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Goal	of	talk	

Tides	go	up	and	down,	back	and	forth,	…	

	

	

	

	

	

Mean	is	zero.	So	…	?	

Time	average	



Sea	ice	

•  Change	ocean/atmosphere	thermodynamics	

•  Shear	and	strain	(roughness)	

•  Flexure	and	stresses	on	land-fast	ice	

Ocean	mixing	

•  Fric$on	at	seabed	and	sea-ice	base	

•  Turbulence	in	pycnocline	from	internal	$des	and	HF	
waves	

Nonlinear	and	irreversible	processes	rec$fy	$des	



Arc$c	$des:	background	

Mean Tidal 
Current (cm/s) 

Padman	&	Erofeeva	[2004] 

Do	$des	
maVer	here?	



“It	is	evident	that	the	(ice)	pressure	stands	in	
connec?on	with	…	the	?dal	wave.		The	pressure	has	
happened	in	the	morning	...	and	aDernoon,	and	in	
between	we	have	always	lain	part	of	the	?me	in	open	
water.”			

(10/13/1893;	Northern	Laptev	Sea)	

[Nansen,	“Farthest	North”,	1898]	

Fram: 1893 
Sea	ice	



Tidal	divergence	

Sea ice moves with ocean tidal currents (“free drift”) 
unless ice concentration is too high. 

Spatial gradients of tidal currents cause periodic diverg-
ence of sea ice (the “ice accordion” that Nansen saw). 

Increased time-averaged water fraction causes higher 
ocean/atmosphere heat exchange. 

In winter, higher ice production and more salt added to 
ocean surface waters. 

In summer, more efficient ocean heating and more rapid 
sea ice loss. 



Tidal impact on sea ice (mean lead fraction): 
Depends on season 

90% 8% 

Difference in albedo                 Winter ocean heat loss 
1 m sea ice ~ 20 W m-2 

Open water 
~ 200 W m-2 



10/13/1893	
“Tidal	Pressure”	

Dri_	of	Nansen’s	Fram	

Tidal	pressure	
comes	from	∇⋅u,	
not	|u|	



Surface	$dal	divergence:	snapshot	

~5%	mean	
lead	frac$on	
(M2	only)	

∇⋅usurface(M2)	

10/13/1893	
“Tidal	Pressure”	



Ocean	mixing:	Yermak	Plateau,	CEAREX	1989	

Average	barotropic	
$dal	current	speed	



Ocean	mixing	

Padman & Dillon [1991] 25	days	

Burst	of	mixing	on	
~1-day	(and	~6-h)	
cycles:	SML	&	
pycnocline	

Mixing	

CEAREX:	Dri_ing	ice	camp,	Yermak	Plateau	1989	



Yermak	Plateau:	Diurnal	$des	(Umaj)	

K1	homog	

O1	strat	K1	strat	

O1	homog	



Parameterized	boVom	fric$on	from	$des	
changes	Arc$c	hydrography	and	circula$on	



θ(320	m)	
no	$des	

θ(x,z)	no	$des	

θ(x,z)	$des	θ(x,z)	$des-no$des	

Holloway	&	Proshu?nsky	[2007;	JGR-Oceans]	



“…	pan-Arc$c	microstructure	measurements	…	
iden$fy	$des	as	the	main	energy	source	that	
supports	enhanced	dissipa$on,	which	generates	
ver$cal	heat	fluxes	of	more	than	50	W	m-2.”	



3-D	model	with	barotropic	and	baroclinic	
$des	(dx=15	km):	substan$al	effects	on	

•  Arc$c	hydrography	and	circula$on	
•  Sea-ice	loss	rate	

•  Freshwater	flux	pathways	from	rivers	



BAMS:	2015:	In	Press	



Thank	you	



End formal talk 



Tides	

No	Tides	

Luneva	et	al.	[2015;	JGR-Oceans]	



Rec$fica$on	

Alive	 Nervous	Alive	
Dead	 S$ll	dead:	

“rec$fied”	

K L J L J 



Rec$fied	$dal	currents	

Tidal	currents	larger	in	shallow	water	



Uncertain	ocean	mixing:	Arc$c	model	
sensi$vity	

Zhang & Steele [2007] 

Data  
(PHC) 

0-800 m fresh-
water content 



Ice	is	complex,	but	at	least	we	can	see	it:		
What	about	the	ocean?	

Padman [1995] 

Processes are patchy, 
intermittent, and often 
strongly coupled 



Lots	of	processes	and	interac$ons	

Padman [1995] 

I’ll focus on mixing here: but 
mixing/advection coupling is 
also interesting 


