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TOA	EOF-Based	Algorithms	for	IOPs
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• EvoluEon	of	an	approach	developed	for	in	situ	hyperspectral	data	
• Intended	to	circumvent	the	need	for	‘perfect’	atmospheric	correcEon	in	
challenging	scenarios	(coastal/opEcally	complex	waters)	

• IniEally	tested	on	mulEspectral	NOMAD	satellite	matchup	dataset
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• TOA	syntheEc	dataset	was	constructed	using	coupled	
atmosphere-ocean	model	-	Zhongping	Lee	&	team	

- aph	spectra	collected	from	SeaBASS	
- Other	IOPs	modelled	using	similar	approach	to	IOCCG	
Report	#5	

- Good	representaEon	of	‘real’	world	measured	IOPs	

• Parameters	varied:	aph,	ag,	ad,	bbph,	bbd,	AOD	(τ),	absorbing	
aerosols	(O3,	O2,	water	vapour),	sza

Central	Objec.ve

Characterise	algorithm	performance	for	a	wide	range	of	
water	&	atmospheric	condiEons
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Synthe.c	Data	Set	Results	-	Example	aph
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Approach	performs	well	for	all	IOPs	over	a	wide	range	of	water	
consEtuent	concentraEons	&	AODs,	with	absorbing	gases	present

Synthe.c	Data	Set	Results	-	Example	aph
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• EOF	approach	is	essenEally	a	basic	form	of	machine	learning	
• In	collaboraEon	with	computer	scienEsts,	exploring	machine	learning	
techniques	(commonly	applied	to	other	image	classificaEon	
problems)	to	ocean	colour	

• Different	‘flavours’	of	machine	learning	algorithms	were	applied	to	
the	TOA	NOMAD	SeaWiFS-to-in	situ	dataset	originally	used	for	
developing	the	EOF	models	
- MulElayer	perceptron	neural	network	
- ConvoluEonal	neural	network	
- ConvoluEonal	neural	network	with	pre-training

Recent	Developments	-	Machine	Learning
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TOA	EOF	Algorithm

Models	developed	in	Trappenberg	Lab	(Dalhousie	University):	
Hossein	Parvar,	Yoshima	Kubu

Mul.layer	Perceptron	Neural	
Network	(1	hidden	layer)

Mul.layer	Perceptron	Neural	
Network	(2	hidden	layers)

5	Layer	Convolu.onal	
Network

Pre-training	5	Layer	
Convolu.onal	Networkm
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Examples	of	Machine	Learning	Predic.on	of	aph
Machine	Learning	Approaches

modelled
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Examples	of	Machine	Learning	Predic.on	of	aph

Model	Skill	Metrics

c.f.	model	skill	metrics	used	by	Werdell	et	al.	(2013),	AO,	52(10),	2019.

TOA-EOF	Model
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Examples	of	Machine	Learning	Predic.on	of	aph

Further	machine	learning	trials	are	underway	using:	
• the	syntheEc	TOA	dataset	
• inclusion	of	metadata	as	predictor	variables

Model	Skill	Metrics

c.f.	model	skill	metrics	used	by	Werdell	et	al.	(2013),	AO,	52(10),	2019.

TOA-EOF	Model
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Status	of	Proposal	Deliverables

• Core	objecEve	of	syntheEc	TOA	database	creaEon	and	algorithm	
sensiEvity	analysis	achieved	✔	

• Manuscript	describing	TOA-EOF	algorithm	ready	for	submission	✔	
• SyntheEc	TOA	dataset	sensiEvity	analysis	manuscript	in	preparaEon	✔	
• UElity	of	approach	for	HICO	and	aircrai	datasets	to	be	tested	
• Extension	of	EOF	algorithm	to	accurate	idenEficaEon	of	a	phytoplankton	
class	(cyanobacteria)	published	✔
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Abstract: Eutrophication is an increasing problem in coastal waters of the Baltic Sea. Moreover,
algal blooms, which occur every summer in the Gulf of Gdansk can deleteriously impact human
health, the aquatic environment, and economically important fisheries, tourism, and recreation
industries. Traditional laboratory-based techniques for water monitoring are expensive and time
consuming, which usually results in limited numbers of observations and discontinuity in space
and time. The use of hyperspectral radiometers for coastal water observation provides the potential
for more detailed remote optical monitoring. A statistical approach to develop local models for the
estimation of optically significant components from in situ measured hyperspectral remote sensing
reflectance in case 2 waters is presented in this study. The models, which are based on empirical
orthogonal function (EOF) analysis and stepwise multilinear regression, allow for the estimation of
parameters strongly correlated with phytoplankton (pigment concentration, absorption coefficient)
and coloured detrital matter abundance (absorption coefficient) directly from reflectance spectra
measured in situ. Chlorophyll a concentration, which is commonly used as a proxy for phytoplankton
biomass, was retrieved with low error (median percent difference, MPD = 17%, root mean square
error RMSE = 0.14 in log10 space) and showed a high correlation with chlorophyll a measured in
situ (R = 0.84). Furthermore, phycocyanin and phycoerythrin, both characteristic pigments for
cyanobacteria species, were also retrieved reliably from reflectance with MPD = 23%, RMSE = 0.23,
R2 = 0.77 and MPD = 24%, RMSE = 0.15, R2 = 0.74, respectively. The EOF technique proved to be
accurate in the derivation of the absorption spectra of phytoplankton and coloured detrital matter
(CDM), with R2 (�) above 0.83 and RMSE around 0.10. The approach was also applied to satellite
multispectral remote sensing reflectance data, thus allowing for improved temporal and spatial
resolution compared with the in situ measurements. The EOF method tested on simulated Medium
Resolution Imaging Spectrometer (MERIS) or Ocean and Land Colour Instrument (OLCI) data
resulted in RMSE = 0.16 for chl-a and RMSE = 0.29 for phycocyanin. The presented methods, applied
to both in situ and satellite data, provide a powerful tool for coastal monitoring and management.

Remote Sens. 2017, 9, 343; doi:10.3390/rs9040343 www.mdpi.com/journal/remotesensing
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Recommended	Further	Work

• TesEng	of	operaEonal	implementaEon	strategies	-	GSFC	
• InvesEgaEon	of	uElity	of	approach	to	idenEfy	phytoplankton	size	classes/
funcEonal	types	

• Further	invesEgaEon	of	machine	learning	approaches	
• These	approaches	should	not	be	neglected	because	they	are	not	
classically	mechanisEc	-	many	scienEfic	fields	have	converged	on	these	
methods	because	they	provide	the	correct	answer.	Let’s	look	to	other	
disciplines	and	collaborate,	collaborate,	collaborate!!
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Knowledge	Gaps	Cri.cal	to	PACE	Success

• The	ability	to	accurately	resolve	phytoplankton	community	composiEon	
from	ocean	colour	is	pressing,	and	clearly	idenEfied	in	the	PACE	SDT	
Report:	

“SQ-1:	What	are	the	standing	stocks,	composi'ons,	and	produc/vity	of	
ocean	ecosystems?	How	and	why	are	they	changing?”	

• To	gain	tracEon	on	this	quesEon,	‘gold	standard’	datasets	must	be	
collated/acquired	&	techniques	developed	to	fully	exploit	them:

reflectance unambiguous	metrics	of	
community	composiEon
(e.g.	flow	cytometry,	imaging	flow	cytometry,	

holographic	imagery,…)

+ sophisEcated	data	
analysis+


