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996 9288 32.419 -0.951 0.239
1008 9288 28.629 -0.593 0.226
1020 9288 17.331 -0.473 0.459
1032 9288 18.201 -0.41 0.408
1044 9288 20.962 -0.262 0.302
A 1056 9288 25.032 -0.108 0.304
1068 9288 35.473 -0.062 0.3
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ORI i 2 09 SF- 35 48 ) , B 4% A . BR Mt | Kazhenpu

A IR E e KA, B R B — E FERE I, 7 2400m
A 3k ARG, IR P N e 2 e KB 18m + 2™, A

Khumbu F1 West Barun 2 3K JI, & ¥K )1 5 %0 1
16.7 % ; HFFE 10km® ~30km® S VK)INAE 7 4,

R3 0EKINERER
Y ] e N2 A IES Y 7. VA B e
gg o 2455 it AT fm;‘) ({f) fmﬁ”ﬁ) Qfmﬁ)’ﬁ

1 Jiuda it G086798E28111N 15.90 6.93 3 5657
2 i Am 1t GO86866E28050N 73.16 20.28 14 5612
3 IRY A Jt G086939E28060N 26.71 9.93 19 6022
4 Kadazhanggeli 7K G086990E28103N 6.80 4.69 6 6325
5 Kada 7K G087011E28048N 19.16 3.49 8 5811
6 R 7R G087019E27998N 64.34  16.41 25 5279
7 Lamalangzhuo 7R GO87115E27962N 9.81 3.33 17 4650
8 Kazhenpu 7R G087152E27929N 46. 65 8.31 38 4175
9  Labeilang 7 GO87158E27862N 28.25 4.23 14 4503
10 Barun K GO87062E27902N 51.52  14.28 11 5406
11 West Barun KR G087024E27818N 37.74 6.57 19 4644
12 Hungu and Merala iyl G086900E27843N 22.98 7.53 5 5327
13 East Hungu 7R G086997E27808N 8.86 5.59 12 5520
14 Mera i) G086908E27798N 4.87 5.82 12 5376
15  West Chamang K G086967E27761N 4.44 3.06 4 5032
16 Khumbu ] G086820E27978N 45.03 9.98 14 5120
17 Lobuje i3] GO086800E27959N 1.72 3.16 9 5303
18  Taweche ViRE G086767E27887N 0.81 1.78 18 5033
19  Imja i3] G086949E27913N 19.47 5.33 6 5048
20  Lhotse [} G086917E27925N 8.52 7.22 8 5061
21 West Lhotse fiife 7} GO86889E27929N 2.43 4.33 8 5207
22 Nuptse TiRg G086862E27938N 5.49 5.34 10 5232
23 Amadabalam fiife 7} G086857E27879N 1.96 2.61 12 4925
24 Ombigaichain TiRg G086897E27886N 4.47 3.82 6 5239
25 Selta [l G086837E27873N 0.70 2.19 20 4847
26  Tingbo fiif7] GO86834E27848N 0.21 0.74 9 4802
27 Nareyargaip [ GO86876E27844N 5.03 3.03 13 5341
28 Nare TiR G086849E27825N 5.04 4.72 20 4986
29 Inkhu PiRg G086853E27780N 19.50 6.78 22 5002
30 Kyashar TiRE G086799E27776N 4.12 4.75 23 4661

— 265 —



FEORIEI 2018 4F3 A 528 & 55 3 1Y

A3 ZUK)NAEFEFE R T E ST 14m - a™' £
%r Labeilang 4R 4545 Fl Inkhu 250K )1], 5 10% ; T
FUNTF 10km® YUK)IA 17 £, b 5 250k
RFBHETF 14m - a™' ALK ILEE916.7% o
ERNGAPNCY LIV SN S Ea=

VKN 5 k) AL (K] 8) 45— B TE MG K
25, B TR A R K TR A/ 3 T
N BRI KR BLRIX, BLR X B
R 9 oK 138 88 78 2L 1 ok 1L D 2, ok 1] 3k 4
RS I HAE A A5 F AR 1R A 4% B0 R, K i AR vk
I HC/NTET AR K 1L BE S 0K 1132 30 5 B K e 5 47 4%
s AR 2 Sl EE e, BRI K i GRS , S A
A AR R B 8 A vk 1] BRI vk 1], Kazhenpu 7K 1|
Al Khumbu 7K )11, 334 i 3443 5] 0, 14m « a™' [ 25m
ca”' 38m - a fl 14m - a”!  EATA AR
LT R BRI, A T 8 RN, vk 1 e A
Ko BEBEAELE g R b B B R BOR R 9 L
SRAUFR UK T 55, AUk B2 /N ok 1 3 2
JFEEER, AR 1L 22 BRI vk = e 5 S5 vk K
3%, HAHR AR 2y 3 75, Ke 2517 [RIF 57 45 3
AR VK A 5 v TR B I E A G R o

. ¥=0.9616x+ 5.2078
e R2=0.1317

20 3‘0 40
P FIE (m-a)

B8 KIRESERZENXER
4

FIH ALOS PALSAR %4, 75 DEM % Bh&dE 19
SCRF R, BT RAEBRER 7 v, e 43 31 2009 4R 4 %
o EHPHE L PP B ok N = 2 i3 oI 1 e R
268m « a”' TRV UK B B vk A i
WECK, HeangliAis vk )11 B e vk )1 Kazhenpu oK1 Al
Khumbu pKJ11 55 23 (B S R A, PS8 0K )1

— 266 —

AT W 22 59, AR oK) [ A K, A g A DY g
Wk =z, ALK N Rt e/ o B T AR RS, k)1
FEARALFEE DR SR B, KT 32 B 5 RH
BN, T AR o R T IR R UK B Y 7K
DU V7 T g e 14 28 AR T i/, 68 T AR A/ N Lok
BRI, it B s A A PR AR e e sh A2 A,
SN, 3B R 5 R R A A TR BB k)1 A
Sk A IEA SCSE AR, i BUR B vk A K 1 FR
FIRR R IX, X ok 1A 58 e B AR A T A5 T AR Y
DRITACEARL R, T AR/ N oK /)

XHFRFERE A, 1T LS AR Z 81 /Y
SRART D, HE2E 70~ 0 8 Ty vk N 9 161 B g™
2o FENET XT3 S L Bk R A S8 AT
FERD BT L TT ik T AR i DX el H A i DX ok 1]
TR RS AR B o (R A Sl T BBl A A2 A
AL RIS 5) ERY o) RE 22, §—2 %
JE12 I 2 U R E AT I TP ) AN [l 3245
LG L DX 3K it s A e B S PR 2 8 204

S 30K

[ 1] Sl soHEX, o8k, 5. ko B & KA A1
FIE : PRI H s gt 58 LT ], vk ek 4, 2000,
22(2) :106-112

[ 2] FoKR, sz i, SR vk 43 A B HK B 8
B[], vk)ilgR+t, 2003, 25(5) :498-503

[ 3] WM, BT, K. 19712007 457580 R AR
RASAAFOE ST L) ] UKk A, 2010, 32(6) 1111~
1120

[ 4] Han H, Lee H. Tide-corrected flow velocity and mass
balance of Campbell Glacier Tongue, East Antarctica,
derived from interferometric SAR[J]. Remote Sensing of
Environment, 2015, 160.180-192

[ 5] Liu L, Millar C I, Westfall R D, et al. Surface motion of
active rock glaciers in the Sierra Nevada, California,
USA'; inventory and a case study using INSAR[J]. Cryo-
sphere, 2013, 7(1) :1109-1119

[ 6] Kumar V, Venkataramana G, Hggda K A. Glacier sur-
face velocity estimation using SAR interferometry tech-

nique applying ascending and descending passes in Hima-



T A BT R ER B 5 7R A9 5 SR 1 26 2 oK) A R A B

[ 7]

[ 8]

[ 9]

[10]

[11]

[12]

[13]

[14]

[15]

layas[ J]. International Journal of Applied Earth Observa-
tion & Geoinformation, 2011, 13(4) .545-551

Goldstein R M, Engelhardt H, Kamb B, et al. Satellite
radar interferometry for monitoring ice sheet motion: ap-
plication to an Antarctic ice stream[ J]. Science, 1993,
262(5139) .1525

Gourmelen N, Kim S W, Shepherd A, et al. Ice velocity
determined using conventional and multiple-aperture In-
SAR[J]. Earth & Planetary Science Letters, 2011, 307
(1) :156-160

Palmer S J, Shepherd A, Sundal A, et al. InSAR obser-
vations of ice elevation and velocity fluctuations at the
Flade Isblink ice cap, eastern North Greenland[ ] ]. Jour-
nal of Geophysical Research Atmospheres, 2010, 115
(F4).701-719

Li S, Benson C, Gens R, et al. Motion patterns of
Nabesna glacier ( Alaska) revealed by interferometric
SAR techniques [ J]. Remote Sensing of Environment,
2008, 112(9) :3628-3638

Strozzi T, Kouraev A, Wiesmann A, et al. Estimation of
Arctic glacier motion with satellite L-band SAR data[ J].
Remote Sensing of Environment, 2008, 112(3) :636-645
Wychen W V, Burgess D O, Gray L, et al. Glacier ve-
locities and dynamic ice discharge from the Queen Eliza-
beth Islands, Nunavut, Canada[ J]. Geophysical Research
Letters, 2014, 41(2) :484-490

Yasuda T, Furuya M. Short-term glacier velocity changes
at West Kunlun Shan, Northwest Tibet, detected by Syn-
thetic aperture radar data[ J]. Remote Sensing of Environ-
ment, 2013, 128(128) :87-106

Muto M, Furuya M. Surface velocities and ice-front posi-
tions of eight major glaciers in the Southern Patagonian
Ice Field, South America, from 2002 to 2011[J]. Re-
mote Sensing of Environment, 2013, 139(12) :50-59
Quincey D J, Braun M, Glasser N F, et al. Karakoram
glacier surge dynamics[ J]. Geophysical Research Letters,

2011, 38(18) :113-120

[16]

i, 2B, TERIR, 5. SAR fmfs i BREEH ARG T
RN B Yok a3 [T]. Husk iy 2= 4,
2013, 56(4) :1226-1236

Giles A B, Massom R A, Warner R C. A method for sub-
pixel scale feature-tracking using radarsat images applied
to the Mertz Glacier Tongue, East Antarctical J]. Remote
Sensing of Environment, 2009, 113(8) :1691-1699
Samsonov S. Topographic correction for ALOS PALSAR
interferometry[ J . IEEE Transactions on Geoscience &
Remote Sensing, 2010, 48(7) :3020-3027

FRIE, 2/, RS, 55. Mtls P R IX vk iz 5h
MUHE DINSAR 22 JWF 58 [J]. B} 4¢3 4ie, 2006, S1
(17) :2060-2067

XIBPER , WheA, SWOTEK, %, BT A Rk H Y
HEIBRARLT] . Hi¥E2=4, 2015, 70(1) :3-16
Dehecq A, Gourmelen N, Trouve E. Deriving large-scale
glacier velocities from a complete satellite archive: appli-
cation to the Pamir-Karakoram-Himalaya [ J]. Remote
Sensing of Environment, 2015, 162 .:55-66

SRR, RAEAE, XN, B DA X 1951-2010
RS S T]. AR AT, 2012,
8(2):110-118

Shrestha A B, Aryal R. Climate change in Nepal and its
impact on Himalayan glaciers[ J]. Regional Environmen-
tal Change, 2011, 11(1) :65-77

BONAE, PMETT. T E KRG B UK )1 B Bl 1 B 2L R
(1], v+, 1982, 4(2) :3545

ERR, XK, H5eun, 55, BT SAR AW 5 DAL
A L AR 3 0l IX 9K )11 5 3 B R I e L 2 il R
ZAMLI]. W)Ig A, 2015, 37(3) :570-579
PN, XINAR, JHUAR, 5. BT 5 AR EBRHOR
K DEM [R5k R vk N 3l 3R AR 20 BT LI ] vk
+, 2014, 36(2) :286-295

Ke C Q, Kou C, Ludwig R, et al. Glacier velocity meas-
urements in the eastern Yigong Zangbo basin, Tibet, Chi-
na[ J]. Journal of Glaciology, 2013, 59 (218) ;1060-
1068(9)

— 267 —



FEORIEI 2018 4F3 A 528 & 55 3 1Y

Estimation of the Himalayas’ winter glacier velocity

based on feature tracking

Wang Shizhe, Ke Changqing
(School of Geographic and Oceanographic Sciences, Nanjing University, NanJing 210023 )
Abstract

The three-dimensional velocity of 30 glaciers in the middle section of the Himalayas mountain is estimated by
using feature tracking method basing on the section’ s four scenes of winter advanced land observation satellite
(ALOS) and phased array-type L-band synthetic aperture radar ( PALSAR) data of 2009 and the DEM. The re-
sults show that the glacier velocity ranges from 0 to 268m + a~'. The glaciers with large area and long tongue have
the large velocity, such as the Rongbuk, Kangxiong, Kazhenpu and Khumbu and so on. As far as the spatial range
is concerned, the glacier velocity in the north aspect is obviously lower than that in others aspects. This is only be-
cause of the impact of warm air blowing from Indian Ocean: glaciers of the three aspects have more glacial supply,
while the north aspect has a dry continental climate with little glacial supply and slow velocity. Besides, straight
glaciers have small friction resistance, which causes larger velocity, such as Kangxiong, Kazhenpu and West Ba-
run. Secondly, the velocity of the glaciers with large areas and long tongues decreases with altitude decreasing,and
if glaciers have small areas and short tongues, the velocity may fluctuate along altitude, so the changing of the glac-
ier velocity is mainly due to slope. There is a positive correlation between the glacier velocity and the glacier area,
that is, the larger the area, the greater the velocity, and the smaller the area, the smaller the velocity. The glacier
velocity estimation based on feature tracking can overcome the decorrelation caused by the data long baseline of time
of differential interferometry, so it is an effective method to estimate glacier velocity. These results provide a sup-
plement for the winter glacier velocity of the Himalayas, and can be used as a reference for further study.

Key words: advanced land observation satellite ( ALOS) phased array-type L-band synthetic aperture radar

(PALSAR) , feature tracking, glacier velocity, distributive characteristics, the Himalayas
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