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(1) Summary

* A methodology is developed for the routine service evaluation of sentinel 3 derived SYNERGY SDR reflectance products with respect to VIIRS and MODIS.

 The satellite derived surface reflectance products used in intercomparison might suffer from differences due to observational geometry and differences due to
spectral response functions.

 Necessary correction procedures are hence implemented in the methodology to minimize the differences between surface reflectance products used in
Intercomparison.

e First results of intercomparison are shown between SYNERGY SDR and MODIS (VIIRS) surface reflectance products, as observed over CEOS LPV sites during the
period 2022-2023 and are discussed.

2) Methodology and Data metrics
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3) Results and Discussion

1.0 EUROPE_20220515_094320 b02 vs Oal7 EUROPE 20220515 094320
' 2 051 L 60000 05 S3A b01 vs 0a08 (2022-1-1 to 2023-03-01) 0.5 S3A b02 vs Oal7 (2022-1-1 to 2023-03-01) 0.08 S3A b01 vs 0a08 (2022-1-1 to 2023-03-01) S3A M7 vs Oal7 (2022-1-1 to 2023-03-01)
N = 495869 2000 ' —— MODIS - - |
o] Yy T 552 X020t nts | 000 —— SYN SDR (OLCI) 0.06
' 0.4 1 0.4 - e
2000 8 8 0.04
c c
r 40000 © © |
- - 0.02 %k w
0.6 0 0.3 O i ! i
=< 0.2 E 2
=) 1500 =) = = |
2 2} I 30000 & ‘ | g > 0.00
& v 11 I il - I L
704 g 02 i |i AR "tH) (N i E ~0.02 ~0.02 -
1000 0.0 | 20000 t a | ‘\ ‘ ""‘r ¥ ol i : |H‘ [ ‘H e L
2 ~ - Y, r ‘ ,‘-' I =M . |\|i LM : - t i |”‘" }‘ =)
A . ‘ e at | i | n 014 —0.04 - —0.04 -
g ’ ] I‘--. L . ‘m . " ’ i ____________________________________________________________________________________
0-21 [ 590 10800 "?“1"\“"“‘“ ”‘|"“' ks I\”l ll!‘ L 'H””“‘! i I :1“”“‘”1!1 " \ﬂl i il =\‘ by’ | MODIS —0.06 1 —0.06 -
’ Be_fore BRDF 021 wiabeli et il i ot IS bl —8— SYN SDR (OLCI)
0.0 4 . r— . 0.0 . . . . . . -0.08 . . T . T . —-0.08 . . . .
. | | . : : > < 2 N ) S D H N O N & < > <) & 9 o N y @) & > 5 A o ~ N >
%% 0.2 0.4 0.6 0.8 1.0 ” " MODIS MOD09GA.OEL o ’Lq’Q "19’10 ’L’VQ ’Lq’,g ’D’IQ &,]}3 Q’D;Q 6"’1;0 Q’D;Q Q’D”Q 6\"1;\, &@9 Q’f)lg q’fl;o ,D;B q”L’Q ,Lq,g) fD;Q ,ﬁ’:\/ ,f;’g {)’Q ,Lq;g ,L’VQ q:VQ ’{L’Q rﬂg er’» q?’p q’,b'Q
' " MODIS MODO9GA.061 ' ' ® » ® 2 ® + 0 0 ~ 0 " 0 0 A > ® » P A® > ® D O D D > D > D
EUROPE_20220515_094320 b02 vs Qal7
0 = = s000 EUROPE_20220515_094320 05 S3A M5 vs 0a09 (2022-1-1 to 2023-03-01) - S3A M7 vs Oal7 (2022-1-1 to 2023-03-01) S3A M5 vs 0a09 (2022-1-1 to 2023-03-01)
—8— Accuracy | - - . 0-08
N=4 paiuill B &~ VIRS —4— VIRS
v, =é —— Specification —— SYN SDR (OLCI) : ] !‘ii —— SYN SDR (OLCI) 0.06 ,‘ T 2 : )
08| = 0.04 - Number of points [ 60000 0.4 - T il | | Lo 'I ||! | - _L : N 3 o -i =
4000 o % o % ) " " 11 00: HNGLES L] h" w Ry i 3/ AT \i C.
E g b Lo . ||!‘l!"“||'h'“k||” K ;‘> nr < . 'II"IU'_" g
[ 20000 S I o B | e o ":ill &y, Jul i R
0.6 2000 0.02 5 0.3 4 8 0.3 Ll NE . " i) - ! 'F'l‘__- “!!‘ 0.02 A | Y| L ‘- Yy L ‘ e (il b
% = = ] sl [ 1 l il H i :
I 5 - 40000 0CI:J g : - Hl‘li"lnli' S ks o 0.00 D 0.00
- o , el |
g < o 0.2 SRl ¢ 3 SR 1F 4
n u U. .
0.4 2000 0:00 I 30000 O : E —0.02 1 —0.02 A
- | =
=] k | >S5
vs Oa n i wn —0.04 4 —0.04 1
” After BRDF VR L 0.1 (RN o1 d T
0.2 1 L 1000 0029 Ty I ” —0.06 4 —0.06 -
F 10000
0.0 - 0.0 T T T T T T —0.08 T T T T T T -0.08
0. .2 . . ) 1. f .‘ f f f I Q v U Qb Q) Q J Qv J v Qv J U 3 Q Qv 3 a a a o a a2 a 2
00 0 opmmeoasmacer ot % wobbmcosmioss 0 g O O S A A A SO S I S (. I R A LA
MODIS MCD43A4.061
M O D I S VI I RS B i O me S e arati O n ECOSTRESS 10 ~|‘ GSBA b01 vs ©a08(2022-1- to 2023-3-1) GSBA b02 vs 0al7(2022-1- to 2023-3-1)
p reflectance High .spec!:ral resolution M ‘ ‘ N =1918 R’=0.921 ‘
Spectral Library mme COMposite-pixels reflectances " ‘ 05{ A-,00e 0.5
database 04 ‘ |‘ U = 0.0268
S3A bO01vs Oagﬁ%OZZ-l-l to 2023-3-1) S3A M5 vs 0a09(2022-1-1 to 2023-3-1) S3A M5 vs 0a09(2022-1-1 to 2023-3-1) S3A M5 vs 0a09(2022-1-1 to 2023-3-1) . ' 02 \ ~ 04 =04
asses All Classes decadous Shrub Bare soils | Vegetation (' ) i Sha
00 A 06 e 06 - 0.6 . %00 500 600 o e
N =1918 R’=0.921 P N =1171 R?=0.930 e _ 2_ g, e _ 2 ,/:,'/ = x 03 % 03
051 % o006 R 0.5 1 gj:oz%oz? o 05| Azoom ' Linear mixing (up to 3 pure- J i g g
U=0.0268 U = 0.0223 /;,:”,/ U= 0.0152 //://’ Foo0 /,":/' ' spectra) r Model fit on SBAFvs | 502 502
Sl 504 y S 041 S 04- pd i - Random endmembers | —— _ 3 NDVI data
S 0 % 4 ) ] M - Random weights Spectral integration E . 0.1 °11 .
a 303 x 03 Z 0.3
= £ z z P %% 01 02 03 04 05 o6 %% 01 o0z 03 04 05 06
n 02 002 5021 “ % 021 ":(" R-eflectam:fes R.e flectanc-es MODIS (MCD43A4) MODIS (MCD43A4)
oo’ - simulated in simulated in E
01 0.1 01d o o1d target bands reference bands §
’ y g 0.633A M5 vs 0209(2022-1- to 2023-3-1) 0. S3A M7 vs 0a17(2022-1- to 2023-3-1)
0.0 T T T T T 0.0 i . . . . . 0.0 £ ‘ ‘ | | ‘ ,::, ‘ ‘ ' ' l § . vy . Iy
60 01 02 03 04 05 06 00 01 02 03 04 05 06 00 01 02 03 04 05 0.6 %%0 01 o0z 03 02 05 06 H N=1171 R7=0.930 S
MODIS (MCD43A4) VIIRS (VNP43MA4.001) VIIRS (VNP43MA4.001) VIIRS (VNP43MA4.001) 059 2 5506 051
High spectral resolution 0ss] U =00223 s
S3A b02 vs 0al7(2022-1-1 to 2023-3-1) S3A M7 vs 0al17(2022-1-1 to 2023-3-1) S3A M5 vs 0a09(2022-1-1 to 2023-3-1) S3A M5 vs 0a09(2022-1-1 to 2023-3-1) composite-pixels = 5 0.4 1
5% All Classes - All Classes o broad ever green o Cultivated reflectances database ] ) ]
’ /f’ : /:; ’ /:/ ’ e ’ & 503
2 oA P S ,” Mixed database NDVI distribution, soil and vegetation (10000 spectra) [a] o
N = 1247 R2=0.810 i N =129 R?=0.932 A N =105 R*=0.980 S m N i
0.5 - 054 A = -0.002 i ,”,:' 054 A =0004 P 054 A=-0017 ,,/ s g0 £ £
0= 00315 0= 000se1 P 0280 .‘ ‘ ‘ ‘H H Hl ” " 02
= 0.4 = 0.4 4 9 = 0.4 4 yd ~ 0.4 N
9 9 : Y e 9 u 01
o (] Ie) s} ‘0, B §
= = ° 2 e o - )
é 0.3 é 0.3 4 ° € 0.3 1 £ 0.3 yfé ol - " - - ' Application of the model to 0.0 ¥—— T T . . 0.0 . T . : ;
ak = 2 2 b target spectra (correction) | 00 01 02 03 04 05 06 00 01 02 03 04 05 06
%02 & 0.2 & 024 > oo 5’:"‘;’7 NDVI of the mixed { 3 performance assessment of | VIIRS (VNP43MA4.001) VIIRS (VNP43MA4.001)
spectral database ~ the correction i
0.1 0.1 1 0.1 0.14 R e - L L] L]
. , % : with BRDF and without Spectral adjustment
R C — ) Gl ol ok Methodology for spectral adjustment
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6
MODIS (MCD43A4) VIIRS (VNP43MA4.001) VIIRS (VNP43MA4.001) VIIRS (VNP43MA4.001) conCI USion a nd Pla ns °
o o o o o . . S3A b01 vs 0a08(2022-1- to 2023-3-1) 0 653A b02 vs 0al7(2022-1- to 2023-3-1)
S3A b03 vs 0a04(2022-1-1 to 2023-3-1) S3AM3 vs 0204(2022-11 t0 202331 534 MS vs 0209(2022-1-1 t0 2023-3-1) s3aMsvs 0209202211 10202330 ¢ Implementation of BRDF coefficients improved the overall correlation and APU statistics as observed from the o6 77 | 7
0.6 P 0.6 T 0.6 - - 0.6 rop . . . . . N = 1916 R?=0.923 /,:// N = 1916 R”=0.800
- ‘ o ) intercomparison exercise shown for different regions of the globe. 051 #7550 051 £ I5ou:
- =Y N =1144 R*=0.832 s = = 0. / - N =181 R?=0.754 S U =0.0242 Far =0.
054 A=-0.007 S ] a=-0o002 o 54 A=-0.005 7 e 1 A =-0.008 e . P 8 Ll 8 Q g "
PootoL 1 o, "1 pzam, s 31 Fooos . The relative mean statistics (%) between the statistical scores (before and after BRDF correction) of intercomparison = 04- = 04
o o o . . . . s 3
g o4 5 041 g 04 5 041 showed an improvement of more than 50% for A,P,U metrics and an overall improvement in R-squared value. % 03 % 03
=} s} e S . . . : 2 2
% 03 z 03 z 03 Z 03 y . Inter-comparison of time series of surface reflectance (SR) between SYN SDR and VIIRS (MODIS) and for the period = z
w [0 w o S . .
5 02 £, Z s | ,.-.-.ég:‘ 2022-2023, although showed a good stability between the satellite derived surface reflectance products, the match . .
01 onl o I, was better with respect to VIIRS products.
' ' 4 ' 1 . . . . . . . 00 - T T T T T 00 T T T T T
’ e  Surface biome class has impact on the correlation statistics of intercomparison, where better agreement was found o0 01 0z 03 04 05 06 00 01 02 03 o4 09 o
0.0 T T T T T X ae r r r y r 0.0 T T T T T 0.0 T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6 H f g a
Moois (a3 o e N AL o) Vi NPMAL oL with respect to broad and needle leaved evergreen biome types, and as compared to crop or cultivation type.
e  Spectral convolution methods based on Ecostress high spectral resolution data improved the correlation statistics 0.653AMS vs 0a09(2022-1- to 2023-3-1) 0.653A M7 vs 0a17(2022-1- to 2023-3-1)
S3A b04 vs 0a06(2022-1-1 to 2023-3-1) S3A M4 vs 0a06(2022-1-1 to 2023-3-1) S3A M5 vs Oaﬂzf—ﬁgggéﬁ;‘ to 2023-3-1) S3A M5 vs 0a09(2022-1-1 to 2023-3-1) . o //// ,;,”"
06 MliClasses . All Classes ’ 0s 06 All Classes . (RMSE or U), marginally by 8%. 05| AThs 0 05
L]yt o S I o | BT om0 *  The usage of several mathematical models for spectral adjustment procedures are further envisaged for performance .
P =0.003 S 0591 4-08 Vs o ' =0. yd =71 P=o0.008 i = 0.4 = 0.4 1
L assessment. 3 5
= 0.4 4 A / ~ = 0.4 1 S = 0.4 - pot
3 y 5 041 A g o 3 =03 % 0.3
] 3 e / ) 2 z
x 0.3 € 0.3 , g 031 e z 03 % 02 502
2 2 S 7 Vi i References:
& 9 & 02 2 = . . . . ..
#0219 G021 o 02 7 N 02 * J. L. Villaescusa-Nadal, B. Franch, J. -C. Roger, E. F. Vermote, S. Skakun and C. Justice, "Spectral Adjustment Model's Analysis and Application to Remote 0.1 0.1
0.1 o1d e 0.1 / 0.1 Sensing Data," in IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, vol. 12, no. 3, pp. 961-972, March 2019, doi: o 1BF ol
, 10.1109/JSTARS.2018.2890068. o0 o1 o2 03 04 o5 oo 00 o1 02 03 04 05 06
0.0 ‘ T T T T T . r . r . 0.0 T T T T T . - T T T T T . . . . . " ’
00 01 02 03 04 05 06 ®%0 01 02 o3 o0a 05 o6 00 01 02 03 04 05 06 ®%0 o1 o2z o3 oz os o6 * Vermote and Kotchenova, Atmospheric correction for the monitoring of land surfaces 2008, JGR, (https://doi.org/10.1029/2007JD009662).
MODIS (MCD43A4) VIIRS (VNP43MA4.001) VIIRS (VNP43MA4.001) VIIRS (VNP43MA4.001)

* Roy et al.,, Examination of Sentinel-2A multi-spectral instrument (MSI) reflectance anisotropy and the suitability of a general method to normalize MSI with BRDF and with Spectral ad]'ustment
reflectance to nadir BRDF adjusted reflectance, RSE, Volume 199, 2017, https://doi.org/10.1016/j.rse.2017.06.019.

Funded by the EU and ESA

Eesa (oo 12 14 June 2023 | ESA-ESRIN | Frascati (Rome), Italy

European Union

The views expressed herein can in no way be taken to reflect

the official opinion of the European Space Agency or the European Union.



https://doi.org/10.1029/2007JD009662

	Slide 1

