(ILH) for each box are 0.18 (0.13), 0.17 (0.13), 0.18 (0.17) and 0.14 
(0.13) with the ΔZ increased. It indicates that the different between AOD 
below RLH and AOD below ILH is decreased with the temperature 
inversion intensity increased. This phenomenon also occurs in the MLH 
and the corresponding ILH (Fig. 6d and f). With the temperature 
inversion intensity increased, the mean AODs below MLH is similar to 
that of ILH. 

Fig. 7 illustrates the correlations between AOD below different layer 
heights and the AOD below ILH. Fig. 7a (7b) shows the liner correlation 
between AOD below RLH (MLH) and AOD below ILH. The gray solid 
line, gray dotted line, and colour bar represent the linear fitting curve, 

1:1 reference line, and ΔT, respectively. The determination coefficient 
and sample numbers between AOD below RLH (MLH) and AOD below 
ILH are 0.47 (0.58) and 811 (829), respectively. It can find that the 
sample with larger ΔT is more close to the reference line. Moreover, the 
AOD below RLH (MLH) is larger (smaller) than the AOD below ILH when 
the ΔT is small. Fig. 7c (7d) shows the liner correlation between AOD 
below RLH (MLH) and AOD below ILH when the ΔT is larger than 2 ◦C. 
The determination coefficient between AOD below RLH (MLH) and AOD 
below ILH has been obviously improved, increasing to 0.81 (0.90). This 
phenomenon also happened when we changed ΔT to ΔZ (Fig. S3). The 
determination coefficient between AOD below RLH (MLH) and AOD 
below ILH is also improved when the ΔT is larger than 0.2 km. These 
results confirm that the temperature inversion intensity is the key factor 
in determining whose aerosol capture ability is stronger. Prasad et al. 
(2022) also indicates that the strongest temperature inversion is the 
deciding factor for the aerosol vertical distribution. 

To further quantify the impact of temperature inversion intensity, 
the determination coefficients between AOD below different layer 
heights and AOD below ILH are calculated when the ΔT or ΔZ is larger 
than a certain threshold (Fig. 8). The determination coefficient gradu-
ally increases with the increase of ΔT or ΔZ, and finally remains at a high 
value around 0.8. The result indicates that the aerosol capture ability of 
RLH or MLH is similar to that of ILH when the temperature inversion 
intensity is large. This is due to the aerosol is captured below the IL, 
which leads to a large gradient in the aerosol backscatter signal at the 
bottom of the IL (Seibert et al., 2000; Su et al., 2020). When this gradient 
is large enough, the height which this gradient occurred is recognized as 
MLH during the daytime, and is regarded as SBLH or RLH at nighttime. 
Moreover, the SBLH may be same as RLH when strong temperature 
inversion occurs. Therefore, the AOD below RLH or MLH is consistent 

Fig. 6. Comparision of the AOD below RLH and AOD below ILH at different (a) season, (c) inversion strengths and (e) inversion depth. (b), (d) and (f) same as (a), (c) 
and (e) but for the comparision of the AOD below MLH and AOD below ILH. 
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with that of ILH when the intensity of IL is large. This also explains why 
some studies have observed that pollutants are concentrated under the 
IL (Zhang et al., 2011; Wang et al., 2018), and some studies have pointed 
out that the pollutants are concentrated under the boundary layer (Tang 
et al., 2016; Liu et al., 2018). When the aerosol capture ability of RLH is 
larger than that of ILH, the inversion intensity tends to be small. This is 
due to some of ILH are identified near SBLH. Moreover, the RLH is 
usually higher than SBLH (Liu et al., 2020; Liu et al., 2021). The aerosols 
remaining in the RL cause that AOD below RLH is larger than that of ILH. 
By contrast, the aerosol capture ability of MLH is smaller than that of ILH 
when the temperature inversion intensity is small. This is due to the 
MLH is generally lower than ILH. Although aerosols can break through 
the IL and form higher ML in some cases, in general the AOD below MLH 
is larger than that of ILH. 

5. Conclusions 

In this study, the relationship between atmospheric boundary layer 
and temperature inversion layer was investigated based on the MPL and 
RS measurements from May 2015 to July 2016 at ARM SGP site. The 
frequency of occurrence and the aerosol capture capabilities of different 
layers are analyzed in detail. 

The main conclusions are summarized as follows: first, the boundary 
layer structure can be obtained from aerosol backscatter profiles even 
without the IL structure. In contrast, the appearance of the IL means that 
there is a high probability (more than 80%) that the top of the aerosol 
layer will appear near the ILH. Moreover, the probability of aerosol layer 
top appearing near the ILH gradually increases with the temperature 
inversion intensity increased. It indicates that the strong IL can effec-
tively capture aerosols, change the vertical distribution of aerosols, and 
then affect the inversion of the boundary layer height from lidar data. 
Then, the relative error between different boundary layer height and ILH 

Fig. 7. Relationship between (a)AOD below RL and AOD below IL and (b) AOD below ML and AOD below IL with changes in inversion strengths. Relationship 
between (c)AOD below RL and AOD below IL and (d) AOD below ML and AOD below IL when the inversion strengths is larger than 2 ◦C. The asterisks indicate that 
the it passed the significance test (P < 0.05). 

Fig. 8. Determination coefficients between AOD below different boundary layer and AOD below IL under different (a) thresholdΔT and (b) thresholdΔZ. The orange 
and red line show the AOD below RL and AOD below IL, respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to the 
web version of this article.) 
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under different ΔT conditions. The result indicates that the ILH is 
generally higher than the height of boundary layers, and this phenom-
enon becomes more obvious with the ΔT increased. Finally, we find that 
the temperature inversion intensity is a key factor in determining the 
aerosol capture ability. When the temperature inversion intensity is 
large (ΔT > 2 ◦C or ΔZ > 0.2 km), the aerosol capture ability of RLH or 
MLH is similar to that of ILH. By contrast, when the temperature 
inversion intensity is small, the aerosol capture ability of RLH (MLH) is 
larger (smaller) than that of ILH. It indicates that the aerosols are mainly 
concentrated below ILH during the daytime and below RLH at night-
time. These findings have implications for improving our understanding 
of the vertical distribution of aerosols and its controlling factors. 
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