Quantification of uncertainties in satellite data products
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The direct method

The comparison of satellite versus in situ data provides only general indications on the accuracy

affecting data products: none of the statistical quantities associated to the comparison is a direct
expression of the uncertainties.

Accuracy requirements for satellite radiometric products are commonly summarized by a spectrally
and water-type independent 5% uncertainty. This generic 5% uncertainty requirement, however,
should only apply to oligotrophic/mesotrophic waters in the blue-green spectral region. To assess the
fulfilment of such a requirement, radiometric data products can be evaluated applying the so-called

consistency principle: independent measurements of the same quantity should agree within their
individual uncertainties (Immler ef al. 2010).



Matchups construction

Matchups are constructed applying satellite extraction protocols, which may be different and
naturally lead to appreciable differences in matchups results.

As an example, matchups can be confidently constructed using the median of the 3x3 satellite
pixels centred at various measurement sites and applying criteria to maximize the comparability
of satellite and in situ data.

Again, as an example, matchups can be retained for successive analysis when:

1. the time difference Af between in situ measurement and satellite overpass is less than £2 hr
(only holding the in situ data closest in time to the satellite overpass);

11. none of the 3x3 pixels 1s affected by the standard processing flags;

i11. the coefficient of variation (i.e., the ratio of standard deviation to mean) of Ly, (4) is lower
than 20% at 560 nm for the nine pixels (the 560 nm centre-wavelength 1s expected to exhibit
a lower dependence on optically significant constituents and surface perturbations with
respect to the other centre-wavelengths in the visible portion of the spectrum);

1v. the viewing angle 1s lower than 60°;

v. the sun zenith angle is lower than 70°; and

v1. the aerosol optical depth 7, determined at a near-infrared centre-wavelength (i.e., 865 nm) 1s
lower than an extreme value such as 0.5 to avoid data affected by cloud perturbations.



Matchups statistics

Satellite data products can be evaluated through statistical indices for the N matchups of satellite
(SAT) and in situ (PRS) data [(3347,3547, ..., 330D), (SUR5, 3585, .., SERSY] where S is the
compared quantity (i.e., Ly,n (1)), and the subscripts 1, 2 ..., N indicate the matchup index.

Statistical indices that can be considered are:

i.  the median of differences A,,, and the median of absolute (unsigned) differences |A|,;;;

11. the median of relative differences v, and the median of absolute (unsigned) relative differences
||, both determined with respect to the in sifu reference data;

iii. the root mean square of differences rmsd; and the determination coefficient 7 from data
regression.

The indices |A|,, and |y|;; provide hints on the dispersion of data, conversely A,, and y;; provide
information on biases. The quantities |y|; and vy, are expressed in percent and provide an
immediate view on the comparison. On the contrary, |A|,,, and rmsd are in physical units (e.g., mW
cm? um' sr') and complement the comparison with statistical indices strictly related to the values
and range of the assessed Ly, (4).

When considering that the Ly, (M) values may not exhibit normal distribution, the use of the median
with respect to the mean allows to better determine the centrality of the comparison resullts.



@ The direct method: application

By:

i. applying the consistency principle to satellite Lﬁ%} (1) and in situ Lﬁfﬁ, ; (1) matchups with i
indicating the matchup index; and

iii. assuming negligible correlations between uncertainties, the following relationship 1is
statistically satisfied:

2
[L%, (1) — Lﬁ%, i(/l)] < kx[ugAT, i(A) + uIZDRS, i(4) + VSZ'AT, i(A) + VI%RS, i(/D]

where ug,r ;(A) indicates the expected uncertainty of satellite data, upgg ;(4) the quantified
uncertainty for the in situ data and, vgyr ;(4) and vppg ;(4) the spatio-temporal variabilities
affecting satellite and in situ data, respectively.

Assuming k=1 and that most of the major contributions to radiance differences are accounted for
Lipy, i (D) — Ly, ()
1, )+ s, () + Vg, () + Vs, (D
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Interpretation of comparison results
Ly, i) — Ly, :(D)

1, )+ s () + Vg, () + Vs, ()

g(4) =

In agreement with Hunt ef al. (2020) and following Zibordi et al. (2022):

if Ugar i(A4), Upps i(4), Vsar i(A), Vprs i(4) well describe the variance of the differences
L%/%, i(4) — Lﬁ%’ i(A), then the probability distribution of the &;(A) values would be
standard normal and consequently centred at 0 with standard deviation a(&;(1)) equal to 1.

In the case the uncertainty values are underestimated, the distribution of &;(4) would
exhibit a standard deviation a(¢g;) > 1.

On the contrary, if the uncertainty values are overestimated, the distribution of &;(1) would
lead to o(g;) < 1 (see the equation for &;).
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Application

Ligh () = LY& (D

\/ u.SZ‘AT, (D) + u}Z’RS, (D) + V.S%AT, (D + vlgRS, ey

g(d) =

(a) AERONET-OC LIRS (1)
(b) OLCI-A LYEEI- A()l)
(c) scatter plot of LYE =4 (1) versus LEES (1)
(d) distributions of the uncertainty-normalized difference
&; at the 412 nm imposing
i Ugrcr—a i(A) = 0.05 - LYyg'74(2) (black line) or
ii. a constant value for ug; ¢4 ;(4) so that
o(g;(A) =1 (grey line and shaded background)
compared to an ideal normal distribution (red line).

N indicates the number of matchups, 7 the
determination coefficient and, u(e;) and o(g;) the mean
and standard deviation of the ¢; values, respectively.

a(g;) > 1. Thus the 5% uncertainty is underestimated! }
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g(d) =

¥, ) + s () + Vg, () + Vs, ()
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Impact of A, on PRS uncertainties

Site A, [hours] | 400 | 412 | 443 | 490 | 510 | 560 | 620 | 667 | N
1 35133 (30| 28| 30| 41 (113 |14.4 | 366
CPL
2 39 | 37|32 |31 |32 | 44 |121|15.1| 188
1 39 | 37|33 |31 |32 | 41 | 99 |125| 483
AAOT
2 63| 56 |49 | 47 | 47 | 56 | 79 | 9.0 | 260

Pairs of triplets within the interval A, were used to estimate the spatio-temporal uncertainties
characterizing the in situ data: Uy, (LSH&) /LSHE (in %) indicates the median relative
uncertainty of AERONET-OC situ data contributing to matchups constructed with diverse 4.,
for 7,(412) <0.2and 6y < 45° ( N is the number of pairs of triplets considered for A, ).
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