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Number of lakes considered in previous

* Many algorithms developed for retrieval of validation studies (up to 2015)
biogeochemical properties in inland waters 1 3%

* Performance varies due to high diversity in
optical properties over space and time

4,13%

* Development of global scale products requires 2}5%(
an adaptive approach allowing optimal

selection of algorithms and/or coefficients

] m2 =3 4 mmorethan5 = more than 10

Search terms: remote sensing; water quality; lakes.
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* Extensive literature search

Chlorophyll Empirical MERIS 2-Band Gilerson etal., 2010,

* Formula / code openly available MREABR | ToR/eES Gons et ol 2005,
. . . MERIS 2-Band Gilerson etal., 2010,
» Shortlist of candidate algorithms 7531668 Mosee et al 3005,

° 1 h I h I I MERIS 3-Band Gitelson etal. 2008,
5 C O rO p y Gitelson etal. 2011,
Gurlin etal., 2011,
Moses et al., 2009.

MERIS NDCI Mishra et al. 2012.
Empirical OC  MERIS OC2E O’Reilly et al. 2000.
MERIS OC3E
MERIS OC4E
Neural NN_ChI loannou et al., 2013.
Network NN_IOP
* C h I O ro p hyl I a Igo r I t h m S Analytical MERIS QAA Mishra et al., 2013.
[Turbid]
* Empirical band ratios (blue/green, NIR/red) MERIS GSM wrtorem tal,
° Semi_a na Iytical (e.g. QAA) ms:::i::l‘atrix Boss & Roesler, 2006.
Peak Height MPH Matthews et al.,
* Neural networks (e.g. C2R) Method 2012.
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13 Optical Water

Types (OWTs)

In-situ R, resampled
to MERIS channels

4045 spectra from
>250 lakes and 14
ocean cruises
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Step 1: Validation of
candidate algorithms
in original form
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In-situ R, resampled to MERIS channels
2807 spectra from 185 lakes

MERIS atmospherically corrected R,
@ Polymer, Scape-M, C2R, CoastColour, Fub, MEGS
350 match-ups from 21 lakes

University ' Umver51ty
of Dundee of Glasgow

Step 2: Tuning and validation of algorithms per
OWT

per OWT (or “OWT family”)
for inclusion in Calimnos

> Step 3: Algorithm selection
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1000 —— o 1000 ——
Best performing single algorithm =029 Best performing algorithms per e o1
£~ 100 :4355%4 OWT . 1oy Meiit
(= %n =963 b l;l: 5:92‘,032
NIR/red ratio (Gurlin et al., 2011) 2 .l - =
s 2 NASA OC3 (O'Reilly et al 2000) ¢ !
r=0.83 E | : ‘é NIR/red ratig (Gurlin et al., 2011) g A ) :
MAE = 0.24 mgm- 2 T QAA (Mishra et al., 2013) g R . s
= o) ‘ol = o4 A‘,f’/ * M 5
- r=0.89 S e |80
5 i | | ' 13 _ 3 /,’ - A A Blue/green : 25
"%001 01 1 19 100 1000 MAE =0.18 mgm %08.01 04 1 10 100 1000
Measured Chla (mg m*) Measured Chla (mg m™)
1000 oo >
Best performing single algorithm [zt e Tuning algorithms per OWT significantly
re-tuned per OWT & |neonr : :
e[ improves overall retrieval accuracy
E L o1
NIR/red ratio (Mishra et al., 2012) = " £
| % * Dynamic selection of algorithms resulted in
r=0.88 g ' modest improvement but important for
MAE =0.19 mgm™ a {2 specific OWTs
001" : : : : =
0.01 0.1 1 10 100 1000
Measured Chla (mg m'3)
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Evaluation of six AC models (Polymer, Scape-M, C2R, CoastColour, Fub, MEGS)
>200 R,,match-ups from 21 lakes

Polymer +7d, 3x3 pixel window C2R Lakes +7d, 3x3 pixel window

poly_Rw412 (n=106 poly_Rwa43 (n=106 poly_Rw490 (n=106 paly_RW510 (n=106 laeut_reflec 1 (n=201 laeut_reflec 2 (n=201 laeut_reflec_3 (n=201 laeut_reflec_4 (n=201
r2=0.13, %RMSE= 52] r2= 0.10, %RMSE= 60) r2= 0.18, %RMSE= 59) r2= 0.21, %RMSE= 60) rz=0.10, %RMSE= 49) r2= 0.14, %RMSE= 50) r2=0.12, %RMSE= 54) r2= 0.10, %RMSE= 58)
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Chlorophyll retrieval using different AC models

Slope I Correlation r
Normalised score Normalised score
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pdy_CHLA_

0 02 0.4 06 08 1 12 14 16
labor CHLA messs— ‘
0 02 0.4 0.6 08 1 12 14 16
e
cc_ CHLA '
0 02 04 0.6 08 1 12 14 16
e
Fub_CHLA '
0 02 04 0.6 0.8 1 12 14 16

Centre for University niversity PI i University of UNIVERSITY of
ymouth Marine
f:ﬁlf’il’ﬁﬂ:ﬂ‘fim @ of Dundee hsow  PML | 2, B Reading  STIRLING “


http://www.google.co.uk/url?sa=i&source=images&cd=&cad=rja&docid=po1JvGbLqJkgYM&tbnid=TfZYPDNRPUga0M:&ved=0CAgQjRwwAA&url=http://www.resc.rdg.ac.uk/&ei=FjV6UdflEMKb0QWAmYDIDA&psig=AFQjCNGdhXnWD_bZJ4fJdaENnZwZzB9K2Q&ust=1367049878402166

O\Ob oL Q’(‘

U Chlorophyll retrieval using MERIS data NERC

SCIENCE OF THE
ENVIRONMENT

 Ensemble of four algorithms used to

retrieve Chla from Polymer reflectances
r=0.79

e OC2E[OWT: 3,09, 10, 13] - ﬂ?ﬁiﬁﬁi’.m * S
R.[708] x R, [665] [OWT: 2, 8, 11, 12] é n=350 . 5 B I C'.‘Z
* Gons et al. 2005 [OWT: 1, 4, 5, 6] B YO L W o
* QAA [OWT: 7] 5, o SF9e8 0% oo ***
_ . _ ; 5 ’.'::34». :“.‘,‘ ‘n:- L P 2
* Final Chla product blended using weights g, . o %oe® o ’.' . ®
e ‘ : ®
derived from OWT membership £ o '03.
O 2 ° .' .. e $ @
@ ©
* Retrieval accuracy only slightly poorer | %o %
than for in-situ R . (albeit with reduced : : S s - P —
dataset) In-situ Chla (mgm-3)
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* Product accuracy at the global-scale is improved with an ensemble
of algorithms

* OWTs provide framework for tuning and dynamic selection of
algorithms

* The approach needs evaluation for other sensors (e.g. S2 MSI, S3
OLCI) (work ongoing)

* Atmospheric correction remains an issue; further improvements
needed for both non-operational and operational sensors

* Validation data are biased towards OWTs with moderate to high
Chla; more focus needed on low biomass waters
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Thank you

Dr Peter D. Hunter www.globolakes.ac.uk
Biological & Environmental Science
Faculty of Natural Sciences

University of Stirling ’ @globolakes
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