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=» Overview of MSI characteristics
= DIMITRI Toolbox

= PICS subsampling analysis

= S2MPC-L1-VAL-RAD activity

= Conclusion
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OVERVIEW OF S2A/MSI| CHARACTERISTICS ,@“

SENTINEL 2

=» Overview of MSI characteristics
13 VIS/NIR/SWIR spectral bands
Spatial resolution: 10m{/ 20m, (60 m*for atmosphere calibration)
Swath: 290 km b ®
2 spacecraft on same orbit; S2A latnched in June 2015, S2B within a year
180° apart: 5 days revisit at equator

Systematic coverage between 84°N and 56°S

B9 B10
Water-vapoyr I | Cirrus

Snow / ice / cloud discrimination

VOgetation
Red-edge




DIMITRI TOOLBOX PR\ g

\\\\\\

DIMITRI \\\

Database for Imaging Multi-spectral Instruments and Tools
for Radiometnic Intercomparnison

> DIMITRI: Database for Imaging Multi-Spectral Instruments and Tools for Radiometric
Intercomparison (Developed by ESA-ESTEC & ARGANS with support from Magellium).

» It consists on 4 vicarious methods: Rayleigh, Glint, PICS and Sensor-to-Sensor Inter-

calibration + 3 cloud screening modules

AATSR SPG_OPTIMUM ALGERIA-3 AMAZON
ATSR2 SIO_OPTIMUM ALGERIA-5 DOME C
MERIS NW_PACIFIC_OPTIMUM LIBYA-1 UYUNI
MODIS-Aqua NE_PACIFIC_OPTIMUM LIBYA-4 TUZ GOLU
PARASOL NW_ATLANTIC_OPTIMUM MAURITANIA-1 BOUSSOLE
VEGETATION -2 SW_ATLANTIC_OPTIMUM MAURITANIA-2 Railroad Valley
VIIRS MEDSEA_OPTIMUM
MSI_A NE_AUSTRALIA_OPTIMUM
OLCI_A
SLSTR_A
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DIMITRI ToOOLBOX

DIMITRI

Database for Imaging Multi-spectral Instruments and Tools
for Radiometnic Intercomparnison
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Yearly it = 0.02 % e £ 0.02 % yar ' (20, .
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Database
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S ] - DIMITRI'V3 1al A O
) - The Database for Imaging Multi-spectral Instrumentsand
\ 7 Tools for Radiometric Intercomparison
\Ll] K Ingest Data: Cloud Screening: l Process: ‘ | Visualise: ‘
O e n S e a r. Ch Add L1b Data Manual Screening Sensor Recal, I View Outputs I
p New Site SSY Analysis VGT Simulation | RSR Data |
S e n S O r Data Download BRDF Analusis Rayleigh Cal, | Database Stats I
R O I Glint Cal,
Desert Cal,
year | Options I Help I About I Exit |

CSV-Archive

http://calvalportal.ceos.org/tools
https://dimitri.argans.co.uk
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DIMITRI TooLBOX — PICS METHOD a

\\\\\ N
Databeor |rIrxagiansp|ectml-!1-stmn§s am! Tools \\K e S a

for Radiometnic Intercomparnison

=» GOAL: To evaluate the long-term trends in S2A/MSI sensor
performance to identify relative biases in the radiometric
calibration

TOA reflectance-REF

Atmos-correction
=2 METHOD OVERVIEW

BOA reflectance-REF
» Pseudo-invariant calibration sites (PICS) method following

Bouvet (2014) Spectral-sampling

»y Use of MERIS as Reference sensor BOA reflectance-CAL

» Considering BRDF model (RPV-model)
Atmos-correction

» Use MYSTIC in LibRadtran as Radiative Transfert Model

» Meteorology data (WV and O3) from ERA-Interim TOA reflectance-CAL
R(A)

» Relative calibration coefficient:

R(A)=p°Ps/psi™; Uncertainty £5% (B05 of £10%) TOA reflectance-OBS
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DIMITRI

Database for Imaging Multi-spectral Instruments and Tools
for Radiometnic Intercomparnison

(@] (@) X' DIMITRI V3.2.0: SENSOR RECAL SETUP

= GOAL: Compare absolute radiometric
response to other sensors. A g |

2 METHOD OVERVIEW = 44

REF SENSOR : II.ﬂNDSRT_collection_l | j j

SENSOR CONFIGURATIONM SELECTION 3

) FOI IOWi ng Bouvet et al (2006) : D i reCt AATSR_2nd_Reprocessing S2MSI_Calibration_1

ATSR2_Reprocessing_2008

. LANDSAT _collection_1
comparison of TOA reflectance of two or more HERIS_ 2nd. Reprocessing
MERIS_3rd_Reprocessing 2]
MODISA_Collection_5 ﬁl
Sensors. PARASOL _Calibration_1

52MSI_Calibration_1

VEGETATION_Calibration_1

»y User defined Reference sensor

ANGULAR MATCHIMG CRITERIA:

» User defined geometry “Angular Matching sza: [ko.00  van: [Mo.00  Ren: [Ho.oo
Criteria” (AMC) UPDATE nm:l AMC: |T;L5.oooo

ABSOLUTE MATCHING CRITERIA:

> No relative spectral response (RSR) adjustment H e
. WZO RS o 80
considered I_ I
VAR @ |_0 360
> No surface BRDF considered s : [o [50
sn : |b | =s0

» Absolute calibration coefficient:

TEMPORAL AND COVERAGE CRITERIA :

y A()\)=pCA|_lpREF DAY OFFSET : I‘:, CLOUD 2 : |p.oo REGION Z : I‘;too.oo

Start ] Exit I
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IMPACT OF SUBSAMPLING PICS SITES
OVER MERIS-3RP-REPROC
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IMPACT OF SUBSAMPLING PICS SITES OVER MERIS-3=-REPROC Cg%“

SENTINEL 2

= RGB-QL-MERIS Libya4-Small/Large sites

o

‘ A
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IMPACT OF SUBSAMPLING PICS SITES OVER MERIS-3=-REPROC (‘“

SENTINEL 2

=» Example of Relative difference in (%) of observed to simulated
reflectance from MERIS 2002-2012 archive over Libya4-Large site

MERIS (3rd_Reprocessing) simulations in band 1 @ 412 nm
T T | T T T T T T

20 T T I I T T T I T T T

- Nb of sirpulations: 11 .

- Linear trend: —0.08 % / year % Cl => +/— 0.03 %Z w/ naorm. assump.) -

- Mean bias W% —0.82 % (95 % CNa=> +/— 0.10 %Z w/ norm. assump.) -

- Standard devid¥an in % 1.82 % —

- Mean MYSTIC 1—sigmg noise per sim: )0.38 % —

- Methodoloty random untesiaigty (2—giafna): 3.00 % —

— Methodoloty systematic uncertainty :©  0.00 % -
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IMPACT OF SUBSAMPLING PICS SITES OVER MERIS-3=-REPROC ({“‘
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=» Example of Relative difference in (%) of observed to simulated
reflectance from MERIS 2002-2012 archive over Libya4-Small site

MERIS (3rd_Reprocessing) simulations in band 1 @ 412 nm
T T | T T T T T T

20 T T I I T T T I T T T

- Nb of sirfqulations: 1270 -

- Linear trend: —0.09 % / year % Cl => +/— 0.04 % w/ norm. assump.) -

- Mean bias WJ: 1.23 Z (35 % CNg> +/— 0.10 Z w/ norm. assump.) -

- Standard devidbgn in % 1.79 % —

- Mean MYSTIC 1—sigmg noise per sim: )0.38 % —

- Methodoloty random untesdainty (2—siafma, 3.00 % —

— Methodoloty systematic uncertaingy : -
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IMPACT OF SUBSAMPLING PICS SITES OVER MERIS-3~-REPROC ("g“‘

SENTINEL 2

=» Absolute difference in (%) of trend, bias and stddev from Small-to-
Large sites from MERIS 2002-2012 archive over Libya4

IO/IO\
K4)

3 // ~=Trend S-L -“~BiasS-L —*STDS-L
2
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IMPACT OF SUBSAMPLING PICS SITES:
APPLICATION ON S2A/MSI.

Ferrari World, Abu Dhabi, UAE

S2A: R020_V20160419T065754

. \ ' .

: - v
. e . :

g7 A - Sig 4
auss B
&K = A da
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APPLICATION ON S2A/MSI RESULTS OVER PICS CALVAL SITES. ﬁ&g«‘“

SENTINEL 2

=» The ratio of observed/simulated TOA reflectance from S2A/MSI over
Small-PICS

N

—
L
—

{(rho_TQA_obs/rho_TOA_sim
‘O —
o o

O
o

S2A/MSI BO2 @ 490 nm

— ' ! l '
C Algeria3
- ALL—PICS

lll

Dy Libya4 Maunktnig _
{ Mean: 0989 Stddev: 0.036 trend: —0.55%/y }

» :u -

= _

——————F-f--------91---TIrTr-F-1 ——-rtr-—l=--q--—

- Meon :1.014 1.017 0.961 .

C Stddev: 0.013 0.013 0.032 .
Q1Jul 010ct OlJan QZ2Apr Q3Jul
2015 2015 2016 2016 2016
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APPLICATION ON S2A/MSI RESULTS OVER PICS CALVAL SITES. ﬁ:j‘“

SENTINEL 2

=» The ratio of observed/simulated TOA reflectance from S2A/MSI over
Small-PICS+SHIFT

S2A/MSI BO2 @ 490 nm

£ e EAlglerilo‘S' v Libya4 Maunknig1 i | g
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APPLICATION ON S2A/MSI RESULTS OVER PICS CALVAL SITES. ﬁ&g«‘“

SENTINEL 2

=» The ratio of observed/simulated TOA reflectance from S2A/MSI over
Small-PICS

S2A/MSI BBA @ 865 nm

éAlgeriOS Libya4 Mauntnig )
- ALL—PICSlT: Mean: 0998 Stddev: 0.015 trend: 1.11%/fy }

N

FII
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{(rho_TQA_obs/rho_TOA_sim
o

0.9 i —
- Meon  :0.984 1.000 0.998 .
— Stddev: 0.011 Q.010 0,012 ]
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APPLICATION ON S2A/MSI RESULTS OVER PICS CALVAL SITES. ﬁ&g«‘“

SENTINEL 2

=» The ratio of observed/simulated TOA reflectance from S2A/MSI over
Small-PICS+SHIFT

S2A/MSI BBA @ 865 nm

éAlgeriOS Libya4 Mauntnig )
- ALL—PICSlT: Mean: 0.998 Stddev: 0.012 trend: 1.04%/y }
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APPLICATION ON S2A/MSI RESULTS OVER PICS CALVAL SITES. ﬁg“‘

SENTINEL 2

=» The ratio of observed/simulated TOA reflectance from S2A/MSI over
Algeria3, Libya1, Libya4 and Mauritania1

SZA/MSI Desert Cal.
1A L B B S S o B e
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SENTINEL-2 MISSION PERFORMANCE CENTRE [ 18



=
®
N
Q

‘ T
| SENTINEL 2 AR GA N S

CROSS MISSION INTER-COMPARISON:

S2A/MSI VS. LS8/OLI

2 Why OLI? .

3 PICS Method TN }

= Match-up Method fn@l E " LandsatB
immg 0 o o e { .
| nmp BN o | -
04 . —/N

Wavelength (nm)
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INTER-COMPARISON MSI/OLI oVvER PICS sSITES (1/4) ﬁ@“

SENTINEL 2

=» Time series of the ratio of observed/simulated TOA reflectance from MSI
& OLI over Algeria3, Libya1

S2A—LANDSAT @ 483 nm SZ2A—LANDSAT @ 665 nm
R N T T e S RS T T I T L
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c C
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< L Stondard deviotion: LS8 1.89 % S2a  1.26 % . - Stondord deviotion: LS8 0.99 % S2a: 0.86 % ]
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INTER-COMPARISON MSI/OLI oVvER PICS SITES (2/4) ﬁ%“

SENTINEL 2

=» The ratio of observed/simulated TOA reflectance from MSI & OLI over
Algeria3, Libya1, Libya4 and Mauritania1

Desert Cal.: (003b) Desert Cal.: {(009b)
115 T T e . 115 T T T e .
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INTER-COMPARISON MSI/OLI oVvER PICS SITES (3/4) &gﬁ“

SENTINEL 2
=» Match-ups Over Algeria3 Libyad4 & RRV
» S2A/MSI L1C
1.1
i ==L -
, LS8/OLIL1T o5 1| g e
» 18 match-ups 1 .

N

v

v

Day-offset: 11 days
No RSR adjustment

Included in the uncertainty

0.95 &S I J
0-9 [ [ [ [ I I |
443 490 560 665 865 1610 2190
1.1 Rho_S2A/Rho_LS8
1.05 T T
. F”*\ /l\} 4\‘
\/ L
0.95 1
0.9 I | | | | | |

443

490

560 665 865 1610 2190
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ABSOLUTE RADIOMETRY VICARIOUS
VALIDATION

=» Rayleigh Scattering
method (DIMITRI)

=» Ground-reflectance-
based approach

(RadCalNet)




ABSOLUTE RADIOMETRY VICARIOUS VALIDATION

SENTINEL 2
2> Rayleigh Scattering over 4 sites Band: Wave- | Rayleigh Scattering | Ground Reflectance-Based
_ length (nm) | Vic-Cal. Coefficient Vic-Cal. Coefficient
=» Baseline >02.00 (NOV15-Apr16) BO1 (443) 1,030 (4.2) 1,050 (6.0)
B02 (490) 1.020 (4.1) 1.037 (5.0)
BO3 (560) 1021 (4.1) 1031 (3.0)
B4 (665) 1.024 (4.2) 1.048 (3.0)
=» Ground-reflectance-based BO5 (705) NA 1.033 (3.0)
measurements of only one overpass BO6 (740) NA 1,024 (3.0)
over RRV on 18" Dec.15 BO7 (783) NA 1.039 (3.0)
BOS (842) NA 1.011 (3.0)
B8A (865) NA 1.031 (3.0)
SZA—MSI VS In—Situ RRV_O1km'Q SZ2A— MSI vs In Sltu RRV O‘Ikrn*Z |
Y ] | (s2a/imsity) :
B 7 e T ot S =
3 1.05F--4---{----=-------4-- EREREECEE RS e I % ffffffffffffffffffffffffff =
S TR :
,S 1.00 ‘ | ] T l I
“woesp- S -
N : z
4 090F----"--"-"-"""""""""""""""“""“""""""-"-"-"-"--— ittt ]
S 085h L seE e e 1 b s
400 500 600 700 800 900 0 1600 1800 2000 2200
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Wave Length (nm)
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CONCLUSION

=» The impact of site-subsampling is more pronounced over VIS range than
the NIR one

=» MSI| shows very good radiometry performance (within £5% mission req.)
=» MSI| shows very good stability with time and consistency over PICS
=» MSI| shows very good agreement with OLI over PICS.

=» More analysis to asses the homogeneity of the PICS sites is needed.
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