GK—2A AMI

Algorithm Theoretical Basis
Document

A& HALE
(Surface Albedo)

rol
o,
oz Hr
o,
=1

=)
T
=)
T

R
R

o ok

o
o,
o,
=

Version 1.0
2019. 04. 15.

Q __,-117p|M0|A-|A1IE1
nal Meteorological Satellite Cen

1



<3 o8>

O AR A A s A S A s s
TO RO 0| O RO|TO RO (RO To| RO To| RO RO
X (oo oo | o|R oo
o =) @) o o Lo
o ™ ) — — —
v, I IS S AR RN i R R
I IS IR I B e N I O
Flele|els 2]
o o o o ) o
N N N N N N
1) Sl o | = | ]|
H®| < < < — N ™
o Em| — N ~ ~ ~ 1
™ o o o o @) o
N
N o
—— [
N
el e 2
I W
oo olo ‘WI ‘%o K
= | = T
To A K x
| o | M m; i
S I I N =
% | w0 | oV W T
CO RN o O
W N T @L o1
= | = | ® i
" oBr | W@
iy
ﬂo
TR~ N ™ ~ o =
RE |22 o )~




L Tl e 10
L L B e 10
1.2 ARG TF e e 10
L8 U e 10
LA FFBD B0 e 10

2 LILBIF TN e 11
2L 0 e, 11
2.2 TLE T BB I Lo, 12
2.3 B A B e, 13

2.3 1 LIB oo 13
2302 L2 e, 14
2.3.3 HE AFE oo 15
2.4 O1 22 HITA oo, 18
240 TNZVET oo 18
2.4.2 BRDF FE B oo 19
2.4.3 W17 AT HEAFIE Lo 20
244 F BHHI I e, 20
2.4.5 FFTRE ZAZh e 21
2.5 AL AT e, 21

2.5.1 THZTET oo e 21
2.5.2 BRDE FUELB oot 23
2.5.3 M7 AT HEAFIE L 27
2.5.4 T3 QI s 28
2.5.5 O ZBh s 30
8. AE T e 31
3. BOAE T s 42
3.l F O] B A T T Tz o R T 42
3.1.1 RO AZEAE W AFE ATF e, 42
3.1.2 T AEB oo 46
3.2 T MR e 47



3.2.1 AFE AT QT I e, 47

3.2.2 AlFZE LI M e 47
3.2.3 AT B A e 48
3.3 15 T 48
4. FALZG Al LBIAFEE e 53
4.1 FAAARE TLB AR e D3
1.2 TR 2 A AR e DO
4.4 ONLIAFEE A B] oD 3
4.4.1 AN TOC HEAFE Lot 53
4.4.2 A2 BRDF parameters & FVBAR ..o, 54
4.4.3 D 7 KT HEAFIE e 54
4.4.4 Ad black/white sky T3 D e 54
4.4.5 Black/white sky TN QI e 54
4.5 F1F B alB T e, 54
C7E R AR e 55
5.2 AN AT A G e, DD
5.3 NS SITE AR ZIE] et DD
B LR e 56



<E 52>

Table 2.1. Spectral characters of GK—=2A/AMI ..o 14
Table 2.2. GK—=2A/AMI level2 product used in the GK—2A SAL algorithm............ 15
Table 2.3. Ancillary data used in GK—2A SAL algorithm ......covevveeeiiviiiiiniiieiieinnen. 16

Table 2.4. Input parameter and its increment for constructing 6S—based LUT...... 17
Table 2.5. Kernel integral of white sky for Roujean model (Roujean et al., 1992) .29

Table 2.6. Narrow—to—broadband conversion coefficients for GK—-2A/AMI

shortwave bands (Dand 14, 6) ...cccceviiiiiiiiiieeiie e 30
Table 2.7. Content of the BRDF parameters product file ....ccocovievieeiiiiiinieiiiiniieinnen. 32
Table 2.8. Content of the FVBAR product file ...cooiiviiiiiiiiieee e 35
Table 2.9. Content of the TOC reflectance product file ......cooevveevieeiiniiiiiiiiieieieeennee. 36
Table 2.10. TOC reflectance data quality flag Information ....c...ceeeeveveveenieneeiennennen. 37
Table 2.11. TOC reflectance input data quality flag information...........cooeevvinvinninnen. 38
Table 2.12. Contents of the BSR product fIle ....coeeveeeeeiieie e, 39
Table 2.13. Content of the surface albedo product file ....cooevivieeieeiiiieeieieene, 40

Table 2.14. Black sky and white sky broadband albedo quality flag information ....41
Table 3.1. Detail information of AHI used as proxy data ....ccocoveeeeeeeioiiieieieieieaennen. 42
Table 3.2. Information of MCD43C3 data used for validation ......cccccoveveeneeneeniennenne.. 46

Table 3.3. Temporal and spatial resolution and required accuracy of GK—2A/AMI
Droadband AlDEAO .. e 47



<a1¥ Bz

Figure 2.1. Flow chart of the GK—2A SAL algorithm. This algorithm is divided into
and online mode and an offline MOAE. «..voniinii i, 13

Figure 2.2. Pre—calculated atmospheric correction coefficients (a) and interpolated
atmospheric correction using MCS method (b) (top : xa, bottom : xb)............ 23

Figure 2.3. Plot of geometric (a) and volumetric (b) kernel of BRDF model by
roujean et al (1992). A negative part of the VZA indicates that RAA is 0°
(backward scattering) and positive part of the VZA indicates that RAA is 180°
(FOTWALA SCATEEIIIIZ) - vt 25

Figure 2.4. Concept of observed and reproduced reflectance on polar orbit (left)
and geostationary orbit (right) satellite red triangle and blue solid line
represent observed and reproduced reflectance respectively. .cocovvvievvivinninn.. 27

Figure 2.5. Concept of optimization of BRDF modeling. ......ccoooviviiiiiiiiiiiiiiiiieine, 27

Figure 2.6. Kernel integral of black sky for Roujean model (Roujean et al., 1992).

Figure 3.1. Estimated TOC reflectance using proxy data at each reflectance
channels at 03:00 UTC on July 28, 2017 .o 43

Figure 3.2. Estimated BSR using proxy data at 3 reflectance channels at 03:00
UTC 00 AUGUSE 1, 20 L7 oo e e e, 43

Figure 3.3. Spatial distribution of KO and FVBAR on August 4, 2017 and August 1,
20 7 TS DI VLY ittt 44

Figure 3.4. Estimated black sky narrowband albedo using proxy data at each
reflectance channels on JUly 31, 2017 . i, 44

Figure 3.5. Estimated white sky narrowband albedo using proxy data at each
reflectance channels on JUly 31, 2017 . e, 45

Figure 3.6. Estimated black (left) and white (right) sky broad albedos on July 31,
20 L e 45

Figure 3.7. Comparison between estimated albedo by this algorithm and MODIS
albedo product in snow—free condition (left : Black—sky albedo, right : White—
SKY AIDEAO) .« oot 49

Figure 3.8. Comparison between estimated albedo by this algorithm and MODIS
albedo product in snowy condition (left : Black—sky albedo, right : White —sky
LD AO) -« et 49

Figure 3.9. Time series of RMSE and bias for surface broadband albedo from July 3,
6


file:///E:/ECOFACE_PROJECT/GK2A_2019/ATBD_개선필요사항/ATBD_수정/2019_ver/GK2A_SAL_ATBD_국문_ATBD_2019_20190413.docx%23_Toc6142449
file:///E:/ECOFACE_PROJECT/GK2A_2019/ATBD_개선필요사항/ATBD_수정/2019_ver/GK2A_SAL_ATBD_국문_ATBD_2019_20190413.docx%23_Toc6142449
file:///E:/ECOFACE_PROJECT/GK2A_2019/ATBD_개선필요사항/ATBD_수정/2019_ver/GK2A_SAL_ATBD_국문_ATBD_2019_20190413.docx%23_Toc6142454
file:///E:/ECOFACE_PROJECT/GK2A_2019/ATBD_개선필요사항/ATBD_수정/2019_ver/GK2A_SAL_ATBD_국문_ATBD_2019_20190413.docx%23_Toc6142454
file:///E:/ECOFACE_PROJECT/GK2A_2019/ATBD_개선필요사항/ATBD_수정/2019_ver/GK2A_SAL_ATBD_국문_ATBD_2019_20190413.docx%23_Toc6142455
file:///E:/ECOFACE_PROJECT/GK2A_2019/ATBD_개선필요사항/ATBD_수정/2019_ver/GK2A_SAL_ATBD_국문_ATBD_2019_20190413.docx%23_Toc6142455

2017 10 AUGUSE 7, 20 L7 e e e e 50

Figure 3.10. RMSE (upper) and bias (lower) (left: black sky, right: white sky) of
broadband albedo according to land type (IGBP scheme). .......ccccovvvivieneiiiiiini. 51

Figure 3.11. Time series of black sky broadband albedo according to land type
(blue : estimated albedo by GK—2A algorithm, red : MODIS albedo product) .52

Figure 3.12. Time series of white sky broadband albedo according to land type
(blue : estimated albedo by GK—2A algorithm, red : MODIS albedo product) .52



kol &

AMI Advanced Meteorological Imager

AOD Aerosol Optical Depth

BRDF Bidirectional Reflection Distribution Function

BSR Background Surface Reflectance

CAMS Copernicus Atmosphere Monitoring Service

CLD Cloud Mask

ECMWEF European Centre for Medium—Range Weather Forecasts

EUMETSAT European Organisation for the Exploitation of Meteorological
Satellites

FVBAR Fixed Viewing BRDF—Adjusted Reflectance

GCM Global Climate Model

GK-2A Geo—KOMPSAT-2A

GOES Geostationary Operational Environmental Satellite

LUT Look—Up Table

MCS Minimum Curvature Surface

MODIS MODerate —resolution Imaging Spectroradiometer

MSG Meteosat Second Generation

NASA National Aeronautics and Space Administration

NMSC National Meteorological Satellite Center

NWP Numerical Weather Forecast

RAA Relative Azimuth Angle

RMSE Root Mean Square Error

RTM Radiative Transfer Model

SAL Surface ALbedo

SC Snow Cover

SEVIRI Spinning Enhanced Visible and InfraRed Imager

SZA Solar Zenith Angle

TOA Top Of Atmosphere

TOC Top Of Canopy

TOZ Total Column Ozone

TPW Total Precipitable Water

VIIRS Visible/Infrared Imager/Radiometer Suite

VZA Viewing Zenith Angle
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2 3t} (Liang, 2003; Schaaf et al., 2008; LSA SAF, 2012).

1) 7] ¥4 (Atmospheric correction)
2) Bidirectional Reflectance Distribution Function (BRDF) X2

3) el A3k (Narrow—to—broadband conversion)

o]g]dt #}AH-& MODerate—resolution Imaging Spectroradiometer (MODIS),
Visivle Infrared Imaging Radiometer Suite (VIIRS) ¢} & SA% 914 &A=
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Figure 2.1. Flow chart of the GK-2A SAL algorithm. This algorithm is

divided into and online mode and an offline mode.
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Table 2.1. Spectral characters of GK-2A/AMI

1 0.470 1 Vv
2 0.511 1 Vv
3 0.640 0.5 Vv
4 0.865 1 Vv
5 1.380 2
6 1.610 2 Vv
7 3.830 2
8 6.241 2
9 6.952 2
10 7.344 2
11 8.592 2
12 9.625 2
13 10.403 2
14 11.212 2
15 12.364 2
16 13.31 2

2.3.2 L2
2 dugFedeE F 57018 GK-2A/AMI Level 2 At&<= (CLD, SC, AID,
TPW, TOZ) = ABAEEZHA AEsttt (Table 2.2). 2= GK—-2A/AMI Level 2

14



Table 2.2. GK-2A/AMI level2 product used in the GK-2A SAL algorithm

Data Description

Used

GK—-2A/AMI Cloud Mask

CLD Atmospheric correction
product
SC GK—2A/AMI Snow Cover Atmospheric correction
product
AOD GK—-2A/AMI Aerosol Optical Atmospheric correction
Depth product
TPW GK—-2A/AMI Total Precipitable Atmospheric correction
Water product
TOZ GK—2A/AMI Total Column Atmospheric correction
Ozone product
2.3.3 EX Xt&

A Ed G adW s g oA AEstE BE AR E Table 2.3% 2t}

15



Table 2.3. Ancillary data used in GK-2A SAL algorithm

Data

Description

Used

Land/Sea Mask

Land—Sea Mask

Atmospheric correction

6S—based LUT

Atmospheric correction
coefficients (xa, xb, xc)
according to AMI observing
geometry, spectral response
function and atmospheric
condition (AOD, TPW, TOZ)

Atmospheric correction

Climatology AOD

AOD climatology from
Berthelot et al (1994)

Atmospheric correction

Climatology TPW

Climatology TPW from Lee et
al (2015)

Atmospheric correction

Climatology TCO

Climatology TCO from Lee et
al (2015)

Atmospheric correction

Kernel Integration
LUT

geometric, volumetric kernel
integration according to angle
component

Estimate spectral
albedo

Aerosol Type

Aerosol Type data

Atmospheric correction

Atmospheric correction

SZA Solar zenith angle
BRDF
Atmospheric correction
VZA Viewing zenith angle
BRDF
Atmospheric correction
RAA Relative azimuth angle

BRDF

B [and/Sea Mask

GK—2A A¥x¥H dAlE <31

W g A

AC)
()t
{0,
£
e
(Gl
rlo

r
ey
ko)
oz
)
>
2
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d A9E FEsket AREE
® G6S 7|HF LUT

o dugFoMe e dTolA AREEI AF¥E Second Simulation of a
Satellite Signal in the Solar Spectrum (6S) HFAFHAERAS A-g-3to] 7|24 S
SR 65 JAAAMLEY FL 25 nmE o] I EAS FEste] 22
S5 7HA I AARE ddel A ARGSh ol Srb =® wido] Qln o]efgh %
& F537] $18) Look—Up Table (LUT) W& AR&-stch LUT A4S 918
g stetelE o] W9 9 1A Table 2.4% Zth

ax

_,d
As

Table 2.4. Input parameter and its increment for constructing 6S-based LUT

SZA () 0 80 5
VZA () 0 80 5
RAA (C ) 0 180 10
Toz 0.25 0.35 0.05
(cm—atm)
TPW (g/cm?) 0 o 1
0.01, 0.05, 0.1, 0.15, 0.2, 0.3, 0.4, 0.6, 0.8, 1.0,
AOD
15,2
Aerosol Type Continental, Background desert, Maritime

B AOD/TPW/TOZ 7]3%]
AOD, TPW, TOZx th7] ®4 A] 6S 7|9 LUTZRE th7] 24 A+ES Ads)

17
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A7V F Q3 k. GK—2A A
o] 6S EAlHY nElS o] &35kgt) 2.3.304] AF3 Ay o] HFr 9 AHga
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1999; Gao et
al., 2000; Liang et al., 2001; Lyapustin et al., 2011). 6S SA}F A& 249 9]

AREE 4w AR GG 297, 94 A4, A PAD I arl 20 GG
B, FoEF, AREYATAS AgHGor LUT P4 a4t 4 49

ARl A E= BFFe] dAFA et BEAY Alopzbel| whEl U7t A

U2 WAbES 7= vl S S THRIY dEles Al whE)
o

Hol o] WA WAME S 11H e ¢ 3l BRDF REEL A 3W dux ABake]

dA Axd gz AsE AHEHOeE AkEsta = The  National
Aeronautics and Space Administration (NASA) ¢} European Organization for
the Exploitation of Meteorological Satellites (EUMETSAT) oA+ 43t 3
o] A% RE A BRDF R4S AREshal Qlvh whgd s mdle sejrde] n)s)
ARke] W= a1 TheFsh EX| o] A go] Fhsetm FAA Edlof Hls] A2 F9
H5AEE o] &3to] BRDF Ed#o] 7had 3ol Qltd (Wanner et al., 1995).
NASA$t EUMETSATe|A  A83h= BRDF E9&  FA38HE kerneld
geometric kernel® 74 NASA:+= Li and Strahler (1986)°l &3l #|A¥ Li—
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Sparse kernel& AFE3lY EUMETSATS Roujean et al. (1992)9] 2ol AA=H
Roujean geometric kernels AFE3t1 tl. B 18 =oA = Roujean model
& AH&3te] BRDF REE-S Fasglom oo ojgh zpAst A& 2.5.2¢ A5
o] Sl

2.4.3 H{E X|E HhALE
AFEH AT E AR E AAE 5o tgokd A Ed JRE AEsst D47
9 axolth AR 94 RS #BS FA TE EA I, U] 27 we

AZH WAL E SR Abe, B9 Abeh AlA AR e w A ojsta glow Z}
Q25 FA%e AdY AL 7]oJ%d BRDF parameterst #5 FA2 ZI%

d& % BRDF 2E#HE F3l A% & 4 Qo mgbA] 2 Aelx+= BRDF &
43S %238 A=%¥ BRDF parametersE ©|&3lo] vld A% HRALEE A

ol TEY % B Y] el FFS A e A oled WhAkE

*

A A¥EE blue sky E¥IEeta shd, Ad A3 7]l od Absk A4
ol tish dMEz FAET AR E o] & UM A
UHMEE Tt da ti7]9 AEE &d T dojubs black sky dHIES}

Fgol t7] dellA ¢ Abgho]l dojiub= white sky YHIER FEako] Akst

LEe] wE BRDF 729 A& #HE2 Ee Zee digh o] e84
HMAME S wEEy] 98 @M, black sky 9t white skyE FE3sH7] 9% =
o]t} Black sky? A% BRDF E9-S& FAst= 72 A4S 94 Az
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2.4.5 F0jg et
AA A A W i AFE Ashe A2 AEW P dwzo|t) V)
FATE M E R B5E F2 AU 29 deEE G &
2 Agshe o] HasH HH ol A4, SAA #AE VN R
Liang (2001) thekst $1499] £33 dues AR Fa7]d A
FerAA S ol gete] AAtE B gt EAZ BAS E& 7 B g o
VA E AARste] AU dMEE s eH o= AAl MODISE] oS &
HEE AF&Ed=d A5 ot (Luchet et al., 2000). ¥ dag]Fo % o]9}

2.

2 dugFelAs dAClA #SE TOA HhAZelA 7] &35 A|A3H]
TOC REALEE AbEeE7] S18iA 6S HARIEGRE S ARRSIIth 6S HAMAE R
< Vermote et al. (1997)¢l &= 7= lom HEM Al 6SVE 2005 7

e otk 6SVE ol 4] 213 2.25 53 TOC WAL E AbEsit
proa(Os, 6y, ¢) = Ty(65,6,) [pR+A + TH(B:)T'(65) 1_P_Ssps] (2.1)
pTTQAgs:’v),fb)_pmA
Ps = eyt (2.2)

proat MBS TOA WRAILE oJw|ald, 6,,6,,¢ © 27 HEEZ, A4,
AU zhS ouseh T8 T, H0, COs Oy 03 9 22 F2 &5 7kl o
g F 7k A etk S 719 stk S Wol Eoizks w thr] el
ola WiAlE A F3tE HALZEQ th7]9] spherical dHIEE YERATH prias o
7] EApe} ollo] 2 Abgkel] o3 uEhvbs 1f0 vAMEE ojuletd THe) TTE
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Figure 2.2. Pre-calculated atmospheric correction coefficients (a) and
interpolated atmospheric correction using MCS method (b) (top : xa, bottom :

xb).

2.5.2 BRDF Z&&
¥ ¢7elA = BRDF E¥d2 337 flelA "4 BRDF E¥ T sful
Roujean BRDF E2S AR5t} Roujean BRDF 22 Roujean et al. (1992)
of o3l 7= om Ross—Thick volumetric kernel¥} Roujean geometric

kernel 9 7} Abghe] A& vehll= A4 Az A= v (4 2.4)

R(6s,0,,¢) = Ko + K1 - f1(65,0,,0) + Ky - f(6,0,, ) (2.4)
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AN 6, 6, g 27 B

o
o,

A7y, A7, Adddzte AvEth f
3 £, 27} geometric AEH volumetric AES 2v]shy X EHAg A doju=
geometric AF&F} volumetric AbgHS &3k} Roujean et al. (1992) = £ f,

= HF-AE-9A0] olF= AT or s on ofgel £

fl(es' Hv' ¢)

=7 [(m — @) cos¢p + sin¢] tan 6, tan 6,
1 , 2.5
— E(tan 0, +tan 6, + [tan 20, + tan 26 (2.5)

— 2tan 6, tan 6, cos (;b)
4 1 s 1

f2(6s, 05, 9) 37 cosd, + cosd, (2 ()Cos(+sm(] 3 (2.6)
¢ = arccos[cos 8, cos 8, + sin 8, sin O cos P | (2.7)

Figure 2.3 Z}7] t& B G2 23107 ,307 ,60° )ollA A 2ol o

geometric A9 volumetric A8 e

i
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Figure 2.3. Plot of geometric (a) and volumetric (b) kernel of BRDF model by

roujean et al (1992). A negative part of the VZA indicates that RAA is 0°

(backward scattering) and positive part of the VZA indicates that RAA is 180°

(forward scattering).

ARl AdA ArE A 7ol duh ol d adE Hasker] fl& 2 &
A FelA= BRDF EHH S Fal Aakd At AR E o] &eto] HAsME

Eeld WhALE, a7
sk 2 (2.8) 7 2t
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Prnorm = pmodel(es =mean, 6, =0,¢ = mean) + Pmeasured (8s, 0y, @)

- pmodel(esv 91;' ¢)

(2.8)

Prormt HEE WAL=, poges TS BFAIE & RS o8t RoH
A3 WRAREE O, pmeasured% Qo R ASH Axd HAIEE w3y g4 7)

7 Eere] R Bal GAR s WAL Az

ut

A @i AML 7 3kl S139%4E adhm Agsglon] Bt o

WeZhe B 717 Bk B AgEHTh (4 2.9)

,4
)

Pnorm = pmodel(gs = mean, 0, = 0,,¢ = mean) + Pmeasured — Pmodet (¢ (2.9)

Figure 2.5v ¥ <A °|4 43¥ BRDF =¥ optimizing?] 7IEEo]|th WA
BRDF 529 B4 A+ (Ko, K, Ky)& BRDF ®® inversion #d < &
Abstal o] & o] geto] HFafdt RIAMEE AbESITh o § oA WIS UERY

= K= A3 AR R W% BRDF 29 inversions 714 K

5
ﬂllﬂl
2
o
2
e

¥ BRDF parametersE ©]§38t9 A 3l WMAES AbEshs S b5k

BRDF 22| optimizingS 4333} o}
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== Reproduced Ref.
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Figure 2.4. Concept of observed and reproduced reflectance on polar orbit
(left) and geostationary orbit (right) satellite red triangle and blue solid line

represent observed and reproduced reflectance respectively.

BRDF Model inversion
e

BRDF Model inversion
Ky K5)

Figure 2.5. Concept of optimization of BRDF modeling.

2.5.3 H{d X|HE HhALE

7 A E HEA}E+E BRDF parameters®t #5 @A e AES o] 8351 A
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=9 (A 2.10). AxA RRAMEE g2 7)3te] AA ®skA et 7HE st

35 A 2] BRDF parametersS AFE3F T,

BSR(8y, 05, 0) = K, +K. f(6s,05, ) + K, f5(65,0,,¢) (2.10)
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mode°l A A= ¥ 85 A E%2] BRDF parameters& 9| v| st}

A =Rl blue sky FHIEE A CE ArtetA g t7]e HdE =34
o7 71g% dElel 4w EQl black sky YHIE 9l white sky EHIEE TE35}
ket Black sky @M= ti7] FolA BFde] Absto] glo] B5F

BHlE 558, white sky ¥HIEE 7] oA EjkFo] BT AtdE = AEHE
L3t} o]8 3k black sky UH|IE2} white sky ¢H|E+= BRDF 29 FA =
geometric kernel®} volumetric kernel?] ZES E3 At=%H vt EA S+&

o] g-3to] AArETE Black sky ol W B4 5= A 2117 o] AArdh

2w /2

ho(8) = - f fe(B,6,,8) sin(6,) cos(6,) d6,dep (2.11)

0 0

4714 hy= black sky] WMT SHF £ uishy BFAYe] GF F5E

Jeol¥tt. White sky @ ®b 54 &4 (h,)T black sky? Hb 54 &5 o
Al EfFd A Zbell diste] A Este] AakEnt (4 2.12).
/2
h,, =2 hy (8s) sin(8;) cos(8) db, (3.12)

0

1o

Figure 2.213 Table 2.5 Z}Z} black sky 2} white sky2] HbF+ &4 st+=5 4}
Ebj 2 Qlth Black sky$} white sky @ Hb SAS T 14 ¥ kernel?d & &3

AEE PR PEAQ ALE AFs] fel 2dER AAsto] ARSIt
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Figure 2.6. Kernel integral of black sky for

Roujean model (Roujean et al., 1992).

Table 2.5. Kernel integral of white sky for Roujean model (Roujean et al., 1992)

Isotropic Geometric Volumetric
1 —-128159 0.080283
g dHlEs A BAlE WRAEE Ade] Fef ddste ¢MlEolW BRDF

parameters?} #AY AES E& AEH black sky 2t white sky 2] HFFEA SIS
=t

o]g3 A

white sky #% 2% 424 27 4 2,139 2,149 2l
2
Qs p(0) = ) Kng - hy(65) (2.13)
n=0
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2
aws,,; = z Kn,ﬁ . hw (214)
n=0

apsp o awspic ZF7 W= BellA €] black skySb white sky 3 UHIEE o]
[e]

3t K,t= 9Y° BRDF parameters® 2|u] 3t}

2
(o]
°

=

b

als

N

2=

A G BY GHEE o] §3 1%

wi= ZF dRALE 2] Fule d3 AlFE 9u|dttt. we reference A= 9O Al
FIAEAS B3l mEHY 2 dugFoaMs reference ARE FJBETt AS
Hol g AFelA AFEE I 9= MODIS #Fdfjed A= ARE ARSI
GK—2A/AMI WAL A o] G A ekAl4== Table 2.6% £t}

Table 2.6. Narrow-to-broadband conversion coefficients for GK-2A/AMI
shortwave bands (band 1~4, 6)

Snow—free Snow —covered

(Black sky (White sky)) (Black sky (White sky))
50 0.0449 (0.0483) 0.2906 (0.240)
w1 ~0.0802 (—-0.0712) 0.2843 (-0.106)
w2 ~0.1240 (—0.1388) —0.1502 (0.367)
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w3 0.1128 (0.0988) 0.3253 (0.425)

w4 —0.0256 (0.0077) 0.0657 (-0.151)

w6 0.5042 (0.4954) ~0.2662 (—0.148)

2.6.

ety 9 A x5+ AA online mode? AFEE offline moded AHEE
2 FEHr 25 285 E NetCDF (Network Common Data Form) 49 w2
=g "t} Offline modeo|A+= BRDF parameters? FVBARe] tf3t At=Eo] A

4

AHE ™ online modeolA &= 10% 712 Ad TOC WHAE 9 Ay s A A%
T AEEd 19 7719 And dHE AEEo] Stk A AEEE ot
= o592 FHow AFHT. oty olF AN YYYY, MM, DD, hh, mns 2t
ZF AR F5 el g A, E, A, AL BE vEh

— BRDF parameters : gkZ2a_ami_le2_brdf_fdO20_YYYYMMDIDOO0OO.nc

5190

-

o

— FVBAR : gk2a_ami_le2_fvbar_fd020_YYYYMMDDOO0O0O.nc

— g TOC HHAFR : gk2a_ami_le2_toc_fd020_YYYYMMDDhhmn.nc

— Ad ¥R E WRAFE ¢ gk2a_ami_le2_bsr_fd020_YYYYMMDDhhmn.nc
— AxH g% : gk2a_ami_le2_sal_fd020_YYYYMMDDOO0OO.nc

BRDF parameters AF&%&
BRDF parameters AtE&E 3o ¥3sty|o] Q= Az Table 2.7¥ Zth

il

BRDF parameters At&E 3o GK—2A/AMI HHAME g o] xxw o] 5w
A HIA} EAJS UERJE BRDF parameters % ofyzl BRDF ZElg) o] @ x=
°Jm) 3= RMSE, missing gap filling #4ellA 2 479 A5 AFFRE=AE 9

o [e) 1l ?\Zl: (Num_ObS) ];'l 2_1]

A 3}49 #B= v]& (snow percentage) 7} E3+E o] it}

u]3l= age, BRDF 539 &4 7|7F &<t &

|\
)

|\
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Table 2.7. Content of the BRDF parameters product file

2byte
BRDF Model parameter K at
KO_bO1 unsigned 10,000 0~10000
Band 1
integer
2byte
BRDF Model parameter K at
KO_b02 unsigned 10,000 0~10000
Band 2
integer
2byte
BRDF Model parameter K at
KO_b03 unsigned 10,000 0~10000
Band 3
integer
2byte
BRDF Model parameter K at
KO_b04 unsigned 10,000 0~10000
Band 4
integer
2byte
BRDF Model parameter K at
KO_b06 unsigned 10,000 0~10000
Band 6
integer
2byte
BRDF Model parameter K; at -
K1_b01 signed 10,000
Band 1 30000~30000
integer
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2byte

BRDF Model parameter K; at

K1_bh02 signed 10,000
Band 2 30000~30000
integer
2byte
BRDF Model parameter K; at -
K1_bh03 signed 10,000
Band 3 30000~30000
integer
2byte
BRDF Model parameter K; at -
K1_bh04 signed 10,000
Band 4 30000~30000
integer
2byte
BRDF Model parameter K; at -
K1_bh06 signed 10,000
Band 6 30000~30000
integer
2byte
BRDF Model parameter K at -
K2_b01 signed 10,000
Band 1 30000~30000
integer
2byte
BRDF Model parameter K at -
K2_bh02 signed 10,000
Band 2 30000~30000
integer
2byte
BRDF Model parameter K at -
K2_bh03 signed 10,000
Band 3 30000~30000
integer
2byte
BRDF Model parameter K at -
K2_bh04 signed 10,000
Band 4 30000~30000
integer
2byte
BRDF Model parameter K at -
K2_b06 signed 10,000
Band 6 30000~30000
integer
2byte
RMSE_bO1 10,000 BRDF modeling Root Mean 0~10000
unsigned
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integer Square Error at bandl
2byte )
BRDF modeling Root Mean
RMSE_b02 unsigned 10,000 0~10000
) Square Error at band2
integer
2byte .
BRDF modeling Root Mean
RMSE_b0O3  unsigned 10,000 0~10000
) Square Error at band3
integer
2byte .
BRDF modeling Root Mean
RMSE_b04 unsigned 10,000 0~10000
) Square Error at band4
mnteger
2byte .
BRDF modeling Root Mean
RMSE_b06 unsigned 10,000 0~10000
) Square Error at band6
mnteger
Unsigned ) )
Age_b01 - Age information at Band 1 0~4
byte
Unsigned _ ‘
Age_b02 - Age information at Band 2 0~4
byte
Unsigned . _
Age_b03 - Age information at Band 3 0~4
byte
Unsigned . _
Age_b04 - Age information at Band 4 0~4
byte
Unsigned ) ‘
Age_b06 - Age information at Band 6 0~4
byte
Snow Unsigned Observation rate of snow
_ 0~100
percentage byte cover during synthesis period
2byte Number of observation during
Num_obs Signed - BRDF modeling composite 4~450
integer period
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B FVBAR &%

FVBAR 4t&% 3ol 235 o] 3l A5+ Table 2.88F o} FVBAR A&+

ddol= GK—-2A/AMI WAL g A5t3t vhale 257t £3859] 9k 7t
A Gt HhAM ] thet F2 AKX = BRDF parameters AFEE 3t o =413}

= AR Fds] e

of FVBAR At=&E oA = ¥&FHo0A ot}

Table 2.8. Content of the FVBAR product file

Variable Scale Valid
Name Description
type factor range
2byte
Fixed viewing BRDF—adjusted
FVBAR_bO1 unsigned 10,000 0~1
reflectance at Band 1
integer
2byte
Fixed viewing BRDF—adjusted
FVBAR_bO2 unsigned 10,000 0~1
reflectance at Band 2
integer
2byte
Fixed viewing BRDF —adjusted
FVBAR_b0O3 unsigned 10,000 0~1
reflectance at Band 3
integer
2byte
Fixed viewing BRDF —adjusted
FVBAR_b04 unsigned 10,000 0~1
reflectance at Band 4
integer
2byte
Fixed viewing BRDF —adjusted
FVBAR_bO6 unsigned 10,000 0~1
reflectance at Band 6
integer

m Y TOC W% 452

Ad TOC WHALE 4

x|

gtr)o] Q= 8= Table 2.93 Zt}h Mg
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TOC WAL AFEE vldols GK—2A/AMI HHAME 9o A EW whALL dl &
A AR A5 (DQF_TOC) %, 44 Ar9] #4 R IQF_TOC) 7} £gH o] 3t
DQF_TOC®} IQF_TOCE 1byte encoding® 2 FHojglom oo thst Jri= z+z
Table 2.10, Table 2.118} Zt}.

Table 2.9. Content of the TOC reflectance product file

2byte
TOC_bO1 unsigned 10,000 Top of canopy reflectance at band 1 0~1

integer

2byte
TOC_b02 unsigned 10,000 Top of canopy reflectance at band 2 0~1

integer

2byte
TOC_b03 unsigned 10,000 Top of canopy reflectance at band 3 0~1

integer

2byte
TOC_b0O4 unsigned 10,000 Top of canopy reflectance at band 4 0~1

integer

2byte
TOC_bO6 unsigned 10,000 Top of canopy reflectance at band 6 0~1

integer
Unsigned Top of Canopy Reflectance data
DQF_TOC - 0~255
byte quality flags
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IQF_TOC

Unsigned

byte

Top of Canopy Reflectance input

data quality flags

0~255

Table 2.10. TOC reflectance data quality flag information

Bit Binary code Description
0 SZA = 70°
0
1 70° < SZA < 80°
0 Snow—free
1
1 Snow—covered
0 Land
2
1 Water
0 Clear
3
1 Cloudy
0 Day (SZA < 80° )
4
1 Night (SZA = 80" )
0 VZA < 80°
5
1 VZA z 80°
0 Unused
6
1 Unused
0 AHI disk
7
1 Space
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Table 2.11. TOC reflectance input data quality flag information

Bit Binary code Description
0 Used GK—2A AOD data
° 1 Used climatology AOD data
0 Used GK—2A TPW and TCO data
! 1 Used climatology TPW and TOC data
0 Good band quality (band 1)
- 1 Bad band quality (band 1)
0 Good band quality (band 2)
’ 1 Bad band quality (band 2)
0 Good band quality (band 3)
! 1 Bad band quality (band 3)
0 Good band quality (band 4)
; 1 Bad band quality (band 4)
0 Good band quality (band 6)
’ 1 Bad band quality (band 6)
0 Unused
7
1 Unused

A MAAE WAL AEE gdo] 2] gl AHEE Table 2.123 2th
sdoi= GK-2A/AMI HHAE o] v FA® b

=
AME AFE7F X850 9o MY HiA A E WA} S BRDF parametersZ o] &
=
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Table 2.12. Contents of the BSR product file

Variable Scale Valid
Name Description
type factor range
2byte
Background surface reflectance at
BSR_b0O1 unsigned 10,000 0~1
band 1
integer
2byte
Background surface reflectance at
BSR_b02 unsigned 10,000 0~1
band 2
integer
2byte
Background surface reflectance at
BSR_b03 unsigned 10,000 0~1
band 3
integer
2byte
Background surface reflectance at
BSR_b04 unsigned 10,000 0~1
band 4
integer
2byte
Background surface reflectance at
BSR_b06 unsigned 10,000 0~1
band 6
integer
[ 3 AEE

A ET L
[e)

A dHlE AbEE gdel] 2] 3l AR Table 2.133% 2o Ax2H

fK
i I

ST AFEE o= GK-2A/AMI HHAME A9 black sky 3 ¢HE
(BSA_b01~4,6), white sky 3 dHE (WSA_b0O1~4,6), black sky Ftjed <

W% (BSA), white sky Fed 2T (WSA) 9 black/white sky Zt]el <k
T A AR (DQF_BSA, DQF_WSA)7} 3x3txo] <9lt}. DQF_BSAS$}
DQF_WSA #8°] thdt dH = Table 2.143 Zt}.
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Table 2.13. Content of the surface albedo product file

2byte
Black sky narrowband albedo at band
BSA_bO1 unsigned 10,000 . 0~10000
integer
2byte
Black sky narrowband albedo at band
BSA_b02 unsigned 10,000 ) 0~10000
integer
2byte
Black sky narrowband albedo at band
BSA_b03 unsigned 10,000 . 0~10000
integer
2byte
Black sky narrowband albedo at band
BSA_b04 unsigned 10,000 . 0~10000
integer
2byte
Black sky narrowband albedo at band
BSA_b06 unsigned 10,000 6 0~10000
integer
2byte
White sky narrowband albedo at band
WSA_bO1 signed 10,000 ) 0~10000
integer
2byte
White sky narrowband albedo at band
WSA_bO2 signed 10,000 5 0~10000
integer
2byte
White sky narrowband albedo at band
WSA_b03 signed 10,000 5 0~10000
integer
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2byte
White sky narrowband albedo at band

WSA_bO4 signed 10,000 A 0~10000
integer
2byte
White sky narrowband albedo at band
WSA_bO6 signed 10,000 6 0~10000
integer
2byte
BSA signed 10,000 Black sky broadband albedo 0~10000
integer
2byte
WSA signed 10,000 White sky broadband albedo 0~10000
integer
Unsigned Black sky broadband albedo quality
DQF_BSA - 0~1
byte flag
Unsigned White sky broadband albedo quality
DQF_WSA — 0~1
byte flag

Table 2.14. Black sky and white sky broadband albedo quality flag

information
Data Binary code Description
0 Bad quality (Black sky broadband albedo)
DQF_BSA
1 Good quality (Black sky broadband albedo)
0 Bad quality (White sky broadband albedo)
DQF_WSA
1 Good quality (White sky broadband albedo)
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3. E9zs 4 AF

3.1 &9 dHas 8 ASAs
3.1.1 2o itz & M= Z1t
2 Aeds @A IMACA 8% Himawari-8/AHI A5E ARG
AHIZ 7R 9978 A9l & 9704 16708 Ads Bfskal glow AMIgH
fAFeE Ad S 7FA 2 Y. T3 Himawari—8 94 AAAE Ao =
GK—2A¢% BF—AE-AAzte 7]ststd] AAZE FAFeHY] wjiiel] ZoAa=X
Aottt 2 A7l EAAEE AR AHIS) 57) RhAbe Ade] gH=
Table 3.13} 2t}

Table 3.1. Detail information of AHI used as proxy data

Central wave spatial resolution
band number wave length (ym)

length (¢m) (km)
1 0.43-0.48 0.47 1
2 0.50—-0.52 0.51 1
3 0.63—0.66 0.63 0.5
4 0.85-0.87 0.86 1
5 1.60-1.62 1.61 2

G BT E o] gsto] A=d AE TOC ¥AME, Y wiAAE HAE, Qg
BRDF parameters, 9 A3 9AFE, A9 black/white sky 3% <%,

black/white sky 3t &H E+= Figure 3.1~Figure 3.63 Zt}.
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Figure 3.1. Estimated TOC reflectance using proxy data at

channels at 03:00 UTC on July 28, 2017.

0.64 pm

Figure 3.2. Estimated BSR using proxy data at 3 reflectance channels

UTC on August 1, 2017.
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K,
(2017.08.04)

FVBAR
(2017.08.01)

Figure 3.3. Spatial distribution of K, and FVBAR on August 4, 2017 and
August 1, 2017 respectively.
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Figure 3.4. Estimated black sky narrowband albedo using proxy data at each

reflectance channels on July 31, 2017.
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Figure 3.5. Estimated white sky narrowband albedo using proxy data at each

reflectance channels on July 31, 2017.

Figure 3.6. Estimated black (left) and white (right) sky broad albedos on July
31, 2017.
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3
B oavg]ES ASE7] Y8l MODIS #ue dHE= x5 (MCD43C3)E Al
3t MODISE ZAl% 91449 Terra/Aquacl HAlE thEFAAM=Z 36719 A

%Y
93} 500 m ¥i= 1 km ©]3Fe] I EE 7R L QY 3 MODIS+ #=
57 Ay FAE 949 #5 EAAES BEs7] $18l EOS—-AM Terra$}

EOS—PM Aqua°ll &A41¥ MODIS AA A5 5 5 Abgsto] AW Fofe] o
=5 AAkstaglth. MODIS #tje] &=+ Liang et al. (2002)° %7] Au}r}
ASHR o 30m ¥ EE 7FA+= Landsat Fdle ddwole] Hlw A}
0.028¢] exak& Yep 9l escatti et al. (2012) ] w2 thdzke] MODIS
A5 E flux tower ¥ vlusk A3t 0.728 o9 %2 AR AT 0.06 ©]
ate] W& eaks: Holx k. w3 e HET A= ke vl Al 5% wREe]
s veRda ol

Al NASAo|A = 7|2kl BRDF AFHEES AMEste] AFEE A1 V006

9
(@)

J

55 Algsta 1om BRDF EE®E Al #= HEALT o] AlZbe| WE 7lsA &
Agslo] 19 A5E AFsta Ak B AFoM HFo| AR Ao gt A E
= Table 3.29} #t}.

Table 3.2. Information of MCD43C3 data used for validation

- Spatial Temporal
Data Description ' .
resolution resolution

Black sky broadband albedo
Albedo_BSA_shortwave 0.05 degree 1—day
in shortwave range

White sky broadband
Albedo_WSA_shortwave 0.05 degree 1—day
albedo in shortwave range

Percent_Snow Percent of snow cover 0.05 degree 1—day

46



2 dugFe AEE T AdE TOC whAME, zHdE WA A% HEAFE, BRDFE

parameters, FVBAR, ¥ &3 vl A4 @5 A B F—AE-91449

Z18kea] wA W AHEe] 3 wkE el e W] Wil HE AE=d

black/white sky #the] dHl == oz Ao (snow—covered land) ¥ Ay
5

A% (snow—free land) © W&l 7

3.21 4% X+ A 27 F=E
GK—2A/AMI A x4 Fje] dux=2 A= *x4+EH Root Mean Square Error

(RMSE) & A9tk RMSE: 374 g & mdo] oS53 ghah AA o] 2ol
= e W &3] AgEE Skeln AUE wdsked A Aotk GK-
2A/AMI A £™ Ffe] g =] e J =+ Table 3.3% .

Table 3.3. Temporal and spatial resolution and required accuracy of GK-

2A/AMI broadband albedo

Temporal Spatial
Product Required accuracy

resolution resolution

Black/white Snow—covered land : RMSE < 0.09

sky Broadband Daily 2km
Snow—free land : RMSE < 0.05
albedo

G| =9} MCD43C3 AR 9] AtafjAes 19%2

)
>
[\l
>
~—
=
= |
N
b
)
o
=
2

% 247} 2km¢}t 0.05 degree@ x}o]E Ho|al it
AxH o] e dlY g kel EAEE AxmAL] B HAMES 9
netr g 7 AR ¥ dAE Skl HZA FAE VIEewE dd Fdl
EAsHE o 3489 GK-2A/AMI AW FuY W% ARE o] &35te HF
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Figure 3.7. Comparison between estimated albedo by this algorithm and
MODIS albedo product in snow-free condition (left : Black-sky albedo, right :
White-sky albedo).
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MODIS albedo product in snowy condition (left : Black-sky albedo, right :
White-sky albedo).
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Figure 3.9. Time series of RMSE and bias for surface broadband albedo from

July 3, 2017 to August 7, 2017.
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Figure 3.11. Time series of black sky broadband albedo according to land

type (blue :
product).
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Figure 3.12. Time series of white sky broadband albedo according to land

type (blue :
product).
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