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* |dentify Stable pixels/regions —PICS to Extended PICS ( EPICS)

e PICS
e North African desert sites: EPICS-NA
 EPICS-Global

* Trending Analysis
* L7, L8, L9, S2A, S2B

* PICSCAR Results: L8-S2A Cross calibration —Libya4 PICS

 Satellites Inter comparison : L8-S2A, L8-L9
* Cross Calibration— EPICS-NA, EPICS-Global



PICS to EPICS 1in A Nutshell



Finding Stable pixels: Algorithm Development
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Based on SDSU IPLab research

2010, Optimized identification of worldwide radiometric pseudo-invariant calibration sites; http://www.tandfonline.com/loi/ujrs20
2014, Absolute Calibration of Optical Satellite Sensors Using Libya 4 Pseudo Invariant Calibration : https://doi.org/10.3390/rs6021327
2016,2017, PICS Normalization Process: https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=12878&context=calcon

2017, Worldwide Optimal PICS Search, https://openprairie.sdstate.edu/etd/1693/

2019, North African Classification: https://doi.org/10.3390/rs11070875

2021, Global Classification: https://doi.org/10.3390/rs13173350

Works evolve around Landsat Collection data
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http://www.tandfonline.com/loi/ujrs20
https://doi.org/10.3390/rs6021327
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=1287&context=calcon
../PICS_Evolutions_2021.pptx
https://doi.org/10.3390/rs11070875
../PICS_Evolutions_2021.pptx

Limitations of traditional PICS

White aréag = 39

. . . . . 1.2014, Absolute Calibration of Optical Satellite Sensors Using Libya 4 Pseudo Invariant Calibration : https://doi.org/10.3390/rs6021327
Limitations when usin g these sites: 2.2016,2017, PICS Normalization Process: https://digitalcommons.usu.edu/cqi/viewcontent.cqgi?article=1287&context=calcon

e Cloud coverage can reduce number of observations.
* j.e.landsat8 acquisitionevery 16 days. It may take 2-3 years to have enough dataset to detect drifts

* Reliabilityon a single site to be invariant— potential of false drift detection.


https://doi.org/10.3390/rs6021327
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=1287&context=calcon

Continental EPICS -North Africa vs Global EPICS

North Africa: EPICS-NA

Ty

K-means clustering technique used. 19 clusters identified.
Performed over North Africa Latitude : -15° to 36°, Longitude : 18° to 35°.
300 m spatial resolution data cubes containing temporal mean TOA reflectance — 8

Landsat 8 bands, temporal standard deviation, temporal uncertainty and pixel count
(input to the clustering technique).

Filters applied: Pixels with temporal uncertainty (ration of standard deviation and
mean TOA reflectance) larger than 5% and with pixel count lower than 25 were
excluded for further analysis.

Focused on bright targets.

16 WRS-2 Path/Row over North Africa.
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K-means clustering technique used. 300 clustersidentified.

Performed on a global scale Latitude : -50° to 50°, Longitude : -180° to 180°.

30 m spatial resolution data cubes containing temporal mean TOA reflectance—8
Landsat 8 bands, temporal standard deviation, temporal uncertainty and pixel count

(input to the clustering technique).

No filters were applied to allow the classification of pixels with different spectral
characteristics, waterbodies, dark targets and more variable sites.

No constraints in the spectral characteristics of the target.

33 WRS-2 Path/Rows over North Africa, Central Africa, Middle East, North America
and Australia.



Libya4 vs EPICS-North Africa vs EPICS-Global

Comparison of Mean TOA Reflectance between Libya4-ROl, North Africa EPICS, Landsat 8 bands
and the Global EPICS
o8F ' ' ' ' ' —— 1 CA Blue Green Red NIR SWIRL SWIR 2
0 Libya-4 ROI
& EPICSNA
& Global EPICS ?Qﬁ?ﬂ;ﬁé 0.220 0249 0.340 0.468 0.594 0.694 0.619
Libya 4 - ROI T tandard
o7l | emp. StaNCard 0002 0.002 0.003 0.004 0.004 0.005 0.011
: 0) deviation
L} : MeanTOA = 234 0251 0341 0467 0587 0674 0.581
North Africa reflencance
% S Temp.standard  1o; 0008 0006 0010 0007 0012 0017
06 {% . deviation
8 % ?g;:‘ﬂ;ﬁg 0.227 0242 0328 0454 0573 0.664 0.576
z Global EPICS e
< emp.stanaard  o07 0,007 0.008 0.014 0013 0.016 0.022
= deviation
< 05 a
(@)
- ok e ;
: . : .
g i * Using Libya4 — ROI, One image every 19 days i
1
ol | i  onaverage. i
S i
. : : : .
@}% i Using North Africa EPICS, One image every 3 days i
ol | {  onaverage i
f::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1
oA ‘Dﬁ i * Using Global cluster, One or more scenes every day
1 ]
' ' ' ' : ' ' ' on average! !
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Source: Hasan, M. N., et al. (2019). "Evaluation of an Extended PICS (EPICS) for calibration and stability monitoring of optical satellite sensors.” Remote Sensing 11(15): 1755. 7

Fajardo Rueda, J., et al. (2021). "Classification and Evaluation of Extended PICS (EPICS) on a Global Scale for Calibration and Stability Monitoring of Optical Satellite Sensors.” Remote Sensing 13(17): 3350.



Stable Pixels: PICS to Extended PICS at Global
Scale (EPICS)in Satellite Calibration Methodology

PICS North Africa- NA

PICS EPICS-NA EPICS-Global
L7,L8,L9, S2A,52B e Trending Analysis e Trending Analysis e Trending Analysis

e Cross Cal e Cross Cal . 1 :
L8-S2A (L8 vs S2A PICSCAR results) Sl

L9-L8, L8-S2A

Temporal Resolution
1 point Every 16 days 1 point every 2-3 days 2-3 pointsdaily

Evaluation L8/L9 & L8/S2A 8



Trending Analysis

6 PICS, EPICS-NA, EPICS-Global



Trending Analysis:

Targets Satellites
e SDSU stable region 6 PICS e Landsat: L7,L8, L9
* Libyal, Libya4, Nigerl, Niger2, e Sentinel: S2A. S2B
Egyptl, Sudanl '

* TOA Reflectance conversion

e EPICS-NA or (C13-NA): 16 Path/Row equation changed in Jan 2022
e EPICS-Global or (C13-Global): 33 Path/Row

North Africa-NA Global

Expectation:
Do we get Similar
trending results from
these targets for each
satellite ??!!

EPICS-NA
e Trending

EPICS-Global
e Trending

PICS

e Trending

Analysis Analysis Analysis




'Irending Analysis Process

BRDF

Normalization

Trending

Analysis

e Toa Reflectance, data until May 2022
e EPICS- NA, Global & 6 PICS ( L1,L4,N1,N2,E1,51)
e L7,L8,L9and S2A, S2B

e 4 Angle BRDF Model, Spherical to Cartesian coordinates » ;‘; 32&%‘3ifirr‘l(g,i‘%;;?zZsifrf(s‘,zz‘ég)**cfof(sf /’3)’,

e BRDF Normalization:

Reflectance = Bo + B1Y% + B2x5+ B3Y5+ Baxs+ BsX1Y1 + BeX1Yo+ Brx2Y2+BsX2y1+ BoY1Y2+
Biox1x2+ B11X1+ B12Y1+B13X2 + B14Y2

e Linefit with Uncertainties ( Monte Carlo Simulation): Spatial Standard deviation and Satellite Calibration Uncertainty
e Determine Drift per year

® 6 PICS results and Weighted Average

* EPICS NA, Global

11



Trending Analysis Results

L7, L8, L9, S2A, S2B
Results from each target:
El, L1, L4, N1, N2, S1, W. Average, EPICS-NA, EPICS-Global

North Africa- NA Global
L 1 R e BT
OEds | E e
| ] m | E:_—"(x—. / H‘.:‘ﬁ‘:\;
1= ‘_‘ + "‘{ L i s = :

EPICS-Global
e Trending

6 PICS EPICS-NA

e Trending

e Trending

Analysis Analysis Analysis
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Expectation:
Similar trending results
— from these targets for
Data points: 6 PICS ~149-174 images S SRR GO
- EPICS-NA 2564 images
EPICS-Global 4433 images
| | | | | | |
0 CA Blue Green Red NIR SWIR-1 SWIR-2
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Radiometric Gain Drift/Year with Uncertainty:L9
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Expectation:
- Similar trending results
- from these targets for
) | ) 1 each satellite ??!!
Data pointts : 6 PICS| 73-10 images | L s Eaun
- EPICS-NA 190 images }
EPICS-Global 248|images llandsat 9 ~|6 months in orhit)
| | | - \
CA Blue Green Red NIR SWIR-1 SWIR-2 8

14



Percent Drift Per Year * 2 sigma
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EPICS-Global 4576 images
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Percent Drift Per Year * 2 sigma
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Data points: 6 PICS ~200-400 images

Radiometric Gain Drift/Year with Uncertainty:L7

E1
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L4
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N2

S1

W.Avg
C13-NA

* C13-Global

LANDSAT 7

A RA N EN ]

Expectation:
Similar trending results
from these targets for
each satellite ??!!

EPICS-NA ~2068 images
EPICS-Global ~7073 images

| | . **Only 8 Path/Row for trending Analysis

Blue

Green Red NIR SWIR-1 SWIR-2 8
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Percent Drift Per Year * 2 sigma
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Radiometric Gain Drift/Year with Uncertainty:S2B

Sentinel 2B

Data points: 6 PICS ~92-110 images
EPICS-NA 2156 images

EPICS-Global 3285 images
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Expectation:
Similar trending results
from these targets for
each satellite ??!!
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6 PICS
e Weighted

Average

L7,L8,L9
S2A,S2B

North Africa- NA

EPICS-NA
e Trending

Analysis

L7,L8,L9
S2A,S2B

EPICS-Global

e Trending
Analysis

L7,L8,L9
S2A,S2B

L7, L8, L9, S2A, S2B

Results from each satellite on same target:
EPICS-NA, EPICS-Global

6 PICS-W. Average,

Trending Analysis Summary

18
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Radiometric Gain Drift/Year with Uncertainty: Satellites Comparison with 6 PICS Weighted Average

6 PICS: The Weighted Average for all satellites are well agreed at better than 0.1% level for all bands

L9 may be out of family: only 7 months in orbit, however, showing good agreement
in Blue, Green, Red and SWIR-2 L9 data : ~ 8-10 images
1

L L L

1

221

6 PICS

Weighted Average

Expectation:
Similar trending results
from combined 6 PICS

targets for all satellites

® L7

L8

® L9
® S2A

S2B

0.1%

0.1%

CA Blue Green Red NIR SWIR-1 SWIR-2
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Radiometric Gain Drift/Year with Uncertainty: Satellites Comparison with EPICS-NA & EPICS-Global

EPICS-NA

VS

EPICS-Global

*000O

L7NA
L8NA
S2ANA
S2BNA

L7:23yrs L8:9yrs, Satellites NA No-GT::;ages Data till
S2A: 7yrs S2B:5yrs, L7 2068 7073 Dec-21
L8 2564 4433 May-22
L9 160 248 May-22
s2A 3207 4576 May-22
28 2156 3285 May-22
0.2%
W % - T + _ % + §—\
et (bt [Teritl | et at
THT [l + ottt % e |t A ;
| ] . . L]
-0.2%

The %Drift/year for all satellitesare well agreed at better than 0.1% level for all bands

The two set of targets show similar results within 0.1% difference.

Expectation:
Similar trending results
from these targets for
all satellites ??!!

* *

L7G
L8G
S2AG
S2BG

CA Blue Green Red

NIR

SWIR-1

SWIR-2
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North Afrca-A

L XT"’ . j 'f: A\ ;:.‘_%i&:l..:
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EPICS-NA EPICS-Global
e Cross Cal e Cross Cal

Traditional EPICS Cross Calibration Analysis

L8/L9, L8/S2A
EPICS-NA,
EPICS-Global

21



Traditional Cross Calibration Process EPICS

Near coincident-pairs Cross Cal
(7 days) Ratio
Norm. Norm.
Norm.BRDF-Sat B
4 Angle BRDF- BSZEE- NZ::.BRDF-S:t A
A
BRDF >at
Normali- °
zation c
(0]
o) 0
[e]
(0] o
o}
Sat A 0 o—
0]

Sat B .

(Reference sensor)

Sat B

I

o———

1

Cross cal Ratio
(Many to one
Relationship)

Gains = Mean(Cross Cal Ratio)
Std Dev(Cross Cal Ratio)



Cross Cal Ratio
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North Africa-NA

Traditional Cross Cal L8/L9 results: NA - May2022

Cross Cal L8/L9 Ratio :

CA

Mean Ratio = 0.9934
Std

20219

2022

20221

2022.2

2022.3

2022.4

Data-Weeks in Orbit: Day1 = 01 Nov 2021

2022.5

Cross Cal L8/L9 Ratio :

Red

Mean Ratio =0.9985
=0.0349
Uncertainty = 1.97%

Std Ratio

20219

2022

20221

2022.2

20223

2022.4

Data-Weeks in Orbit: Day1 = 01 Nov 2021

Cross Cal L8/L9 Ratio :

SWIR-2

20225

Mean Ratio = 1.0004
Std Ratio

=0.0374
Uncertainty = 1.93%

20219

2022

20221

20222

20223

2022.4

Data-Weeks in Orbit: Day1 = 01 Nov 2021

20225

Cross Cal Ratio

Cross Cal Ratio

1.2

Cross Cal L8/L9 Ratio :

Blue

Mean Ratio = 0.9939
Std Ratic  =0.0458
u inty = 1.65%

2022
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2022.2

2022.3

2022.4

Data-Weeks in Orbit: Day1 = 01 Nov 2021

Cross Cal L8/L9 Ratio :

NIR
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Mean Ratio = 0.999
Std Ratio =0.0199
Uncertainty = 1.25%

2022

20221

2022.2

20223 2022.4

Data-Weeks in Orbit: Day1 = 01 Nov 2021

L8 =169 images, L9 =173 images

20225

Cross Cal L8/L9 Ratio :

Green

: Cros 7

Cross Cal Ratio

0.8 -

Mean Ratio = 0.9925
Std Ratio
Uncertainty = 0.8%

=0.0284

2021.9

2022

20221 2022.2

2022.3

2022.4

Data-Weeks in Orbit: Day1 = 01 Nov 2021

Cross Cal L8/L9 Ratio : SWIR-1

20225

12

1.1

Cross Cal Ratio

Mean Ratio = 0.9988
Std Ratio

=0.0272
Uncertainty = 1.14%

20219

2022

20221 2022.2

20223

2022.4

Data-Weeks in Orbit: Day1 = 01 Nov 2021

~0.5% Deviation from unity for all bands

GAINS CA Blue Green Red NIR SWIR1 SWIR2
Cross Cal | 0.9934 0.9939 0.9925 0.9985 0.9990 0.9988 1.0004
Std.Dev| 0.0473 0.0456 0.0284 0.0349 0.0199 0.0272 0.0374
Xcal Unc.%| 1.74% 1.53% 0.74% 1.93% 1.24% 1.12% 1.90% 53

20225



Cross Cal Ratio
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Cross Cal Ratio

Traditional Cross Cal L8/L9 results: Global- May2022

Cross Cal L8/L9 Ratio : CA

Mean Ratio = 0.9352
12 Std Ratio =0.0479
742

0.8 B
2021.9 2022 20221 2022.2 20223 20224
Data-Weeks in Orbit: Day1 = 01 Nov 2021
Cross Cal L8/L9 Ratio : Red
12 Mean Rgtic: = 1.0009

d R = _.'

o
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Data-Weeks in Orbit: Day1 = 01 Nov 2021

Cross Cal L8/L9 Ratio: SWIR-2
MeagRatio_ = 0.9954

o
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2021.9 2022 20221 2022.2 2022.3 2022.4
Data-Weeks in Orbit: Day1 = 01 Nov 2021

EPICS-Global

=7

L8 =335 images, L9 =291 images

Cross Cal

Cross Cal L8/L9 Ratio : Blue Cross Cal L8/L9 Ratio : Green

42 Mean Ratio B 12 Mean Ratio = 0.9936 |
: St 'F = : Std Ratio  =0.0353
Uncertainty T4%
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2021.9 2022 20221 2022.2 20223 20224 2021.9 2022 20221 2022.2 20223 2022.4

Data-Weeks in Orbit: Day1 = 01 Nov 2021 Data-Weeks in Orbit: Day1 = 01 Nov 2021
Cross Cal L8/L9 Ratio: NIR Cross Cal L8/L9 Ratio : SWIR-1
12 Mean Ratio = 0.9997 | 12 Mean Ratic = 0.9979
Std Ratio =0.0371 Std Ratio

S 11 o 4
© T
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T T

o 3 4
w w
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= =

O 09 © 7
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20219 2022 20221 2022.2 2022.3 2022.4 20219 2022 20221 2022.2 2022.3
Data-Weeks in Orbit: Day1 = 01 Nov 2021 Data-Weeks in Orbit: Day1 = 01 Nov 2021

~0.5% Deviation from unity for all bands

GAINS CA Blue Green Red NIR SWIR1 SWIR2
Cross Cal | 0.9952 0.9957 0.9936 1.0009 0.9997 0.9979 0.9954
Std.Dev| 0.0479 0.0513 0.0353 0.0529 0.0371 0.0363 0.0487
Xcal Unc.%| 1.74% 1.53% 0.74% 1.93% 1.24% 1.12% 1.90% 24



Traditional EPICS Cross Cal 1L.8/S2A




North Africa- NA

“EPICS-NA

e Cross Cal

Traditional EPCIS Cross Cal L8/S2A results: NA - May2022

Cross Cal L8/S2A Ratio: CA Cross Cal L8/S2A Ratio: Blue Cross Cal L8/S2A Ratio: Green

Mean Ratio = 0.9814 [ [ [
B Mean Ratio = 1.0068
Std Ratio = 0.0266
Uncertainty = 0.74%

Std Ratio = 0.0415

1.2
Uncertainty = 1.74%

Cross Cal Ratio
Cross Cal Ratio

0.9 0.9
0.8 B 0.8 B 0.8 B
| 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1
2016 2017 2018 2019 2020 2021 2022 2016 2017 2018 2019 2020 2021 2022 2018 2017 2018 2019 2020 2021 2022
Decimal Year Decimal Year Decimal Year
Cross Cal L8/S2A Ratio: Red Cross Cal L8/S2A Ratioc: NIR Cross Cal L8/S2A Ratio : SWIR-1
1.2 Mean Ratio = 0.9893 o 12 F Mean Ratio = 1.0082 - 12+ Mean Ratio = 1.0054 -
Std Ratio = 0.0292 Std Ratio = 0.0185 Std Ratio = 0.0258
Uncertainty = 1.93% Uncertainty = 1.24% Uncertainty = 1.12%

PR - o
] " o
=4 o =4
o = W
[SI| s [&]
o @ o
&3 7] 7]
e <) <)
[&] &) o

0.9 0.9

0.8 B 0.8 B 0.8 B

2016 2017 2018 2019 2020 2021 2022 2016 2017 2018 2019 2020 2021 2022 2016 2017 2018 2019 2020 2021 2022
Decimal Year Decimal Year Decimal Year
Cross Cal L8/S2A Ratio :  SWIR-2 L8 —2564 [ SZA - 3281 [
: : . ‘ . images, images
12 Mean Ratio = 1.008

GAINS CA Blue Green Red NIR SWIR1 SWIR2

-

Cross Cal Ratio

Cross Cal | 0.9814 1.0030 1.0068 0.9893 1.0082 1.0054 1.0080
Std.Dev| 0.0415 0.0417 0.0266 0.0292 0.0185 0.0258 0.0384
B P P B P - P XcalUnc.%| 1.74% 1.53% 0.74% 1.93% 1.24% 1.12% 1.90%

Decmalveer ~1% Deviation from unity for all bands except CA & Red ~1-2%

o

0.8
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EPICS-Global

Tradiional EPICS Cross Cal L8/S2A results: Global- May2022

Cross Cal LB/S2A Ratio: CA

Cross Cal Ratio

2
©

0.8

Mean Ratio = 0.9844 -
Std Rati

0.0412

=)
=
o
&
S 1
P
2
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I5]

0.8

Cross Cal Ratio

Cross Cal L8/S2A Ratio: Red

|
2019
Decimal Year

o

Mean Ratio = 0.9984
Std Ratio

=0.0383 n
1.9

2016 2017 2018 2019 2020 2021 2022
Decimal Year
Cross Cal L8/52A Ratio : SWIR-2
T g, T :

0.9

2018

2019
Decimal Year

2020

2021

Cross Cal Ratio

Cross Cal Ratio

Cross Cal L8/S2A Ratio: Blue

12 Mean Ratio = 0.9925 |

A
ENE A

[ \_.ﬁ’ ==
) .

Cross Cal

Cross Cal LB/S2A Ratio : Green

_.
N
et
=]

Mean Ratio = 1.0068 -|

20‘16 2o|17 2ol1a 2o|19 2olzo 2o|21 2&22 2016 2017 2018 2019 2020 2021 2022
Decimal Year Decimal Year
Cross Cal L8/S2A Ratio: NIR Cross Cal L8/S2A Ratio: SWIR-1
I I I Mearll Ratio = 0,9569 I I I Mealn Ratio = 1.“3003
1.2 Std Ratio = 0.0276 1.2 Std Ratio = 0.0283 |
Uncertainty = 1.24% Uncertainty = 1.12%
2016 2017 2018 Decﬁ;?\’ear 2020 2021 2022 2016 2017 2018 DeCiZn:‘la?Year 2020 2021 2022
L8 =4433 images, S2A = 5085 images
GAINS CA Blue Green Red NIR SWIR1 SWIR2
Cross Cal | 0.9844 0.9925 1.0068 0.9984 0.9969 1.0003 1.0086
Std.Dev| 0.0412 0.0411 0.0298 0.0383 0.0276 0.0283 0.0441
Xcal Unc.%| 1.74% 1.53% 0.74% 1.93% 1.24% 1.12% 1.90% 27

~Sub 1% Deviation from unity for all bands except CA ~Sub 2%



Libya4d

e |8 vsS2A
e PICSCAR

Traditional PICS Cross Calibration Analysis

L8/S2A
Libya4
(PICSCAR Result)
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Traditional Cross Calibration Process : PICSCAR

Near coincident-pairs Cross Cal
(1 Month Average) Ratio
Norm. Norm.
Norm.BRDF-Sat B
4 Angle BRDF- BRDF- Norm.BRDF-Sat A
BRDF SatA  SaB
Normali- . ©
zation 0
=N | ;
(0]
0 0
[e]
(0] o
o}
Sat A 0 o——
satB [ o o
0 [e]
(Reference sensor) Sa t B O ——o . 202 > 5
o o 0
o o0
Cross cal Ratio Gains = Mean(Cross Cal Ratio)
(Month to Month Std Dev(Cross Cal Ratio)
Ratio) (Every 6 months)
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PICSCAR Results: End June 2022 (ratio L8/S2A)

1.1500

1.1000

1.0500

1.0000
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Summary chart: L8/S2A Ratio

GAINS CA Blue Green Red NIR SWIR1 SWIR2

Cross Cal | 0.9839 1.0134 1.0022 0.9950 0.9960 0.9974 1.0030

Std.Dev| 0.0105 0.0098 0.0102 0.0126 0.0117 0.0133 0.0195

Xcal Unc.%| 1.74% 1.53% 0.74% 1.93% 1.24% 1.12% 1.90%

Green NIR SWIR-2
0.9960 1.0030
0.9950 0.9974
Red SWIR-1
6 8 10 12 1Hf2022 16
—#— Ratio —#— Ratio —#— Ratio —@— Ratio —@— Ratio —®— Ratio gy [\Vlean
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Summary Cross Cal Results:

1 raditional Cross Cal,
LPICS NA vs EPICS Global

L8 vs 1.9
LE vs S2A
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Summary Satellite Inter comparison

L8/L9

» Better than 0.5% for all bands, Green band

~Sub 1%

L8/S2A
» ~1-2% for CA, Blue and Red bands, Green,

NIR and SWIRS bands are sub 0.5%
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Cross Calibration Ratio Comparison: L8/L9

TIE
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Cross Calibration Ratio Comparison: L8/S2A

Blue
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s PICS North A ffl:gar NA ‘ Globﬁivf"’ e

Conclusion e

*[L7,18,19,S2A, S2B]

EPICS-Global [L8, L9]

EPICS-NA [LS, L9]

¢ Trending Analysis
e Trend 2 Trend
e Cross Cal

¢ Trending Analysis

e Trend 2 Trend

e Cross Cal

® EXPAC Double Ratio

* Trending Analysis
» Satellites [ L7, L8, L9, S2A, and S2B] are performing well in orbit and stable with degradation
better than 0.1% per year for all bands,

* all targets [6 PICS, EPICS-NA, EPICS-Global] confirmed same level of degradation better than

0.1%

e Cross Calibration: Traditional Cross Cal
L8/L9

* L8and L9 are at sub 0.5% agreement for all bands except green band
* Only green band shows difference at ~1% level
L8/S2A
e CA, Blue and Red ~1-2% agreement between L8 and S2A
e All other bands are better than 0.5%

* EPICS give consistent cross calibration results;

* Applicable to all satellites taking advantage of stable pixels on a continental and global scale
* Obtain dense dataset for calibration: a daily basis
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