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Why	do	we	care	about	sea	ice?	



(Pe2y	et	al.,	2014,	The	Cryosphere)	
CICE	simula>ons	of	sea	ice	growth.	

	

Strong	regional	variability	in:	
	atmospheric	forcing		
	sea	ice	forma>on		
	shelf	water	forma>on	

	

Sea	ice	and	the	Southern	Ocean	



Importance	for	Southern	Ocean	
circula>on	

•  Ice	redistribu>on	
transforms	the	
upper	branch	of	
the	Southern	
Ocean	overturning	
circula>on.	

(Abernathey	et	al.,	2016,	Nature	Geosciences)	



•  The	northward	
transport	of	sea	ice	is	
crucial.	

•  Trends	in	sea	ice	
transport	(posi>ve)	
imply	increasing	
freshwater	export.	

•  Altered	the	salinity	
distribu>on		of	the	
Southern	Ocean.	

Importance	for	Southern	Ocean	
proper>es	

(Haumann	et	al.,	2016,	Nature)	



Atlan>fica>on	of	the	Arc>c	Ocean	

(Lind	et	al.,	2018,	Nature	Climate	Change)	

•  Reduced	import	of	sea	ice	volume/freshwater	into	the	
Barents	Sea	from	the	Arc>c	interior		



Key	metric/s:		
Sea	ice	circula>on	and	its	thickness/volume	

PreJy	good	 Not	so	good	



(Lind	et	al.,	2018,	Nature	Climate	Change)	

•  Reduced	import	of	sea	ice	volume/freshwater	into	the	
Barents	Sea	from	the	Arc>c	interior		

Atlan>fica>on	of	the	Arc>c	Ocean	



•  The	northward	
transport	of	sea	ice	is	
crucial.	

•  Trends	in	sea	ice	
transport	(posi>ve)	
imply	increasing	
freshwater	export.	

•  Altered	the	salinity	
distribu>on		of	the	
Southern	Ocean.	

Importance	for	Southern	Ocean	
circula>on	

(Haumann	et	al.,	2016,	Nature)	



Advent	of	ac>ve	remote	sea	ice	sensing	



Inferring	sea	ice	thickness	remotely	



Sea	ice	community	s>ll	o\en	using	an	old	
snow	depth	climatology!	

From	[Warren	et	al.,	1999]	



ICESat/CryoSat-2	thickness	record	based	
on	modified	Warren	snow	depths	



2003-2008	ICESat	thickness	climatology	based	
on	zero-freeboard	assump>on	

JFM	 AMJ	 OND	

From	Kurtz	&	Markus,	
(2012)	

OND	

AMJ	

JFM	



•  Current	product	
using	zero-
freeboard	
assump>on.	

•  Using	PMW	
snow	depths	
and	no	zero-
freeboard.	

	
ICESat	thickness	and	NASA	PMW	snow	depth		(October/November,	2007)		



Need	beJer	snow	on	sea	ice	
es>mates!	



NASA’s	Opera>on	IceBridge	
•  Suite	of	sensors	to	

measure	both	land	
and	sea	ice	across	
both	poles.	

•  Conical	scanning	
laser	al>meter	
(ATM)	has	a	1	m	
footprint	and	high	
ver>cal	accuracy	
(less	than	10	cm).	

•  Snow	radar	has	a	
footprint	of	~7	m	



NASA’s	Opera>on	IceBridge	



NASA’s	Opera>on	IceBridge	



Basin-scale	sea	ice	thickness	from	OIB	

Spring	2015	data	



Antarc>c	OIB	data?	
Snow	depth	es>mates	challenging,	but	possible!	
(e.g.	Kwok	&	Maksym	2014,	JGR)	
	



Use	models	to	fill	in	the	observa>onal	
gap	



The	NASA	Eulerian	Snow	on	Sea	Ice	
Model	(NESOSIM	v1.0)	
•  Two	layer	Eulerian	model.	
•  100	km	grid	(adaptable).	
•  Arc>c	Ocean	domain	

(adaptable).	
•  Quick	to	run	(~3	minutes	for	

a	30	year	run).	
•  Snowfall/ice	conc/ice	dri\/

winds	as	forcings.	

•  Daily	(August	to	May)	
gridded	data	output.	

•  Open	source	Python	code.	 Pe2y	et	al.,	GMD,	in	review	



Boisvert	et	al.,	2018	,	in	review	

Annual	Arc>c	precip	across	8	
reanalyses	



NESOSIM	v1.0	spring	snow	depths	

Forced	by	MEDIAN	snowfall,	ERA-I	winds,	Bootstrap	SIC,	NSIDCv3	ice	dri\.	



Use	the	Arc>c	snow	depths	for	model	valida>on		

Pe2y	et	al.,	GMD,	in	review	



Improving	CryoSat-2	thickness	
es>mates		

Winter	mean		
(2010-2016)		
CryoSat-2	sea	ice	
thickness	using	Warren	
snow	depth	climatology	



Kurtz	et	al.,	in	prep	

Improving	CryoSat-2	thickness	
es>mates		



Currently	reprocessing	the	ICESat	
thickness	record…	

Watch	this	space!	



•  Laser	al>meter,	photon	
coun>ng.		

•  Three	pairs	of	beams,	
footprint	of	~15	m.	

Upcoming:	NASA’s	ICESat-2	mission!	
Scheduled	for	launch	this	September!	





•  Laser	al>meter,	photon	
coun>ng.		

•  Three	pairs	of	beams,	
footprint	of	~15	m.	

•  Official/rou>ne	sea	ice	
freeboard	product.		

•  Semi-official	sea	ice	thickness	
product.		

•  70	cm	along-track	sampling	
will	also	provide	good	data	
for	es>ma>ng	roughness.	

•  What	else	can	we	do?	
	

NASA’s	ICESat-2	mission	
Scheduled	for	launch	this	September!	



Grand	vision…	



1.	Decadal	record	of	polar	ice	
thickness	

Grand	vision…	



1.	Decadal	record	of	polar	ice	
thickness	

2.	Validate	models	and	provide	longer-
term	understanding.	

Grand	vision…	



Use	observa>ons	and	models	
concurrently	



Winter	ice	growth	projected	to	
increase,	before	decreasing	towards	
the	end	of	the	century	

PeJy	et	al.,	in	review	



•  Sea	ice	a	crucial	component	of	the	Arc>c	and	Southern	Ocean.	
•  S>ll	a	lot	of	unknowns	surrounding	sea	ice	thickness,	especially	
regarding	its	thickness	distribu>on.	

•  Using	Opera>on	IceBridge	to	produce	the	gold	standard	of	sea	
ice	thickness.	

•  Improving	snow	depth	es>mates.	
•  Gepng	ready	for	the	launch	of	ICESat-2	
•  Can	we	use	models	to	provide	the	long-term	context?		

	

Summary	
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