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Path 516

Frame 690-700
2007/02/09 —2011/02/20
14 scene

The PALSAR data belongs to N
SRTM4 available from CGIAR-

Path 515

Frame 690-700
2007/09/10 —2011/02/03
12 scene

ALOS/PALSAR
Orbit : Ascending
Recurrent Period : 46 days
Incident Angle : ~38 degree
DEM: SRTM4
Data gaps in SRTM3 are filled.




TerraSAR-X

Recurrent Period : 11 days
Frame 113 strip 007R
2012/05-06

RINIVSIS

Envisat/ASAR

Recurrent Period : 35 days
Track 248

2003-2007

8 Scene

The ASAR data belongs to |
SRTM4 available from CGIAF

ERS1-2 (Tandem pair)
Recurrent Period : 1 day
Track D248
1996/04/27-28




Pixel Offset (Feature tracking)

* Residual offset of image matching two SAR 1mage.
* Effective to detect displacement greater than ~1meter

* We can detect 2 component (range and azimuth).

Azimuth

S A Re
& u
ajl Off& : ;

Range offset : Roff = e.-U

Azimuth offset : Aoff = e, U
Range (i 22# 77 M) e.and e, 1S unit vector of range and azimuth

(AR FRE - £, BIhREE, FB574E, 25, 2011)

Azimuth (FT2E17A M)



Convert to surface velocity

Actual displacement and range-
azimuth offset

U = (Ux, Uy, Uz)!

(o) = (T v

adui , ~ Parallel flow assumption
S
Q_‘§ off ’?es,dua/ o U= €orad U
Set
[

(ROff) . (eran ) egrad) U
Range offset : Roff = e ,*U Aoft €azi * €grad.
Azimuth offset : Aoff =e_, U d=GU
Actual displacement : U = (Ux,Uy,Uz)" Least square methord

Ux : west-east component _

Uy : south-north component U=(G"G)'G"d

Uz : vertical component U = €orad U (m/year)







Surface Velocity in WKS

ALOS/PALSAR data

Path 515 (east side)
12 Dec. 2008 — 28 Jan. 2009

Diverse Surface Velodiiyrrseieis

12 Nov 2008 — 30 Dec 200K

Span 46 days Bperp 1.3m

Log scale




Envisat/ ASAR result

Envisat/ASAR data
D248 (descending)
17 Sept. 2004 — 22 Oct. 2004

Span 35days, B_diff -49m

Foreshortening/layover

S Log scale 1500



Diverse velocity in WKS

Log scale [m/yr]
5 500

* We examined 36 glaciers in WKS.

25¢g
3 g

aciers flow continuously (Duofeng, N3-6, S1-8, etc).
aciers are extremely rapid (N2, West Kunlun, N7).

¥

aciers are stagnant (Zhongfeng, Chongce, etc).



Flow line and error estimation

Log scale [m/yr]
5 500

(D We set flow line center of glacier (North 17, South 19).

(@ Average surface velocity with 10 X 10pixels (i.e. 500m X 500m) along
flow line and estimated standard deviation as error.

3 We excluded if sample number < 50 pixels or standard deviation
>30m/year. Only surge type, we excluded if sample number < 25 pixels.



Diverse velocity in WKS

g
>
7

Log scale [m/yr]
5 500

* Topics
1 : Seasonal variation
2 : Active phase of glacier surge
3 : Quiescent phase of glacier surge






Velocity profile of Duofeng glacier

Winter mean :70x7m/year
(Oct = Feb)

Summer mean:92+*10m/year
(May - Sept)

Summer max:120x12m/year
(Jun =Jul 2008)

Seasonal Variation
Mean: ~130% (Summer mean /Winter mean)
Max : ~170% (Summer max / Winter mean)



Precipitation and Temperature at WKS

* From field research (No station in WKYS).

Annual mean precipitation and temperature : ~460mm, -13.4 C.
(Zheng et al., Bull. Glacier Res., 1988)

" From satellite and reanalysis data (from 2007 to 2011).
precipitation. Warm (May 1 OCt)

(mm/month)

Temperature
(degree)

TRMM 3B43 ver6 : Average of Lat. 34.625 — 35.625, Lon. 80.125 — 82.125. NCEP/NCAR Reanalysis-1

IS coincident with warm season.






* Glacier Surge
Unusually rapid flow and advancing of glacier terminus

1n short term.
NE Greenland Russian High Arctic
Yukon Territo Kamchatka

Svalbard m

Canadian E Greenland || Iceland
High Arcti West Kunlun

Western

North America
|
Karak
Cluster of Surge-type glacier exist
Patagonia 1’ o i
fona specific region around the world.

Map data ;NOAA ETOP1 (http://www.ngdc.noaa.gov/mgg/global/global.html)
Surge distribution (Jiskoot, H., 1999. Characteristics of surge-type glaciers. Unpublished Ph.D. Thesis, University of Leeds, UK)



Active phase (= Surge) ( several months ~ 10 years)
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Active phase of glacier surge

Case : N2 and West Kunlun glacier



Glacier Surge : N2 and West Kunlun
Sept 2004 — Oct 2004 Nov 2008 —Dec 2§08 7
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Accelerated
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Surface velocity (m/year) (Log scale)




Profiles of N2 and West Kunlun

2011 hJ;Z
2010 ~255m/year (late 2008)
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Glacier termlnu‘s and |nten3|ty change

200‘2/92
}; . ¥ N2 Glacier
5& L v "=t Terminus advancing from 2008/11.

: Total advance
2008/11/14-2011/02/20 (828days)

fﬂ"

* | West Kunlun Glacier
' Glacier terminus was unclear.

Probably advancing from 2009-
2010.

Surface scattering properties

(especially border of glacier)

Feb 2007 — Feb 2011




Shift to Quiescent phase

Case : Zhongfeng glacier (branch 1)



Extremely rapid : Zhongfeng (branch1)
Sept 2004 — Oct 2004 Sept 2007 — Dec 2007

10 20 40 60 80100 200 400
Surface velocity (m/year) (Log scale)




Profiles of Zhongfeng (branch1)

Stagnant

2 4 6 8 10 12 14 16
Distance from terminus (km)

5< 10 20 40 60 80100 200 400500 1000 1500m/year




GIaC|er termlnus and intensity change
P L A ¥ Zhongfeng (branch1)

Surface scattering properties
Clearly

Feb 2007/~ Feb 2011

RGB compoused image (left) Envisat/ASAR (right) AL.OS/PALSAR

=7 -



Surge-type glacier in WKS

Log scale [m/yr]
5 500

. is confirmed surge-type
* 6 glacier is possible surge-type



Active phase (= Surge) ( several months ~ 10 years)

Reservoir arca if.\e3 {AVZ=) ph ase Receiving area

Ice th Surface velocity
~200-1000m/year
Duration: ~5-10 year

N2, West Kunlun, N3

* Deceleration | 0 * Acceleration

« Shift to stagnant flow « Advance of glacier terminus
» Close crevasse » Crevassing

KCSGI’VO“”C& Kec"lng drca
Quiescent phase

Stagnant flow
Surface velocity

~0-Sm/year (lower), ~20-30m/year
AW Duration: Unknown

Nor




Summary

* We detected glacier surface velocity and its diversity in WKS
Seasonal variation / Glacier Surge
* We examined 36 glaciers in WKS.

* Atleast 11 glaciers are surge-type glacier.

Active phase (= Surge)
Maximum velocity : ~250 — 1000m/year
Duration : 5-10 years
Intensity change: Opening / closing of crevasse.

Quiescent phase (stagnant flow )
Maximum velocity : ~20-30m/year (upper part)

: ~0-5m/year (lower part)

Duration : Unknown



Thank you for listening
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