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Fig. 2 Schematic Diagram of Experimental Area

3 5 ERS-1 B(EZ 83 1 fras . Hop SSI-1
1 SSI-2 AR LLELIE S 13 761 F1 13 804 [
GRS HE AR .

®1 THXIH SAR ZEIES

Tab.1 Parameters of SAR Image Pairs
; N . - TP EE
Tk KR BB HEES -
&/m  Z&/m
(o —
SSL1 1994-03-04 2 13 761 21 55
1994-03-07 2 13 804
SS9 1996-03-07 2 13 804 10 29
1996-03-10 2 14 847

4 HIRABEMERSH

ERS-1 T A 3d %5 i [A] 5 26 i Fc 4l DR T 1
P R T L T L AR A T RS B R
TEAS . i 1 T oE 41 SAR B %15 5 9 s T
Pl o X8 19 10 T 0 Tl A 25 St A 57 R 38 A B
P25y i 5] A B DEM 24 Bamber 4§ 2009
R A M 1 km 43 PE DEMY™ R B2 Al 3k
10 em, 75 3 I &2 AR 88K 1 #b DXOKS B 1 Al ik JL
KU, X i DST 328 BORR [v) 1) ik 28 762 555 >R FH A
[Fi) 4 fife 28 7 VA R VD0 R AT i 480 b P 25 £ SST-1 15

P AL UK AT A AL DSLANIE 3 s, & 3
Hh R i 2 O OB 7E SAR B B 9 Y N Y
MEaSURESs #2112k » 78 (8 7 Sk 378 19 J2 7K 3 2 1)
RINFITT ] AE DK AR R Schyte vk 1L H BLAY
WAR AR LONMER SRR E 7 A T T

4°0'|0”W 3°0'Q"W 2°0'Q”W 1°0’I0”W
T 7 S RS L
T T
=i 1 v r s 7]
1 AR i) N
< H} i) A S
Sl S
\ 44
I P ) ] /%;////// -
~ (777111 N 7 rcs |
27714 b\ N
7L /i ’ \
Vorry ¥ i
)= ~ EA
v |7 . =
< i
3 A
) / G
S =
I,
Ly
i
| @
w“ WAL s
= e /A
< | 1400 ma I | Y ///‘/‘J" ox
&1 MEasURES GL | | 83 & /nyfﬁ e
&l . ! . : :
5°0'0"W 4°0'0"W 3°0'0"W 2°0°0"W 1°0'0"W

&3 SSI1 25> T Kl
Fig. 3 Differential SAR Interferogram of SSI-1

T I B oK AR A 9 L R E DST 2
2 SLAR W SR A 5N I i 28 Y DST 347 BC
#EJT 2273153 3] DDSI. 7E DDSI i 3l vk 42 (14 41
726 32 B 7 5 RS 1 T T AR AR 2 LK
Za Ak R R 46 55 51 R Y AR 7 22 3
AN B X SR AE DDST 3 5 5L R % i
10 4% S0 A DI o W A b T 9 R A S R
I Bl UK 2R 1Y) s AR AR . T 4 SR b B o B S 1
DDSI, [ 8 il 2k S A T2 B8R 5 2 b [X 2% 4 2% 80
AT A i — 00 ) A A B 4 b 2 4R OSSR (GL_
track) , B At g1 2 MEaSURESs 32 4% .

K 4 Ha b Fid G5 4 Kb By 05 T BTG %5 4
FLUET N B 23 2 F MEaSURESs 4 #i 2+
YW . T3 TR UL AR B P 4 M 2 7
(B 21 abc Fid 55 4 Jb VAT 2) 22 Hi /)N By 15 5]
BT P 4 ML 2K X S ile H R P 22 20 1 90 4 B M 6
HETA WG G MW T EMHEL I A NE R
Beo TEVAT TR LAY J7 1) AR SCH IR 4 1 2%
W MEaSURESs 4% #h 26 -+ 43 Wy &, B 75 45 i
Wik F 400 m/a 1Y Schytt pKJI| #1 Jelbart pKZE 1)
AL AL DDST L= pK 3t AR A5 6T o B % I 42 b 28 119
TR EF LR .

DA Sk S 56 %5 B9 SAR %4 1 MEaSURES
F b A8 P 1 U5 A0 A T g L2 ok R s F
100 m, /2 H Fi AT 5 B e e (9 45t 27 . A



541 5 11 H

i 45 < T2 T 85 I 4 5 v 4R AR Jelbart K48 H2 2% 1461

4°0'0"W 3°0'0"W 2°0'0"W 1°0'0"W

2]
»n 1=
= e

-
£ S
—
=

%]
v >
> |5
-~ o
=3 2
& =~
—
=~

2]
n =
2 L @
$ | + MEaSURES GL = £a [
a GL _track . o <

5°0'0"W 4°0'0"W 3°0'0"W 2°0'0"W 1°0'0"W

Pl 4 DDSI 2k 42 s R
Fig. 4 Grounding Line Extraction Results Using DDSI

JH ArcToolbox H1 i) Near T..B.. 43 B G it 23 Hr 4= 3¢
PEEEE B (E 4 F GL_track), MOA 4 #fs 28 fil
ASAID 42 # 2k 3] MEaSURESs 4% Ml £ f 45 T B 5
BRI EE R O A 5 R . = E] MEaS-
UREs $2 48 3t B BF 25 19 #4908 53 514 190 m 560 m
1631 m, by ifEZE 435 184 m 474 m Al 514 m,
XU R 22 43 1 05 J7 5 4 B 5 h 8 B2 AL T
MOA FI ASAID 3 P F 2 Hh 26 7™ i

7 000
A SAID-MEaSURES]
6 000 EmMOA-MEaSURES
I Track-MEaSURES
5000 -
& 4000 F
R
3000 -
2 000 F
1000
0
0 400 800 1200 1600 2000

B /m

K5 EEBEEgGITE A

Fig.5 Statistics Histogram of Vertical Distance

5 & &

ASCH A ERS-1 1A 3 d i fe] 3£ 4R i 4 T
PWXT .k H DDInSAR J7 545 3] DDSI, i i 8 25
DDST | %5 4 5 80 X 305 3 9 Bili — 0 9 43 S 460k
PRI MR L 9 48 i I MEaSURES $2 #1467
(9 2% B IR B bR fE 2535 5] 184 m, SZEG 45 KN,
DDInSAR ] DA Bk K it AH A7 %] $5 00 42 b 2% 7™ 2E
T4, 37 H i T DDInSAR XF F 3 1 {7 F% B %

IER e BN SE S SO NV E AT o el Wi - A A
Bl g BB TG A A 0 T AR /N 1 Bl L T HL 4 B
B2 i A5 B AL T MOA I ASATD 2 348 72 i
Fe 43 E ] DDINSAR J& K3 [ | i 22 i A B 42
B 2 A AT B

DDInSAR B A J& H Fi 5 A R0 $2 b 28 4
J5 ¥ B 2 DDInSAR 23R 1 B4 95+ 3 A R .
ERS-1 TLAL 3 d B i) 5626 i Fic i % 4R 2>, i ERS
tandem 1T 4 B AR 7T DAFRAS I [B] JL £ XM 1 d A9
TV X FJE W T 5 XF A B [ ) B A ik ) 35 d
BT 0 45 TRC o G T 9 Dl o TRHE L i el
JH LB SAR TR B 17 22 40 T W 5 2 i
TRAE DK 55 K b, DXL B 7 ] A Al ok 1 2 A
Kla) @, X 3 Be) COSMO-SkyMed D) Kz C i B
i) Sentinel-1 A A4 i 3§ £ DDInSAR $§ 4 5K
BT R, 4 5 5 B0k A 2 U8 SAR s 4
B ] A, % Jelbart pk 40 al H Ay Sz 5 [X 360 422 i
LRI B B AL R I AY

Ot B B = 1) By (ESA) - 4549 ERS %
1%, £ Rk E # E P (NSIDC) 37 4 49
BAMBER DEM 2. % MOA, ASAID #= MEa-
SURES #:#. & & .

2 % x #t

[1] Scambos T A, Haran T M, Fahnestock M A, et
al. MODIS-based Mosaic of Antarctica (MOA) Da-
ta Sets: Continent-wide Surface Morphology and
Snow Grain Size[ ] ]. Remote Sensing of Environ-
ment ,2007, 111(2/3): 242-257

[2] Bindschadler R, Vornberger P, Fleming A, et al. The
Landsat Image Mosaic of Antarctical J |. Remote Sens-
ing of Environment ,2008, 112(12): 4 214-4 226

[3] Fricker H A, Padman L. Ice Shelf Grounding Zone
Structure from ICESat Laser Altimetry[]]. Geo-
physical Research Letters,2006, 33(15):161-177

[4] Brunt K M, Fricker H A, Padman L, et al. Map-
ping the Grounding Zone of the Ross Ice Shelf,
Antarctica, Using ICESat Laser Altimetry[J]. An-
nals of Glaciology, 2010, 51(55): 71-79

[5] Rignot E, Mouginot J, Scheuchl B. Antarctic-
Grounding Line Mapping from Differential Satellite
Radar Interferometry [ J 1. Geophysical Research
Letters,2011, 38(10):264-265

[6] Han H, Lee H. Tide Deflection of Campbell Glacier
Tongue , Antarctica, Analyzed by Double-differential
SAR Interferometry and Finite Element Method [ ] ].
Remote Sensing of Environment ,2014, 141, 201-213

[7] Han H, Lee H. Tidecorrected Flow Velocity and



1462 WDRE2ER - FE R 2016 4F 11 A

Mass Balance of Campbell Glacier Tongue , East Ant- matics and Information Science of Wuhan Univer-
arctica, Derived from Interferometric SAR[J]. Remote sity, 2014, 39(8): 940-944 (JHHH AL I &, LW
Sensing of Environment , 2015, 160: 180-192 % . 5. FIH DInSAR 9 78 m R #3857 13k IR o oK
[8] Wang Qinghua, Ning Jinsheng, Ren Jiawen, et al. JIvK RS A T]. R KF%m - 58 R
Re-definition and Validation of the Grounding Line 2R, 2014, 39(8): 940-944)
of Amery Ice Shelf, East Antarctical J]. Geomatics [13] Rignot E. Radar Interferometry Detection of Hinge-
and Information Science of Wuhan University, line Migration on Rutford Ice Stream and Carlson
2002, 27(6): 591-597(E M, 74 T 3¢, 5. Inlet, Antarctical M]. USA: Annals of Glaciology,
AR R Amery PKIR 55 Bl H vk 23 52 1 15 BT R E e 1998:27; 25-32
BUE[T]. s K22 4M - 5 BB 2R, 2002, 27 [14] Bindschadler R, Choi H, Wichlacz A, et al. Get-
(6): 591-597) ting Around Antarctica; New High-resolution Map-
[9] Fricker H A, Coleman R, Padman L, et al. Map- pings of the Grounded and Freely-floating Bounda-
ping the Grounding Zone of the Amery Ice Shelf, ries of the Antarctic Ice Sheet Created for the Inter-
East Antarctica Using InSAR, MODIS and ICESat national Polar Year[J]. The Cryosphere, 2011, 5
[J1. Antarctic Science ,2009, 21(5): 515-532 (3): 569-588
[10] Rignot E, Jacobs S S. Rapid Bottom Melting Wide- [15] Bamber J L, Gomez-Dans J L, Griggs ] A. A New
spread Near Antarctic Ice Sheet Grounding Lines 1 km Digital Elevation Model of the Antarctic De-
[J1. Science,2002, 296(5 575): 2 020-2 023 rived from Combined Satellite Radar and Laser Da-
[11] Park ] W, Gourmelen N, Shepherd A, et al. Sustaine- ta—Part 1; Data and Methods [ J]. The Cryo-
dRetreat of the Pine Island Glacier[ J]. Geophysical sphere,2009, 3(1). 101-111
Research Letters,2013, 40(10): 2 137-2 142 [16] Griggs J] A, Bamber J L. A New 1 km Digital Eleva-
[12] Zhou Chunxia,Deng Fanghui, Ai Songtao,et al. De- tion Model of Antarctica Derived from Combined Radar
termination of Ice-flow Velocity at the Polar Record and Laser Data—Part 2; Validation and Error Esti-
Glacier and Dalk Glacier Using DInSAR[]]. Geo- mates| J]. The Cryosphere ,2009, 3(1); 113-123

Grounding Line Extraction of Jelbart Ice Shelf Using DDInSAR
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Abstract: A grounding line is the boundary between inland grounded ice sheet and a floating ice shelf
and an important parameter in glacier dynamics. Precise extraction of the grounding line has a great
impact on the Antarctic ice sheet mass balance and mathematical modeling of glacier dynamics. In this
paper, the basic principles of grounding line extraction using DInSAR are introduced. The interfer-
ence of ice flow on extraction of grounding line is removed by double differential SAR interferometry
(DDInSAR) and the grounding line is detected through an interpretation of the inner of dense fringes
induced by ocean tide in double differential SAR interferogram images. The mapping result is verified
by comparing it to the Antarctic grounding line product, demonstrating that DDInSAR is an effective
technique suitable for large-scale, continuous and high-precision grounding line extraction, thus laying
a foundation for grounding line extraction and understanding of the dynamic changes in polar region.
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