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Abstract: Black carbon (BC) aerosols have attracted wide attention over the world due to their
significant climate effects on local and global scales. BC extinction aerosol optical thickness (AOT),
scattering AOT, and single scattering albedo (SSA) over China are systematically studied based on
the MERRA-2 satellite reanalysis data from 1983 to 2022 in terms of the spatial, yearly, seasonal,
and monthly variations. The extinction and scattering AOTs of BC show similar spatial distribution,
with high values in eastern and southern China, generally as opposed to BC SSA. A decrease in BC
extinction and scattering AOTs has been documented over the last decade. The mean BC extinction
AOT, scattering AOT, and SSA over China are 0.0054, 0.0014, and 0.26, respectively. The BC SSA
showed small variations during 1983–2022, although a high BC extinction AOT and scattering
AOT have been seen in the last two decades. During different decades, the seasonal patterns of
BC extinction and scattering AOTs may differ, whereas the BC SSA shows seasonal consistency.
Significant monthly variations in the BC SSA are seen over four decades, which are in agreement with
their seasonal patterns. The mean BC extinction AOTs are 0.037, 0.033, 0.023, and 0.0054, whereas
the average BC scattering AOTs are 0.0088, 0.0082, 0.0060, and 0.0014 in the Pearl River Delta (PRD),
Yangtze River Delta (YRD), Beijing–Tianjin–Hebei (BTH) region, and Tarim Basin (TB), respectively.
It is interesting to see that BC SSA values in the TB region are generally higher than those over the
PRD, YRD and BTH areas, whereas the reverse is true for BC extinction and scattering AOTs. This
study provides references for further research on black carbon aerosols and air pollution in China.

Keywords: black carbon; single-scattering albedo; spatial and temporal variations; China

1. Introduction

Black carbon (BC) is one of the components of atmospheric aerosols, mainly produced
by the incomplete combustion of carbon-containing substances [1]. Brown carbon is another
carbonaceous aerosol, being one of the components of BC organic coatings and absorbing
radiations in the ultraviolet and visible spectra [1]. A large number of studies have shown
that black carbon aerosols can directly or indirectly impact the atmospheric radiation forcing
process and can also be used as a cloud condensation core to indirectly affect the radiation
balance between the earth and the atmosphere through the cloud microphysics process, and
they have an important impact on global warming [2]. In addition, black carbon aerosols,
along with other pollutants, can enter the human body, seriously endangering human
health [3]. Therefore, the in-depth study of black carbon aerosols has important scientific
significance and social value.

The World Meteorological Organization’s Global Atmospheric Monitoring Network has
observed black carbon aerosols as an important observation project since 1989. Wu et al. [4]
simulate the radiation effect of black carbon aerosols in China and conclude that the largest
degree of radiative forcing in the south appears in spring and that in the north appears in
summer. Regarding the global distribution of the optical thickness of black carbon aerosols,
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Ma et al. [5] conclude that the scattering coefficient and absorption coefficient of black
carbon aerosols are of the same order of magnitude in the short wavelength range of less
than 0.5 µm. Zhuang et al. [6] analyze aerosol climate effects in China and find that the
optical thickness of absorptive aerosols is mainly distributed in northwestern, southwestern,
and eastern China. Wei et al. [7] show the distribution and change characteristics of black
carbon concentrations in Hefei, exhibiting that the concentrations of black carbon in Hefei
are low in spring and summer and high in autumn and winter. Although previous research
on black carbon source emissions and climate effects has been carried out intensively,
the study of black carbon’s optical properties, such as the single-scattering albedo over
China, is still limited, which would hopefully be beneficial to improving the air quality in
China and providing references for climate changes and climate assessments, and people’s
happiness index is of great significance.

Here, the spatial and temporal characteristics of the BC single-scattering albedo over
China during the period of 1983–2022 based on MERRA-2 satellite reanalysis data are
systematically measured. The characteristics of BC extinction and the scattering optical
thicknesses are also explored. This paper is organized as follows. In Section 2, the MERRA-2
data for BC’s optical properties are introduced. In Section 3, the 40-year detailed charac-
teristics of BC extinction, scattering optical thicknesses, and single-scattering albedo are
discussed. Finally, in Section 4, the main conclusions are summarized.

2. Methodology
2.1. MERRA-2 Dataset

The MERRA-2 data are a series of long-term reanalysis datasets developed by the NASA
Goddard Space Flight Center. MERRA-2 uses the Goddard Earth Observing System Model
(GEOS), and aerosols in MERRA-2 are simulated with a radiatively coupled version of the
Goddard Chemistry, Aerosol, Radiation, and Transport model (GOCART) [8]. Data for an
aerosol total optical thickness of 550 nm is obtained from the Moderate Resolution Imaging
Spectroradiometer (MODIS), and the MERRA-2 collection consists of assimilated aerosol
diagnostics, such as black carbon extinction and scattering optical thicknesses. The MERRA-2
data provide lattice data with a spatial resolution of 0.5◦ × 0.625◦ and a time span from
1 January 1980 to the present [8]. We employed a black carbon extinction aerosol optical
thickness (AOT) and scattering AOT of 550 nm on the basis of the MERRA-2 reanalysis
products. The single-scattering albedo (SSA) of black carbon aerosols was then calculated and
defined as the ratio of the scattering AOT to the extinction AOT of BC. In addition to brown
carbon, BC and dust are two significant absorbing aerosols, but BC and dust have different
source regions, optical properties, and sizes [9]. Mineral dust mostly originates from arid
regions, such as the Gobi and Taklimakan deserts, whereas BC is generally emitted from fossil
fuel combustion and biomass burning [10]. Moreover, BC is generally smaller than dust, while
BC particles are more absorbing than dust particles. The stronger absorption characteristics of
BC result in a lower BC SSA compared to that of dust [11].

2.2. Targeted Area

We focus on the characteristics of BC’s extinction AOT, scattering AOT, and SSA in
China, especially in the Tarim Basin (TB), Pearl River Delta (PRD), Yangtze River Delta
(YRD), and Beijing–Tianjin–Hebei (BTH) region, which are portrayed in Figure 1. With the
rapid economic developments of the PRD, YRD, and BTH regions, plenty of black carbon
aerosols are emitted in these areas. However, the Tarim Basin, inside Taklimakan Desert,
has low BC emissions.
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River Delta (PRD, region: 22–24° N, 112–115° E), Yangĵe River Delta (YRD, region: 29–33° N, 117–
122° E), and Beijing–Tianjin–Hebei region (BTH, region: 38–41° N, 114–119° E) are considered four 
representative regions in China in the study. 

3. Results and Discussion 
3.1. Spatial Distributions of BC’s Extinction and ScaĴering AOTs and SSA 

The spatial distributions of BC’s extinction AOT, scaĴering AOT, and SSA in China 
from 1983 to 2022 are portrayed in Figure 2. Four decades, 1983–1992, 1993–2002, 2003–
2012, and 2013–2022, are shown from left to right, while the extinction AOT, scaĴering 
AOT, and SSA of BC are shown from top to boĴom. As illustrated in Figure 2a–d, BC’s 
extinction AOTs in eastern China and southern China are significantly higher than those 
in western China and northern China. BC extinction AOT values as high as 0.05 are seen 
in eastern China and southern China, while they are less than 0.015 in western China and 
northern China. This is probably associated with fast economic development generating 
plenty of black carbon emissions over eastern and southern China over the last four dec-
ades [12]. A high BC extinction AOT of nearly 0.05 is seen over the Sichuan Basin, and this 
may be due to terrain reasons [13]. Significant decadal variations in BC’s extinction AOT 
are observed, and high BC extinction AOTs are seen during 2003–2012, especially in the 
Beijing–Tianjin–Hebei region, Yangĵe River Delta, and Sichuan Basin. Meanwhile, a de-
crease in BC’s extinction AOT is seen in the final decade (i.e., during 2013–2022). Zhou et 
al. [14] also show high BC levels in the Sichuan Basin associated with continuously in-
creasing extinction optical thickness. 

As shown in Figure 2e–h, BC’s scaĴering AOTs show similar spatial distribution and 
decadal variation paĴerns to those of BC’s extinction AOTs. BC scaĴering AOTs as high 
as 0.018 are seen during 2003–2012, indicating that industrial development leads to the 
emissions of scaĴering particles, such as sulfate and nitrate particles [15]. The low BC ex-
tinction AOTs in western China and northern China are aĴributed to small emissions of 
BC aerosols. A decrease in BC’s scaĴering AOT is also seen during 2013–2022, and this 
may be because of the implementation of environmental protection policies in the last 
decade [16,17]. 

As shown in Figure 2i–l, the SSA of black carbon aerosols in China is between 0.20 
and 0.31. High BC SSA values, exceeding 0.28, are observed in northern Heilongjiang 
Province, the northeast Inner Mongolia Autonomous Region, southern Qinghai Province, 
the southern Xinjiang Uygur Autonomous Region, the northern Tibet Autonomous Re-
gion, and northwest Sichuan Province. However, low BC SSA values, less than 0.24, are 
seen in the Henan, Shandong, and Hebei provinces, and this may indicate high absorption 
levels in these areas. BC’s SSA generally exhibits an opposite spatial distribution to BC’s 
extinction and scaĴering AOTs. Large BC emissions in eastern China and southern China 

Figure 1. Locations of study areas in China. The Tarim Basin (TB, region: 36–45◦ N, 80–91◦ E),
Pearl River Delta (PRD, region: 22–24◦ N, 112–115◦ E), Yangtze River Delta (YRD, region: 29–33◦ N,
117–122◦ E), and Beijing–Tianjin–Hebei region (BTH, region: 38–41◦ N, 114–119◦ E) are considered
four representative regions in China in the study.

3. Results and Discussion
3.1. Spatial Distributions of BC’s Extinction and Scattering AOTs and SSA

The spatial distributions of BC’s extinction AOT, scattering AOT, and SSA in China
from 1983 to 2022 are portrayed in Figure 2. Four decades, 1983–1992, 1993–2002, 2003–2012,
and 2013–2022, are shown from left to right, while the extinction AOT, scattering AOT, and
SSA of BC are shown from top to bottom. As illustrated in Figure 2a–d, BC’s extinction
AOTs in eastern China and southern China are significantly higher than those in western
China and northern China. BC extinction AOT values as high as 0.05 are seen in eastern
China and southern China, while they are less than 0.015 in western China and northern
China. This is probably associated with fast economic development generating plenty of
black carbon emissions over eastern and southern China over the last four decades [12].
A high BC extinction AOT of nearly 0.05 is seen over the Sichuan Basin, and this may
be due to terrain reasons [13]. Significant decadal variations in BC’s extinction AOT
are observed, and high BC extinction AOTs are seen during 2003–2012, especially in
the Beijing–Tianjin–Hebei region, Yangtze River Delta, and Sichuan Basin. Meanwhile,
a decrease in BC’s extinction AOT is seen in the final decade (i.e., during 2013–2022).
Zhou et al. [14] also show high BC levels in the Sichuan Basin associated with continuously
increasing extinction optical thickness.

As shown in Figure 2e–h, BC’s scattering AOTs show similar spatial distribution and
decadal variation patterns to those of BC’s extinction AOTs. BC scattering AOTs as high as
0.018 are seen during 2003–2012, indicating that industrial development leads to the emissions
of scattering particles, such as sulfate and nitrate particles [15]. The low BC extinction AOTs
in western China and northern China are attributed to small emissions of BC aerosols. A
decrease in BC’s scattering AOT is also seen during 2013–2022, and this may be because of the
implementation of environmental protection policies in the last decade [16,17].

As shown in Figure 2i–l, the SSA of black carbon aerosols in China is between 0.20 and
0.31. High BC SSA values, exceeding 0.28, are observed in northern Heilongjiang Province,
the northeast Inner Mongolia Autonomous Region, southern Qinghai Province, the south-
ern Xinjiang Uygur Autonomous Region, the northern Tibet Autonomous Region, and
northwest Sichuan Province. However, low BC SSA values, less than 0.24, are seen in
the Henan, Shandong, and Hebei provinces, and this may indicate high absorption lev-
els in these areas. BC’s SSA generally exhibits an opposite spatial distribution to BC’s
extinction and scattering AOTs. Large BC emissions in eastern China and southern China
result in high BC extinction and scattering AOTs, while plenty of other carbonaceous
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aerosols (such as brown carbon) may also be emitted. These brown carbon aerosols show
absorption at some wavelengths and may contribute to the high BC SSA in eastern China
and southern China.
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Figure 2. Spatial distributions of the extinction AOT (a–d), scattering AOT (e–h), and SSA (i–l) of
black carbon aerosols over China. Four decades, 1983–1992 (a,e,i), 1993–2002 (b,f,j), 2003–2012 (c,g,k)
and 2013–2022 (d,h,l), are shown.

To summarize, BC’s extinction and scattering AOTs show similar spatial distribution
patterns with high values in eastern and southern China, generally opposing that of BC’s
SSA. A decrease in BC’s extinction and scattering AOTs has been documented over the last
decade, and this may indicate the implementation of environmental protection policies.

3.2. Annual Variations in BC’s Extinction and Scattering AOTs and SSA

The time series of the yearly mean black carbon extinction AOT, scattering AOT,
and SSA over China during 1983–2022 are illustrated in Figure 3. BC’s extinction AOT
generally exhibits well-defined yearly variations. The yearly average BC extinction AOT
values changed from 0.0038 to 0.0079 during 1983–2022, with a mean value of 0.0054. The
lowest BC extinction AOT values are probably associated with precipitation events, as
precipitation is one of the removal mechanisms for black carbon aerosols [18]. The highest
BC extinction AOT could be associated with BC episodes induced by anthropogenic traffic
and industrial emissions, biomass burning, and synoptic weather patterns [19].

The annual values of BC’s scattering AOT range from 0.0008 to 0.0017, with a mean of
0.0014, and are shown in Figure 3b. Before 1998, the annual average level of BC’s scattering
AOT was relatively low, with values fluctuating around 0.009. During 1999–2022, high
scattering AOTs were seen, with values between 0.0009 and 0.0017.

As shown in Figure 3c, the annual average SSA of black carbon aerosols is between
0.26 and 0.27, with a mean value of 0.264. This may be related to the relatively small effect
of BC emissions on BC’s SSA, especially for medium to high altitudes below the satellite
altitude [20]. Overall, the mean BC extinction AOT, scattering AOT, and SSA over China
during 1983–2022 were 0.0054, 0.0014, and 0.264, respectively. BC’s SSA showed small
variations during 1983–2022, although a high BC extinction AOT and scattering AOT have
been seen over the last two decades, probably indicating that the ratio of BC to sulfur
emissions has remained approximately constant.
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over China from 1983 to 2022. Uncertainty bars are the standard deviations related to the mean values.

3.3. Seasonal Patterns of BC Extinction and Scattering AOTs and SSA

The seasonal variations in BC’s extinction AOT, scattering AOT, and SSA over China
from 1983 to 2022 are shown in Figure 4. As shown in Figure 4a, similar seasonal patterns
for the extinction AOT are observed in different decades. The largest extinction AOT is
observed in summer, followed by autumn and winter, and the spring has the smallest
extinction AOT. The high extinction AOT in summer may be attributed to biomass burning
due to crop harvesting [21]. For the scattering AOT, different seasonal patterns are shown
in the different decades during the last three decades. During 1983–2002, the scattering
AOT was lowest in autumn and highest in spring. During 2003–2012, the scattering
AOT was largest in summer and smallest in autumn. However, during 2013–2022, the
smallest scattering AOT was seen in spring, while the highest value was observed in winter
(see Figure 4b). The high scattering AOT in winter may be attributed to the coal widely
used in northern China, in addition to the frequent temperature inversion and strong
atmospheric stability [22,23].

The BC’s SSA has a similar seasonal variability over the four decades, which is illus-
trated in Figure 4c. The spring had the largest BC SSA, followed by winter and fall, while
the summer had a relatively lower BC SSA. The seasonally averaged BC SSA in the period
of 2013–2022 was 0.28, 0.25, 0.26, and 0.27 for spring, summer, fall, and winter, respectively.
Moreover, the seasonal pattern of BC’s SSA in China basically does not change over a
decade. In general, during different decades, the seasonal patterns of BC’s extinction and
scattering AOTs may differ, whereas BC’s SSA shows seasonal consistency.
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Figure 4. Seasonal average BC extinction AOT, scattering AOT, and SSA over mainland China
in spring (MAM), summer (JJA), fall (SON), and winter (DJF). The results for the periods
1983–1992 (a,e,i), 1993–2002 (b,f,j), 2003–2012 (c,g,k), and 2013–2022 (d,h,l) are shown.

3.4. Monthly Variations in BC’s Extinction and Scattering AOTs and SSA

The monthly mean variations in BC’s extinction AOT, scattering AOT, and SSA from
1983 to 2022 are provided in Figure 5. The monthly mean BC extinction and scattering
AOTs in the period of 2003–2012 are significantly higher than those during 1983–2002.
The monthly average extinction AOT of BC varies almost twofold, ranging from 0.0057 in
March to 0.0078 in July. The monthly pattern of BC’s scattering AOT shows complexity in
different decades, with the highest BC scattering AOT being 0.0017 reached in November
and the lowest being 0.0014 in June during 2013–2022.

As illustrated in Figure 5i–l, significant monthly variations in BC’s SSA are seen during
the four decades, which are consistent with their seasonal patterns. From 1983 to 2022, the
highest monthly mean BC SSA was seen in February or March, while the lowest BC SSA
was seen in July or August. The minimum BC SSA was 0.24 in July and the maximum was
0.28 in February during 2013–2022.
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land China. The results for the periods 1983–1992 (a,e,i), 1993–2002 (b,f,j), 2003–2012 (c,g,k), and 
2013–2022 (d,h,l) are shown. 
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Figure 5. Monthly average BC extinction AOT (a–d), scattering AOT (e–h), and SSA (i–l) over
mainland China. The results for the periods 1983–1992 (a,e,i), 1993–2002 (b,f,j), 2003–2012 (c,g,k),
and 2013–2022 (d,h,l) are shown.

3.5. BC’s Extinction and Scattering AOTs and SSA in Typical Regions of China

To further understand the characteristics of BC’s SSA and AOT in China, four typical
areas, including the TB region, with few BC particles, and the PRD, YRD, and BTH regions,
dominated by anthropogenic BC aerosols, are considered. The annual variations in BC’s
extinction AOT, scattering AOT, and SSA are shown in Figure 6. The mean BC extinction
AOTs in the BTH, YRD, PRD, and TB regions are 0.037, 0.033, 0.023, and 0.0054, respectively.
Meanwhile, the average BC scattering AOTs are 0.0088, 0.0082, 0.0060, and 0.0014 over
the BTH, YRD, PRD, and TB regions, respectively. BC’s SSA in the BTH, YRD, PRD, and
TB regions are 0.24, 0.25, 0.26, and 0.26, respectively. It is shown that the annual mean
extinction AOT and scattering AOT of BC in the PRD, YRD, and BTH regions have similar
variation patterns, with high values during 2003–2012 and low levels during 1983–1992,
which are significantly larger than those over the TB region. In the BTH, YRD, PRD, and
TB regions, the maximum values of BC’s extinction AOT are 0.055, 0.048, 0.036, and 0.01,
respectively, while the maximum BC scattering AOTs are 0.013, 0.014, 0.009, and 0.002,
respectively. The high values of BC’s AOTs over the BTH, YRD, and PRD regions are
probably due to the substantial increases in BC emissions in the period of 2003–2012. BC’s
SSAs in the BTH, YRD, PRD, and TB regions are in the ranges of 0.24–0.25, 0.26–0.27,
0.25–0.26, and 0.26–0.27, respectively. It is interesting to see that BC’s SSA values in the TB
region are generally higher than those over the PRD, YRD, and BTH areas, whereas the
reverse is true for BC’s extinction and scattering AOTs.
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Figure 6. Temporal variations in annual average BC extinction AOT (a), scaĴering AOT (b), and SSA 
(c) over the TB, PRD, YRD, and BTH regions from 1983 to 2022. 
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values in spring and winter. High temperatures, abundant water vapor content, and more 
straightforward photochemical reactions are seen in summer [24,25]. A large amount of 
straw burning may be one of the reasons for the high BC AOT in summer. The values of 
BC’s extinction and scaĴering AOTs in the YRD and PRD regions are low in summer and 
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are not obvious due to their relatively low values. The BC SSA seasonal paĴerns in the 
four regions generally differ from each other and are also different from the paĴerns ob-
tained for China overall. This indicates the complicated characteristics of the BC emissions 
and meteorological conditions over the different regions. High concentrations of biomass 
burning from natural surfaces are seen in the Tarim Basin [26]. Desert dust is weakly ab-
sorbing, and the SSAs of transported dust from the Taklimakan Desert at 530 nm are be-
tween 0.80 and 0.90 based on ground measurements in Beijing and Tsukuba [27]. The SSA 
of the Sahara desert dust increases with wavelength, from 0.81 ± 0.05 at 415.6 nm to 0.94 ± 
0.05 at 868.7 nm [28]. The mixing of BC with dust may induce uncertainties in BC’s SSA 
values.  

Figure 6. Temporal variations in annual average BC extinction AOT (a), scattering AOT (b), and SSA
(c) over the TB, PRD, YRD, and BTH regions from 1983 to 2022.

The seasonally averaged extinction AOT, scattering AOT, and SSA of BC over the
representative four areas of China are illustrated in Figure 7. BC’s extinction AOT and
scattering AOT in the BTH region present high values in summer and autumn and low
values in spring and winter. High temperatures, abundant water vapor content, and more
straightforward photochemical reactions are seen in summer [24,25]. A large amount of
straw burning may be one of the reasons for the high BC AOT in summer. The values of BC’s
extinction and scattering AOTs in the YRD and PRD regions are low in summer and autumn
and high in spring and winter. Generally, similar seasonal patterns of BC’s extinction and
scattering AOTs in the PRD, YRD, and BTH regions are seen in the different decades.
The seasonal variations in BC’s extinction and scattering AOTs in the Tarim Basin are not
obvious due to their relatively low values. The BC SSA seasonal patterns in the four regions
generally differ from each other and are also different from the patterns obtained for
China overall. This indicates the complicated characteristics of the BC emissions and
meteorological conditions over the different regions. High concentrations of biomass
burning from natural surfaces are seen in the Tarim Basin [26]. Desert dust is weakly
absorbing, and the SSAs of transported dust from the Taklimakan Desert at 530 nm are
between 0.80 and 0.90 based on ground measurements in Beijing and Tsukuba [27]. The
SSA of the Sahara desert dust increases with wavelength, from 0.81 ± 0.05 at 415.6 nm to
0.94 ± 0.05 at 868.7 nm [28]. The mixing of BC with dust may induce uncertainties in BC’s
SSA values.

The decadal variations in the monthly averaged extinction AOT, scattering AOT, and
SSA of BC in four regions in the period of 1983–2022 are shown in Figure 8. Large monthly
mean values of BC’s AOT are generally seen during 2003–2012, while the monthly pat-
terns of BC’s extinction AOT, scattering AOT, and SSA in the four areas are similar in the
different decades. Furthermore, the monthly patterns for the extinction AOT, scattering
AOT, and SSA of BC over different areas have discrepancies. This suggests the complex-
ity of the monthly characteristics of BC optics, consistent with their seasonal patterns
in various regions.
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4. Conclusions

In this paper, MERRA-2 satellite reanalysis data are employed to study BC’s extinction
and scattering AOTs and SSA in China from 1983 to 2022 in terms of their spatial, yearly,
seasonal, and monthly variations. BC’s extinction and scattering AOTs and SSA in typical
regions of China are also explored.

The extinction and scattering AOTs of BC show similar spatial distribution patterns
with high values in eastern and southern China, generally as opposed to BC’s SSA. A
decrease in BC’s extinction and scattering AOTs has been documented over the last decade,
and this indicates the implementation of environmental protection policies. The mean BC
extinction AOT, scattering AOT, and SSA over China during 1983–2022 were 0.0054, 0.0014,
and 0.264, respectively. BC’s SSA also showed small variations during 1983–2022, although
a high BC extinction AOT and scattering AOT have been seen over the last two decades.
This probably indicates the variations in aerosol composition and emission patterns and the
existence of dust aerosols [8]. During the different decades, the seasonal patterns of BC’s
extinction and scattering AOTs may differ, whereas BC’s SSA shows seasonal consistency.
Significant monthly variations in BC’s SSA were seen during the four decades, which are in
agreement with seasonal patterns.

The mean BC extinction AOTs in the BTH, YRD, PRD, and TB regions are 0.037, 0.033,
0.023, and 0.0054, respectively. Meanwhile, the average BC scattering AOTs are 0.0088,
0.0082, 0.0060, and 0.0014 over the BTH, YRD, PRD, and TB regions, respectively. BC’s
SSA in the BTH, YRD, PRD, and TB regions is 0.24, 0.25, 0.26, and 0.26, respectively. It
is interesting to see that BC’s SSA values in the TB are generally higher than those over
the PRD, YRD, and BTH regions, whereas the reverse is true for BC’s extinction and
scattering AOTs.
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