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Absorbing Aerosol Sensor Onboard Gaofen-5B
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Abstract—The Absorbing Aerosol Index (AAI) determines the
presence and approximate amount of absorbing aerosol particles.
The Absorbing Aerosol Sensor (AAS) equipped on the Gaofen-
5B satellite was successfully launched and deployed in orbit on
September 7, 2021. Following a period of initial on-orbit testing,
reliable AAI observational results were collected. The nadir of
the AAS had a design spatial resolution of 4 km X 4 km and
a current spatial resolution of 2 km X 4 km, which presented
significant benefits in the spatial resolution and clear distribution
characteristics of pollutants. The results of AAS were validated
by comparing with the observed data of Global Ozone Monitoring
Experiment-2 (GOME-2) in the Sahara Desert and surrounding
areas. In 2022 and 2023, we utilized AAS observations to study
the typical pollution processes. These included the spring pollution
distribution around the Bohai Sea, the observation and tracking
of long-term dust pollution in China in March and April 2023, the
distribution of spring pollution in the Indochina Peninsula in April
2023, and the distribution of wildfires in Canada on June 22, 2023.
The results were validated and analyzed using data from Tropo-
spheric Monitoring Instrument (TROPOMI), GOME-2, AErosol
RObotic NETwork (AERONET) and Moderate-resolution Imaging
Spectroradiometer (MODIS). The results of the observation and
evaluation revealed that the AAS AAI can provide reliable infor-
mation for precise observation of air pollutants at a high resolution.

Index Terms—Aerosols, atmospheric measurements,
information retrieval, remote sensing, satellite applications.
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1. INTRODUCTION

EROSOL particulate matter is one of the main pollution
A components in the atmosphere. Small aerosol particles,
such as PM2.5, can penetrate deep into the respiratory system
and pose short- and long-term health risks to humans [1], [2]. The
larger particles of pollutants will affect visibility and seriously
interfere with human activities. It is important to evaluate and
control the environmental pollution caused by aerosols [3].
Aerosol particles affect the radiation field in the atmosphere
by scattering and absorbing light. In the short term, changes in
this radiation field can affect the weather, and long-term changes
can have an impact on the climate [4], [5]. Global observation
of aerosol can better assess the impact of acrosols on the atmo-
spheric radiation force, thus contributing to the study of climate
change. Spaceborne detectors can achieve global observation of
aerosols with wide coverage. High spatial resolution satellite
aerosol observation products can provide reliable data for the
monitoring of aerosol pollutants and the assessment of aerosol
impacts on climate [6].

The Absorbing Aerosol Index (AAI) can effectively moni-
tor atmospheric pollutants, such as dust, industrial emissions,
biomass combustion, volcanic smoke, and certain types of car-
bonaceous aerosols that exhibit absorbing optical characteristics
[7]. The superiority of the AAT s that it is less affected by surface
albedo and is available in the presence of thin clouds. High-
resolution AAI data are valuable for observing and preventing
air pollution. The index was first introduced to correct errors
in total ozone retrieval caused by the presence of aerosols [8].
The total ozone mapping spectrometer (TOMS) of the Nimbus-7
satellite was the first to provide AAI products [9]. The Global
Ozone Monitoring Experiment (GOME)/GOME-2 [10], Scan-
ning Imaging Absorption spectroMeter for Atmospheric CHar-
tographY (SCIAMACHY) [11], Ozone Monitoring Instrument
(OMI) [12], Ozone Mapping and Profiler Suite (OMPS) [13],
and Tropospheric Monitoring Instrument (TROPOMI) [ 14] have
successively provided effective AAI results. This polar-orbiting
satellite-based passive ultraviolet visible light atmospheric com-
ponent detectors offer daily global coverage of AAI products.
The main errors for these products include measurement and
calibration errors [7], [15], [16], forward model errors [17],
errors caused by ozone for certain wavelengths and clouds,
errors introduced by surface properties, etc. In addition, the AAI
values obtained by different types of aerosols with the same
concentration are also different [18].
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In China, the Total Ozone Unit on the FengYun-3 satellite
was the first to provide AAI data [19], [20], [21], [22]. These
data have been utilized in several observational and analytical
studies [23], [24]. The Gases Monitoring Instrument (EMI) was
launched aboard the Chinese GaoFen-5A satellite in 2018 and
has provided AAI products [25]. In addition, the Absorbing
Aerosol Sensor (AAS) was launched aboard the GaoFen-5B
satellite on September 7, 2021, and the Ozone Monitor Suite-
Nadir (OMS-N) was launched aboard the FengYun-3F satellite
on August 3, 2023 [26]. The AAS is an imaging spectrometer
with a 114° wide swath and a continuous spectrum in the
340-550 nm. With a design spatial resolution of 4 km x 4 km
at the nadir, it attains a relatively high spatial resolution within
instruments of similar features [27], [28]. Its current practical
nadir resolution is 2 km x 4 km. Following a period of on-orbit
testing, the device successfully obtained observations of the
AAI[29].

As AAS can provide a relatively high spatial resolution of
its kind, the analysis of pollution processes using its data can
provide a better understanding of atmospheric environmental
changes. This study represented the first attempt to track and
analyze atmospheric pollution using AAI data from the AAS.
We selected several notable air pollution events that occurred
between 2022 and 2023, including a springtime air pollution in
the Bohai Sea region in March 2022, severe dust pollution across
China in March and April 2023, spring pollution in the Indochina
Peninsula in April 2023, and wildfires in Canada on June 22 and
2023. Additionally, we utilized AAI data from TROPOMI and
GOME-2 to corroborate and validate the findings obtained from
AAS using MODIS and ground-based AERONET data to further
analyze and verify the observations of pollutants.

II. METHOD AND DATA
A. AAS

At 11:01 on September 7, 2021, China successfully launched
a hyperspectral observation satellite (Gaofen-5B). Gaofen-5B
officially entered service on April 4, 2023, after two years of
in-orbit testing. In contrast to optical imaging satellites, which
can only see information such as the shape and size of ob-
jects, hyperspectral satellites have spectral imaging technology.
Gaofen-5B satellite carries seven payloads, including Advanced
Hyperspectral Imager (AHSI), Visual and Infrared Multispectral
Imager (VIMI), Directional Polarimetric Camera (DPC), AAS,
greenhouse gases monitoring instrument (GMI), Environmental
Monitoring Instrument (EMI) and Particulate Observing Scan-
ning Polarimeter (POSP). Covering the spectrum from ultravio-
let to long-wave infrared, it integrates imaging technology and
hyperspectral detection technology to realize comprehensive
observation of spatial information, spectral information, and
radiation information. It is another full-spectrum hyperspectral
satellite to realize the comprehensive observation of the atmo-
sphere and land after the Gaofen-5 satellite.

The AAS is on a morning & sun-synchronous satellite. The
time of the orbit is 11:08 and the orbit height is 705 km. The AAS
is a wide field-of-view (FOV) push-broom spectrograph with a
114-degree FOV ensuring it achieves daily global coverage. It
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TABLE I
GF-5B/AAS INSTRUMENT PARAMETERS
Parameter Characteristics
Spectral range (nm) 340-550
Spectral resolution (nm) < 2.0 nm
FOV +57°
Spatial resolution 4 X4 km (at nadir)
Calibration accuracy 2%
SNR >1000 (10.89 uW/cm?- sr- nm)

can acquire a continuous spectrum from 340 to 500 nm and
the spectral resolution is within 2.0 nm. It has a high signal-
noise ratio which is higher than 1000. Its primary mission is
for monitoring tracking aerosol in the atmosphere. The primary
optical properties are listed in Table I [29].

The design nadir spatial resolution of 4 km x 4 km is binned
from two 2 kmx 4 km nadir pixels. During in-orbit operation,
we found it could get effective result even though the nearby two
pixels had not been binned. As a result, we increased the nadir
spatial resolution to 2 kmx 4 km.

B. Retrieval Method

The top-of-atmosphere reflectance ratios of the two channels
with minimal ozone absorption in the ultraviolet spectrum are
quantified in a real atmosphere. The disparity between this ratio
and the simulated ratio of the Rayleigh atmosphere is referred to
astheresidue [8]. Based on the optical properties of various types
of aerosols, absorbing aerosols result in a positive residue known
as AAL In contrast, clouds and scattering aerosols generate a
slightly negative or zero residue [7]. The previously mentioned
residual + is defined as follows [30]:

I)\ meas IA Ray
v = —100- (108310 <I> — logy, <I> ) (D
)\[] }MO

where A and )y are the channels used in the retrieval. For
AAS, the central wavelengths of the two channels were 354 nm
and 388 nm, respectively, because the bands were less affected
by ozone than those at 340 nm and 380 nm. / represents the
reflectance at the top of the atmosphere and ™** is the measured
value in the real atmosphere. % is for the simulated value in
pure Rayleigh atmosphere.

AAlis adimensionless, semiquantitative measure that reflects
the presence or absence of absorbing aerosol pollutants, as
well as the approximate level of pollution. In this study, the
SCIATRAN radiative transmission model [31] was utilized to
perform the inversion process. The specific steps of the retrieval
are as follows.

1) Weretrieved the preliminary global AAI distribution using

the method mentioned earlier.

2) We used a wavelength of 388 nm to determine the cloud
fraction, assuming a Lambertian surface, which is not
entirely accurate and introduces some traces of clouds
above complex terrains, such as the Hengduan Mountains.
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3) We set the average AAIs of cloudless and uncontaminated
pixels in the Pacific Ocean as background values. These
cloudless and uncontaminated pixels were obtained by
modeling and observing reflectance [25].

4) Thick cloud (cloud fraction> 0.5) pixels were removed,
and the background was subtracted to obtain the final AAI
result.

Because of the time-consuming nature of acquiring the back-
ground, the current background resolution along the track was
1°, whereas the resolution along the cross-orbit direction was the
same as the pixel spatial resolution. The along-track resolution
would be optimized in the future. The L1 data can be accessed
at https://data.cresda.cn/#/home.

Preliminary validation was conducted in a previous study
[29]. In this study, we used the AAI product to observe several
pollution processes.

C. Other Data

1) AAI From GOME-2 and TROPOMI: GOME-2 is a
satellite-based ozone monitoring instrument installed on the
METOP satellite that employs a UV-visible medium-resolution
sky and earth scanning spectrometer with a spectral range of
240-790 nm. The AAI product generated by GOME-2 had a
spatial resolution of 1°. METOP is a morning satellite, and its
transit time is close to that of the AAS, making it a useful tool for
validating the AAS results. GOME-2 AAI showed good consis-
tency compared with SCTAMACHY AAI in an intercomparison
approach. A clear linear relationship is between the GOME-2
AAI and the SCTAMACHY AALI Also, the slope of the linear fit
is close to one. The bias-corrected uncertainty in the GOME-2
AAI was found to be ~0.5 index point [32].

TROPOMI is a four-channel UV-VIS-NIR-SWIR imaging
spectrometer with a 114° field of view and a nadir spatial
resolution of 3.5 km x 5.5 km in the afternoon satellite. The
data obtained from TROPOMI are accessible on the website:
https://sSphub.copernicus.eu. The comparison of TROPOMI
and OMI observation results in a typical pollution event is
consistent [33]. In addition to those sources of error mentioned
in Section I, the BRDF of clouds also has a strong impact on the
AAI [34].

This study utilized the 354 nm/388 nm wavelength pair of
AAI products, which can be available for both the GOME-2 and
TROPOMI instruments.

2) Aerosol Optical Depth From AERONET: The AErosol
RObotic NETwork (AERONET) is a ground-based remote sens-
ing aerosol network, providing globally distributed observations
of aerosol optical depth (AOD) at various wavelengths. The
version 3 observation data involves three data quality levels:
Level 1.0 (unscreened), Level 1.5 (cloud-screened and quality-
controlled), and Level 2.0 (quality-assured). Level 2.0 data are
rare for the target area and time duration. Therefore, in this
study, we employed Level 1.5 daily averaged SDA 500 nm
AOD and 500 nm Fine Mode Fraction data. The data website
is https://aeronet.gsfc.nasa.gov/new_web/index.html. Fig. 1 de-
picts the distribution of four AERONET ground-based sites we
selected from four countries in the Indochina Peninsula for the
case in Section I'V-D.
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Fig. 1. Four selected AERONET sites in the target area in Section IV-D,
including sites in Bangladesh (red), Laos (blue), Thailand (yellow), and Vietnam

(green).

TABLE II
GF-5B/AAS AAI ERROR ANALYSIS

Source Uncertainty Error
Calibration error 2% 0.28-0.27
Equivalent surface albedo 0.001 0.009
Surface pressure (kPa) 0.001 0.01

3) True Color Corrected Reflectance From Terra/MODIS:
To assess the pollution conditions, we consulted the color-
corrected reflectance v6.1 standard data from Terra/MODIS
which shows smoke more clearly than the standard surface
reflectance product [35], [36]. This data can be accessed through
the website https://worldview.earthdata.nasa.gov/.

III. ERROR ANALYSIS AND VALIDATION

To make an accurate retrieval, the information of the relative
location between the aerosol layer and cloud layer is necessary
[7]. In order to eliminate the interference caused by incomplete
cloud information in error analysis, error analysis is carried
out by using cloud-free (cloud fraction = 0) pixel data of
the Pacific Ocean. The effects of calibration error, equivalent
surface albedo, and surface pressure on AAI inversion results
are analyzed by only changing the parameter being examined in
AAl retrieval. The calibration error of the detector is 2% getting
from calibration experiments, which will cause a deviation of
0.28 to —0.27 to the final observation result. The accuracy of
equivalent surface reflectance calculated in inversion is 0.001,
and the error is 0.009. The accuracy of the surface elevation is
0.001 kPa, resulting in an error of 0.01. The error analysis result
is shown in Table II.

Because there are dust particles in the Sahara Desert all the
year round, AAI observation cases with a large numerical range
can be provided. Like AAS, GOME-2 is also aboard a morning
satellite. A few days of AAS observation data were compared
with GOME-2 observation data to evaluate the accuracy of
AAS observation results. We used data from March 29 and
31 and April 3, 4, 5 and 7, 2024. The latitude and longitude
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(@) (b)
Fig. 2. Dust in the Sahara on April 7, 2024. (a) AAI from GOME-2. (b) AAI from AAS.
3
« R=0.8283 + R=0.8034 4 * R=0.7701
4 Linear fitting Linear fitting Linear fitting
x=y 2 x=y 3 x=y
o . o Y5
8 - X Ol o o
~ L
§ of wwyx ¢ 5 ° §0
= 3 2 - = z
< - .:::__.. . Lt g
2 . A
; 2
2
-3
1 0 1 2 3 4 5 1 0 1 2 3 1 0 1 2 3 4
AAl from AAS AAl from AAS AAl from AAS
(@ (b) ©
— 3 + R=0.7802 ‘ « R=0.8740
3 ) R’_’D'BZOZ_ Linear fitting Linear fitting
Linear fitting - -
. 2 x=y 4 x=y
X=y
2 o
N ! ¥
0 2 s
= 1 o g 2
Q 1)
3 15}
g0 £
g0 S S
o = =
£ = Z0
el =1 4
3 3 2
-2 -2 .
-'. -2
3 3 : | 9
1 0 1 2 3 4 0 1 2 3 4 -1 0 1 2 3 4 5
AAI from AAS AAl from AAS AAl from AAS
(d (e) ®
Fig. 3. Correlation analysis of AAS and GOME-2 observation data for the Sahara region. (a) March 29, 2024. (b) March 31, 2024. (c) April 3, 2024. (d) April

4,2024. (e) April 5, 2024 (f) April 7, 2024.

of the target region is 23W-60E, 10S—51N. Take the April 7
data as an example. Because of the limited spatial coverage of
both MetOp-B/GOME-2 and MetOp-C/GOME-2, we merged
the data of the two detectors to obtain the AAI distribution
map of GOME-2, as shown in Fig. 2(a). Fig. 2(b) depicts AAI
from AAS in the same area. The retrieval wavelength pair used
by GOME-2 is 340/380 nm. To avoid the error introduced
by ozone in the retrieval, AAS uses 354/388 nm. The AAI
obtained by these two wavelength selection methods have a
small difference in numerical value, so we mainly investigate
the correlation between the two instruments’ results. The AAS
data were projected onto a 1°x1° grid of GOME-2 and then
averaged. The results are shown in Fig. 3.

As can be seen from the analysis results in Fig. 3(a)—(f),
despite a loss of detailed features in the AAS observations after
averaging, the correlation coefficients between GOME-2 and
AAS results in the 6 days were all about 0.8, and the mean value
was 0.8127. This indicates that the retrieval results of AAS are
reliable and can be used for pollutant observation.

To assess the accuracy of the AAS observation data during the
pollution period in China and the Indochina Peninsula in April
2023, we obtained GOME-2 observation data or comparative
analysis and verification. The data from April 11, with the pres-
ence of large-scale pollution, were selected for this study. We still
merged the data of MetOp-B/GOME-2 and MetOp-C/GOME-2
to obtain the global AAI distribution map of GOME-2 in Fig. 4.
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Fig. 4.
four pollution districts.

»

Merged global AAI distribution from MetOp-B/GOME-2 and MetOp-C/GOME-2 on April 11, 2023. The four square boxes delineate the divisions of the

d £
<ET
1.0 2.0

3.0

Fig. 5.

Fig. 5 presents global AAI observations from the AAS on April
11. We divided the data into four typical pollution districts, using
rectangular boxes in the two figures.

The AAS data were projected onto a 1°x 1° grid of GOME-2
and then averaged. Correlations between the average AAS data
of the four regions and the observation results of GOME-2 were
calculated. The results are shown in Fig. 6. Despite a loss of
detailed features in the AAS observations after averaging, the
results in Fig. 6 indicate high correlations with GOME-2.

4.0 5.0 6.0

Global AAI distribution from AAS on April 11, 2023. The four rectangular boxes denote divisions of the four pollution districts.

IV. APPLICATION OF AAI FROM AAS IN SEVERAL
POLLUTION EVENTS

A. Air Pollution Around Bohai Sea in March 2022

To assess the severe pollution weather that occurred in the
Bohai Sea on March 4, 2022, the AAI data obtained from
the AAS was compared with the AAI data from TROPOMI
(Fig. 7). The overall appearance and distribution of pollutants, as
demonstrated by both sources, were highly consistent. Because
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GOME-2 District 3

Fig. 6.

Fig. 7.

Gaofen-5B operated as a morning satellite while TROPOMI
was carried on an afternoon satellite, the specific characteristics
of the regional distribution of pollutants, as observed by the
two sources, exhibited slight variations. Additionally, from a
spatial resolution perspective, the AAS was comparable to that

of TROPOML.

GOME-2 District 1
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(b)

Air pollution around the Bohai Sea on March 4, 2022. (a) AAI from AAS. (b) AAI from TROPOMI.

B. Dust Pollution Process in North China in March 2023

Since March 2023, the northern region of China has experi-
enced several severe dust pollution events. On March 22, Beijing
and its surrounding regions experienced extremely high pollu-
tion. To track and analyze the pollution process, the inversion
results of the AAI system developed by the AAS were utilized.
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Fig. 8.

Fig. 8(a)—(d) illustrates the progression of severe dust pollution
in the region.

Fig. 8(a) shows that the pollution event commenced in the
desert region of Xinjiang on March 19, and a significant portion
of the area had high or extremely high values (above 5). As
evident in the distribution of pollutants on March 20, depicted
in Fig. 8(b), the pollution event originated in the desert region
of Xinjiang. By the time the satellite passed over the area on
March 20, dust pollutants had already been transported to the
east for a long distance and reached the vicinity of Gansu,
where the AAI index registered an exceptionally high value,
and a substantial area attained a relatively uncommon level
above 5.

As depicted in Fig. 8(c), the transport of pollutants persisted
in an easterly direction on March 21, exhibiting a somewhat
dispersed distribution of dust. Notably, a substantial quantity
of dust has been observed in Mongolia. A significant amount
of dust remained in Ningxia and Gansu, whereas a portion of
the dust was situated in the northern region of Inner Mongolia.
The AAI values in the region where dust was prevalent were
elevated, with a vast area encompassing to 4-5 or higher values.
Dust pollution in Mongolia has reached a critical level in recent
years, extending its impact to border regions and northern China
[371, [38].

(d)

AAI from the AAS observed the dust pollution process in China in March 2023. (a)-(d) Are for March 19-22, respectively.

As depicted in Fig. 8(d), a sandstorm event occurred at
multiple locations across North China and Northeast China on
March 22. Although certain regions in Northeast China have
experienced severe sandstorm conditions, the topographic and
meteorological conditions in Beijing and its surrounding areas
have also resulted in significant pollution [39], [40]. Further-
more, the majority of northern China is subjected to varying
levels of pollution.

C. Dust Pollution Across China in April 2023

Fig. 9(a)—(f) depicts the national distribution of AAI observed
by AAS for several successive days during the occurrence of
sustained pollution events throughout the country in April. After
April 10, severe sandstorms occurred in the northern region of
China, particularly around Beijing, and in the following days,
extreme dust or floating dust weather also occurred, which
significantly affected people’s daily lives and posed a threat to
their health [41], [42].

On April 7, as depicted in Fig. 9(a), the primary source of dust
was Xinjiang, and the AAI values indicated that a substantial
portion of the region exceeded the highest threshold of the
general standard 5, exhibiting an eastward trend. Fig. 9(b) from
April 8 illustrates that the dust spread eastward from Xinjiang
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Fig. 9.

over a certain distance, with the highest value area shifting to
the border region of Gansu and Inner Mongolia. Additionally, a
steady stream of dust continued to be transported into the atmo-
sphere within the Taklimakan Desert. Furthermore, a noteworthy
dust distribution was observed in the Mongolian Plateau, with
numerous areas displaying AAI values of approximately 3.

As shown in Fig. 9(c), the expansion of the dust area on
April 9 proceeded eastward, with the highest concentration of

IEEE JOURNAL OF SELECTED TOPICS IN APPLIED EARTH OBSERVATIONS AND REMOTE SENSING, VOL. 17, 2024

AAS observed the nationwide pollution process in China from April 7 to April 12, 2023. (a)—(f) Are for April 7-12, respectively.

dust evident in Mongolia and Inner Mongolia. According to
previous studies, Mongolia accounts for more than 42% of the
dust concentrations in Northern China during March and April
[43], [44]. Moreover, severe pollution was observed in parts of
Northeast China, with the AAI value of 5 in a significant area.
Some dust was also present in North China, where the value
ranged from 2 to 3, and a substantial amount of dust approached
this region.
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Fig. 10.

Fig. 9(d) depicts the extensive arrival of a severe sandstorm
that encompassed northern China on April 10. The values
recorded were primarily between 4 and 5, with some areas ex-
ceeding 5. Additionally, the northeastern region experienced sig-
nificant pollution, despite the majority of areas being shrouded
by thick clouds. Notably, some areas with minimal cloud

14029

®

AAI distribution from AAS in the Indochina Peninsula on April 6, 7, 8, 12, 14, and 16, 2023. (a)—(f) Are for April 6, 7, 8, 12, 14, and 16, respectively.

coverage or only a few clouds also registered high values of
approximately 5.

Fig. 9(e) demonstrates that a substantial quantity of dust
pollution traversed Shandong on April 11 and progressed to
Anhui and Jiangsu, and the high AAI region from 4 to 5 moved
southward significantly. Similarly, Fig. 9(f) illustrates that the
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Fig. 11.  AAI for Canada wildfire on June 22, 2023, from AAS.

dust event on the 12th intensified further to the southeast, and the
Yangtze River Delta region endured severe air pollution, which
has not been commonly observed in the area.

D. April 2023 Pollution in Indochina Peninsula

The Indochina Peninsula is characterized by a tropical mon-
soon climate. During the dry spring season, the region is sus-
ceptible to large-scale wildfires, which are often caused by a
combination of natural and anthropogenic factors. Some of these
fires are sparked by natural phenomena, such as lightning strikes
or droughts, while others are the result of human activities, such
as land burning or garbage burning. These cases produce large
quantities of smoke and ash, which are then carried by low-
altitude southwest winds and spread to the northeast, eventually
reaching numerous locations throughout southern China.

In April 2023, the pollution generated in the Indochina Penin-
sulahad a severe effect on the air quality of the surrounding areas,
and the pollutants were transported eastward, causing significant
consequences in Yunnan, Hainan, Guangxi, Guangdong, and the
South China Sea.

On April 6 [Fig. 10(a)], pollutants were produced in numer-
ous locations across the Indochina Peninsula and subsequently
transported eastward toward China. The following day, on April
7 [Fig. 10(b)], the pollutants continued to be transported in an
easterly direction, covering the entire Qiongzhou Strait and most
areas of Hainan Island.

On April 8 [Fig. 10(c)], the pollutants persisted in their
migration toward the South China Sea. Despite the absence of
any visible reduction in the sources of pollution, the affected
region in southern China continued to expand and endure for
several consecutive days.

On April 12 [Fig. 10(d)], the Beibu Gulf region experienced a
significant accumulation of extremely high levels of pollutants,
simultaneously observing extensive zones of high-value pollu-
tion throughout Myanmar.

6.8 84 10.0

On April 14 [Fig. 10(e)], pollutants in the Beibu Gulf and
southern China exhibited a propensity for dispersion. Two
days later, on April 16 [Fig. 10(f)], a noticeable inclina-
tion toward spreading westward toward the Indian Ocean was
observed.

Based on these findings, the pollution event lasted over 10
days. Compared with the dust pollution experienced in northern
China during the same period, pollution in Southeast Asia dis-
played distinct traits of multipoint dispersion and persistence.
However, the pollution did not travel great distances, and there
was no clearly defined transmission path.

We chose four AERONET sites from four different coun-
tries which are shown in Fig. 1. The four sites are the Luang
Namtha site in Laos, the Dhaka University site in Bangladesh,
the Silpakom University site in Thailand, and the Bac Lieu site
in Vietnam.

Fig. 12(a) in the Appendix depicts the daily averaged SDA
500 nm AOD observed at the Luang Namtha site in Laos,
indicating several days of relatively high pollution in April. The
figure also shows the SDA 500 nm Fine Mode Fraction of the
site, demonstrating that most particles were in the Fine mode,
with some coarse mode particles still present, likely introduced
by natural factors.

Fig. 12(b) in the Appendix depicts the daily averaged
SDA 500 nm AOD observed at the Dhaka University site in
Bangladesh, which indicated that the air pollution levels in this
region were high during April 6-15. The figure also shows the
SDA 500 nm Fine Mode Fraction of the site, demonstrating that
the majority of air pollution particles were in the Fine mode,
suggesting that they were primarily produced by combustion
processes. Fig. 12(c) in the Appendix depicts the daily averaged
SDA 500 nm AOD observed at the Silpakom University site
in Thailand, and it also displays the SDA 500 nm Fine Mode
Fraction of the site. In contrast, Fig. 12(d) in the Appendix
shows the daily averaged SDA 500 nm AOD observed at the
Bac Lieu site in Vietnam, and illustrates the SDA 500 nm
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Fine Mode Fraction at that site. Despite differing occurrence
times of high AOD values compared with the Laos station,
the main pollution components at these sites were Fine mode
particles. This confirms that the primary pollutants in this area
are anthropogenic or natural biomass combustion rather than
dust. This demonstrates that the AAS can observe various types
of absorbing aerosols beyond dust.

E. Canadian Wildfires on June 22, 2023

During the late May and early June periods of 2023,
numerous wildfires across the central and eastern regions of
the United States resulted in significant air pollution. In late
June, the prevailing atmospheric circulation facilitated the
movement of soot in an easterly direction. Fig. 11, sourced
from the AAS, depicts the AAI for Canadian wildfires
on June 22, 2023. It demonstrated a clear correlation
between the distribution of pollution particles and the
distribution of pollutants, as illustrated by the MODIS true
color-corrected reflectance from that same day (Fig. 13 in
Appendix). The MODIS true color-corrected reflectance is
captured from https://worldview.earthdata.nasa.gov/?v=12.
942206399289148,31.537983391586906204.7774665148961,
68.7089278624063&1t=2023-06-22-T06%3A21%3A47TZ.

V. CONCLUSION

This study served as a pioneering effort in employing AAI
products derived from the AAS to trace multiple aerosol pollu-
tion incidents after AAS in orbit. We used data from March
29 and 31 and April 3, 4, 5, and 7, 2024 of merged data
from MetOp-B/GOME-2 and MetOp-C/GOME-2 in 23W-60E
and 10S—-51N, which is around the Sahara Desert to evaluate
the accuracy of AAS observation results. The AAS data were
projected onto a 1°x1° grid of GOME-2 and then averaged.
The correlation coefficients between GOME-2 and AAS results
in the 6 days were all about 0.8, and the mean value was 0.8127,
indicating that the results of AAS are reliable.

The investigation conducted on March 4, 2022, by compar-
ing the AAI data from AAS with TROPOMI observations of
local pollution in the Bohai Sea, revealed consistent results and
comparable spatial resolution. Data from AAS were used to
analyze the pollution distribution of large-area dust pollution
in China during March and April 2023. The application of AOD
data from AERONET to authenticate the AAS observations of
pollution events over the Central Asian Peninsula in April 2023
demonstrated the utility of AAS in tracking aerosol pollution.
The correlation analysis between global AAI distribution data
and GOME-2 on April 11, 2023 verified the accuracy of the
AAS observations for multiple types of pollution. Finally, we
employed the AAI derived from the AAS to investigate the
distribution of burning particles during the Canadian wildfires on
June 22, 2023. INlustrative cases have demonstrated the capacity
of AAI from the AAS to effectively observe and track absorbing
air pollution particles.
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Fig.12. (a) AERONET level 1.5 daily averaged SDA 500 nm AOD and 500 nm
Fine Mode Fraction of Luang Namtha site in Laos in April, 2023. (b) AERONET
level 1.5 daily averaged SDA 500 nm AOD and 500 nm Fine Mode Fraction of
Dhaka University site in Bangladesh in April, 2023. (c) AERONET level 1.5
daily averaged SDA 500 nm AOD and 500 nm Fine Mode Fraction of Silpakom
University site in Thailand in April, 2023. (d) AERONET level 1.5 daily averaged
SDA 500 nm AOD and 500 nm Fine Mode Fraction of Bac Lieu site in Vietnam
in April, 2023.
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Fig. 13.  MODIS true color-corrected reflectance map for Canada wildfire on
June 22, 2023.

VI. DISCUSSION

There are aspects of the AAI inversion for the AAS that
require improvement. For example, the cloud parameters used
for deduction were not sufficiently precise, which led to the
appearance of slight, colored, discrete spots in the AAI images
over complex terrains. Additionally, stripes often appeared on
the product images that were 1° in length along the track di-
rection. This was because the background used for deduction
had a 1° resolution along the longitudinal direction, which was
too coarse for a nadir spatial resolution of 4 km. More accurate
backgrounds will be updated in the future.

AAI is a parameter sensitive to the instrument degradation
and in-orbit calibration. Therefore, it can be used to monitor
the in-orbit running condition of the instrument and evaluate
the effect of onboard calibration work. Because years of long-
term AAI record could provide a method to evaluate changes in
atmospheric environment condition and radiation budget, it can
be used in the analysis of environmental and radiation variations.
Also, AAl is an important indicator and auxiliary in the retrieval
of AOD and other trace gases. In this aspect, AAI from AAS also
could be used to improve the retrieval of other instruments on the
same satellite. Meanwhile, data from other payloads onboard the
GaoFen-5B could also be used to improve the retrieval accuracy
of AAS by imported into the retrieval model. The method and
results can also be used in the atmospheric composition retrieval
of subsequent payloads.
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APPENDIX
See Figs. 12 and 13.
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