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Abstract: An algorithm was developed to estimate aerosol aptiepth (AOD) from geostationary
satellite data. The 6S radiative transfer compaotete was employed to generate a look-up table
(LUT) which incorporates several combinations ofeBi#¢-derived variables including earth-
atmospheric reflectivity, atmospheric reflectivipd surface albedo. The parameterization of the
satellite-derived atmospheric reflectivity accouhfer the scattering of solar radiation by clouds,
absorption of solar radiation by water vapour, &zamd gases and solar radiation depletion by
aerosols. The digital data of the MTSAT-1R satelitere used as the main input of the algorithm.
For the validation, the values of AOD derived fromsthilgorithm were compared with those
obtained from four sites of Aerosol Robotic Network RENET) in Thailand, and a reasonable
agreement was found.

1. Introduction

Climatology of aerosol properties is an importaatadfor supporting the atmospheric research
and climate change studies (Breon et al., 2002sefaet al., 2000; Zhang et al., 1997; Charson
et al., 1992). Because aerosols are known as aoriamh agent of radiative forcing and climatic
disturbance (Nakajima et al., 2003; Dubovik et 2002), it is therefore vital to characterize the
aerosol optical properties. At regional scale, dhgount of aerosols varies as a result of local
temperatures, precipitations, wind profile and tgmaphy of the region (Xie and Xia, 2008; Li et
al., 2007; Lohmann and Feichter, 2005). Over highuped areas, aerosols can diminish solar
radiation by more than 20% (Nunez, 1993). In additit is evident that lifetime of aerosols in
the atmosphere may range from days to several wisgdending on weather conditions. In South
East Asia, early studies reported that most aesoisothe regions are originated from local
pollutants, biomass burning and forest fire evdd#njai et al., 2009; Hoyningen-Huene et al.,
1999).

Aerosol optical properties can be measured by usingphotometers. However, it is costly to
provide such a dense network of measurements deege@area. Due to a lack of comprehensive
measurements of aerosol optical properties on gkizde, satellite-based aerosol retrievals from
Moderate Resolution Imaging Spectroradiometer (M&DI Multiangle Imaging
Spectroradiometer (MISR), the Polarization and @iomality of the Earth’'s Reflectances
(POLDER) were developed to provide aerosol optmalperties over the globe (Deuzé et al.,
2000; Tanré et al., 1997; Kaufman et al, 1997).

However, aerosol information form these satellites relatively short historical records. In
addition, such information is available only onaetwice a day. Geostationary satellites have
longer period of records and the imagery data filoese satellites are available every hour. From
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these advantages, we developed in this work arritdgo for retrieving aerosol optical depth
(AOD) from geostationary satellite data. The algon was based on a look-up table (LUT)
generated from the 6S radiative transfer computetec This algorithm was also validated
against AOD measurement data of AERONET (Aerosdld®o Network) in Thailand.

2. M ethodology

2.1 Processing of satellite data

The visible images collected at near local nooretimom MTSAT-1R (September, 2006 —
December, 2010) satellites were used as the maint iof the proposed aerosol retrieval
algorithm. The images in the satellite projectiosrevtransformed into the cylindrical projection
which represents the linear distance associatddtiwt geocoordinate system. The images in the
cylindrical scene were then navigated using a feadfi the coastlines as a reference point. The
navigated image consists of a matrix of 8800 pixels covering the entire areas of Thailand
(Fig. 1). Each pixel of these satellite images amr# 8-bit digital counts which associate to the
values of gray levels from 0 to 255. The valuesensamverted into earth-atmospheric reflectivity

(0ea) using a calibration table provided by Japaneseedtelogical Agency (JMA). With the
values of p., and solar radiation incident on the top of thecsphere (), solar radiation

reflected by the earth-atmospheric system at ttedlisa position ( ;) can be calculated.

Fig. 1: Satellite image in cylindrical projection.

2.2 Development of the look-up table algorithm
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In this study, an algorithm based on a look-upeahUT) was developed for the retrievals of
aerosol optical depth (AOD) from MTSAT-1R satelldata. The LUT was generated from the
6S radiative transfer computer code (Vermote et1897). The 6S- Second Simulation of a
Satellite Signal in the Solar Spectrunis a radiative transfer code used for the simaiatif the
signals expected to be received by various s&e®llinputs of the 6S incorporate several factors
including geometrical condition (e.g. satellite atatget positions), spectral bands, surface
reflectance, atmospheric profiles, aerosol modeld environmental function. Based on the
radiative transfer theory, the 6S can estimate Umgedrradiance received by satellite$ (), if

all necessary input data are given to this codg ZFi
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Fig. 2: Schematic diagram of solar radiation dépteby various atmospheric constituents and
solar radiation received by satellite(,).

In our case, the input parameters of the 6S wetairdd as follows. The absorption of solar
radiation by ozone was calculated from the totdumm ozone obtained from OMI/AURA

satellite. The absorption by water vapor was coegbudtom precipitable water derived from
ambient temperature and relative humidity employandormula developed by Janjai et al.

(2005). Atmospheric reflectivity £, ) was derived from the method proposed by Janjail.et

(2005). This method was originally developed fatireating solar radiation for Thailand. The
method is based on the physical model relating divaad to satellite-derived (narrow-band)
atmospheric reflectivity. The model considers thteraiation processes caused by various
atmospheric constituents including absorption duezbne, water vapor and gases and scattering
due to aerosols. Surface albedo used for the 6 @aputed by using the technique of Janjai et
al., (2006). It was estimated on a monthly bagsimfthe MTSAT-IR satellite images collected at
12.30 h local time. According to the technique,dach month, gray levels of the images were
examined and pixels with the lowest value of geels were selected to construct a cloud-free
composite image for that month. All gray levels tbe cloud-free composite image were
converted into cloud-free earth-atmospheric albecstatistical equation relating cloud-free
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earth-atmospheric albedo and surface albedo wadedrdy using the 6S. Then equation was
used to compute surface albedo over the country.

Solar zenith angle required by the algorithm watemeined from the position of the satellite
pixel and time. Only the unknown input parameteA@BD. However, in our case, the output
parameterl ., is known. It was obtained from satellite dataphnciple, from these input and
output parameters, we can solve for the value odDAO

Due to the complexity for solving directly AOD fro66, we used 6S to calculate a set of the
values of |, from several combinations of the values of theutrparameters and stored all of
these values of input and output parameters irble alled a look-up table (LUT). Then this
LUT was used to search for the value of AOD whiekigthe value of _, equal or close to that

obtained from satellite data (Fig 3).
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Fig. 3: Schematic diagram showing input and outp®S (0, = atmospheric reflectivity o =

surface albedol .,,= extraterrestrial solar radiatioAQOD = aerosol optical depttf, = solar

zenith angleQs = total column ozon&V = precipitable water).

2.3 Cloud screening method

As the proposed algorithm is valid for a clear skydition, only clear sky pixels from satellite
data can be used in the algorithm. Therefore,neiessary to identify the clear sky pixels.

Thailand consists of the sea surface in the Gulflwdiland and Andaman Sea and the land
surface. The sea surface has low reflectivity waethe land surface has higher reflectivity. In
the case of clear sky over the country, the sieaistlistribution of the reflectivity will show two
distinct peaks, the first peak for the sea surtawtthe second for the land surface (Fig 4). From
the maximum limit of the second peaks, a cleartbkgshold can be defined. This method was
also verified by using the cloud images taken atia@p Mai (18.78N, 98.97E),
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Ubonratchathani (15.28l, 104.87E), Nakhon Pathom (13.88, 100.04E) and Songkhla
(7.18N, 100.60E). Then this threshold was used to identify tleachixels.
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Fig. 4: Frequency distribution of the cloudless sfjectivity (0g,) derived from the clear sky
satellite images.

2.4 Validation of the algorithm

To validate the algorithm, it was used to retrithve aerosol optical depth at four sites of Aerosol
Robotic Network (AERONET) in Thailand, namely ClgaMai (18.78 °N, 98.98 °E) in the
North, Ubon Ratchathani (15.25 °N, 104.87 °E) ie Mortheast, Nakhon Pathom (13.82 °N,
100.04 °E) in the Center, and Songkhla (7.2 °N,@DMEE) in the South. For each site, all input
data of the algorithm were prepared and used iralperithm to obtain values aerosol optical
depth at the site for the clear sky period at lowain time (Fig. 5). For each month, these values
were averaged over the period of that month.

For the measurement at each site, the CIMEL suophater was programmed to measure direct
and sky solar irradiances at the wavelengths of 380, 440, 500, 675, 870, 940 and 1,020 nm.
The sunphotometers at 4 sites belong to our labwyrand they were maintained by our staffs.
The quality control and data conversions were peréa at the central processing facility of
AERONET at NASA (Dubovik et al., 2000). The valwesosol optical depth at 500 nm supplied
by AERONET were averaged over the same period asahaerosol optical depth from the
algorithm. Finally, the values of aerosol opticapth from the measurements were compared
with those from the algorithm and the results aesgnted in the next section. The periods of the
data used for the comparison are shown in Table 1.
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Fig. 5: Schematic diagram of the algorithm usedstiimate aerosol optical depth.

Table 1: Periods of data used for the comparis@aeadsol optical depth
obtained from the algorithm and the measurements.

Site Period

Chiang Mai September 2006 — December 2008
Ubon Ratchathani October 2009 — December 2010
Nakhon Pathom August 2006 — December 2008
Songkhla January 2007 — December 2008

3. Results and discussion

Fig. 6 show the discrepancy in terms of mean bifferdnce (MBD) and root mean square
difference (RMSD) between aerosol optical deptlueslretrieved from satellite data and those
obtained from the measurements.

It was observed that MBD values for Chiang Mai, biitatchathani and Nakhon Pathom varied
with in £9% interval. The highest MBD value was observedongkhla (-18%). The values
of RMSD for Chiang Mai, Nakhon Pathom and Songlkdna in the range of 23%-33%. The
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highest RMSD value (48.6%) was observed for Uboicldhani. Overall, the comparisons
yields root mean square difference of 0.13 (34.3%g mean bias difference of -0.01 (-2.3%),
(Fig 7). The discrepancy between AOD values retdefrom satellite data and those obtained
from the measurements may be explained as follows.

The aerosol models used in the LUT constructiorcgse were fixed for urban, continental and
maritime environments. However, the aerosol affdlie sites may not correspond to the aerosol
types used to generate the LUT. This mismatch efaérosol properties is likely to cause the
errors of the AOD retrieved by using the LUT.
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Fig. 6: Comparison between the aerosol opticaltdderived from satellite data and the
AERONET measurements at Chiang Mai, Ubon RatchatNakhon Pathom and Songkhla.
Results for each site shown in this figure werainigid from all data of that site.

Additionally, this algorithm can be used to retaeaerosol optical depth from satellite data only
under clear sky condition. However, thin cloudshsas cirrus are still difficult to identify
through the visible data. The cloud screening @obis likely to contribute significantly to the
error of AOD retrievals. The uncertainties of claateening and the mismatch of aerosol model
are therefore the challenging problems to solve fitore development, cloud screening method
should be further developed using a combinatiovisible and infrared satellite data. In addition,
more accurate information on aerosols should be iegenerating the LUT.



An Algorithm for the Retrieval of Aerosol Opti€pth ... 39

16
© Chiang M ai
1.4+
A Nakhon Pathom
X Songkhla
127} Ubon Ratchathani
1.0 A
.
2 N
5081 + &
<
0.6 A O A B
A
+.
0.4 o
LS+
NS P RMSE = 0.13
021 AT x4 MBE = -0.01
R % YK
0.0

0.0 0.2 04 0.6 0.8 1.0 12 14 1.6
AODmmeas

Fig. 7: Comparison between the monthly averagedlsaépptical depths derived from the
algorithm and the AERONET measurements on cleapskipds.

4. Conclusions

An algorithm for the retrievals of aerosol optic@pth from geostationary satellite has been
developed by using a look-up table (LUT) approddte LUT which incorporates a combination
of atmospheric parameters were created using thadi&tive transfer code. The satellite visible
data were used as the main input of the algorifiine method for identifying clear sky pixels
was also proposed. The comparison between monttdiage aerosol optical depth obtained
from the algorithm and the measurements showedsonable agreement.
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