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6S Second Simulation of the Satellite Signal in the Solar Spectrum

AERONET AErosol RObertic NETwork

AOD Aerosol Optical Depth

BOD Background Aerosol Optical Depth

COMS Communication, Ocean, and Meteolorogical Satellite

DJF December, January, Febrary

JJA June, July, August

LUT Look Up Table

MAM March, April, May

MI Meteolorigical Imager

MODIS Moderate Resolution Imaging Spectroradiometer

RMSE Root Mean Square Error

RTM Radiative Transfer Model
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SSA Single Scattering Albedo
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Fig. 2. (Left) Spectral reflectance difference and (Right) the correlation between surface
reflectance and TOA reflectance for each aerosol type
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Table 1. The list of previous AOD retrieval algorithm
Channel Sensor Developer Region Product
. Knapp et al. (2002) Ocean, Land AOD
GOES imager
Wang et al. (2003) Ocean AOD
Single
GMS-5 AHACY, &=HE (2005) | Ocean, Land AOD
Channel
Yoon et al. (2007) Ocean, Land AOD
MTSAT-1R -
Kim et al. (2008) Ocean, Land AOD
Soufflet et al. (1997) | Forest, Lake AOD, Anstrom index
Mishchenko et al. .
Ocean AOD, Anstrom index
AVHRR (1999)
Higurashi and .
. Ocean AOD, Anstrom index
Nakajima (1999)
Higurashi and AOD, Anstrom index,
. Ocean
Nakajima (2002) Aerosol type
Von Hoyningen-Huene )
. Ocean, Land AOD, Anstrom index
SesWiFS et al. (2003)
Lee et al. (2004) Ocean, Land AOD, Anstrom index
i- AOD, SSA,
Multi Hsu et al. (2004) Desert .
channel smoke/dust ratio
AOD, Anstrom index,
Remer et al. (2005) | Ocean, Land Fine mode fraction,
Effective radius(ocean)
MODIS
AOD,
Kim et al. (2007) Ocean Volume density ratio,
Aerosol type
AOD, Aerosol index, SSA,
OMI Torres et al. (2002) Ocean, Land
Aerosol type
AOD, Fine mode fraction,
GOCI Lee et al. (2010a) Ocean
Aerosol type
Multi-
. MODIS, OMI Lee et al. (2007) Ocean, Land Aerosol type
satellite
E 12 dAZA LR oel2E AR s dadse] 55 ¥ A7) dEges 5
o X 1ol doE2E ARE AEdSe duEEs ddAY Y gsAd (S sy
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Table 2 The list of AERONET site used from analysis of aerosol opticel properties

. Data Latitude Longitude .
Site Data period
number (°N) (°E)

/Anmyon 543 36.539 126.330 1999 - 2007
Bac_Giang 314 21.291 106.225 2003 - 2009
Beijing 906 39.977 116.381 2001 - 2007
Chen-Kung_Univ 309 23.000 120.217 2002 - 2010
Dongsha_Island 48 20.699 116.729 2004 - 2010
EPA-NCU 248 24.968 121.185 2006 - 2010
Gosan_SNU 193 33.292 126.162 2001 - 2010
Gwangju_K-JIST 217 35.228 126.843 2004 - 2009
Hong_Kong_Hok_Tsui 119 22.210 114.258 2007 - 2010
Inner_Mongolia 11 42.683 115.954 2001 - 2001
Osaka 286 34.651 135.591 2001 - 2008
Seoul_SNU 87 37.458 126.951 2000 - 2003
Shirahama 1050 33.693 135.357 2000 - 2010
Taichung 13 24.106 120.491 2005 - 2005
Taipei_CWB 293 25.030 121.500 2002 - 2010
Ussuriysk 108 43.700 132.163 2004 - 2010
FolAop e B 759 9L wob B/ALHAE FF UF Aol By
L o3ate F39 AP BYSE 2 AT BAlo] T W Aol 3
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Table 3 Seasonal averaging of refractive index at 675 nm for each AOD revel

AOD
0.15 0.45 0.8 1.2 1.6 >2.6
MAM 1.47 147 1.47 1.49 1.53 1.52
Refractive index
[Real] JJA 141 142 1.44 1.46 1.46 1.45
ea
SON 143 1.44 145 144 1.46 1.47
at 675 nm
DJF 1.45 1.46 1.47 1.49 1.48 1.50
MAM 0.0084 0.0073 0.0074 0.0073 0.0060 0.0050
Refractive index
. JA 0.0086 0.0080 0.0062 0.0060 0.0064 0.0061
[Imaginary]
' 675 SON 0.0103 0.0096 0.0085 0.0082 0.0093 0.0083
a nm
DJF 0.0131 0.0102 0.0107 0.0121 0.0115 0.0088
3.2.2. Z7AF AAl

dlef=E ForA 9w AR AR AbEe] A8 AT SARERE 6S
(Second Simulation of the Satellite Signal in the Solar Spectrum)E ©|& s
Hlh eln AFHYE clolwnd BTA AE] AgHE 2ARE duso] o
T W713% RALES] 555 wol=d, oju ARgE o ®gTh % 49 g2 g
2tk RS 0 ~ 70 WA, G 7S 0~180% W oA
Zow ¥¥v, AODE 0 ~ 5 744 9709 &, AxdE WAtes 0 ~

Ay
9} 4 km ¢ F O A & axe| ©rE T E£R7O ZAEI AAH

Table 4 Dimension of LUT

Solar zenith angle 8 0", 10", - , 70°
Satellite zenith angle 8 0", 10", - , 70°
Relative azimuth angle 19 0", 10", - , 180°
AOD 9 0.0, 0.15, 0.45, 0.8, 1.2, 1.6, 2.6, 4, 5
Surface reflectance 4 0.0, 0.1, 0.2, 0.3
Surface elevation 2 0 km, 4 km
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1) MPI Z£7|%& ! timer A%}

S HAow »}w.

AUX_Timer_Start

AUX_MPL Init

I L

2) YHtE A XY H

£ %£7|3}

AUX_Domain_MPI_Read

AUX_Read_Namelists

AQD_Read_Namelists

AUX_Read_COMS_1b

AUX_Read_Zeinith_Angles_Vis

AUX_Read_Land_Sea_Mask_vis

AUX_Read_Cloud_Mask

AUX_Read_Elevation

AUX_Read_Fixel_Avail

AQD_Init_Local_Vars

AQD _Read_Cvtts

AQD_Read_Cvttsa

AOD_Read_BOD
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3) AQD 4=

AQD Calc

<L

AOD_AQC

4) &5 A XH= vl A

£ L

5) MPI 9 Timer =&

AQD_Write_Qutput

AUX_timer_stop

AUX_timer_write

MPI_FINALZE

Fig. 9. Total synopsis of the AOD algorithm
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Table 5. Detailed Input and Output data for the AOD algorithm.

INPUT DATA
Parameter Mnemonic | Units | Min | Max Res Source
Reflectance for visible channels VIS % 0 100 pixel Level 1.5 data
Brightness temperature TBB_10.8 k 170 | 350 pixel Level 1.5 data
Satellite zenith angle sat_zenith |degrees| O 90 pixel Level 1.5 data
Solar zenith angle sol_zenith |degrees| 0 90 pixel Level 1.5 data
'Sun—S.ateIhte relazi |degrees| O 180 pixel Level 1.5 data
relative azimuth angle
Surface elevation elevation m 0 | ~4000 pixel Level 1.5 data
Background aerosol optical depth BOD - 0 0.5 pixel analysis
LUT for AOD Cvttsa - 0 1 - RT™M
LUT for surface reflectance Cvtts - 0 1 - RTM
= 7F717-917d A - 21 -
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number.
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Table 6. Sources of uncertainty in the derived AOD from satellite
observation.

Uncertainty

Aerosol's characteristic(ex: Aerosol shape, SSA, Refractive index)
Atmosphere Aerosol layer height
Gaseous absorption

Surface refletance

Surface L . .
BRDF(Bidirectional Reflectance Distribution Function)

Calibration

Sensor .
Noise
Radiative
Plane parallel atmosphere
Transfer . .
Multiple scattering

Model

7171449143 Al - 27 -



__ P Code:NMSC/SCI/ATBD/AOD
4o Sl=
°l 01 =& 4 1 Tﬂﬂ Issue:1.0 Date:2012.12.21
oly1gl= 71 BEAx File: NMSC-SCI-ATBD-AOD_v2.0.hwp
aL
27}‘7|¢;$|5¢;§_|51 = a v ]E = 1 Page : 1/38

Change[Solomon, S., D.Qin, M.Manning, Z.Chen, M.Marquis, K.B. Averyt, M.Tignor and
H.L.Miller(eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York,
NY, USA.

Dubovik, O., and M. D. King, 2000 : A flexible inversion algorithm for retrieval of
aerosol optical properties from Sun and sky radiance measurements, J Geophys Res-Atmos,
105(D16), 20673-20696.

Dubovik, O., A. Smirnov, B. N. Holben, M. D. King, Y. J. Kaufman, T. F. Eck, and I.
Slutsker, 2000: Accuracy assessments of aerosol optical properties retrieved from Aerosol

Robotic Network (AERONET) Sun and sky radiance measurements, J Geophys Res-Atmos,
105(D8), 9791-9806.

Gordon, H.R., and M. Wang, 1994: Retrieval of water-leaving radiance and aerosol optical
thickness over the oceans with SeaWiFS: A preliminary algorithm, Appl.Opt., 33:443-452.

Gordon, H.R., T. Du, and T. Zhang, 1997: Remote sensing of ocean color and aerosol
properties: resolving the issue of aerosol absorption, Appl.Opt., 36:8670-8684.

Haltiner, G. j.,, and R. T. Williams, 1980: Numerical Prediction and Dynamic Meteorology.
Wiley and Sons, 477pp

Higurashi, A., and T. Nakajima, 1999: Development of a two channel aerosol retrieval
algorithm on global scale using NOAA AVHRR, J. Atmos. Sci., 56, 924-941.

Hauser A., D. Oesch, N. Foppa, and S. Wunderle, 2005: NOAA AVHRR derived
AOD over land, J. Geophys. Res., 110, D8204.

Hsu, N. C., S. C. Tsay, M. D. King, and J. R. Herman (2004), Aerosol properties
over bright-reflecting source regions, leee T Geosci Remote, 42(3), 557-569.

IPCC, 2007: Climate Change 2007: The Scientific Basis. Contribution of Working Group |
to the Third Assessment Report of the Intergovernmental Panel on Climate

Kaufman, Y. J. and T. Nakajima, 1993: Effect of Amazon smoke on cloud microphysics

and albedo-analysis from satellite imagery, J. Appl. Meteor., 32,729-744.

7171449143 Al - 28 -



o P Code:NMSC/SCI/ATBD/AOD
4o Sl=
°l 01 =& 4 1 Tﬂﬂ Issue:1.0 Date:2012.12.21
oly1gl= 71 BEAx File: NMSC-SCI-ATBD-AOD_v2.0.hwp
aL
27}‘7|¢;$|5¢;A351 = a v ]E = 1 Page : 1/38

Kaufman, Y. J., D.Tanre, L. A. Remer, E. F. Vermote, A. Chu, and B. N. Holben, 1997:
Operational remote sensing of tropospheric aerosol over land from EOS moderate resolution
imaging spectro-radiometer, J. Geophys. Res., 102, 17,051-17,068.

Kaufman, Y, J, and D. Tanre, 1998: Algorithm for remote sensing of tropospheric aerosol
from MODIS.

Knapp, K. R., Thomas H. Vonder Haar, Yoram J. Kaufman, 2002: AOD retrieval from
GOES-8:Uncertainty study and retrieval validation over South America, J. Geophys. Res. ,
107, NO. D7.

Lee, J., J. Kim, C. H. Song, J. H. Ryu, Y. H. Ahn, and C. K. Song, 2010a: Algorithm
for retrieval of aerosol optical properties over the ocean from the Geostationary Ocean Color
Imager, Remote Sens Environ, 114(5), 1077-1088.

Lee, J, J. Kim, C. H. Song, S. B. Kim, Y. Chun, B. J. Sohn, and B. N. Holben, 2010b:
Characteristics of aerosol types from AERONET sunphotometer measurements, Atmos Environ,
44(26), 3110-3117.

Remer, L. A., Y. J. Kaufman, D. Tanre, S. Mattoo, D. A. Chu, J. V. Martins, R. R. Li, C.
Ichoku, R. C. Levy, R. G. Kleidman, T. F. Eck, E. Vermote, and B. N. Holben, 2005: The
MODIS Aerosol Algorithm, Products, and Validation, American Meteorological Society,
947-973.

Remer, L. A, Kleidman, R. G., Levy, R. C., Kaufman, Y. J.,, Tanre, D., Mattoo, S.,
Martins, J. V., Ichoku, C., Koren, |, Yu, H. and Holben, B. N., 2008: Global aerosol
climatology from the MODIS satellite sensors, J. Geophys. Res., 113, D14.

Rahman, H., M. Verstraete, and B. Pinty, 1993a: A coupled Surface-Atmosphere Reflectance
(CSAR) Model. Partl: Model description and inversion on synthetic data, J. Geophys. Res.,
98, 20779-20790.

Twomey, S., 1977: The influence of pollution on the shortwave albedo of clouds, J.Atmos.
Aci., 34, 1149-1152.

Vermote, E. F., D. Tanre, J. L. Deuze, M. Herman, and J. J. Morcrette, 1997: Second
Simulation of the Satellite Signal in the Solar Spectrum, 6S: An overview, leee T Geosci
Remote, 35(3), 675-686.

7171449143 Al - 29 -



o e ) - Code:NMSC/SCI/ATBD/AOD
4= S
Oﬂ 01 = - —r77ﬂ Issue:1.0 Date:2012.12.21
ol 77 = 7 2= B A x File: NMSC-SCI-ATBD-AOD_v2.0.hwp
al =
%7”'”0':8?1—_'__"._} = a = ] = 1 Page : 1/38

Von Hoyningen-Huene, W., M. Freitag, and J. B. Burrows, 2003: Retrieval of aerosol
optical thickness over land surface from top-of-atmosphere radiance, J. Geophys. Res., 108,
Do.

Wang, J., Sundar A. Christopher, Fred Brechtel, Jiyoung Kim, Beat Schmid, Jens
Redemann, Philip B. Russell, Patricia Quinn, and Brent N. Holben, 2003: Geostationary
satellite retrievals of aerosol optical thickness during ACE-Asia, J. Geophys. Res., 108, D23.

Wong, M. S., K. H. Lee, J. E. Nichol, and Z. Q. Li, 2010: Retrieval of Aerosol Optical
Thickness Using MODIS 500 x 500 m(2), a Study in Hong Kong and the Pearl River Delta
Region, leee T Geosci Remote, 48(8), 3318-3327.

Yoon, J. M., Kim J., Lee, J. H., Cho, H. K., Sohn B., Ahn, M, 2007: Retrieval of aerosol
optical depth over east Asia from a geostationary satellite, MTSAT-1R, J. Kor. Met. Soc.,
43(2), 133-142.

= 7b7178 5173 Al E - 30 -



