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A B S T R A C T

Multiangle Implementation of Atmospheric Correction (MAIAC) is a new aerosol algorithm developed to retrieve
aerosol optical depth (AOD) over land using the time series data to dynamically isolate aerosol and land con-
tributions. However, there are still no comprehensive research on the quality of MAIAC AOD over China. In this
paper, 1 km MAIAC AOD over China were examined against ground-based measurements to evaluate the per-
formance of the data. In general, Aqua and Terra MAIAC retrievals have a high correlation coefficient (0.924 for
Aqua and 0.933 for Terra) with ground-based observations and there are more than 72% of retrievals falling
within the Expected Errors (EE = ± (0.05 + 0.2*AOD)). We found that the accuracy of MAIAC AOD is related
with the AOD magnitude, aerosol size, seasons and surface types. In spring and summer, the AOD bias was
influenced by both aerosol model and surface reflectance estimation. We also found that the aerosol model is the
main source of AOD bias over desert regions. These results indicated that the MAIAC AOD could be used as a new
aerosol data source for air quality and climate studies in China.

1. Introduction

Aerosols are defined as the suspended particles in the atmosphere,
which contains various of particles having different compositions,
shapes, sizes and optical properties (Hinds, 1999). Aerosols can absorb
and scatter the solar radiation to cool the surface and heat up atmo-
sphere (Malm et al., 1996; Zhong et al., 2016). Aerosol affecting the
global radiative budget is still one of the largest uncertainties in climate
research (Field et al., 2014). Therefore, the comprehensive analysis of
atmospheric aerosols is essential to the climate changes studies
(Ramanathan and Feng, 2009; Yassaa, 2016).

Aerosol optical properties can be provided by the ground-based
instruments, such as sun photometer and lidar. However, the ground-
based instruments cannot characterize the regional aerosol properties
with enough spatial resolutions for climate change studies due to the
limited number of the surface stations. Satellite sensors observe atmo-
spheric information from space and can be used to retrieve the regional
aerosol properties (Zhang et al., 2016b). Aerosol optical depth (AOD) is
one of the fundamental aerosol optical properties that can quantify the
amount of aerosol loadings (Zhang et al., 2016a, 2017). In recent years,
the aerosol algorithm for satellite has been improved a lot and the

satellite AOD was adopted to do some research in air quality, regional
climate change, and human health (Wang et al., 2010; Zhuang et al.,
2013; Li et al., 2016; Zhang and Wong, 2017). Although the satellite
aerosol retrievals have large improvements, there are still many un-
certainties in satellite aerosol datasets (Tao et al., 2017).

Aerosol data sets from MODerate Imaging Spectrometer (MODIS)
are the most commonly used aerosol products (Ghotbi et al., 2016; Lin
et al., 2016; Li et al., 2017). There are two MODIS sensors monitoring
the Earth from the space, including Terra (launched February 2000)
and Aqua (launched June 2002) (Ichoku et al., 2004). MODIS sensors
retrieve land aerosol information using Dark Target (DT) and Deep Blue
(DB) algorithms (Levy et al., 2010; Hsu et al., 2013). DT algorithm
separates aerosol and land contribution by establishing the empirical
relationship of surface reflectance between visible and shortwave in-
frared bands. This algorithm is very effective for retrieving AOD over
dense vegetation areas. DB algorithm is developed to retrieve the AOD
over bright surface using pre-calculated surface database. MODIS
aerosol algorithm has been updated to Version 6.1 to retrieve accurate
and high-quality aerosol products (Tao et al., 2015, 2017; Zhang et al.,
2016b; Levy et al., 2018; Wei et al., 2018). However, there are still
some uncertainties in MODIS aerosol products, such as bidirectional
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reflectance factor and the merged DT and DB data sets. Multiangle
Implementation of Atmospheric Correction (MAIAC) is a recent aerosol
algorithm developed to retrieve AOD over land (Lyapustin et al., 2011a,
2011b, 2012). The algorithm adopts the time series data to dynamically
separate aerosol and land contributions. The advantage of the algo-
rithm is that it can retrieve AOD over both dense vegetation regions and
bright surface and it also considers the BRDF effects (Lyapustin et al.,
2018). Martins et al. (2017) and Superczynski et al. (2017) estimated
the MAIAC data accuracy over South America and North America.
These results suggested that MAIAC performed well over these regions.
The data can be used to derive the high-resolution surface particle
matter concentrations. However, the data is still not fully validated over
China. This is vital to consolidate the confidence in aerosol products
and their applications.

China experienced severe aerosol pollution in recent years (Zhang
et al., 2015, 2018). The pollution is formed by both natural and arti-
ficial process. The complicated situation could induce large errors in
aerosol measurements. The widespread haze might be misclassified as
cloud and screened from MODIS aerosol products (Li et al., 2009; Tao
et al., 2017; Zhang et al., 2019b). The problem was improved in MODIS
version 6 DB aerosol product. However, there are still large differences
between DT and DB AOD under high AOD (Tao et al., 2015). It is cri-
tical to observe the real situation of atmospheric aerosol (Zhang et al.,
2017, 2019a). MAIAC aerosol products might be one of the options to
better understand the aerosol information over China. This also needs a
comprehensive evaluation on MAIAC AOD.

In this study, a comprehensive study about MAIAC AOD is con-
ducted over China using ground-based observations. The purpose in this
paper is to investigate the influence factors on MAIAC aerosol retrievals
in different situations and to examine the performance of MAIAC AOD
over China. The paper is organized as follows: descriptions of the data
are outlined in Section 2. Section 3 shows the evaluation method.
MAIAC and AERONET AOD comparison are presented in Section 4.
Section 5 discusses the results in this paper. Section 6 summarizes the
major findings and conclusions.

2. Data sets

2.1. MAIAC AOD

MAIAC AOD are available for Aqua and Terra through NCCS ftp
portal (ftp://maiac@dataportal.nccs.nasa.gov/DataRelease). The daily
MAIAC AOD at 550 nm from 2002 to 2017 is at a spatial resolution of
1 km. The MAIAC algorithm decouples aerosol and surface contribu-
tions using the time series data. The algorithm assumes that the surface
is stable over a short time and heterogeneous spatially. The algorithm
considers the effects of bidirectional surface reflectance. MAIAC algo-
rithm uses background aerosol models and SHARM scalar code to create
look up table. Validation over South America and North America shows
that the MAIAC AOD has better accuracy than DT retrievals over dense
vegetation areas and generally improves accuracy of DB measurements
over bright regions (Martins et al., 2017; Superczynski et al., 2017). To
evaluate the accuracy of MAIAC AOD, the expected error (EE) envel-
opes is defined as± (0.05 + 0.2*AOD) over land (Remer et al., 2013).
The validation analysis also uses the root-mean-square error (RMSE)
and correlation coefficient to evaluate the accuracy of MAIAC AOD.

2.2. AERONET

To reconcile satellite-based dataset, ground-based AOD measure-
ments collected using sun-photometer in the AErosol RObotic NETwork
(AERONET; (Holben et al., 1998)) are considered. In this paper, 16
selected AERONET stations are mapped in Fig. 1. AERONET AOD data
have higher accuracy of< ±0.01 for retrieval at wavelengths longer
than 440 nm and< ±0.02 for shorter wavelengths without cloud
contamination (Holben et al., 1998). AERONET AOD bias can reach at

0.031–0.060 due to thin cirrus cloud contamination (Chew et al.,
2011). These data become an important regional context to ensure re-
presentativeness of the satellite data. In order to evaluate the accuracy
of MAIAC AOD, AERONET level 1.5 version 3 AOD data were used if
level 2 AOD is not available for particular site in this paper. The MAIAC
AOD is at 550 nm and the AERONET AOD at 550 nm is calculated using
Ångström exponent and AOD in 670 nm and 440 nm (Tao et al., 2015).
The SONET is a ground-based Cimel radiometer network with the ex-
tension of multiwavelength polarization measurement capability to
observe long-term columnar atmospheric aerosol properties over China
(Li et al., 2018). Table 1 shows the specific locations and land cover of
each AERONET site in mainland of China. The land cover for the
ground-based station is adopted from the MODIS Land Cover and Land
Cover Dynamics product (MCD12C1) (Friedl et al., 2002).

3. Evaluation method

To evaluate the performance of MAIAC AOD, the assessment is
based on three statistical parameters namely: Correlation Coefficient
(R), Root Mean Square Error (RMSE) and expected error. The correla-
tion coefficient is calculated by using linear regression. RMSE can ob-
tained by following equations:

∑= −
=

n
AOD AODRMSE 1 ( )

i

n

AERONET i MAIAC i
1

( ) ( )
2

where AOT AERONET i( ) is the aerosol measurements from ground-based
stations and AOT )MAIAC i( ) is the MAIAC AOD from the corresponding
spatial and temporal windows. n is the total number of collocated sa-
tellite and ground-based measurements. Aerosol model and surface
reflectance are the two important factors that influence the accuracy of
aerosol algorithm. The slope of linear regression can represent the
uncertainties induced by surface reflectance (Levy et al., 2010; Tao
et al., 2015). The expected errors of DT AOD are
within± 0.05 ± 0.2*AODAERONET (Levy et al., 2013). The expected
error envelopes are used to evaluate the performance of MAIAC algo-
rithm.

4. Validation results

4.1. Spatio-temporal collocation and overall comparison

Satellite aerosol measurements provide spatial coverage at a short
time interval, while ground-based measurements provide high temporal
resolution of aerosol information at local station. The validation pro-
cedure requires to calculate the spatiotemporal window of a collocated
satellite and ground-based AOD pair (Martins et al., 2017; Superczynski
et al., 2017; Tao et al., 2017; Gupta et al., 2018). We performed twenty

Fig. 1. Map of the selected AERONET station and land cover.
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collocated data sets of AOD at 550 nm from both Terra and Aqua,
matched with ground-based measurements. The collocated data sets
contained five-time intervals from 10 to 120min centered at Terra and
Aqua transit time with four spatial windows from 3 km to 100 km
centered at each AERONET station. Table 2 shows sample size and
overall validation results of MAIAC AOD compared to AERONET
measurements. The correlation coefficient varies from 0.91 to 0.925
with the RMSE of 0.192–0.199 for Aqua. The percentage of MAIAC
AOD within the envelopes of EE is from 68.6% to 73.8%. The MAIAC
AOD agrees well with the matched AETONET AOD under different time
lags and spatial windows. The sample size increases with time lag. Due
to the requirement of at least 40% of valid values in our study, the
number of matchups might decrease with spatial window. For the
window of 25 km, the sample size, percentage of MAIAC AOD within
EE, and correlation coefficient are larger than those of 3 km window.
Therefore, the window of 25 km is selected as the balance window in
this study. For time interval of 60 min, the correlation coefficient is a
little smaller than those within the time interval of 10 min and 30 min
for Terra MAIAC AOD at the spatial window of 25 km. To comprise the
sample size and correlation coefficient, the time interval of 60 min is
selected. Collocated of AERONET AOD and MAIAC AOD are defined as
the average of AERONET measurements within 60 min and MODIS
observations within a sampling window of 25 km*25 km.

Fig. 2 shows the validation of MAIAC AOD against AERONET
measurements over China. Blue line represents the 1:1 line and red line
is the regression line. Black lines are the envelopes of EE. There are
8677 and 9450 MAIAC AOD observations matched with AERONET
AOD measurements for Aqua and Terra, respectively. High correlation
(0.924–0.933) are shown with RMSE of 0.187–0.193. There 72.4% of
retrievals falling within the EE and 18.6% (9%) are overestimated
(underestimated) for Aqua MAIAC AOD. For Terra MAIAC AOD, 74% of
measurements are within the envelopes of EE and 19.7% (6.3%) are
overestimated (underestimated). The slope of the regression line is
close to 1 for Aqua and Terra. The analysis indicates that the MAIAC
AOD performance very well over China. Fig. 3 illustrates the difference
between MAIAC AOD and AERONET AOD against AERONET AOD. The
result shows bias trend against AERONET AOD. The errors lead a re-
latively small positive bias when the AOD is lower than 0.1. When the

AOD is greater than 0.3, the bias increases with the AOD magnitude.
The result indicates that the uncertainties of MAIAC algorithm increase
with the AOD magnitude.

4.2. Error dependencies

In this section, we investigate the relationship between MAIAC-
AERONET measurements differences and sorts of parameters that could
induce the aerosol retrieval errors. Aerosol Ångström Exponent (AE)
represents the particle size and it can be used to understand the aerosol
size impacts on MAIAC aerosol retrieval. Fig. 4 illustrates the MAIAC
AOD bias as a function of AERONET AE. At low AOD (< 0.4), the bias
increases with AERONET AE for both Aqua and Terra MAIAC AOD.
Negative bias is shown at coarse particle size (AE<1) and positive bias
is presented when the AERONET AE is higher than 1. MAIAC retrievals
for AOD higher than 0.4 also present same trend of bias. The absolute
bias for high AOD condition is much larger than those for low AOD. The
results indicate that MAIAC retrievals present negative bias of MAIAC
AOD for coarse particles (AE< 1) and positive bias for mixed and small
particles (AE>1).

The surface reflectance and aerosol models vary with seasons over
China. This could also influence the estimation of Aqua and Terra AOD.
Therefore, the performance of MAIAC AOD is evaluated in different
seasons. Fig. 5 and Fig. 6 present the scatterplots of AERONET mea-
surements and MAIAC observations comparisons in spring, summer,
autumn, and winter for Aqua and Terra, respectively. We collect more
than 2200 samples in spring, autumn, and winter. Only about 1100
samples are selected in Summer due to the large impact of cloud. The
MAIAC AOD agrees well with AERONET AOD in autumn and winter
with high correlation (0.947 and 0.913) and RMSE (0.165 and 0.154).
There are more than 75% of AOD falling within the envelopes of EE for
Aqua and Terra in autumn and winter. The performance of MAIAC
retrievals in summer is the worst with large RMSE (0.284) and there are
more than 37% of AOD retrievals falling out of the EE envelopes. The
result indicates that the AOD in summer is overestimated. Only about
62% of MAIAC AOD falls in the EE. In this study, we only pick the pixels
under clear sky. Therefore, the influence of cloud on aerosol retrievals
can be ignored. The large AOD bias in summer is related to the surface

Table 1
Location in each AERONET stations.

ID Station Name Latitude Longitude Altitude(m) ID Station Name Latitude Longitude Altitude(m)

1 Dunhuang 94.79 40.03 1381 27 Hangzhou_City 120.15 30.28 30
2 Yulin 109.71 38.28 1080 28 Shanghi_Minhang 121.39 31.13 49
3 Beijing 116.38 39.97 92 29 Zhongshan 113.38 22.51 39
4 XiangHe 116.96 39.75 36 30 Lanzhou_City 103.85 36.04 1516
5 Hefei 117.16 31.90 36 31 Mt_WLG 100.89 36.28 3816
6 Hong_Kong_PolyU 114.17 22.30 30 32 QOMS_CAS 86.94 28.36 4276
7 Taihu 120.21 31.42 20 33 Minqin 102.95 38.60 1373
8 BackGarden_GZ 113.02 23.29 16 34 Beijing_RADI 116.37 40.00 59
9 City_GZ 113.15 23.08 58 35 Litang 100.26 29.97 3930
10 Yufa_PEK 116.18 39.30 20 36 Muztagh_Ata 75.03 38.40 3674
11 PKU_PEK 116.18 39.59 66 37 Zhongshan_Univ 113.39 23.06 27
12 SACOL 104.13 35.94 1965.8 38 Dunhuang_LZU 94.95 40.49 1061
13 Xinglong 117.57 40.39 899 39 Beijing-CAMS 116.31 39.93 106
14 NAM_CO 90.96 30.77 4746 40 Hong_Kong_Sheung 114.11 22.48 40
15 Asia1 87.65 43.78 935.9 41 Shijiazhuang-SZF 114.45 38.01 71
16 Ningbo 121.54 29.85 37 42 AOE_Baotou 109.62 40.85 1314
17 Hangzhou-ZFU 119.72 30.25 42 43 XuZhou-CUMT 117.14 34.21 59.7
18 LA-TM 119.44 30.32 439 44 Lingshan_Mountain 115.49 40.05 1653
19 Qiandaohu 119.05 29.55 133 45 SONET_Harbin 126.6 45.70 187.9
20 Hong_Kong_Hok_Tsui 114.25 22.20 80 46 SONET_Hefei 117.16 31.90 36
21 NUIST 118.71 32.20 62 47 SONET_Nanjing 118.95 32.11 52
22 Shanghi_Met 121.54 31.22 5 48 SONET_Shanghai 121.48 31.28 24
23 Jingtai 104.1 37.33 1583 49 SONET_Xingtai 114.36 37.18 185.1
24 Kaiping 112.53 22.31 51 50 SONET_Zhoushan 122.18 29.99 29
25 Shouxian 116.78 32.55 22.7 51 Beijing_PKU 116.31 39.99 53
26 Zhangye 100.27 39.07 1461
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reflectance estimation because of the intercept of the regression line. In
winter, the slope of the regression line is 0.847 and this means the
background aerosol model used in the algorithm has large errors. In
general, high accuracy of MAIAC AOD is shown in autumn, winter and
MAIAC algorithm performs worst in summer for both Aqua and Terra.

Due to the spectral signature of different land covers, there are
many methods to estimate the surface reflectance, such as the methods
used in Dark Target (DT) and Deep Blue (DB) algorithm. DT algorithm
calculates surface reflectance using a linear relationship between visible
and shortwave infrared bands in vegetations regions (Kaufman et al.,
1997), while DB algorithm adopts pre-calculated surface reflectance
database (Hsu et al., 2013). These two algorithms can be applied to
dense vegetation regions and bright surface. MAIAC algorithm uses
time-series data to separate the contributions of surface reflectance and
atmospheric aerosols (Lyapustin et al., 2011b, 2012). It also considers
the surface bidirectional reflectance distribution function (BRDF) ef-
fects. There are three different surface types used in the DB algorithm
(Hsu et al., 2013). In this study, some stations are located near the
water. Therefore, four types of land cover are adopted to evaluate the
performance of MAIAC AOD, including 1) arid and semiarid regions, 2)
general vegetation, 3) urban/built-up and transitional regions, and 4)
water (Hsu et al., 2013). Fig. 7 and Fig. 8 show the statistics of MAIAC
retrievals and AERONET measurements in these four surface types. For
water regions, MAIAC AOD from two sensors is high correlated with
AERONET AOD, with correlation of ∼0.919. However, there are more
than 52% of measurements falling out the EE envelopes. The intercept
and slope of regression line is 0.118 and 1.108. This indicates that both
of surface reflectance estimation and aerosol model have large un-
certainties in these regions. The correlation between MAIAC AOD and
AERONET AOD in forest/grassland is 0.872 and 0.868 for Aqua and
Terra, respectively. There are still more than 62% of AOD falling in the
EE. The intercept and slope of the regression line in this surface type
also show that the surface reflectance is overestimated and the aerosol
model tends to underestimate the AOD. In urban/cropland regions, the
MAIAC algorithm performs very well. The correlation is ∼0.93 for both
sensors and the RMSEs are 0.2 and 0.192 for Aqua and Terra, respec-
tively. More than 77% of retrievals are within the EE. The surface re-
flectance estimation is very well and the slope of the regression line is
also close to 1:1 line. In desert, the slope of the regression line is about
0.855 and it means the aerosol models used in MAIAC algorithm induce
large errors. The surface reflectance estimation is very accurate. How-
ever, the sample size is very limited. Therefore, the performance in this
region needs more studies. The MAIAC algorithm performs best in
urban and cropland regions. In other regions, the performance of
MAIAC AOD is influenced by surface reflectance estimation and aerosol
model. The large errors of AOD retrievals over desert region are in-
duced by aerosol model. In water and forest/grassland, both aerosol
model and surface reflectance estimation influence the accuracy of
MAIAC AOD. However, the optical properties of aerosol model over-
estimate the AOD over water region and the AOD underestimate over
forest and grassland.

5. Discussions

In this study, we present a comprehensive study on evaluating the
performance of MAIAC AOD. The performance of MAIAC AOD is very
well. However, there are still some bias in different situations.
According to the analysis, the MAIAC AOD bias increases with the AOD
magnitude. The aerosol size also influences the AOD bias. Large AOD
bias is shown for large and small particle matter due to the background
aerosol model in MAIAC aerosol algorithm. Fixed aerosol models are
used in MAIAC aerosol algorithm. Aerosol model and surface re-
flectance are two main factors that influences the accuracy of MAIAC
AOD. The slope and intercept of regression line can be used to classify
the influence of aerosol model and surface reflectance, respectively
(Tao et al., 2015). Overestimation of surface reflectance will lead toTa
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more signals in top of apparent reflectance measurements be assigned
to the effect of surface, hence less signal for AOD, in most condition,
this means AOD will be underestimated. Overestimated AOD usually
means underestimated surface. The surface reflectance estimation is
more accurate in autumn than those in other three seasons. In winter,
the bias of optical properties of aerosol induce largest bias in aerosol
retrievals. The performance of MAIAC AOD in different surface types
also has large differences. In arid and semiarid region, the aerosol
model is the dominant factor of MAIAC AOD bias. In water and forest/
grassland regions, both aerosol model and surface reflectance con-
tribute to the AOD bias.

The MAIAC AOD is also evaluated over South America and United
States. The MAIAC AOD generally shows high agreement with ground-
based observations in these study regions. The MAIAC AOD also per-
forms very well. According to the analysis in Martins et al. (2017), the
bias between MAIAC retrieved AOD and AERONET measurements over
South America is negative when the AOD is greater than 0.1. The ne-
gative bias in South America is induced by the biomass burning model
in MAIAC algorithm. The analysis indicates that the MAIAC algorithm
should improve the aerosol model by adopting the local aerosol optical
properties. Consistent conclusion can be found in this study. The AOD
bias is negative over United States, while the AOD bias is positive in
China. This could also be influenced by the different aerosol optical
properties in the study region.

The MAIAC AOD is also retrieved from MODIS. There are two
aerosol products, including DB and DT AOD. Many studies are con-
ducted to evaluate the performance of these two aerosol products by
using the ground-based measurements over China. Fig. 9 shows the
spatial distribution of correlation between MAIAC AOD and surface

stations. The correlation is larger than 0.91 for Aqua and the correlation
is larger than 0.92 for Terra in most of the stations. Lower correlation
can be found in northwest China. The correlation of MODIS C6 10 km
DT retrievals and different AERONET stations in east China is from
0.617 to 0.951 (Tao et al., 2015). Correlation between DB AOD and
AERONET AOD is from 0.57 to 0.957. The analysis indicates that the
correlation between MAIAC AOD and ground-based measurements is
higher than those of MODIS aerosol products. Tao et al. (2017) found
that the MODIS C6 DB aerosol products give a nearly-constant low
values of 0.05 in desert regions due to the surface reflectance over-
estimation. According to our analysis in this paper, the surface re-
flectance estimation in MAIAC algorithm is relative accurate.

6. Conclusions

MODIS aerosol optical depth (AOD) are the most widely used
aerosol products. Although the products have undergone several im-
portant improvements, there are still many uncertainties. Multiangle
Implementation of Atmospheric Correction (MAIAC) algorithm was
developed to improve the current MODIS data sets. The validation in
China has not been conducted. In this study, Aqua and Terra at 1 km
over China from MAIAC algorithm are obtained and evaluated against
the ground-based AERONET measurements. The average of AERONET
measurements within 60 min and MODIS observations within a sam-
pling window of 25 km*25 km are collocated to compromise the sample
size and correlation. Overall there are 8594 collocations of Aqua re-
trievals and 8851 collocations for Aqua.

The analysis indicates that surface reflectance and aerosol model
used in MAIAC algorithm influence the accuracy of aerosol retrievals.

Fig. 2. Comparison between MAIAC AOD and AERONET measurements (a. Aqua, b. Terra).

Fig. 3. The bias between MAIAC AOD and AERONET AOD against AERONET AOD (a. Aqua, b. Terra).
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Fig. 4. The bias between MAIAC AOD and AERONET AOD against AERONET Ångström Exponent (a. Aqua AOD<0.4, b. Terra AOD<0.4, c. Aqua AOD>0.4, d.
Terra AOD>0.4).

Fig. 5. The comparison of Aqua MAIAC AOD and AERONET AOD in a. spring, b. summer, c. autumn, and d. winter.
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Fig. 6. The comparison of Terra MAIAC AOD and AERONET AOD in a. spring, b. summer, c. autumn, and d. winter.

Fig. 7. The comparison of Aqua MAIAC AOD and AERONET AOD over different surface types.
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There are more than 72% of retrievals falling within the EE envelopes
with high correlation (0.924 for Aqua and 0.933 for Terra). The analysis
indicates that the MAIAC AOD has better performance than the existed
MODIS aerosol products. The AOD bias is related to the AOD magni-
tude. Positive AOD bias is shown in China due to the impact of aerosol
optical properties. The aerosol size also related to the bias of AOD. The
background aerosol model is used in the algorithm. Therefore, AOD
with large and small aerosol size has large AOD bias. MAIAC AOD is
also analyzed as a function of seasons. Better performance of MAIAC
retrievals are shown Autumn than those in other three seasons. We also
investigate the MAIAC retrievals over different land cover types. The
surface reflectance estimation has a large impact on the AOD retrievals
over water region and it also influences the MAIAC AOD over forest/
grassland. The large AOD bias in desert regions is mainly impacted by
aerosol model. This study first comprehensively validates the 1 km
MAIAC AOD over China. In all, the MAIAC AOD has a better perfor-
mance than the existed MODIS AOD and it can be used to estimate the
surface particle matters. However, the performance of MAIAC AOD in
desert region are not fully evaluated due to the limited number of
ground-based measurements. More study should be conducted in this

region.
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