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-Motivations to monitor glaciers- 
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　　　 - Global warming and its impact on cryosphere: �
            Sea level changes, Water resources�
         - Quantitative & persistent monitoring �
　�
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　　　　- Extremely challenging to get ground-based data　  �
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3.   SAR®@¤¬�a(Polarimetry®Ua??)�
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Tarim&basin�

Tibetan&plateau�

Central Himalaya, south�

Hindu Kush�
West Kunlun Shan�

Central Himalaya, north�
Western Himalaya�

Karakoram�



West&Kunlun&Shan�

60&km�

Mean"alEtude"
>5000m"
Highest"Peak"
"Liushi"Shan":"7167m"

Study"area�

Ice core data (~300m)�
L.G. Thompson et al.  
Ann. Glaciol. 1995. �

China-Japan Joint 
Glaciological Expedition 
(e.g., Zheng et al., 1988) �



Landsat画像によると… 

! 温暖化に伴う“面積”の減少?? 



N«I ®µ�¬P��

Annual ave.  < −10�   : Cold temperature�

Annual precip. < 500 mm : Dry�

Almost polar climate (similar to Svalbard)�
Glaciers have been believed to be cold-based.�

底まで氷結と思われていた. 



Pixel offset technique�
(Feature tracking)�

! "CoPregistraEon"(Matching)"of"two"SAR"images"
based"on"intensity"correlaEons"

! "Residual"offsets"are"detected"as"displacements"
! "Two"components:"Range,"Azimuth"offset�

K�
K�

CoPregistraEon�

Residual"offset�

Range"offset"
(vCymA�)�

Azimuth"offset"
(vC�uA�)�

Tobita"al."(2001)�

Method of  data analysis�



Surface velocity field: an example 

Yasuda, T. and M. Furuya (2013), Remote Sens. Environ. 
Based on ALOS/PALSAR © JAXA/METI  ( ALOS 3rd PI: 538 + PIXEL ) �



76c	( path516, Feb. 2007 – Feb. 2011, 13 scene)�

Yasuda and Furuya (2013, 
Remote Sens. Environ.)�
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20050311_20050415�

20060120_20060331�

20070209_20070812�

20081114_20081230�

20091002_20100102�

20100102_20110220�

←Surface Velocity:   
2003-2011 (Envisat + 
ALOS) 

~40m/yr� ~200m/yr�

!  The Unnamed glacier 
was slower in 2004. 

!  The Envisat C-band 
data is noisier.   

Surface Velocity (m/yr)�0� 100�
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Southern&Patagonia&Icefield�
! ��^F(®XERSo"
! l�fÖk�13000"km2"

! J�Ö2��1355"m"
! '�®RS¯�39�¡¨�¶������
WQZ®�B´8�������
ÓRignot"et"al.,"2003Ô"

!  GRACE®zY�����������������������������"""""""""""""""
2002P20063®}�>)��������
=27.9±11&km3/year&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Óchen"et"al.,"2007Ô"""""""""

Chen"et"al.,"2007"
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100"km�

Southern&Patagonia&Icefield�

! º¼ÄÃ��¬`#Ð�¡�P�"

! '�®RS¦�¨V��6�¸
�¥¨�¬�"

!  DEMÆÑÅ(ASTERj)!§�R�
%�®ÆÑÅ(Willis"et"al."2012)"

Willis"et"al.,"2012"
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Span=46 days 
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Muto & Furuya (2013, RSE, in press)�
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Muto & Furuya (2013, RSE, in press)�
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Muto & Furuya (2013, RSE, in press)�



ÓHolland et al., 2008Ô�
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Muto & Furuya (2013, RSE, in press)�



Study area: St. Elias Mountains�

Many surge-type glaciers
Surge: ?103O®<��ª��

Study area�



50"km�

Results: overview�



Hubbard"Glacier"+�
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Anderson"Glacier�
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���Spring/Summer&Speed=Up�

! "Inefficient"drainage"system"
! "Higher"pw""and"lower"N$

Winter� Spring/Early"summer� Late"summer�

! "Efficient"drainage"system"
! "Lower"pw""and"higher"N$

! "No"water"input"
! "Conduit"closure"by"ice"creep$

Discussion�

What causes winter speed-up?�
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3. SAR®@¤¬�a(Polarimetry®Ua?) 
 ��'�Tµ·InSAR, Pixel-offset… 
����V��6�&®]_�(e.g., � %�??,  ���?) 
 
4. �Rdgp°®SARÌÑÀ®=( 
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