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Observed Sea level 
change by satellite  

Continuous Increase of Sea level, 
Although a regional difference!  

	  
   ~  3 mm in 1 year 

 
Cause of Sea level change

  
 

	  
1.  Thermal Expansion of ocean water 
2.  Mass change of 

Antarctica and Greenland ice sheet  
3.   (Mass change of Mountain Glaciers  
4. 

 (Long term change due to tectonics and post-
glacial rebound  
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Rhone Glacier  
In Switzerland 
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http://www.glacier.rice.edu/land/5_tableofcontents.html

More than 90 % of Fresh Water Volume is 
Stored in ice sheet (land ice) 

Antartica ice sheet rises  ~ 70 meter Sea level  
Greenland ice sheet rises  ~ 7 meter Sea level

90%  
 

 
 

70m, 7m 	
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http://svs.gsfc.nasa.gov/3849 

Rignot et al. (2011) Science 
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GISP2 (Greenland)

Byrd ( )

EDML ( )

Hulu Cave ( )

(Barker and Knorr, 2007 PNAS)

(Abe-Ouchi et al., 2013 Nature)
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︎  
1975-19799GEOS 3 (Brooks et al., 1978 Nature) 

1978 9SEASAT (Zwally et al., 1983 JGR) 

1991-20119ERS-1/ERS-2 (Zwally et al., 2005 
J. Glaciol.) 

2002-20129Envisat (Horwath et al., 2012 Geophys. 
J. Int.) 

2003-20099ICESat (Pritchard et al., 2009 Nature) 

2010-         9CryoSat-2 (Helm et al., 2014 
Cryosphere) 

 
︎  
2002-20179GRACE (Shepherd et al., 2012 

Science)

ICESat-2

w o  
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Talpe et al. (2017) J. Geod. Talpe et al. (2017) J. Geod. 

1993-2010 -121±28 Gt / year 

2005-2010 -229±61 Gt / year 

(IPCC, 2013)

1993-2010 -97±28 Gt / year 

2005-2010 -147±61 Gt / year 

(IPCC, 2013)

927.5 Gt

F D  
7  

” F

IMBIE team, 2018 14 , Nature
mm/yr



 
(AR5, 2014)

AR5) 
850 ~ 2100 and 2300 AOGCM
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Semi empirical model
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Some observation of rapid retreat of ice shelf and fast flow 
of ice stream in West Antarctica 

(Larsen Ice Shelf) 

•  Larsen 3250km2 MODIS, http://
wwwnsidc.colorado.edu/sotc/iceshelves.html  

• 

2002. 1. 31 2002. 3. 17Retreat of 3250 km2 

Marine ice sheet instability (MISI)

by 



Durand and Pattyn, 2015, TC

Grounding line   
~  
 

	  
 

Golledge et al, 2017, GRL

Golledge et al, 2015, ature

Golledge et al, 2015, ature

(2) 

DeConte and Pollard, 2016, ature



MISI MICI 
Marine Ice Sheet instability and Marine Ice Cliff instability

DeConte and Pollard, 2016, ature

DeConte and Pollard, 2016, ature

DeConte and Pollard, 2016,  
ature

 

DeConte and Pollard, 2016, ature



 

DeConte and Pollard, 2016, ature

Golledge et al, 2017, GRL
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 (a,b c,d 

Robinson et al, 2012, Nature Clim. Change 
Pattyn et al, 2018, Nature Clim. Change  

Golledge et al, 2015, Nature 
Pattyn et al, 2018, Nature Clim. Change  



Tipping points

•  Tipping point 
Ocean tipping point Ocean 

melt 5m/yr 	 tipping point. 

 
•  2 ocean melt 

Tipping point  

Tipping points

•  	 -àmelt 
(Obase Abe-Ouchi, 

usahara and Hasumi, 2017, Journal of 
Climate) 

• 

 

Data	is	from	Rignot	et	al.,	2013	(basal	melt),	WOCE	(ocean	temp.)
•  Observations:	difference	in	ocean	temperature	above	

continental	shelf	is	responsible	to	regional	difference	in	
basal	melt	rate	(Pritchard	et	al.,	2012),	due	to	difference	in	
shelf	water	formation	in	the	shelf	seas	(Petty	et	al.,	2013),	
and	wind	along	Antarctic	Coast	(Hattermann	et	al.,	2012).	

Inactive	melting	in	Dronning	
Maud	Land	(Noest	et	al.,	2011)

Active		
melting		

Active		
melting		

Inactive		
melting		

Inactive		
melting		

Active	melting	in	Pine	Island	Glacier	
(Jacobs	et	al.,	2011)

Inactive	melting	in	Filchner-Ronne		
Ice	shelf	(Petty	et	al.,	2013)

Observed	basal	melt	rate/ocean	temperature
Inactive		
melting		

Ross	(180E)	
	
	

Amundsen	(107W)	
	
	
	

Bellingshausen	
(77W)	

	
	
	

Dronning	Maud	
Land	(17W)	

• 			Intrusion	of	warm	water	onto	continental	shelves	are	widely	found	in	the	2xCO2,	
while	cold	and	dense	shelf	water	is	found	in	the	LGM.	
• 			Appearance	of	ocean	structure	depends	on	regions/background	climates	

base, Abe-Ouchi  
et al, 2017


