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History

23 Dec. 2017
01 Jan. 2018
28 Mar. 2018
20 Dec. 2018

Aug. 2019
Jun. 2020

30 Aug. 2021

07 Sep. 2021
29 Nov. 2021

Late 2022

GCOM-C (SHIKISAI) launched from Tanegashima Space Center
Release of the SGLI First-light images

Initial function verification completed

Public release of first version Level- 1 and Level- 2 SGLI products

GCOM-C Science team decided version-up products
Public release of second version Level- 1 and Level- 2 SGLI products

Online mini-workshop

SGLI user committee meeting
Public release of third version Level- 2 SGLI products

Final review for the full/extra success of GCOM-C mission



Validation summary of the SGLI L1/L2 products GCOM-C

GCOM-C Success criteria (data production aspect only)

Success Minimum Success Full Success Extra Success
Level [L+ 1vyr] [L + 5 yr] [L + 5 yr]
Complete the Cal. & Val. phase | Achieve standard accuracy | Achieve target
Standard and start data distribution of thresholds of all standard accuracy thresholds of
P:(a)?luzzs more than 20 products products one or more standard
achieving the release accuracy products
thresholds

Results of the version-upgrade validation

Level /Area L1 Land Atmosphere Ocean Cryosphere Total
[The number of products] [1] [9] [8] [7] [4] [29]

Release accuracy

1 9 (+5) 8 (+3) 7 (+2) 4 (+2) 29 (+12)

Target accuracy* 0 0 2 1 (+0) 0 3 (+0)

*the number of products achieved standard and target accuracy threshold
The numbers in parentheses are the differences of achieved product number from Ver.1.
Confirmation of achievement of standards and target accuracy will take place five years after launch.

Twelve products achieved newly standard accuracy through version-upgrade validation.




Standard products version up summary

Product
Level-1

Algorithm

JAXA

Validation

CCOM-C

GloballChangelObservationiMission=Climate]

Ver.3 Major changes

Correction for sensor sensitivity aging
Reduction of linear noise (VNR) and horizontal stripes (TIR)

Land

Algorithm

Validation

Ver.3 Major changes

Precise geometric correction JAXA NA
Atmospheric corrected
reflectance (incl. cloud Revise of BRDF estimation and update QA
Vegetation Index NA
Brush up the estimation coefficient and validation

S Land PI method and added solar altitude data
Above-ground biomass Land PIs Land PIs Update LUTs based on GEDI’s observed data
Vegetation roughness index Land PI NA
fAPAR :

JAXA, Land PI Land PIs Update of forest structure map using SGLI
Leaf area Index
Land surface temperature Land PI Revise of cloud screening using CLFG

Atmosphere

Cloud flag/Classification

Algorithm

Atmosphere Pls

Validation

JAXA,
Atmosphere Pls

Classified cloud fraction

Cloud top temp/height

Water cloud optical
thickness/effective radius

Atmosphere PIs

Ice cloud optical thickness

Atmosphere PIs

Ver.3 Major changes

Add the cloud and heavy aerosol screening
using machine learning method focused on
the snow region and night-time

NA

Aerosol over the ocean

Land aerosol by near ultra-violet

JAXA,
Atmosphere Pls

Aerosol by polarization

Atmosphere Pls

Integrated of aerosol retrieval algorithms using
polarization channels and non-polarization channels




Standard products version up summary S COM-C
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- Product Algorithm Validation Ver.3 Major changes
Normalized water leaving radiance Ocean Pls Algorithm and QA improvements, including
el elietiel @isitaeiion) IAXA modification of aerosol model and addition
Atmospheric correction parameters of underwater model.
Photosynthetically available radiation |JAXA, Ocean PI )
c : Ocean Pis NA
© Chlorophyll-a concentration JAXA
O
O |suspended solid concentration Ocean PI NA
Colored dissolved organic matter Ocean PI NA
Sea surface temperature (incl. cloud . .
e JAXA Revised cloud detection
Product Algorithm Validation Ver.3 Major changes
Snow and ice covered area (incl. cloud
o |detection) Revised training data set
L |Okhotsk sea-ice distribution
§ Snow and ice surface temperature Cryosphere PI| Cryosphere PI Updated emissivity table
> Revised training data set
O |Snow grain size of shallow layer Add the Snow Albedo as a research
product




Evaluation Status(1/2)

Products

Precise geometric correction

Atmospheric corrected
reflectance (incl. cloud
detection

Vegetation Index* NDVI

a A

VNR:0.15-0.21,IRS:0.15-0.29

Ver.1/Ver.2 already achieved

<1pixel

Standard Accuracy

<0.5pixel

CCOM-C

GloballChangelObservaticniMission=Climate}

Target Accuracy
<0.25pixel

0.022 (<=443nm)
0.035 (>443nm)

0.3 (<=443nm),
0.2 (>443nm)

0.1 (<=443nm),
0.05 (>443nm)

0.05 (<=443nm),
0.025 (>443nm)

Grass:8.4%, Forest:11.8%

Grass: 25%, Forest: 20%

rass: 20%, Forest: 15%

Grass: 10%, Forest: 10%

EVI |Grass:16.0%, Forest:14.7%
Shadow Index 14.0% 30% 20% 10%
Above-ground biomass || Grass:18.2%, Forest:31.9%||Grass : 50%, Forest : 100% rass : 30%, Forest : 50% |Grass : 10%, Forest : 20%
Vegetation roughness index 18.5% 40% 20% 10%
fAPAR Grass:26.1%, Forest:8.5% ||Grass: 50%, Forest: 50% Grass: 30%, Forest: 20% |Grass: 20%, Forest: 10%
Leaf area Index Grass:28.5%, Forest:28.8%|Grass: 50%), Forest: 50% rass: 30%, Forest: 30% |Grass: 20%, Forest: 20%
Land surface temperature 1.996 K 3.0K 2.5K 1.5 K
Cloud flag/Classification 10.2% 10% (with whole-sky camera) |Incl. below cloud amount |Incl. below cloud amount
Classified cloud fraction 10.2% 20% (on solar irradiance) 15% (on solar irradiance) | 10% (on solar irradiance)
Cloud top temp/height = 1K 3K/2km 1.5K/1km
T A e 82% 10%/30% (CloutOT/raduis) |20, (3¢ cloud flauid 50%/20%
Ice cloud optical thickness 56% 30% 70% 20%

erosol over the ocean

670nm:0.072
865nm:0.051

0.1 (monthly ta_670,865)

0.1 (Scene ta_670,865)

0.05 (Scene ta_670,865)

Land aerosol by near UV

0.137

0.15 (monthly ta_380)

0.15 (scene 5\380)

0.1 (scene ta_380)

erosol by polarization

0.137

0.15
(monthly ta_670,865)

0.15 (scene ta_670, )

0.1 (scene ta_670,865)

L V3 updated algorithms

In principle, the numerical values of accuracy targets are defined in terms of root mean square error (RMSE), which has the same units as physical quantities. Note that the

cy value described |n the un|t of ratio (%) is evaluated by the ratio,

evaluated using tl

Ver.3 newly achieved

tween RMSE and the average value of field data. For the flag type product (cIFud flag /gpe), the




Evaluation Status(1/2)

Products

- A

SCOMC
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Ver.1/Ver.2 already achieved

/

Release ;ﬁcura Cy

Standard Accuracy  Target Accuracy

Normalized water leaving D ok 50% (<600nm) 30% (<600nm) /
. h (<600nm)
detection) " 0.50W/m?/sr/um( 0070 (4437565nm) ?.56v(\)/ém2/)str/um ?.2650vg/m2)/str/um
>600nm) > nm > nm
;‘;2:::5:;? correction 46% 80% (ta_865nm) 50% (ta_865nm) 30% (ta_865nm)
. . o,
Photosyntheticaly available 8.9% 20% (10km/month) 15% (10km/month) (lfo/l‘(’ T
Chlorophyll-a concentration -55~+121% |-60~+150% (offshore) -60~+150% :gg:i?goo/%/o(cézfggstr)e)
S ded solid
b -59-+141%  |-60~+150% (offshore) -60~+150% -50~+100%
Colored dissolved organic -54~+119% 60% (443~565nm) -60~+150% -50~+100%

matter

Sea surface temperature (incl.
cloud detection)

Day:0.4 K,Night:0.4 K

0.8K (daytime)

0.8K (day/night)

0.6K (day/night) j

f.'c',?}ﬁ 32&5;;‘)"’”“ area (incl. 6.5% 10% (vicarious val. with other sat. data) §7% 5%
Okhotsk sea-ice distribution 5.0% 10% (vicarious val. with other sat. data) 5% 3%
=1l Show and ice surface 5K (vicarious val. with other sat. data and
Temperature 1.6K climatology data) 2K \ 1K
o : :
Snow grain size of shallow layer 50% LD (HERITRE VEL Hin ElTEEIe 50% \ 30%

between temp-size)

T— V3 updated algorithms

In principle, the numerical values of accuracy targets are defined in terms of root mean square error (RMSE), which has the same units as physical quantities. Note that the
accuracy value described in the unit of ratio (%) is evaluated by the ratio between RMSE and the average value of field data. For the flag type product (cloud flag / type), the
error rate (%) of the flag is statistically evaluated using the in-situ.

\

Ver.3 newly achieved




Schedule for the GCOM-C miss

ion

CCOM-C
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FY2017 FY2018

FY2016

FY2019

FY2020

FY2021 FY2022

104112 1-2-3 | 4-5-6 [ 7-8-9 [1011-12] 1-2-3

Pre-launch algorithm

development Initial Cal./Val.

A A Gcom-c launch
A

Review for the

4-5-6(7-8-9(10-11-12|1-2-3

4

4-5-6(7-8

-9 (10-11-12| 1-2-3

Algorithm improvement and validation

Review for the Ver. 1
data release and minimum success

4-5-6(7-8-9(10-1112(1-2-3

Review for the Ver. 2

4

data release

4-5-6(7-8-9(10-11-12(1-2-3

Post-
normal

4-5-6(7-8-9|10-1112(1-2-3

operation

A

Final review for the

Review for the Ver. 3

4

data release

. First Light
gevelopment Completion Ver.1 Ver.2 Ver.3 full/extra success
N
Sensar Operation heth / Normal Operation Post-
eck-ou Operation
Cal. Cal. for the Ver.1 < Cal. for the Ver.2 > < Cal for the Ver.3 >
Evaluation A A
A
Cal. coef.
Determination
Vi- cal. . =
obsidata Ver.1 processing Ver.2 processing Ver.3 processing >
Ground System v @ v @ I
Past data T Y Past data. Past data.
. Coef. e essing re-processing > re-processing >

Algorithm i

Develo pment & < Algo. Improvement for Ver.1 < Algo. Improvement for Ver.2 < Algo. Improvement for Ver.3

Improvement Accuracy (' \Coef

Evaluatio Turifg

Val.

In-situ

Observation Id campaigns for the

Field campaigns for the
Ver.1 data release

Field campaigns for the Ver.2/Ver.3 data release

Final Review

Ver.3 Release - 2021.11.29

Global! Change Dbserva tion Mission f ‘
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Ver.3 Land Products




Evaluation Summary

CCOM-C
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Product Release Standard Target Status*? Evaluation Methods
threshold accuracy accuracy
Precise | ool A g
. ) ) : Evaluation of geolocation accuracies with GCPs prepared using
eometric <1 pixel <0.5 pixel <0.25 pixel
& : P P P © AVNIR-2 data.
correction
Atmospheric 0.05
corrected 0.3 (<=443nm)|0.1 (<=443nm) |(<=443nm),
. 0.2 (>443nm) 0.05 (>443nm) |0.025 Comparison with in-situ observed reflectance.
reflectance (incl. | ) (scene) (>443nm) ©
cloud detection) (scene)
Grass:25% Grass:20% Grass:10%
. Q scene), scene), scene), . q q q g .
Vegetationindex ﬁorest:)ZO% iorest:)15% 1(‘orest:)10% O = @ Comparison with in-situ observation and other satellite data.
(scene) (scene) (scene)
Above-ground Grass:50%,  |Grass:30%,  |Grass:10%, Comparison with in-situ observation (incl. the data from the

O=0

biomass forest:100% [forest:50% forest:20% literatures).
Vegetation G & forest: Grass & Grass &
% : 4cr)oa/s?5ce:;;as “|forest:20%  [forest:10% (O = © |comparison with in-situ observations.
roughnessindex ([40% (scene) (scene)
Grass & forest: Grass & Grass &
Shadow index . "[forest:20%  [forest:10% O = @ Comparison with in-situ observations.
30% (scene)
(scene) (scene)
Grass:50%, Grass:30%, Grass:20%, . il . . .
fAPAR S O et S S @ Comparison with in-situ observation and other satellite data.
a Grass:50%, Grass:30%, Grass:20%, . A . .
Leafareaindex [/ """ 0 [ oaa0%  lforestaoo O=0 Comparison with in-situ observation.
Surface _ o : .
temperature <3.0K (scene) [<2.5K (scene) [<1.5K (scene) @ Comparison with in-situ observation and other satellite data.

*1 Symbols denote as follows; O: the release threshold achieved, ©: the standard accuracy achieved, ¥¢: the target accuracy achieved.

e oadlliean o GIWM

10

M XA




Atmospheric corrected surface reflectance (RSRF)

v Key revisions for Ver.3
(1) Improvement of cloud and shadow screening
(2) Add polarization reflectance of PL1 and PL2
(3) Ocean surface aerosol LUT over the ocean area
(4) Add correction of radiometric offset calibration
(5) Reduce processing time

(6) Bug fix (sample number count of POL, uninitialized value..)

v' The first guess and vicarious calibration gains are not changed for
the consistency to the Ver.2 data

v More improvement will be needed for BRDF especially in NUV-blue
bands, and remaining contamination of the cloud shadow

v" All CH achieve the standard accuracy (10CHs achieved the target

accuracy for the nadir observations, and 12CHs achieve with BRDF
correction in the total 16CHS)



Validation results of Ver. 2 (RSRF) CCOM-C

TKY FHK GONA LCFR RVUS RRVREF Baganuul Tottori RSREF, ver:20, QC:saz
a‘ 0‘4-N=371 = N=378 0.4 N=382 ] 04 N=359
© med=0.0233 / msd-0,0227 rmed=0.0220 rmed=0.0219 1l v Tak PEN), Fuii-
S E 03 c?rr??;.ész E 03 o?rr?a.ési) E 03 c?rr=a.§67 / E 03 corr(=5;§771 % s a ayama ( )I u.]l
o c1=0.882 4 % 2] =0.902 / [ ¢1=0.925 P (=] ¢1=0.939 %
SR, % o L & 3 s 4 g ok hokuroku (PEN), RadCalNet
c * [ * o / K E ’ { . .
TR - 3 o 3 Y 4 3 . (Namibia, France, US), RRV
© # 011 » - » 0.1 ®» 0.1 Y @ 0.1 “: . .
© 2 o A
% 0 rms/av=27.2%| 0 2 rms/av=22.1%)| 0 rms/av=17.9%] 0 rms/av=15.6%| (PI Morlyama)l MongO“a (PI
it 0 01 02 03 O 0 01 02 03 04 0 01 02 03 04 0 01 02 03 04 ) i ( )
& o1 1 o1 02 03 o1 o1 02 03 Nasahara), tottori (PI Susaki
0.5 05 0.6 - 0.6 — : F
- - Zl | B = 7 = | v Saz is limited (saz<20deg
£ 0.4 rmsdaoé%‘tz 74 € 0.4 rmsdzoé%m ! g rmsd?)oég:z;sz / g "“”B"g%%“
S 0837 4 & 120,935 7] & 0435082 & 040978 except for POI—
|8 o3 g 03 M. 5 5
» * o X v 0.3 » 03
(vl o [veg A o s .
Coz| Sozf A, Su2| W % Sz v smooth surface: Std of 3x3
7] CA %) = %) 7] H
b « e 0. o1 s RSRF is less than 0.01
0 rms/av=13.6%) 0 rms/av=16.1%)| 0 rms/av=9.4% | 0 rms/av=9.8% |
0 01 02 03 04 05 0 01 02 03 04 05 0 0.1 02 03 04 05 06 0 0.1 02 0.3 04 05 0.6
_____in_situRs 530nm in-situ Rs 566nm____| L insituBs6720m in=situ B 6720m
e Nvar0.3177 " Nna0.3301 hy Nva0.3291 °° Nver0.3590
08 | Mmed=0.0448 / 06| Fed-0.0325 06| Fmed=0.0328 £ 05| mea-0.0271 /
E 0.5 { corr=0.921 * E 0.5 { corr=0.899 Y E 0.5 { corr=0.900 o, c corr=0.795 ot
c1=1.078 ~ ¢1=0.994 o ~ c1=0.993 o 8 0.41ci1=1.023
S 04 ) § 0.4 & 04 =] 03
03 ' 03 03 % e
0.2 d O2A1 1 02 M 202 el g 02
0.1 absorption 0.1 0.1 . 0.1
0 rms/av=14.1%) 0 rms/av=9.8% 0 rms/av=10.0%) 0 rms/av=7.5%
0 0.10.20.30.40.5060.7 0 0.10.20.30.405060.7 0 0.10.20.30.4 050607 0 0.1 02 03 0.4 05 0.6
DSBS Z630m inasiti RS 8670m, DSt RS A2 DSBS 10550m The accuracy targets are
06 - 06 z 0.6 — g on teleseppes - . . “«
I os | oBae 7 05 | 5o 06 | g 03207 & defined as error ratios of “solar
(@] g V| rmsd=0.0277 g 7| rmsd=0.0275 e rmsd=0.0546 € rmsd=0.0592 {E
O |5 os| 3T .o 5 04|20 S 04| AR 55|25 8 |3 ith angle<30 d th
C 15 LV & et § L ol L 3 zenith angle eg, Smoo
S e 03 2 03 ° e 03 & g3 © ~ ”
® [£ o2 = £ | ol o 50 = surface of reflectance ~0.2
+ o, (%) o
O 1?04 ® 04 0.1 04 . © s /
} X ; : S
g 0 rms/av=6.9% 0 rms/av=8.6% rms/av=23.1% 0 rms/av=18.5%|] C Convert to errorA by RMS 0'2
= 0 0.1 02 0.3 04 05 06 0 0.1 0203 04050 0 0.1 02 03 0.4 05 06 0 0.10.2030405060.] 9
in-situ Rs 1635nm in-situ Rs 2209nm in-situ Rs 672nm in—situ Rs 866nm n

Validation results Release accuracy (L+1yr) Standard accuracy (L+5yr) Target accuracy (L+5yr)

0.023, 27% (<=443nm) | 0.3 (<=443nm) —150% 0.1 (<=443nm) ->50% | 0.05 (<=443nm) —25%
0.059, 23% (3343nm) 0.2 (>443nm) —100% 0.05 (>443nm) 25% | 0.025 (>443nm) —12.5%

Global!Change Observation Mission f ‘




Validation results of Ver. 3 (RSRF)

Standard accuracy

Target accuracy

TKY FHK GONA LCFR S RRVREF Baganuul Tottori RSREF, ver:3000, QC:saz
047 04 a0 04 e 04 Mizass 7
e By wesny
rmsa=0.! rmsa=0.! rmsa=0.!
E 03 E 031 corr=0.962 E 031 cor=0.973 E 03] cor=0977 g
I§ g 1=0.915 /[ g ¢1=0.936 * § c1=0.949 J ,3*
g 02 . A& g 02 i, e 02 Ml g 02 il
5 * 3 ot 3 3
? 011 o * % @ 0.1 @ 0.1 @ 0.1 £
0 * rms/av=28.4%| 0 Y rms/av=21.1%)| 0 rms/av=17.3%]
0 01 02 03 OAI 0 01 02 03 04 0 01 02 03 04
in=sity Bs 380nm in_situ Rs 413nm in_situ Rs 443nm
05 a7 05 Muczes / 06 a0 06 et
xavg=0.1666 xavg=0.1479 i 0.5 xavg=0.2409 0.5 xavg=0.2368
£ 0.4 { rmsd=0.0215 c 0.4 { rmsd=0.0190 e rmsd=0.0212 e rmsd=0.0215
c corr=0.982 c corr=0.986 3 c corr=0.988 e corr=0.988
S c1=0.946 * © ¢1=0.940 % o 0.41c¢1=0.990 o 0.41c1=0.987
3 03 g 03 A 5 5 .
123 1) 2] B n x
- B2 5 5 5 0.2 s 5 0.2 P
3 3 g g
0.1 0.1 0.1 0.1
0 rms/av=12.9%) 0 rms/av=12.8%)| 0 rms/av=8.8% | 0 rms/av=9.1% |
0 01 02 03 04 05 0 01 02 03 04 05 0 0.1 02 0.3 04 05 0.6 0 0.1 02 0.3 0.4 05 0.6
in-siti Bs 530 st Bs 566 in-sity Bs 672 in—sity Bs 672
e v 3102 % o Nvo 3248 e g OO °° Mo 3580
xavg=0. / xavg=0. xavg=0.. xavg=0. 7
e 06 | Fmed=0.0306 Y & 06| Mmed-0.0321 E 06| Mmed=0.0812 g 05| med-0.0272 /
€ 0.5 corr=0.942 £ 0.5 corr=0.909 o & 0.5 corr=0.91 o c corr=0.792
lg c1=1.056 S ¢1=1.002 . 5 c1=1.003 . 18 0.41ci=1.02¢
~ 0.4 © 0.4 © 0.4 =
%) [ »n o« o 03
= 08 & 03 T 03 o o
- '} - oo |
@ 02 O2Af 3 o2 o, 202 d g 02
0.1 absorption 0.1 0.1 0.1
0 rms/av=11.8% 0 rms/av=9.9% 0 il rms/av=9.6% 0 rms/av=7.6%
0 0.1020.30405060.7 0 0.1020.30.405060.7 0 0.1020.30405060.7 0 0.1 0.2 0.3 0.4 0.5 0.6
in=situ Bs.7630m in=situ Bs 8670m sty Bs8A7om ________ n-siiBs10560m |
U8 Noaae R e 06 riaos = atjon telescppes
05| LA g 05| s os | B8 | coolmasen
c corr=0.929 c corr=0.951 E corr=0.970 E 0.5 { corr=0.769 . §
8 0.41ci=1.011 °® S 0.41ci=1.044 g 0.4 1 c1=0.849 s ¢1=0.902 PP
z 0.3 - P 0.3 5 @ 03 i iy
; & - K
& % ° & o o T 03
= =5 =
g 0.2 g 0.2 ‘. 8 0.2 8 02 ;
0.1 0.1 0.1 0.1
0 rms/av=6.4% 0 rms/av=8.7% 4 rms/av=21.2%) 0 rms/av=17.2%)
0 0.1 02 03 04 05 0.6 0 0.1 02 03 04 050 0 0.1 02 03 04 05 06 0 0.10.2030405060.
in-situ Rs 1635nm in-situ Rs 2209nm in-situ Rs 672nm in-situ Rs 866nm

Validation results

Release accuracy (L+1yr)

0.023, 28% (<=443nm)

0.3 (<=443nm) —150%
0.2 (>443nm) —100%

CCOM-C

GloballChangelObservationiMission=Climate]

v’ Takayama (PEN), Fuji-

hokuroku (PEN), RadCalNet
(Namibia, France, US), RRV
(PI Moriyama), Mongolia (PI
Nasahara), tottori (PI Susaki)

v'In-situ is nadir observation:

Saz is limited (saz<20deg
except for POL)

v smooth surface: Std of 3x3

Standard accuracy

RSRF is less than 0.01

The accuracy targets are
defined as error ratios of “solar
zenith angle<30 deg, smooth
surface of reflectance ~0.2”
Convert to error% by RMS/0.2

|

Standard accuracy (L+5yr) Target accuracy (L+5yr)

0.1 (<=443nm) —»50%
0.05 (>443nm) —»25%

0.05 (<=443nm) »25%
0.025 (>443nm) -»12.5%

0.056, 21% (>443nm)
-

Global!Change Observation Mission f ‘



Validation results of Ver. 3 (corr by BRDF) GCOM-C

TKY FHK GONA LCFR RV RRVREF Baganuul Tottori BRDF, ver:3000, QC:off
0 04 Nooe 04 NSore 04 NSoss 04 oo
© Imsi=0 0224 ' Imad=0.019 / meb=0.0200 mai=0 0210 v Tak PEN). Fuii
5 E 0.3 corr:Q.é_Ztt g 0.3 oorr:q.éfﬂ A E 0.3 oorr=0.§')§8 E 0.3 corr=Q.§74 i a ayama ( )I uJI_
O BERN o g S 1=0.592
SBo| &K . : 3o 4 ? 02 ¥, 5% hokuroku (PEN), RadCalNet
= = 2 o = .
TE * 3 3 3 (Namibia, France, US), RRV
© 0.1 @» 0.1 A @ 0.1 4 @ 0.1 . . .
o 0
% 0 : rms/av=28.0%, 0 fond rms/av=20.8%| 0 o rms/av=17.5%| rms/av=15.7% (PI Morlyama)l Mongo“a (PI
ol IRty | IR Nasahara), tottori (PI Susaki)
05 05 0.6 061 . . . . .
- T R Bl o /| v In-situ is nadir observation:
g 04 msd-00219 g 04 msd-00212 - 0.5 Msa=00222 & 0.5 msd=00226 .
|8 W 4| |[§ oe] S § oa|ST55% Saz (0-51 or 53-63deg) is
o Y- n Y x © . © . .
z ., £, g 02 g 03 corrected to the nadir by
= a 3 02 @ 02
] 0] 15 0]
” 0.1 p ® 01 ? 01 “ 01 BRDF
* rms/av=13.2%) * rms/av=14.6%) * rms/av=9.2% rms/av=9.6%
0 0 , 0 .
0 01 02 03 04 05 0 01 02 03 04 05 0 0.1 02 03 0.4 05 06 o 010203040508 ¥ SMoOoOth surface: Std of 3x3
il - M lp_siuu Bs 672 j 3
—— e — RSRF is less than 0.01
> [ N=1044 1 ~ [ N=1036 " | N=1039 | N=823
o R R os | =500 ¢ os|Ex3en
O € o5 corr=0.923 E 0.5 cor=0.924 E 0.5] cor=0.926 & corr=0.824
§ Y R 8 oal 8 04 8 Z': B
(2] [}
© | 03 € 03 . < 03 . &
-d -l -
D g 02 O2A) 3 o2 T 8 02 w3 3 02
9| o1{ ¥ 3bsorption 0.1 01] Je 0.1
© 0 / rms/av=11.2%) 0 rms/av=9.1% 0 rms/av=9.0% 0 rms/av=6.8%
= 0 0.1020304050607 0 0.1020304050607 0 01020304 050607 0 01 0203 04 05 06
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Validation results Release accuracy (L+1yr) Standard accuracy (L+5yr) Target accuracy (L+5yr)

0.022, 28% (<=443nm)| 0.3 (<=443nm) -150% 0.1 (<=443nm) »50% | 0.05 (<=443nm) —25%
0.035, 16% (>443nm) | 0.2 (>443nm) —100% 0.05 (>443nm) 25% | 0.025 (>443nm) —12.5%




(Appendix) RSRF: examples of the V2-V3 difference g@g

2021/06/19 T0620 Northeast of Saharan Des. 2021/04/22 T0529 Tokyo

5

Ver. 2 Ver. 3
v Error of cloud mask due to the short term TIR gain anomaly is v’ Unrealistic reflectance gap between urban and vegetation

recovered areas is decreased
TKYB BRDFI! ver:2ol 1 1 1 [ 8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Ver. 2

Ver. 3

061 Ver.2 PEN data is provided by PI K. Nasahara

Rs

Rs

; . . . g TR A s AN s S TN ‘
1 2 83 4 5 6 7 8 9 10 11 12 1
days since 2018/1/1

r 9



(Appendix) Add polarization reflectance of PL1 and PL2 SCOM-C @

polarization reflectance of PL2 (865nm) Influence of sunglint or
dense aerosol?

GC1SG1_20210501D01D_A0000_L2SG_RSRFF_3000.h5, Param Name= /Image_data/Rp_PL02 /

0.24
0.2
s 0.16
2
L 0,12
-0.08
0.04
Future research are reﬁulred S T g 0
,,,,,,, Strong polarlzatlon over ocean in the ol
“over the land polarization higher latitude due to the along-track tilt -0.04
180 150 120 90 60  -30 0 30 60 90 120 150
Longitude



(Appendix) Reference: Intensity of PLO2 CCOM-C

GC1SG1_20210501D01D_A0000_L2SG_RSRFF_3000.h5, Param Name=/Image_data/Rs_P102

-0.36

Latitude

r0.24

0.12

180 -150 -120 -90 -60 -30 0 30 60 90 120 150
Longitude
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(Appendix) Reference: RGB image (for reference) Qﬁ%&@iﬁ

GC1SG1_20210531D01D_A0000_L2SG_BRDFF_3000.h5, Param Name= RGB

Latitude

60 90 120 150

180 -150 -120 -90 -60 -30 0 30
Longitude



(Appendix) (Research product) Shortwave radiation (by TAO/PIRATA/RAMA SWR)

v

SGLI SWR W/m?

SGLI SWR W/m?

Comparison with in-situ Daily SWR is provided by NOAA PMEL Global Tropical Moored Buoy Array, TAO/PIRATA/RAMA

400
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200{"

100

400

300

200

100

0

Daily RMS/AVG=21%

N=18399
xavg=229.61
bias=13.97

200
in-situ SWR W/m?

300 400

Yearly average

N=101
xavg=231.51
bias=11.67
rmsd=16.54
r=0.786
¢1=1.050

0

100 200 300 400

in-situ SWR W/m?

(https://www.pmel.noaa.gov/gtmba/)
11% does not achieve the SWR target accuracy (monthly 10W/m?); the daily change should be considered in the future version
Anomaly is useful for applications such as agriculture and long-term weather monitoring

SGLI SWR W/m?

Latitude

8-day RMS/AVG=16%

400

w
(=3
o

200

100

N=5345
xavg=231.69
bias=13.94
rmsd=37.59
r=0.732
c1=1.06Q * -2

SGLI SWR W/m?

100 200 300

in-situ SWR W/m?

400

400

w
o
o

200

100

CCOM-C

GloballChangelObservationiMission=Climate]

Monthly RMS/AVG=11%

N=1458
xavg=232.27
bias=13.48
rmsd=24.95 i
r=0.831 P r
3 ey
c1=1.058 LSy -
. ;éh ik
";o".p'ih}c'
4 J‘:';-
100 200 300 400

in-situ SWR W/m?

1 3 10 1 2 3 4 5678
N N
1 1 1 1 | | 1 1 1
= =0 T 40
- X
a 2 30
Y&
i B 20
o o
f Vo X 8 of 10
09 Pt ) ° g -
> g 0
1
-30 Wy - -10
% & - 20
=80} 7 i -30
-40
-90 T T T T T T T T T T T diff W/m2
-0 30 60 90 120 150 180 -150 -120 -90 -60 -30
Longitude

GIM LA

19



(Appendix) (Research product) Shortwave radiation (by BSRN SWR) SCOM-C

GloballGhangelObservationiMissionzClimatel

Daily RMS/AVG=28% 8-day RMS/AVG=18% Monthly RMS/AVG=13%
N=21278 N=4361 = N=1199
400 | xavg=190.90 400 1 xavg=193.90 . s .: 2 4001 xavg=192.12
bias=4.26 ° bias=5.68 L bias=5.71
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r=0.921 r=0.955
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Daily SWR is estimated by instantaneous transmittance of visible channels and stored by 8 bit (/Image_data/SWR)
Comparison with in-situ measurements by BSRN

13% does not achieve the SWR target accuracy (monthly 10W/m?); the daily change should be considered in the future version
Anomaly is useful for applications such as agriculture and long-term weather monitoring
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T2A/VeGetation Index (VGI) :NDVI

Key updates
v" No modification for the algorithm.

v’ Input data [RSRFQ] was changed. HE Y O

v" Validation data was increased. NDVI 0 1 others

Ver.3 NDVI(MVC, input: Ver.2) Ver.2 NDVI(MVC)
2019/8/29-9/13] | 2019/8/29-9/13

Similar distribution

Around the eastern part of Mongolia

Gmw 21




T2A/ VGI:NDVI GCOM-C

Validation method

- The accuracy of SGLI/NDVI was evaluated using the reference NDV|1 for forests and grasslands. The reference NDVI was derived from the spectral reflectance
measurements at the field observation sites.

- The effects of observation tower were corrected by shielding devices at TKY, FHK and PFRR sites.

- The data was not used for the evaluation when the "prob. cloud" or "shadow" bits are set or when cloud pixels are adjacent.

- The validation pixel was moved for MSE site because the nearest neighbor pixel includes the river.

Validation data and period

- The data obtained at clear weather condition were used for validation, referring to solar radiation and sky cameras synchronized with the ground observation.
However, the data of the day with the maximum NDVI in 20 days were used for WTR, MBU, MBN, DGT or KYM sites because there is no information of
weather condition. The data during snow season were excluded from the evaluation.

- The in-situ spectral reflectance data were upscaled to the SGLI scale using the Sentinel-2A/B Multispectral Imager(MSI) Level 1C/2A data (Band4 and 8b) for
TKY, FHK, PFRR, and MSE sites.

- Validation period: TKY [2018/4/1-2021/7/31], FHK [2018/4/1-2019/12/31], TOC [2018/4/26-10/31], PFRR [2018/9/1-9/30], MSE [7/1-8/31 for 2018, 2019, 2020

and 2021], MBN/MBU/DGT/KYM/WTR [the day with the smallest cloud effect within = 10 days of field observation]

< Validation result > < validation sites >
Fotest mean 0.70, rmse 0,083 o < Validation result for ver.2 >
0.9 4 Grassland mean 0.77. rmse 0.065 % %/ 1 .
0.8 - !:' ',-‘ s Forest: mean 0.77, rmse 0.09 . 1 FHK
J . lee 7. ] * FHK 0.9 1Grassland: mean 0.72. rmse 0.07 ,& « TKY
0.7 1 PRSI o TKY PYE-. )
_ . ”‘.'.;‘ + « PERR 0.8 - 33/ ."‘ Lambir TR
06 - 0 7 i oA ST * PFRR
] 3 » TOC _0. 1 _n‘..:‘ _,/ i, .
205 1 P8 x MSE 3056 - ceeg, 7 >
£ | « 5 CWTR z . L gf-’ « TOC
& 0.4 ,; « MBUL % 05 %1% /-/ . WTR
0.3 1 7 * MBU2 £ 04 | X /‘: * MSE
0.2 - ,’/" x MBA "‘03 | w x MBU
o1l 7 Forest: 11.83% xDGT ' e Forest: 11.74%. * MBA
il e Grassland: 8.39% * KYM 0.2 + L7 Grassland: 10.22%
0 T T T T T T T T 014 » @ :Forest(num. of plots=151)
0 010203040506 070809 1 o ’ x - Grassland (mum. of plots=43)
Reference EVI 0 0102 03 04 0506 07 0.8 0.9 1
@ - Forest (num. of plots=110) Reference NDVI
X : Grassland (num. of plots=22
Estimated accuracy Release threshold Standard accuracy Target accuracy
11.7>11.8% 20% (Forest) Scene, 15% (Forest) Scene, 10% (Forest) Scene,
10.2>8.4% 25% (Grassland) Scene 20% (Grassland) Scene 10% (Grassland) Scene

. The standard accuracy is expected to be achieved. - G‘m ;%%4 22



T2A/VeGetation Index (VGI): EVI

Key updates
v" No modification for the algorithm.
v Input data [RSRFQ] was changed. EVI
v Validation data was increased.

0 1 others

Ver.3 EVI(ndvi_MVC, input: Ver.2)  Ver.2 EVI(ndvi_MVC) MOD13Q1 [2019/08/29-9/13]
[2019/8/29-9/13] [2019/8/29-9/13]

o .

Similar distribution

Around Japan

> Distribution is similar to MODIS products. Around the eastern part of Mongolia



T2A/ VGI:EVI GCOM-C

Validation method

- The accuracy of SGLI/EVI was evaluated using the reference EVI for forests and grasslands. The reference EVI was derived from the spectral reflectance
measurements at the field observation sites.

- The effects of observation tower were corrected by shielding devices at TKY, FHK and PFRR sites.

- The data was not used for the evaluation when the "prob. cloud" or "shadow" bits are set or when cloud pixels are adjacent. The data was not used for forest sites
when the satellite zenith angle is larger than 30 degrees.

- The validation pixel was moved for MSE site because the nearest neighbor pixel includes the river.

Validation data and period

- The data obtained at clear weather condition were used for validation, referring to solar radiation and sky cameras synchronized with the ground observation.
However, the data of the day with the maximum NDVI in 20 days were used for WTR, MBU, MBN, DGT or KYM sites because there is no information of
weather condition. The data during snow season were excluded from the evaluation.

- The in-situ spectral reflectance data were upscaled to the SGLI scale using the Sentinel-2A/B Multispectral Imager(MSI) Level 1C/2A data (Band4 and 8b) for
TKY, FHK, PFRR, and MSE sites.

- Validation period: TKY [2018/4/1-2021/7/31], FHK [2018/4/1-2019/12/31], TOC [2018/4/26-10/31], PFRR [2018/9/1-9/30], MSE [7/1-8/31 for 2018, 2019, 2020

and 2021], MBN/MBU/DGT/KYM/WTR [the day with the smallest cloud effect within = 10 days of field observationyalidation sites >

< Validation result > .
1 7 I 1 .}‘?’;
Foest acanlo A1) caxsd 0,060 , < Validation result for ver.2 >
0.9 1 Grassland: mean 0.59, rmse 0.095 //l 1 _
0.8 - ."i. L Forest: mean 0.45, rmse 0.09 ’
. o * FHK 03 1 Grassland: mean 0.55, mse,0.09 7 'TR
0.7 4 -'&x » TKY 0.8 Y] {/
= P ¥ « PFRR .0
= ] . * . us
206 2. ,‘/} B - TOC 07 1 Sy .f‘v*::g
205 - % 4 x MSE % 0.6 1 e
= ’ x - LS ]
304 - % “wmm 305 1 S o«
x “l x MBUL £ EEAER
0.3 - -’:. * MBUZ g 0.4 1 R ;/ '.-. x
i °§ﬁ':: . x MBA 0.3 - ' es
02 Al _ "§ /700 Forest: 20.30%,
b Forest: 14.74% *DGT 0.2 1 .
0.1 - i : ¥ Grassland: 16.42%
d Grassland: 15.97% | *KYM ’
0 ¥—, | | | | | ! | | 0.1 1 ,/ @ :Forest (num. of plots=115)
0 010203 04 0506 0.7 0.8 09 1 0 4 X Grassland (mum ofplots=40)
Reference EVI 0 01 02 03 04 0.5 06 0.7 08 05 1
@ - Forest (num. of plots=69) Reference EVI
X : Grassland (num. of plots=22
Estimated accuracy Release threshold Standard accuracy Target accuracy
20.3>14.7% 20% (Forest) Scene, 15% (Forest) Scene, 10% (Forest) Scene,
16.4 > 16.0% 25% (Grassland) Scene 20% (Grassland) Scene 10% (Grassland) Scene

. The standard accuracy is expected to be achieved. - G‘m ;%%4 24




SCOM-C

The list of validation sites
Forests
* FHK: Fuji Hokuroku Flux Observation site, Japan
 Lambir: Lambir Hills site, Malaysia
* PFRR: Poker Flat Research Range site, USA
 TKY: Takayama Deciduous Broadleaf Forest site, Japan
e TOC: Tomakomai Crane Site, Japan
e TSE: Teshio CC-LaG Experiment site, Japan

Grasslands and paddy fields

 DGT: Delgertsogt JAXA Super Site 500, Mongolia

e KYM: Khar Yamaat JAXA Super Site 500, Mongolia
« MBN: Baganuul JAXA Super Site 500, Mongolia

« MBU: Bayan—Unjuul JAXA Super Site 500, Mongolia
« MSE: Mase Paddy Flux site, japan

* WTR: Watarase JAXA Super Site 500, Japan
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T2A/ ShaDow Index (SDI) CCOM-C

Key updates
v" Revision of coefficients for estimating SDL

v' Addition of “Cosine_of solor_incidence” calculated from DEM and solar geometry in Geometry data.
v" Modification of QA flag.

Validation method
— SGLI/SDI is evaluated by the shadow—areas truth data calculated using the in—situ observation data.
- The shadow—areas truth data are generated based on the DSM data from USGS 3 Dimensional Elevation Programme (3DEP) and Solar
Zenith Angle (SZA). SGLI/SDI is compared with the shadow—areas truth data correspond to each SGLI pixel (250[m]).
- The land pixels (Landwater=100) with NDVI > 0.75 are validated. The pixels adjacent to cloud or probably cloud are excluded from validation.

< Estimated SDI > < Validation >
SDI by Ver.3 algorithm [2020/08/01]
1.0 102 Validation sites
. Sitename Patches  Tile
RO * WA_Western_South 200 VO4H09
0.8 ., g: 23 WI_Statewide 16 VO4H11
.3 xii i3 MA_ME 7 VO4HI12
guvs s i CA_FEMA 20 VOSHOS
€ gogel i?, i:‘ §i3is 103 UT_WashingtonCo 7 VOsH09
_‘_;’ o : ;::. X -';w-ﬁi”i’“.. FL_Panhandle_B3 14 VOSH10
@ FL_SRWMD 6 VOSH10
(Elevation range in a patch is less than
0.2 100[m])
0.0 104
0.0 02 04 06 0.8 1.0
Sl from SGLI

Estimated accuracy Release threshold Standard accuracy Target accuracy

26.3 > 14.0% 30% (Forest- Grassland) Scene 20% (Forest- Grassland) Scene | 10% (Forest- Grassland) Scene

The standard accuracy is expected to be achieved. -




T2B/ Leaf Area Index (LAI) SCOM-C

Key updates
v" Creation of base map using SGLI data and increase of forest cover type from 7 to 17 types — The estimation
accuracy is improved.
v" Modification of LUTs and reduction of LAl-intervals at low LAl — The estimation accuracy is improved.
v Increase of the site for validation: Yona-site (Evergreen broadleaf forest)

| O

LAl [m2/m?] 0.0 8.0 others

) Ver.2 SGLI/LAI (total LAI)

fas with hlgh LA 4 - [2020/08/01-10]
ppical forests
“The as;buracy of overstory LAI is improved at boreal forests.

The accuracy is improved in areas where forests were misclassified

Ver.3 SGLI/LAI (tOtaI LAI) [2020/08/01'10] (inDUt \ef.2) as grasslands. LAl is retrieved at urban areas.

Ver.3 SGLI/Overstory LAI [2020/08/01-10] (inpUt Ver.2) Ver 3 SGLI/LAI(overstory LAl Ver.2 SGLI/AI (overstry LAI)



T2B/ Leaf Area Index (LAI)

Validation method

SCOM-C

GloballChangelObservaticniMission=Climate}

- The accuracy of SGLI/LAI was evaluated using the reference LAI data at validation sites for forests and grasslands. The reference LAI was derived

from in-situ observation data.

SGLI data used for validation

- The daily SGLI/LAI was averaged for 11 days and compared with reference LAl [PFRR/Lambir/TMM/Yamashiro: date of field data acquisition =5
days in 2020, other sites: date and year of field data acquisition &5 days.]. The period was extended for another 11 days if there was only one day or less

of valid data within the 11 days.

- RSRFQ ver.2 was used as input data for LAI retrieval.

- The data was not used for the evaluation when the “cloud shadow”, “bad air condition”, “backup algorithm” or “poor quality” bits were set, though the
data with “poor quality” bit were used when all the data were set as “poor quality” for one month.

Total LAI < Forest and grassland >
8

Overstory LAI < Forest >

. " — ¥ 8 -
Forest sites: mean 3.51 [m%m’], rmse 1.00 P Forest sites: mean 3.05 [m¥m?], rmse 0.83 7
Grassland sites: mean 2.08 [m?/m?], rmse 0.40 » ’
7 A T ’ 7 A ’
’ ’
’ . ’
s s
4 - . 7
T 6 I oy 6 Q-
£ 17 55 71
E + R E
= , =
s C]) ’ <4 4
k-] // E
g3 $ 7 g3
- 4 1 td w B
5 © /7 g
x| R4 <, |
4
/s
7’
1 4 ﬁ 1
’
0 & 04

0 1 2 3 4 5 6 7 8
Reference LAl [m%/m?]

O : forest sites (num. of plots =6)
O : grassland sites (num. of plots = 6)

0 1 2 3 4 5 6 7 8

Reference LAl [m2/m?]

O :forest sites (num. of plots =13)

Estimated accuracy

Release threshold

Forest (total LAl): 35.9% = 28.5%.
Forest (overstory LAI): 44.6% > 27.2%
Grassland: 27.0% - 19.1%

50% (Forest),
50% (Grassland)

< Validation sites >

-

.
v’t

—

#8SP,,. - PERRIEY

o IBN.KYM, BT
& YNF >

Lambir (2 sites) .

-

Validation results for ver.2 algorithm in 2019

Total LAI < Forest >  Overstory LAI < Forest > Total LAI < Grassland >

P—

Frresk: wemm 3,65 [m2anl], mse |,3n’
. 7

Retrieved LA [m2/mz]
w woom

=
Fetreved LA [mifm2)

3581%

o

o+

Foest: wean 2.72 (2], smse 1,237

44.56%

fOrasshind: mean 296 [w2imz), use G'S'G

o o1 2 3 & s § 71 & v
Reference LA [ma/ma]
© - Forast (num of plots=£}

Standard accuracy

30% (Forest),
30% (Grassland)

1 L a 5
Reference Lal [m2/mz|
@ - Farcat {mm of plats—11)

8 o0 7

Wafarance LA [mikfmid]
Q - Grasslmd {mum f piats—i)

Target accuracy

20% (Forest),
20% (Grassland)

. The standard accuracy is expected to be achieved. - GJIWM 3%%4 29



T2B/ Fraction of Absorbed Photosynthetically g?gm
Active Radiation (FAPAR)

Key updates

v Creation of base map using SGLI data and increase of forest cover type from 7 to 17 types — The estimation
accuracy is improved.

v" Modification of LUTs — The estimation accuracy is improved.

0O

FAPAR 0 1 others

Ver.3 T2B/FAPAR [2020/08/01_10] (input: Ver_z) CGLS/GIOGL1_FAPAR300_V1.1.1[2020/08/01-10]

The estimation accuracy was improved.

\er. 2 T2B/FAPAR [2020/08/01-10]

Around Amazon
Ver.3 T2B/FAPAR Ver.2 T2B/FAPAR



T2B/ FAPAR GCOMC
Validation method

- The accuracy of SGLI/FAPAR was evaluated using the reference FAPAR (total FAPAR) data at validation sites
for forests and grasslands. The reference total FAPAR was derived from in-situ observation data.
- In addition to SGLI/green FAPAR (T2B output value), SGLI/total FAPAR was evaluated to assess with the same

FAPAR definition as the validation data in forests. SGLI/total FAPAR was re-estimated from SGLI data using
the same algorithm with T2B.,.

SGLI data used for validation

- The daily SGLI/FAPAR was averaged for 11 days and compared with reference FAPAR [PFRR: date of field data
acquisition =5 days in 2020, other sites: date and year of field data acquisition =5 days.]. The period was extended
for another 11 days if there was only one day or less of valid data within the 11 days.

- RSRFQ ver.2 was used as input data for FAPAR retrieval.

— The data was not used for the evaluation when the “cloud shadow”, “bad air condition”, “backup algorithm” or
“poor quality” bits were set.

< Validation sites >

* *
1 Forest™ (green FAPAR) 1 Forest™2(total FAPAR) Grassland i
S - A . .
0 | mem0.72 rmse 008 L/ mean 0,72, rmse 0.06 . 1 — Validation results for ver.2 algorithm in 2019
. 0.9 _% 0.9 | mean 0.85, rmse 0.05 B«
08 - /;g% 08 4 ) os 7 Forest*! (green FAPAR) Grassland
-4 s ’ 5 b - - - - e _ - o -
g 0.7 - . g 0.7 i e /I’ ! Forest: mean 0.69, rmse 0.12 ,” . [Grassland: mean 0.91, rmise 0'06/’
g L’ S R & 0.7 . 0.9 4 4 0.9 o,
0.6 - . “10.6 4 . b P 08 4 09 .
& 4 i e =106 " Lo 0 08 .
805 - §Ld 205 . g e £07 1 2 Fo7 ‘
2 7 = L Sos . £ . z
204 . 204 e 4 S £06 , 06 %
2 R 2 . 204 i Eos £os | -
£03 ’ 303 +1 2 . = 2"
e ® P @ 7 '30‘3 - _%U'A 1] 3 04 il
02 Al 0.2 . « i 03 o . So3 e
, L’ 0.2 v & e 2 .
014 - 10.44% 014 » 8.78% . 0z - 02 ;
, p 014 631% e ‘
0 —r————— U L 017 . 16.94% 014 ¢ 7.06%
0 010203 040506070809 1 0 010203 04 0506 0.7 0.8 09 1 0 5 0102 03 04 05 06 07 08 09 1 0 F - — 38 S0 N A A N T A
.1 0.2 0.3 04 0. 1 7 08 0. 0 010203 04050607 0809 1 0 01 02 03 04 05 0.6 07 0.8 09 1
‘ Reference Total_FAPAR . Reference Total_FAPAR Reference Green FAPAR Reference Tatal FAPAR Reference Gresn FAPAR
O :In-situ data (num. of plots=4) O :In-situ data (num. of plots=4) O - In-sits data (aum ofplr:;rs=l) O : Forest (zum. of plots=4) T m_p;g[s:l)
X FAPAR by canopy was used as the definition at PFRR site.
Estimated accuracy Release threshold Standard accuracy Target accuracy

Forest: 16.9% - 10.4%"!

50% (Forest), 20% (Forest), 10% (Forest),
Grassland: 7.1% = 6.3%

50% (Grassland) 30% (Grassland) 20% (Grassland)
1 Validation for green FAPAR, though the total FAPAR was used as in-situ data
*2Validation for total FAPAR.

. The standard accuracy is expected to be achieved. o _

)%%4 31



SCOM-C

The list of validation sites
Forests
 AKO06: AKO6 Alaska Forest site, USA
 FHK: Fuji Hokuroku Flux Observation site, Japan
* Lambir: Lambir Hills site, Malaysia
e Lambir Oil Palm: Lambir Oil Palm Plantation site, Malaysia
* PFRR: Poker Flat Research Range site, USA
e« SSP: Spasskaya Pad site, Russia
 TKY: Takayama Deciduous Broadleaf Forest site, Japan
e TMM: Tokachi Mitsumata JAXA Super Site 500, Japan
e TOC: Tomakomai Crane Site, Japan
« TOS: Hokkaido University Tomakomai Experimental Forest site, Japan
e TSE: Teshio CC-LaG Experiment site, Japan
 URY: Hokkaido University Uryu Experimental Forest site, Japan
* YNF: Yona Field, Japan
* Yamashiro: Yamashiro site, Japan

Grasslands and paddy fields

* DGT: Delgertsogt JAXA Super Site 500, Mongolia

e KYM: Khar Yamaat JAXA Super Site 500, Mongolia
« MBN: Baganuul JAXA Super Site 500, Mongolia
 MBU: Bayan—Unjuul JAXA Super Site 500, Mongolia
« MSE: Mase Paddy Flux site, japan

* WTR: Watarase JAXA Super Site 500, Japan
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T3A/ Above Ground Biomass (AGB) CCOMG

Key updates
v' AGB values estimated from GEDI data were used for the determination of the coefficients of LUT in evergreen broadleaved

forests and mixed forest. The GEDI spot values were spatially extended for this purpose. — The AGB underestimation has been

improved mainly in tropical forests.
v The coefficients of LUT was assigned differently for each latitude, mainly north of 40° N. — AGB gaps were resolved.

v All validation data were reviewed, and the data inappropriate for validation were excluded.
ver.3 AGB (input: RSRFQ Ver. 2) [2020/08/01-31]  ver.2 AGB (input: RSRFQ ver.2)  [2020/08/01-31]

o

O Large AGB gaps at specific latitudes
500 others have been improved.

AGB [t/ha] O
% The data with the QA information of low quality, probably cloud or bad geometry was not used in these maps.
< Detailed ma for South America>

The AGB underestimation of ver. 2 algorithm in tropical
forests has been improved.
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T3A/ AGB GCOM-C

GloballChangelObservaticniMission=Climate}
Validation method

- The accuracy of SGLI/AGB was evaluated using the reference AGB data at validation sites for forests and
grasslands. The reference AGB was derived from in-situ observation data.

- The validation data was selected by considering spatial uniformity, vegetation type, and topography, etc.

SGLI data used for validation
- Forests: The daily SGLI/AGB from August 1, 2020 to August 31, 2020 were averaged and compared with the
reference AGB regarding the forest biomass as that stay consistent for one month.

- Grasslands: The daily SGLI/AGB was averaged for 21 days [date and year of field data acquisition 10 days] and
compared with the reference AGB.

< Validation sites >

4
- RSRFQ ver.2 was used as input data. o
— The data was not used for the evaluation when the “low quality”, “probably cloud” or “bad geometry” bits were set. ° o 3
Validation result < Forest > Validation result < Grassland >
600 2 7
Forests: mean 320.74 [tha], rmse 102 .46 e Grassland: mean 0.79 [tha], rmse 0.14 i A A
cop | M Ofpls=1TL X% 5’ X mum. of plots=2 s Validation results for ver.2
- rd
4
15 - ,’ 600 7 2 7
= = ’ Forests: mean 315.51 [tha], rmse 152.84 7 Grassland: mean 0.79 [tha]. rmse 0.37 e
-.“E 400 £ , 4 num_ of plots=159 e mum. of plots=2 e
= = . 500 -
& o e - . 15 e
<300 <1 s 4o £ .
@ @ s 0O o @ ‘
> > s o @ e
1 U ra
.} 2 < 300 <1 £
=200 = e 3 B s
& 3 L’ g 2 o
0.5 - ’O é 200 E . L, o
100 - pe . 1 .
OB x R4 100 X% s
N - 270, ra
e AR 31.94% e FIR1822% /"( X Ao 48.44% 7 BE47.57%
0 T T T T T [ T T T 0 + T T T T T 0 . : T
0 100 200 300 400 500 600 0 0.5 1 15 2 0 100 200 300 400 500 600 0 05 1 15
Reference AGB [tfha] Reference AGB [t/ha] Reference AGB [t/ha] Reference AGB [t/ha]

The estimation accuracy was improved in tropical forest.

Estimated accuracy Release threshold Standard accuracy Target accuracy
Forest: 48.4% — 31.9% 100% (Forest), 50% (Forest), 20% (Forest),
Grassland: 47.6% — 18.2% 50% (Grassland) 30% (Grassland) 10% (Grassland)




T3A/ Vegetation Roughness Index (VRI) GCOM-C

No updates

Ver.3 VRI [input: ver.2]

> G

Average for 2020/08/01-31 2020/08/19 (around Japan)  VvRI © 1

Validation method

- SGLI/ VRI was evaluated using reference VVRI. Reference VRI was calculated from the same equation with T3A using in-situ observed directional surface
reflectance factor data which was collected for the same sun-target-satellite geometry with SGLI data. .
- The SGLI data is not used when the quality flag indicates cloud, probably cloud or pol. cloud.

Validation period

- SGLI/VRI: May 1, 2018 to June 10, 2018 (daily data). Only the data with +=10° of the view zenith angle for the in-situ data is used.
- Reference VRI: May 21, 2018 at WTR site
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Reference VRI

o 01 02 03 04 05 05 07 08 09 1 The standard accuracy is expected to be achieved.

Estimated accuracy Release threshold

40% (Forest, Grassland)
scene

A ___oand

Standard accuracy Target accuracy

20% (Forest, Grassland)
scene

10% (Forest, Grassland)
scene

18.5%
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Evaluation Summary

Release

threshold

Standard

Target

Status™!

SCOM-C

Evaluation Methods

Cloud

flag/Classification

10% (with
whole-sky
camera)

accuracy

Incl. below cloud
amount

accuracy

Incl. below cloud
amount

Comparison with in-situ observation (sky-camera images)
for release threshold. Evaluations for standard and target
accuracies were performed as the Classified cloud fraction
products.

Comparison of SGLI-derived solar irradiance using cloud

Classified cloud 9 : ) : .
] 20%{onsolar  115% (onsolar  110% (on solar S products including cloud flag, cloud fraction etc. with
fraction irradiance) irradiance) irradiance) ground-measured solar irradiance
Evaluation was made as vi-cal. of SGLI TIR bands for the
Cloud top 3K/2 km (top  [1.5 K/1 km @ release threshold. In addition, comparison with other
temp/height LK temp/height)  [(temp/height) satellite data for evaluating the achievement of the
standard accuracy.
OT/effective (CloudOT/radius lliggi/;\(;:g?)”d 50% / 20% O->0 Comparison with in-situ observation.
radius )
Ice cloud optical : e :
. P 30% 70% 20% (O > © |comparison with in-situ observation.
thickness
Aerosol overthe |o 1 (monthl
. % 0.1 (scene 0.05 (scene . TR .
ocean s, 670,865) 8. 670,865) ta. 670.865) O - @ Comparison with in-situ observation.
Land aerosol by 0.15 (Monthly  [0.15 (scene 0.1 (scene
near ultraviolet ta_380) ta_380) ta_380) c , N ’
omparison with in-situ observation.
->Aerosol over © P
the land
Aero§ol t.)y LEL N 0.15 (scene 0.1 (scene Comparison with in-situ observation and other satellite
Polarization ;'\6";“ y1a_670, | - 670,865)  |ta_670,865) © (MODIS) data.
->Merged to
ARNP

*1 Symbols denote as follows; O: the release threshold achieved, ©: the standard accuracy achieved, y<: the target accuracy achieved.
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CLFG (CLoud FlaG) GCOM-C

GloballGhangel@bservationlMissions

M Algorithm PI : Takashi Nakajima
M Implement + V3 update : Kazuhisa Tanada

M Problems of V2 CLFG

(Dday: snow(O)—land clear(x) Overestimation in ARNP/AOT

@day: heavy aerosol(O)—cloud( X ) Decreasing effective pixels in ARNP

®night: snow, clear(O)—cloud(X) Decreasing effective pixels in LST
M Method of V3 CLFG

Input

Method: DNN (Deep Neural Network) P
Ground truth:made by checking the RGB & SIPR images
Input data: CLAUDIA [

day...lat,VNO01,03,04,06,09,11, algorithm

SW03,T101,02,elavation,date (12 data)

night...lat,T101,02,elavation,date (5 data) DNN Adde_d
Output labels: T algorithm

day...land, ocean, cloud, aerosol, snow (5 labels)

night...land&ocean, cloud, aerosol, snow (4 labels) V3 CLFG Output




CLFG (CLoud FlaG) COM-C

@H}Eﬂ(hcmﬁm SSION=Clima!

M Input parameter selection Bl Training dataset
10% 4 920
Spectrum ' 72 1og
103 4 54 | =
i — 361
ey
3 ) Hﬁiﬁﬂﬂ I'iilr : ' g of. ™
% 1014 o EEE 3 % -18 ‘:'f::‘rl‘f' \
£ i - -361 .
2 10° 4 L o —54 SRR : -.. o £
g ! =721 e TiE(upper l6ft) | o ™ ¥ £
10743 v _92180 -—1I44 —'lIOB —1:'2 —ZI-SG fIJ BIE 7‘2 168 1:14 180
aerosol
land Longitude [deg.]
il T -2 2o . We used 500,000 pixels, various locations and periods.
fEEEEEEEEEIREECE B Training results
Channels model loss model accurac Y
A A — T o o vatdaion T e forvatdaton
5 Regression
g 010 L. 04 >
Coefficient
g 0.05 1 0.4 0.6 4
g 0.00 - '_l_l_l_l_r_‘l_'_'l_ll_ 0:0— ‘ ‘ ‘ ‘ 0sq ! ‘ ‘ ‘
£ o] 5 10 15 0 5 10 15
3 ~0.05 1 Accuracy Corrected pixels / Total
: e ejeje @ Night pixels
" [e e ee o eeeeldee day Total Acc = 99.78% 5226469/5238201
553882558858883% land Acc = 99.67% 1230057/1234083
Channels ocean Acc = 99.93% 811784/812343
We chose the SGLI channel which has large coefficient. cloud Acc = 99.84% 1362311/1364443

aerosol Acc = 99.70% 958309/961198

snow Acc = 99.75% 86468\@%4 )%%4 41



CLFG (CLoud FlaG) SCOMC
m Results
We partially solved these issues of V2 CLFG and improved it.

The CLFG product is expected to remain on the target accuracy, because V2 CLAUDIA algorithm is
continuously used for the area where there are no misclassifications.

20200101
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45 35

Latitude [deg.]
Latitude [deg.]

e smoke

— > \:} ‘
a0 - - {heavy aerosol)
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T0426_20200101_D: CCL>=67%
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3 g 351 B cloud 35§
~ 40 ry L2 ' r : 30 ; ; h ; ; 25 §
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Longitude [deg.] Longitude [deg.]
Validation result Release accuracy Standard accuracy Target accuracy
10% 15% 10%
[Ver.1/Ver.2] 10.2 % . (Evaluate with cloud fraction on| (Evaluate with cloud fraction
(with whole-sky camera) . ; ; .
solar irradiance) on solar irradiance)

. The standard accuracy is expected to be achieved._ G‘m )%*A 42




(Appendix) CLFG at night CCOMC

Clear pixels increase by ~ 20% at night (however, still few at high latitudes)

CLFGF_20200101 : clear&snow_Ratio : Ratio = 1.20 CLFGF_20200401 : clear&snow_Ratio : Ratio = 1.22 CLFGF_20200701 : clear&snow_Ratio : Ratio = 1.18 CLFGF_20201001 : clear&snow_Ratio : Ratio = 1.21
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CLPR (CLoud PRopertis)

- Major changes
- Algorithm has not been changed

- Screening the validation data with strictly quality check

- Validation method

- Comparing with the in-situ observation of sky radiometers

CCOM-C

GloballChangelObservaticniMission=Climate}

- Using the average values of SGLI's 5x5 pixels around the in-situ site
- Only using the in-situ data observed within +/-30 minutes of SGLI observation time.
- Data period is July 2019 - December 2020

80 T . . .
o Chiba o Miyako 40 o Chiba o Miyako
70{ @ Hedo v Sendai 354 © Hedo v Sendai
n  Fukue @ Fukue
60 / 304
50 Z E 25 %
I I S i 2
& 40 320
§ =n g
30 W15
my N=31 . o N=31
r=20. =
20 — RMSE = 7.75 104 Lt 2 s 4o
Zai MBE = 0.04 MBE = -1.25
10 ¥ Mean(Skyrad) = 24.98 51 Mean(Skyrad) = 10.75
. Mean(3GLl) = 2495 MS:R{ ST
0 20 40 60 80 % 10 20 30 40
CODsyyraq CERskyraa (M)

Validation result

Release accuracy

Chiba o Miyako 1007 chiba o Miyako
Hedo v Sendai ¢ Hedo v Sendai
Fukue 8o = Fukue
_ ML
— § 60 i i /
4, 4 - =
7 3 & &
N & a0{ 13
bl LAt h
T T =77 Q —_
.. Ir=0l59 -
™ RMSE = 7.85 | = 18.01
BE = 1.61 20 =.9.18
d) =14.02 -
Mean s'@f.l) =12.41 o Hggn §E’fad) 23.92
10 20 30 40 50 60 0 20 40 60 a'n 100
CODsyyrad CERsyrad (Wm)

Standard accuracy

Target accuracy

Water cloud (with other satellite) (with in-situ) (with in-situ)
Optical thickness: 8-9%(vs. MODIS) 10% = 20%
Effective radius: 2-5%(vs. MODIS) 30% - -
Cloud liquid water: 82.07%(in-situ) - 100% 50%
Ice cloud (with other satellite) (with in-situ) (with in-situ)
Optical thickness: 55.99%(in-situ) 30% 70% 20%

. The standard accuracy is expected to be achieved. - GJIWM 3%%4 44



ARNP SCOMC &3

GloballChangel@bservationMissio

(AeRosol properties using Numerical Prediction)

Atmosphere Product
—Aerosol over Land and Ocean

O Algorithm (RESTEC Yoshida)
« Use the forecast from aerosol assimilation system of Himawari-
8/AHI as a priori estimate of retrieval.

O Major improvement from Ver.2
« Utilize both polarization and non-polarization observation
« Consider the error covariance of surface reflectance
« Apply V3 cloud flag (retrieval of heavy aerosol)
« Add the estimated uncertainties of aerosol optical thickness,
angstrom exponent, and single scattering albedo
* Integrate output over ocean and land

O Channels used
« Land : VNO1, VNO2, VNO3, VNOb5, VNO8&, P02
e Ocean : VN10, SWO01, SW03, SWO04, P02



- : GCOM-C
ARNP: Validation methods SCOM-C

 Method:
« Standard accuracy: RMS errors are evaluated comparing SGLI derived AOT

with those from In-situ data (scene by scene)

* In-situ data
(1) Land : Sky-radiometer
« Source: Irie PI@Chiba univ. (SKYNET), Aoki PI@Toyama univ., JMA, AERONET"!
« Period : March 27, 2018 ~ November 30, 2020
(V2: March 2018, June 2018, Feb. 2018, Jan. 2020, Feb. 2020)
(2) Ocean: Microtops on ships
« Source : AERONET - Maritime Aerosol Network™
« Period : March 27, 2018 ~ July 1, 2020 _
(V2: March 2018, June 2018, Feb. 2019) QA flags in V3

*1 Aerosol Robotic Network o vers peserpron
(Giles et aI., 2019; O’Neill et a|., 2003), 0 |Data Availability 0=Available, 1=Not Available
. 1 |Land / Water Flag 0=Water, 1=Land
https://aeronet.gsfc.nasa.gov/ e e
g 3 |Cloud Flag 0=Clear, 1=Cloudy
hd |\/| a tC h u p CO n d I tl O n S 4 |Aerosol Optical Thickness Confidence Flag|00=Very Good; 01=Good, 10=Marginal,
. . . 5 |Aerosol Optical Thickness Confidence Flag[l1=No Confidence or Fill
d O b S e I’VG d W | t h | n 3 O m | n u te S 6 |Angstrom Exponent Confidence Flag 00=Very Good; 01=Good, 10=Marginal,
. . . 7 |Angstrom Exponent Confidence Flag 11=No Confidence or Fill
i S G | A OT | S a Ve ra ge d W I t h | n 1 O k m frO m 8 |Aerosol Single Scattering Albedo Confiden0=Very Good or Good, 1=Marginal or Mo
. . . . . . ce Flag IConfidence or Fil
in-situ site, where the valid pixel is =
10 [sunglint Flag 0=No, 1=Yes
larger than 50%, and the standard T Boerion: Fog e
12 |Cloud Shadow Possibility Flag 0=Mo, 1=Yes

d eVi atl O n lS IeSS th a n O " 1 13 |Uncertain Surface Reflectance Flag (Turbi 0=No, 1=Yes
° QA_f I a g |S CO n S i d e re d fo r b It d Water, Snow/Ice Covered Surface or Rt

14 |Use Polarization D=No, 1=Yes

O 31519110,12,13,15 0a_0bs = Rtoa_rayieigh)

S |A prior of retrieval D=MODEL, 1=CONSTANT AR

O&E- AVl %"" R
ilobal Change Observation Mission



ARNP: Validation results over Iand

AQOT over land@380nm (Ver. 2) AQOT over land@380nm (Ver.3)
Averaged SGLI within 10km vs. Sky Averaged SGLI within 10km vs. Sky
radiometer at the same time radiometer at the same time

AOT(380nm) SOILUARNE- AROT, i (20180305 ~20201 1201 (Dee)
[rrrr Ty [T Ty [T Ty [Ty 7

2.0

1 ‘ b / R
= 1CEILAP-BA F ]
154 +  1Dhaka Unworsity 15 —_
! « 1laPaz F : 1
= Llille
e 1l-luin
« 1 Mongu_lnn
w  1-NASA_LaRC
+  1-NCON_GRSM
+  1-NEON_KONZ /
= 1 NEON_SERC
+ L-NCON_SRER
R =0.86 + L-NEON_Sterling
= = 1-0ca<a
1-SENE_ROKER

Bias =0.04 s 1ScouSNU

RMSE =0.13 | * e,

- 1-Univ of Nevads-Reno

1.07 10F 4 : ;

SGLI ARNP

R =0.862
Bias =0.092
RMSE =0.137
fi Data num=37 | - 2sna Data num=1058
%0 0.5 1.0 1.5 2.0 | - ke - 1.0 15 20
in situ (Sky Radiometer) 2 mipako — . m DRI AROT. Iandh, Updee i Nov 500:44:102021

2-ulanoztor 1 3 5

SGLI/ARNP[3000] AROT_land

0.5-

2-kalu
«  2-oseka
. Z-nkupetsu
«  2tekayama
3 ee

. Standard accuracy Target accuracy
Product Estimated RMSE (L+5) (L+5)
AOT over land 0.137(Scene) 0.15 (Scene) 0.10 (Scene)

« More validation sample number than V2
« Standard accuracy will be archived



ARNP: Validation results over ocean SCOM-C

AQOT over ocean@670nm (Ver. 2)

155101

AQOT over ocean@670nm and 865nm (Ver. 3)

Averaged SGLI within 10km vs. sh
microtops at the same time

ipborne

microtops at the same time

Averaged SGLI within 10km vs. shipborne

670nm 6/0nm 865nm
2.00 $ Ak Fedorov 20 SRR T e ] 20 P e remry ]
7 [ Au;_Austrahs E E E
1.75 - & JARE60_2019 - - ] o E
- ¥ Meteor [= r ] [ [
] ® Oceania 8 15L 3 g 150 3
1.50 ] @ Ron_Brown 8 = F ] 8 o
- = |_| [ ] I—I [
§ 127 g | g |
3 ] < b 1 < b
5 1.00 3 =10 1 =10F E
T 8 1§
O 0.75 — o ] o [ .
N e = [
] R: 0.935 g i R =0.9%2 _| R =0.
0 Bias: 0.035 3 %% Bias —0.038"°F . Bias —0.0
] RMSE: 0.094 A ~ 088 | : B :
0.25 . Dsta him: A g RMSE =0.072 g RMSE =0.051
1 e Data num=30 b Data num=30
0'ooI"'l"'l"'l"'l"’l'"I"'I"' 0'00.6 llllllll 05 IIIIIIII “I.O 15 2.0 0'00.6 llllllll 05 llllllll 10 15 2.0
0.00 0.25 050 0.75 1.00 1.25 1.50 1.75 2.00 in-situ AROT_ocean1 in-situ AROT_ocean2
in-situ AROT_ocean 1__:'!—'-5 Last Update : Fri Nov 5 09:44:25 2021 1___:'!—'-5 Last Update : Fri Nov 5 09:44:28 2021
. Standard accurac Target accurac
Product Estimated RMSE y & y
(L+5) (L+5)
0.072@670nm
AOT over @
0.051@865nm 0.1 (Scene) 0.05 (Scene)
ocean
(Scene)

 More validation sample number than V2
« Standard accuracy will be archived



ARNP: Summary

SCONC'®

pr
G

Evaluation '
Product Period M:t;lj(?:l 0 Els\zgzated Release Standard
2018/3/27 In-situ 0.072@670nm
AOT ocean 0.05
- ~ (Scene) 0.051@865nm 0.1 (Month) | 0.1 (Scene)
@670,865 2020/11/30 (Scene) (Scene)
AOT land | 2018/3/27 (lg's'tu> 0137|015 (vonth) 0.15 0.10
@380 2020/11/30 cene (Scene) ' (Scene) (Scene)

The standard accuracy is expected to be achieved.




Blue: Ocean
Red: Land




(Appendix) ARNP Image (global)
Sep. 7 2020 (California Forest fire)
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(Appendix) ARNP Image (Tile)
Sep. 7 2020 (California Forest fire)
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Evaluation Summary

Product

Normalized water

Release
threshold

Standard
accuracy

Target accuracy

Status*l

Evaluation Methods

temperature

time)

time)

50% (<600nm) 30% (<600nm)
leaving radiance (incl. |60% (443~565nm) |0.5W/m2/str/um  [0.25W/m2/str/um @ Comparison with in-situ observation data.
cloud detection) (>600nm) (>600nm)
Atmospheric
. 80% 50% 30% . L . .
correction (AOT@865nm) (AOT@865nm) (AOT@865nm) O = Comparison with in-situ observation data.
parameters
Photosyntheticall . e .
. y . y 20% (10km/month)|15% (10km/month)|10% (10km/month) S Comparison with in-situ observation data.
available radiation
Chlorophyll-a _60~+1509 LT
Py . ( :f?s; O:a()M —60~+150% (offshore), @ Comparison with in-situ observation data.
concentration ~50~+100% (coast)
Total suspended i e ot00n @ fGocr)nCp?;rlson with other satellite data
. —60~+ —50~+ :
matter concentration ((offshore) 0 °
Coloreddissolved —60~+150% Comparison with in-situ observation and
60~+150% 50~+100% ©
organic matter (offshore) - . - . other satellite data (MODIS).
Seasurface - -
0.8 K (daytime) 0-8K (day &night 0.6 K (day &night * Comparison with in-situ observation data.

*1 Symbols denote as follows; O: the release threshold achieved, ©: the standard accuracy achieved, ¥ : the target accuracy achieved.




Validation Results of Ocean NWLR Products:
Normalized Water-Leaving Radiance - NWLR

Major Updates of Algorithm:

« Added water leaving reflectance estimation model in the red(\VNO7) and near-infrared(VVN10)
bands using Linear combination index (LCI)

» Applied the vicarious calibration

» Improved sunglint correction method

» Added negative NWLR correction

* Revision of QA flags and Mask for statistics

Validation Method:

Validated the accuracies of predicted NWLR data from the SGLI algorithm comparing with
in-situ data: ship observation, buoy(MOBY and BOUSSOLE) and AERONET-OC

Quality Control:

 In-situdata: time difference in =3 hours to SGLI observation
« SGLI data: average of the data passed the following conditions within a 5 by 5 pixel
centered the in-situ point (for details refer to Bailey er al, 2006)

1. 13 or more pixels which satisfies the following conditions: aerosol optical
thickness < 0.5, solar zenith angle < 70 degrees, NWLR of all channels > 0,
CLDAFFCTD flag isn’t set.

2. Median CV (coefficient of variation) computed from NWLR_380-565nm
and Taua 865nm less than 0.15

Period of Validation:
« January 1, 2018 - July 31, 2021



Validation Results of Ocean NWLR Products:
Normalized Water-Leaving Radiance - NWLR
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27 0,499 W/m?/sr/um

673.5nm

Accuracy:

10 15
in-situ nLw [W/m>/st/um]

40 50 0 5 10 15 20 25 30 35 40
in-situ nLw [W/m>/sr/pm]

NWLR(673.5nm) didn’t
achieved the standard
accuracy on coastal regions.
— Standard accuracy is
achieved when in-situ data on
lakes, which are not originally
subject to validation, are
excluded.

«  NWLR(490nm, 565nm) achieved the target accuracies, NWLR(380-443nm, 530nm, 673.5nm)
achieved the standard accuracies.

* Increased number of valid pixels [Version 2]: 117-616 points — [Version3]: 133-693 points

Validation Result

Release Accuracy

[Ver. 2] 21-42%—[Ver. 3] 23-46%

60%(443-565 nm)

Standard Accuracy
50% (=600 nm)

Target Accuracy
30% (=600 nm)

[Ver. 2]0.61 —[Ver. 3] 0.499W/m?/sr/um

N/A

0.25W/m2/sr/um (>600 nm)

0.5W/m2/sr/lum (>600 nm)




Validation Results of Ocean NWLR Products:
Normalized Water-Leaving Radiance - ACP

Major Updates of Algorithm:

« Added water leaving reflectance estimation model in the red(\VNO7) and near-infrared(VVN10)
bands using Linear combination index (LCI)

» Applied the vicarious calibration

» Improved sunglint correction method

» Added negative NWLR correction

» Described correction formula for TAUA 670 and TAUA 865 in HDF attributes

Validation Method:

Validated the accuracies of predicted aerosol optical thickness at 865nm(Taua_865) from the
SGLI algorithm comparing with in-situ data of AERONET-OC and AERONET Maritime
Aerosol Network (MAN)

Quality Control:

« In-situdata: time difference in =3 hours to SGLI observation
« SGLI data: average of the data passed the following conditions within a 5 by 5 pixel
centered the in-situ point (for details refer to Bailey er al, 2006)
1. 13 or more pixels which satisfies the following conditions: aerosol optical
thickness < 0.5, solar zenith angle < 70 degrees, NWLR of all channels > 0,
CLDAFFCTD, GAMMMA-OUT and OVERITER flags aren’t set.
2. Coefficient of variation for TAUA_ 865 less than 0.05

Period of Validation:
e January 1, 2018 - March 31, 2021



Validation Results of Ocean NWLR Products:
Normalized Water-Leaving Radiance - ACP

TAUA_865 865
0.5 T 5 - -
Achieved Release =M Acieved Standard
A g _I 3 Accuracy
0.4 {rmsE: 0.0575 0.4 {rumsE: 0. 0433
RMSE/Mean: 62.3% RMSE/Mean: 46.9%
R: 0.69 . L] R: 0.69
T 0.3 ° ’ = 0.3 1 .
P ° * . = o;.
2 ¢ ° : s . "d g ®
S 0.2 % e ‘-‘.‘ :°0g P'S 8 b ‘s
n LI ¢ Pt » 0.2 . FS |
0~.$’ Pl o F &-’:h dp oo
: ‘ ® / s *
ey N=530 ° T N=530
o S o
[ » 0 ®
, Accuracy 62.3% Accuracy 46.9%
0.0 0.1 0.2 0.3 0.4 0.5 0055 01 02 03 04 0.5
In-situ AOT [-] In-situ AOT [-]

There is a positive bias because the aerosol model used in the atmospheric correction is

optimized for NWLR not AOT estimation.

— |t is possible to obtain values closer to reality and achieve standard accuracy by applying
the correction formula.

Correction formula: TAUA 865 corrected = 0.822 * TAUA 865 + 0.0

Validation Result Release Accuracy Standard Accuracy Target Accuracy

[\Ver. 2] 65%(not corrected)
[Ver. 3] 46%(corrected)

Achieved Standard Accurac

80% (AOT@865) 50% (AOT@865) 30% (AOT@865)




Photosynthetically available radiation
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« Daily PAR is estimated by instantaneous transmittance from visible channels.

Reference PAR is made from daily SWR observed by buoy, PAR/SWR ration estimated by

Pstar—4 calculation and objective analysis water vapor data
« Achieved the target accuracy(No change from ver.2)

Validation result

[Ver.2] 9.5%—[Ver.3] 8.9%

20% (10km/month)

15% (10km/month)

10% (10km/month)

/ N

Global!Change Observation Mission



Validation Results of Ocean IWPR Products:
Chlorophyll-a Concentration - CHLA

Major Updates of Algorithm:
* None of major updates

Validation Method:
Validated the accuracies of predicted CHLA data from the SGLI algorithm comparing with
in-situ data(High Performance Liquid Chromatography: HPLC or fluorescence method) of

ship observation.

Quality Control:
« In-situdata: time difference in £ 3 hours to SGLI observation
« SGLI data: average of the data passed the following conditions within a 5 by 5 pixel
centered the in-situ point
1. 13 or more pixels which satisfies the following conditions: aerosol optical
thickness < 0.5, solar zenith angle < 70 degrees, NWLR of all channels > 0,

CLDAFFCTD flag isn’t set.
2. Median CV (coefficient of variation) computed from NWLR_380-565nm

and Taua_865nm less than 0.15

Period of Validation:
e January 1, 2018 - December 31, 2020



Validation Results of Ocean IWPR Products:

Chlorophyll-a Concentration - CHLA
The coast of Japan (2021/05/10)

GC1561.262185100122H85010_L256_IWPRQ_2008.h5, Param Manc:,/lvmagowda(a/[ml\ GC1561_202105100122H05010_L256_IWPRQ_2000.h5, Param MME:‘—/_IOmag(Ivdﬂ‘ﬂ/[f‘ﬂA
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» Increased the number of validation points on coastal and sunglint areas because

of the improvement of NWLR estimation.

Validation Result

[Ver. 2] -55~121%
—[Ver. 2] -58~137%

Release Accuracy

-60%~+150%(offshore)

Standard Accuracy

-60%~+150%

Target Accuracy

-35%~+50%(offshore)
-50%~+100%(coastal)




Validation Results of Ocean IWPR Products:
Colored Dissolved Organic Matter - CDOM

Major Updates of Algorithm:
* None of major updates

Validation Method:
Validated the accuracies of predicted CDOM data from the SGLI algorithm comparing with

in-situ data of ship observation.

Quality Control:
« In-situdata: time difference in £ 3 hours to SGLI observation
« SGLI data: average of the data passed the following conditions within a 5 by 5 pixel
centered the in-situ point
1. 13 or more pixels which satisfies the following conditions: aerosol optical
thickness < 0.5, solar zenith angle < 70 degrees, NWLR of all channels > 0,

CLDAFFCTD flag isn’t set.
2. Median CV (coefficient of variation) computed from NWLR_380-565nm

and Taua_865nm less than 0.05

Period of Validation:
e January 1, 2018 - December 31, 2020



Validation Results of Ocean IWPR Products: gg
Colored Dissolved Organic Matter - CDOM

CDOM
10° A %

IR Acieved Standarc

RPD =27.77 A
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2 =0212
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N=38
E .
s
Sl
S0 '
- -
@)
wnn

N=38
Accuracy :-54% ~ 119%
107 * |
e 10! 10°
in-situ Apom [/m]

« Achieved Standard Accuracy
* Increased the number of validation points on coastal and sunglint areas because
of the improvement of NWLR estimation.

Validation Result Release Accuracy Standard Accuracy Target Accuracy

[Ver. 1] -52~107%
—[Ver. 2] -55~121%

-60%~+150%(offshore) -60%~+150% -50%~+100%

Global! Change Dbserva tion Mission f ‘




Validation Results of Ocean IWPR Products:
Total Suspended Matter - TSM

Major Updates of Algorithm:
* None of major updates

Validation Method:
Validated the accuracies of predicted TSM data from the SGLI algorithm comparing with 7n-

situ data of ship observation.

Quality Control:
« In-situdata: time difference in £ 3 hours to SGLI observation
« SGLI data: average of the data passed the following conditions within a 5 by 5 pixel
centered the in-situ point
1. 13 or more pixels which satisfies the following conditions: aerosol optical
thickness < 0.5, solar zenith angle < 70 degrees, NWLR of all channels > 0,

CLDAFFCTD flag isn’t set.
2. Median CV (coefficient of variation) computed from NWLR_380-565nm

and Taua_865nm less than 0.15

Period of Validation:
e January 1, 2018 - December 31, 2020



Validation Results of Ocean IWPR Products:
Total Suspended Matter - TSM

SGLI TSM [g/m’]
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Standard accuracy is achieved except when there are errors in in-situ data or when the
TSM concentration is particularly high, as on the English Channel.

Validation Result

[Ver. 2] -70~232%
Ver. 3]-63~171%

—

B el

Release Accuracy

-60%~+150%(offshore)

(See appendix for details on quality control.)

Standard Accuracy

-60%~+150%

Target Accuracy

-50%~+100%




Validation Results of Ocean SST Products:
Sea Surface Temperature - SST

Major Updates of Algorithm:

» Introduction of atmospheric optical thickness climatology to improve atmospheric correction.
* Cloud mask method:

1. Improvements by introduction of 1.6 micron data and so on (Daytime) and

2. Readjustment of thresholds for each quality level (Nighttime).
* Introduction of a preprocessing to reduce stripes and random noise in L1B data.

Validation Method:
SGLI SST Version 3 was validated by comparing SGLI SSTs with in-situ SSTs.

Quality Control:

* In-situdata: Moored and drifting buoys data provided by NOAA/iQuam (version 2.1).
The data were screened based on the QC result of the iQuam. High qualified
data (iquam flag = 0 and quality level = 5) were used for the validation.

« SGLI data: SGLI SST V3 of the 1-km spatial resolution with the quality assured as
good or acceptable: which are used to calculate L3 statistics. An SGLI SST
nearest to the center was chosen for each 1hr x 3km collocation window
centered on each buoy data and compared with the centered buoy data.

Period of Validation:
e January 1, 2018 - December 31, 2019



Validation Results of Ocean SST Products:
Sea Surface Temperature - SST

SST (Daytime) SST (Nighttime) Improved cloud mask
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(Appendix) Validation Results of Ocean IWPR Products: SCOM-C
Total Suspended Matter - TSM

TSM validation results color-coded by sea area. Distribution of in-situ TSM by sea area
10 S S o ( All data, including non-matchup data )
Accuracy(%) =-71.2 L 4+24737 ‘ + Enelish Ch 1 Max
APD 368 - Arakebay | ol T The sea around Japan |
| Slope = 0.653 ° Ise'Mlk?Wa bay |- “ E Mean :8.68
* =0.002 i ' Std div:9.15
" RMSE =13.7 ! :
N=>51 ! 70 - :
1 ze - =, |
— 10 s ® l |
) [©5) 0 1 L
E °© ° .. EDD. B 5] D: 60 : 5 + outlier
= em o © = . Mo . thlrd.
E o® °. o + . %50 | quartile
2 o T Lt = S 40 g/m?3
= 6] +@ : T
O ° ! =
O + Lt +
70 . v i 0 e
. I
. 20 - !
| 0 Median _*_
| first T E
3i | —— quartile —— -
-1 L N 140 g/m : C ’ M‘in L - L
10 10_1 100 101 102 English Cannel Ariake Bay Ise-Mikawa Bay East China Sea
in-situ TSM [g /m3] % The outlier is the value that is more than 1.5 times the

guartile range away from the first and third quartiles.

O TSM on the English Channel in spring are extremely high and rarely exceed 40 g/m3
on the sea around Japan.
O In this validation, in-situ data of TSM > 40g/m3 is removed.




(Appendix) Validation Results of Ocean IWPR Products:
Total Suspended Matter - TSM

(A) in-situ TSM vs. SGLI TSM  (B) in-situ TSM vs. TSM
estimated from in-situ R,

SCOMC

GloballGhangel@bservationlMissions

Table 1:Comparison of estimated and
in-situ values for TSM and Chl-a

Chl-a

sk " in-situ 0.28 36.55
SGLI 7.11 15.85

b

o Target : .

2

1071 Accuracy(%) = -71.2 ~ +247.37 ‘ 10

APD =36.28
RPD = -4.66
Slope = 0.653
% = 0.002
RMSE =13.7
N=51

H

« Target, Estimation error of R, (NWLR) is unlikely
to be the cause of outlier of TSM estimate
at the target point :

» TSM estimation from in-situ Rrs at
the TSM sampling point is far off
(Figure B).

> R, at490 nm and 565 nm, which are

SGLI TSM (g/m?)

TSM from in-situ R (g/m3)

107! 10° 10 10 107! 10° 10' 10%

In-situ TSM (g/mq) In-situ TSM (g/m3)

(C) Rrs comparison of the (D) Water sampling points

target point

on the same day

5

4

%1073

SGLI

L]
1 34°45'N F °
L ]
1

Ise Bay

35°N

o

34°30'N

20 km
5 mi

Target

[sw/B] INSL

w

[S)

1

necessary for TSM estimation, are
close to in-situ R (Figure C).
» High possibility of measurement error in
in-situ TSM :

» TSM at the near stations on the
same day (Figure D) varied from 2
to 5 g/m3, but Chl-a was similar at
21 to 44 mg/ma3.

» TSM value is too small for Chl-a
(Table 1)

Leo 200 450 S0 550 oo es0 700 sewr e e omee o | Removed as an outlier in this validation
I wave]enith (nm) _ﬁfg . G\ :
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Ver.3 Cryosphere Products



Evaluation Summary A e
Product Release Standard Target Statust Evaluation Methods
threshold accuracy accuracy

Snow and Ice

covered area (incl. 10% 7% 59
cloud detection) O=0

Comparison with other satellites data (e.g.
MODIS, VIIRS, Sentinel-3...).

O.khc-)tsk :c,ea-ice 10% 59 39 O=0 Comparison with other satellites data (e.g.
distribution MODIS, VIIRS, Sensinel-3...).

Snow andice Comparison with in-situ observation
surface 5K 2K 1K © (Automatic weather station thermal
Temperature radiometer data) and other satellites data

(e.g. MODIS, VIIRS Sentinel-3...).

Snow grain sizeof

@ Comparison with in-situ data for the
shallow layer

0, (0) (o)
100% 50% 30% standard and target accuracy thresholds.

*1 Symbols denote as follows; O: the release threshold achieved, ©: the standard accuracy achieved, y¢: the target accuracy achieved.



Validation results of Cryosphere products — SICE/OKID gggm

- Version 3 Major changes and validation details

C1AB/SICE - Snow and Ice cover area algorithm

- Revised cloud detection/surface classification training data set using Neural network machine
learning method

- All training data were simulated by DISORT radiative transfer model

C1C/OKID - Okhotsk sea-ice distribution algorithm

- Revised cloud detection/surface classification training data set using Neural network machine
learning method — communalize with C1AB

- All training data were simulated by DISORT radiative transfer model

Validation data for the C1AB/ SICE
-  Snow area: MOD10C2 Snow Cover Extent Product
- Seaice area*: MOD29E1D Sea Ice Product

Validation data for the C1C/OKID
- Seaice area*: MOD29E1D Sea Ice Product

*NSIDC defines sea ice exists in case of the ice fraction/ice concentration more than 15%.



Validation results of Cryosphere products - SICE

GCCOM-C

GloballChangelObservationiMission=Climate]

- Snow and Ice cover extent product validation results using other satellite products

Ver.3 sample image
2019.05.09 — 2019.05.24
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Validation result of Ver. 2
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Validation result of Ver. 3
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Validation result

Release accuracy

Ver.2: 8.5 % (Mar. 2018 - Dec. 2019)
Ver.3: 6.5 % (Mar. 2018 - Jun. 2021)

10 %

Standard accuracy

7%

Target accuracy

5%

Accuracy improved and SICE product is achieved the standard accuracy




Validation results of Cryosphere products - OKID

- Okhotsk sea-ice distribution product validation results using other satellite products

Ver.3 sample image Validation result of Ver. 2 Validation result of Ver. 3
2021.02.27
| | lassificati 10 = — —_— 10 : : :
False Color Imag OKID classi |c§|t|on lce Fraction > 15 % 1 1ce Fraction > 15 %
snow o~ 2018.02.10 - 2020.03.05 o~ 2018.03.06 - 2021.05.17
£ 87| 8 days composite o £ 81l 8 days composite
) =)
= o) =
:qc; 6 . 0. :5—'; 6 5
IS4 ) x
L O O L
8, 9P 8, g
(1] ]
[0} o %
2 N =30 2 N =73
o 2 6 r =0.99 (p<0.01) |t o 2 : r =0.99(p<0.01) |
Rel. Err.=9.0 % ] Rel. Err. =4.99 % |t
Bias = -5,986 km? Bias = -5,345 km?
0 ] . 0 : .
0 2 4 6 8 10 0 2 4 6 8 10
MODIS Sea Ice Extent (10 km?) MODIS Sea Ice Extent (10% km?)

1
! 1. Validation period was expanded: 2 season to 4 season. I
1 2. Surface classification was improved from visual evaluation compared with False color image. :

Validation result Release accuracy Standard accuracy Target accuracy

Ver.2: 9.0 % (Feb. 2018 - Mar. 2018)
Ver.3: 5.0 % (Feb. 2018 - May. 2021)

10 % 5% 3%

Accuracy improved and OKID product is achieved the standard accuracy




Validation results of Cryosphere products - SIPR CCOM=-C

- Version 3 Major changes and validation details

SGSL - Snow grain size of shallow layer
- Revised snow grain size estimation algorithm using Neural network machine learning method
- Revised the training data set (BRDF data set) using Neural-net: improved inversion accuracy
SIST - Snow and Ice surface temperature
- Revised the emissivity table
SALB - Broadband blue sky Snow ALBedo
- Add the direct retrieval of broadband blue sky snow albedo product as a research product
- Snow albedo estimation using Neural network machine learning algorithm same as snow grain size

Validation data for the SGSL

- Field campaign carried out on the Greenland Ice Sheet East-GRIP site (Jul. 2018), Japan/Hokkaido Nakasatsunai
site (Feb. 2020), and JARE observation data (2019) on the Antarctic Ice Sheet Dome Fuji Site

- Surface Specific Area (SSA) measured by IceCube and HISSGraS and converted to optical equivalent snow grain
size

- All data match-up conditions are in 10 minutes and 250 meters from nearest point of satellites

Validation data for the SIST

- Ground surface temperature was converted from Longwave radiation Flux observation by Automatic weather
station (PROMICE)

- All data match-up conditions are in 10 minutes and 250 meters from nearest point of satellites

Validation data for the SALB

- Surface albedo was calculated from Downward and Upward shortwave radiation flux observation by Automatic
weather station (PROMICE)

- All data match-up conditions are in 10 minutes and 250 meters from nearest point of satellites




Validation results of Cryosphere products - SIPR GCOM-C

GloballChangel@bservationiMissionZClimat

- Snow grain size of shallow layer product validation results using in-situ observation data

Ver.3 sample image
2019.05.09 - 2019.05.24
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Validation result Release accuracy Standard accuracy Target accuracy

Ver.2: 34 % (Greenland and Japan)
Ver.3: 50 % (Added the Antarctica)

100 % 50 % 30 %

Retrieval became stable on wide region and SGSL product achieved the standard accuracy
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Validation results of Cryosphere products - SIPR GCOM-C

GloballChangel@bservationMissionZClima

- Snow and Ice surface temperature product validation results using AWS observation data

Ver.3 sample image
2019.05.09 - 2019.05.24
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Validation result Release accuracy Standard accuracy Target accuracy

Ver.2: 2 K (GrlS: 2018 - 2019)
Ver.3: 1.6 K (GrlS: 2018 - 2020)

5K 2K 1K

Accuracy improved and SIST product achieved the standard accuracy

GXWM LHXA 11




Validation results of Cryosphere products - SIPR

- Snow and Ice surface albedo product validation results using AWS observation data

Sample image
2020.05.09 - 2020.05.24

Sample image
2020.11.17 - 2020.12.02

0.4 0.5 0.6 0.7 0.8 0.9 1.0

Validation result

Release accuracy

0.087 (13 %)
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RMSE = 0.087
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Target accuracy

7%

SALB product needs more in-situ data & quality control
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