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Abstract: The research on regional aerosol optical properties is of great significance for exploring
climate regulation mechanisms and controlling atmospheric pollution. Based on the solar radiation
observation platform, a three-month optical observation of atmospheric aerosols was conducted in
Wuhan, China. The daily and monthly variation characteristics of aerosol optical depth (AOD550),
Angstrom parameter (α440–870), and turbidity coefficient (β) were revealed, and the interrelations
between the three optical parameters were fitted. Then, the potential relationships between atmo-
spheric particulate matter (PM2.5, PM10) with AOD550 and β were discussed. The results show that
the average values of AOD550, α440–870, and β in this case study are 0.42, 1.32, and 0.20, respectively.
The frequency distribution patterns of the three optical parameters are all unimodal. AOD550 has
a good linear correlation system with β, and the Pearson correlation coefficient reaches 0.94, while
its correlation with α440–870 is not significant. The daily variation in AOD550 and β both show an
increasing trend, and their monthly increases are more than 50%. However, the daily variation in
α440–870 is relatively stable, and the fitted line is a nearly horizontal line with no significant monthly
variation. The fluctuation of particulate matter concentration affects the aerosol optical properties
to some extent, among which β has a prominent effect on the response to the change in PM2.5

concentration with a linear correlation coefficient of 0.861. As the concentration of particulate matter
increases, the proportion of fine particulate matter in the atmosphere increases monthly, and the
ratio of PM10 to PM2.5 concentrations decreases from 1.8:1 to 1.2:1. Atmospheric pollution conditions
are frequent during this observation period, mainly at mildly turbid levels. Atmospheric turbidity
shows an increasing trend month by month, and the concentration of particulate matter increases
rapidly. The response of atmospheric aerosol optical properties to the changes in fine particulate
matter concentration is significant, and controlling the particulate matter content in the atmosphere
is an effective means to mitigate aerosol pollution.

Keywords: TBS-4 solar spectrometer; aerosol optical depth; Angstrom parameter; turbidity
coefficient; particulate matter

1. Introduction

Aerosols are multiphase systems of solid particles and liquid droplets suspended in
the atmosphere, with diameters usually ranging from 0.001 to 100 µm. Aerosols change
the regional climate environment by participating in the formation of clouds and rain in
the atmosphere, and their absorption and scattering effects on solar radiation also affect
the radiation balance of the Earth-atmosphere system [1,2]. Aerosols can be classified
into various categories according to different classification bases, and multiple types of
aerosols can exist simultaneously in the atmosphere [3,4]. Various types of aerosol particles
participate together in the evolution of the atmosphere, and their interactions lead to the
production of more aerosol particles, diversifying the composition of the atmosphere [5–7].
Aerosols are present in the human living environment all the time, and the occurrence
of atmospheric pollution events such as acid rain, haze, and dust are closely related to
aerosols [8,9]. Harmful substances such as viruses and bacteria carried in aerosols can
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cause respiratory damage and pose a serious threat to human health [10–12]. Some studies
have shown that transmissible diseases such as COVID-19 can be transmitted through
aerosols [13]. As an important component of the atmosphere, aerosols have an inescapable
role in the regional climate environment, the energy balance of the Earth-atmosphere
system, and human life [14,15]. Therefore, it is of great application and scientific significance
to actively extend the research of aerosol optical properties of multi-regional and deeply
analyze their response mechanisms to the atmospheric environment.

The more pronounced spatial and temporal variability of aerosols and their smaller
amount in the atmosphere makes it difficult to obtain the optical properties of aerosols
than other gases [16,17]. The current methods of aerosol observation are ground-based
observations and satellite remote sensing [18,19]. The advantages of satellite remote sensing
include wide spatial coverage, lengthy time series, high resolution, and regional projection
imaging [20,21]. In recent years, a large number of observations and analyses of aerosol
optical properties have been carried out by domestic and foreign scientists using satellite
remote sensing [22–25]. Instruments such as Moderate-resolution Imaging Spectroradiome-
ter (MODIS) and Multi-angle Imaging Spectrometer (MISR) have become common tools
for satellite remote sensing observations [26,27]. Satellite remote sensing technology allows
real-time aerosol observations in most regions of the world by combining different inver-
sion algorithms. Therefore, it is a good solution to the challenge of aerosol research across
regions [28,29]. However, the drawbacks of satellite remote sensing cannot be ignored,
such as fewer aerosol product bands, longer intervals between remote sensing observations,
and insufficient data accuracy [30,31].

Continuous long-term series of aerosol characterization is indispensable in resolving
the response of the atmospheric environment to aerosol changes. In order to make up for the
shortage of satellite remote sensing observations, ground-based observations are favored by
many scientists because of their high accuracy and time continuity [32–34]. Gong W. et al.
analyzed columnar aerosol volume size distributions from March 2012 to February 2013 in
Wuhan, China [35]. Ground-based observation methods have also been used to verify the
accuracy of satellite remote sensing data [36–38]. Wang W. et al. evaluated the AOD of VIIRS
and MODIS in the Wuhan area using photometric measurements [39]. In fact, most ground-
based observational studies rely on the global Aerosol Robotic Network (AERONET)
established by NASA. However, there are few ground-based sites in China, and many
of them are not publicly authorized for use. Therefore, in regions where AERONET
stations are not located, self-established aerosol ground-based observation platforms are of
significant importance for aerosol characterization research [40,41].

Domestic and foreign scientists have conducted extensive studies worldwide through
ground-based measurements and remote-sensing observations. However, regional research
on aerosol optical properties, especially for regions without AERONET sites, still needs
to be supplemented. Therefore, in this study, aerosol optical depth (AOD550), Angstrom
parameter (α440–870), and turbidity coefficient (β) were measured for the period from
November 2021 to January 2022 using a ground-based observation platform equipped with
the TBS-4 solar spectrometer built in Wuhan. Its applicability as an aerosol observation
instrument was verified by comparison with the aerosol products obtained from satellite
remote sensing. The variation characteristics of aerosol optical parameters and their
interrelationships were then analyzed from the perspective of daily and monthly variation,
respectively. Finally, the effects of particulate matter (PM2.5, PM10) on aerosol optical
properties were revealed based on air quality data.

2. Experimental Principles and Methods
2.1. Experimental Instruments and Data

The TBS-4 solar spectrometer used in this paper is manufactured by Jinzhou Sunshine
Meteorological Technology Co., Ltd. (Jinzhou, China). It uses synchronous measurement
technology and GPS satellite location tracking technology to simultaneously measure
solar spectral radiation in 9 bands (340, 380, 440, 500, 675, 870, 936, 1020, and 1640 nm)
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with a measurement accuracy of less than 1%. The experimental site is located at Wuhan
University of Science and Technology (114◦26′ E, 30◦44′ N), with an altitude of 40 m above
sea level. There is no shade over the location of the solar spectrometer, and the instrument
is powered by solar photovoltaic panels, with a power storage device that can meet the
low light operation for 3 days. Figure 1 shows the location and physical presence of the
TBS-4 sun photometer. The observation period is from November 2021 to January 2022,
with spectral radiation collected every 5 min. Valid data selection criteria: Cumulative
sunshine hours must be greater than 5 h, or the data for that day are rejected. Mean
values were taken for each half-hour observation, excluding offsets greater than 20% and
550 band radiative values less than 10 W·m−2 from the observations. To take three adjacent
data in chronological order, the intermediate moment data need not be smaller than the
previous and next data values; otherwise, the data are not available. The remaining daily
data amounts larger than 50 were used as the final radiation data. The data were filtered to
leave 38 available observation days.
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Figure 1. The TBS-4 solar photometer and its location.

PM2.5 and PM10 are pollution concentration indicators that are divided based on the
equivalent diameter of particles, and their values directly affect atmospheric quality. The
concentration data of PM2.5 and PM10 are sourced from the Air Quality Online Monitoring
and Analysis Platform (https://www.aqistudy.cn/ (accessed on 21 May 2023)). The daily
and monthly average PM concentrations were calculated separately for use. The satellite
remote sensing data used in this study were obtained from 3 km resolution AOD550 prod-
ucts provided by the Terra satellite of the National Aeronautics and Space Administration
(NASA). Remote sensing image processing and analysis of the study area were carried out
by ENVI + IDL software.

2.2. Principles and Methods of Calculation

According to Bouguer–Lamber law, in the non-water vapor absorption channel, the
direct solar radiation E(λ) of the surface incident on the earth with a wavelength of λ is:

E(λ) = E0(λ)R2Tgexp[−m(θ)τ(λ)] (1)

E0(λ) is the solar spectral irradiance at the solar-terrestrial mean distance at the upper
boundary of the atmosphere at a wavelength of λ. R2 is the solar-terrestrial distance
correction factor. Neglecting the absorption of solar radiation by the absorbing gas in the
above bands, Tg = 1. m(θ) is the atmospheric optical mass at a zenith angle of θ. τ(λ) is
the total atmospheric optical depth of the spectrum.

R2 = 1 + 0.033 cos
2π·n
365

(2)

https://www.aqistudy.cn/
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m(θ) =
1

sin(h) + 0.15(h + 3.885)−1.253 (3)

where n is the number of day sequences, with January 1st as the first day, and h is the solar
altitude angle.

Take the logarithm at both ends of Equation (1) to obtain the following formula:

ln
(

Eλ

R2

)
= ln E0λ −mτλ (4)

A simple linear regression was performed with m as the independent variable and
ln
(
Eλ/R2) as the dependent variable. The total atmospheric optical depth τ(λ) is repre-

sented by the slope of the fit result in absolute terms, and the instrument calibration value
is represented by the intercept ln E0λ.

In order to ensure calibration accuracy, clear weather is chosen for the calibration of
the spectrometer. When the atmosphere is clear and cloudless, the aerosol state is stable,
and the AOD changes slightly. In the linear regression fitting, the variation range of m
should be larger than 3.5. The sample points with the largest fitting residuals should be
excluded when the correlation coefficient is less than 0.99. The number of excluded samples
should be less than 30%, and the remaining samples should be more than 15.

The total atmospheric optical depth τ(λ) is mainly composed of Rayleigh scattering
optical depth τr(λ), aerosol optical depth τa(λ) and absorbing gas optical depth τo(λ).

τa(λ) = τ(λ)− τr(λ)− τo(λ) (5)

τr(λ) =
P
P0

0.0088λ−4.05 (6)

τ0(λ) = k0
U

1000
(7)

where the main components of the absorbing gas are ozone, water vapor, carbon dioxide,
and oxygen, among others. For the 440 nm and 870 nm bands chosen for the calculations
in this paper, only the absorption effect of ozone needs to be taken into account; P and
P0 are the atmospheric pressure and standard atmospheric pressure (1013.25 mbar) at the
observation site, respectively; λ is the wavelength of the spectrum, calculated in µm; k0 is
the absorption coefficient of ozone; and U is the ozone content.

The formula for calculating the ozone content is as follows:

U = 235 + {150 + 40 sin[0.9865(n− 30)] + 20 sin[3(ξ + 20)]} sin2(1.28ϕ) (8)

where ξ and ϕ are the longitude and latitude of the observation location.
The relationship between aerosol optical depth τa(λ) and the Angstrom parameter α

and turbidity coefficient β is expressed as:

τa(λ) = β× λ−α (9)

AOD, α, and β are three basic dimensionless parameters to characterize the atmo-
spheric aerosol optical properties, which are key factors used to assess aerosol content,
determine the types of aerosols and measure the degree of atmospheric pollution [42–44].
AOD is defined as the integral of the atmospheric extinction coefficient in the vertical
direction, which reflects the extinction characteristics of aerosols. α reflects the particle size
of aerosol particles, and its value generally ranges from 0 to 2. The closer the value of α
is to 2, the smaller the particle size of the main particles of aerosols, and vice versa. β is
numerically equal to the aerosol optical depth at a wavelength of 1 µm and can be used to
indicate the degree of atmospheric turbidity. According to the common classification basis,
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the atmosphere is generally classified into four classes: clean atmosphere (β ≤ 0.1), mildly
turbid atmosphere (0.1 < β ≤ 0.2), turbid atmosphere (0.2 < β ≤ 0.4), and heavily turbid
atmosphere (β > 0.4) [45,46].

To match the 550 nm band aerosol products provided by MODIS, the AOD550 are obtained
by substituting α440–870 and β values into Equation (10) using the interpolation method.

τ(550) = β× 0.55−α440−870 (10)

2.3. Accuracy Verification of the Measured AOD550

In order to verify the feasibility of observing aerosol optical properties by this model
of the spectrometer, the accuracy of ground-based measurement of AOD550 was verified
using AOD550 of MOD04_3K. The average value of ground-based observations before
and after the satellite transit for half an hour is calculated as the measured value. The
image element of the remote sensing image where the ground-based site is located, its
surroundings are selected as the study area, and its mean value is used as the satellite
remote sensing value. The ground-based measurement values and the satellite remote
sensing values were spatially and temporally matched according to the above method and
then presented as data points in Figure 2, with linear regression processing. The linear fit of
data points results in Y = 0.08+ 0.89× X, which shows a small angle with the 1:1 reference
line. In the low-value region of AOD550, the ground-based measurements are somewhat
underestimated compared with the satellite remote sensing values. The experimentally
measured AOD550 was calculated to have a good linear correlation with the remotely
sensed observed AOD550. Their Pearson correlation coefficients reached 0.96, and the root
mean square error was 0.076. It is evident that the inversion of AOD550 using the TBS-4
model solar spectrometer is workable.
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3. Results and Discussion
3.1. Aerosol Optical Properties
3.1.1. General Characteristics of Aerosol Optical Parameters

The daily average values of the three optical parameters (AOD550, α440–870, and β) were
calculated daily, and their daily variations were presented as dotted line plots in Figure 3.
As seen in the figure, the AOD550 on November 30, 2021, is 0.19, and the β coefficient is
only 0.09, which is the lowest value during the observation period. According to the criteria
for classifying atmospheric turbidity levels by beta coefficients, the atmosphere was in the
best clean state on that day. The AOD550 values on 9 December 2021 and 19 January 2022
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showed anomalously high values of 1.16 and 1.26, respectively, which far exceeded the
values of other observed days. Moreover, the turbidity coefficients exceed 0.4, and the
atmosphere is in a heavily turbid state on these two days due to severe aerosol pollution
events. The daily mean values of the optical parameters are fitted linearly, as shown by
the dashed lines in Figure 3. AOD550 and β show an increasing trend, and the slope of the
fitted line is 0.0067 and 0.0029, respectively, which indicates that the atmospheric pollution
condition is worsening. As a whole, when the AOD550 value increases or decreases, the β

value also produces a certain magnitude of isotropic fluctuations. The trends of AOD550 and
β are consistent, but the growth rate of AOD550 is higher than that of β, and the linear fit of
α440–870 results in an approximate horizontal straight line. The data points show irregular
and limited fluctuations above and below the fitted line, indicating that the particle size of
the main atmospheric aerosol particles changes steadily during the observation period.
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The experimental AOD550, α440–870, and β were numerically counted, and their means
and standard deviations were calculated for the whole experimental period. The detailed
values are shown in Table 1. The intervals of AOD550, α440–870, and β were divided by
0.1 steps, and the frequency ratios of each interval were counted, and the results are
shown in Figure 4. The frequency ratios for all three optical parameters show unimodal
distribution. The percentage of frequencies of AOD550 in the low-value range (AOD550 < 0.4)
reached 55.7%. Its peak occurs in the interval of 0.3–0.4, and the frequency in this interval
reaches 23.0%. The mean value of AOD550 is 0.42, and the standard deviation is 0.24, which
shows that the attenuation effect of aerosols on solar radiation is not significant. The mean
value of α440–870 is 1.32 with a standard deviation of 0.20. Its frequency proportion in the
peak interval of 1.3–1.4 reaches 23.4%, indicating that the atmosphere is mainly composed
of fine size aerosol particles. The mean value of β is 0.20 with a standard deviation of
0.09. According to the distribution of the frequency proportion of β in each interval, it
can be seen that the frequency proportion of clean atmosphere is only 12.9%, while the
frequency in the interval of 0.1–0.2 is as high as 52.6%. Based on the criteria for classifying
atmospheric turbidity levels based on β values, the atmospheric pollution conditions in
the Wuhan area during this observation period were frequent, mainly at mild turbidity
degrees, and some states reached heavy turbidity levels.
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Table 1. Mean value and standard deviation of aerosol optical parameters.

Optical Parameter Mean Value Standard Deviation

AOD550 0.42 0.24
α440–870 1.32 0.20

β 0.20 0.09
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3.1.2. Correlation of Aerosol Optical Parameters  
Figure 5 shows the scatter plot of AOD550 with α440–870 and β, respectively, using 
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3.1.2. Correlation of Aerosol Optical Parameters

Figure 5 shows the scatter plot of AOD550 with α440–870 and β, respectively, using
density mapping to show the data distribution. The solid line in the figures is the result
of the linear fit. The red color represents the high degree of sample aggregation, while
the blue color represents the small sample size and low aggregation. AOD550 and β show
a regular linear distribution, and their fitting equation is Y = 2.34× X − 0.02. With the
increase in atmospheric turbidity, the attenuation effect of aerosol particles on radiation
is enhanced, which makes AOD550 increase. Their linear correlation was extremely high,
with a positive correlation coefficient of 0.94. In the low-value region where AOD550 was
less than 0.4 and β was less than 0.2, the proportion of samples reached 57.6%, while in the
high-value region, it was relatively scattered. Once again, it shows that the main state of
atmospheric aerosols during this observation period was mildly turbid degree with low
aerosol content. The sample distribution of AOD550 and α440–870 was relatively scattered,
and the linear fit correlation coefficient was only 0.36. The scattered distribution results
of AOD550 and α440–870 showed that they were mainly gathered in the region of AOD550
less than 0.6 but did not show an obvious linear correlation. With the increase in AOD550,
α440–870 and β mainly showed increasing trends, among which the increasing trend of
α440–870 was relatively slight. This phenomenon indicated that the particle size of the main
aerosol particles showed a small decrease when the atmospheric turbidity increased.
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3.1.3. Monthly Variation in Aerosol Optical Parameters

The mean values of AOD550, α440–870, and β by month are counted, and the results
are shown in Table 2. Moreover, Figure 6 shows the numerical variations in the three
optical parameters in the form of a boxplot. Compared with November 2021, the mean
value of α440–870 in December 2021 increased by 0.1, indicating a small decrease in the
aerosol particle size. The standard deviation of α440–870 in each month was close, among
which the standard deviation of α440–870 in December 2021 was the smallest at 0.19, and
the best concentration of particle size can be found in that month combined with the
boxplot. The mean value of α440–870 fell back to 1.26 in January 2022. However, the
particle size distribution of aerosols was more dispersed in that month, with a maximum
standard deviation of 0.25. The aerosols in each month of the observation period mainly
consisted of fine-sized particles with a more concentrated particle size distribution. The
mean value of β showed an increasing trend monthly, from 0.14 in November 2021 to
0.22 in December 2021, reflecting the increase in the atmospheric from mild turbidity
level to turbidity level. The mean value of β increased again to 0.36 in January 2022,
which was 63.64% higher compared to the previous month, and the degree of atmospheric
pollution further increased. The standard deviation of β for all months was less than 0.1,
indicating the high degree of aggregation of β distribution. AOD550 increased rapidly
at a rate of more than 0.20 per month. Its average value was 0.30 in November 2021,
and by January 2022, the average AOD550 value reached 0.76, an increase of 153.33%. It
revealed that the atmospheric turbidity in the Wuhan region gradually increased during the
study period, and the attenuation of solar radiation by atmospheric aerosol particles also
gradually increased.

Table 2. Monthly means and standard deviations of aerosol optical parameters.

Optical Parameters November 2021 December 2021 January 2022

α440–870 1.28 ± 0.21 1.38 ± 0.19 1.26 ± 0.25
β 0.14 ± 0.06 0.22 ± 0.09 0.36 ± 0.08

AOD550 0.30 ± 0.15 0.50 ± 0.22 0.76 ± 0.18
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3.2. Atmospheric Particulate Matter

The mean values of particulate matter concentrations (PM2.5, PM10) during the obser-
vation period were calculated by month and shown in Figure 7, along with the monthly
variations in aerosol optical depth and turbidity coefficient. By comparing with the aerosol
optical parameters, it can be found that the concentration of particulate matter rises rapidly
with the aggravation of atmospheric turbidity, showing an increasing trend from month to
month. The monthly relative increases in PM2.5, AOD550, and β all exceeded 50%, while the
monthly relative increase in PM10 was near 30%. The monthly increase in fine particulate
matter content far exceeded the increase in coarse particulate matter over the same period,
as detailed in Table 3. Regarding the closest monthly relative increase in PM2.5 and β, the
increase in PM2.5 content from November 2021 to December 2021 was 52%, and the increase
in β during the same period was 57%. By January 2022, the monthly increase in PM2.5
increased to 76%, and the increase in β value in that period was 64%. This indicates that
there was a relatively strong correlation between the fine particulate matter content and the
degree of atmospheric turbidity. In November 2021, the PM10 and PM2.5 concentrations
were 74.47 µg·m−3 and 41.82 µg·m−3, respectively, with a ratio of 1.8:1, and in January 2022,
the ratio decreased to 1.2:1. As atmospheric turbidity increases during the observation
period, the particulate matter content increases significantly, with fine particulate matter
playing a major role in this process.

Table 3. Statistics of monthly average growth of particulate matter and optical parameters.

Project November 2021 Monthly Increase December 2021 Monthly Increase January 2022

PM2.5 (µg·m−3) 41.82 52% 63.38 76% 111.60
PM10 (µg·m−3) 74.47 30% 96.88 33% 129.20

AOD550 0.30 67% 0.50 52% 0.76
β 0.14 57% 0.22 64% 0.36
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atmosphere increases, the attenuation effect of aerosols on solar radiation is enhanced, 
leading to an increase in aerosol optical depth, along with an increase in atmospheric 
turbidity. During the fluctuation of aerosol optical properties caused by the change in 
particulate matter concentration, the response effect of AOD550 and β to the change in fine 
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seen that reducing the particulate matter content in the atmosphere is an effective way to 
reduce atmospheric turbidity, of which controlling the fine particulate matter content is 
the most important. 

Figure 7. Variation in monthly mean and standard error of particulate matter, AOD550, and β.

The interrelation between atmospheric particulate matter and aerosol optical proper-
ties was further investigated. Firstly, the daily average concentration values of particulate
matter were calculated. Then scatter plots were drawn with AOD550 and β as horizontal
coordinates and particulate matter concentrations as vertical coordinates, respectively. The
results of the linear fit based on scatter plots are shown in Figure 8. The fitting results of
PM concentration and AOD550 were similar to those of PM concentration and β, and their
scatter distribution had some similarity, which was caused by the high linear correlation
between AOD550 and β. With the increase in AOD550 or β, the PM concentration showed an
obvious positive correlation trend. Among them, PM2.5 concentration showed the strongest
linear correlation with β, and the Pearson correlation coefficient reached 0.861. When the
concentration of particulate matter suspended in the atmosphere increases, the attenuation
effect of aerosols on solar radiation is enhanced, leading to an increase in aerosol optical
depth, along with an increase in atmospheric turbidity. During the fluctuation of aerosol
optical properties caused by the change in particulate matter concentration, the response
effect of AOD550 and β to the change in fine particulate matter concentration is more
prominent. From the above analysis, it can be seen that reducing the particulate matter
content in the atmosphere is an effective way to reduce atmospheric turbidity, of which
controlling the fine particulate matter content is the most important.
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4. Conclusions

Experimental observations of aerosols were carried out in Wuhan from January 2021
to January 2022 using the TBS-4 solar spectrometer, and the variation characteristics of
aerosol optical properties are analyzed in detail. By monitoring the air quality during the
observation period, the influence of atmospheric particulate matter content on the aerosol
optical properties is revealed to some extent. The main conclusions are as follows:

(1) During this case study, the mean value of AOD550 was 0.42, and the atmospheric
aerosol content was at a low level; the mean value of β was 0.20, and the atmosphere
was lightly turbid. Their daily variations show an increasing trend. The mean value of
α440–870 was 1.32, and the fitting result of its daily variation indicates that the fluctuation of
aerosol particle size is more stable, which is mainly fine particle size aerosol. The frequency
ratios of AOD550, α440–870, and β are unimodal distributions. The results of the frequency
distribution of the aerosol optical parameters show the frequency of atmospheric pollution
conditions. The atmosphere was mainly in mild turbidity degree. The linear correlation
coefficient between AOD550 and β reached 0.94. With the increase in atmospheric turbidity,
the attenuation effect of aerosol particles on solar radiation was enhanced, resulting in an
increase in AOD550. The data points consisting of AOD550 and α440–870 presented a weak
positive correlation growth trend, and their linear fit correlation was poor.

(2) Atmospheric turbidity increased on a monthly basis, from a mild turbidity level in
November 2021 to a high turbidity level in December 2021. β increased again in January
2022, and atmospheric turbidity increased further. Along with the increase in β, AOD550
rapidly increased, and the monthly increase in both exceeded 50%. The monthly variation
in α440–870 was relatively small, and its value had a small proportional increase in December
2021 and decreased in January 2022. The mean value of α440–870 in December 2021 was
higher than the remaining two months, the standard deviation of α440–870 in that month
was the smallest, and the aerosol particle size distribution was the most concentrated.
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(3) Particulate matter concentrations show a good linear correlation with both AOD550
and β. A sharp increase in the concentration of particulate matter was observed when the
aerosol content increased, and the turbidity level increased. Among them, the response of
β to the change in fine particulate matter concentration is most effective, with their linear
correlation coefficient reaching 0.861 and their monthly relative increases being close. The
monthly relative increase in PM2.5 exceeds 50%, while the monthly relative increase in
PM10 is near 30%. As atmospheric turbidity increases month by month, the ratio of PM10
to PM2.5 concentration shrinks from 1.8:1 in November 2021 to 1.2:1 in January 2022, with
the proportion of fine particulate matter in the atmosphere increasing.
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