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Abstract 
„ 2008 3 20 ‚ ℅∂№⅍ , ₦└⌂└ ‖  ‍ Yutian

(Mw 7.1)” Ό ‗’‒―΅⁴. ” „ ‚⁭‒―  ‍ ₀

” ⌐╒⃰╒(SAR)‚⁭⁯  , ” ⁞ Ω₦⅍⅔₦₰”

₀ ⁴ ‗‖Ῥ‒‍. ₀ ‒‍ ‚⁭⁴ ‚ ῴ, ”

₀ ‖Ὼ⁴ ‗Ό  ‍. ₦└⌂└ „ Ό 4000m₀ ῴ, ῼ

⁵‍ ‚  ⁴‍‼↔₉╒⌂ⅎ „ ’΅. Guliya ‖  ⁵‍₈ₐ₰₪

₈⁞ ‖ ⁸⁵‍ Ὸ⁮ ₦└⌂└ ” „ ‾ ῼ„ ‖

Ῥ⁴‗  ⁵―΅⁴(Thompson et al., 1992).  ≥∟╒⅍₲└₮└₧ „ ₲└€╒

₀‾‗‚ ‍ (Scherler et al., 2011)„  ⁵―΅⁴Ό ⌐╒⃰╒₀ ΅‍

„ ⁸⁵―΅’Ὸ‒‍. ​ ‖ ‖„ ” ⌐╒⃰╒Ό  ‍

℮╒₿₀  , ₦└⌂└ ₀ ‚ ₀ ΅,  ⁵‴‖ ₦└⌂└

” ‖„ ⁮⁵―΅’΅ ῃ’  ΅ ” ₀  ‍. 

‖„ ₦└⌂└ ” ₀ ‚ –” ‖  ⁵‍ SAR℮╒₿

₀  ↓₦₲⌂₡↔₲№⅍‚⁭⁴ ₀ ‒‍. 2003 Ὸ⁮ 2007 ‴‖” „

Ό 2002 ‚ ‏  ‍ Envisat‚  ⁵―΅⁴ Advanced SAR ”

”℮╒₿₀  ‍. 2007 2 „ Ό 2006 ‚ ‏  ‍

Ή‎΅‏ῌ(ALOS)‚  ⁵‍ PALSAR” ” –”←₰”

℮╒₿₀  ‍. ∟℮⌂„ SRTM4 Digital Elevation Model₀  ‍.SRTM4 

DEMῸ⁮ ‼‍ ‚ ‒― Ό  ⁴ ₀  ↓₦₲⌂₡↔₲№⅍

‖ ⁮⁵‍ Ὸ⁮ ₀ ‚  ‍. 

 ₦└⌂└ ” „‰′ ” ‚‾ῸῸ⁸⁮ , ​⁵‌⁵”

” „, ’ ₀   ‗Ό  ‍.  ℮╒₿” ⁞ ℮╒

₿‚⁭⁯ Ό ’⁴‍‼ ―” ₀ ‖ „‗ ⁴‮ ’Ὸ‒‍Ό

” ‾ Ὼῼ ’‒―΅‍. ” Duofeng ‖„ ’ ,  

” N2, West Kunlun ‖„ 150m/year₀ ῴ⁴ ⁞ ” , 

” , ” ₀  ‍. ” Zhonfeng (branch1)‖„

” ’ ‗ ” ₀  ‍. 2007 „ ‚ῷ῾⁴ ”

₀  ‍. 2007 ” Zhongfeng  (branch1)‗ ” ₀ – „

‚‾  ⁵‍.  

Ό ‚  ⁴ „ ⁞ Ό  ⁴ ‗  ⁴‍

‼,  ⁴ ” ‚⁭⁴ ⁯” Ό ” ” ‖Ῥ⁴‗

ῴ⁮⁵⁴. ‴‍, ” ║ , ” ⁞ ” „ €╒

₯(Glacier Surge)‗ ‟⁵⁴ ‗  ⁴. Zhongfeng (branch1)” ” ₀

 ⁴‗, ‚ ” Ό  ⁴ „ €╒₯” ‖Ῥ⁴ Ό

΅. ” ⁞ ” Ὼ Ὸ⁮ ₦└⌂└ ” €╒₯„ Svalbard ‚

΅. Svalbard ” „ ” ΌῬ⁴‗ ῴ⁮⁵, ​” ₀  ⁴

‚„ ” ” Ό ‗ ⁸⁵⁴.  ⁵⁮ Ὸ⁮ ₦└⌂└ ”

” „ ” ⁞ ” ‚ ῴ €╒₯Ό​” ‖Ῥ⁴‗ ῴ

⁮⁵⁴.  
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1. Introduction  
„ 2008 3 20 ‚ ℅∂№⅍ , ₦└⌂└ ‖  ‍ Yutian

(Mw 7.1)” Ό ‗’‒―΅⁴. ” „ ‚⁭‒―  ‍ ₀

” ⌐╒⃰╒(SAR)‚⁭⁯  , ” ⁞ Ω₦⅍⅔₦₰”

₀ ⁴ ‗‖Ῥ‒‍(Furuya and Yasuda, 2011). ₀ ‒‍ , ‚⁭⁴

‚ ῴ, ‚  ⁴ ” ₀ ‖Ὼ⁴ ‗Ό  ‍. ​ ‖

„ ₦└⌂└ ₀ ‚ ₀ ΅,  ⁵‴‖ ⁮⁵―΅’΅ ῃ’  

΅ ” ₀  ‍. 

” „ ” ‗ • ‚ῷ῾⁴ ” –‖Ῥ⁴. ” „

⁞ ” , ” ‚ ΅ ΌῬ⁴. ” „ ‚

” , ‖” ” ,⁯‮ ‚ 3 ‚ ῾⁮⁵⁴. ‖

 ⁵⁴ „ ⁵⁮₀   ⁸ ‍‾”‖Ῥ⁴. ​”‍‼ „ ”

₀  ⁴ ” ’ ‖Ῥ⁯,  ⁵‴‖ ῼ” ‖ Ό ⁸⁵―Ὼ‍. ↔

₉╒⌂ⅎ ‖„Ὸ–―„−╒⌂⁞ ‚⁭⁯ ₀  ―΅‍Ό, ‖

„ GPS₀ ΅‍ Ό ‚’⁯––Ῥ⁴. GPS„ Ὸ– ’ Ό ‖

Ῥ⁴.  Ὸ , ” ₀ „‚‼‍⁴‮ ” ” , ℮╒₿”

’ Ό ‖Ῥ⁯, ’ ‗ Ό ‗’⁴. , ‚ῷ῾⁴ ”

‚≥∟╒⅍₲└₮└₧Ό ῼ” ₀  ―΅⁴. ” ₲└€╒⁞

⌐╒⃰╒(Synthetic Aperture Radar : SAR)Ό  ‍℮╒₿” ‚⁭⁯ Ὸ

– ’ ” Ό ⁸⁵―΅⁴(Scherler et al., 2008, 2011; Joughin et al., 1998; Li 

et al., 2008; Erten et al., 2009; Ciappa et al., 2010) .  

 ℅∂№⅍ „ ‖ ” ‖Ῥ⁴. ∟└₰╒└⁞ ‚⁭⁯ ‟⁵‍

Ό ‚ ₀‾‍⁮ , 3”  (The third pole)‗ ‟⁵⁴‰‘ Ό

 ―΅⁴(Qui, 2008). ₦└⌂└ (West Kunlun Shan: WKS)„℅∂№⅍”

‚  ⁴. WKS ” „ ’ ‖Ῥ⁯, „ ’΅Ό

5000m₀ ῴ⁴ Ὸ– ’ ‚⁭⁯ ῼ” Ό  ―΅⁴. ‚ ⁸

⁵‍ Ὸ⁮ WKS ” „-13.4ή, „~460mm‗ ‚ ῼ(Zheng et al., 

1988), ” ’ „ 5 Ὸ⁮ 9 ” ‚  ⁴ ‗Ό Ὸ‒―΅⁴(Kang and 

Xie, 1989). ” ‚℮↕≥„ ’ῼ(Scherler et al., 2011),  ” ‖  ⁵‍₈ₐ

₰₪₈” Ὸ⁮ WKS ” „ ‾ ῼ„ ‖Ῥ⁴‗  ⁵―΅

⁴(Thompson et al.,1992). WKS‖„ ⌐╒⃰╒‚⁭⁴ „’ῼ ₲└€╒

₀ ΅‍ ” ΌῬ⁴(Scherler et al., 2011).  Ὸ , ” ’‘Ὸ⁮

„ ’ῼ, ” ’΅ ‚ῷ῾⁴ „ ΅. ‴‍,  ‍ ”

‾ ” ‚ ‴‒―΅⁴. ​”‍‼ ‖„ ” ⌐╒⃰

╒Ό  ‍℮╒₿₀  , ₦└⌂└ ” ” ” ‗ ║

”⁭⁯ ’ ₀ ‒‍. 
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2. Method and Datasets 
2.1 SAR based techniques 

2.1.1 Synthetic Aperture Radar 

” ⌐╒⃰╒(Synthetic Aperture Radar : SAR)„ Ὸ⁮∕ₐ₦⌠

₀ ‚  , ” ( )‗ ₀  ⁴ ‖Ῥ⁴(Fig.1). SAR‖„

(range)„ ₀  ‍←⌂₰ , (azimuth)”

„ (Fig1. right)‗ⅎ№↨≤╒ ₀  ‍ ‚⁭⁯ ₲└€

╒₀ ‚ ⁴ Ό  ⁵―΅⁴. SAR„∕ₐ₦⌠ ₀ ΅‍ ’₲

└€╒”‍‼ Ό ‖Ῥ⁯, ₲└€╒‗„ ΅ ⁞ ‚ ’ῼ

₀ ‚  ⁴ ‗Ό ‖Ῥ⁴. ​” , ” SAR” „

” ‚  ⁴‍‼, GPS” ‚ ’‘₀ ‼⁴ ‗„ ’΅. ‴‍

SAR „€ₐⅎ⌂№₤└₧ ”⌐╒⃰╒”‍‼₯₡∞⅍≥№₦ (geometoric 

image modulation)Ό  ⁴(Fig.2). ​”‍‼ ” ’ ” , ”

Ὼ⁞∕ₐ₦⌠ ” ‚⁭‒―„⌐ₐ₡╒ↄ╒(layover)⁞ (shadow effect)

‚⁭⁯ ‚ Ό ’ Ό  ⁴. 

SAR℮╒₿₀  ‍ ‚ ⌐╒⃰╒(Interferometric SAR: InSAR)

ΌῬ⁴. InSAR„ ’⁴ ‚  ⁵‍ SAR ” ” ₀‗⁴ ‗( )‖

‚ ‒‍ ‖” ” ₀ ῴ⁴ ‖Ῥ⁴. Goldstein et al. (1993) ‚⁭

⁯ ” Ό  ⁵―Ὸ⁮, ⁞₧≥╒└≤└ⅎ‖„ SAR℮╒₿₀ ΅‍

Ό ₁‚ ⁸⁵ ” Ό  ⁵––Ῥ⁴ (Rignot et. al. 1995, 2006, 

2011). SAR” ‚„ ”℮╒₿Ό ’‍‼, 1990 „⌐╒₭╒ ‚⁭⁴

℮╒₿Ό ⁮⁵―΅‍ ‚  ― Ό ⁸⁵―΅‍.  Ὸ , ’

∟℮⌂” „ ” ‚ῷ΅― Ό ⁸⁵⁴⁭ῲ‚’‒‍. SAR℮╒₿

‗ ℮╒₿Ὸ⁮ 3 ’ ” ₀ ‼⁴ ‹‾ ⁸⁵―΅⁴ (Li et al., 

2008). InSAR„ ” Ό  ῼ  ⁴‗, SAR ” Ό  

₀  ⁴ ‗Ό ’΅. ‴‍ ‚ Ὼ’ Ό  ⁴ , ”

‚ ” •Ό  , ’ ₀  ⁴ ‗Ό ’ῼ’⁴. ​”‍‼ ⁞

‚⁭⁴ ” ‚ ῴ, ” ΅ ‖„ InSAR‚⁭⁴ Ό ’ Ό

΅. InSAR‖ ῴ⁴ ‗”‖Ὼ’΅ ₀  ⁴ ” ‚↓₦₲⌂₡↔₲№

⅍ΌῬ⁴. 

 
Figure 1: (left) SAR geometry and (right) principle of synthetic aperture. 
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Figure 2: Geometric image modulation (foreshortening, layover, shadowing effect) ( 2004). 

 

2.1.2 Pixel offset Method 

↓₦₲⌂₡↔₲№⅍(Pixel offset)„ offset tracking⁞ feature tracking’‘ ῃ’ Ό

 ⁴Ό ‖„↓₦₲⌂₡↔₲№⅍‗  ⁴. ↓₦₲⌂₡↔₲№⅍„ ’⁴

‚  ⁵‍ 2 ” SAR ”↓₦₲⌂ ” ⁵₀€↕↓₦₲⌂” ‖  

⁴ ‖Ῥ⁴(Fig.3) ( , 2001; , 2011). ” ΅℮╒₿₀∕₰₿╒, 

΅℮╒₿₀₰⌐╒↕‗ ‚  ⁴. ∕₰₿╒‗₰⌐╒↕” ‚„℮╒₿

”₲└€╒” ⁞ ‚  ⁴ ’ ⁵‗ ” ” ” ‚⁭⁴

’ ⁵Ό  ⁴. ” ⁵„ ‚ ‼‍ ‚⁭⁯  ⁵

⁴. ‴‍​” , ” ₀  ⁴‍‼‚ ∟℮⌂₀   ₀  ‍

Ό ⁸⁵⁴.  ​” , ’ ₀  ⁴ ‚, ”↓₦₲⌂‖  

⁵⁴ ₀  , ∕₰₿╒‗₰⌐╒↕ ‖  ⁴ ” ₀​”

(₰Ω№↨ )₀ ῴ’Ό⁮ ₀ ΅, Ό‾‒‗‾ ῼ’⁴ ₀

 ⁴ ‗‖ (residual offset)Ό  ⁵⁴. ↓₦₲⌂₡↔₲№⅍‖„ InSAR‖„

ῴ⁴ ‗”‖Ὼ’΅ ’ ⁞ ” (range offset)‚ ῴ, 

” (azimuth offset)₀  ⁴ ‗Ό ‖Ῥ⁴.   

 

2.1.3 RGB composed image 

 „ ’⁴ –” ‚ῷ῾⁴ SAR ” ₀ ‚  ⁴

‖Ῥ⁴(Tobita et. al. 2006). ⁸  ‹” 2 ” SAR ₀ ΅⁴. 

Figure 4 „ ” ‖Ῥ⁴. ” ₀ ⁯ ῼ ⁴ , ₰⌐╒↕”

(Fig.4b)„∕₰₿╒” (Fig.4a)‚ ’ ₀ ῾‍. ‖„∕₰₿

╒” ₀ (Fig.4c), ₰⌐╒↕” ₀₮₈└(Fig.4d)‚   –” ”

” ₀ ῲ. ‾ , ” Ό ῾⁵‟ ” „ ”₧⌐╒₰₨╒⌂‖

 ⁵, Ό ( ) ⁴‗Ὼ  ⁵‍ „₮₈└( )Ό ῼ  ⁵⁴
(Fig.4e).  
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Figure 3: Illustration of Pixel offset analysis ( , 2001).  

 

 

 
Figure 4: Process of RGB composed image 
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2.2 Observed area and Method 

‖„℅∂№⅍ ‚  ⁴ ₦└⌂└ ” ₀ ‚ 2003

Ὸ⁮ 2011 2 ‴‖‚ –” ‖  ⁵‍ SAR℮╒₿(Table 1)₀ Gamma Ό

 ‍₴↔⅍ₒₓ₈₀  ↓₦₲⌂₡↔₲№⅍ ‚⁭⁴ ₀ ‒‍(Fig.5). 2007

2 „ (Japan Aerospace Exploration Agency: JAXA)Ό 2006 ‚

‏  ‍ ALOS(‎΅‏)‚  ⁵‍ PALSAR ” ”℮╒₿₀  ‍

(Table 2, 3). ALOS ‏   ” 2003 Ὸ⁮ 2007 ‴‖” „

(European Space Agency: ESA) Ό 2002 ‚ ‏  ‍ Envisat‚  ⁵―΅⁴

Advanced SAR (ASAR)” ”℮╒₿₀  ‍(Table 4). ‚⁭⁴ SAR ”

 ⁵” ‚„ ∟℮⌂(Digital Elevation Model: DEM)„ SRTM4 DEM₀  

‍. ↓₦₲⌂₡↔₲№⅍ ”↓₦₲⌂” „ 280m×280m (ALOS 60×90 pixel; 

Envisat ,35×70 pixel),  ₰Ω№↨ „ 50m×50m (ALOS 12×18 pixel; Envisat ,7×14 pixel)

‚  ‍.  ⁵‍ SAR℮╒₿₀ ” ‹ ⁸ ‖  (Table 2-4), range 

offset (Fig.6)‗ azimuth offset (Fig.7)₀  ‍.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 : Observation area and Datasets.  

 

Table 1: Satellite and SAR spec 

 ASAR spec PALSAR spec 

Satellite Envisat ALOS 

Sponsor ERS JAXA 

Operational period Mar. 2002 -  Jan. 2006 - May 2011 

Orbit period 35days 46days 

Perigee 796km 700km 

Inclination 98.54 degrees 98 degrees 

Band  C-band  L-band 

Ground resolution ~10m ~5-10m (FBS-FBD)
a
 

Polarization VV HH or HV (FBS/FBD) 

a. FBS and FBD stands for Fine Beam Single polarization and Fine Beam Double polarization. 
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Table 2: Data table of ALOS/PALSAR path515 . 

Pair 

No 

Master Date 

(yyyy/mm/dd) 

Slave Date 

(yyyy/mm/dd) 
Mode 

Span 

(days)
a
 

Perpendicular 

baseline (m)
b
 

a1 2007/09/10 2007/12/11 FBD-FBS 92 -620  

a2 2007/12/11 2008/01/26 FBS-FBS 46 -284  

a3 2008/01/26 2008/04/27 FBS-FBD 92 -1197  

a4 2008/04/27 2008/06/12 FBD-FBD 46 7080  

a5 2008/06/12 2008/07/28 FBD-FBD 46 -3734  

a6 2008/07/28 2008/12/13 FBD-FBS 138 1141  

a7 2008/12/13 2009/01/28 FBS-FBS 46 -262  

a8 2009/01/28 2009/06/15 FBS-FBD 138 -660  

a9 2009/06/15 2009/12/16 FBD-FBS 184 -1013  

a10 2009/12/16 2010/01/31 FBS-FBS 46 -532  

a11 2010/01/31 2011/02/03 FBS-FBS 368 -1773  

a. Temporal separation. b. Orbit separation distance perpendicular to the radar line-of-sight. 

 

Table 3: Data table of ALOS/PALSAR path516 . 

Pair 

No 

Master Date 

(yyyy/mm/dd) 

Slave Date 

(yyyy/mm/dd) 
Mode 

Span 

(days)
a
 

Perpendicular 

baseline (m)
b
 

b1 2007/02/09 2007/08/12 FBS-FBD 184 -748  

b2 2007/08/12 2007/09/27 FBD-FBD 46 -163  

b3 2007/09/27 2007/12/28 FBD-FBS 92 -341  

b4 2007/12/28 2008/05/14 FBS-FBD 138 -1464  

b5 2008/05/14 2008/06/29 FBD-FBD 46 2819  

b6 2008/06/29 2008/09/29 FBD-FBD 92 1646  

b7 2008/09/29 2008/11/14 FBD-FBS 46 -381  

b8 2008/11/14 2008/12/30 FBS-FBS 46 1  

b9 2008/12/30 2009/02/14 FBS-FBS 46 -710  

b10 2009/02/14 2009/08/17 FBS-FBS 184 -398  

b11 2009/08/17 2009/10/02 FBD-FBD 46 -502  

b12 2009/10/02 2010/01/02 FBD-FBS 92 -586  

b13 2010/01/02 2011/02/20 FBD-FBS 414 -2606  

a. Temporal separation. b. Orbit separation distance perpendicular to the radar line-of-sight. 

 

Table 4: Data table of Envisat/ASAR. 

Pair 

No 

Master Date 

(yyyy/mm/dd) 

Slave Date 

(yyyy/mm/dd) 

Span 

(days)
a
 

Baseline  

Difference (m)
b
 

c1 2003/11/07 2003/12/12 35 -294 

c2 2004/09/17 2004/10/22 35 -49 

c3 2005/03/11 2005/04/15 35 39 

c4 2006/01/20 2006/03/31 70 -57 

c5 2007/03/16 2007/04/20 35 305 

a. Temporal separation. b. Orbit separation distance. 
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Figure 6 : Example of range offset (Roff=0.62×Ux+0.11×Uy-0.78×Uz) . (east) PALSAR path515 (a7, table 2), (west) 

PALSAR, path516 (b8, table 3). 

 

 

 

 
Figure 7 : Example of azimuth offset (Aoff= -0.17×Ux+0.98×Uy) . (east) PALSAR path515 (a7, table 2), (west) 

PALSAR, path516 (b8, table 3).
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2.3 Conversion from range-azimuth offset to surface velocity fields 

↓₦₲⌂₡↔₲№⅍‖ ⁮⁵⁴ „ ’⁮• ‚ ‒‍ ‖Ῥ

⁯, ” ‗„ ’⁴(Fig.8). ” ” ₀ἣ 5 5 5 , ”

₀— ( Ὸ⁮ ⁯‚ ), ∕ₐ₦⌠ ” ‗Range offset (Roff) ,‗⁴ ‗‏₀

Azimuth offset (Aoff) „ ” ‖  ⁵⁴. 

2ÏÆÆ
!ÏÆÆ

ÃÏÓ—ÓÉÎ‏ ÓÉÎ—ÓÉÎ‏ ÃÏÓ—
ÓÉÎ‏ ÃÏÓ‏ π

ἣ
ἭἺἩἶ
ἭἩὂἱ

ἣ                     (1) 

ἭἺἩἶ ÃÏÓ—ÓÉÎ‏ȟÓÉÎ—ȟÓÉÎ‏ȟÃÏÓ—ȟἭἩὂἱ ÓÉÎ‏ȟÃÏÓ‏ȟπ„⌐└₯‗₈₯∕₰ ”

∂₦⅍⌂‖Ῥ⁴. ‾  ‚ ’⁴ Ὸ⁮  ‍℮╒₿ΌῬ⁵‟ ‚

” U₀ ‼⁴ ‗Ό ⁴.  Ὸ , ”℮╒₿ Ὸ  ’΅

‚„ U ₀ ‼⁴‚„ ⁮Ὸ” Ό ‗’⁴. ‚⁭⁵‟ „

” ‚ ‒―  ⁴. ​”‍‼ „ ” ‾ ’ ‭ ⁵⁴‗  

‍(Li et al., 2008). ” „ SRTM4 DEM , ‰ Ὸ⁮  ‍. ∂₦⅍⌂„

” ⁞ ’‘”‍‼ ‗’⁴. , ” ” Ὼ„Ῥ⁴

‚  ⁴. ​”‍‼,  ‍ ∂₦⅍⌂” ‚   ↔₉⌂₿╒‗

↔₉⌂₿╒₀ 6×6 pixel(i.e. 300m×300m)‖  ₰√╒₯└₧₀Ὸ῾, ∂₦

⅍⌂₀  ‍ (Fig.9). Ό ‚ ‒― ⁵⁴ ₀  

ἣ 5 ÇÒÁÄ‰‗ ⁵‟(1) ⁭⁯ 

2ÏÆÆ
!ÏÆÆ

ἭἺἩἶ
ἭἩὂἱ

ɇÇÒÁÄ‰5                (2) 

Ἤ ἑ5                                    (3) 

‗’⁴”‖ ‚ 
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 ⁴.​”‍‼5 π⁞ Ό ‚  ⁴ „  ‍.  

 

 
Figure 8 : Illustration of direction of Range, Azimuth offset and Actual displacement. 
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Figure 9: Component of gradient vector calculated from SRTM4 DEM. (a), (c) and (e) is north, east and vertical 

component, respectively. (b), (d) and (f) is filtered component. 
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3. Results 
 SAR↓₦₲⌂₡↔₲№⅍ ‗ „ ‚ ‒―  ⁴ ‚⁭⁯, ₦└⌂└

” ” ₀  ‍. PALSAR℮╒₿₀  ‍ ‖„ (

” )⁞ Ό ῼ, Ὸ– ” Ό ’΅ ‚ῷ΅―

₀‰′ ’ῼ  ‍ (Fig. 10). Ό ῼ, ” Ό ΅ ”

‖„₮╒└ ‚⅝ₐ₱Ό  , ῼ” ‖ ₀ ’Ὸ‒‍Ό, ”

” ₀  ‍ (Fig. 11). ‴‍, Ό ₀ ῴ⁴ ‖‾ ”

‖ ₀  ‍(Fig. 12). Envisat/ASAR” „ PALSAR” ‗ ‗⁴‮

” „ ῼ, ⌐ₐ₡╒ↄ╒‚⁭⁯ ’ Ό  ⁴Ό ₀

 ⁴ ‗Ό ‍ (Fig.13). 

 ₦└⌂└ ” „‰′ ” ‚‾ῸῸ⁸⁮ , ​⁵‌⁵” ”

„, ’ ₀   ‗Ό  ‍. ℮╒₿” ⁞ ℮╒₿‚⁭⁯

Ό ’⁴‍‼ ―” ₀ ‖ „‗ ⁴‮ ’Ὸ‒‍Ό ”

‾ Ὼῼ ’‒―΅‍. Figure 14„ ” ₦└⌂└ ‚ῷ῾⁴ ‖Ῥ⁴. 

” „National Snow and Ice Data Center (NSIDC)”World Glacier Inventory (WGI)‗

Zhang et al. (1989)₀  , ” „ ‗ ” ₀ Ὸ⁮ ₀ ⁯

― N1, S1‗ ‚ ῾‍. ” N3⁞ Duofeng ’‘„ Ό ‚

 , ‚ῷ΅― 60m/year, ‚ „  ~100m/year” ₀  ‍. , 

”Yulong ⁞ ”Quanshui, Bingshuihe, S2 „ ‚  ⁴‾””, N3’‘

‚ ‗⁴‮ „ ῼ ” „ 40m/year‚ ‍’Ὸ‒‍. Ῥ⁴ ‖„ 150m/year₀

Ὸ‚ ῴ⁴ ₀  , ” ⁞ , ⁞ ”  ΅ Ό

 ⁵‍. ” ‚‖„ ” ” ₀  ‍. ”West Yulong ⁞

” Chongce, Zhongfeng ’‘‖„ „ 20-40m/year‖  ―΅⁴Ό ‚ῷ

΅― Ό ‚  , ‖” „ 5m/year‚ ‍’Ὸ‒‍. ‖„

” Ὸ⁮ ₦└⌂└ ” ‚–΅― ’ ₀ ‒‍. 
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 Figure 10:  Example of velocity map in winter derived from ALOS/PALSAR data, (east) path515 (a7, table 2), (west) path516 (b8, table 3). 
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 Figure 11: Example of velocity map in summer derived from ALOS/PALSAR data, (east) path515 (a5, table 2), (west) path516 (b5, table 3). 
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 Figure 12 : Example of velocity map in long span derived from ALOS/PALSAR data, (east) path515 (a11, table 2), (west) path516 (b13, table 3). 
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    Figure 13 : Example of velocity map in 2004 derived from Envisat/ASAR data (c8, table 4). 



 

15 

 

 

 

 

 
Figure 14 : Glacier names and flow line setting (black solid). 
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3.1 Systematic Examination  

” ₀ ‚ ⁴‮ , ‚  ‍ ₦└⌂└ ”

36 ( ” ₀ ›)₀ ‚ ” ‖ ₀ ‒‍.  ‍

‗ ” Ὸ⁮ 

1) Ὸ⁮ ‴‖ ‚  ―΅‍ Continuous flow.  

2) ‚ῷ΅― ‚ ΅ (>150m/year)₀  ‍ Surging.  

3) ‖ ” ₀  ‍ Stagnant flow. 

” –‚  ‍. ” ‚ Ὸ⁮↔⌠╒≤ₐ└₀ (Fig.14) , ↔⌠╒≤

ₐ└‚ ‒― 10×10 pixel(i.e. 500m×500m)” ‖ ₀   ₀ ‗ 

‍. ​” €└↨⌂ Ό ‾ ῼ„ Ό 30m₀ ῴ⁴ „  ‍. ‍‎

  ” Ὼ΅ Surging‚  ⁵⁴ ‚–΅―„€└↨⌂ Ό 4 ”

” ”‹₀  ‍. 10 Ὸ⁮ 2 ” ₀ (Path515: a1, a2, a7; path516: b3, b7, 

b8, b9. Table 3-4),  5 Ὸ⁮ 9 ” ₀ (Path515: a4, a5; path516: b2, b5, b6. 

Table 3-4) ‗  ” ₀ ‒‍. ” ⁞ ” ” ‚

‗   ‖  ,↔⌠╒≤ₐ└” Ὼ₀  ‍. ” „

 ⁵ ‹” SAR ” ‚⁭⁯  ‍. ” ’ „

‚  ⁵‍ SAR ₀ ‚⁭⁯  ‍. 

 

3.2 Diversity  of Surface Velocity Fields in the West Kunlun Shan 

3.2.1 Continuous flow 

₦└⌂└ ” ” ῼ„ Ὸ⁮ ‴‖ ‚  ―΅‍. Continuous 

flow‚„ 13 , 12 ” 25 Ό  ‍. ” Duofeng ₀

‗ ⁴. Duofeng „ SAR℮╒₿ ―” ‚ ‴⁵⁴‍‼ Ό ΅. 

PALSAR℮╒₿” Ὸ⁮ ” ‖„ , 5 Ὸ⁮ 9 ‚Ὸ῾― ’

” ₀  ‍(Fig.15). Figure 16„ Duofeng ‚ῷ῾⁴ (Fig. 

16a), (Fig. 16b), ‗ (Fig. 16c), ‗ (Fig. 16d)” ↨⌠

↔₇ₐ⌂₀  ‍‾”‖Ῥ⁴. Duofeng ‚ῷ῾⁴ „~70±3m/year, 

„~100±5m/year‖Ῥ‒‍(Fig.15c). „ 6 Ὸ⁮ 7 ‚↓╒₦‗’⁯, 2008 6

Ὸ⁮ 7 (Table3. a5)‚ ~120±12m/year ₀  ‍ . ↔⌠╒≤ₐ└” „

28.0km, 6355mῸ⁮ 4732m‴‖ „ ⁞Ὸ‖Ῥ⁯, ” „ 3.3°‖Ῥ

‒‍.  ” „ ₲└€╒‚⁭⁴ (Scherler et al., 2011)‗ ‖Ῥ⁴. ‴

‍ ₲└€╒‚ ‗⁴‮ SAR„ ‚ῷ῾⁴ Ό ΅. SAR‖  ⁵⁴∕

ₐ₦⌠ „ ⁞ ₀Ῥ⁴  ⁴(Rignot et al., 2001). ₲└€╒Ό

” ” ₀ ῲ”‚  , SAR„ ” ‖„’ῼ ” ₀ ῲ 

‗Ό ⁴ , ” Ό ’΅ ‚ῷ΅―‾  ⁴ ‗Ό ‍‗ ῴ⁮

⁵⁴. , Duofeng ‗ ‗⁴‮ ⁫‒ῼ⁯  ⁴ ‾  ‍. 

S2 ₀ ‗ ⁴(Fig. 17). S2 „ Ὸ⁮ ‴‖ ‚  ―΅‍. 

‚ῷ῾⁴ ” „~17±1m/year‖Ῥ‒‍. ‚ῷ῾⁴℮╒₿Ό  ―΅

⁴‍‼ ” „ ‖Ῥ⁴. ↔⌠╒≤ₐ└” „ 13.2km, 6301mῸ⁮

5462 ‴‖” „ 3.7°‖Ῥ‒‍. ₀ ‒‍ ” ‚–΅―

Ό 40m/year₀ ῴ⁴‾”„ Table 5, 40m/year ” „ Table 6‚‴‗‼‍.  
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3.2.2 Surging 

 ‚ῷ΅― ₦└⌂└ ” 3 , 1 ” ‖ ‚ ΅

₀  ‍ (Fig.14). ” N2, West Kunlun  (Fig.18-21)‗ ”

Zhongfeng (branch1) (Fig.22-24)₀ ‚Ῥ ⁴. N2 ‚ῷ΅―„ ” ’

Ό  ⁵‍(Fig.18). 2004 ‚„~40±25m/year‖Ῥ‒‍ „  ―΅

Ὼ, 2009 2 ‚„~255±40m/year ‚  ‍(Fig.19a). 2009 2 „ ₀

 ⁴ ‗„ ’Ὸ‒‍Ό ” ₀  ‍. ” „ 2008 11

Ὸ⁮  ⁵, 2011 2 ‴‖” 828 ‖ 916m (403m/year)” Ό  ‍

(Fig.21 left). ‚ ΅ ” , ‚ ‚ῷ΅― ”  ‍
(Fig.21 right). 

West Kunlun ” „ ‖„’ῼῬ⁴ ” ₀ ⁯  ’Ό⁮

 ―΅‍(Fig.18, 20a). „ 2004 ”~170±80m/yearῸ⁮ ‗ ₀ ⁯

  2010 2 ‚„~210±60m/year ‴‖  ‍. ” „ N2⁭⁯ 1 ΅ 2009

10 Ὸ⁮  ‍Ό Ό ’‍‼ ’ „ ‖Ὼ’Ὸ‒‍. 

„ N2‗ ‚  ―΅‍(Fig.21 right). 

” Zhonfeng (Branch1)„ N2⁞West Kunlun ‗„ ΅, ” ’

‗ ” ’ ₀  ‍(Fig.22, 23). 2004 ‚„ Ό , 

„~1000±350m/year₀  ‍ (Fig.23a). ​⁵ , „~400±100m/year 

(2005), ~140±50m/year (2006), ~50±15m/year (2007)‗~30±5m/year (2008)‗ ‚  , 

2008 ” „ ‗’‒‍. 2007 ‚„ ” ₀  ‍. 

Ό ‖ ‚  , ” „ ‼―  ῼ~3±1m/year‖Ῥ‒‍. 

„ ‚  ―΅‍(Fig.24). Surging‚  ⁵‍ ” „ Table 7‚

‴‗‼‍. 

 

3.2.3 Stagnant flow 

 ₦└⌂└ ‖„ 2007 ” Zhongfeng  (branch1)‗ ‚ ” Ό

 ―΅⁴ ₀ ‚‾  ‍. Zhongfeng  (branch1)₀ ῼ‗ 1 , 

‚ 6 Ό  ‍. ” Chongce ” (Fig.25), Ὸ⁮ 10km ‖

” ₀  ‍. ”↨⌠↔₇ₐ⌂(Fig.25c)‖„ Ὸ⁮ 20km ”

~38±2m/year₀↓╒₦‚ , 5-10km ” „ 1±1m/year, 0-5km ” ‚ῷ῾

⁴ „~3±1m/year₀  ‍. ” Ὼ„ ⁞Ὸ‖Ῥ⁯, ” „ 2.5°‖

Ῥ‒‍. Stagnant flow‚  ⁵‍ ” „ Table 8‚‴‗‼‍. 
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 Figure 15: Surface velocity map at the Duofeng glacier for the 24 pairs derived from ALOS/PALSAR data. Each number in the upper-left represents the pair 

number in Table 2, 3. 


