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Abstract

GF-3 is the first civil C-band SAR satellite in China with multiple observation modes, which has
shown a potential in detecting small surface displacements. In order to verify the reliability of
GF-3 in extracting large-scale ground displacement such as glacier flow, this paper investigated
the surface velocity of Zemu Glacier, Himalayan, with five strip-mode GF-3 images acquired in
2018 using Pixel Offset Tracking (POT) technique. The results show that the maximum flow veloc-
ity is about 1 m/d in the snow basin of Zemu Glacier, while the maximum velocity in the ablation
area is about 30 cm/d. The flow velocity gradually slows down from the top to the end of the ice
tongue. By correlating the flow velocities with the climatic and topographic data, it is suggested
that the changes in external temperature primarily control the flow speed of Zemu Glacier, al-
though the topography may also influence the velocities in some areas. As a validation, we also
used five Sentinel-1A images, acquired near to acquisition time of GF-3 images, to estimate the ve-
locity of Zemu Glacier. The standard deviation of velocity difference between the measurements
from GF-3 and Sentinle-1A is about #1.58 cm/d, indicating that GF-3 images could be an important
data source in glacier motion retrieval.
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1. 5|

R A RRARA RN, TR EERUK AR AN 2545, UK )1 AR AL INRI[1] . AR T3 Bk AR K
N R AT X R 3K 1 32 23 R E U, R R TG Rt (2] BAE s Ry
RO FE S =M RERRFARAIER LANK) I R B SO X, RV, s, B, BEER
55 10 2 20 WM RV Sk, [RITAEAR N “ SRS [3]. el I 28 — IR ER R 2 5 SR Te4s
REIR[4] [5], PR A% O S = X R e ERAR R A s FU X, W ST R B BB DOk
ZHX AR 10 ETHR A 0.3C~0.4°C, THRIES & [ A sk LA IX PR 2 £, “IMHKES” IEAE
22 3R A ARAT O PRIE R B AT 57T 7 el e S R PSR S A AR 1L X 5 DK | O S B PROER AR A
KUKV A S 12 1 h T R SR SR 0 R VKBS, Sk e A5 ok W RRK U, 6 e XN B3 A i T
PR A R G R E IR R 21T [6].

PN TEAR VKN E AL, KNS SRR A S UK N . P ATIRDL . KT 26 A AR AR
WHEEEHEYIRFR . Bk, FxhoK)1is 38 B A HEAT B BE W 9 0K ) 1138 SRS BT FURITE L2 KUK PR (4
UK ERBHAN KBS o) 3 BB B[ 7] 321 T om LR AR S T2 1, k)38 Bl B AR e
I T B (i GNSS M E AL I E) AT, TR KR Z2REZ. @R, RN
PLFs, 2B ATUK AU B ZRERF B ROREHRIERAE, R RSSO MK 1Bash ol 3258
H e A AN A IR PR IR [8]-[13] . HA, HHFAMELMXE W = F WS E, Tl m Tl
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(R Hetle M LRI, O Dl i AR B vk N1 s 3l s ok 1 M. & AL 42 B ik (Synthetic Aperture
Radar, SAR) B4 & — P EZNEIRE AR, HAAZ AWM, 42K R SRR R L, IR TR
UK N 3z 20 W I ) 32 BT B [14] [15]. AR R E U5 (— M 1 8 BAN) I SAR SR 5%, R P
L2 T R (Differential Interferometric Synthetic Aperture Radar, DINSAR) [16]F1 £ fL& T EH AR
(Multiple Aperture Interferometric, MAI)J& T SAR AHA {5 B HUK )1 R AL 71/ J5 B 1112 80 CAEEC N K
RIS HL7]. {H2, T SAR Ul & 5 SZ ARG I AR50 1 oA Folll & R R EERL RS, HiK
LR 7 FE T SAR B B2 15 K B % R W A2 18 B35 A (Pixel Offset Tracking, POT) &0k ) 1| 22 1 iz B3 &
[18].

H wir E br_E T 05K ) 12 30 SAR T2 3 24 ALOS-1/2. Sentinel-1A/B. TerraSAR-X . RadarSAT-2
S5[19] [20] [21]. 7> =5 (GF-3) PR ZIRE A I H Bl C B E M m AR AR AFETLE, Af
FAPEERE. RBEIRTE . RATREE R 2 UGS R TAEMIRR fi[22]. 5 ALOS-1/2. TerraSAR-X.
RadarSAT-2 45k P, GF-3 s BA =N LRI 5% 2% Sentinel-IA/BSAR %ia A LL,
GF-3 FEdE X AT w0 # R . Bl GF-3 5% CL7E R AR WA I Thi e B b — 52 A B 78 )
[23]-[30], SRTILER RBEAL A% i Wivk ) s 4 BT R R A0 [31] 0 A S B By e Lk 9 3 55 Ve
X e R B L K ) ——#IBOK IABE RN B, 1 IRFE T GF-3 SAR SREEFZAZ R A POT BRI 1% 0K
JHZEN RS EEEE, H@id 55T Sentinel-1A SAR S 3R BURIZ K )| KIS Shimat b, eAE FiFAl
T GF-3 SAR il i H Tk )13z sh A & el 477k

2. MIRXEERRS SAR ¥iiRE

AR )11 (Zemu Glacier) Az T 5 Sy R LL bk o = s th 7758 = i T o SR 0 AR 3, BN FE B8 T4k
5V X e KUK, R sa B UK o AR [ B L Hh 25 & kR RO 2014 4 R AT IIOK) 1 9% H H 3%
PP HIFALZ) 77.27 km?, 22 3113 m, DIRECIRISUKIBON RS, UK)IE ZAK6E Z vk E i sh,
WREWT Sz, UKERARVGER . LT R AR, VK& R E A ZA/NLIKE, 1Z0K)1 K2
2 B4 I (Tessta River) 1) B /KN , FOZ B)RFET 4ERF 5 0 S5 del A= 25 i) AR A T AR i ok B
A H B Y [32] [33]. AARUK) B ERAL B A4 1 o, Hor A SR8 N IE TR, B A N R N TBOR B
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Figure 1. Geographic location of Zemu Glacier and the coverage of SAR images
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AR B ST X T 2018 SE4AEEIK) 5 5 GF-3SAR %4 (http:/dds.nsoas.org.cn/mainindex.do) i#E 47T #4
WK N SR R, fAGE s ] 1 2L EHE EUHERT R . GF-3 SAR HdiE BUGAR AXOAE 4N 2% 7 2 L
X WTT 08 HH AL, BEBS #8308 2.25 m, J7Aiar#3eh 4.75 me bH T80 = [ I 30 Pt T Sl 4
¥, N T IUE GF-3 HHs W A5 R e SENE, ASCIEIY GF-3 [ 5 5% Sentinel-1A FH#L SAR Hi¥E
(https://search.asf.alaska.edu) E S i, H UG AON T s afinisiat, i =8 v Hdb, BEEs
PR 234 m, Jihir RN 13.99 m. K 1 IR [ BTH SAR SER IS HL, RTLLE H GF-3 Fibn) 5 B 2
RIHHET Sentinel-1A TEEIELE, XnlAeRH T GF-3 LEMMNKREN LREEPSEFE. R, K
3CHET9E[EH University of East Anglia “UiAT 78 BT U Eicdls CRUTSA.03 $H 1#E 78 X R B kL, LAt
IR )12 B AR AR R 2R

Table 1. The SAR image pairs used in this study and the related main parameters

1 AXERM SAR B LRGN RAEEESY

IE ERRZ I ] NS I A It ) 2/ HFHIL/m
GF-3 2018/03/10 2018/04/08 29 1566.92
GF-3 2018/05/07 2018/09/29 145 1764.23
GF-3 2018/09/29 2018/11/26 58 836.21
Sentinel-1A 2018/03/07 2018/04/12 36 72.22
Sentinel-1A 2018/05/06 2018/09/27 144 10.86
Sentinel-1A 2018/09/27 2018/11/26 60 32,57

3. SAR & ZRBEEHAR

B EHTTUX A BRI AR, BLE GF-3 SAR BB I [AIZE LR, ASCIIE T GF-3 AR I 5

& KB R i 1B ER B (POT) SRR UK 1 R (32 2137 . POT $5 K 15 S0 iy i i AR (1 P S L AR AT A

FPCHE, SRR IE I R A 1 3R AN R MO R I 0 e A B, I K A o0 21 o7 1A AN

BT, AFER PSR AR IR 8] B A UK E D5 7 [0 ANBE B R (A2 A . POT BoARIRIA S RER T R &R
PR A B R MR, ERRESWRVEIESHRE . HBRKIREMNREERIERES. K,

H T LB SR R 22— SRR PR X SR, JEH R B B (L e B S ™ 5, 258 B A FL X i T
RAZ X, VKRR KRR, BRI BN KUk, POT A iHiK) fts & il Rk -

Dosrset = Daer + Dorvit + Digp (1)

offset orbit

K Dy NEMFEAGMFE &, Dy NHLHLAE S RIS &, D, N PEPIEFRGLEEA 80
HIfwFs &, D, MHIEEARGIE H s &

FEBR AR NEA — B 5Em,  ASCHRYE VK14 A DL AR S SR FE A vh &, A 2 Il
RZEEMERAL Ak, T GF-3 TR BRI RS A — SR BGAAG  M R K, W T XKIH AR
K, MBS RIS AN, Kk, A3C5N 30 Kk SRTM DEM 1E N5 BhEHE, LA s G ieHEfs
FE, PN AR R IG R [34] o iZid FE T e E AR S SAR ALFR AR T\ DEM 2 [HIBRETSCR,
ARG AEE R R, SR X TR m s A% & S8 )5 R SR SRS A A R g J L]
M EMNFEAR, Dl R B AR DT 3R B IR HE 2 I, R R A HE B 4R e IR R 1b
BCHE AR R B N AR, DB PIE e AN ER SR R A B iR . 45 R B7R GF-3 J7 A [l AR B 1m] 515
BCHERE FEI57E 1115 MEITN, BRIIE T POT Afiil-&5 5 1k £ [35] -

ARCAE A 5 5 GF-3 44, SREURA] Jy 2018/03/10 A1 2018/04/08 1) 2 4478 w56 B4, 1M

DOI: 10.12677/gst.2020.82010 81 M2 ZH A


https://doi.org/10.12677/gst.2020.82010
http://dds.nsoas.org.cn/mainIndex.do
https://search.asf.alaska.edu/

Bt

HHe 3 R BE ST EMER K. il QR R B, EIBGREUR F] Y 2018/03/10 521480
2185 2018/04/08 S AGHHATILAL, AR FAAZIS 5 RIS (7] 2018/05/07 HISAAGECHE, FLH i TSR HU [a]
~}9 2018/04/08 F1 2018/05/07 (1545 K 2% (A1 B 4 K (BRI 3 km)#fE DARCHAE, AR SCAR AR EAH S 8] P #4ai
UK RIRE . 4155 GF-3 FAA AR A 3REL 5 5t Sentinel-1A §21%, DL 2018/03/07 S48 hF 5414
HEATHECHE . ik S Sentinel-LA/AHAT burst 2 8] I B ZARALEEAZ IS, BT DEM. K % 518 £ LA 22 burst
XA BT REFAUCES, A H 7 M ECHE RS FE A 3] 0.001 MEITTLAA fﬁﬁﬁﬁa/@mﬁm: Bpay
IR A SRR B G R RIS B WAL . /NG T Re RS 404k 5545 21 15 2 18 40 7 2 1Y)
i, ARICK GF-3 Hds M8 2 & 1 (FE RS ) x 77 AL 1n]) 1k 80 x 80 187G, HF Sentinel-1A £ 4 22 % &
9 200 x 40 1475

4. KNEHERS 7

FH T GF-3 T2 H1 Sentinel-1A TR HE 767 A Z (43798 10.8°F1 10.1°), N 138 XIRAEHET
Fh PR SAR BUREAGTHIUK ) R FE, ASCK POT SRELKI 5 A7 [ FEE B8 [ Ar 8% Bk AT & b 25 K
T K 2(a)~(c)BaRIET GF-3 5245 = MG SREU S vk )1 4K FimiE R, B 2(d)~(H) T
Sentinel-1A A4 3RHU — 4k K Ptk K
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Figure 2. 2D surface velocities of Zemu glacier from the GF-3 and Sentinel-1A SAR images
& 2. EF GF-3 5 Sentinel-1A SAR /& 3K BUH IR ) || 47K iR E

WLEE 2018 SFERIRUK NNZRTFTE (1 2), KIZIK N RIX 5 X I8 shd 5 2 a0, R H XK
BN ARRTVUE X, RO RIS R A TR S ZX S, 29 1 mid, £E0K)ITHRLX A 2 3hid %
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34T 0 em/d~30 em/d, UKE X512 8 iE K H vKE i 2 A KE R B R FNE R . NP
PIRUK )R TS BN AFAE, WK & G| 2L PP (SRS 14.34 km)$2H 70K ) 1IN 532 A8 4
24, Horh P SALTUKNIRES 2, PR T 0K E AR (LA 2). 4] 3 @7 1 2T GF-3 Al Sentinel-1A 6 1> SAR
BRIV PP HAMEVK )| R IAUE (AL, omid), HrPan, gt WS4 GF-3 MIELE R, HRZi g
LFRNEET Sentinel-1A M E L5, BELEX RTINS ELN. WIEE 3 TTLUER, ETHMPTEA
SAR SAGIREU VKIS R R AT KR — B WA KRG, UK 3RS 25 R Il 4R Tt A 7
s, S5 2 BT Ll K ) 138 B 0 HGE —#k[12] [14]. R, VKRR IIE )2 90 H B 2 ) 2
RS, K5 HE 9 Huk)igahdERtk, 9 HE 11 Hixz, 3 HE 4 H&ig.

TES VLI B Be Ny, 5T GF-3 RAARIRIUIIGR UK ) 1| K8 B3R5 H 267312 5 508 1.65
cm/d.10.52 cm/d F1 2.65 cm/d; % T Sentinel-1A SLAZFEHL )R [H 12 335 155 [ 46 P 3918 3 0 il ol 2.14
cm/d. 11.35 cm/d A1 3.44 cm/d. GF-3 = AMEXF I & [P35 K 5/ T Sentinel-1A =AMEXFEE R, nTREE
BRHT: 1) PEVFERESEAR, PRGN RIATE 28 2) T ZLTZEaK)I, %
BAFI VT FC R ZE X A% A TH s R — B fm . EAREEMK |- GF-3 Al Sentinel-1A Sl F R LA B NI &,
{ERIRHITZE I Sentinel-1A R4 GF-3 AR, HEMZ KA Sentinel-1A 524X T GF-3 5448 =5[]
IHERBAL, HHEBERIEL, SEERBUGIKIAFE AR Z .

RN E] 3 JRaR AN [A] SAR GOl & 10K )R IS B 2, K ILFITH 2 9~14 km AN [F] 5[] B (1) 0K
N8 Bl 2 72 S ROR, ARTE DK R ok )1 12 31k 26 22 38/ . Hod, 7E 9~14 km B 2018/05/07~2018/09/29
I B H P Lk 2018/03/10~2018/04/08 W Bt ii2) 8 cm/d~28 cm/d. /it B 15 % B v i T 28
9~14 km Bht LUK NP o3 A 2 AT RS, UK SOR VK ETFIENALE, 0K 251652 B 5%
J155AFBERS R PUg R AR AR, S BEMAL BRI R R E Z R . A T IR FURR UK ) [ BRI B
18 552 B9 R, A TSR EEE CRU TS4.03 #RHL 1 #F7TIX 2018 4F 3 H & 11 H & H PR (K
4), Hr 5 HE 9 < imm, H~428C, 9 HE 11 A FYRIEANEF T 2.03C, 3 HE 4 AR
FERAK, NEF 56C. 44 64 SAR GXHGTHITFIiashiE R, RIRS5KIEshiERAb Eimg
TEARDG . DRI, AT DA A1 545 B A 45 i A K 2 B8 ) 2L R 32—, (A =) X 2 [ e 52
Hh T 2% A RE A

40 T
——2018/03/10-2018/04/08
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Figure 3. Glacier velocities and topographic changes along the profile PP’
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Figure 4. The average surface velocities of Zemu Glacier from 6 im-
age pairs and the air temperature changes from March to November

2018

4. BT 6 MEXHE TR FHRES 2018 F£ 3 AE 11

RERASEELE

H TR E S KB EE, Bt FACAE X mfe a0, ASCEN G s [Xia 8 i® FokvPl
BERIMBIEEFFARNIRZ[36] A SCEE RN 7T XA KRR X 3514 2() 4L 6T AL B X3K), I
X HoAh A 1F 2129 800 ME TS B A, X FIR TR SAR §21% 6 AN R Bt BAZ T 4 e it o0 A
5(a)~(c)f&ir T & T GF-3 B 3RIUN He S X e il THE R B 7 &, 18] 5(d)~(f)E7= 12T Sentinel-1A 5214
SR HEA X FE AT s R H T, WMESHEESIHE RS WL 2. aTUVE W, A XA EM
it ZE AR TIN5 45 2 UK ) [z B 8 35 AT L2, Forh GF-3 i1 Sentinel-1A 6 ™[] By A 22 X 22 1)
8 0.42 cm/d. 0.43 cm/d. 0.51 cm/d. 0.69 cm/d. 0.28 cm/d A1 0.33 cm/d, HrifEZE43 714 0.24 cm/d. 0.23
cm/d.0.08 cm/d.0.46 cm/d.0.20 cm/d A1 0.19 cm/d.. [F] I R T 52 8437 25 W s 18] B 9 GF-3 5 Sentinel-1A
BRI FAIRK ) IZ B TR Z 72 5, S0 0o o o 500 o Iz F 1) B TR 42 _F 24 500 ME TG )iz Bl # kAT
Giit I, 15802555885 58 0.49 cm/d. 0.84 cm/d AT 0.79 cm/d (T34 0.71 cm/d), Z SEhrifk % N+1.23
cm/d. £2.10 cm/d F1+1.40 cm/d (‘F3J+1.58 cm/d), 7] LAA HBFh T2 SAR 24 G R MEIE Bf iR = 8200,
AEXIHIE [ 3T GF-3 SR MR M TR oK 1| 2R [T 12 Bl 45 H ) m] S

Table 2. Mean and standard deviation of velocity in bedrock area of study area

2. BRRXmBAITTERRESIEE

BPA BTG Y1E (cm/d) FrifE 2 (cmid)

GF-3 2018/03/10~2018/04/08 0.42 0.24

GF-3 2018/05/07~2018/09/29 043 0.23

GF-3 2018/09/29~2018/11/26 051 0.08
Sentinel-1A 2018/03/07~2018/04/12 0.69 0.46
Sentinel-1A 2018/05/06~2018/09/27 0.28 0.20
Sentinel-1A 2018/09/27~2018/11/26 0.33 0.19
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Figure 5. Statistical histograms of deviation of velocity in bedrock area based on GF-3 and Sentinel-1A images
5. #F GF-3 5 Sentinel-1A KRN EE X mH MG iHERGITE S E

5. &

AERHUT 5 5t GF-3 41481 5 5 Sentinel-1A 5215, FIF 14 & AL 8 B ARSI T = 5 h L kT
W SRV X VK | | R 8h3, 856 w0 PR AR SOR, WA 28 RBE 2041 7 2018 4 #vild
VKN BIASBARFAE . FET A SCHF A3 DL R 858

1) WA L, SABUK) SRR X PR S J X, 2 1 mid, WK i 2 oK g ok ) 1]
RIMAERE B R, Ko B Bksg, KEZshi#E 54T 0 cm/d~30 cm/d, K)11iE s %
BEIEIR T R A . R oA b, B K1 SR A 2 RS AR .

2) SAEWFRIX AR SA R RIBOK N E 32 oA, RIS Sl S A8 40 5 i B AL S 5mZEA oG,
TSR AR UK 12 3PS I R R EAFN B, 7EHITHZE 9~14 km BLok) 11z 3l %
ZRER, AHUKERuGUK ) 28R 2 J 80N, FFE TR 9~14 km Bk B 43 A 8 2 b2
W VKNSRI, AR5

3) Fiff SAR TEMGIEINAZNIvK IR A, WrHmLkisshasmil. 251, GF-3
i Sentinel-LA $&HUAARK 1|18 253 A1 22 (E A3 AARHEZE 43 3l 0.71 em/d. F1+1.58 em/d, 58 LIS IE T JE
T GF-3 S8 I I #A I vk ) 11 3R T 2 Bl 45 L0 7T SE b

4) GF-3 e G BA 4RI ARME. B KR s MmN LR 5, vk 1158 2028 4b 3
(L E B AR R, LR VK A S I B W TR A AR .

TR TFET B, 5 EBR FE IR SAR TEMEL, &4 =5 B WK BRI e a4
. EREE R EE L2 SAR PAERKRS, EP” SAR Bl AL N & 45205 2, [H7 SAR HiH
TE MR IR I A5 20 B2 IR

E&WHE

[ 5 B R T TR (2017 YFB0502700), I 2K H AR 7 452 (41771402), [ 2 B ARRL 73 7 AR R
$£45(41804009), U )1148 BHESCHEVHRIR FH AL A T 35T H (20Y'YJC4292).

DOI: 10.12677/gst.2020.82010 85 M2 ZH A


https://doi.org/10.12677/gst.2020.82010

SE 3

(1]
(2]

(3]
(4]
(5]

(6]

(7]
(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]
(18]
[19]
[20]
[21]

[22]
[23]
[24]
[25]

[26]

Jacaob, T., Wahr, J., Pfeffer, W., et al. (2012) Recent Contributions of Glaciers and Ice Caps to Sea Level Rise. Nature,
482, 514-518. https://doi.org/10.1038/nature10847

Beniston, M. (2003) Climatic Change in Mountain Regions: A Review of Possible Impacts. Climatic Change, 59, 5-31.
https://doi.org/10.1023/A:1024458411589

XA, DBRZE, SR, &5, HET 38 ok 4 B B El K BUIR[]. Hi¥E 223, 2015, 70(1): 3-16.
WRIEIAR, BE0681, #Rbns, 5. KIS Rm]. FER 2R BT, 2019, 34(11): 1203-1209.

PRREMR, R, SRRE, S5 e R AE ke DR VK TR AS K8 5 9B R [J]. FH#EHR, 2019, 64(27):
2270-2782.

Ricgardson, S.D. and Reynolds, J.M. (2000) An Overview of Glacial Hazards in the Himalayas. Quaternary Interna-
tional, 65/66, 31-47. https://doi.org/10.1016/S1040-6182(99)00035-X

WEE, XU, KNSR M] B BigREE e L, 2010: 17-18.
Dwyer, J.L. (1995) Mapping Tide-Water Glacier Dynamics in East Greenland Using Landsat Data. Journal of Glaci-
ology, 41, 584-595. https://doi.org/10.1017/S0022143000034900

Berthiera, E., Vandonb, H., Baratouxc, D., et al. (2005) Surface Motion of Moutain Glaciers Derived from Satellite
Optical Imagery. Remote Sensing of Environment, 95, 14-28. https://doi.org/10.1016/j.rse.2004.11.005

Goldstein, R.M., Engelhardt, H., Kamb, B., et al. (1993) Satellite Radar Interferometry for Monitoring Ice Sheet Mo-
tion: Application to an Antarctic Ice Stream. Science, 262, 1525-1530. https://doi.org/10.1126/science.262.5139.1525
B, AR, LR, % SAR WS EMHFCHEIRN]. HEREL:3 R, 2014, 29(9): 985-094.

Zhou, J.M., Li, Z. and Guo, W.Q. (2013) Estimation and Analysis of the Surface Velocity Field for Mountain Glaciers
in Muztag Ata Using Satellite SAR Data. Environmental Earth Sciences, 71, 3581-3592.
https://doi.org/10.1007/s12665-013-2749-5

Scherler, D., Leprince, S. and Strecker, M.R. (2008) Glacier Surface Velocities in Alpine Terrain from Optical Satellite
Imagery: Accuracy Improvement and Quality Assessment. Remote Sensing of Environment, 112, 3806-3819.
https://doi.org/10.1016/j.rse.2008.05.018

Luckman, A., Quincey, D. and Bevan, S. (2007) The Potential of Satellite Radar Interfeometry and Feature Tracking
for Monitoring Flow Rates of Himalayan Glaciers. Remote Sensing of Environment, 111, 172-181.
https://doi.org/10.1016/j.rse.2007.05.019

Kumar, V., Venkataramana, G. and Hogda, K.A. (2011) Glacier Surface Velocity Estimation Using SAR Interferome-
try Technique Applying Ascending and Descending Passes in Himalayas. International Journal of Applied Earth Ob-
servation and Geoinformation, 13, 545-551. https://doi.org/10.1016/j.jag.2011.02.004

Joughin, I.R., Kwok, R. and Fahnestock, M.A. (1998) Interferometric Estimation of Three-Dimensional Ice-Flow Us-
ing Ascending and Descending Passes. IEEE Transactions on Geoscience and Remote Sensing, 36, 25-37.
https://doi.org/10.1109/36.655315

Gourmelen, N., Kim, S.W., Shepherd, A., et al. (2011) Ice Velocity Determined Using Conventional and Mul-
tiple—Aperture INSAR. Earth and Planetary Science Letters, 307, 156-160. https://doi.org/10.1016/j.epsl.2011.04.026

Strozzi, T., Luckman, A., Murray, T., et al. (2002) Glacier Motion Estimation Using SAR Offset-Tracking Procedures.
IEEE Transactions on Geoscience and Remote Sensing, 40, 2384-2391. https://doi.org/10.1109/TGRS.2002.805079

XUERE, 5K, ok, 2 BeA TR SAR FIHLEE SAR [WIFISYA UK Bh A AR S A T4 o B R[], UK
AR5 BB AR, 2019, 44(7): 980-995.

Temeld, WEERE, BKR, & FIAHE C BWBERIA LEVF AN BT 5Lk IS 3R ED]. BOUK SRS
HRIEERR, 2019, 44(3): 429-435.

Tazio, S., Frank, P., Andreas, W., et al. (2017) Circum-Arctic Changes in the Flow of Glaciers and Ice Caps from Sa-
tellite SAR Data between the 1990s and 2017. Remote Sensing, 9, 947. https://doi.org/10.3390/rs9090947

KPRE. @ =5 DREAMER TS IR D] 224k, 2017, 46(3): 269-277.

TR, M, B, AF S =5 SAR LB RGG U EAEFEAIIR[]. FRikk, 2017, 6(1): 11-16.
Bk, B, £5%. S0 =5 TEXERIE O 218 R[], #5178, 2017, 48(2): 207-209.

Li, X.M., Zhang, T., Huang, B., et al. (2018) Capabilities of Chinese Gaofen-3 Synthetic Aperture Radar in Selected
Topics for Coastal and Ocean Observations. Remote Sensing, 10, 1929. https://doi.org/10.3390/rs10121929

Weizeng, S., Yexin, S. and Jian, S. (2017) Preliminary Assessment of Wind and Wave Retrieval from Chinese Gao-

DOI: 10.12677/gst.2020.82010 86 M2 ZH A


https://doi.org/10.12677/gst.2020.82010
https://doi.org/10.1038/nature10847
https://doi.org/10.1023/A:1024458411589
https://doi.org/10.1016/S1040-6182(99)00035-X
https://doi.org/10.1017/S0022143000034900
https://doi.org/10.1016/j.rse.2004.11.005
https://doi.org/10.1126/science.262.5139.1525
https://doi.org/10.1007/s12665-013-2749-5
https://doi.org/10.1016/j.rse.2008.05.018
https://doi.org/10.1016/j.rse.2007.05.019
https://doi.org/10.1016/j.jag.2011.02.004
https://doi.org/10.1109/36.655315
https://doi.org/10.1016/j.epsl.2011.04.026
https://doi.org/10.1109/TGRS.2002.805079
https://doi.org/10.3390/rs9090947
https://doi.org/10.3390/rs10121929

[27]
(28]
[29]

[30]
[31]

[32]

(33]

(34]
[35]

[36]

fen-3 SAR Imagery. Sensors, 17, 1705. https://doi.org/10.3390/s17081705

Wang, J.L., Yu, W.D., Deng, Y.K,, et al. (2019) Demonstration of Time-Series INSAR Processing in Beijing Using a
Small Stack of Gaofen-3 Differential Interferograms. Journal of Sensors, 2019, Article 1D: 4204580.
https://doi.org/10.1155/2019/4204580

XIFEF, MM, SBa6)h, 25 ﬁﬁ\ﬁ% NSC #20 SAR EG AT B bk AIHR[]. 7514854k, 2017, 6(5): 45-54.
Tk, FNEE, MR, & S =9 TR ET AN S R S I R [0 ARES A2, 2017, 26(6):
161-166.

BaEE, YRR, e, & S0 = SR B0KMR(E BARE[]. BEAER, 2019, 23(3): 555-565.

T, skZa R, WS, & FHES =S aEN WE/JK)IIEEE B3N] PUR = # 5 BRFER, 2020,
45(3): 460-466.

Racoviteanu, A.E., Arnaud, Y., Williams, M.W., et al. (2015) Spatial Patterns in Glacier Characteristics and Area
Changes from 1962 to 2006 in the Kanchenjunga-Sikkim Area, Eastern Himalaya. The Cryosphere, 9, 505-523.
https://doi.org/10.5194/tc-9-505-2015

Racoviteanu, A. and Williams, M.W. (2012) Decision Tree and Texture Analysis for Mapping Debris-Covered Glaci-
ers in the Kangchenjunga Area, Eastern Himalaya. Remote Sensing Basel, 4, 3078-3109.
https://doi.org/10.3390/rs4103078

BRsk, B2, BEME, & FIH SAR G ECHE (R BRI RIE T I 7L SR Z0ITN]. WLE54R, 2015, 44(3):
301-308.

T, SO, Ffh, %. DEM 3iBRFe EEREFE AR R LK) Esh Mt 75 [J]. [ -+ BRI, 2018, 30(3):
167-173.

AR, XEERR, Wi, 25 HET SAR SRR E i LBk B UGN X 0K ) 1|32 2l B REAE 2 s R 2R A A
[91. k)1 L, 2015, 37(3): 570-579.

DOI: 10.12677/gst.2020.82010 87 M2 ZH A


https://doi.org/10.12677/gst.2020.82010
https://doi.org/10.3390/s17081705
https://doi.org/10.1155/2019/4204580
https://doi.org/10.5194/tc-9-505-2015
https://doi.org/10.3390/rs4103078

	Characterizing the Surface Velocities of Zemu Glacier, Himalayas, Based on GF-3 SAR Images
	Abstract
	Keywords
	基于GF-3 SAR影像分析喜马拉雅山热姆冰川运动特征
	摘  要
	关键词
	1. 引言
	2. 研究区域概况与SAR数据
	3. SAR像素偏移追踪技术
	4. 冰川运动结果与分析
	5. 结论
	基金项目
	参考文献

