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Objectives:	The	objective	of	the	OPTIBAT	project	is	to	test	different	data	assimilation	approaches	for	the	
estimation	 of	 coastal	 submerged	 topography,	 taking	 into	 account	 different	 specificities	 related	 to	 the	
scarcity	of	rare	in-situ	observations	in	a	dynamic	and	changing	environment.	It	is	an	attempt	to	quantify	
the	contribution	of	data	assimilation	compared	to	conventional	inversion	methods.			
	
Main	 results:	 The	 present	 project	 developed	 and	 demonstrated	 applications	 of	 the	 ensemble	 Kalman	
filter	 (EnKF)	 to	 the	 problem	 of	 surf	 zone	 bathymetric	 uncertainty.	 Different	 strategies	 were	 tested,	
notably:	

- Assimilation	 of	 spatial	 wave-field	 observations	 (derived	 from	 video)	 in	 a	 phase	 averaged	 wave	
model.	For	synthetic	dataset,	assimilation	of	celerity	and	wave	breaking	was	successful,	although	
for	real	cases	there	was	evidence	that	the	bathymetry	was	not	uniquely	determined	unless	the	data	
had	good	spatial	coverage	and	accuracy.	

- In	a	 resolved	wave	model,	assimilation	of	 local	wave	height	 (from	an	ADCP)	offshore	 linking	 the	
reflected	wave	spectrum	to	the	slope	of	the	beach.	
	

	
	
Figure	 1.	:	Workflow	 for	 the	 first	approach	 tested.	Wave	
dissipation	 and	 celerity	 derived	 from	 video	 assimilated	
into	a	wave	model	(synthetic	data	with	time	varying	wave	
conditions).	This	 approach	 showed	 limited	 results	 in	 the	
case	 of	 real	 video	 data,	 and	 is	 limited	 by	 the	 ability	 to	
extract	satisfying	celerity	and	wave	breaking	energy	from	
video	data	and	to	quantify	the	corresponding	uncertainty.	

	
	
Figure	 2.	:	 Second	 Approach.	 Using	 a	 fully	
resolved	 wave	 model	 (FUNWAVE),	
bathymetry	 is	 constrained	 by	 the	 reflected	
wave	spectrum	(real	data	with	constant	wave	
conditions).	 	 Despite	 the	 quality	 of	 the	
results,	we’re	here	 limited	by	 the	cost	of	 the	
model	 for	 real	 case	 applications	 on	 wider	
areas.	



Future	of	the	project	
	

The	project	 showed	promising	 results	 on	 "ideal"	 data.	However,	 the	 transition	 to	 1-	 real	 data,	 2-	 areas	
with	large	extensions,	remained	a	deadlock.	In	particular,	these	methods	seem	difficult	to	apply	to	large	
datasets	 obtained	 from	 recent	 advances	 in	 satellite	 imagery	 applied	 to	 waves	 (use	 of	 Pleiades	 in	
particular),	 for	real	cases.	Nevertheless,	one	can	imagine	applying	such	approaches	 in	combination	with	
bathymetry	 obtained	 by	 deep	 learning	methods	 applied	 to	 satellite	 images.	 The	 objective	would	 be	 to	
evaluate	the	contribution	of	these	new	bathymetry	observations,	produced	from	a	neural	network,	in	an	
EnKF	data	assimilation	system,	compared	to	surface	data,	 for	 the	bathymetry-model	state	variable	 joint	
estimation.	This	will	be	explored	in	2020-2021,	thanks	to	a	funding	from	LEFE-MANU	and	EC2CO.	

Communications	and	communications	
	

- Benshila	 R.,	 Thoumyre	 G.,	 Al	 Najar	 M.	and	 al.:	 Methods	 for	 bathymetric	 estimation	 from	 imagery.	
Special	issue	of	Journal	of	Coastal	Research,	accepted.	

	
- Bergsma	 E.W.,	 Almar	 R.,	 and	 Maisongrande,	 P.:	 Radon-augmented	 Sentinel-II	 satellite	 imagery	 to	

derive	wave-patterns	and	regional	bathymetry,	Remote	Sensing	(2019)	
	
- Gratton	 S.,	 Simon	E.,	 and	Titley-Peloquin	D.:	 Computing	optimal	 empirical	 covariance	matrices	 from	

multi-ensembles	with	application	 to	ensemble-based	Kalman	 filters,	 submitted	 to	ASA/SIAM	 Journal	
on	Uncertainty	Quantifications	(2019).	

	
- Benshila	 R.,	 and	 al.:	 Recherche	 optimale	 de	 la	 bathymétrie	 littorale.	 Poster	 presentation.	 Colloque	

National	d’Assimilation	de	Données	(2018).	
	
- Bergsma	E.,	 and	 al.:	 Le	 projet	OPTIBAT,	 Poster	 presentation.	 Colloque	 de	Bilan	 etde	 Prospective	 du	

programme	LEFE	(2018).	
	
	

Others	
	
The	 softwares	 developed	 in	 the	 context	 of	 OPTIBAT	 are	 freely	 available	 at	
https://github.com/rblod/OPTIBAT	and	https://github.com/rblod/OPTIFUN.	
	
Calculations	were	 supported	 by	 IDRIS/CNRS	 under	 allocation	 A0030107298,	 as	well	 as	 CALMIP	 under	
allocation	P17026.	The	initial	version	of	the	EnKF	was	kindly	provided	by	NERSC.	
	

	


