


Vocabulary (1)

“* measurand: well-defined physical quantity that is to be measured

< uncertainty of a measurement: a parameter, associated with the result of a
measurement that characterizes the dispersion of the values that could reasonably
be attributed to the measurand

«» error: difference between the measurement and the true value of the measurand
(or a reference quantity value, assumed to have negligible uncertainty)

<» compatibility:

property of a set of measurement results, such that the absolute value of the
difference of any pair of measured quantity values from two different
measurement results is smaller than some chosen multiple of the standard
measurement uncertainty of that difference

i.e., agreement of 2 data sets within their stated uncertainties
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Vocabulary(2)

Uncertainty associated between X, and Xg:

u*(Xp — X4) = u*(X,) + u*(Xp) — 2uXu(Xp)r(e(X,), e(Xp))

Compatibility: the difference of any pair of measured quantity values from two different

measurement results is smaller than some chosen multiple k of the standard measurement
uncertainty of that difference VIM 2012

Xp — Xal < kJuZ (X) +u2(Xp) — 2u(X)u(Xp)r(e(X,), e(X))

should be true for 68% of cases (k=1) with a normal hypothesis
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Comparison of Field Data: Example at AAOT (1)

AAOT: Acqua Oceanographic Towe

— /
Operations of 2 SeaPRISM

systems over 2017-2023

—

4449 pairs of coincident
(At<10’) measurements over
659 days of data acquisitions



Comparison of Field Data: Example at AAOT (2)

aerosol optical thickness remote sensing reflectance

Mélin et al. FRS 2024



Comparison of Field Data:

Example at AAOT (3)

u”* (X, — Xp) = u*(Xq1) + u*(X3)
—2u(X)u(X,)r(e(Xq),e(X3))

Ras ~ Rrsol < k\/uz (Rrso) + u?(Rgs1) — 2r:u(Rgso)u(Rps1) =

mmmmm

Rg’s‘l, =0 89 92

RGM r=05 78 82 86 83 70
RIOP r=0 87 90 93 81 67
RGP r=05 74 80 85 65 55

Data from the two systems appear generally
consistent with their stated uncertainties,
indicating that they are metrologically compatible
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General consistency between missions (1)

Monthly
Chl-a

Mar. 2018




General consistency between missions (2)
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MOD — 443 nm

MOD — 443 nm

General consistency between missions (3)
MODIS-A vs SeaWiFS
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General consistency between missions (4)

Chl-a 10-year trend
Aug. 2002 i
Jul. 2011

MODIS-A




Ocean Color products (R, IOPs, Chl-a) from various
missions show differences varying:

In_space in time
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Small systematic inter-mission differences are

sufficient to introduce spurious trends

Comparing trend slopes of merged products affected by a bias
wrt those obtained for a series of reference

p: level of significance (t-test) quantifying the degree to

which 2 trends differ

SeaWiFSi
1997

I

XMRG(In) = 1/Z[XS(In)-l_(l + OA)biaS/IOO) XA,,corr (m)]
%bias: [-50% to +50%]

Mélin, IJRS 2016
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Framework to characterize differences between products (e.g., Rxs)

averaging N, pixel-values
model

1
< Rps(Ay) >= N—A(Rﬁsa(/lA) + -t RgS,ip(AA)+ ---+R£S,NA(AA)) 90 |u(qy) errsr _ error
= binning .
~ correlation
0 < Rpe > 1
BSRRS — 1 —ARS = — u(RéS,ip)
aR;,f‘S aRRs,ip Ny

error on Rgg
from mission A

_ A ORB.(A error on R
5RRS(/1A ) = — < RRs(AA) = +qo | |u(qo) modell errPr # u(RgS,ip) from missiFé)Sn B
» gesiucation ORzs(4p)
=/ mismatch
v time difference
(G<rE> 1) [
- o - (D
L aRgg’ip NB RS,ip\"*A f( (lqo)
R . model error
< Rgs(Aa) >= v (REsa(a) + - +-"‘ - FRes N (Aa)) +l_u(%)_ model error = band-shifting
B = binning = spectral response

averaging Ng pixel-values
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The Case of Composites

» Different times of the day for a daily datum (polar-orbiting)
» Grid points incompletely/variably filled
» Different days for a time composite
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Source of field Rgg

GDLT (2005) HLT (2006) IRLT (2018)

PLOCAN 1
(2022)

CSP (2019)
E AAOT (2002)

data: AERONET-OC

GLR/S7 (2011)

JRC Marine Sites
® Active Marine Sites
® Active Lake Sites
e Decommissioned Sites

GLT (2014)



Comparison of EO Data: Example with VIIRS (1)

AAOT  GDLT HLT  IRLT
[ 166 78 24 47

correlation of residuals

(satellite-field data)  _ 06'//\ ‘;

correlation of errors 0.2F ClRST oLt
101 142 i
0.0 \ .

400 450 500 550 600 650

Mélin, FMAS 2021
A [nm]



Comparison of EO Data: Example with VIIRS (2)

Rrs — 443 nm
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Fraction of data verifying (k=1) (no representation error):

|RRs — Rs| < kJuZ (Rgs) + u?(REs) — 2u(Rys)u(REs)r(e(Rgs) e(REs))

r=0 (%)
Mélin, FMAS 2021
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Comparison of EO Data:
- Example with OLCI (1)
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Comparison of EO Data: Example with OLCI (2)

Reg = 400 nm Res = 412.m Res = 443 nm
e ARianaas: R AR AR
0015 0015 /of 0D A
AAOT :
0 / { /
- 04 - S0 ~ 0015 /%
L 0010 , & 0010 o ° L /o
- O [ -
? 91 i i i T oo a
1 N 105 = 0 00 N=105 o
9 o 0 0
m 3 s %%Mb &0 { oo o 000 P08 | 3
§ 0g b5 RN N -
™ L e g
/ 00
» V:fﬂ% (4 ¥=-35%
ump, Sog e A ool
w 000 005 0010 005 000 005 0010 0015 0000 nnas 0010 0015 0020
oLc-Afsr] QACHA [5r] 004 s
w Reg = 490 tm Res = 010 nm Res = 960 nm
““““““““
> 003 ’ o ’ o )
002 /0 a0 01 qumlt=0Y
, 0=0.113 , 0=0.0 /0
o) Vo o Wl=17% o 0 fali [¥l=167% %
m 5 4 5ofem o 5oy
0 0015 / o 0015 /0 o 0015 )
7, B iy
sognf  ° 7=0% {3 oo ooiﬁﬁ 2 0010 o9
0=0.1%5 )
— 0005} 0 =187 o5} 0% o0s) palfy
b=-14%
0 0000l 000 it 000U et it
0000 000500100015 00200025003 00000005 0010 0015 0020 04750030 000 0005 0010 0015 0020 025 050
J 0Lc-A s ] QCHA [5r] 004 s
O Res = 665 nm 7, = 865 im
L ittt ‘/ [ e ‘/ BT
o0rofr’=095 v o5}r=036 20 r2 028 o %&ﬂ&
0=0041 ; 0=0038 / a=0602 a9
FU'UUB ¥l=148% /0 020 ¥=31% g 15HH= B, O @
LA /’ 0 (e - +z47
o / b 0 ¢ g
4 / 3 # 5 /
9 0004 o1, o 0 o
0 b LUSN o ot o /.ﬂ
waf N 0 0 0 AOT 0
13 9 0 Ag -
0 200
wwwww 0.0 L TN -05 Lo T
DD LH000eIH0E0IB0I001,

OLOHA [s7]

000 005 010 .15 020 025 0.30

-05 00 05 10 15 20 25

Cam.

a b ON -~

Orange:
tandem phase

1 2 3
5.5%
1.4%

8.2%

Beware of conditions represented
by the comparison data set before

reaching conclusions

4

46.6%

2.7%

5
23.2%
11.0%

1.4%

=75%



23



Collocation (1): with Reference Data

For i=1,N validation points:

: reference values (“truth”)

: in-situ measurements with ¢, known

: associated random error term (mean=(0, un-correlated)
: satellite values, with ¢, unknown

associated random error term (mean=0, un-correlated)
: additive bias

: multiplicative bias

X; =I;1Y;
y; =B 1+ 0 +¢

™ € X M

2
‘ (4 =0'2 - % (0 and P can also be computed)

. Mélin et al. RSE 2016; Mélin, FMAS 2021; Mélin RSE 2022



Collocation (2): with 2 Similar Data Sets

For i=1,N comparison points:

X =I:+Y. r: reference values (“truth”)
1 10l X: in-situ measurements with ¢, unknown

= B I; + 0 +E&;  y: associated random error term (mean=0, un-correlated)
y: satellite values, with 6, unknown
¢: associated random error term (mean=0, un-correlated)
o: additive bias
B: multiplicative bias

2 2
g = _77 Ux + Gy \/(O'y n Gx)2+40xy77 0_]3 :% 0_3 _I_;_Jz’_\/ n_32’ 0.3?)24_40)?31/,72‘
20y N

Slope of Model Il linear regression
Legendre & Legendre (1998)
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Collocation (3): with 2 Similar Data Sets

By the way:

A; = 0% + 05 — 20y,
Az = (B— 1?07+ B2 - P)oy + 062 — 05 +0;

if g — 1
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Collocation : with 2 Similar Data Sets, with
error correlation

For i=1,N comparison points:

r: reference values (“truth”)

X: in-situ measurements with ¢, unknown

v: associated random error term (mean=0, correlated)
y: satellite values, with 6, unknown
g
0
p

X; =I;1Y;
yi =B+ 0 +¢
: associated random error term (mean=0, correlated)

: additive bias
: multiplicative bias

2 2,2 2 2522 — Yo, — o2
oy, —n°o +\/ oy, —N-oy)“t+4(o TeyNox)(M TeyN .
y — N 0x (0y = 1702)"+4(0xy = Tey02) 1"y = Ty 10y) T'¢y : Correlation between

Z(ny _ rsyno-;%) & and Ti

B =

Mélin, FRS 2024



Collocation : with 2 Similar Data Sets, with
error correlation

2 B O-J% — Oyxy
Oy
ﬁ _ nrey

o2 — oy — POy
L f 1_ﬁrey/77

AZ= (B —1)*+[B(2 - B) +1* — 211y |0y

— o;(1+n*-2nr,) if g— 1

— 05(2 - 2r,) if p— 1 and =1

Mélin, FRS 2024



Thank you!

frederic.melin@ec.europa.eu



