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Abstract: The accurate determination of aerosol optical depth (AOD) is of great importance for climate
change research and environmental monitoring. To understand the applicability of the MODIS aerosol
product inversion algorithm in Gansu Province, this work uses ground-based solar photometer AOD
observation data to validate the MODIS C6 version of the AOD product. Additionally, the retrieval
accuracy of MODIS C6 Deep Blue (DB) algorithm AOD products and Deep Blue and Dark Target
Fusion (DB-DT combined) algorithm AOD products for Gansu Province when setting different
spatial sampling windows is compared and analyzed. Meanwhile, the monitoring effects of these two
AOD algorithms in typical polluted atmospheric conditions in Gansu Province are compared. The
results show that (1) the correlation between the MODIS AOD products of the two algorithms and the
ground-based observation data decreases with an increasing spatial sampling window size. When the
spatial sampling window of the two algorithms is set at 30 km x 30 km, it is more representative of
the AOD value in Gansu Province, thus reflecting local characteristics. (2) When the spatial sampling
window is set at 30 km x 30 km, the inversion effect of the DB algorithm AOD is better than that of
the DB-DT combined algorithm AOD on different underlying surfaces. (3) The seasonal variability in
the inversion accuracy of the DB algorithm AOD is less than that of the DB-DT combined algorithm,
and it has inversion advantages in spring, autumn and winter, while the DB-DT combined algorithm
outperforms the DB algorithm only in winter. The inversion effect of the two algorithms on AOD is
influenced by the spatial sampling window setting. (4) Both the DB algorithm AOD and the DB-DT
combined algorithm AOD can monitor the distribution of AOD in the central and western regions of
Gansu, especially for high values of AOD under polluted atmospheric conditions, which represents a
good monitoring effect. However, the two algorithms perform poorly in monitoring the southeast
region of Gansu, while there is a discontinuous AOD distribution in the northwest region of Gansu.
Overall, the MODIS DB algorithm AOD product has higher applicability in Gansu Province. This
work provides a good reference for local air pollution and climate prediction.

Keywords: MODIS; aerosol optical depth (AOD); inversion algorithm; Gansu Province; North-
west China
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1. Introduction

Atmospheric aerosols are large quantities of liquid or solid particles suspended in the
air. Aerosols affect the global climate and atmospheric environment through three mecha-
nisms: (1) aerosol particles reduce the amount of energy reaching the ground by absorbing
and scattering solar radiation; (2) aerosol particles can act as condensation nuclei for clouds
and affect the water vapor cycle; and (3) aerosols can change the atmospheric chemical
processes and thus affect the concentration and distribution of greenhouse gases [1-3].
Regarding these mechanisms, aerosol particles change the radiation balance of the land-
atmosphere system through scattering, absorbing solar shortwave radiation and absorbing
terrestrial longwave radiation, which is called the direct radiation effect; they also change
the radiation balance of the Earth—air system by affecting cloud microphysical properties,
optical properties, the life cycle, sedimentation efficiency and radiation properties, which is
called the indirect radiation effect [4-11]. Thus, atmospheric aerosols play an important
role in the Earth’s radiation balance and in climate change. In addition, aerosols have
important effects on the concentration and distribution of greenhouse gases and on the
water cycle by affecting physical and chemical processes in the atmosphere, which in turn
may lead to environmental and public health problems [12-15].

The aerosol optical depth (AOD) is defined as the integral of the extinction coefficient
of a medium in the vertical direction. It is an important factor for measuring aerosols
and is often used to characterize the atmospheric turbidity or total aerosol content, which
effectively reflects the regional air pollution level [16,17]. The vertical integration of the
aerosol optical properties in the AOD can also reflect the aerosol concentration and the
impact of aerosols on the Earth’s radiation. The ability to characterize atmospheric aerosol
conditions and evaluate atmospheric pollution makes AOD an important reference index
in the study of the radiative climate effects of atmospheric aerosols, so the study of the
atmospheric aerosol optical thickness has received much attention from domestic and
international academics [18-20].

Currently, ground-based observations and satellite remote sensing are two impor-
tant methods for the long-term observation of aerosol properties [21,22]. To observe
the atmospheric aerosol variability, NASA has established a global ground-based solar
photometer observation network (AERONET) for the long-term observation of aerosol
characteristics, and China has also established a ground-based aerosol observation network
(CARSNET) [23,24]. Although the accuracy of ground-based aerosol observations is high,
the sparse distribution of stations has led to an inability to determine the spatial distribu-
tion characteristics of the whole country, e.g., CARSNET currently has only approximately
40 stations in mainland China. At present, there are only three long-term AOD observation
stations in Gansu, and they are basically distributed in the Hexi Corridor, and cannot meet
the assessment needs for atmospheric environmental pollution and the study of the effects
of atmospheric aerosol radiation on the climate across the province. Since 2000, the MODIS
(Moderate Resolution Imaging Spectroradiometer) that is on board the US EOS series
satellites has been carrying out the MODIS aerosol optical thickness inversion operation,
which provides the possibility of performing atmospheric aerosol monitoring on a large
scale via remote sensing [25]. In recent decades, the application of satellite remote sensing
inversion to determine aerosol optical parameters has increased. Among the parameters,
the MODIS global aerosol observation products have been widely used in aerosol research
because of their high spatial coverage, temporal resolution (near continuous day-by-day
time points) and accurate inversion algorithms.

Much work has been performed at both the national and international levels to ver-
ify the applicability of MODIS aerosol products [26-29]. Adeyewa studied the spectral
dependence of aerosol optical thickness in different regions and found that the applica-
bility of Angstrom approximation depends on the aerosol properties and source area [30].
Li et al. [31-33] studied the adaptability of MODIS AOD products in the central-eastern
region of China, the Sichuan Basin, and Hong Kong, and demonstrated that the products
have good applicability in these regions, providing a basis for regional climate change
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and air quality studies in these regions. Sayer et al. [34] evaluated the inversion accuracy
of three MODIS aerosol products using 111 stations of the AERONET observation net-
work, while Che et al. [35,36] used ground-based observations from CARSNET to compare
and analyze the MODIS C6 product. Xie et al. [24] compared CARSNET data with the
MODO04_L2 products and found that the dark target method is more suitable for areas
with high vegetation cover, while the deep blue method is more suitable for deserts and
large cities with extremely complex ground surfaces. Zhang et al. [37] used MODIS data
from the Terra and Aqua satellites to analyze the seasonal and interannual trends of global
maritime AOD over the last decade. Han et al. [38] demonstrated that the satellite remote
sensing of the atmospheric aerosol optical thickness can be an effective means to monitor
the ground-level distribution of particulate pollutants after being revised for both vertical
and humidity effects.

The dark target algorithm of MODIS C6 AOD products is optimally applicable in
densely vegetated areas, the dark blue algorithm is suitable for bright surface areas such as
deserts and cities, and the dark blue—dark target fusion algorithm combines the advantages
and disadvantages of the DT algorithm and the DB algorithm [39-41]. However, the current
validation of regional MODIS C6 aerosol products in China is mainly focused on the eastern
and mid-China regions, and there are fewer validation studies for the northwestern region
due to the lack of observational data. Meanwhile, the topography of Gansu Province is
complex, and there are fewer comprehensive evaluations for AOD product algorithms. We
urgently need more studies on the applicability of MODIS AOD products in Northwest
China. On that basis, this paper will present an analysis of the inversion accuracy of MODIS
C6 AOD products (deep blue algorithm and deep blue-dark target fusion algorithm) at
different spatial sampling windows by comparing the ground-based sun photometer AOD
observation data; this is performed via wavelength matching and space-time matching
from the perspective of validating aerosol optical thickness algorithm products and an
analysis of the monitoring effects of these two algorithms for AOD products in typical
processes under polluted atmospheric conditions in Gansu Province. This work explores
the applicability of each MODIS AOD product algorithm for Gansu Province in order to
provide a reference for the use of MODIS aerosol products in this Province, which is deep
in the inland area of Northwest China.

2. Materials and Methods
2.1. Study Area

Gansu Province (32°—43° N, 90°-110° E) is located in Northwest China, at the intersection
of the Loess Plateau, Qinghai-Tibet Plateau and Inner Mongolia Plateau, with a narrow
topography and complex and diverse landscapes. The province is surrounded by mountains,
which slope from southwest to northeast. As shown in Figure 1, the observation sites used in
this study are the three stations of the CE-318 automatic tracking and scanning sun photometer
in the Gansu area, which are all above 1100 m in elevation. The city of Lanzhou, with the
Yellow River running through the city, is situated in a canyon and the basin between the beads
of the river valley; the Dunhuang landscape is desert, dominated by the Gobi, with oasis terrain
accounting only for 4.5% of the total area; Mingin, with low hills, plains, deserts, the Gobi
region and other staggered areas of distribution, is a sensitive area in terms of climate change
and ecologically fragile environmental areas [42]. Information on the latitude, longitude and
altitude of the in situ observation sites is shown in Table 1.

Table 1. Properties of the in situ observation sites.

Stations Longitude & Latitude Elevation
Lanzhou 36.04° N, 103.88° E 1517.2m
Dunhuang 40.14° N, 94.68° E 1137.5m

Mingin 38.63° N, 103.08° E 1367.5 m
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Figure 1. Elevation of the study area and distribution of in situ observation site (where DEM denotes
the altitude).
2.2. Data

2.2.1. In Situ Observation Data

The Model CE-318 sun photometer is an automatic tracking and scanning sun pho-
tometer, manufactured by the French company CIMEL, that records atmospheric aerosol
optical properties by measuring solar radiation and sky radiation at different wavelengths.
The instrument has three sky radiation scanning modes, equal-zenith angle scanning, main-
plane scanning and polarization plane scanning; eight spectral channels in visible and
near-infrared wavelengths (1020 nm, 870 nm, 670 nm, 440 nm, 936 nm and three polariza-
tion channels at 870 nm). The sun photometer information in this study was obtained from
the Gansu Meteorological Information and Technical Equipment Security Center, and the
observation period was from April 2018 to December 2019, with an average observation
interval of 15 min. The total amount of raw data is 550,000 items, and the number of data
used in this paper is over 130,000 items. The measured values of direct solar radiation
from each channel that were obtained by using the CE-318 sun photometer can be used to
determine the inversion of atmospheric optical thickness, aerosol parameters, properties of
water vapor, ozone and other components.

2.2.2. MODIS Data

MODIS aerosol data are a Level 2 aerosol data product released by NASA that can
be used to determine the optical properties of atmospheric aerosols in global oceanic and
terrestrial environments and are widely used in atmospheric science [43]. The MODIS data
product in this study is MOD04_L2 of the MODIS C6 dataset, with a spatial resolution of
10 km. The dataset used in this paper includes the deep blue (DB) dataset and the fusion
algorithm (abbreviated as DB-DT combined) dataset based on the DB algorithm and the
dark target (DT) algorithm.
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2.3. Methods
2.3.1. Wavelength Matching

The CE-318-type sun photometer AOD product contains AOD data from channels
at 1020 nm, 870 nm, 670 nm, 440 nm, 936 nm and 3 polarization channels at 870 nm,
while MODIS only contains AOD products in the 660 nm, 550 nm and 470 nm bands; the
inconsistency between the satellite AOD products and the AOD bands of ground-based
observations results in the two AOD products of satellite and ground-based observations
not being directly comparable. Therefore, wavelength interpolation is performed on the
ground-based observed AOD data to obtain an AOD that is consistent with the band of the
satellite product.

According to the theory of Angstrom [44], assuming that the atmosphere is quasi-
stationary during the ground-based observation time period, the aerosol optical thickness
and wavelength satisfy the Angstrom relationship:

T(A) = pA~" )

where T(A) is the AOD value of the wavelength A that is sought, a denotes the Angstrom
wavelength index, and  denotes the Angstrém turbidity coefficient. Using Equation (1),
the AOD value of the desired wavelength A is further derived as

) = () @

where A, denotes the known wavelength, 7,(A) denotes the AOD value of the known
band, and a, denotes the Angstrom wavelength index in the ground-based product. The
ground-based observed AOD value of 440 nm can be interpolated to the 550 nm band with
Equation (2), and can be compared with the satellite AOD product.

2.3.2. Space-Time Matching

The MODIS Terra transits the observation area once a day, with the MOD04_L2 spatial
resolution being 10 km, while the CE-318 sun photometer is only deployed at fixed stations,
and multiple observations are made in a day with an average observation frequency of
15 min. Thus, it is difficult to match the satellite data and ground-based observation
data in space and time. To better evaluate the accuracy and applicability of the satellite
data, the following spatiotemporal matching scheme is designed and presented in this
paper: for ground-based observations, AOD values are statistically averaged over a certain
time range centered on the satellite transit time, and for satellite AOD data, they are
statistically averaged over a certain spatial region centered on ground-based observation
sites. Many scholars have studied the selection of spatial and temporal regions [45,46], and
Ichoku et al. [45] concluded that the variation in the spatial sampling window of MODIS
aerosol products from 30 km to 90 km has little effect on the window mean and standard
deviation. Considering the complex and variable topography and weather in Gansu
Province, this paper tests various schemes in spatial window sampling, i.e., 30 km x 30 km,
50 km x 50 km, 70 kmm x 70 km, 90 km x 90 km, and 30 min, before and after satellite
transit as the time window.

2.3.3. Verification Method

After band matching and space-time matching between the ground-based observation
data and MODIS AOD products, linear regression analysis is used to compare and verify
the applicability of satellite data in Gansu Province for the DB algorithm and DB-DT
combined algorithm, where the correlation coefficient (R) is used to evaluate the degree of
correlation between satellite data and ground-based observation data, and the root mean
square error (RMSE) is used to evaluate the data variability between satellite data and
ground-based observation data. When the slope is closer to 1, the intercept is closer to
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0, R tends to 1, and the RMSE value is smaller, which indicates that the ground-based
observations fit better with the satellite data.

3. Results
3.1. Overall Validation Analysis

Figure 2 shows the scatter comparison of the AOD that was obtained with four spatial
sampling window schemes against the ground-based observed AOD for the DB algorithm
and DB-DT combined algorithm, with matching data from the three sites mentioned above.
From this figure, we can see that the MOD04_L2 AOD products of the C6 dataset are in
good agreement with the ground-based observations, and the correlation coefficients of the
different spatial sampling window schemes corresponding to the two algorithms are all
above 0.86 and as high as 0.92, with RMSEs of no more than 0.23 and standard deviations
of no greater than 0.2. The slopes in the linear fit parameters are all approximately 1,
and the intercepts all tend to be close to 0, which indicates that the MOD04_L2 AOD
products of the C6 dataset not only correlate well with the ground-based observations,
but also have little data variability with the observed values. Similarly, it can be seen
from Figure 2 that the correlation coefficient between the MOD04_L2 AOD products and
ground-based observations decreases as the spatial sampling window increases, regardless
of the DB algorithm or DB-DT combined algorithm, but the correlation coefficient increases
slightly when the sampling window increases from 70 km x 70 km to 90 km x 90 km. The
RMSE can be controlled at below 0.2 when the sampling window is within 50 km x 50 km.
Meanwhile, the matching data volume of the MODIS AOD and the ground-based observation
AOD increases with the increase in the sampling window size, and the matching data volume
of the DB-DT combined algorithm AOD is slightly higher than that of the DB algorithm AOD.

Opverall, the spatial sampling windows of both algorithms are more representative of
the AOD values in Gansu when a window of 30 km x 30 km is selected, thus reflecting the
local characteristics. The AOD inversion accuracy of the DB algorithm dataset is better than
that of the DB-DT combined algorithm dataset overall, which is mainly due to the dynamic
database of surface reflectance established in the DB algorithm and the improved aerosol
model [47-49]. The highest inversion accuracy is the DB algorithm AOD with the sampling
window set at 30 km x 30 km (R = 0.920, RMSE = 0.182), and the lowest inversion accuracy
is the DB-DT combined algorithm AOD with the sampling window is set at 70 km x 70 km
(R =0.868, RMSE = 0.225).

3.2. Validation Analysis of Different Underlying Surfaces

Stations with different underlying surfaces were selected to verify the performance
of the DB algorithm AOD and DB-DT combined algorithm AOD when different spatial
windows were used. Table 2 gives the comparison of the AOD inversion accuracy with four
spatial collection windows for the Lanzhou station in the urban surface of the river valley,
the Dunhuang station in the Gobi desert surface and the Minqin station in the ecologically
fragile area. As seen from Table 2, the two algorithms have higher AOD accuracy using
the four windows of inversion, with the correlation coefficient R reaching over 0.83 and
the RMSE below 0.21. For the Lanzhou station, the DB algorithm AOD has the highest
inversion accuracy (R = 0.929, RMSE = 0.179) when using a 30 km x 30 km spatial window,
and the DB-DT combined algorithm AOD has the lowest inversion accuracy (R = 0.832,
RMSE = 0.200) when using a 90 km x 90 km spatial window. Overall, the inversion perfor-
mance of the DB algorithm AOD at Lanzhou station is better than that of the DB-DT com-
bined algorithm AOD, and the best inversion accuracy for the DB-DT combined algorithm
AOD is when the sampling window is set at 30 km x 30 km (R = 0.884, RMSE = 0.193).
When the DB algorithm has a spatial sampling window of 30 km x 30 km, the AOD inver-
sion accuracy at the Dunhuang station is the highest (R = 0.929, RMSE = 0.171), and the
AOQOD inversion accuracy of the DB algorithm is the lowest when the 90 km x 90 km spatial
window is used (R = 0.883, RMSE = 0.180). For the Mingin station, the best inversion accuracy
(R =0.933, RMSE = 0.182) is achieved when the DB algorithm AOD adopts a spatial window
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of 30 km x 30 km, and the worst inversion accuracy (R = 0.877, RMSE = 0.205) is achieved
when the DB-DT combined algorithm AOD adopts a spatial window of 70 km x 70 km. It
is worth noting that both algorithms in the AOD inversion for the Mingin station with the
90 km x 90 km spatial window and the DB-DT combined algorithm in the AOD inversion for
the Dunhuang station with the 90 km x 90 km spatial window perform better, with correlation
coefficients R exceeding 0.90 and RMSEs below 0.191.
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Figure 2. Comparison of the accuracy of MODIS AOD products and ground-based observation
data ((a). DB—30 km x 30 km, (b). DB—50 km x 50 km, (¢). DB—70 km x 70 km, (d). DB—
90 km x 90 km, (e). DB-DT combined—30 km x 30 km, (f). DB-DT combined—50 km x 50 km,
(g). DB-DT combined—70 km x 70 km, (h). DB-DT combined—90 km x 90 km).

From the above analysis, it can be seen that the DB algorithm AOD spatial sampling
window set at 30 km x 30 km not only performs well in the whole Gansu area, but
also achieves satisfactory results in the independent verification of different underlying
surfaces. This indicates that the establishment of a dynamic surface reflectance database,
the determination of surface type and the application of the normalized vegetation index
in the DB algorithm have a more obvious influence on the AOD inversion effect, while the
spatial sampling window has a direct effect on the inversion performance.

3.3. Validation Analysis for Different Seasons

In this study, March-May is classified as spring, June—August as summer, September—
November as autumn, and December-February as winter, according to which Table 3
presents the comparison of the inversion accuracy of the two algorithms with the four
spatial sampling windows in different seasons. Table 3 shows that the inversion accuracy
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of the DB algorithm and DB-DT combined algorithm is the worst in summer (R between
0.683-0.868 and RMSE between 0.195-0.277) regardless of which spatial sampling window
is selected, which is probably because there is more water vapor in Gansu in summer, which
affects the effect of AOD revision in the satellite products. A 30 km sampling window in
spring (R = 0.938, RMSE = 0.161) and the DB-DT combined algorithm with the spatial
sampling window set at 30 km x 30 km in winter (R = 0.945, RMSE = 0.153) have the best
inversion effect, and conversely, the two algorithms corresponding to the 70 km x 70 km
spatial sampling window have the worst inversion accuracy. Overall, the inversion accuracy
of both algorithms is the best when the sampling window is 30 km x 30 km, and the DB
algorithm has the inversion advantage in spring, autumn and winter, while the DB-DT
combined algorithm has a better inversion effect than the DB algorithm only in winter. The
AOD inversion accuracy of the DB algorithm in Gansu is less influenced by the season,
while the AOD inversion effect of both algorithms is more influenced by the setting of the
spatial sampling window.

Table 2. Comparison of the inversion accuracy of different underlying surfaces.

DB DB-DT Combined
Stations Sampling Window
R RMSE N R RMSE N
30 km x 30 km 0.929 0.179 237 0.884 0.193 254
Lanzh 50 km x 50 km 0.882 0.183 273 0.858 0.187 282
anzhou 70 km x 70 km 0.837 0.192 286 0.878 0.199 296
90 km x 90 km 0.879 0.190 298 0.832 0.200 303
30 km x 30 km 0.929 0.171 364 0.920 0.177 364
Dunhuan 50 km x 50 km 0.914 0.181 386 0.919 0.178 387
8 70 km x 70 km 0.887 0.183 416 0.887 0.188 418
90 km x 90 km 0.883 0.180 418 0.906 0.179 422
30 km x 30 km 0.933 0.182 323 0.929 0.184 324
Mingin 50 km x 50 km 0.917 0.188 352 0.916 0.198 354
q 70 km x 70 km 0.898 0.197 361 0.877 0.205 366
90 km x 90 km 0.905 0.191 372 0.921 0.180 371
Where R is the correlation coefficient, RMSE is the root mean square error, and N denotes the amount of matched data.
Table 3. Comparison of the inversion accuracy of the AOD products of the two algorithms in different
seasons.
DB
Seasons 30 km x 30 km 50 km x 50 km 70 km x 70 km 90 km x 90 km
R RMSE N R RMSE N R RMSE N R RMSE N
Spring 0.938 0.161 258 0.930 0.169 281 0.922 0.206 292 0.925 0.200 301
Summer 0.868 0.195 253 0.809 0.199 269 0.730 0.226 283 0.771 0.218 295
Autumn 0.846 0.170 239 0.896 0.175 262 0.841 0.178 277 0.840 0.175 279
Winter 0.917 0.186 174 0.904 0.187 199 0.833 0.203 211 0.851 0.197 213
DB-DT Combined
Seasons 30 km x 30 km 50 km x 50 km 70 km x 70 km 90 km x 90 km
R RMSE N R RMSE N R RMSE N R RMSE N
Spring 0.899 0.190 261 0.901 0.202 280 0.845 0.219 299 0.887 0.200 301
Summer 0.828 0.275 261 0.804 0.277 281 0.683 0.225 295 0.817 0.271 300
Autumn 0.839 0.180 246 0.861 0.185 262 0.819 0.201 277 0.869 0.211 281
Winter 0.945 0.153 174 0.934 0.172 200 0.906 0.197 209 0.917 0.197 214

Where R is the correlation coefficient, RMSE is the root mean square error, and N denotes the amount of matched data.
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3.4. Comparison of MODIS Product Images during Typical Polluted Atmospheric Conditions

From 16 to 22 March 2021, Gansu Province suffered strong dusty weather with the
greatest intensity and the widest impact in 10 years. In this study, we selected the severely
polluted day of 19 March as typical polluted atmospheric conditions for the MODIS product
image comparison, and Figure 3 shows the distribution of the MOD04 AOD product DB
algorithm and the DB-DT combined algorithm dataset in Gansu Province on that date. It
can be seen from Figure 3 that both algorithms can reflect the distribution of AOD values
in the northwestern and central regions of Gansu, and high AOD value areas (AOD values
greater than 2.5) were monitored in the Hexi Corridor and central region, which coincide
with the severely polluted atmospheric conditions in the Hexi Corridor and central region
on 19 March. Unfortunately, both the DB algorithm of the MODIS C6 dataset and the
AOD products of the DB-DT combined algorithm showed poor monitoring results in the
southeastern region of Gansu, and there were also discontinuities in the AOD values in
the northwestern region of Gansu. This is consistent with the findings of Tang et al. [49],
where the DB algorithm AOD for MODIS C6 and the DB-DT combined algorithm AOD
were significantly better than other products for monitoring in the northern and western
regions of China.

AOD AOD
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Figure 3. Distribution of MOD04 AOD products in Gansu Province on 19 March 2021 ((a) Deep Blue
dataset, (b) Deep Blue and Dark Target combined dataset).

From the above analysis, it can be seen that both the MOD04 AOD product DB
algorithm and the DB-DT combined algorithm dataset can reflect the monitoring effect
of AOD values in the middle and west parts of Gansu Province, with the monitoring
of high values of AOD in the process of polluted atmospheric conditions presenting
a relatively excellent effect. However, both algorithms come with the phenomenon of
missing measurements for AOD monitoring in Gansu, mainly in the southeastern part of
the province, while the phenomenon of the discontinuous distribution of AOD values also
exists in the northwestern part of the province.

4. Discussion

We found that previous validation of regional MODIS C6 aerosol products in China is
mainly focused on the eastern and mid-China regions [5,11], and there are fewer validation
studies for the northwestern region due to the lack of observational data. Meanwhile, the
topography of Gansu Province is complex, and there are fewer comprehensive evaluations
for AOD product algorithms. We urgently need more studies on the applicability of MODIS
AQOD products in Northwest China.

Our study stressed comparing the retrieval accuracy of MODIS C6 DB algorithm
AOD products and DB-DT combined algorithm AOD products for Gansu Province when
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setting different spatial sampling windows, and found that the inversion effect of the two
algorithms on AOD is influenced by the spatial sampling window setting. This is different
from other research, which uses only one spatial sampling window [13]. Additionally, we
also found that both the DB algorithm AOD and the DB-DT combined algorithm AOD can
monitor the distribution of AOD in the central and western regions of Gansu, especially
for high values of AOD under polluted atmospheric conditions, which represents a good
monitoring effect. It is noteworthy that the two algorithms perform poorly in monitoring
the southeast region of Gansu, while there is a discontinuous AOD distribution in the
northwest region of Gansu. Therefore, the validation of other satellite data in Gansu
Province should attract more research attention.

5. Conclusions

In this study, ground-based solar photometer AOD observations from the Lanzhou,
Dunhuang and Mingin stations in Gansu Province were used to verify the accuracy of
MODIS C6 AOD products, and dusty weather occurring in Gansu Province was selected
for analysis. The following conclusions were drawn:

(1) The spatial sampling windows of the DB algorithm and the DB-DT combined al-
gorithm of MODIS C6 AOD are more representative of the AOD values in Gansu
Province when set at 30 km x 30 km, and the inversion accuracy of the DB algorithm
dataset for AOD in this region is better than that of the DB-DT combined algorithm
dataset on the whole. The inversion accuracy is highest when the spatial sampling
window of the DB algorithm AOD is set at 30 km x 30 km, and the lowest inversion
accuracy is with the DB-DT combined algorithm AOD with the sampling window
set at 70 km x 70 km. The dynamic database of surface reflectance and the improved
cloud pollution image element procedure established in the DB algorithm greatly
improve the DB algorithm AOD inversion accuracy.

(2) In the comparison of the inversion effect of different sub-surfaces, the MODIS C6
DB algorithm AOD product still maintains high inversion accuracy, especially when
the spatial sampling window is set at 30 km x 30 km. The DB algorithm is almost
unaffected by the surface differences in inversion accuracy.

(3) From the seasonal analysis, it can be seen that the DB algorithm has less seasonal
variability in the AOD inversion accuracy in Gansu and has inversion advantages
in spring, autumn and winter, while the DB-DT combined algorithm has a better
inversion effect than the DB algorithm only in winter. The inversion effect of both
algorithms on AOD is influenced by the spatial sampling window setting.

(4) From the distribution of MODIS AOD product images during typical polluted atmo-
spheric conditions, we can see that both the DB algorithm AOD of MODIS C6 and
the DB-DT combined algorithm AOD can monitor the distribution characteristics of
AOD in northwest and central Gansu, but the monitoring effect in southeast Gansu is
poor; meanwhile, there is a discontinuity of AOD distribution in northwest Gansu.
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