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= Dynamics (in IOPs & concentrations) and optical modelling

= Dynamics and processes, and sampling by remote sensing
Why?
= Understanding aquatic systems: exposing mechanisms

= Some are highly dynamic, sometimes periodic
What?

= QOptical and biogeophysical water quality parameters
= Observations of light climate, biogeochemical cycles

-> primary production, aquatic ecosystem
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SeaWiFS Global Biosphere  September 1997 - August 2000
Three Year Anniversary

~ Oceanic chlorophyll
(algal pigment)

NDVI shows chlorophyll
on land (leaf pigment)
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SeaWiFS

Open ocean CHL co-varies with TSM & CDOM  Coastal waters
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y Van der Woerd, Peters,
Lt A B et al., 2012. RSEnv

TSM & CDOM do not co-vary with CHL

To extend ocean colour record to Case 2 (coastal waters) need to test algorithms
suitable for low (SeaWiFS) and moderate (MODIS & MERIS) spectral resolution sensors ,
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Optical modelling and remote sensing

reflectances
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In situ sampllng two mdependent data sets
____ _——_
I R weos! CSl Set 1:
o | 468 stations sampled over 5 yrs in 10
,‘, geographic zones.
sen -1 < #+ To characterise optical biogeochemical
_ | and optical properties.
52|
-1 Tilstone, Van'der Woerdy |
[|Eleveld et al., 2012. RSEhy P4 ST St
aN t i : 1 ! { 1 fot
W W o & WE -
CSlSet2:
61 stations sampled over further 3 yrs. **7
For accuracy assessment.
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North Sea & WEC: absorption & specific absorption
RHS
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Temporal changes in absorption

German Bight (red)

acpom(442) dominated.

In spring more stations

0s dominated by a,,(442);

os o, @z ) IN @UtUMN and winter, higher
o proportion of ay,p(442).
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Dutch coast (yellow).
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high acpon(442), Aug-Sept.
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Optical water quality parameters

a=a,+t a::HLCHL + a;PM SPM + a;DOM 0440

Implementation:
Numerical solution of the RT, spectral matching,
IOP-modelling, using power functions and derivatives

van der Woerd & Pasterkamp, 2008. RSEnv 112; Eleveld, 2012
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Input

A A AR :
Reflectances- Thetao ph|0 Thetav, phlv

MER RR 2CQACR20030416 102050 000023522015_00323_05888_0000.N1

A

© Eleveld
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L1input data

L1to L2 processsing

L2 reflectance data +
ancillary data

L2 to Water quality
products processing

Water Quality
products per image

L3 selection and
aggregation

Aggregated
information products

| | |I M Institute for
Environmental Studies

A typical MERIS processing line for obtaining concentrations

LO->L1: 3rd reprocessing (MEGS 8.0) or CoastColour L1

BEAM-C2R (various versions?), FeW-FUB, SeaDAS, Odessa?
Radiometric correction, Smile correction, Equalization?
Amorgos? Glint correction? ICOL?

Rrs, Lw, normalized? Full resolution, RR?

BEAM-DIMAP format, netCDF, HDF?

L1flags, L2flags? Tool specific flags?

Algorithms:
Neural networks (C2R, FUB,..)
Spectral fitting: Hydropt
QAA, iterative WISP algorithm,
GSM, band ratio algorithms,
Case 1 band switching algorithm
Etc.
© Steef Peters
An “algorithm” is actually the sum of all these choices plus the
underlying assumptions and parametrizations/calibrations

CoBiOS

)
IVM’'s HYDROPT model
observed , m
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. Kd,
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optimize conc ' CHL,
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g s
RT Model 8 0.015- g 0
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5 001- T s
h o
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Eleveld, 2012. WRR; Hommersom et al., Can. J. RS, 2011,
M Institute for Van der Woerd & Pasterkamp, 2008. RS Env;
Environmental Studies Pasterkamp et al., 2005. Rem. Sens. Mar. Coast. Env.
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Output

Chiorophyl-a

Chiorophyll-a - standard evnar
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MODIS Chl data

Z,, based on Chl concentration (Morel and Berthon, 1989)

HYDROPT - Z.,

Standard VGPM PP product (Behrenfeld and IMCS, 2007) is based on:
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Behrenfeld & Falkowski, 1997. L&O
Eleveld, van der Woerd , Beck, 2007. ESA SP-636 14
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North Sea specific parameterisation
with MERIS

B 52 .__:."
X mf ualt o
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Dirr IZL
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Standard VGPM Mar 2006 v IVM improved MERIS 8d Mar 2007
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- But what about the photoadaptive yield parameter P, in
Case 2 waters?

 How about the validation?

Eleveld, van der Woerd , Beck, 2007. ESA SP-636
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Processes & observations
| i |
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Concentrations, uncertainties, optical depth and much more ...
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Particutate Matter
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Earth Observation
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Van der Wal, van Kessel, Eleveld, Vanlede, 2010
Eleveld, van der Wal, van Kessel, in rev. RSEnv.
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Eleveld, 2012. Water Resources Res. Van Kessel et al., in prep.
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Variability in sIOPs

S S s D N DN N |
= Can trends in specific-absorption properties alone can be used to develop more
accurate ocean colour regional algorithms?

= |OP have a large variation between geographical regions, but siIOP show less
variation. For regional water-quality algorithms is it better to parameterize
algorithms with sIOP? N Tty et N SRR

Cluster analysis on =*|
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Specific-IOP groups in North Sea

Cluster 1
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Median specific-lOP values for each cluster (shown as thick line in plots) were used
to parameterise the remote sensing algorithm.
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Tilstone, Van der Woerd, Peters, Eleveld et al., 2012. RSEnv
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A typical MERIS processing line for obtaining concentrations

L1 input data |L0->L1: 3rd reprocessing (MEGS 8.0) or CoastColour L1

|| BEAM-C2R (various versions?), FeW-FUB, SeaDAS, Odessa?
L1 to L2 processsing Radiometric correction, Smile correction, Equalization?
Amorgos? Glint correction? ICOL?
L2 reflectance doa+ ||| RS, Lw, normalized? Full resolution, RR?
ancillary data BEAM-DIMAP format, netCDF, HDF?
L1flags, L2flags? Tool specific flags?

L2 to Water quality .
products processing A|gOI’|tth:

Neural networks (C2R, FUB,..)
Water Quality Spectral fitting: Hydropt
prouctsperimage | QAA, iterative WISP algorithm,
—————— || GSM, band ratio algorithms,
e (E)fse 1 band switching algorithm
T — C.

© Steef Peters

Aggregated
nformation products | Ay “algorithm” is actually the sum of all these choices plus the

underlying assumptions and parametrizations/calibrations
| | ||I E M Institute for C&;.&QS

nvironmental Studies

Patterns in std MERIS & HYDROPT products

Standard MERIS product HYDROPT best fit SIOP cluster

E
fw 5 E L)

MERIS AP2 higher CHL during spring bloom in the Celtic Sea, NE, NW North Sea,
Skagerrak & WEC compared to HYDROPT, but lower values in Continental European
coastal areas.

Tilstone, Van der Woerd, Peters, Eleveld et al., 2012. RSEnv
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Accuracy of std MERIS & HYDROPT products

s s b ks b S e
Standard MERIS product HYDROPT sIOP
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HYDROPT, regionally parameterized with sIOP data derived from cluster analysis, gave
more accurate CHL products than standard MERIS case 2 (2" reprocessing

Tilstone, Van der Woerd, Peters, Eleveld et al., 2012. RSEnv
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Conclusion

= Dynamics (in IOPs & concentrations) and optical modelling
Use Case-2 a approach with regional slIOPs, and if possible also take temporal

dynamics into account

= Dynamics and processes, and sampling by remote sensing
We need Geostationary satellites to capture diurnal tide

= Also use information about the basic optical parameteres (such as a, b,
Kd) to describe light climate and further our understanding of the aquatic

ecosytem

| | VM Institute for
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