Uncertainties of Remote Sensing Reflectance

Synthesis of published methods
&
colocation approach

Frédéric Mélin
E.C. Joint Research Centre

European
Commission




Comparison with in situ data (validation)
Gordon et al. Appl. Opt. 1983: comparison CZCS and ship L, at 3 stations
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Validation results f" of optical water types (classes)
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Application to the OC Climate Change Initiative (CCT)

Definition of uncertainty for each optical water type
Moore et al. (2009)

- Compute class membership w, ;
for each class k and each match-up i

- Compute validation stat for each class k:
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Application to any grid point:

- For pixel p, compute class membership w, , for each class k
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- Compute uncertainty for pixel p: Apz = kL O, = 4
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Algorithm-based approach - Hu et al. RSE 2013

Based on the comparison of the outputs of 2 Chla algorithms:
OC4v4 and OCI (3-band subtraction method)

Hypothesis: If ~identical outputs, then Ryg close to ‘true’ value

Uncertainties (relative and absolute): Standard deviation of differences
with respect to these 'true’ data, as f"(Chla)

C. Hu et al. / Remote Sensing of Environment 133 (2013) 168-182
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Fig. 7. Absolute uncertainties (in R, units, & of Eqg. 3) of SeaWiFS and MODISA R, data for the North Atlantic (NA) and South Pacific (SP). The x-axis is Chlyg. About 68% of the
non-flagged (i.e, valid) pixels have R, errors (gauged against the corresponding Ry ¢e) less than the uncertainties. R, noise has been removed using a 33 median filter before
uncertainty calculations. Data are listed in Table 3.



Other methods

> Sensitivity analyses, simulated datasets, boot-strapping...

Gordon & Wang, Appl. Opt. 1994, Bulgarelli & Zibordi, 1JRS 2003,
Bulgarelli et al., Ocean. 2003, IOCCG #10, 2010, Steinmetz et al. OE 2011, etc...

This session:

> BayeSian me'l'hod Frouin & Pelletier RSE 2015

> Uncer'tainfy pr'opaga‘l'ion Neukermans et al. OE 2009, RSE 2012
> NN-based method



Uncertainty Estimates by Colocation

SeaWiFS, MODIS-A, MERIS data

Remote Sensing Reflectance Ry (1) expressed on common A's
by a band-shifting process

Mélin & Sclep, Opt. Exp. 2015

Inter-Comparison per cell (1/34 deg.) and day
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Intrinsic propert
random error (o] [sr-1] ﬁ of each ga'l'g se‘IY

(part of the uncertainty budget
not affected by bias)

o can be estimated by a colocation analysis

X. =TI + & a: additive bias
! ! ! B: multiplicative
Y. =a+ IBri + é’i ¢, {: random error

: o2 = 5?2 _lgxy solved with the assumption:
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comparison SWF/MOD

Mélin et al., RSE submit



0.0008 [

0.0006 I

0.0004

[sr']

0.0002
0.0000 |
400 450 500 550 600 650 400 450 500 550 600 650
a nm b nm
0 Legend
0.0008 [T )
i —e— Global
0.0006 | - = = Arctic
I - = = o0uth. Oce.
0.0004 | Y. - = - Mid Lat.
a RS N Trop.
B, 0.0002F
Lo AN~ ] e Sub. Gyres
0.0000 Hio < Upwelling  —vm.m Med. Sea
A _— SNelves - Black Sea
— N NG,

~0.0002}

400 450 500 550 600 650
C nm

» Characteristic U-shape for |y

> Small spatial variability for ¢
Meélin et al., RSE submit



Comparison with validation results and OC-CCT
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Comparison with OC-CCI and Hu et al. RSE 2013
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> o between 0.9 10-3 sr-! at 412 nm and
0.05-0.1 103 sr-! at 670 nm
in A" with n~4-5

> Small variability for ¢ m—) ienxf::\?:: ::qs'f'gmems
RS

> 6/<Rps> ~7% for 412- nm for Chla<0.3 mg m-3
~5% for 412- nm for Chla<0.1 mg m-3
~11% at 555 nm
~22% at 670 nm

> Coherence between ¢ and other estimates



General Conclusions

> Variety of methods for Ry uncertainty estimates
(should need to be clear about what they produce)

> General coherence of results, but differences should be understood
» Not many cases of methods ready to be applied on a grid-point basis

> Even less applied in actual processing
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