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Mountain	glacier	length	vs.	temperature
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Mass	balance	of	ice	sheets	and	ice	caps

Polarstern (Germany)	at	Ekström Ice	Shelf

Photo:	AWI
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Firn layer	saturation	as	a	tipping	point	for	ice	shelf	breakup

Kuipers Munneke and	others,	2013

Tipping	points	 and	marine	ice	sheet	instability
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Temperature

1.	Stable	or	growing	
ice	sheet

2.	Ice	shelf	melt

3.	Firn	layer	saturation,	
ice	shelf	collapse

4.	Grounded	ice	sheet	melt

5.	Firn	layer	saturation,	
accelerated	runoffSc

al
ed
	ic
e	
vo
lu
m
e

Marine	ice	
sheet	instability

Five	stages	in	ice	sheet	deglaciation

The	Antarctic

NASA/MODIS
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The	Arctic

NASA/MODIS

Greenland
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Five	stages	in	ice	sheet	deglaciation
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East AntarcticaWest
Antarctica

Major	Antarctic	ice	shelves

GRACE	mass	trends	(2003-present)

Courtesy:	Bert	Wouters
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Melting	on	East	Antarctic	ice	shelves

Lenaerts,	Lhermitte and	others,	2017

WHOI
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Temperature

2.	Ice	shelf	melt

3.	Firn	layer	saturation,	
ice	shelf	collapse
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Five	stages	in	ice	sheet	deglaciation

Marine	ice	
sheet	instability

West	Antarctic	 ice	sheet

West	Antarctica:	ice	shelf	thinning

Pritchard	and	others,	2011
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GRACE	mass	trends	(2003-present)

Courtesy:	Bert	Wouters
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Temperature

2.	Ice	shelf	melt

3.	Firn	layer	saturation,	
ice	shelf	collapse
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GRACE	mass	trends	(2003-present)

Courtesy:	Bert	Wouters

Antarctic	Peninsula	
ice	shelf	 collapse

BBC
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Temperature

4.	Grounded	ice	sheet	melt

5.	Firn	layer	saturation,	
accelerated	runoff
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Five	stages	in	ice	sheet	deglaciation

GRACE	mass	trends	(2003-present)

Courtesy:	Bert	Wouters
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Modelled	
Greenland	runoff	
(1958-2015)

Van	den	Broeke	and	others,	2016
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A	tipping	point	in	runoff	 from	Arctic	ice	caps	and	glaciers

Noël	and	others,	2016
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Conclusions	 based	on	observations

The	great	ice	masses	 on	Earth	are	currently	in	various	
stages	of	deglaciation,	separated	by	tipping	points

A	great	scientific	challenge	is	to	predict	when	the	two	
largest	ice	masses,	 the	ice	sheets	of	East	Antarctica	and	

Greenland, reach	their	next	tipping	point

What	do	state-of-the-art	climate	models	 predict?

Emission	 scenario’s	 and	associated	warming

Update	of	Fuss	and	others,	2014
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Courtesy:	Jan	Lenaerts

Greenland	mass	loss	under	 various	scenario’s

DeConto and	Pollard,	2016

Projected	sea	level	
rise	from	Antarctic	

mass	loss



6/9/17

18

DeConto and	Pollard,	2016

Projected	sea	level	
rise	from	Antarctic	

mass	loss

So:	there	is	a	choice	and	there	is	hope!

Update	of	Fuss	and	others,	2014
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Life	Magazine,	1962

Questions?


