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Type	of	models	discussed	in	this	talk	
•  Global	models	with	simultaneous	8dal	and	atmospheric	

forcing,	run	at	high	ver8cal	and	horizontal	resolu8on	
•  Can	be	used	to	examine	

–  High-	vs.	low-frequency	contribu8ons	to	wavenumber	spectrum	
(Richman	et	al.	2012,	Rocha	et	al.	2016)	

–  Internal	8de	non-sta8onarity	(Shriver	et	al.	2014)	
–  Internal	gravity	wave	(IGW)	con8nuum	

•  Tides	+	near-iner8al	waves	+	non-linear	interac8ons	à	an	
IGW	con8nuum	spectrum	
–  First	demonstra8on	of	an	IGW	con8nuum	spectrum	in	a	global	
model	done	in	HYCOM	(Müller	et	al.	2015)	

–  Ongoing	work	on	IGW	spectrum	being	done	in	HYCOM	
simula8ons	and	MITgcm	simula8ons	performed	by	Dimitris	
Menemenlis	(Rocha	et	al.	2016	and	con8nuing	work,	Jinbo	
Wang’s	work,	Savage	et	al.	in	prep,	Ansong	et	al.	in	prep,	Luecke	
et	al.	in	prep)	
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Differences	between	global	HYCOM	
and	MITgcm	simula8ons	

•  HYCOM	/	MITgcm	

–  ~12	published	model-observa8onal	comparisons,	mo8vated	by	Navy	opera8onal	needs	
–  Much	newer;	no	published	vekng	of	global	barotropic	and	internal	8des	
–  Impact	of	IGWs	on	wavenumber	spectra	in	Drake	Passage	examined	in	Rocha	et	al.	(2016)	

–  Winds	updated	every	1-3	hours	
–  Winds	updated	every	6	hoursàless	good	for	near-iner8al	waves	
	
–  Includes	a	topographic	wave	drag	parameterizing	breaking	of	unresolved	high	ver8cal	modes	
–  No	wave	drag	

–  Can	include	data	assimila8on	(Cummings	2005,	Cummings	and	Smedstad	2013)	ac8ng	on	mesoscale	
eddies	and	an	Augmented	State	Ensemble	Kalman	Filter	(ASEnKF)	ac8ng	on	8des	(Ngodock	et	al.	2016)	

–  No	data	assimila8on	on	eddies	or	8des	(idea	has	been	put	forward	to	do	an	ECCO-style	state	es8mate	
with	8des)	

–  41	hybrid	ver8cal	coordinate	layers,	horizontal	resolu8ons	of	1/12.5°	and	1/25°	
–  90	z-levels,	horizontal	resolu8ons	of	1/12°,	1/24°	and	1/48°	

–  Not	currently	easily	available;	we	are	working	on	that	
–  Currently,	more	widely	available	



Impact	of	damping	on	low-mode	
internal	8des	(Ansong	et	al.	2015)	

4	



Internal	8des	in	MITgcm	(Dimitris	Menemenlis)	
vs.	al8metry	(Zhongxiang	Zhao)	



Improving	HYCOM	barotropic	8des	with	an	Augmented	
State	Ensemble	Kalman	Filter	(ASEnKF;	Ngodock	et	al.	2016)	
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Need	to	go	further.		Mo8vated	by	the	“back-effect”	of	coastal	8des	upon	open-
ocean	8des	(Arbic	et	al.	2007,	2009;	Arbic	and	GarreP	2010),	we	are	

	--aPemp8ng	to	improve	our	ASEnKF	perturba8ons	with	incorpora8on	of	
smaller	scales	along	coasts	

	--aPemp8ng	to	improve	coastal	bathymetries	
	



Demonstra8on	of	an	internal	gravity	wave	spectrum	
in	HYCOM	(Müller	et	al.	2015)	
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Revisi8ng	conclusions	of	Richman	et	al.	(2012)	

In	Richman	et	al.	(2012)	we	said	that	internal	8des	
flaPen	wavenumber	spectra	
	
But	the	low-	and	high-passing	used	in	that	paper	
did	not	allow	us	to	dis8nguish	the	effects	of	
internal	8des	and	the	IGW	con8nuum	
	
We	now	realize	that	the	model	has	an	IGW	
con8nuum	and	that	the	con8nuum	impacts	the	
wavenumber	spectra	
	
See	also	Rocha	et	al.	(2016)	
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Quan8fying	the	global	IGW	SSH	
variance	with	frequency	spectra	

•  Much	faster	to	work	with	than	frequency-
horizontal	wavenumber	spectra	

•  Steric	component	separates	out	small	scales	
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Preliminary	steric	SSH	variance	(cm2)	from	one	year	
of	1/25°	HYCOM	(Savage	et	al.,	in	prepara8on)		

Area-weighted	values	in	deep	ocean	
	
Total	semidiurnal	8des	
1.33	cm2	

	
	
	
Non-sta8onary	semidiurnal	8des		
0.67	cm2	

	
	
	
	
Super8dal	internal	gravity	wave	con8nuum	
0.26	cm2	
	

Coherent	internal	8des,	incoherent	internal	
8des,	and	the	internal	gravity	wave	con8nuum	
all	have	substan8al	SSH	signatures	



Preliminary	Steric	SSH	in	1/25°	
HYCOM	vs.	In-Situ	Observa8ons			
Computed	from	frequency	spectra	for	now,	but	
frequency-wavenumber	spectra	will	be	done	very	
shortly	a[er	this	mee8ng	in	collabora8on	with	
Tom	Farrar	and	MaPhew	Alford	
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McLane Profilers
Surface Moorings
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Boxes	for	horizontal	wavenumber/
frequency	analyses	of	HYCOM/

MITgcm		
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Preliminary	North	Pacific	horizontal	
wavenumber-frequency	spectrum	of	SSH	

variance	in	1/12.5°	HYCOM	and	1/12°	MITgcm	
(Savage	et	al.	in	prepara8on)	

Spectral	units	are	log10	[cm2	/	
(cpd)(cpkm)]	
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Preliminary	SSH	
wavenumber	

spectra	in	North	
Pacific	(Savage	et	
al.,	in	prepara8on))	
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Preliminary	SSH	
wavenumber	
spectra	in	
Kuroshio	

(Savage	et	al.,	
in	prepara8on)	
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Where	is	this	kind	of	work	headed?	

•  Increasing	computer	power	à	solu8ons	move	
closer	to	observa8ons	

•  How	big	can	the	simula8ons	get?		Are	we	as	
ocean	modelers	at	the	cukng	edge	of	
supercompu8ng	technology?			
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Cukng	edge	in	geophysical	
simula8ons.		Way	ahead	of	us.	
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What	could	we	do	with	regular	access	
to	1.6	million	cores?	

•  Dimitris	Menemenlis	MITgcm	simula8on	
– 50,000	cores	à	global	1/50°,	90	z-levels			

•  With	1.6	million	cores	we	could	do	global	
1/100°,	300	z-levels	
– Push	farther	into	submesoscale	regime	
– Push	farther	into	IGW	spectrum	
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Last	topic…model	intercomparisons	
and	ground	truthing	

•  Both	internal	8de/wave	models	and	SWOT	must	
be	compared	with	in-situ	data	as	well	as	each	
other.	

•  The	SWOT	Cal/Val	offers	a	big	opportunity.	
•  Another	effort	that	could	be	considered	is	to	put	
out	small	arrays	around	the	world	ocean	to	
validate	global	internal	8de/wave	models		
–  Inspired	to	some	extent	by	boPom	pressure	recorder	
arrays	(Ray	2013)	used	to	validate	global	barotropic	
8de	models	as	in	Stammer	et	al.	(2014)	
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EXTRA	SLIDES	
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Impact	of	model	resolu8on	on	ver8cal	
wavenumber	spectrum	
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McLane Profiler
MIT 1/12°

MIT 1/24°

MIT 1/48°Ver8cal	wavenumber	spectrum	of	high-passed	
poten8al	density	variance	over	90-1388	db	
from	MITgcm	and	from	MaPhew	Alford’s	
McLane	profiler	data	at	a	North		
Pacific	loca8on	near	Hawai’i.			
	
Extra	dashed	line	denotes	GarreP-Munk	m-2	
predic8on..	
	
Have	begun	discussions	with	Dimitris	
Menemenlis	and	Chris	Hill	to	perform	MITgcm	
simula8ons	with	even	higher	resolu8on	in	
regions	where	McLane	profiler	data	exists.		
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