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PICSCAR Initiative

 Pseudo Invariant Calibration Sites (PICS)
are natural sites used as calibration data
source because of they exhibit no or low
changes on spatial and spectral properties.

— Selection performed to identify sites with high
temporal stability and high spatial homogeneity

 PICS can be used to evaluate the long-term
stability of an instrument and to facilitate inter-
comparison of multiple instruments.



PICSCAR Initiative

« The sites are mainly located in the desert.
CNES uses 20 for instance
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Propriété Magellium Artal Group

There are six PICS endorsed by CEOS as
standard reference sites for the post-launch
calibration of space-based optical imaging
sensors, assumed to be radiometrically stable in
time:

CEOS Reference Standard Tests Sites
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PICSCAR Initiative

‘IVOS 27 recommendations (Nov 2015)

To establish a task group/project to
coordinate the communities work on PICS.
With the main objective to improve the
characterisation of the sites and enhance
calibration methods based on these sites

‘Leadership has been taken by Patrice Henry
(CNES) with the objective to facilitate the
coordination and help prioritise research on PICS
and their usage.



PICSCAR outline

— PICSCAR Working group : CNES, SDSU, JPL, Argans,
NPL, ESA, USGS

— Roadmap
— Regular meetings

— Portal to support PICSCAR activities and PICS
documentation

« (Capitalisation on site information
« Tools developped for calibration purposes
 Demonstrator of PICS usage for sensor intercalibration
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. Needfor understanding :Questionnaire

« Establish and distribute a questionnaire to assess
the user practices and define the future needs.

« PICS identification, PICS characteristics, need of
auxiliary data etc

« Sent to CEOS members and affiliates
« Successful returns allow to identify priority subjects

to address

1.BRDF behaviour

2.Spectral characterization

3.Atmosphere properties

4. Temporal Stability

5.Combining multiple sites calibration results

6.Revisiting the sites

o Tlljs defines our roadmap.
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SEHOANAIrE: Projects and activities
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)i questlonnalre Site interest

Summary:
— 30 sites of interests

— 33 sensors (Multi resolution) CEOS PICS

PICSCAR Sites /\
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bya‘4'.seen by different groups

PICS User CNES

Satellite:

ASTR_ATSR2 AATSR
Satellite: AVHRER
Satellite: MERIS
Satellite: MODIS
TERFA AQUA

Satellite; OLCI

Satellite: PARASOL
Satellite: POLDER 1 2
Satellite: S2aWiEs
Satellite: LANDSATT ETM
Satellite: Sentinsl2 MSI
Satellite: SPOTI 2 3 4 3
Satellite: Thaichote

PICS User Rayference
Satellite; M5G_METEQSAT
Satellite: GOME_2

PICS User DLR
Satellite: AVHRR

PICS User TPZ

Satellite: LANDSATS TM
Satellite: LANDSATT ETM
Satellite: LANDSATS OLI
Satellite: 3zntin=l2 MSI
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PICS User SDSU

Satellite: Hyperion
Satellite:

LANDSATT ETM
Satellite: LANDSATS OLI
Satellite: Sentineld MSI
Satellite: Worldview
Satellite: Thaichote

PICS User ESA

3 Satellite:

‘A | ASTR ATSR2 AATSR

|

F 3o

Satellite: MERIS
A Satellite: MODIS
 TERRA AQUA
Satellite; OLCI
Satellite: PARASOL
Satellite: ProbaV
Satellite: SLSTR

PICS User ARGANS

Satellite:

ASTR_ATSR2 AATSR
Satellite: MERIS

Satellite: MODIS

TERRA AQUA

Satellite: OLCI

Satellite: PARASOL
Satellite: LANDSATS OLI
Satellite: Sentinel? MSI

CEOS SITE REFERENCE LOCATION
\ 1°x1°
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PICS User JPL
Gatellite: MISR

= ‘PICS User CNES

Satellite: MERIS
Satellite: MODIS
TERRA AQUA

Satellite: SPOT6 7

Satellite: LANDSAT] ETM
Satellite: LANDSATS_OLI
Satellite: Plead=sPHR1A 1B
Satellite: Sentinel2 MSI

b

PICS
Satel

Ueer VITO

lite: ProbaV/

PICS User SDSU

Satellite: Hyperion
Satellite:

LANDSATT ETM
Satellite: LANDSATS OLI
Satellite: Sentinel2 MSI
Satellite: Worldview
Satellite: Thaichote

PICS User NOAA-
NESDIS-STAR

Satellite: VIIES
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« Small sites have been defined for sensors
acquiring data at high spatial resolutions
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Site selection

« Many of these sites have been used in the past
by various agencies, groups, researches, but to
concentrate our efforts, after concertation, we
choose to focus on Libya 4 site.

« This allowed to take into account the site
heritage and the large number of datasets from
multiple instruments that already existed in the
EO archives and the long history of
characterization performed over these sites.

 So we collected data for this site from spatial

agencies
mage“ium é
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Dataset provided :

mage“ium

For the same sensor by
different agencies

For the same sensor for
both standard site and
small site

From high spatial
resolution sensor and
medium/large

»
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MERIS
MODIS
MISR
VEGETATION
PROBAYV
AVHRR
S2A

S2B

L8
AVNIR2
FY3
AATSR
S3A OLCI
S3A SLSTR
HYPERION

PICSCAR Libya4 Site : Dataset collection

0
Jan80 JanB5

1980

1990

Jang0

Jan%5 Jan00
Acq Time

2000

Jan03 Jan10

2010

Jan1s Jan20

2020

1: CNES MERIS, 1002100 : 1058
2:ESAMERIS, 100x100 : 1713

3 ARGANS MERIS, 100x100 : 1710

4: ARGANS MERIS,20:20 : 1535

5 ARGANS,S2AMSI 20520 : 61

6 CNES,S2AMSI 20420 46

7: CMAFY3 2020 : 157

8: CMAFY3,100x100 : 149

& JPLMISR 100100 : 378

10: JPLMISR 20020 378

11: VITO,PROBAV, 100x100 - 825

12: VITO,PROBAV, 2020 - 825

13: CNES VGTZ, 1002100 : 2338

14: CNES, MODIS, 100x100 : 1910

15: CHES LB 20x20 80

16: CNES, MERIS, 20520 - 1128

17: CNES, 528MS1,20x20 - 5

18: CHES, S3A0LCI,100x 100 97

19: CNES, S3ASLSTR 100x100: 117

20: CHES S2AMS1100x100 : 37

21: CHES, S28MS11002100: 3

22 SDSU,S2AMS1 20520 - 33

23 5DSULB20x20: 52

24: SDSU S2AMSI 20520 - 55

25: 8DSULB 20x20: T1

26: SDSU S2AMS 20x20 - 60

27: 8DSULB20x20: 90

28: SDSU,526MS120620 - 11

29 CNES LB20x20: 82

30 JPLMISR_AA 1002100 378

31: JPLMISR_AF. 1002100 : 378

32 IPLMISR_BA 100x100: 378

33 JPLMISR_BF, 100x100 : 378

34 JPLMISR_CA,100x100 - 378

35 JPLMISR_CF 100x 100 378

36: JPLMISR_DA, 100x100 : 378

37: JPLMISR_DF 1002100 378

38 808U B2A 20x 20 80

3 SDSULB20x20: 54

40: CNES, MERIS, 100x100 : 1040

41: CHES, MOD IS, 100100 : 1687

42: NASAAVHRR 1002100 14080

23: CNES HYPERION_Lioyad, 10w100 - 105
44: CNES, HYPERION_Algeria3,10x100: 33
45: CNES, HYPERION_Algeria’ 10x100: 3
46: CNES, HYPER ION_Mauntania1, 10x100: 17
A7: CHES HYPERION_Mauritania2 10x100 - 17
48: CHES HYPERION_RVPN10x100: 28
49: CHES HYPER ION_DomeC, 10x100 * 4
50: CNES, HYPERION_Dunhuang, 10100 : 3
51: CNES, HYPER ION_Frenchman, 10x100 : 7
52: CMES, HYPER ION_lvanpah, 10x 100 10
53: CNES HYPERION_Soncra, 10x100: 4
54: PICSCAR HYPERION 102100 2

&&: PICSCARHYPERION 102100 : 428
£6: PICECAR,HICO, 102100 : 1

57: JPLMISR, 100x100 : 378

58 JPLMISR_AA100x 100 378

50: JPLMISR_AF, 1002100 : 378

60: JPLMISR_BA 1002100 378

61: JFLMISR_BF, 1002100 : 378

62: JPLMISR_CA, 100x100 : 378

63 JPLMISR_CF,100x 100 378

64: JPLMISR_DA, 100x100 : 378

65 JPLMISR_DF 1002100 378




-"‘//Assess.ment of the site stability

« Stability can only be assessed from BOA reflectances,
corrected from BRDF effects

Snyder BRODF maodel
Site L4, Senscr PA @670 — theto_s 307

Computation of a ‘large scale’ BRDF

I model using POLDER/PARASOL
recalibrated long time-series (2005-
2013)

| I BRDF modelling using Snyder

R modelling
 Linear model
- / parameters

« Fitted in GREEN, RED, NIR
wavelengths

0.457

BRDF normalisation has been
application to the full dataset
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« MERIS before normalisation « MERIS after normalisation

075 PICSCAR Libya4 Site (100x100, MERIS/CNES) Before Correction 075 PICSCAR Libya4 Site (100x100, MERIS/CNES) After Correction
560 nm : mean= 0.3608 / sigma= 0.0126 g 560nm 560 nm : mean= 0.3521 / sigma= 0.0083 8 560nm
o B 6650m o7 B 665nm
' 665 nm : mean= 0.5025 / sigma= 0.0143 W 885mm ’ 665 nm : mean= 0.4905 / sigma= 0.0082 W 85mm
865 nm : mean= 0.5918 / sigma= 0.0155 865 nm : mean= 0.5827 / sigma= 0.0084
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« MISR before normalisation « MISR after normalisation

075 PICSCAR Libya4 Site (100x100, MISR/JPL) Before Correction 075 PICSCAR Libya4 Site (100x100, MISR/JPL) After Correction
557.5 nm : mean= 0.3540 / sigma= 0.0064 g 557.5mm 557.5 nm : mean= 0.3527 / sigma= 0.0054 g 5575mm
o B 6717nm o7 B 6717nm
" | 671.7 nm : mean= 0.4965 / sigma= 0.0051 W 864nm " | 671.7 nm : mean=0.4944 / sigma= 0.0042 W 8864nm
866.4 nm : mean= 0.5783 / sigma= 0.0052 866.4 nm : mean= 0.5778 / sigma= 0.0041
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PICSCAR Libya4 Site (100x100. MISR DA/IPL) After Carrection

557.5nm : mean= 03176/ sigma=0.0C g (705°)

| 671.7 nm : mean=0.4437 / sigma= 0.01

PICSCAR Libya4 Site (100x100, MISR_CA/JPL) After Correction

557.5 nm : mean= 0.3449 / sigma= 0.0052 Ca (60°)

[ 671.7 nm : mean=0.4804 / sigma= 0.0074

PICSCAR Libya4 Site (100x100, MISR_BA/IPL) After Carrection

557.5 nm : mean= 0.3542 / sigma= 0.0045 Ba (456°) -

| 671.7 nm : mean= 0.5011 / sigma= 0.0050 "

0.7 0.7 0.7

.

= ouus M

¢

0.65 866.4 nm : mean= 0.5543 / sigma= 0.0095 0.65 866.4 nm : mean= 0.5726 / sigma= 0.0057 0.65 866.4 nm : mean= 0.5869 / sigma= 0.0050

Normalised BOA Reflectances (SMAC)
Normalised BOA Reflectances (SMAC)

Normalised BOA Reflectances (SMAC)
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~ Assessment of the site stability

Surface Reflectance—Libyad— After 670 nm BRDF correction ° From Iong ti me SerieS,
= e e we observed that the

A MERIS : band 665{ Y = &347968—07 ‘* ><A+ (1.490853“/ D= 0.0@‘/’; Sta bl I Ity IS bette r th a n

P 0.5 % over a 10 years
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0. T

04/01 /03 25/0|2/O416/OI4/O5 O7/OI6/O§QJ§39/O7/O718/O|9/O8 08/1I1/09 30/12/10 * StatiStiCS are available
for all datasets of the
complete collection
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*  4: ARGANS MERIS,20x20 : 1535
+  5: ARGANS,S2AMSI,20x20 : 61
©  §: CNES,S2AMSI,20x20 : 46
12 + — — — *  7:CMA,FY3,20x20 : 157
10: JPL,MISR,20x20 : 378
== 12: VITO,PROBAV,20x20 : 825
*  16: CNES,MERIS.20%20 : 1128
10 17: CNES,S2BMSI,20x20 - 5
26: SDSU,S2AMS1,20%20 ; 60
= pe—— 27: SDSU,L8,20%20 : 90
o +  28:SDSU,SZBMSI,20x20 - 11
e =Z 8r - ) .
3 = *  20:CNES,L8,20x20 : 82
o - 43: CNES,HYPERION_Libya4,10x100 : 105
E S
1S 43 6 F
2
= a
g
E -
pe}
NS
gL 4 [~ N
a
2 — A —
U | | | | | | | |
Jan02 Jan04 Jan06 Jan08 Jan10 Jan12 Jani4 Jan16 Jan18

Acq Time
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« FY-3 before normalisation « FY-3 after normalisation

PICSCAR Libya4 Site (100x100, FY3/CMA) Before Correction PICSCAR Libya4 Site (100x100, FY3/CMA) After Correction

0.75 0.75

g 558nm 555 nm : mean= 0.2982 / sigma= 0.0142 g 558nm
[ ] 630 nm [ ] 630 nm

865nm

555 nm : mean= 0.3082 / sigma= 0.0211

630 nm : mean= 0.4322 / sigma= 0.0209 865nm ’ 630 nm : mean= 0.4189 / sigma= 0.0120

865 nm : mean= 0.5183 / sigma= 0.0235 865 nm : mean= 0.5073 / sigma= 0.0160
0.65 [~ 0.65 [~

=4
o
T

o
o
a

BOA Reflectances (6S)
;‘i o

2
Normalised BOA Reflectances (6S)

0.25 1 1 0.25 1 1 1 1 ]
2015 2015.2 2015.4 2015.6 2015.8 2016 2016.2 20\/ 2015.2 2015.4 2015.6 2015.8 2016 2016.2
Acg Time Acg Time

Change in calibration

€
mage lium

— I wier CNES

SN AT ETRRSE AT RS



fvities performed with HR dataset

 Focus on S2A/L8 dataset provided by CNES,
SDSU, Argans

— Impact of data extraction and cloud misdetection

— Perform an Intercalibration exercise between L8 and
S2A using S2A as reference sensor

— It involves SDSU, CNES, Argans, Telespazzio, Jaxa and
PICSCAR team

., €
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IC exercise summary

> Argans MPC
TPZ
SDSU
CNFS -
Home Presentation Exercize 2 Exercize J
-
» We have a web site

Datazet overview S8 M5 Land=atd OLI Resultzs

which details the
Results are expressed as the ratio of band LB/S24 m eth Od o) I Og y u Sed to
e = " achieve these results,
allowing to assess the
JAXAJEORC 0.951 0.972 0.989 dlfferences between

FICSCAR 0.593 0.5935 0.593 th e et h Od S
TP 1.007 0.973 0.5957 -
Argans MPC 1.002 1.005 0.954

Ratio of L8 measurements to simulated measurements are computed.
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! /

wigor  CNES
CENTRE NATIONAL D'ETUDES SPATIAIES



The PICSCAR intercomparison exercise of
S2A/MSI and L8/0OLI data performed in2018
showed that there is an interest in comparing
regularly the results obtained between the
different teams involved in this activity.

Based on this initial activity, it was decided i)
to extend the action and share the
intercalibration results obtained operationally
by the different teams using their own data
extraction and data processing and ii) make
these results available to users through the
PICSCAR web site.

— Objectives : Publication of the
results every 6 months
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PICS Initiative

Agreement for results publication on PICSCAR
website
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C E \; g Mj PICSCAR CEOS WGCYV IVOS initiative on the characterization of PICS Acmin By SAdminipancll ||ftoo ot

Site characteristics

Mauritania2

' : ' ‘. : . 7 _

Pseudo invariant calibration sites have been widely and successfully used on-orbit radiometric trending of optical satellite systems for more than 20 years. At the IVOS 27 meeting in November 2015, a new _
initiative was established to facilitate coordination and help prioritize research on PICS and their usage for the benefit of the EO community as a whole.

A roadmap has been set up at IVOS 28 in March 2017 where the subjects have been identified and priorities given to:

« Spectral characterization

« Atmosphere properties

« Temporal stability

« Combining multiple sites calibration results
« Reuvisiting the sites

This portal contains general and detailed information about 6 PICS. It provides also a tool simulate the reflectance normalized to nadir. Please register to have access to the document.
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— 2w CNES




Portal content

« Information available:
1. Site characteristics

Site characteristics

2 . News Authentification

required

’_3. Tools

— 4. Results of

Intercalibration of
L8/OLI with S2A/MSI
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- . Lo Site characteristics

& - CEOS WGCV IVOS initiative on the Ep—
characterization of PICS

# Home Algenia3 Algena5 Libya1 Libya4 Mauritania1 Mauritania2

Latitude/Longitude

Libya4 (Standard Site) 28.55

€
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PICSCAR Tools

& Simulation tools

Normalisation of BOA reflectances temporal series

INPUT : BOA reflectances
Simulation Tool OUTPUT : Normalised BOA reflectances

Simple format (csv)

PICSCAR_CHES_ ENVISAT. NERIS V3 Libynts_ OREEN owtpw cay
FICSCAR ONES,ENVISAT MERUS V2 Livyads NIR_sagut cst

FICSCAR CHES ENVSAT_VERIS V3. Liywia_RED_ovtot 3y

e A A P e Y R i;i.ﬁ:-lzw,*&’:'\{;"‘ R i b AR S A g R

€
mage lium

— I wier CNES
CENTRE NATIONAL D'ETUDES SPATIALES



# Calibration over Libya4 PICSCAR SerVice

Home

Calibration over Libya4

Intercomparison of S2A/MSI and L8/OLI

The monitoring of the ratio of equivalent bands of S2A/MSI and L8/OLI sensors is provided for the team involved in the E1 exercice. Results of different teams are provided.
Teams to compare: € [ mpcs2a JEN None

Comparison by band Means over all dates Comparison by date Tables with all values

[]CA
D Blue
D Green
[ ]Red
[JNIR

[[|SWIRT
[ ]SWIR2

PICSCAR-PPT-044-MAG

All MNone

€
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# Calibration over Libya4 PICSCAR SerVice

Calibration over Libya4

Intercomparison of SZAMSI and LEOLI

The monitoring of the ratio of equivalent bands of SZAMS] and LE/OLI sensors is provided for the team involved in the E1 exercice. Results of different teams are provided.

Teams to compare: D A None

Comparison by band Means over all dates Comparison by date Tables with all values

CA
CA Blue Green
Blue
110 1.10 1.10
Green
[v]Red 1.05 1.05 1.05
[ZINIR - 33 : . _
1.00 S r X _w 1.00 - r O % = IR, 1.00 B =
7] SWIR . i3 _
[ |SWIR2 0.95 0.95 0.95
All MNone
0.90 0.90 0.90
2014 2015 2016 2017 2018 2019 2014 2015 2016 2017 2018 2019 2014 2015 2016 2017 2018 2019
Red NIR SWIR1
110 110 110
1.05 1.05 1.05
1.00 o 0 1.00 1 e M 1.00 . M
0.95 0.95 0.95
0.90 0.90 0.90
2014 2018 2016 2017 2018 2019 2014 2015 2016 2017 2018 2019 2014 2015 2016 2017 2018 2019
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PICSCAR service

Calibration over Libya4

Intercomparison of S2A/MSI and L8/OLI

The monitoring of the ratio of equivalent bands of S2A/MSI and L8/OLI sensors is provided for the team involved in the E1 exercice. Results of different teams are provided.

Teams to compare:

Comparison by band Means over all dates

MEAN ( JUL 2013 = DEC 2019 )
1.050
1.025
1.000 &
r 1

0975 h 4

0.950
CA  Blue Green Red NIR SWIR1SWIR2

€
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Ve YCED Al None

Comparison by date Tables with all values

Band name PICSCAR
CA ()
Blue 1.0119(0)
Green 0.996 (0)
Red 0.9987 (0)
NIR 0.9958 (0)
SWIRT )
SWIR2 O

31

CNES
0.9925 ( 0.0089 )
0.9975 ( 0.0088 )
1.0107 (0.0078 )
1.0021 (0.0065 )
0.9986 ( 0.0059 )
0.9951 ( 0.0075 )
1.0075 (0.0161)

SDSU
0.9828 (0.007 )
1.0129 ( 0.0073 )
1.004 ( 0.0071)
0.993 ( 0.0056 )
0.9928 ( 0.0046 )
0.9937 ( 0.0054 )
1.0049 (0.0147 )

MPCS2A
()
0.974 (0.003 )
0.981 (0.002)
1.013(0.003)
0.998 (0.004 )
()

()



Conclusion

« Activity performed
— Exercise 1 results published

— Set up of the L8/S2A intercalibration monitoring,
operational now

— Assess the LB4 spectral variability based on HYPERION

« Activities on progress

 Finalise the IC exercises for low resolutions sensors,
and BRDF correction

« Extend our results to other sites
« Adress other points of the roadmap
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Conclusion

 Implement tool dedicated to sensor stability
assessment

— IC with a reference sensor S2 or L8

« Reflectance simulation tool being completed with
AC/forward module and comparisons with reference
reflectance.

« Continue to populate our web site to additional
information on other sites

« WGCV/IVOS and PICSCAR are welcomed to

provide assessment of datasets.
o €
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 Thank you for your attention

» Please visit PICSCAR web site
» https://picscar.magellium.com

‘ Soon
https://picscarCEQOS.org
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https://picscar.magellium.com/
https://picscarceos.org/

