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Abstract

Currently, the air pollution problem is severe worldwide and in Vietnam. Air quality in urban
areas where developing industrial activity and population densities are of concern. In addition
to monitoring air pollution from the ground-based station, the monitoring method using remote
sensing technology (RS) is increasingly popular because of the low cost and large-scale analysis
ability. Aerosol optical depth (AOD) is an essential parameter in models for estimating air
pollution and weather phenomena. The purpose of the study is to retrieve and evaluate the AOD
MCD19A2 product with a 1km spatial resolution from the MODIS (Moderate Resolution
Imaging Spectroradiometer) satellite. MCD19A2 is a high-resolution aerosol product when
compared with popular products today. The study compared the AOD of the MCD19A2 product
and the AOD of the AERONET ground-based station (Aerosol Robotic Network) in Hanoi in
2019. The results show that the AOD MCD19A2 product from MODIS satellite images has a
high agreement (R = 0.931, RMSE =0.027) with AOD AERONET. The study has successfully
retrieved AOD MCD19A2 with a 1km spatial resolution from the MODIS satellite. The spatial
distribution data of AOD retrieved from this algorithm are helpful material for establishing an
air pollution model.
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1. Introduction

Aerosols are particles suspended in the atmosphere that differ in size distribution, shape,
total column content, and composition [1]-[3]. Aerosols are essential to the Earth's climate
because they are necessary for the radiation budget, cloud processes, and air quality [4], [5].
The foundation of studies on air pollution is a detailed understanding of the characteristics of
atmospheric aerosols. Aerosol Optical Depth (AOD) is a value to represent for distribution of
aerosol in one total air column from Earth's surface to the top of the atmosphere (TOA) [6]-[8].
Based on the viewpoint of radiation propagation, aerosol extinction coefficient integral by the
height of the column of atmosphere in a vertical is called AOD [4]. The extinction of the air
mass and aerosols reduces the amount of solar radiation that enters the atmosphere [3], [5]. The
amount of solar radiation an aerosol particle may scatter and absorb is called its aerosol
extinction coefficient [9], [10].

The AOD value may be retrieved at ground-based station networks such as AERONET,
Sky-radiometer, Microtops 11, etc [11], [12]. However, these values represent only the station's
location or area around these locations. The development of remote sensing satellites allows
large-scale observations of the Earth [13]. Satellite remote sensing with passive imaging
radiometers can provide quantitative measurements of AOD [14], [15]. Some satellites can
obtain data on the aerosol optical depth, including MODIS (MODerate resolution Imaging
Spectroradiometer), ESA MERIS (Medium Resolution Imaging Spectrometer), MISR (Multi-
angle Imaging Spectro-Radiometer), etc [14]-[16]. Since its launch in early 2000, the MODIS
team has continuously evaluated and updated the aerosol algorithm [16]. Because of its multi-
spectral band, MODIS can retrieve AODs with high accuracy and parameters describing aerosol
size [16]. MODIS provides some of the aerosol products with different spatial resolutions, such
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as Aerosol 5-Min L2 Swath 10km (MODO04_L2/MYDO04_L2), Aerosol 5-Min L2 Swath 3km
(MODO04_3K/MYDO04_3K) [17]-[20].

MCD19A2 is an AOD product with 1 km resolution of MODIS satellite using the
MAIAC (MultiAngle Implementation of Atmospheric Correction) algorithm developed since
2018. The MODIS sensor uses the novel AOD inversion technique MAIAC to get the surfaces
and properties of a bidirectional reflector functional aerosol (BRDF) simultaneously at a
resolution of 1 km [16]. The MAIAC algorithm is an algorithm that dictates the exact steps used
in the retrieval process to go from raw data collected by satellite instruments to a product that
provides valuable information about aerosols in the atmospheric column. In this case, the
product MCD19A2 applies to land and ocean with measured values at two wavelengths of
0.47um and 0.55um [21].

Several studies have used AOD from MODIS satellite images with spatial resolutions
of 10 km and 3 km to retrieve successfully and evaluate with regional resolution [19], [20].
There is an improvement in accuracy when using the AOD MCD19A2 satellite image product
compared to previous 10km and 3km resolution products due to improved cloud detection and
surface features [22], [23].

This research uses AOD data from MCD19A2 products in urban areas and is validated
using data from ground-based stations such AErosol RObotic NETwork (AERONET). Hanoi
city region was chosen as the study area in this article. This study also analyzed the spatial and
temporal distribution of AOD values.

2. Material and Methods

2.1. Study areas
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Figure 1. Location map of study region in Hanoi city

Hanoi city has geographical coordinates from 20°53' to 21°23" North latitude and
105°44' to 106°02' East longitude, is one of five cities under the central government of
Vietnam. In which, Hanoi capital along with Ho Chi Minh City is a special urban center
at the national level. In recent years, Hanoi has had a high urbanization rate with the
development of infrastructure systems and construction works. After expanding its
administrative boundaries in 2008, Hanoi has an area of 3358 km?, among the top 17
capitals with the largest area in the world [13].

As of 2017, Hanoi's population reached 7.2 million people with a population
density of 2.2 thousand people per km?, mainly distributed in urban districts [13]. Along
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with the distribution of population density, the built-up density of Hanoi city has a higher
rate in the inner city districts and gradually decreases for the suburban areas.

2.2. Material
2.2.1. AOD AERONET

AERONET is a global network of calibrated ground-based Sun photometers that offers
cloud-screened, quality-assured, and high-temporal-resolution spectral AOD in the range of
0.340 to 1.060 m (every 15 min) [11]. This study employed cloud-screened and quality-
controlled level 2.0 AOD observations from NGHIA DO AERONET stations (21.048N,
105.800E) during 2019 to validate MODIS MCD19A2 1km.

2.2.2. AOD MODIS MCD19A2

MODIS (Moderate Resolution Imaging Spectroradiometer) is a satellite with two
sensors that Terra launched in 1999 and Aqua in 2002. It employs wavelengths ranging from
visible to SWIR. Around 10:30 local solar time, the Terra satellite crosses the region, and
around 13:30 local solar time for the Aqua. Therefore, the retrieval of AOD is limited under
cloud-free conditions [20].

The MCD19A2 (AOD MODIS MAIAC) product is a MODIS product that provides
aerosol data with a spatial resolution of 1 km x 1 km. On average, one image file per area is
provided per day. Each image file is about 7MB in size. This study used products provided at
LAADS DAAC (https://ladsweb.modaps.eosdis.nasa.gov/) [22]. This study uses 365 images of
the Hanoi area in 2019.

2.3. Methods
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Figure 2. Flow chart of study

This study is based on validating the value of aerosol optical depth (AOD) with 1km
spatial resolution of MODIS and AOD satellites obtained from the AERONET ground-based
station. The measured data at the AERONET station is used to check the quality of satellite
AOD products because the measurement method at the ground station is not affected by ground
reflection, which is considered the primary cause of uncertainty in the received data. The study
process can be made through the following basic steps:

Step 1: Collect AOD data from AERONET ground-based station

The ground-based AOD data were collected from the NGHIA_DO station (21.048
N,105,800E) on the website (https://aeronet.gsfc.nasa.gov/) in Microsoft Excel format. Then,
from the ground AERONET station, the study obtained AOD data of 3 different wavelengths,
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0.44pm, 0.5um, and 0.67um. For the MCD19A2 product, AOD data of 0.55um wavelength
were downloaded from the website (https://ladsweb.modaps.eosdis.nasa.gov/).

Step 2: Interpolate AOD data of AERONET ground station to 0.55um wavelength (due to two
different data sources obtained with different wavelengths). The input data used for
interpolation is AOD at three wavelengths 0.44um, 0.5um, and 0.67um based on formula (1)
below [24]:

T
r _ 0.5um (1)

0.55um 05
— Q.44 m-0.67 um In(ﬁ)

where a is the Angstrom parameter calculated by formula (2) in the range 0.44pm — 0.67pum.

To.44 um

log
a = ___ Tosrum (2)

0.44
Iog 0.67

Step 3: Integrate satellite and ground-based station data with the same wavelength in temporal
and spatial for comparison.

Step 4: Evaluate the accuracy of AOD MCD19A product based on AOD AERONET

Correlation coefficient (R) and root mean square error (RMSE) are chosen to evaluate the
estimate accuracy. The values of R and RMSE are calculated based on the following formula
[24]:

13 ,
RMSE = HZ(yi_ y i)2 3)
i=1
where y; is the i'" estimated PM2 s value; y’i is the i observed PM2 s value; n is the sample size.
X:— X)(Y:— Y
ig‘( = X)) @
SRS
i=1 i=1

where x; and y; are the i sample points; X & ¥ are the sample means; n is the sample size.

R =

3. Results and Discussion
3.1. The result of AOD MCD19A2 data retrieval
3.1.1. Spatial distribution of AOD values over Hanoi city area.

Figure 3 shows the spatial distribution of AOD values over the entire area of Hanoi city
for 12 months in 2019. The results show that the trend of change AOD average value of Hanoi
significantly differs between months and seasons.

In general, the AOD value in Hanoi city is high in the first three months (Spring), with
the prominence of February and March compared to the AOD of all months of the year. In the
North of Vietnam, the humidity is high this time, which is one of the reasons for the sharp
increase in the AOD value. April, May, and June show a slight decrease in AOD value.
However, some districts still have high value, such as May in Soc Son and urban communities
and June in some western districts (Soc Son, Long Bien, Thuong Tin, and Dong Anh). The last
three months of the year (Winter) tend to increase again, especially in October, with
outstandingly high values compared to the previous months.
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Figure 3. Spatial distribution of AOD values over Hanoi city area in 2019
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Studies have demonstrated a definite correlation between air quality and the observed
AOD value. Usually, the higher the AOD value, the worse the air quality, and vice versa.
However, the ground-based stations typically measure the air pollution indicators in a dry state.
At the same time, the satellite sensor will retrieve the extinction coefficient in both dry and wet
state particles. Weather with high humidity as Hanoi is also a barrier to using AOD to obtain
information on air pollution.

3.1.2. Temporal variation of AOD

The study used the average AOD value of the entire area of Hanoi city each month to
analyze the average AOD value of the month. The results show the trend of the evolution of the
AOD value of Hanoi city over time.

The diagram of monthly AOD value of Hanoi city in 2019

AOD MCD19A2 550nm

Thing

—— Average -—— Maximum Minimum

Figure 4. Temporal variation of AOD over Hanoi in 2019

Figure 4 demonstrate that the average AOD value is high in the first three months of the
year and tends to decrease gradually from February (0.891) to September (0.149). Then, the
mean value increases again for the last three months of the year, and the peak is October (0.588).
The minimum line shows the same trend as the average AOD, while the maximum line shows
a sudden increase in February and May compared to the average line. This trend indicates some
locations of the study area with high-value spikes in February and May. The results also show
that there is a prominent increase in April and October, which are months with an increase in
straw burning in suburban districts.

3.2. Verification of AOD MCD19A2 with AOD AERONET.

Relationship between AOD MCD19A2 and AOD AERONET
over NGHIA_DO station in2019

°
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Figure 5. Scatter plot between AOD MCD19A2 and AOD AERONET

The correlation coefficient between the AOD observed from the satellite and the AOD
from the ground-based station is R=0.950, and the root means square error (RMSE) is only
0.027 (Figure 5). The study used the least squares method to build the regression equation,
which is the most suitable value curve among the distribution points in this study. The
regression line in this scatter plot has slopes and intercepts of 1.241 and 0.099, respectively.
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The results show that the AOD value obtained from the AOD satellite MCD19A2 highly agrees
with the AOD data measured at the ground-based station. However, there are few data points
for validation because MODIS is an optical satellite image affected by clouds.

4. Conclusion

The study successfully retrieves the AOD value from the MODIS MCD19A2 product
with a spatial resolution of 1km. The spatial distribution maps of AOD in 2019 in the Hanoi
area described spatial and temporal variation evolution.

The results demonstrate a high correlation when comparing the AOD retrieval from the
1km MODIS MCD19A2 and the measured data at the ground-based station with R=0.950 and
RMSE=0.027. This result shows that the 1km AOD MCD19A2 is a potential satellite image
product compared to the AOD products from current satellite images because of its high
accuracy and stability compared to the ground station.
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