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1 5 &

b vk N VE AL T 52 X E B IR KR, &
B AR AL RN AR R () BB R R A%, oK) A AR 4k
H AR 0% S 4 BR A I A L FEAE (Bolch &,
2012; Yao 5§, 2012). Wik FZ A fEH |
AR L, Sk, EfxF
A AR AT AR, PRUR RIS 1L K] AR Ak
PR X DX 30 Y 28 A3kt S AR A i 58 0 HL A E
B (Jiang 5%, 2012; THEE 45, 20145 WK
18 5, 2007; skibelE 4, 2018). vK)iliz sl B
W= W vk N sh A AR B2 F By, HANUAE
S ok )N B sh A4 B, k)N 3 ) 2= 5 4
HEERZLSH, RIS vk 1| HE ZE ) 15t DA 5 A5 AH
O FAERYF T 1) Ty A S H, ] Ry ok
JAZ S5 % 10 vk 1 9 T 148 Bt A3 o 2 1 4500l < 4
(Ehp 2, 2014, Mayr%, 2014) .

VK2 3l B i UL 7 ik AL EE . (B 5

Fm B EA: 2019-03-27; FENZA: 2019-10-13

Wy vk (AEFFI k) FE A5 )7 2 (SAR
T E: (InSAR) . HAKIES) %, L5l
T 7 A 58 E A ) W T D T
L, HE TN KRZA T N FEEN X, £5
Dy EAR W R DI SR I A R SR (ORI
S, 2002) 5 1MW Ry vE T R R A
T A4 A, A Lt K R S vk 1 P AR 2 T T2
B0 (Zhou %%, 2014a; J& # K %5, 2009;
Zhou5¥, 2011, 2014b), #JEJ5 7L SAR T
Wi g, i T 2R T SAR Bdlixd 2 a7 B
At THA T LUV . B, 2w
Z il T SAR - ¥5 B X B4 B[] RS ] 26 AR T Y R
W, I HLIZ 5 1676 R vk 13z 2l B s 1) SAR
VB A B 1) ) B A A K | AR i B
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BRI AE, 2011) 0 i EAE L Hu Pk 1 DL R R i A%
B >4 3 b DX B oK1 2 2l W I R A5 38 T 792 8 o
(Scambos 4, 1992; Whillans %, 1993; Rolstad
501997; HEMZAERE, 2009; ARG 2, 2016).

HAT, FT %258 B iy B OGE 3E1 T 10
Hi vk )1 3z 3 BE W A RIS TR, SR Y 1 SRR
7R Z BN E AN 8 R ECE (W1 : Landsat 8.,
ASTER. SPOT. Sentinel-2 %527 3% AR 4 ) (2=
T 4, 2013; RosenauZF, 2015; KaibZF, 2016).
I = R R R D W e, A R A A
R EBEE F O 2013-04 ST A ST — 0T IR, 4
R T v Dok e 905 A D 55 Sk SE R Y T
EAEEE, LT HESSRI DESSIER, &
TR A b I R O, eV AR MLEh i
WE oK, RRAR LT i IR 55 1 r 61 0 5L 9] A 45 S 4k
By ARG N (2R HR 48, 2019; FE Pt 4§,
2015). PHBL, ARSCEFIH 2013 45—2017 40K 4
ZEMFBLN Y 5 W GF—1 WFV Y6273 BB G 57 vk
JI Wiz g ok B A5 B HEATHE I, IF R AR VK1 X 5k
(5% A3 B H Al Landsat 8 U8 7E 2015 4E—2016 4F
BF BE PN 3R B 32 3 3 BE X GF—1 B0diE 0 17 RS JE 56
UE, DLEBAE = GF-1 8088 45 L1 vk ) 132 sl 5 W
DU FH R R AT A R

2 e X A

2.1 I XHEER

HE S VKON A, T 7 8 o R ) A e 8, Herp 28
A5 96°43" B, 29°21' N . iZuk)I XAy Fi 4 H
WA LR 6606 m, JE & & T 1320 5304t vk
NI, HETRORNIAL T AR A5, K226 km, 58
J2—4km, HFN191.4km® (K1), ZHEHEES
A A R, ok T A B 28 R i ok 3 R A e
12 DX I8 Y 4 [ 7K 2 1000—3000 mm 7K1 4 °F
B, B P QIR 45, 2005).

22 HiE

ARICF I GF-1 WFV 1A 0625 8% B (5
BN 1R, GF-1 1A 9% 5 8 B 2k 4y
WY, e XK RS b RS (AR,
2013), W] Ry uk) AR Ak W I 2 A S B s IR . 5
BRI IR AT M E MR K L, W TR
HEVKN X AR % 25 R AR, 1645 A0 55080 1%
] ER AR R E A 2

AT

3ukas

Bl 1 FESEARIEE ORI GF-1 WEV b S BEAR)
Fig. 1 Map ( based on GF—=1 WFV band 4 image in UTM

projection) showing the location of the Yanong glacier

96°36'E  96°40'E
— K&

F1 WMRATAHE(KE4)
Table 1 Data used in this study (band 4)

Pre—enent Post—event Path/ W% 4r9E
IngEs A e
TH flemi [EIfd % /m

Image Image Row
1 2013-12-04 2014-11-08 WFV1 30/108 339 16

2 2014-11-08 2015-11-25 WFV3 30/108 382 16

3 2015-11-25 2016-11-24 WFV3 30/108 365 16

4 2016-11-24 2017-12-06 WFV3 30/108 377 16

3 BRI AR AL PR

3 A—HERXEX

FHSERRENE DEEREG T #E), it
27 RGNS 2R B RAR S i R IR T B TT R
T AG B LR oK i 3 23 B . o R T SR
T —m WS HEAR L, T — RN EEG N,

S SRS AL ] ] B A A v B i (A,
Ay) Sy (FLEw 55, 2016):
(e, y)=i,(x - Ax, y - Ay) (1)

N T B m Kz S E B R IBOR ., 7EMR
BURRXE (1) AT R AR

L 0))= 1w w)e ™) ()
L, 1 LSS % AR IR AR L, 1
B EAR . w, w, 5350 AR IEAEAT D5 18] RS
Ji il B AR, B RIH R R T AR
15 B B ARAE MRS 3 — AL B OCME, Hrh A
— AL R ENT
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Ah, «FORIEE R, € AL R,
Sl F 362 4 T %

F’](ej(wa“w}'Ay)): (x + Ax, y + Ay) (4)

XFC (4) B2 bk vf e X000 e e B ] 45 5]

PR RAE N RIS B (Ax, Ay)o
3.2 HiEsE
2 MRS 3.1 79 T ok By O vk I B S oKk I AE

2013 4E—2017 4E a1z sh B (S ., FE L5

. VKN RS B H A 34 0 2 3 R
KBy o PRSI FR A IH— L B A SCH I, @
i1 COSI-Corr 3/ 75 A8 HL I 3ok X GF-1 328 & [ 1% F
11 R AR A T o % 07 1E R i s B ar
16 B0 R AE 3k B AR R K0 AR A OGRS
(Leprince 55, 2007); iz s BEHHE R KN EAR
PO ) R b B AL AR B R R S IR I TA]
() By 1S A - 2032 sl B, ORI vk 3 1 vk
m%;ﬁﬁ%%@ﬁﬁﬁmLﬂﬁf SR IEAT )R
AP, AL PR TR AR A E 2 IR o

Pre-event image Post-event image
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Y
BSR4 IEH#AE
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Fig. 2 Processing flow of the applied method for deriving glacier surface flow velocities

(1) FE4EHE . DA Landsat 8 LIT 4> {64 ) Bt 52
BEAEE N 2% BRI TS e EC (F13),
FIFH RPC %44 F1 SRTM DEM Bz % $ 4% 647 1F 5t
KEIE ., Zadix— a3, Bodiks B 2 AE 2k 1R
BT AR E SIS (2920 m), 2 T 4R
R T VA 2 A 5 B 0 b T 4% R SXT RPC 2
BOIEATRS A0 LAV 2 D0 P R R R 2 e PR b AT
GRS ECHE (B2 55, 2017), (ER[EIEFBN
1) GF—1 s AR B A2 HAG KA i) 1F S A 1 i o
JE (K4, %2),

(2) BRI AHEHE BT o FESE AT R B 1
W%¢ﬁﬁﬂﬁﬁﬁﬁﬁﬁw,%&ﬁéﬁ%@

R/ IS BRI S H R T X8 Y 7w b ek
(V5 GZ%,E*%é%$,ﬁﬁﬁ%Eﬁ%@

HPASRBUCEGF 5455 (Ayoub 55, 2009) . H
?%%Wmaﬁﬁﬁﬁéﬂmﬁﬁﬂm,mM%
[TRIER i U B =] B 9358V N, O 11 B 587 k2 A B
KA AT IE 250 mea ' (AR 15 ML), Wik,
ARSCH A IS R D BEE R 128%128, THEuk)I&
RYOR B MR RS i s BT I 32%32, it
BWARZR MR, IFRE DK 4 B 5 H R
0.8 BRI, dEmifs 2 k)N 0w (R
FRNREACE) FPEA 7 B SR B A5 e L o

(3) VKRS . FIRAH 5 o0 r il i v 3k
B2 8% o0 i B0 R A7 0 BT 58, A5 vk )1 7 B
3G B . BTS2 AN [R] Bt A 8 SRR e s 2 AR G |
= 278 55 B mwm A (E AN R B
S WK1 R ) B By, R X TS vk
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JIE AL S5 R VAT Ja A3 . K 0 7% o B s = s
AR EE)Z (B5), 3z, BIE S5
K 5 kI F G 2 D 1) f 25 2F 200 /9 5 4
(Scherler %, 2008), V] 75 31 18 1 vk )1 2 i
BiEE (K6,
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Fig. 3 Distribution of checkpoints and control points
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Fig. 4 Pre-registration and post-registration comparison chart

(b) BeHESS

(b) Post—registration

®2 GF-1WFVEBRHEELER
Table 2 Statistical registration accuracy of GF—1 WFV in

four time periods

iR 95 CIN R/ (il

FY BBARE

Bt~ BR2%Em BEm (PiR2E)/m
1 2013—2014 12 21.6 1.44 12.16
2 2014—2015 12 17.6 2.72 12.48
3 20152016 12 18.4 2.08 10.88
4 2016—2017 12 19.2 1.12 11.08

(4) AFFayas s . w T A SRR
F1% 38 TS B0 114 B A5 ] [R] B AN 2 S8 B — 47, A
1 bR AR B 32 B JE 5 A REA R AR 44 35 gl s
BEo N TARBGK N4 is sl 1, I (5)
PEATEERA (AR H 5, 2011).
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FokRTE — AMEKRARR — WEEKARE R VllbuE

El5  2015-12-09—2016-12-11 i BEAE VK1 X vk i o it
oA
Fig. 5 Velocity vector of the Yanong Glacier in the period of
2015-12-09—2016-12~11
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Fig. 6 The displacement map in Yanong Glacier in the period
of 2015-12-09—2016-12-11

V,=V. X153+ Ax V x212 (5)
A, VAN ERa s ; A A7 HAF
B E SR Z s s R R, 153 8 E
FERRE SH—9H);: 212 WA FRREG V.o R
ANz gl B, Al BT A%
R

V. X Day, + AX V X Day, =D (6)
A, DA ETE MO Day Wil
G BENE KA Day, PHHRAR A R] BEN &2
KA TRNAMZBRENE T LFREHI .

®3 AARBEFT EFURSRHSLIT
Table 3 Days in summer, winter and whole year of

images in four time periods

FEEE

W% ik B3 X[ KHUd TR SN
1 2013-12-04—2014-11-08 153 186 339
2 2014-11-08—2015-11-25 153 229 382
3 2015-11-25—2016-11-24 153 212 365
4 2016-11-24—2017-12-06 153 224 377

4 ER 500
FIFHAETEVR X 2013 4F—2017 4[] (Y 55t GF-1
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Fig. 7 Distribution of flow velocity on Yanong Glacier in different periods during 2013 and 2017
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Fig. 8 The curves of flow velocity along the longitudinal

profile of the Yanong Glacier in four durations

5 FHESHT

P T 32 L1 b vk 1 AR 5k %) b B B RS B A
SRECAFRR G, AR METT 2 BF AP S b 3630 TAE . A
T 5 119 DA ST 56 DX A0 9% A K g A9 K T S 0 4 4 ko
SRR EATIOUE . BRI, O T ORAS SO S5 SR HE TR
EIE, ESEFA T Landsat 8 L1T %4 #2 HUAY vk
132 ) 1B AE S FUAE 6 A SCRY 25 AL 64T T B uE il
XF H 43 MF (Heid F1 Kadb, 2012; Dehecq %% ,
2015) ., Landsat &%) T2 H 19724 & & LK, 2
HET RIEESE . 550 E) HoAr P b i % 1
SIS, B )iz N T L K iz 3 R Y
gy, IS vk )12 o B 25 R A R =
HIKEE (Zheng 5%, 20165 k¥ 4, 2016), Al
i GF-1 s B i 2y 13 45 2 ARG B 06 UE 4 1t
AISEMI S EBURIR T 2015-12-09 A12016-12-11
A 5% Landsat 8 L1T 28 8088 , 2 B8 Ak i B i
A HUFR AR T 2015 4E—2016 4F [6] A vk 1] 2 Bl
J . 5 Y Landsat 8 804l 5 GF—1 B 1 vk 1 &
VKR s E (K9), KM AES A k)|
iz 2y o I AR A S LA ARG — B0, [RIRTE
giit TSR 22 M, HoE KW 2=
14.95 m, F¥R2H7.42 m, (28N 7.41 m,
INF UK AEAE B i 1Y 5% o

250
T 200 R
g 13
i 150 X

R 100 -

buSlipeipid

50

15 20
--- Landsat 83 AR o ZHEBEEKTP
— GF-U B R NS5 R
Kl 9 20154E—2016 44 F: VK )1 Landsat 8 5 GF-1 £
T UKLk Lz 2y XS L&
Fig. 9  The curves of flow velocity along the longitudinal

profile in Fig.1 derived from Landsat 8 and GF~1 in the period
of 2015—2016
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Fig. 10 The frequency distribution of residual velocity in
non—glacierized regions derived from Landsat 8 and GF-1 at

different periods
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Table 4 Statistics of the velocity in non—glacierized region

GF-18ds4Evk)1 Landsat 8 £t A vk 11
W Pt B /4 TR K w2 Forg X Ik B et
eoﬂ/(m-ail) e(_“/(m'ail)
2013—2014 7.65 4.92
2014—2015 8.25 4.39
2015—2016 6.77 4.63
2016—2017 7.25 436
:,: N
6 2n l/l:\,

AR i HE 0K 1 X 2013 4E—2017 419 5 5+
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Extraction and analysis of mountain glacier movement from
GF-1 satellite data
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Abstract: With ongoing and accelerating global climate change, temperate glaciers are very sensitive to variations in the temperature and
precipitation, and thus are in fact regarded as natural indicators of climate change. Glacier velocity, which is a combination of ice
deformation, bed deformation, and glacier sliding, is an important parameter to better study the dynamics of glaciers and their interplay with
climate changes in the region. In situ observations serve as one of the most accurate methods for measuring glacier velocity, but the remote
areas where glaciers develop have prevented frequent visitation by people. Remote sensing is more effective in glacier monitoring and has
been applied to study glacier velocity in many regions of the Tibetan Plateau, such as in Karakoram, Himalaya, West Kunlun, and other
areas. In recent years, the Chinese high-resolution optical remote sensing images has gradually increased, but there was not much use of
Chinese produced satellite remote sensing images for monitoring glacier flow parameters in mountain regions. In view of this situation, this
study tried to apply the domestic “GaoFen-1" satellite images (GF-1) to the extraction of Yanong Glacier flow in southeast Tibet. By
preprocessing and applying feature tracking on all available pairs within a defined period to derive the velocity, the reliable glacier velocities
can be obtained by selecting stable ground control points from the ice-free areas to register these GF-1 data and the offset can be computed.
The accuracy of the glacier flow velocity derived from GF-1 data was assessed by the residual displacements in non-glacial stable regions
and glacier flow velocity along the longitudinal profile of the Yanong Glacier compared to that of Landsat-8 data in the same resolution and
at the same Periods. The evaluation results showed that: The average deviation of GF-1 data in non-glacial stable regions was 7.48 m-a -1,
which was higher than that of landsat 8 (the average deviation was 4.58 m-a '1), but less than 5% of the average velocity of glacier; The GF-
1 data was consistent with Landsat 8 data in the change trend of glacier flow velocity along the longitudinal profile in the period from 2015
to 2016,and the mean square root of the deviation between them was 7.41 m, which was also less than 5% of the average glacier flow
velocity. The results proved the feasibility of the application and the unique advantages of GF-1 satellite remote sensing data in monitoring
of the mountain glacier velocity on the Qinghai-Tibet Plateau.

Key words: GF-1, domestic satellite data, mountain glacier, Yanong Glacier, glacier velocity, normalized cross correlation
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