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IPCC AR5 Fig.13.3�



Ê|řŮŖĺŅň�
�¢uL 
Observed Sea level 
change by satellite  

Continuous Increase of Sea level, 
Although a regional difference!  
\=Ĭİ�í	{ĥÐ�īŉĵĠňĝ 
   ~  3 mm in 1 year 
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��¢C(Ļ-8 
Cause of Sea level change�

µ�±ĺļĜ£Ļ ĲdĦĜXĜŎũŝŮŝŦńG\�)]Ï�C
'ĹĸĻ��C'ĺŅňĝůñ5ñáĜ��Ĝ�cĜ@�ĹĸĻC(
ĥ<>±Ĺ�íĺC(ŋ�ĢňĝŰ  
 
æ�±ĺůx]
	ŰļĜ 
1. ��Ļ¥ÇeThermal Expansion of ocean water 
2. +�ńőŨŮŬŧŬś�`Ļ×åC(Mass change of 

Antarctica and Greenland ice sheetŰ 
3. TU��Ļ×åC( (Mass change of Mountain GlaciersŰ 
4. 9�<©ĻChĺŅňæ�C(ĜŘŐŚŝŐŔC'ńj��ĺŅ
ň<©Ch (Long term change due to tectonics and post-
glacial reboundŰ 
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TU���
Rhone Glacier  
In Switzerland 
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Iw�^Y^oÕË� �¯ÕË�

}�{»o7²�2B&5<_¾ÕË�

�©91.80 x 106 km2 (¾h<1.2%) 

q©92.85 x 106 km3 

���vy97.36 m�

�©912.30 x 106 km2 (¾h<8.3%) 

q©926.5 x 106 km3 

���vy958.3 m�

�¯ÕË,u6��2B8… 
Íf 34 m!7bÆ 20 m!7Î 20 m!eu^Si=u6�Ö�(a�ht
�) �

+��`ô�������

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% Ļ��ļ�`ĺ 
ğňĝ 
+�ĜőŨŮŬŧŬśĻ 
�`ĥÉĨŉĽĜ3Ğ 
70m, 7m �í	{Įň�

őŨŮŬŧŬś�
`�
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��$"#!��Qaanaaq��
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ČĖĖēāùùēĒďĆĔčĕøđčēĔøĆćøĎēùĚčććùĄĂù�

��$"#!��Nansen Ice Shelf��

(Bell et al., 2017 Nature)�
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(Helm et al., 
2014)�
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Rignot et al. (2011) Science �
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(Dome Fuji Ice Core Project Members, 2017 Science Advances)�
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GISP2 (Greenland)�

Byrd (+�)�

EDML (+�)�

Hulu Cave (¶¾Ź�:)�

(Barker and Knorr, 2007 PNAS)�

(Abe-Ouchi et al., 2013 Nature)�
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Ý ︎�¢¹gp� ÕËx�<gp! 
�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) 

 
Ý ︎�¢¹�n� ÕË<�¥! 
�2002-20179GRACE (Shepherd et al., 2012 
Science)�
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ČĖĖēĕāùùčćĉĕĆĖ÷üøċĕĊćøđĆĕĆøċĒėù�

Iw�^Y^o����¯ÕË<�¥�w 	��	�	��
`��
Iw�^Y^oÕË� �¯ÕË�

Talpe et al. (2017) J. Geod. 
ČĖĖēĕāùùĕėĕøċĕĊćøđĆĕĆøċĒėùýúÿÿú�

Talpe et al. (2017) J. Geod. 
ČĖĖēĕāùùĕėĕøċĕĊćøđĆĕĆøċĒėùýúÿþĀ�

1993-2010Ź-121±28 Gt / year 

2005-2010Ź-229±61 Gt / year 

(IPCC, 2013)�

1993-2010Źôô-97±28 Gt / year 

2005-2010Ź-147±61 Gt / year 

(IPCC, 2013)�

%ÚÙÓ<Ï�¥927.5 Gt�

��°;=9<@F:ÕË�w,D43+� 
�ÕË�w87{»��¬§¡�w8<mDA=� 
�º”=9<@F;�w2B<+��

+�Ļ�ÞĻC(�
IMBIE team, 2018 ŷ�14z2, Nature�

�oĹ×å�RĥÐ�īŉĵĠňĝ�

ŵų�ÁĻ�íC'ĻÎ8 N��
mm/yr�



�ÞĻ�íC(ķQ�	� 
(AR5, �ÕJ�Ĝ���bĜ2014)�

wPf!$ķ��ĻQ�	�ůAR5) �
œŜŨŏ Ĝôû850 ~ 2100 and 2300ĜšũŗŤřũAOGCMÄ��

��ķè�åC(ůAR5) �



CO2t�åķ��Q�	��ÜůAR5) � �í	{ĻQ�	�ůAR5) �

œŜŨŏĪķĻ�í	{AR5	�� Ìí×å/vķ�`��Ļ21�Á�ŀĶĻ
C( (+�A1B, őŨŮŬŧŬśRCP4.5)�
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Semi empirical modelĺŅň	��
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�í	{ô50cm 
ĺŅň��îcĻA%�

�í	{ôRCP4.5 
ĺŅň��îcĻA%�

ŀķł�

RCP8.5Ļ21�ÁĻ�í	{Ź 
AR5�

+�
DĻŚŮŖũ 
0.6~0.7m Ļ�í	{ 



RCP8.5Ļ21�ÁĻ�í	{Ź 
AR5ķįĻj�

+�
DĻŚŮŖũ 
0.6~0.7m Ļ�í	{ 
 
ŮŮŮŻ 
+�ĻN�ĥ 
AR5jĻ·¼ĺŅŇ 
0.18~0.79 (0.35ĺ��Ű 
= Â0.25  
 
ĴŀŇĜ 
21C�ĺ 62cm 	{ 
Ļ	�ĥĜ85cm ĺ 
	y�� 

+��`ĻN��

	�ŋFĦħ	7ňķĬİņĜ+��`Ļ��´`ã�ĻWBĥğň?4ıĨıĝ 
ĬĤĬĜ21C �ĺ50cmô
	ķĠġĩķļĹĠĝ�

Some observation of rapid retreat of ice shelf and fast flow 
of ice stream in West Antarctica 

(Larsen Ice Shelf) 
Í+�Ź��ń��ĻmáĹ�Hĥ�ãÐ�īŉň�

•  +�*VĻLarsen ��ĥxŭ�Ķ3250km2ĥ�HĬİĝůÊ|�³MODIS, http://
wwwnsidc.colorado.edu/sotc/iceshelves.htmlŰĝ 

•  �~(ĺŅŇ���HĥĮĮŁķÍ+��`Ļ$J±�K±ŋŃİņĮĻĶļżķĠ
ġÓĥğňĥĜx�Ťřũ(ŃÐ�Ń�ÛĬĵĠĵ�jĻ·¼ÔïķĹĳĵĠňĝ�

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

Marine ice sheet instability (MISI)�
\Ë§p�

��ĺOĮňl¿ěěěěěěěěě��l¿jĻÈ¯±l¿ůby �a<hŰ�
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Durand and Pattyn, 2015, TC�

Grounding line Ļjß  
~ �íC(ŋ�łňĝ 
 
���c	{ıĨĶĹħĜ 
�`�'â¹ĻÌ¨ĥÄ�ŋY1 
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Golledge et al, 2017, GRL�

Golledge et al, 2015, Ąature�
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Golledge et al, 2015, Ąature� +��`Ļ
�~(ĺO
Įňl¿œ
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(2) �

DeConte and Pollard, 2016, Ąature�



+��`ĺģĨňMISIķMICI 
Marine Ice Sheet instability and Marine Ice Cliff instability�

DeConte and Pollard, 2016, Ąature�

+��`ŤřũC(Ļ0��C(ĺŅň!Â�
DeConte and Pollard, 2016, Ąature�
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Ąature�
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DeConte and Pollard, 2016, Ąature�



+��`Ļ�~(ĺOĮňl¿ 
œŢťŪŮœŦŬ�

DeConte and Pollard, 2016, Ąature�
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Golledge et al, 2017, GRL�
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Ìí×å/vl¿ (a,bļőŨŮŬŧŬśĜc,d +�ĜØļ¨;ĜëļŤřũQ�	�Ű�

őŨŮŬŧŬś�`Ļ��ĺOĮ
ňl¿� Robinson et al, 2012, Nature Clim. Change 

Pattyn et al, 2018, Nature Clim. Change  �

+��`Ļ��ĺOĮňl¿�
Golledge et al, 2015, Nature 
Pattyn et al, 2018, Nature Clim. Change  �



Tipping points�

•  +��`ĻTipping point ļŵºðğňĝŴĴ
ļĜOcean �Ļtipping pointĶğňĝOcean 
melt ĥ5m/yr
	ĺĹňtipping point. ĩŉ
ļFé�6ÝĻ<hĹĸ�a<hń��k
«ĺ�IĬĵĠňĝ 

•  2ĴłļĜFĦĹocean melt ĺOĬĵĜ��
Ų�`œŔŘţĥĸĻħņĠÑĨňĤĜķĠġ
�`�ĻTipping pointĶğňĝ 

Tipping points�

•  ��ŤřũŹ�cĻ	{-àmelt Ļç�ŋ<
>Īķĺ�Įĝôô(ObaseöôAbe-Ouchi, 
ăusahara and Hasumi, 2017, Journal of 
Climate) 

•  �`ŤřũŹFĦĹ�cC(ĺOĬĵů��
ģŅľF�ŰĜ��Ų�`œŔŘţĥĸĻħņ
ĠÑĨňĤż 

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)�

��ķ���

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

Observed	basal	melt	rate/ocean	temperature�
Inactive		
melting		

���cĻ��ĺ
OĮňìÅhl¿�

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	

ąbase, Abe-Ouchi  
et al, 2017�


