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Paramet: References

Absolute calibration for radiometric responsivity | Hooker et al. (2002), Mueller et al. (2003), Ylianttila et al. (2005), Seckmeyer (2010), Johnson et al. (2014), Salim et al. (2014)
Long term stability Vabson et al. (2019a)

Spectral stray light and out of band response | Slaper et al. (1995), Kostkowski (1997), Zong et al., (2007), Zong et al, (2006), Feinholz et al. (2009), Nevas et al. (2012),
‘Talone et al. (2016), Schinke et al. (2019)

Immersion factor (radiance, irradiance) Zibordi et al. (2004), Zibordi (2006)

Angular response of irradiance sensors in air Zibordi and Bulgarelli, (2007); Pulli et al. (2017)

Field of view of radiance sensors in air Not addressed in this paper

Non-linearity Pacheco-Labrador et al. (2014); Pulli et al. (2017); Talone and Zibordi, (2018); Talone et al. (2020)

Accuracy of integration times Not addressed in this paper

Dark signal Kuusk, (2011); Xing and Lagunas-Morales, (2018)

‘Thermal sensitivity Baczynska et al. (2011); Salim et al. (2011); Price et al. (2014); Li et al. (2017); Li et al. (2018); Zibordi et al. (2017)
Polarization sensitivity Talone and Zibordi, (2016); Voss and Costa, (2016)

Wavelength scale Not addressed in this paper |

Signal-to-noise ratio Not addressed in this paper
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Parameter RAMSES HyperOCR
Irradiance Radiance Irradiance Radiance
Mass kg 09 11 095
Length mm 295 330 395 355
Diameter mm s ' 60(70) i 60
Supply voltage v 6.1 9...18
' Average power consumption w 085 4
Temperature range c +2...440 -10...450
Temperature control without temperature stabilisation
Field of view (full angle at half maximum in air) : 180, hemispherical 7 180, hemispherical 6
Input aperture diameter mm 7 15 2 20
Si photodiode array - CMOS logic compatible
Active area - pixel pitch: 25 pm; height: 2.5 mm
Wavelength range nm 350...1000 305....900
Wavelength step nm 33
Spectral bandwidth (FWHM) nm 95
Pixel count - 256, with 16 dark covered [ 256
Integration time ms 4...8192
Minimum sampling interval s 1 025
s per sample - 16
Responsivity @ 500 nm and 1 ms WWmenm 06 N/A 07 N/A
Responsivity @ 500 nm and 1 ms WW ' mPnmsr N/A 01 N/A 002
Internal shutter - NO, dark CCD’pixcls used yes
Internal temperature sensor - no yes.
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Parameter Agrmse ge Max D, change
‘ Light atmosphere 16% — 44% 8.7% — 13.4%
‘ Heavy atmosphere 16% — 7.9% 1.6% — 21.1%
‘ Field of view 44% — 48% 12.0% — 16.7%
‘ Solar movement [ 37% — 3.8% 13.6% — 13.6%
43% — 52% 14.1% — 14.6%

‘ Spectralon reference
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Parameter Values

Aerosol optical thickness | 0,0001,001, 01,02, 035, 05,07, 10, 15
| Aerosol model ‘ COAV, DESE, MACL, URBA

‘Wave slope variance, o> ‘ 00056, 0.0132, 0.0235, 0044, 0.0849

Cox & Munk equivalent wind speed ‘ 05,2, 4,8,12,16 (in ms™)

Solar zenith angle, 0, ‘ 0°-88" by step of 2°

Viewing zenith angle, 6, | 090" by step of around 15°

Relative azimuth, A¢ ‘ 0°-360 by step of 5

Wavelengths ‘ 350, 400, 500, 600, 700, 800, 1,000 (in nm)
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Aerosol types SSAM SSCM MINM MIAM MICM

COoAV Continental averaged 04 7,000 8300 0 0 0 0 0
URBA Urban 15 28,000 130,000 0 0 0 0 0
DESE Desert 0 2000 0 0 0 269.5 305 0.142

MACL Maritime clean 0 1,500 0 20 3.20E-03 0 0 0
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Componel Name Tary hape mg at 500 nm m; at 500 nm

Insoluble INSO 251 0471 sphere 0 153 0.008

Water-soluble WASO 224 00212 sphere 027 153 0.005

Soot 00T 2 00118 sphere 0 175 045

Sea salt (acc. mode) SSAM 2.03 0.209 spheroid LE 1.50 1.55¢-08

Sea salt (coa. mode) SsCM 203 175 spheroid 112 150 155¢-08

Mineral (nuc. mode) MINM 195 007 spheroid 01 153 0.0078
Mineral (ace. mode) MIAM 2 039 spheroid 01 153 0.0078

Mineral (coa. mode) MICM 215 19 spheroid 01 153 0.0078
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Symbol

E Extraterrestrial solar irradiance

$,5,81,82. 83 Stokes vector and its four components. Please note that the Chandrasekhar’s nomenclature is also commonly used with the components written
as L, QUV

5&;’_"5;%‘ ith component of the Stokes vector for direct and diffuse light reflected on the air-water interface

L, L Radiance (or 0" component of the Stokes vector) for direct and diffuse light of the air-water interface

Lty Lunf, Liy» L Total upward, air-water interface, downward sky and water-leaving radiances

0,,0,,0y,0' Zenith angles of the Sun, viewing direction, the normal to a wave facet, and incident direction

Bty iy, 1 Cosines of the zenith angles

96,900 Azimuth of the Sun, viewing direction, incident direction, and the relative azimuth

« Phase angle (supplementary of the scattering angle)

1 Wavelength

T TeT Total, aerosol and Rayleigh components of the atmosphere optical thickness

@ Single scattering albedo of the atmospheric medium

x RH Hygroscopic growth factor and relative humidity

Toms On Median radius and standard deviation of the aerosol lognormal distribution in number of particles

s My, Myt Complex refractive index of water, dry and wet aerosols

g, my Real and imaginary parts of the refractive index

po* Wave slope distribution and variance

ws Equivalent Cox-Munk wind speed

Ray Bidirectional reflectance distribution matrix of the air-water interface

R Fresnel reflection matrix

P Normalized scattering phase matrix

cv Coefficient of variation

it [ Tabudated values of the radiance reflectance factor including the sunglint contribution

Re Apparent surface-to-sky radiance ratio
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ACOLITE_glint Polymer

slope intercept R MAPE (%) RMSE slope intercept R MAPE (%) RMSE

400 20 00 0.03 00 >100 003 082 0 0.59 35 0.002
412 20 [ -0.1 0.03 | 00 >100 [ 0.02 077 0.002 [ 0.67 18 0.002
443 20 02 0.03 00 >100 [ 0.02 062 0.004 073 [ 19 0.002
490 ‘ 20 07 0.02 04 >100 [ 0.02 0.60 0.004 0.79 | 16 0.004
510 20 08 0.02 05 >100 0.02 063 0.004 0.86 16 0.004
560 [ 20 | 09 | 0.02 | 06 93 | 002 0.64 0.005 0.92 | 16 0.005
| 620 20 08 0.02 06 >100 [ 001 061 0.002 0.95 | 16 0.002
» 665 20 07 0.01 04 I >100 1 0.01 0.62 | 0.001 | 0.91 | 2 0.002
674 20 [ 07 | 0.01 | 03 >100 [ 001 | [ | [
682 L 05 0.01 03 >100 oo 063 0.001 0.90 18 0.002
709 [ 20 [ 07 | 0.01 02 | >100 [ 001 [ 067 | 0 [ 0.85 | 37 0.002
754 20 -0.0 0.01 00 >100 001 0.40 0.001 041 90 0.002
768 20 06 | 0.01 00 >100 [ 001 050 0.001 0.72 | 40 0.0
865 20 -0.1 0.01 00 >100 | o | ]
1020 20 -02 0.01 00 >100 [ 001 [ -1.50 0.002 0.04 | >100 0.002
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BAC

W (nm) N slope intercept R? MAPE (%) RMSE slope intercept MAPE (%) RMSE
400 20 -112 0.018 025 >100 001 064 0.004 055 40 0002
412 20 ~091 0.016 018 >100 001 072 0.004 063 40 0002
442 20 -021 0.009 002 86 001 083 0.004 074 37 0003
490 20 028 0.005 017 46 0.01 082 0.005 080 2 0003
510 20 041 0.005 043 35 001 085 0.004 084 19 0003
560 20 056 0.005 086 23 001 081 0.002 083 15 0.004
620 20 050 0.001 069 36 0.005 094 0.001 092 1 0001
665 20 039 0.001 048 47 0.004 100 0 093 9 0.001
673 20 036 0.001 042 48 0.004 097 0001 092 1 0.001
681 20 041 0.001 058 46 0.004 085 0 088 20 0.001
708 20 038 0.000 047 50 0.003 082 0 089 12 0.001
753 20 006 0.001 000 62 0.001 081 0 088 14 0
778 20 017 0 016 80 0.001 096 0 088 19 0
865 20 018 0 027 80 0 058 0 089 23 0
885 20 014 0 038 80 0 052 0 086 36 0
1020 20 -029 0.002 001 >100 0.001 0 0 020 >100 0
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C2RCC

W (nm) N slope intercept RMSE slope intercept
443 5 -072 0.044 013 83 0.044 -0.13 0.020 001 73 0038
483 5 -0.90 0.074 021 81 0058 -028 ooz | oos | 64 0.046
561 5 -114 0.169 023 66 0.084 -005 0.065 000 48 0,059
| 655 5 -0.07 0.062 0.00 52 0.064 112 -0.029 016 | 26 | oon
865 s 005 | oos 005 | 63 oo o1 001 | oo0 | >100 0036
COLITE ACOLITE_glint
slope intercept MAPE (%) intercept R MAPE (%) RMSE
443 5 045 0.035 003 20 0015 087 0.011 008 2 0014
w5 | ou | oos oo | 16 oo o057 02 | o7 | 18 oo
561 5 004 0.106 000 12 0017 034 0.068 006 13 0018
655 5 063 0.038 017 13 0018 045 00sa | o010 | 14 0020
865 s | 166 0.015 047 >100 0035 -0.12 0.041 001 100 0024
iCOR
intercept MAPE (%)

443 5 -207 0178 026 51 0032

483 5 -119 0.168 i 017 30 I 0029

561 5 -020 0144 001 16 0025

7 655 | 5 051 0.065 007 2 0024

865 5 -1.09 0133 014 >100 | 0092
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C2RCC

W (nm) N slope intercept R? MAPE (%) RMSE slope intercept

443 5 042 0.003 045 | 88 002 050 0.003 049 81 00024
483 5 045 0.005 048 %9 0.003 051 0.005 05 | >100 | o007
561 5 043 0.008 0.80 96 0.004 044 0.009 0.61 >100 0.0051
665 5 023 0.003 037 86 0.001 012 oo | 017 | 9 " oono
865 5 031 0.000 040 | 42 0 009 0.000 006 50 00001
ACOLITE ACOLITE_glint
slope intercept MAPE (%) RMSE intercept R MAPE (%)
443 5 181 0.001 083 >100 0.006 053 0.011 004 >100 001
483 s o 097 >100 o006 | 052 ooz | o >100 001
561 5 os | oom 091 >100 0.006 049 oos | 0w | >100 001
| 665 5 115 0.003 049 >100 0.004 049 0.005 009 >100 0
e s o3 | oom 02 | >100 00s | 391 0001 | o020 >100 0
iCOR
intercept MAPE (%)
443 5 135 0012 065 >100 0014
483 I 5 114 0.012 090 I >100 0012
561 5 077 0014 | 085 >100 | 0011
665 | 5 120 0.009 051 >100 0009

865 | 5 401 0.009 001 >100 0010
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Panel A C2RCC GRS

Intercept R MAPE (%) RMSE slope Intercept R MAPE (%) RMSE
443 7 024 0022 0.04 7 0040 7 -078 0074 025 2 0015
o 7 -0.05 0023 0.00 7 0052 7 050 0089 015 2 0020
560 7 017 oo | oo | 55 0.065 7 019 0066 07 2 0025
665 7 -0.20 0.054 021 57 0.067 7 0.69 0010 073 2 0023
704 7 014 0.046 013 45 0056 7 0.68 0007 080 2 oo
740 7 004 oot | ot | 47 R 059 oo om | 3 oo
783 7 006 o011 037 47 0029 7 055 0003 087 34 0016
o 7 016 0.002 098 66 0029 7 051 0004 091 31 0016
Polymer iCOR
Intercept MAPE (%) RMSE slope Intercept R
443 7 110 -0.027 020 45 0.023 7 250 0052 002 >100 0131
o 7 196 0,095 021 36 0031 7 204 0042 0.06 >100 0124
s 7 113 -0.045 034 27 0034 7 077 0150 013 >100 0130
665 7 034 0.021 038 39 0.045 7 098 0120 080 100 0132
o ;o 0019 s 44 oo 7 09| o os | s o
o 7 008 oo | ou | 47 0028 7 116 0127 0.90 >100 0162
783 7 0 0017 0.04 68 " oon 7 W o 090 | s 0162
833 7 000 00 | oo | 76 0035 7 107 0130 0.86 >100 0218
Panel B ACOLITE ACOLITE_GLINT
Intercept R MAPE (%)  RMSE slope  Intercept ~ R*  MAPE (%)  RMSE
o 7 019 0.062 005 8 0.006 7 084 0089 027 1 0007
192 7 032 oo | oos | 9 0007 7 e 0112 030 | 13 - oon
s 7 015 s | oos | 10 | oo 7 06 | o | om 2 0015
s 7 087 0012 0.86 9 0010 7 081 0009 082 1 0014
— 7 084 oo | ose | 1 | oo P o9 | oss | 14 0013
740 7 075 0.005 089 2 0.009 7 082 0004 095 18 0007
o 7 om 0.008 093 | 2 oo 7 ™ 0.96 16 0006
833 7 082 ows | o3 | 4 0.007 7 0w | oo 098 12 0,006
Sen2Cor
Intercept MAPE (%)
443 7 105 0.009 0.08 u 0015
492 7 104 0.007 014 17 0016
560 7 101 | 0.005 034 n 0014
665 7 109 | 0003 087 12 0012
704 7 109 0.001 0.90 16 0013
| 740 7 092 | 0.008 074 38 0013
783 7 084 0012 070 5 0015
833 7 085 0013 [ 0.64 54 | 0016
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Panel A C2RCC GRS

W (nm) N  slope Intercept 2 MAPE (%) RMSE N  slope Intercept R MAPE (%)  RMSE

443 17 043 0.002 032 38 0.005 17 069 0000 056 50 0005
w v 046 0.003 046 k) ows | 17 081 0.000 091 2 0044
o v 073 0000 086 3 0.008 17 077 oo 097 2 "~ oo6
P 069 0.001 089 2 0.002 17 075 0.000 075 31 0002
T 067 0.001 08t | 2% o001 | 17 | oes | oom 062 37 oo
o w 06 0000 0.80 23 oo 17 035 0.002 003 >100 0002
783 17 074 0.000 0.80 2% 0.001 17 010 0.003 0.00 >100 0002
P 034 0.000 083 51 0.001 17 041 0.002 005 >100 0.001
Sen2Cor iCOR
slope  Intercept MAPE (%) RMSE slope Intercept R* MAPE (%)  RMSE
443 17 087 0.014 025 >100 0.001 17 119 0.007 070 98 0001
492 17 082 0.015 052 9 0.009 v 0004 | 084 4“4 0.008
560 17 086 0.011 076 37 0.009 17 093 0.004 090 16 0.004
665 v o 0.011 o011 >100 0.009 17 095 000 | 06 60 0.004
704 17 -010 0.012 0.00 >100 0.009 17 104 0.004 059 >100 0.005
740 v 0.013 017 >100 0.009 17 151 000 | o1 >100 0005
783 17 -345 0.013 017 >100 w0 | 17 093 0.006 007 >100 0.006
s v -0 0.011 013 >100 0.009 17 106 0.005 007 >100 0005
Panel B ACOLI ACOLITE_glint
slope  Intercept MAPE (%) RMSE slope  Intercept R? MAPE (%)  RMSE
443 17 135 0.009 073 >100 001 17 135 0.008 069 >100 0001
492 17 114 0.007 087 o7 0.009 17 s ooos 074 50 0001
0w 094 0.005 094 17 oot | 17 094 0.003 l 093 14 0001
665 17 095 0.004 0er 56 oo | 17 106 0.002 082 3 0003
o v om 0.005 o 9 o5 17 105 oo | os 57 oo
740 17 043 0.005 001 >100 0.005 17 139 0.003 024 >100 0003
wm o w 031 0.005 001 >100 0.005 17 132 0.003 025 >100 0003
833 17 045 0.004 001 >100 0.005 17 179 0.001 040 >100 0002
Polymer
intercept
443 15 | 071 0.003 ‘ 074 23 0002
492 15 078 0.003 ‘ 093 14 0001
560 15 068 | 0.002 089 | 2 0005
» 665 15 ' 079 ~0.001 047 I 36 0002
704 15 064 0001 ‘ 037 59 0002
740 | 15 | -022 0.001 ‘ 004 70 0001
‘ 042 62 0.001

783 15 -1.66 0.003
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FR MAFR
Satellite sensor Date (dd/mm/yyyy) Time (UT) Satellite sensor Date (dd/mm/yyyy) Time (UT)

S2A-MSI 18/11/2021 10:48 S2A-MSI 03/05/2022 11:08

$24-MSI 15/12/2021 10:38 S24-MSI 13/05/2022 11:08

S24-MSI 18/12/2021 10:48 S2A-MSI 02/06/2022 11:08

| S2B-MSI 04/04/2021 10:38 S2B-MSI 28/05/2022 11:08

S2B-MSI 03/06/2021 10:38 S2B-MSI 03/01/2023 11:03

S2B-MSI 13/06/2021 10:38 S2A-MSI 20/11/2022 11:04

S2B-MSI 01/09/2021 1038 S2A-MST 19/11/2022 11:03

S2B-MSI 11/10/2021 10:38 18-OLI 30/04/2022 10:47

S2B-MSI 30/11/2021 10:38 18-OLI 16/05/2022 10:47

S2A-MSI 28/02/2021 1038 19-0LL 03/01/2023 1048

$24-MSI 28/07/2021 10:38 19-0L1 07/11/2022 10:54

| S2A-MSI 09/10/2021 10:48 18-OLI 07/10/2022 10:48

S2A-MSI 26/10/2021 10:38 S3A-OLCI 09/05/2022 10:39

» S2A-MSI 07/01/2022 10:48 S3A-OLCI 29/05/2022 10:20

$24-MSI 14/01/2022 1038 $3B-OLCI 05/05/2022 1003

$24-MSI 17/01/2022 10:48 $3B-OLCI 07/05/2022 10:52

| S2B-MSI 12/01/2022 10:48 $3B-OLCI 08/05/2022 10:26

L8-OLL 14/03/2021 10:23 $3B-OLCI 13/05/2022 09:56

L8-OLI 20/07/2021 1023 $3B-OLCI 28/05/2022 10:07

| L8-OLI 05/08/2021 1023 $3B-OLCI 01/06/2022 1003

| L8-OLI 08/10/2021 1024 $3B-OLCI 13/11/2022 1027

$3A-OLCI 25/06/2021 09:43 $3B-OLCI 12/11/2022 10:53

$3A-OLCI 10/07/2021 09:54 $3A-OLCI 05/12/2022 09:56

» $3A-OLCI 03/08/2021 09:32 $3A-OLCI 1971112022 1011

| S3A-OLCI 10/08/2021 09:50 S3A-OLCT 08/10/2022 09:59

S3A-OLCI 30/08/2021 09:32 $3B-OLCI 26/10/2022 10:33

$3A-OLCI 14/10/2021 10:05 $3B-OLCI 09/10/2022 1035

$3A-OLCI 06/11/2021 10:09 AQUA- MODIS 04/05/2022 13:07

$3A-OLCI 14/11/2021 10:01 AQUA- MODIS 07/05/2022 13:37

S3A-OLCI 18/11/2021 09:58 AQUA- MODIS 09/05/2022 13:25

$3A-OLCI 16/12/2021 09:32 AQUA- MODIS 10/05/2022 1230

» $3A-OLCI 18/12/2021 10:20 AQUA- MODIS 11/05/2022 1312

| $3A-OLCI 20/12/2021 09:28 AQUA- MODIS 16/05/2022 13:30

$3B-OLCI 14/03/2021 10:14 AQUA- MODIS 18/05/2022 1317

$38-OLCI 12/05/2021 09:44 AQUA- MODIS 25/05/2022 1322

| $3B-OLCI 01/07/2021 09:48 AQUA- MODIS 30/05/2022 13:40
| $38-OLCI 20/07/2021 09:56
$3B-OLCI 15/08/2021 10:22
$3B-OLCI 20/08/2021 09:52
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Satellite

HYPERNETS
observation

(UTC)

RadCalNet
observation
(UTC)

Satellite
observation
(UTC)

VZA
satellite,
HYP* ()

VAA
satellite,
HYP* ()

SZA
satellite,
HYP* ()

SAA
satellite,
HYP* ()

S2B GHNA | 2022-06-08 09:00:43  2022-06-08 09:00 2022-06-08 08:45:49 | 56, 5.0 268.5, 278.0 526,539 298,326
S2B GHNA | 2022-06-28 09:0128  2022-06-28 09:00 2022-06-28 08:46:09 | 56, 5.0 268.7, 278.0 534,547 305, 33.1
S2A GHNA | 2022-07-13 09:00:42 | 2022-07-13 09:00 2022-07-13 09:00:42 | 56, 5.0 2697, 278.0 524,538 321,349
S2A GHNA | 2022-08-02 09:00:42 2022-08-02 08:46:11 | 55, 5.0 2694, 278.0 49.1, 50.6 35.1,38.1
S2A GHNA | 2022-09-11 09:01:28 2022-09-11 08:46:11 | 56, 5.0 269.6, 278.0 370,388 438,471
S2A GHNA | 2022-09-21 09:01:33 2022-09-21 08:46:41 | 55, 5.0 2694, 278.0 335,353 47.0,504
S2B GHNA | 2022-09-26 09:01:31  2022-09-26 09:00 2022-09-26 08:47:19 | 55, 5.0 2683, 278.0 318,337 489, 524
S2B GHNA | 2022-10-06 09:0927  2022-10-06 09:00 2022-10-06 08:48:29 | 55, 5.0 2682, 278.0 285,304 533, 56.6
S2A GHNA | 2022-10-11 09:02:59 2022-10-11 08:49:11 | 55, 5.0 2694, 278.0 270,287 55.8, 58.6
9 GHNA | 2022-06-06 09:00:44  2022-06-06 09:00 2022-06-06 08:56:41 | 0.7, 0.0 38.1, 83.0° 549,537 348,326
9 GHNA | 2022-06-22 09:00:40 2022-06-22 08:56:57 | 0.5, 0.0 ~77.4, 83.0° 559,548 349,329
18 GHNA | 2022-06-30 09:01:28 2022-06-30 08:57:23 | 0.6, 0.0 26.7, 83.0% 55.8,56.6 354,333
19 GHNA | 2022-09-10 09:01:31  2022-09-10 09:00 2022-09-10 08:57:23 | 0.7, 0.0 44.4, 83.0° 407, 39.7 49.7, 467
9 GHNA | 2022-09-26 09:0131 | 2022-09-26 09:00 2022-09-26 08:57:30 | 0.7, 0.0 37.8, 83.0° 354,337 55.0,52.3
9 GHNA | 2022-10-12 09:01:31 2022-10-12 08:57:33 | 07, 0.0 38.4, 83.0° 306,286 625,599
7 PRISMA GHNA I 2022-07-10 08:31:27 | 2022-07-10 08:30 2022-07-10 09:15:48 | 0.6, 0.0 1252, 113.0° | 529,583 321,408
PRISMA GHNA | 2022-08-02 09:00:42 2022-08-02 09:12:24 | 8.1, 100 1012, 98.0 49.7,50.8 363,382
PRISMA GHNA | 2022-09-23 08:31:28 2022-09-23 09:09:04 | 162, 20.0 1012, 98.0 33.6,40.6 504, 59.6

*The different azimuths for this nadir observation are averaged.
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