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Abstract

AWFSEIE 2008 4= 3 H 20 HIZALFE T~ > F@Els, 1827 v LR TR A L7 Yutian #f
BE(Mw 7.0) DFENT A3 & 72> TV 5. S0 B IITHIEEIC K o T4 Lo i A8 %
HRBEANOAKA O L — 2 —(SARIC LV g L, Wi o#HtECEL T 7 =27 2D
a9 D & Tholo. T 21T o TS R MR K D A BTN X, JELOKI D i
AR CE L2 ENHBA L. 1527 v o I RIZ SR 5 BE A% 4000m %k %, 7 i <
BT T 5 720 7 ¢ — /b RBANZ D 72u, Guliya KIE CERELE =7 A4 A 2
7 RBLH TIT OB BV 7 v 2 UARO ILHE KN IR & L < 132K C
bDEMESNTUVWAD(Thompson et al., 1992). U E— o v ZBIANIES P —
Z b & L7 (Scherler et al., 2011) i35 SV TW AR ERBE 0 L— & —Z W8l
BNI TN TR o 7o, & 2 TR Claf BEEA O AR D L — 4 —2Ef&G L7
T2 EFERL, 7 v AR KIT & RIS RIT 21TV, ZHVE T2 Ll
AR KT TIXEN BTV R WER % 228 LWEIRLOFE R A HEE L 7-.

AWFFETIEVE 7 2 > UIRD IR K &2 X512 — DO 2 THRG S iz SAR 7 — 4
ALY A7y MR DT 21T - 72. 2003 £ 5 2007 4% T O HIHIERK
INFHTRERE 28 2002 41T B I 7= 152 Envisat (Z#5#; STV % Advanced SAR O FF1T
WE DT — & A L7z, 2007 4 2 A LA I 22 BRFEHERE 23 2006 4FI2HTH L7z
PR (720 h ) (ALOS)IZHEH S 4172 PALSAR O THLE D DD /XA D
T — X Al LTz, BERE S 7 L 1X SRTMA4 Digital Elevation Model % i i L 72.SRTM4
DEM 72 & 3RO 7= IR AR D > OKMBREN T 5 TR A REL B 7 Bt 71y b
15T DIVTZ AL D BIOKI R O E Y % e/ SRR HERE L7z,

P27 b RO K INZIRIE R — O REERRIZ S 0 0vb b7, ZRENOHRK
W OFENEE X, SRR EME L Z RS Z e L. T —2 OXRECHEHT —
Z0Z X0 BB B 72 D 7 O AT ORI & [RIBEEE TR 5 2 L X k20 - T3 Kk
B DORE A b R & < Big o Tz, [LRALAI O Duofeng K Tl R 72 ZeHi 258,
JbAHE > N2, West Kunlun 7K {A] Tl 150miyear % i % 2 3% [f 8 502 [ B oo Jisd, ki)
Kb D ATHE, BOELIRE OHE R A f ) L 7=, mRtHE 0 Zhonfeng JKk{rf (branchl) €32 s
DRI 728D & EE /347 DAL 28U L 7=, 2007 AR LI 1T ikl B 1) 2 B o fs
T 2 f HY L 72, 2007 4= LARE @ Zhongfeng JK{RT (branchl) & [RIAS 0D 38 B 4341 % R /KT 1%
flls B S 7.

DKART 2% 11 R BE A3 ZR RIS G AN~ 2 RN PE K SO RUR N 2 R & — 8T 5 7=
D, AT D AR ORI L B IEEE Y OLEN LR EEOEHLEHOFRKN TH D &
EZ oD, Fi, RiEEEONNE « JOH, JKIR A5G 0O BT HELIR L O AN KA —
> (Glacier Surge) & FRIEN 5 Bl5 & —F3 5. Zhongfeng (branchl) s 534 D2V %%
BT 5 &, P TREN O DSFET D AWK — VO EFEH T H 5 FIREMEA &
VN TEEN O RSO E I O K& NS T2 2oL [LRO KR — 21X Svalbard 2
IV, Svalbard B OFFEHNIEHF OB N H 5 LB X b, ZORREZMIT 5
B\ IR E OB OB N ME L b s, ZNOEIHRE RO Y v U ILURO L
EKIT DS REMEIXE Z O BKRLRIED EFIMZ K= N0 —~RThH D EE X
Hib.
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1. Introduction

AWFFEIE 2008 4= 3 H 20 HIZALFE T~ > F@Els, 1827 2L IR TR A L7 Yutian #f
(MW 7.1)DFEMT 235880 & 72 > T\ D, M40 B ITHIERIZ o T4 L 7o A 8 2
HRBEANOAKA O L — 2 —(SARIC LV g L, Wi o#HtECEL T 7 =27 2D
Hima 5 Z & Td o 7= (Furuya and Yasuda, 2011). fEHT 21T - 755 5, #EIC & 2 Hhsk
EENIINZ, BIAFTET 2K OREHEE 2R CXx 5 Z L2V L=, = Z TR
ZEIXVE 7 b IR IR KT 2 SRR 24TV, ZHVE THIH I TV R VDR 2 2208 L
WEIROFE LA Hig L7z,

AT DYRENIK DY & A OOKIHIZ 31T D LGB O —>Th 5. KM OFRENTE
B0 OFERE, JE I HTE DFERAIROEIR D & 5. K DR Eh iE— % K &R
DR, KR TO TR | KILEME OB 3 AT B D, K CEl
MENDHMEHEEILIZNOZ R LADETLLDOTH D, D7 b3k FE 3K O Ji Bl
AT HAOBEERBNETHY, T E TS OXF TN TONTE 2, 7
4=V RFAETIEID D TUIAR — AR = A& X0 RmdE 250 LT ey, il T
1L GPS % A WT=BIHIERMIT/2 0 D205 5. GPS 1XEEE o 721 E 23 AT HE T
HD. L, KK OREHEE 2D T2 DIIZLBEOR S OKE, 7 — % OEHN
RPN NETH Y, SRR HDEERANPMLEL 725, —F, BRI T 2K E O
BNV E— MBI NEL OEREZET T D, FEBEM O o —0h
% B [ L— & —(Synthetic Aperture Radar : SAR) 23 Ef5 L 727 — & OFRHTIC X 0 JREPH A
O A 72 BN E O TE 3T 441 T D (Scherler et al., 2008, 2011; Joughin et al., 1998; Li
et al., 2008; Erten et al., 2009; Ciappa et al., 2010) .

F Ry MEFUTHER ECHEROE LT Th 5. T A— OIS L 0 E i
KRR E RIS Z B 725 L, % 3 O (The third pole) & FEEN 2 1 & LR KT A3
LTV 5 (Qui, 2008). 727 > L 1 Lifk(West Kunlun Shan: WKS)IZF X+ k DIk S
WZALE T 5. WKS O LHE KNI #1170 REEARDK Ch 0, FRIFFEKEIZD 720D
5000m % B 2. 2 mH D FIE 7R KUBEIC LD 2 < DK 3 FZE L TV D, ImEIITD
W FRA D WKS O HRIRIL-13.4°C, FE/K&E1X~460mm & (21K < (Zheng et al.,
1988), EM D F/eBEAKIT 5 HvD 9 HDOEZFITIHAET H Z LA 0> T4 (Kang and
Xie, 1989). JKiff D FEJEIZT 7V 13472 < (Scherler et al., 2011), Z DM TER S 72T A
A AT OFLERN D WKS O ILHEKIN AR S L <IXZIRADKI Th 5 & #E ST
% (Thompson et al.,1992). WKS Tix & kBl 0 L — & —|Z X 28BN /< eFt v —
Ze FAN oK) 22 THDE E DR 23 8 5 (Scherler et al., 2011). L L, BEROEEL Eh D
BINBEEE 1370 <, RIFZIR DD 2RI 361T D AE FE IR & 7=, 8L L 720K o
b FEOKOPEIE E > T D. T O OARIFZE Tl RSN OGN L —4
— NS LT —Z 2 L, W7 2V RO LI KR O F 13 E 5 D228 & PR -
ZERRIZEA LD X0 BT 21T o 7.



2. Method and Datasets
2.1 SAR based techniques
2.1.1 Synthetic Aperture Radar

i 2P O A B 0 L — & —(Synthetic Aperture Radar : SAR)IZfEN D~ A 7 1
Z M EICRRS U, % 5 HCGELIE O 58 B (HRIE) & LA 2 513 2 #:4iT C©d 5 (Fig.1). SAR Tl
T AR 7 1) (range) 1 B I 25 28 70 & R U 7= 70 A JERE B, fi7 2 14T 5 16) (azimuth)
SEREIT A RKBA 1 (Figl. right) & Ky 77 =3 R AR H U2 M ifnic & v kst o
— %2 B D & B RE N EE SN TWD. SAR 1T~ A1 7 vk & VW REEi et
=DM FBESARETH Y, et o — L TRV EBERLERICER R < H
REBMANENT D Z ENFHETH D, TD—JF, M2 O SAR O R4 fRREI X f#
EORUFEINAKAFT D72, GPS OFRICA LS 22 X 2RD D Z Lidiskian. 72
SAR IV A Ko X 7KDL —F =D V4 A MY v 7 Witg 2 i (geometoric
image modulation) 23 fE7Ed 5 (Fig.2). & D 7= O HIFEALIR O 2ME 722 LK D4, JKIF D
M &~ A 7 ao ANFAIZ L > TH LA A4 —/3—(layover) R [a B 55 B (shadow effect)
&0 BRI ERE DA FTRE 72 SHI A E T 5.

SAR 7 — & ZFIH L 72 )S BTG 5B 1 L — & —(Interferometric SAR: InSAR)
238 5. INSAR X572 2 B HUAS &7z SAR B DN DFEE & 5 2 L (TH) T &
PR B NI » T2 H 1 TORF O LT 2 HE 2 i TH 5. Goldstein et al. (1993) 2 &
D FROKIK DREIAMR I S TH D, B/ U —2 7 R TIE SAR 7—4# &2 v
FRAT DSBS ANTAT I AVKIN R FE O BRI o2& % (Rignot et. al. 1995, 2006,
2011). SAR OFFMTICIIAE S DT — & BB T2, 1990 FERUL L —F —H EEEFHT L D%
T — 2 DG HI T W oI S U TR Thiu Tz, Lo L, BB e 5B
EET VOB LA ISR R ORI B W TN T D £ 5127572 SAR T — X
EHIET —Z D 3 IRTTHY 7R KT D FRENHEE 2 KD 25 HATHhiL T\ 5 (Li et al.,
2008). INSAR [T H1Z OBELAENE L < 1T 5 &, SAR B[R O THE M ME T LZ
AT 5 2 AR, E RTINS KR E REMDBFIET D56, RHTLBEO RS
(AR DO DR AE L, IEMREN AT 2 2 LR 0D, 2D DS/
RIZ & 2 FWHEOR RN 2, W OEVKICTIE INSAR 12 X 2 AT 23 K 70 45503
%) INSAR TR A D 2 L D TERWEN 2RI 2ROy 7 et 71 v
& 5.

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

2.1.2 Pixel offset Method

v/ 47 v b (Pixel offset)iX offset tracking <> feature tracking 72 & kk % 72 FEFR S
GFHETDRAMTIEE 7t 78y FENHT L. BV A7 8y MR DI
ICEG ST 2 D SAR BREEE DO 7 L OFT N2 Y 7 v 7 L Ok CHAHI
% H T H 5 (Fig.3) (FREMh, 2001; /Nbfl, 2011). BUASEEIO BT — X 2~ A X —, i
WTF— X AL —T LEERICNERRT S, v A X — L A L—T7 0GB IET — % B
KD o — DALESLCEENE R T 2 2R 72 T L B OMRDOMEOLEIZE D
JRETR 72T NAFET 5. BEREERO T T E/D —RMISRO7-ZEAUC IV HIES R
5. OB, MIEOREAMIET 5D HEEET T VA FEH LES A2 ZE LT
JEREEWPTOND . 0%, RTHREEL I 5 2412, #0720 Tk S
MDA RRE L, v~ AF — & A L—7 G E T3 2 saisklR) £ o mfEH B & 2 oL
BAT v 7B EEZRPOLHEEZITY, HAMBERER b - & bE < R A EZFHE
T 5 Z & T E(residual offset) N FEH S D, B/ ATy FTIE InNSAR TlEfE
25 T & DT ERWEFTH 72 RN MR 7 7 D ZE A7 (range offset) (2N &, f7 2 i
1705 11O ZET (azimuth offset) Z 32 Z E BN AEETH 5.

2.1.3 RGB composed image

“EIRATERR D —OORICH T 5 SAR MEHI GO L AR TT LT
15C& % (Tobita et. al. 2006). fi7 & G OEHMIEFAD 2 D SAR RE B E Z H 5.
Figure 4 [T =AESIEDHITH 5. BELTREOZLZ YD 5 < T 548, AL —7 DEE
(Fig.4b)i%~ A ¥ — D E & (Fig.4a)lZ N TAYZR AR 2 A1) 7. Z@IRAETIE~ A4
— OFRFEE R & IR (Fig.4c), A L — 7 OB A > 7 o (Fig4d)ICZH# L DD D
BOGHREITH. b L, MELREOZ N EF LB B O AT TTD 7 L—RAr— /L TK
RS A, BELSREE DS EINRAN)T 5 & E BRI NTZEBRIZ S T (R R RRSh b
(Fig.4de).
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Figure 3: lllustration of Pixel offset analysis (7§ F {1, 2001).
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2.2 Observed area and Method

AWFFETIZT Ny MEFRACEEICAIE T 208 27 v o LR LK 2 %512 2003
D 2011 4 2 H £ TIZ SO R TS &7 SAR 7 —# (Table 1)% Gamma fH73
B LY 7 b7 2 LE Y v LA 7%y MEIC X DN 21T - 72(Fig.5). 2007
£ 2 H IR T H L 22 B J6 A% (Japan Aerospace Exploration Agency: JAXA)7S 2006 4
fTH B 78 ALOS(ZZ W B)ICH# & 7= PALSAR DAL THLE D F — % % f# L 7=
(Table 2, 3). ALOS #TH EIFLLAT 2003 4725 2007 4% C MR X RN T2 H H% R
(European Space Agency: ESA) 78 2002 “EIZ#TH EIF7-f5E Envisat ([ ST\ 5
Advanced SAR (ASAR)DFE{THILIE DT — & % i [fl L 7= (Table 4). #ifZ1Z X % SAR H{&E D
T O 13X EEAZ 55 & 7 /L (Digital Elevation Model: DEM)iX SRTM4 DEM Zf# i L
2. B AF Ty MEFTOE 7 B OMEEITK 280mx280m (ALOS 60x90 pixel;
Envisat ,35x70 pixel), A7 v 7 #0134 50mx50m (ALOS 12x18 pixel; Envisat ,7x14 pixel)
IZRRE LT, BUS S 7= SAR 77— 2 Z BB HIE DR A& B CTEHT L (Table 2-4), range
offset (Fig.6) & azimuth offset (Fig.7) % % H L 7=.
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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)*
Polarization \AY 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 Master Date Slave Date Mode Span Perpendicular
No (yyyy/mm/dd) (yyyy/mm/dd) (days)®  baseline (m)®
al 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
ad 2008/04/27 2008/06/12 FBD-FBD 46 7080
ab 2008/06/12 2008/07/28 FBD-FBD 46 -3734
a6 2008/07/28 2008/12/13 FBD-FBS 138 1141
a’ 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
alo 2009/12/16 2010/01/31 FBS-FBS 46 -532
all 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 Master Date Slave Date Mode Span Perpendicular
No (yyyy/mm/dd) (yyyy/mm/dd) (days)? baseline (m)®
bl 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
b1l 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 Master Date Slave Date Span Baseline
No (yyyy/mm/dd) (yyyy/mm/dd) (days)®  Difference (m)®
cl 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
cd 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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2.3 Conversion from range-azimuth offset to surface velocity fields
v BN A Ty NTELILVDEAITHEEMAR T M7 b OEIT H NI > T2 AL Th
0, FEREOEFHRE & 125 (Fig.8). EBEOKIMOENZU = [U, U, U,]', #SEORAT
FmZze (AL LAV (ZIE), ~ A 7 a0 AR %5 L 95 &, Range offset (Roff) &
Azimuth offset (Aoff) IZTIROAX TR IND.
Roff cosfsind —sinfsind —cos6 €ran

(Aoff) - ( siné coséd 0 )U - ( )U )
€ran = [€0sOsing, —sinb, sind, — cos 0], e,,; = [sind, coss, 0]iL L > ¥ &7 U~ A FF D H
A7 ML ThD. b LEIRFICEZ: 2 5 8 L7eT — & 23 v/ 3 M
IKITD =R TN U 3RO DH Z kD, LL, —HmOT—F LIMEE LRV
BITIE U Z3RO DI & ORI B & 70 5 . KT BRER IS L AVEOKI I3 2
OEFRHZIE > THENT 5. £ D72 DIKINITR A ABL O & RIR 72 Ji T ~Jitir 5 & RE L
7-(Li et al., 2008). FH D AJELIL SRTM4A DEM , ¢ 7SR L7-. A7 kuVdokin s
I DICAROMERRZZ 72 E DT O ARt & 72 5. —J7, K OIREN DA X 135 5 R e
PN T 5. 207D, AH LA MV OEESICH LHRRIET 4 V2 — 28
BT ¢ V2 —% 6x6 pixel(i.e. 300mx300m) THEAIT L A L— > T T, A7
bV Z B RS A U 72 (Fig.9). JKIRT 28 F i A BT ¥ - Tt 2 AT &2 RE L
U = —Ugrad(¢) & THUFQ)=NL Y

€azi

(pott) =~ (emn) - grad(@pu @
d=GU (3)

L 72D DO THN M
U=(GTG)"'G"d (4)

FHEEEORZSUZEH L. 7Lt 7%y NP DEM O T —, HEL7 kL&
KITORE T B OR—E /2 Sz L0, B U= R EEE ISR BN EE
T 5. D72 0OU < 002 11 N AERE 22 LT D EIXFRI LT,

AY
l—-——-r’————
é
=
2.
2
ps

-----

Figure 8 : Illustration of direction of Range, Azimuth offset and Actual displacement.
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3. Results

SAR tB'7 AT & v Mgt &L KINIIRIMEFHI R > TR 2IEIC LY, a7 v
LR LR AT O FR IR E L A A L7z, PALSAR 7 — & Z il U 7= i ClI SRR (i
[FIERAE D HEELR ) PRI 255 < | S iRe ) D BELIREE Db D I nAFRIZHB N T
FHENERE 2 TR < W L7z (Fig. 10). BREN R <, BELREE OB LR LW E FOfET
TIE— U BIRIZ ) A ZDFEAE L, 26 < O TR 2 M R Do 7228, —EFooK
Rt OREEE 2 U7z (Fig. 11). £ 72, BUAIM S —FA2 B2 256 TH —5K o T
etk TR mEE A i L 7= (Fig. 12). Envisa/ASAR DfiffT#% % PALSAR DFER & D &
RIFEHEEORHRITR L, A A== L 0 B ATREZR TR E T D 2SR A 2 fR
HF % = & Ak (Fig13).

2 v RO IR KNI RER — O REEREIZ 00 bh b, ZAZNORKI D
RERHEENE, SRR ZE A b2~ 2 NI LTz, 7 —# ORISR T — 2 I L v
TS B 72 2 72 90 42 C OOKIAT % [RIBEEE TR D 2 L IT IR 72 5y o 72 3R B DR 43 Af
HRE EApo Tz, Figure 14 [FEREFHANOWE 2 v A IRICE T 2 EEOKITTh 5.
JKIT D4 FRiE National Snow and Ice Data Center (NSIDC)? World Glacier Inventory (WGI) & —5
Zhang et al. (1989) & Fl L, & FRABAOKIN I ZAbA A & BIRHE DK & a7 5% 5 2 E] Y 24
T N1, S1 EfEEANZA AT 72, ALRE O N3 <° Duofeng JKim] 72 & 130K AR 03 58 ee i | it e
L, &2 28\ C 60miyear, H 22 HEiEIIHE K L~100miyear O FHEE 2 L=, —J7, bRl
171 Yulong JKif[<CRE4:HA 7> Quanshui, Bingshuihe, S2 ZKii I ZEHEA BN+ 2 & DD, N3 72 &
IZHA D & DEITE < AZ=DTHIT 40miyear (27272703 72, 3 5 /KTl 150miyear % 5%
PN R DR Z MR L, TRENEE ONMESCTOE, KT AL ECHGELIREE D25 LWV
B S A7z, IO CIX RO RBI O5 A f i U7z, bRk o West Yulong JKifT<CRd
A Chongee, Zhongfeng JKiAl 72 &Gl Eyitisl 20-40miyear CiitEh L T2 2SHEERIZES
UWNCR IR E AR U, Ttk COR AL Smiyear (2372 727> 7. YRET IOk
KA DRSNS 15 27 2 )V RO LBV CRFERI 2T 21T - 7=

10
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3.1 Systematic Examination

LRI D Z AR 2 SR AT~ 2 2, BURIFEDHIZAFAE L72VE 7 2L IR FEOK
1] 36 AX([F)— ki D 3 & 3 E0) & P GUT LA T D IETHHR AT o 7o, e U 7o R B
& AT DRFEDN B

1) B3 & Tt £ Cilie I iiEh L TV 7= Continuous flow.

2)BLAII PN IZ 3 TR |23V 2% 17 (>150m/year) Z f HH L 72 Surging.

3) T iLIs i Bl O 15 & A H L 7= Stagnant flow.
D =D LTz, KO IR RGNS 7 a—F 4 2@ EFigle) L, 7a—7
A 2> T 10x10 pixel(i.e. 500mx500m) D 7% C 5 i % ) USRS 275 L L
7o, ZOEY I AEDIHZ LT S L <UTRERZEDS 30m 282 281Xk LTz, 7272
L REHE DK E VN Surging (2SN DKIIZOWTII T 7V 4 53D 1R
DIED I % A L=, 10 H 95 2 A D1 % 4 Z=5F. %) (Path515: al, a2, a7; path516: b3, b7,
b8, b9. Table 3-4), 5 A7/5 9 H D% H Z=Fj(Path515: a4, a5; path516: b2, b5, b6.
Table 3-4) & UFHIABO R 21T > 7o, FIKI O @ 5347 MR O Hi 00 2 12 3R 1k
JE LR Uik CHEM L, 7 —F A O E 2 HH U7z, OKIERELE D AT L E
FTAUMEF 2D SAR FREEER O LRI X 0 KRGE L 7z, HOELIREE ORRFER 2R 2B T4 T
(ZHUS 7 SAR FREE I 4 —AJRAEIC K0 g L7z,

3.2 Diversity of Surface Velocity Fields in the West Kunlun Shan
3.2.1 Continuous flow

P 7 2V RO KT D% < 1 B2 B R E TR I s L CuVh/2. Continuous
flow (213 AbBHA 13 A, BIRHA 12 ARKDFE 25 A23i%Y4 L7=. b4 o Duofeng 7k i % 5l
&3 %. Duofeng JKialiZffi F SAR 7 — & & C OBIIRICE £ 25 7= OBLIRIE A Z 0.
PALSAR 7 — % OIERFUFRMT 7> HIKI O Ttk CIEE Z, 5 H 225 9 A 2T THIREZR
FE T E OB K & B L 7= (Fig.15). Figure 16 (% Duofeng JKiF[IZ 35 1) 5 2% i (Fig.
16a), fFEYERE(Fig. 16b), &Z= -1 & H 7= (Fig. 16¢), f5m & Afd(Fig. 16d)D 4%~ =
T 7 ANER LTS DO TH %, Duofeng JKIFNZ I 1T % 4 Z= 1) 13~70+3m/lyear, A1)
1£~100£5m/year T - 7= (Fig.15¢). FEHEEIL 6 A5 7 I —2 720, 2008 4F 6
H 725 7 H(Table3. ab) 2 fix K~120+12miyear i L7z, 7o —J 4 v O REIX
28.0km, [t 6355m 725 Fift 4732m £ THFEHIFELTH 0, RHEDEEIL 3.3°TH
ST, ZORERITNF T Y —IZ K B SEATHFSE(Scherler et al., 2011) A TH H. F
Tt oI D & SARITIEIRIC T 2R SV, SAR T s D~
A 7 B R ITEERHOK & & D FEE BT 5 (Rignot et al., 2001). Y627k o P — 23Kl £
DR OB E 2218 5 DITKF L, SAR 1IK DK TlidZe < NEEE OB E 218 5 =
ENMRD 2%, K OMNDIRNHEIBICB W T OS2 2 ERHRZEEZ D
5. —J5, Duofeng KT & bb_ % & Lhigip - < O B3 20K & 74E L7z, ILARES
8 S2 K] Z 5] & 3 2 (Fig. 17). S2 K iE Egins & Kb £ CHGE A IREN L Tz, &
BT D REHEE O KiT~17+1mlyear Th o 7=, EZRIBITH T —F BRKE L T
LT DEHEMOFEIIARATHS. 7ua—F 4 L OLREIT 13.2km, L 6301m 726
it 5462m £ TOEHREIL 3.7°THh o 72, HEZIT - IO KNI DN TR EE
2N 40mlyear i 2 5 b DX Table 5, 40m/year A:Jii DK 1% Table 6 12 F & 7=,
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3.2.2 Surging

BUHHIRINIZIB W TEZ v CUAROAERE 3 A, FRME 1 AR DK CRE (T E
113 JE A L 7= (Fig.14). db&him o N2, West Kunlun 7k 3] (Fig.18-21) & Fe 43 i
Zhongfeng (branchl) (Fig.22-24) % B2 &1 % . N2 JKIIZ 33U TIEFR i E DR 72 0

B & 7= (Fig.18). 2004 4E(Z1%~40+25mlyear T & - 7= 3 [ B L LA NE L T
&, 2009 4 2 HZ1X~255+40m/year (25 L 7-(Fig.19a). 2009 4 2 H ARSI 3% s %
H9 % 2 EITHPR 22 Do 7o D3SKIRT AR s O FifdE 2 8L L 7. KR SR O FiftE L 2008 4 11
AE DR S, 2011 2 HETo 828 HT 916m (403m/year) D RijHENFEAE L T-
(Fig.21 left). AR5 AT IS VKT D FR T, R ORI #xIZ 3 W CTRELTRE O L 7=
(Fig.21 right).

West Kunlun K] 0> 3% ifi s FE 1 X BLEREE N Cld 72 < & DFEEE OB A48 0 K L 723 EJJD
LTV 7= (Fig.18, 20a). ZiiEE X 2004 4-D~170+80m/year 7> 5 i & HEINZ kv
L 201042 A I izﬂnmmwwrifﬁﬁMLtIW@JUM%iNziblﬁ%_w2w9¢
10 H 2> S H U 72 3K R B 23 A B 72 72 &0 BA e 72 ATt & X T = e o 72,
BOELBREE 13 N2 & AR ICHEIN L T U= (Fig.21 right).

FAAHE @ Zhonfeng (Branch1)id N2 <> West Kunlun K i & 1358\, 2 M3 E ORRAEN) 7e
WD & R A O RARE 2R 25 2 8L L 72 (Fig.22, 23). 2004 4F 230K 2R3 il fk
it 3 1 X ~1000+£350m/year % % i L 7= (Fig.23a). Z AL LARE, 3% i & |3 ~400+100m/year
(2005), ~140+50m/year (2006), ~50+15m/year (2007) & ~30+5m/year (2008) & 23K (230 L,
2008 A= LARE D F BRI T —TE & 72 o 72, 2007 4RI IXHE AR OB 281 U 7=, Fermi
JE 73 HA C RIS U, Rk o0 2 il FE 1 3R D T/ & < ~3xlmfyear ThH -7z,
TLARE 1 TR AR IB LT T2 (Fig.24). Surging (438 S 7=kl o fE 1% Table 7 12
F L.

3.2.3 Stagnant flow

7527 v IURCI 2007 A LA Zhongfeng JKiAT (branchl) & [RIERIZ Ttk O it Eh A3
S LT DK Zhic & FH L 7=, Zhongfeng ki) (branchl) Z &< & db&lE 1 A, B9
R 6 A% Y L7z, MA@ Chongee JKiff D354 (Fig.25), A5 10km LA R Tt
BOEMZRE Lz, XAFEB O 7 17 7 A V(Fig.25¢) TIid R h & 20km 1T D
~38+2mfyear % &' — 7 |2, 5-10km UL DR IL 1+1m/year, 0-5km AU DK FIZB T
Bt I E~3x1m/year &R L7z, K E I OME X 1 IFECHTH Y, I ORE L 2.5°T
& - 7=. Stagnant flow (25338 S U7 K OFE 1L Table 8 12 F & D 7-.
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number in Table 2, 3.

18



(a) Surface velocity (m/year) (b) Standard deviation (m/year)
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Figure 16 : Profiles of Duofeng glacier along flow line. (a) Temporal profile of surface velocity (m/year). (b) Standard deviation (m/year) of (a). (c) Blue line with error bar
depicts winter mean velocity and red line with error bar depicts summer mean velocity along flow lines. Error bars range is 1-c value. Winter mean is average of PALSAR
results from Oct. to Feb. (i.e. Pair number, al, a3, a7, a10, b3, b7, b8 and b9, in the table 2 and 3). Summer mean is average of PALSAR results from May to Sept. (i.e. Pair
number, a4, a5, b5 and b6, in the table 2 and 3). Blue and red x are original winter and summer velocity. (d) Black solid line is elevation (km) (y-axis on the left) and gray
solid line with crosses is gradient (degree) along flow line from terminus (y-axis on the right).
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Table 5: Continuous flow (>40m/year).

Glacier data (NSICD WGI)" Flow line data
- - winter summer
max min max  mean max min max  mean  gjope mean max mean max summer max
Glacier Name  Glacier Number elevation elevation length gradient elevation elevation length gradient (mlyear) (mlyear) (m/year)
(m) (m) (km)  (degree) (m) (m) (km)  (degree)
Kunlun CN5Y641G0055 6785 4882 23.6 4.6 6260 4845 22.2 3.7 North ~50+5 ~66+10 ~75+5 (lower)
(Eastern (June - July 2008)
Branch)
N3 CN5Y641G0038 6792 5054 19.0 5.2 6310 5172 17.3 3.7 North ~6515 ~70£10 ~100+15
(June - July 2008)
Duofeng CN5Y641G0023 6957 4590 31.0 4.4 6355 4732 28.0 3.3 North  ~70%7 (max) ~92+10 ~120+12
~65+2 (lower) (lower) (June - July 2008)
N4" - - - - - 6349 5310 137 45  North ~40+8 cannot cannot detect
detect
N5 CN5Y641F0098 6734 4810 20.0 55 6323 4946 171 4.5 North ~48+6 cannot cannot detect
detect
N6 CN5Y641F0085 6093 4940 26.1 2.5 6447 4935 24.1 3.6 North ~40+3 ~60+7 ~78+9
(June - July 2008)
Guozha CN5Z431B0014 6530 5390 131 5.0 6242 5373 124 3.9 South ~55+15 cannot cannot detect
detect
s7™ - - - - - 6350 5536 9.2 51  South ~40+7 cannot cannot detect
detect
S8 CN5Y636J0086 6667 5520 8.3 7.9 6346 5526 7.6 6.6 South ~45+10 cannot cannot detect
detect

+1. NSIDC World Glacier Inventory (http://nsidc.org/data/glacier_inventory)

+2. No data was available from WGI.
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Table 6: Continuous flow (<40m/year)

Glacier data (NSICD WGI™) Flow line data
max min max mean max min max mean winter summer mean summer max
Glacier Name Glacier Number elevation elevation length gradient elevation elevation length gradient Slope Tﬁf};erzra)x (mr;];ér) (m/year)
(m) (m) (km)  (degree) (m) (m) (km)  (degree)
N1 CN5Y641H0088 6309 5350 6.5 8.4 5920 5391 5.2 5.9 North ~10+1 cannot detect cannot detect
West Kunlun  CN5Y641H0074 6522 5120 18.5 4.3 6025 5312 12.2 3.4 North ~2045 cannot detect cannot detect
(Western
Branch)
Kunlun CN5Y641G0055 6785 4882 23.6 4.6 6210 4845 23.0 35 North ~15+3 cannot detect cannot detect
(Western (upper) (upper) (upper)
Branch) ~5+2 ~20+7 (lower)  ~30£10 (lower)
(lower)
Yulong CN5Y641F0063 6778 5140 30.9 3.0 6459 5072 29.6 2.6 North ~16+2 cannot detect cannot detect
(upper) (upper) (upper)
~7+2 ~15+10 ~30x£15 (lower)
(lower) (lower)
N8 CN5Y641F0049 6362 5480 13.1 3.9 6171 5479 12.2 3.2 North ~13+1 cannot detect cannot detect
Alakesayi™>  CN5Y641F0046 6786 5280 18.5 4.7 6129 5374 14.0 3.3 North ~30+5 cannot detect cannot detect
N9 CN5Y641F0023 6597 5230 14.5 5.4 6271 5336 13.3 41 North ~36+3 cannot detect cannot detect
S1 CN5Z433B0033 6343 5440 8.3 6.2 6033 5473 6.6 4.8 South ~12+4 cannot detect cannot detect
Quanshui CN52433B0047 6386 5470 10.8 4.8 6060 5469 8.6 3.9 South ~17+2 cannot detect cannot detect
Bingshuihe  CN5Z433C0005 6546 5450 16.2 3.9 6062 5603 4.7 5.1 South ~10+2 cannot detect cannot detect
Litian CN5Z433D0004 6433 5400 10.0 5.9 6155 5381 9.0 49 South ~28+5 cannot detect cannot detect
S2 CN52431C0008 6810 5460 16.2 4.8 6301 5462 13.2 3.7 South ~17+1 cannot detect cannot detect
S3 CN5Z431C0012 6489 5590 6.8 7.5 6109 5605 6.1 4.7 South ~11+2 cannot detect cannot detect
S4 CN5Z431C0016 - - - - 6198 5452 8.3 5.1 South ~2648 cannot detect cannot detect
s5™ - - - - - 6138 5542 11.1 31  South  ~18+3 cannot detect cannot detect
s6™ - - - - - 6184 5563 5.3 6.7  South  ~38+14 cannot detect cannot detect

11. NSIDC World Glacier Inventory (http://nsidc.org/data/glacier inventory)

12. Zhang W. et al. (1989)
13. No data was available from WGI.
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Figure 18 : Surface velocity map at the N2 and West Kunlun glacier for the 17 pairs from Nov. 2003 to Feb 2011.
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Flgure 21 (Ieft) GIaC|er termlnus and (rlght) RGB composed i |mage at N2 and West Kunlun gIaC|er from Feb 2007 to Feb 2011
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Figure 22 : Surface velocity map at the Zhongfeng glacier for the 17 pairs from Nov. 2003 to Feb 2011.
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Figure 23 : Profiles of Zhongfeng glacier (branchl) along flow line. Symbols are the same as in Figure 16. Note changes in the scaling of color bar and y-axis of (c) from
Figure 16.
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Table 7: Surging in West Kunlun Shan.

Glacier data (NSICD WGI)! Flow line data
max min max mean max min max mean  Slope Velocity field type Maximum velocity shift Terminus Change
Glacier Name Glacier Number elevation elevation length  gradient elevation elevation length  gradient
(m) (m) (km)  (degree) (m) (m) (km)  (degree)
West Kunlun CN5Y641H0074 6522 5120 18.5 4.3 6060 5237 14.0 3.4 North Surging accelerated probably advance
N2 CN5Y641H0067 6440 5277 15.1 4.4 6223 5319 13.2 3.8 North Surging accelerated advance
N7T3 CN5Y641F0073 - - - 6398 4747 159 6.1 North Surging none advance
Zhongfeng CN52433D0008 7167 5400 23.4 4.3 6262 5353 17.0 3.0 South  Surging — Stagnant decelerated none
(Branch 1)
+1. NSIDC world glacier inventory (http://nsidc.org/data/glacier_inventory). 12. Zhang W. et al. (1989). 13. No data was available from WGI.
Table 8: Stagnant flow in West Kunlun Shan.
Glacier data (NSICD WGI™") Flow line data winter mean max summer mean max summer max
(m/year) (m/year) (m/year)
max min max mean max min max mean Slope
Name Number elevation elevation length gradient elevation elevation length gradient lower part ~ upper part  lower part  upper part lower part upper part
(m) (m) (km)  (degree) (m) (m) (km)  (degree)
West Yulong CN5Y641G0068 6532 5140 21.9 3.6 6155 5151 204 2.8 North ~2+1 ~18+2 ~1045 cannot ~1045 cannot
detect detect
Douta CN52433C0020 6498 5440 15.6 3.9 6170 5486 13.3 2.9 South ~1+1 ~12+2 ~10+8 cannot cannot cannot
~11+6° cannot detect detect detect
detect?
Gongxing CN5Z2433C0027 6721 5360 20.5 3.8 6261 5339 17.3 3.0 South ~1+1 ~18+2 ~5+4 cannot ~2+1 cannot
detect detect
Zhongfeng CN52433D0008 7167 5400 23.4 4.3 6294 5353 17.0 3.1 South ~2+1 ~20+2 ~4+3 cannot ~4+3 cannot
(Branch 2) detect detect
Zhongfeng CN52433D0008 7167 5400 23.4 4.3 6453 5353 16.3 3.8 South ~2+1 ~33+2 ~4+3 cannot ~4+3 cannot
(Branch 3) detect detect
Zhongfeng CN52433D0008 7167 5400 23.4 4.3 6250 5353 20.5 25 South ~2+1 ~42+4 ~5+3 ~41+10 ~6+3 ~41+10
(Branch 4)
Chongce CN52431C0001 6903 5320 28.7 3.2 6421 5330 25.7 25 South ~1+1 ~38+2 ~2+1 cannot ~1+1 cannot
~3+1P ~5:+2P detect ~6:+3P detect

11. NSIDC world glacier inventory (http://nsidc.org/data/glacier_inventory), 2. Zhang W. et al. (1989), 3. No data was available from WGI.

a. At glacier terminus, b. At ice tongue
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4 Discussion
4.1 Seasonal variation in West Kunlun Shan

Vg2 v Uk CiE Duofeng JKiif 2 & de 4 AROK CHAM /2 RHIAB 2 M L7z
(Table 5). JK{H D PEEhHE A ZERNCZEN T HIRA & U TRl K DEEN T 5.
R 7K O 2P 7R AR E I OKE % B S, BEE O T e S X 0 K vE
DEBEMEES. 7V —2 T 2 RTHEEMEK OB 5 Frshek B o Z=JinY 72 2 8 38
H I TV 5 (Rignot et aI., 2006; Bartholomew et al., 2010; Schoof, 2010; Sundal et al, 2011).
Figure 26 [XBLHIRIICIIT B0E 7 AV URED OREKE EXIBOT—% THDH. 16
7 v LIRS T R B T DS L 7o\ T2 oD, B /K il 80 e RN 8L 747 42 (Tropical
Rainfall Measuring Mission: TRMM)® A -7 — % (3B23 ver6) (Huffman et al., 2007)
ZIURED 4X9 D277V v R(N34.625 - 35.625, E80.125 - 82.125) C ML LIEA L7=. X
13 NCEP/NCAR Reanalysis-1 #ffi fl L7z, 16527 >V > IUIRD GG, 2K BRI
HINT 2 R X KURSCRE K EN T 2R & —ET 57280, 77U —> T N LRI
BRI D3OKIT DOFRENC B % - 2 T\ b B 2 5. Duofeng KTl 5 H2vH 9 A
(ZRHEHE OB E S, FRC 6 A D 7 HIZT TR e — 27 Lo 7=, ¥
L7=REEEZZ D%, B L 10 A0S 2 BIZR/NE o7, 2T Bk o B 2
O HHFHZ X0 @R 38, [IRAE—2 L7225 6 AND 7 AT EEK OFEAD B
KE72D ., BRI LARA ) A—TF 00kl & A ORI BT 5 2 & TKIAT
JE I D/KIED L5, KO S ENT 25 2 & CREEE DN 5. BFKEER
JEIT 10 A DIRRIZBBITIR T L, AU KNSR AT 2 gk B35 2 & T
HEEMETT5EB 265,
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Figure 26 : (a) Proxy precipitation data derived from the TRMM observations. (b) Proxy
temperature data around the WKS derived from the NCEP/NCAR reanalysis data.

4.2 Glacier surge in West Kunlun Shan

V527 v A RTHRR U 7 2 sl BE O NNES0I0R, AR5 0D i <o B L IR EE 0O FEANSo)8
D 7e EOFRHBIIOKIT Y — 2 LRI D BLG & — BT 5. K Y — 2 (Glacier Surge)ld
M@ OBREN SBAEORE THE L, 7 LN ZADTBARCRFIZE km (2 D K]
K DORTENBET HHR TH 5. AT ORI HIE DR E O I TOREN 2 E T
IZHRE &N TV (Fig. 27). Scherler et al. (2011) 1E75 7 > /L > [LUARD KR IC I 1T 5
R L AR 2R A B Ll BT F AR L 7oK — O RR TR W EFER L TV o 28
KA — O DA 2 [EHEHR 2 T e 13 E L7220, R oKD 5 b 7e &
1% T E VK — U R HA LTz LB X HL T % (Jiskoot et al., 2000). JKifH— 1%
B HREE IR AE L, b — RO 1350 A 2 S O R B (active period) & %%
+4E D FREE (quiescence period) 723 D IR 4L 5H. FEAERA T = X WF AV E TITIRIA < 3#
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W SN T E AR AR I H T 220, Murray et al. (2003) 11— ORI R0
@@F@%@ﬂ69&<&% DDRIRD AT = ALPFET D LB L TN D,

N2 <> West Kunlun T U 7= 22 i B2 O NNk, JKIRT A O RidE-CHELIREE O N30oK
Y —TNRAE LA EE 2 BID. K OB CHEGELEREE S BEZE I ZHIN L 7= D1, K
DEABIRFRE & REE L DEEBIC LY 7 LRRANERK, RO T 7 R AN LT=2% & B
bivd. —J7, Zhongfeng (branchl)iFok{[ ¥ — T OB ER 272 LB 2 B D, IEEHD
DEFEINC AT 2 2 & TREmEENHD, WS ie 7 VAZDRAL 5 Z & TRUELIR
EWAD L= &% 2 b5, 7= Zhongfeng (branchl) Kiif 1Z 4 — 2 DO EI%, TRENIAME
3% Stagnant flow |2 434 2328 L L7z, Z i Stagnant flow 23K H— D B%fﬂ;ﬁ

DWESATHDHZ EEr LTS, I EMoOBLIAZTT 213, Stagnant flow (2535 L
TN BN TR — U 384T 5 Al et & 5 2%, W2 v LIRSS 1T 2 oK
— ¥ OFFEH OFHEHIRIE A Ch 2. IFEH ORI R sl E OB A BRI 5
Vg7 v RO K Y — 271 Svalbard (2 4TV M (Murray et al., 2003). Svalbard ’_1?1_10)*%
RIIBTFEOMBITH L7720, 17 LV LRI T 2K — Y OREZH 5T
T2 7o O LRI EE OB 23 22 & b 5.

—— ” Russian High Arctic
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Flgure 27 : Spatial distribution of surge-type glacier (Jiskoot, 1999). 11 are possible surge. Map
data from NOAA ETOP1 (http://www.ngdc.noaa.gov/mgg/global/global.html).
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5. Summary & Conclusion

BB A L — =G LT —Z O b AL Ty F @R 27 b RIS
BT B ILHEKIAT O Y & ek, Z2fIZ2 b &2 et Lz, Bl R ol 7 vy
IR (LTI D ZARVEDS ] & 272 5 72, 27 LV UIRICAFAE T 2 ki D 5 B AR
17 R, FAAHE 19 KD 36 RO KM DWW THAEZ 1T - 7-. REHEE DR S ik
26 Tt E CiEe I Eh L C V7= Continuous flow, LA N IZ W CHAE (T3 3R
R 2 L7z Surging, Tl CURBh O 4 fi i L 72 Stagnant flow @ 3 -D1243%H
L7z, FEKI] 36 AN 25 A% Continuous flow (24548 & 41, Duofeng kil z & e 4 A
DK TR Z=E 258 A K HH L 7=, Duofeng JKiif DIEE, AZ=EH)(10 Hinb 2 H) & ke
RDHEHZFEE)GB AN 9 H)T~130%, EFEHKO6 A5 7 H)T-170% D HEN % f
L7o. 2HH OfERITIEF ' o —I1C X 55 T %E(Scherler et al. 2011) L #E5HI T -
7o, %A 7 e ITHECHKE H OREZRT 570, FE o —IC K HRRE A
%L SAR IERMEDTIRIZZ LWEIRIZ IS T DR HIREEE DS @5 o 7o, KRR s 3 28
RN 2 R XK B CRIR N I3 2 R & — B L TV A 72, KT i
AT 2 i K OB KT 0 IS8 % 5 2 TV 5 ATREME S &\, Surging (25758
L7c 4 ROKMIKI Y —T 2 L7 & &2 b b, RO N2 X West Kunlun ok
23 1T D 2R E E O, KA O RTES SAR BUELEEEE 13K — 2 D384 % 8l
MUL=AEEZ NS, —J7, RO Zhongfeng kil (branchl) T 1335 [ id & D FAE)
PRI SCHE LR FE D 2 U7z, S AU & S i3k — U o B A Bl L
7= &&E 2 b5, £7- Zhongfeng Zkil (branchl) i 2007 4ELAKE D & EIE D 4347 73 Stagnant
flow |2 281k L 7=, = OfEF 13 Stagnant flow 23K — L OF IO HES i TH 5 Z &
R LTW5, X EBMOBINEZ1T 21X, Stagnant flow (253748 L 72 K 12380 Tk 4
— URAET DR & D . IHEN O i B oK R i EE DO AL DR HVE 2
2V UAROIKIATH— 21 Svalbard BUZ VT <, BRI HEOHBAH D L EZ B
5. D%, 157 NV UIRICE T 2K — Y ORFEA LT 5 BIIXFRRED
B LB & B s, 2B R B H 7 2L U LIRD ILHEIKIT D ZARMEE
HEOBFEKRPLKIRD EFHIZMZ K —UBNZEO—KTHD EEX LD,
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