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Importance	of	Grounding	Lines		

• Transitory	feature that	moves	on:
§ short	time	periods,	due	to	ocean	tides,	atmospheric	pressure	

changes
§ long	time	periods,	due	to	ice	thinning	and	dynamic	imbalance
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(1)	Mark	the	lateral	extent	of	an	
ice	sheet	/	ice	stream

Grounding	lines	are	important	because	they:
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estimates
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Importance	of	Grounding	Lines		

(1)	Mark	the	lateral	extent	of	an	
ice	sheet	/	ice	stream

Grounding	lines	are	important	because	they:

(2)	Are	used	to	define	flux	gates	
for	ice	sheet	mass	budget	
estimates

(3)	Detect	ice	sheet	stability,	
advance,	or	retreat
(4)	Identify	regions	with	ocean	
imbalance

Dutrieux et	al.,	2014
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Importance	of	Grounding	Lines		

(Nias	et	al.,	2016)

Under	different	climate	
scenarios,	the	same	ice	sheet	
model	forecasts	different	retreat	
rates.	

This	is	expected,	but	what’s	
right?

Need	observations	of	real	
change	to	improve	confidence.
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Observations	of	Grounding	Line	Retreat

Individual	ice	streams	– Pine	
Island	Glacier

(Park	et	al.,	2013)
Grounding	line	retreat	correlated	

with	ice	thinning

0.95	km/a



Observations	of	Grounding	Line	Retreat
Whole	sectors	of	Antarctica	–
Amundsen	Sea	Embayment

(Rignot	et	al.,	2014)

Individual	ice	streams	– Pine	
Island	Glacier

(Park	et	al.,	2013)



Observations	of	Grounding	Line	Retreat

Estimate	of	dated	grounding	 line	retreat	on	the	
Ross	ice	shelf	during	 the	Holocene	 (Conway	et	
al.,	1999).

How	do	‘present	day’	observations	of	GL	retreat	compare	with	historical	records?

Estimated	by	dating	shells	and	diatoms	in	
marine	sediment	cores	and	incorporated	 in	
raised	beaches,	radiocarbon	dates	of	algae	
from	ice	dammed	 lakes	and	using	paleoclimate
model	 simulations	

Retreated	nearly	1300	kilometres	since	the	
Last	Glacial	Maximum	(LGM)	20,000	years	ago

• McMurdo	Sound	on	 the	Ross	Ice	Shelf	
retreat	rate	~0.12	km	per	year	over	last	
7500	years

• Ice	Stream	C	on	 the	Ross	ice	shelf	0.03	km	
per	year	between	1974	and	1984	

• neighbouring	 ice	Stream	B	the	retreat	over	
the	same	time	period	was	larger,	at	0.45	km	
per	year



Methods	for	Detecting	GL	Retreat

Methods	broadly	fall	into	2	categories:
a) Detecting	real	tidal	displacement	of	the	ice	shelf
• Advantage	– grounded	ice	sheet	definitely	does	not	move	with	

ocean	tides	so	high	confidence	measurement	
• Disadvantage	– tricky	to	measure,	especially	if	tide	amplitude	is	

small

b) Using	the	prominent	break	in	surface	slope	that	occurs	at	the	
boundary	between	the	flat	ice	shelves,	and	topographically	
heterogeneous	grounded	ice
• Advantage	– prominent	feature	that	is	easy	to	measure	with	a	

range	of	datasets
• Disadvantage	– break	in	surface	slope	can	occur	in	other	

locations,	for	other	reasons
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Detecting	Grounding	Lines

Methods	which	use	the	break	in	surface	
slope	
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Detecting	Grounding	Lines:	Topographic	slope



Detecting	Grounding	Lines

Methods	which	detect	
real	tidal	displacement	



Detecting	Grounding	Lines:	Laser	Altimetry

• Obtain	geolocated footprint	locations	and	ocean	and	load	tide	
corrections	from	ICESat	laser	altimetry	L2	Antarctic	dataset	(GLA12	
product)

• Filter	out	cloud	affected	data,	and	radiometrically calibrate	the	
return	energy	and	receiver	gain	using	the	GLA01	product

• ‘Re-tide’	dataset	using	GOT99.2	tidal	model	correction	originally	
applied	to	the	ICESat	data

• Apply	saturation	correction	to	elevation	data	where	return	energy	
is	greater	than	receiver	gain

• Interpolate	each	transect	of	elevation	onto	a	common	set	of	
evenly	spaced	latitude	values	for	each	repeated	track

• Calculate	the	mean	elevation	profile	for	all	repeats
• Calculate	the	elevation	anomaly	for	each	repeat	track	by	
differencing	the	absolute	elevation	of	each	track	from	the	mean	
profile
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Detecting	Grounding	Lines:	QDInSAR

• Apply	orbital	corrections,	instrument	calibrations	and	image	co-registration	to	SAR	images
• Estimate	the	Interferometric	baseline	and	perform	common	band	filtering	 in	order	to	

generate	a	coherent	interferogram
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Detecting	Grounding	Lines:	QDInSAR
Grounding	Zone	Width

• The	width	of	the	grounding	 zone	
measured	from	the	QDInSAR	
images,	shown	relative	to	the	
modelled	differential	 tide	and	the	
relative	displacement	of	the	
floating	 ice	shelf	measured	in	an	
unwrapped	QDInSAR	image.

• GZ	width	=	~4km

• Width	doesn’t	vary	too	much	with	
tide	amplitude,	although	
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Detecting	Grounding	Lines:	QDInSAR
Possible	drivers	of	grounding	line	migration:

Normalised	distribution	of	observed	(red)	changes	in	Peterman	
Glacier	grounding	line	position	and	of	the	simulated	change	due	to	
fluctuations	in	ocean	tide	(blue)	and	thickness	anomaly	(grey).	
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Sentinel-1	- The	Next	Generation	of	InSAR

More	data	acquired	in	a	week	with	
S-1	than	by	years	of	ERS	operation!	



Sentinel-1	- The	Next	Generation	of	InSAR
There	are	new	challenges	associated	with	TOPS	mode	interferometry
• Phase	discontinuities	can	occur	at	the	burst	boundaries
• Definitely	a	problem	for	unwrapping	interferograms	to	produce	

DEM	or	ice	speed
• May	not	be	a	large	problem	for	grounding	lines	as	doesn’t	

appear	to	alter	location	of	GZ	fringes	
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SAR	Applications:	Iceberg	Tracking
Iceberg	locations	
tracked	by	a	lots	of	
sensors:
ERS
QSCAT
OSCAT
ASCAT
NSCAT
SASS

Locations	available	to	
download	online:	e.g.	
Antarctic	iceberg	
tracking	database

Iceberg	Locations:	QSCAT



=!?#!..:610)6%(+W#,1*;*/&#8/01E6(&

! P&=,5#0SE*#90'<"0"&*-#0#*%$"-*0,*
<"#$%&"*':"*D&""?,#&-

! O8"&#0',(#9*$"&@':"*D,&*<#&'("*
@"$$"9$*#(-*&"$"#&:1*$0#0',($

UF,))*#(-*7'-,%0>*PbO!V

! 4:"*$1"9@"$*:#9@"*':"?"&)$

! 7'$L*D,&*$1'8$*#(-*,01"&*
'(D&#$0&%:0%&"



=!?#!..:610)6%(+W#,1*;*/&#8/01E6(&



SAR	Applications:	Hydrology
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