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with	the	support	of:		



	
-  Internal	Tides	generaMon	

hotspot	at	the	Mendocino	
Ridge	1-3	GW	(Althaus	et	al.	2003)	

	
-  Internal	Tides	travelling	from	

remote	generaMon	hotspot	
(Hawaiian	Ridge).	

	
-  SWOT	Cal/Val	site	

	
	

Context	

California	Current	System	(CCS)	
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SSH	[cm]	

	SWOT	Cal/Val	

Internal	.des	energe.cs	of	par.cular	importance	for	SWOT	because	
of	their	aliasing	in	low	frequency	SSH.	
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Context	

LF	ROMS		
+	

HF	HYCOM	

+	WRF		hourly	
atmospheric	forcing	

	
-  1	year	simulaMon	at	4km	and	2km	

with	hourly	outputs.	

-  Open	Boundary	CondiMons:	2d	
Flather,	3d	specified	

-  Low	frequency	>	1	day	ROMS	
-  High	frequency	<	1	day	HYCOM	

-  Tuning	of	sponge	layers	to	
minimize	the	reflecMon	of	internal	
waves	at	the	OBC							

					(Siyanbola	et	al.	2022,	in	prep.)		
	

HR	Simula.ons	of	CCS	

Process	studies	affecMng	the	energeMcs	of	internal	waves:		
eddy-internal	waves	interacMons,	wind-internal	waves	interac.ons.	



How	does	the	wind	affects	the	energe.cs	of	
internal	.des	?	

QuesMon	
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Co-spectrum	of	winds	and	surface	currents	from	dx=2km	CCS	simula.on	

Eddy	killing	effect	
(e.g.	Renault	et	al.	2016)	

«	Internal	Waves	
	killing	effect	»	?	

energy	input	at	large	
scales	

1.	Spectral	wind	power	
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Energy	from	
the	wind		to	
the	ocean	

Energy	from	
the	ocean	to	
the	wind	

kh	[cpm]	
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wind-work	

0.00								

‘:	spaMal	(<180km)	and	temporal	
				(bandpass		4h-14h)	filtering	

2.	QuanMficaMon	of	the	energy	sink	

Total:	-0.13	GW	
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BT	to	BC	conversion		 wind-work	

0.00								

energy	sink	due	to	wind-work	=	9%	of	BT	to	BC	conversion	at	HF		

2.	QuanMficaMon	of	the	energy	sink	

‘:	spaMal	(<180km)	and	temporal	
				(bandpass		4h-14h)	filtering	

Total:	-0.13	GW	Total:	1.5	GW	



CFB	from	IW	(periodic	signal)	

current	

<τ’.u’>	<	0		

1st	half-period	 2nd	half-period	

wind	

wind	
stress	
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τ’.u’<	0	τ’.u’>	0	

wind	stress	defini.on		
with	CFB	

-  Similar	mechanism	as	for	the	‘eddy	
killing’	

-  eddies	are	isoptropic	while	IW	are	
polarized,	especially	at	HF		

	

3.	Current	Feedback	on	internal	waves	



wind	–	work	defini.on	
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3.	Current	Feedback	on	internal	waves	

angle	between	
winds	and	currents	

Efficiency	of	the	wind	work	as	a	funcMon	of	the	
relaMve	direcMon	between	the	wind	and	currents	

constant	

Can	the	wind	modulates	the	
«	internal	wave	killing	»	and	the	

associated	energy	sink	?	



4.	Variability	of	the	energy	sink	

10	

•  Variability	of	wind	work	on	M2	internal	.de	across	seasons	
	

•  Variability	of	wind	work	on	M2	internal	.de	across	baroclinic	modes	



4.	Variability	of	the	energy	sink	
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Baroclinic	mode	1	

Baroclinic	mode	2	

Baroclinic	mode	3	

average:	-2.6	%	

average:	-9.3	%	

average:	-11.8	%	

Higher	baroclinic	modes	
loose	more	energy	due	

to	CFB	on	IW.	
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•  Variability	of	wind	work	on	M2	internal	.de	across	seasons	
	

•  Variability	of	wind	work	on	M2	internal	.de	across	baroclinic	modes	
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4.	Variability	of	the	energy	sink	

wind	polar	density	of	probability		
1	year	Mme	series	
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•  Variability	of	wind	work	on	M2	internal	.de	across	seasons	
	

•  Variability	of	wind	work	on	M2	internal	.de	across	baroclinic	modes	
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4.	Variability	of	the	energy	sink	

wind	polar	density	of	probability		
1	year	Mme	series	
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Mode	3	

•  Variability	of	wind	work	on	M2	internal	.de	across	seasons	
	

•  Variability	of	wind	work	on	M2	internal	.de	across	baroclinic	modes	
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4.	Variability	of	the	energy	sink	

Locally	generated	at	the	Mendocino	ridge			
propagaMng	north	and	southward	

Remotely	generated	at	the	Hawaiian	
ridge	–	proagaMng	eastward	into	the	

domain	

Mode	1	 Mode	2	 Mode	3	



	
	

•  The	IW	associated	currents	feedback	on	wind	generates	a	negaMve	wind-work	inducing	a	net	energy	
sink	for	IW.	

•  For	internal	Mdes	(IT)	in	the	CCS,	the	energy	sink	is	esMmated	to	be	~	10%	of	the	producMon	of	
barotropic	to	baroclinic	conversion	

	
•  Modal	variability	in	the	magnitude	of	the	energy	sink	:	higher	modes	(2	and	3)	loose	more	energy	

than	mode	1	due	to	the	wind-work.		

	Can	be	explained	by	the	local	configuraMon	of	the	IT	polarizaMon	and	wind	direcMons.	The	
wind	is	more	efficient	at	extracMng	energy	from	the	IT	when	it	is	aligned	with	the	currents.		
	

	Will	likely	be	different	in	other	regions.		
	
	

	
	Perspec.ve	:		assess	the	wind-work	on	internal	Mdes	in	different	regions	and	in	coupled	simulaMons	

Summary	
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