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Algorithm Developments at Hereon

Atmospheric Correction

- OLCI Neural Network Swarm (ONNS) OC Sensors < (e.g., C2RCC AC) provides normalized R,
1
- Ocean Colour algorithm for the aquatic continuum oLt Band Adapter
Land-Coast-Ocean MERIS Provides R, at 11 OLCI bands

Yy
‘ Classification )

of R into 13 OWT

- Utilization of Fuzzy Logic-based Optical Water SeaWiFs
Type classification

T

MODIS
-  OWT-specialized Neural Networks Neural Networks | Weights per OWT
VIIRS (Table A1) w > 0.0001
- Delivers diverse IOPs, concentrations, light field & c0C12 1) Chl, @.gor, ISM
uncert ai nt| es Out-Of-Scope Test OC Products
2) cham: ap; am: w..<0.3 ‘;)
ocM o Results within
by, by, scope
SGLI 3) FU, K, K,, Background NNs X = z wi X;
Case-1, Case-2 i
EnMAP Ger Do Uncertainties:
Hieronymi, M., Miiller, D., & Doerffer, R. (2017). The OLCI Neural Network Swarm (ONNS): a bio-geo-optical 0C product VS-
algorithm for open ocean and coastal waters. Frontiers in Marine Science PACE 4) Uncertainties T

Hieronymi, M. (2019). Spectral band adaptation of ocean color sensors for applicability of the multi-water
biogeo-optical algorithm ONNS. Optics Express
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“ Optical Water Type Classification
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" Requirements to Atmospheric Correction

Provide results for the entire spectrum

- For OLCI usually 16 (out of 21) bands from 400 to 1020 nm

Cover all colours

- Blue (oligotrophic) ocean, green (hyper-eutrophic) lakes, red tides, etc.

Cover all magnitudes

- Dark (high CDOM) to bright (high NAP)

Provide realistic spectral shapes of Rrs that are requested by OWT frameworks

- No available atmospheric correction methods can meet these requirements adequately

- Rrs can be well classifiable in OWT framework, but is actually obviously wrong
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“ New Atmospheric Correction for OLCI developed at Hereon

Atmospheric Correction for Optical Water Types = A40

- Further-development of C2RCC

- Ensemble of “globally valid” Neural Networks -> enables uncertainty estimate

- Optimization on spectral shape of Rrs - well OWT classifiability with ONNS framework
- Designed for inland, coastal and oceanic waters

- Consideration of phytoplankton diversity

- Reduction of spatial and spectral noise (e.g. South Atlantic Anomaly)

- Improved cloud flagging

- By-product whitecap fraction, mask for floating staff, ...
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| Dark Ocean (Shelf) & Bright Waters

IPF Rrs shape reasonable
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| Cyanobacterial Blooms

IPF Rrs shape reasonable, but too high in blue
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| Cyanobacterial Blooms

C2R matches relatively good (optimized here)
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| Coccolithophores Blooms
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 OWT Classifiability

10 OLCI test scenes with high optical diversity

OWT total memberships usually between threshold 0.0001 and 1 (can be >1)

Bl High Medium Low Below threshold B8 Non-classifiable NaN

K )
f

Acceptable

Rrs can be well classifiable in OWT framework, but actually wrong, e.g. high-NAP-shape in algae bloom

Some OWT frameworks have narrow variance - small discontinuity leads to low memberships

Negative Rrs problematic

21

— 0 e c= 0 - I W = 1] D — IS . BB NI " i2 E1 B o= i 1%l



[9] uonnqrosiy

© g 9% ST m ™
({p) riz|zi 556 L¥ it A
Q 561 68E BTL 02 e
! ,h.xh_...w..
@ 25 I£ 06 [ ¢,
1L g 1o |zl 0L gl <.
ol 8 LD S0l Ll H =y
§ [£ B o £ LE - o
3 10 16 16 s
5 - rE 19 1o |1 c8 7
8 as 10 86 6 L,
LD Sl 6t g €1
- 08
< ] 9 g €0
n z5 IS
d £l % 1'0
= 50 |11 LS 1€ 50
= 91 | £l 65 Lo 59
al 1] ctr S = 10
G Ll ot 6F = 06T
a8 TSI o LE
2 ¥ & P6
w.w £ v
s
(& Lo B’
| g ¥l
~ .
w — L6 L
:
s
35 €0 81 ot g vz
g8 691 ss e 812
L 60 sT £ B 1
81 99 91| 1o
£f L9 =
L'o |2 e o= 1
rs sz 55 ERL .
9r6 £l £€ ¥ 66 rr S D
i
66| 9l I8 por f 21 9 -y, @
ro| s L9
= g 8 9l | 1 65 L
AN y—t
m = 10| &l I8 1'0 Lt £6 [
AN g0| 1T TL 50 #O TE |~
.mb 0 6l atr Lz AN <1 L9 s
..nl.m Sr6 | 9l 8 'sa jil LR
L £'0 6L ) =l -
= = = =
m E 0ros 001 25
3 il I
= - b6 S
— 5 £'C T
= © o - ‘o
o = 69T 59 Q
= = 6T¢ £0E &
©c =z ENEY Ca | &
T = — ¥ I <)
= & Ny o €
< 9l 6%
= 4 Tl L Q
o — s 1I'cl o m
N 6L €7 ¢
O o 10 @
C= (9]
= =
& .2 =z pa 2 = p T o [ =
% 2 = = 7 i = 8 £ & 4 ~ M
(=] r
=< Hd l OFrVv -
D@ 2
O

—3 WL

p— |
= ==

mm BN - J] W

Il b



th . .. . . b
(*" Sentinel 3 Validation Team Meeting 2022 o & cuversar - @oesa

EUROPEAN UNION Op?f;ﬂjCL}§
18-20 October 2022 | ESA-ESRIN | Frascati (Rm), Italy

J17 M14 H17 B21

+ % - 3 " g - o~
Foagp Pm M B BT =Ty oy o B o i [
F = mmND SO OS5 R - " g

i

IPF

wgy
2746
389
95.8

Distribution | % |

A40

- Z2wn = :l'; | el
T ot g - - =+ =
o L | o 2 "
- =
GUDT = (1 = LK) L -
P PP P D +".:?-;="}.'9%‘;'_ FePFFLEL eSS EoFSd SIS FES S +k‘i“~'=::’::§'ht"-.-_"
[l : il E . il -
Wavelength with Rrs max & & <

&
— 00 b c= 8 4 I = 1] D — 52 == EH Il " iz e o w1l



7" Sentinel 3 Validation Team Meeting 2022 s (opemicus @ eumersar -~ @S

EUROPEAN UNION

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

 OWT Classifiability

IPF - results for Case-1 waters classifiable with J17 & M14
- but not well with H17 & B21 - narrow variance of OWT frameworks
- Some Rrs shapes not delivered - less suitable for productive waters
- A40 - provides high optical diversity and generally expected Rrs shapes (but partly low memberships)
- Some OWT classes not well captured, e.g. J17 oligotrophic & B21 hyper-eutrophic waters
-  C2R - delivers useful spectra for J17 and H17
—> Out-of-scope solution often classifiable, but obviously wrong, e.g. high-NAP-shape in algae bloom
- POL - optimal for J17 (which was based on POL), but not useful for B21 and only low memberships for H17
- DSF - developed for scattering waters, otherwise problematic blue bands

- but advantages for inland waters (as defined in M14 & B21, but not H17)

24
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Conclusions

- New algorithms available for bridging optical Oceanography and Limnology
- Novel atmospheric correction A40 designed for “all” natural waters

- Special emphasis of A40: absorbing (dark) waters, scattering (bright) waters & phytoplankton diversity
(cyanobacteria, coccolithophores)

- Ocean Colour products very sensitive to atmospheric correction - scope of AC must be considered
- OWT frameworks must be revised to cover all natural shapes and encounter for uncertainties of AC
- Negative reflectances provided by IPF, POL & DSF must be worked on

- Future (hyperspectral) AC must cover larger optical diversity

THANK YOU!

martin.hieronymi@hereon.de -
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