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- S3 OLCI OC matchup protocols, discussion

Objective of this discussion:

% This protocol arouse as a need to have a common standard so that the results across this team

are as comparable as possible
B (ooernicus & EUMETSAT
% This document is assumed to respond to a consensus reached from this
validation team, so all of us showing matchups should be aware of its
existence, follow it or, in case of departing from it, explain the rationale
behind your proposed variants.

validations in comparison with in situ measurements —

% The protocol is currently being reviewed at EUMETSAT... e
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extraction of statistics at macropixel level: today

: 5x5 window

CLOUD, CLOUD_AMBIGUOUS, CLOUD_MARGIN, INVALID, COSMETIC, SATURATED,
SUSPECT, HISOLZEN, HIGHGLINT, SNOW _ICE, AC_FAIL, WHITECAPS, ADJAC,
RWNEG_O2, RWNEG_O3, RWNEG_04, RWNEG_0O5, RWNEG_06, RWNEG_O7,

Detection of non-valid pixels
(flagged pixels)

RWNEG 08
+ product-specific flags e.g. OC4ME_FAIL
I
EeeEE :
: without flagged pixels ....= Macropixel is discarded if:
EEEEE Ngor < 50% Ngror

Detection of outliers | value@X - p, | < 1.50,

EEEEE : v
H B mediang,, Macropixel is discarded if:
: without flagged & outlier pix"... Ofinal
.=..= CVeinai CVi0(560)>20%
M - Mean

o - Standard deviation 3
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extraction of statistics at macropixel level: initial changes

: 5x5 window

CLOUD, CLOUD_AMBIGUOUS, CLOUD_MARGIN, INVALID, COSMETIC, SATURATED,
SUSPECT, HISOLZEN, HIGHGLINT, SNOW _ICE, AC FAIL, WHITECAPS, ADJAC,
RWNEG_ 02, RWNEG_0O3, RWNEG_0O4, RWNEG_05, RWNEG_06, RWNEG_O7,
RWNEG_0O8

+ product-specific flags e.g. OC4ME_FAIL

Detection of non-valid pixels
(flagged pixels)

v
Macropixel is discarded if:
: without flagged pixels ....= P
EEEEE Ngor < 50% Ngror
Detection of outliers 10

EEEEE _ |
H B mediang,,Hinal ¢
oﬁnal

: without flagged & outlier pixl=..=
L[ ][]

CViinal Macropixel is discarded if:

CV;,.((560)>20%

M - Mean
o0 - Standard deviation 4
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10
| value@X - p| < 1.5x0 | value@X — median| < o X IQR

Why?
« Mean and standard deviation are non-robust statistics, they are precisely highly affected by outliers
« On the contrary, median and IQR are robust statistics, suitable for outlier detection

« The “tolerance factor” % is chosen in a way that 1.5x 0= %:x IQR = 1.111 x IQR ( distribution)
 This equivalence depends the distribution of the data:

+ e.g. 1.5x 0= 2 xIQR = 0.866 x IQR = (if distribution is ) R
Ql Q3

Q1 -1.5 xIQR Q3+ 1.5 xIQR

Median 7
—tlto —|30 —ia —]I.cr Ola 1Io 2la 3lo 4lo
—2.(%980 —0.6?450 0.67;455 2.6?80

24.65%  50%  24.65% ‘
—40 —30 —20 ~1o0 0o 1o 20 30 5 4o
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Threshold sensitkive to outliers (1)

— [ — )
8. Robust ini 8- Robust i ini i
7 e - i o i
An example ----- Non-robust | (Roughly coincide in ’ Hon-robust i I‘Hi i
6 - the absence of outliers) 61 H H '
25 random numbers following: g ° 2 5]
F 4 Fa B T
i ic I |
N(p = 0.025; o = 0.0025) 3 31 ; ;
- 2 2] | |
outliers 1 | 1] ! i
S ; N B
Robust o 096 & o > o e 006 & o o o
Pul560] Pul560]
Pixel ‘X' is considered outlier if: 8 ; — ; 8 ; — :
- Robust E i|'| i E T ammm- Robust i E|'| E i
10 7 I | 74 ! | !
| value@X - median| <—xIQR | |7 Non-robust | :‘H: A Non-robust! :‘H: :
9 6- I [ 6. o a
] I .
Non-robust 2 4 . | | 5 4] B | |
£ i l i £ | i |
Pixel ‘X’ is considered outlier if: 3 i i 3 i i
|value@X - mean| <1.5x o 27 i i 2] i !
|  BC D . | (1)
0 ! | 1 0 i [ DI |
o'-\’e 00‘.) 000 0\9‘)&_/ 050 0" 0“\9 00‘7 (:00 096’\/ 00 0}"

Pw[560] Prl560]
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median

\ 4
=

Why mean (M) instead of median?
« It shouldn’t be necessary to report a robust statistic (median): outliers were removed in the previous step!
« Reporting median means choosing the middle values among the set of valid pixels in the 5x5 window.

—— Scan 0
0.08 —— Scan 1
— Scan 2
Median

<) =)
o o
) <

Water reflectance, py
o
o
u
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0.03
0.02
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median

\ 4
=

Why mean (M) instead of median?
« Mean has a series of well-known properties that median lacks:
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Extraction window without flagged & outlier pixels

median > H |_*
L L]
H H N
is assumed as an independent realization of the same measurand .=..=
Why mean (M) instead of median? EEEEE

« Mean has a series of well-known properties that median lacks: e.g.:
The 99-95-68 rule applies for normal distribution:

New realization falls in [u—30; un+30] with 99.7% confidence (k=3)
New realization falls in [u—20; u+ 20] with 95% confidence (k=2)
New realization falls in [u—o; u+ 0] with 68% confidence (k=1)
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“This is the way recommended in the Guide to the expression of uncertainty in measurement (GUM)

JCGM 100:2008

GUM 1995 with minor corrections

Evaluation of measurement
data — Guide to the expression
of uncertainty in measurement

Evaluation des données de mesure —
Guide pour I'expression de I'incertitude de
mesure

4.2 Type A evaluation of standard uncertainty

'4.21 In most cases, the best available estimate of the expectation or expected value u of a quantity ¢ that
varies randomly [a random variable (C.2.2)], and for which » mdependent observations g, have been
.obtalned under the same conditions of measurement (see B.2.15), is the arithmetic mean or average ¢
(C 2.19) of the n observations:

54.2.2 The individual observations ¢, differ in value because of random variations in the influence quantities,
.or random effects (see 3.2.2). The experimental variance of the observations, which estimates the variance
12 of the probability distribution of ¢, is given by

'Thls estimate of variance and its positive square root s(¢;). termed the experimental standard deviation
(B 2. 17} characterize the variability of the observed values ¢,, or more specifically, their dispersion about their

e best estimate ofcrz(ﬁ) = 52/:-:, the variance of the mean, is given by

Thus, for an input quantity X determined from » independent repeated observations X, the standard
uncertainty «(x;) of its estimate x, = X, is u(.\‘—)—s(Y ), with s ( ;) calculated according to Equatlon (9). For

convenience, uz(x,-): 5-2()_(,-) and u(x;)=s(X;) are sometimes called a Type A variance and a Type A
standard uncertainty, respectively.

10U
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Type A uncertainty when computing average of realizations.
We assume each valid pixel of the window is an independent realization of the same measurand

c —> o/VN P

(Of course, as you know, full uncertainty budget is still missing...)

11
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Extraction window without flagged & outlier pixels

median > H |_*
L L]
H H N
is assumed as a realization of the same measurand (with unimodal distribution) L |

Type A uncertainty of the mean still bounded by standard deviation:

25
— 1
() = 52| D X+ ) CovXo XD | < Oinon
i=1 i<j
( \

New realisations “X” are still bounded around the mean p (no independence required)

Chebyshev's inequality Vysochanskij—Petunin inequality
1 4
Pr(|X — pl > ko) < = P(IX — p| > ko) < o if k> ,/8/3=1.633.

4 1
P(| X —pul > < — — = if < .
(X-pl>ko)< g -5 i K<,[8/3

12
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Current protocol Robust "1”

Pixel ‘X’ is considered outlier if:

10

Pixel ‘X’ is considered outlier if:
' |value@X - median| < ?x IQR

| value@X - mean| < 1.5x IQR
. Central value = median i

Central value = mean

S3A OLCI L2 IPF OL L2M.003 FR EUMETSAT standard L2 5x5 Venise S3A OLCI L2 IPF OL L2M.003 FR EUMETSAT new L2 5x5 ' I enise
+ 4000 + 4000
+ 4125 N=90.0 + 4125 N=89.0
0.0251 * 2° " Nbands=8.0 0.0251 * 2° " Nbands=8.0
4 510.0 /‘f/+ . SAM=9.0 +  510.0 ’/*/{' | SAM=9-0
560.0 chi2=0.0 560.0 chi2=0.0
b 6200 b 6200
+ _ + .
0.0201 | 3% 0.020| I &35 ‘
+ 681.25 | + 681.25 *
— 4 708.75 e — + 708.75 A
‘1' + 753.75 e ‘1' + 753.75 e
| + 77875 | + 778.75
%0'015 + 8650 y b %0'015 + 8650 | b
— + 885.0 — + 885.0
[ + 1020.0 ey o + 10200 e
£ £ i
= 0.010- = 0.010; + ”*MM
© o } Kt
n v PO
Vit
0.005 0.005 iyt
0.0001 0.0001
o° o° o® o® o° o° o° o° o® Q° o® o®
In situ Rrs [sr-1] In situ Rrs [sr-1]
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Current protocol Robust “2”
Pixel ‘X’ is considered outlier if: | Pixel *X’ is considered outlier if:
i |value@X - mean| < 1.5x IQR I X i ﬁ 1OR B
| Central value = median i  [value@X - median] <77 1Q L
i Central value = mean T b
S3A_OLCI L2 IPF OL L2M.003 FR EUMETSAT standard L2 5x5 Venise S3A_OLCI L2 IPF OL L2M.003 FR EUMETSAT newUniform L2 5x5 Venise
+ 400.0 + 400.0 Ve
+ 4125 7 IN=90.0 + 4125 " IN=90.0
0.0251 * %2 " |Nbands=8.0 0.025{ * 25 " |Nbands=8.0
+ 5100 f+ , SAM=9.0 + 5100 A4 SAM=9.0
560.0 chi2=0.0 560.0 chi2=0.0
+ 6200 + 6200
+ . + 665.0
0.020/ + 233.25 0.020/ + 67;75 P
+ 681.25 % g + 681.25 L
— + 708.75 — + 708.75 y
i 4 75375 . ':._' + 753.75 S w
| + 77875 | + 77875
%0'015 + 865.0 y b %0'015 + 8650 } b
- + 885.0 s + 885.0
o + 10200 o o« + 10200 ol
2 L il
E 0.010/ [ 0.0101
© (%)
wn wn
0.0051 0.005 1
0.000 0.0001
QO o0 QO QO Q0 Q0 Q9 QO QO Q9 o0 o0
In situ Rrs [sr-1] In situ Rrs [sr-1]

14



7t Sentinel 3 Validation Team Meeting 2022

18-20 October 2022 | ESA-ESRIN | Frascati (Rm), Italy PROGHAME of 1

S3 OLCI OC matchup protocols, discussion

Current protocol Robust “2”
i Pixel ‘X’ is considered outlier if: i i Pixel ‘X’ is considered outlier if: 0 i
i |value@X - mean| < 1.5x IQR | X di ﬁ IOR =TT
| Central value = median ! i |value@X - median| < —"x 1IQ !
""""""""""""""""""""""""""""" i Central value = mean ST
S3A_OLCI_L2_IPF_OL__L2M.003_FR_EUMETSAT standard_L2 5x5_Venise S3A_OLCI_L2_IPF_OL_L2M.003_FR_EUMETSAT newUniform L2 5x5_Venise
+ 400.0 + 400.0 Ve
+ a125 " N=90.0 + 125 " IN=90.0
0.025{ 1 22 " |Nbands=8.0 0.025{ t 2% " |Nbands=8.0
+ 5100 f+ , SAM=9.0 + 5100 ,,fﬂ ; SAM=9.0
560.0 chi2=0.0 560.0 chi2=0.0
+ 6200 + 620.0
0.0201 T &35, 0.020\ T 37 )
+ 681.25 * + 681.25 L
— + 708.75 — + 708.75 p
i + 75375 e - + 753.75 "
Boous| ¢ ey Boows{ 7 -
2 + 885.0 + i + 885.0 f
o + 10200 e o 4+ 10200 a
2 L it
g 0.010 g 0.010
© ©
wn wn
0.005/ 0.005/
0.0001 0.0001
o o oY o oY o° o o o°
In situ Rrs [sr-1] v In situ Rrs [sr-1]
» No recommendation is given regarding space-time interpolation of quasi-simultaneous matchup pairs
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Time-space aggregation of “quasi-simultaneous” matchup pairs?

- in situ ( ) measurements corresponding to the same (in situ) measurement
Case 1: Continuous measurements at fix location within valid time difference (+1hr)
Case 2: Continuous measurements on moving vessel within valid time difference (+1hr)

. Extraction windows intersect

. Extraction windows do not intersect

16
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« This document is based on consensus arrived by the S3VT-OC team and is the one
that we share with all our users.

« Whenever relevant, the variants that we've seen in the last session (considered
flags, time tolerance window, thresholds, spatial-temporal in situ - satellite
interpolation) and the rationale behind these variations must be documented.

« We look forward for your feedback on this document (today or in the coming

months) over which a updated version will be developed. Bl ooy @ EuMETSAT
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