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Fl K V3R 5 R, B 32 3 50 2R 25 il
JIMi R G (Mellor, 1960; MacAvyeal il Sergienko,
2013), X RIS U)K SGE BRAFTE R DY
B & (Moore, 1993; Howat %%, 2015; Popov =
2017) o BT PRI (ice doline) AT AEI N
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Reynolds, 1983), mdbil vk &4 T 2 AR
PR R MR, GG FL AR KR (Williams F11
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BF XL, 22 5O A 3 B A T O R s (] 43
23R 37 JEOX UL 7 A %) R A DK TR A0 UL 4 1t
THBTBE (FR %, 2017; 495 %, 2020),
Bindschadler % (2002) KM 1 m 73 BF3 1 IKONOS
MEREY iy | BURZ7D VNI €iTa  TE YA o s 27 €2 S g TR e
ke 5 N . Howat 28 (2015) #Jf] Landsat 7.
Worldview—1 1 ICESat 25 B4k AIF 58 4% B % UK 35— &b
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3 1T il K 2R 2 SR HE T | R 45 B 1 O T 4
KN (2019) F Popov s (2017) 4 IFI TG
AL AG 0 I AR B B 32k 7K s oK BRS04 g oK
K2, 48 1 VKT ATV T 7K Sl B X 3 I 2 AR
IXsh/E . B4, Wamer 28 (2021) F| 21
Worldview T35 045 25 5l A4 22 507 i A58 DEM
(Digital Elevation Model) #1 ICESat-2 jill e A L
D5 8K B UK — b M B, 465 5 I s 3 B o e ) TR
JEIK 80 m, AR IARFIR 600x10° m*, XI5
W], FIH DEM $cda bt 7% vk 2 1 35 B 10 3 Ak o 7
HA %

25 ] 4 PR A B DEM 7= i /b, BB
7 il 1 R 22 500 A 35 T B i X B UK 55 100 2% X )G
FERAR (H 0 45, 2017; BRSAME %, 2020). #
S LA (U ICESat, ICESat-2) A% - &
CUMPKAF ) REFRAS Iy 3 b DX Ay v s 3 T e 2
g, (HIEE S Em N QDfEdE %, 2013). M
W % 2% 5 FE 5 B REMA  (The Reference Elevation
Model of Antarctica) &3k T 2 F 2235 [6] 43 R G2
1% (f14E GeoEye—1 Fll Worldview F51) R H 24
7R DU TR 4 R A B R A b 2 B R R A
REMA 48 i B[R]V L R 2011 45—2017 4, ferm
SEAPER N2 m, ERELFREET 1 m (Howat
45 2019), Dunmires (2020) FIJH 2 M REMA W
T = 7 L 5 b — Ah KT T HE K 5 | R 1) 2 T e AR AR
b, G5 R R R E R Y BER T 2.56+0.53 m,
SR U ) vk M EKER (2.2 m) —2L
Indrigo % (2021) BT A#: )7 Pz, #)
FH 5 I REMA B8 HE A5 2 7 2 i 7 B fin /R 307 35
UK I VKRB, I 43 B oK 2% 1 24 B 04 A% 1 2ot
. Cheng %% (2021) FIH 2 B REMA Wil gl £ /K
AT AR R UREE 15 24P AE 2012 42 —2017 4 11 =5 [H]
SEAFEAE, SR WOR 1S RBRGE N K T 0.25 km
RS T 0.4—0.7 mo B, VL EAFSEIIIE
B REMA %4 A AT LU T BRS 4 £k b W I me
e v AR KN 1 2 T i B AR Ak, 3 T LR T L ok
BRI 8 7N RUBE 3R 1T H T AR AIE

KR 58 UK — 32 A7 F 4R B P T = e
BRF 3T (4 365 M KT, FE 2000 4E—2020 4F K 4= T £
BT % % (Chen %5, 2020b), Hirp 2016 4E 1Y
J i T RRA #1) 2,19 ks 3K R T8 vk )1 #E 2013 4F Al
2017 AR AE T IR R HSR G, KEMNF (2019)
Hl Popov 5 (2017) XF 2017 4F Y 6 1 B B EAT T

WS, T 2013 A 5 2 3 Ba H RTIS BeA A ST o
FEI B8 2R R A K 7R S UK T E 2013 48 2 A 1) 24 T 350 s
(F1-T X)), FIH 118 REMA S8 07 58 35 16 X
FE201 1 4E—2016 4E 1 R AR Ak, FFFIH Landsat 7/8
H Worldview—2 S48 53 BB IX 00 R TRAAE,
Je A5 A KR R L A Bl G O I A
e 1t 9 VR Rl Sl 4 X 358 B T A1 T R D PR A T
W

69°28'S

— L
BT R XK ORI PRS2 45 MU 6] 2011 4F 1 H 4
H o WAE A A3312R 2017 4F 2013 4F K A1 b6 & A= 11
i, ZLZR AT MODIS i R A2 4R ™ i Chttps : //nside.
Org/data/moa/[ 2021-12-071))
Fig. 1 Study area (The blue box I and II show the locations of

surface depression in 2017 and 2013, respectively. The red line

denotes the grounding line acquired from the Moderate—resolution
Imaging Spectroradiometer (MODIS) Mosaic of Antarctica
2003-2004 (https: //nsidc.org/data/moa/[ 2021-12-071))

2 RS I A

2.1 AREKE

IKIR LK NS, T AR Bt hr = BB A, B
BRI AR 5 km, DA EZEE (K1), KR
e UK )IDE— 2R AR s R vk 1T, 5829 3.3 km, K24
15 km, KA S ARV 34 vk HE o 150—250 m-a'
(Chen 5§, 2020b) . 3K 7K 5w vK 1| 43 5 FE 1988 4F |
20064F . 2009 4, 2016 4F &4 T RIEL AR, 51
VKN AR i KA H IR 29 12% (Chen %5, 2020b) .
20174F1 H 29 H, kg e ok vaml (e 1 IX)
KA, WK E LS 43 m, GRS
40260 m*, ZIRIHTS B AR IR ERD], IhK
e UK )AFTE R A R e PE o Tl ad B A2k IR 7
VKNI P A%, R B VKT FE 2013 47 % A=
T—YCRESERE (B IX), SFE XN T 6
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IR UK ZR M Fz 2R B30T, 1 B K1 T2 24 5 km,
VKR 290 130 mea™, VKIEZY K 209 m (Fretwell
45, 2013) . 2011ARMI PR SR R, X XA AE
WEBDEAR B AR, I HR F 3 A K vk
BRI KR 4%

22 HIE

2.2.1 REMA ##E

REMA J& 1 3 [ B JE 75 35 K 27 1 Al 3t 35k ==
[i] O R A3 22 H M ST K 27 B A A b A A F 5
U A AT ) 4 FE A DEM. i 808 3 2R
Worldview il GeoEye % VK 2 43 HER I b LA 52
PGAE R SEARAGRT SR T2 7 AT 11 4 A i ok e
W DEM (Hkil %, 2021). REMA AJ LA 2 m 5§
8 m I AS [H] 43 HE 8, & H AT TF & A 1y 23 (8] o
e 5 I FE A DEM 72 i o Howat 5% (2019) F| 7K
ot & v i = B AR 300 T REMA ARG B, = 22
AR 68% Lk 15 22 1 90% 2k M 15R 2% 43 i
-0.16 m, 0.77 m A1 1.25 m. & T A FH DEM =i,
REMA iR AR 28 443 2 A BUAR IS [R] A AR T R il i) iy
DEM. W T BEEVII . rERAR A = 2 EE
S, REMA 763K /R 5ok IR T 2 11 3
AR 257 DEM (R 1), P AER4E 9 =ik
AR, ARHEREIN 2 m,
F1 BEZE/RTEKIIEREMA #1E(2011 £—2016 £ )
Table 1 REMA strip DEMs used on Dalk Glacier surface

depression during 2011—2016

Lk IF ] SRS BARIR 2 5 HER/m
1 2011-02-09 Worldview—2
2 2011-10-04 Worldview—1
3 2012-01-01 Worldview—1
4 2012-10-20 Worldview—2
5 2013-11-07 Worldview—1
6 2013-11-15 Worldview—1 2
7 2013-12-22 Worldview—2
8 2014-09-14 Worldview—2
9 2015-04-16 Worldview—1
10 2015-10-06 Worldview—1
11 2016-09-14 Worldview-1

i T REMA [ 545 DEM 7= i 1% 8 R 17 46 %) 15
FEfEH (Cheng %5, 2021), FIFZE 22 i E R
25 5% BAAE 35 7K 5 0K A8 AT UL I B A 15 7 4 il o5
SHZ G A T4 X SRR IE . 7E IS WAL AT I o

A 3 WU 5 REMA [ [ 4523, 23 BIAHZE 1 d.
5d. 19d, FEHYBIA 6 SAEFT I kG 13 s A5
(Ai%E, 2019). ik, FIHLE 3IWIAEAT 4 507 Kb
XF B3 REMA 53K 7R 58 K B0 g REHs B R A T 24 o
2 R REMA Bfi 4 @ A ik 22 /N F im, H
FRUEZETE 1 m /4 o Zhang 55 (2012) F Zhang 55
(2020) F5H, FE PRI B AR ARV (I
L% LN e O e (S B Ol | DR ST =iy
MR T T mea', RYIREMA H A7 0w b %
WUNERZARYRE S, TR T Wik 2R g vk 1]
5 b XA T A
F2 ETHALNSENREMA G SREIEE

Table 2 Accuracy statistics of REMA based on in—situ

stakes’ elevations

Jrs A Ty A/m +0/m
1 2011-02-09  2011-02-10 0.001 0.82
2 2012-01-01  2011-12-26 0.487 0.77
3 2012-01-01  2012-01-20 0.767 1.12

VE: Typgy & REMA KU I ], 7, 2 AERF ORI 6], A Fil 2o 43 3]
AR I AT 2
222 HEFEERPGREIE

I H 2013 45 —2017 g KBk H =09 11 1§
Landsat 41 DR (£3), HHrk/RFKIITE
FEE RRAE R AR AL, B AR SCRRAE RN 2 RR AR 4
Landsat 51| T3 52 J& m 3 [ b 5 0 25 Ja) & 5 0 % 3
LI T, Horb Landsat 7 (199944 A 15 H & %))
FlLandsat 8 (201342 A 11 H &4 B4t 30 m
2o PR 206188, BV 16 d (Roy
&, 2014) . Landsat 7 5 2k (% 14 5 751 4 R ] &4
ETM+ (Enhanced Thematic Mapper) 7E 2003 4F % 4=
PR IE AR, 2 )5 R U 62 E AR A A 5L
P skt B . Z RBP4 Landsat
AR SR, (HOR 5 e 3R T AR AE IR A . &
4 I Landsat 291 T2 1%, AT LLBR B2 6F 5 489
B X BR A AL . A LA KUK K R R K F R
(Warner 2, 2021).

UE AN, T 3R B R AR TR 1 2 I
Worldview—2 T2 515, T 15 X 38 N oK i Ho
Wi e B2 (23) . Worldview—2 f2& i € [#
DigitalGlobe 2% H 7E 2009 4F- 10 H 6 H & 1) = 25 1]
PR R T A, $24E0.5 m 2 W 4 HE 1Y 4
MG 2 m 23 [A] 43 HER 1 2065 G . e mk
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B 5 2015 P Bt AT e BLRl &, AT LA B A5 )
PERE R 0.5 m I ER AR . £ X Worldview—2 5%
B R R, PL20124F 10 7 20 H A
Worldview-2 5218 0 52, %I 201349 J 18 H#
Worldview—2 522 647 B 7 DL . ) FH €0 0% ) 3%
J5 e =S ] Ot w8, nT AHERR U vk 1|
ST Y A AR IE AL B L
®3 RRZIEMGEEINR
Table 3 Optical satellite images used in this study
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A AGRBR IS FURIUTINE

LEO7_L1GT_124109_20130
2013-01-19
119_01_T2

Landsat 7 30
LEO7_L1GT_124109_20130
2013-02-20

220_01_T2

LCO8_LI1GT_125109_20131
102_01_T2

2013-11-02

LCO8_L1GT_124109_20140
114_01_T2

2014-01-14

LCO8_L1GT_124109_20140
215_01_T2

2014-02-15

LCO8_L1GT_126109_20150
131_01_T2

2015-01-31

LCO8_L1GT_124109_20150

Landsat 8 2015-03-06 30
306_01_T2

LCO8_L1GT_126109_20160
106_01_T2

2016-01-06

LCO8_L1GT_126109_20160
203_01_T2

2016-02-03

LCO8_L1GT_126109_20170
104_01_T2

2017-01-04

LCO8_L1GT_125109_20170
129_01_T2

2017-01-29

120CT20034504-P2AS 2012-10-20
Worldview—2 0.5
13SEP18041333-P2AS 2013-09-18

3 45 R

R AL TE 5 B 11 3 REMA 38 Wi 2011 45—
2016 4F 35 IR 5 oK 1| 35 B DX 3k A 2% T s 7 A A8 Ak
(F2). fEmPERANT, SR (B 2b)/
KA IXEL) 1Y DR 80—90 m, PR
4 84.69 m. REMA %45 i 7= v 3% 1v1 s 72 bb U )
fiK, mHhEEAESL, mlEmLEE, dt
45 R AR A B . X R BIAH LT IO, AR R
A SF-JH A 254 . % HE 2012 4F 10 H 20 H Al

20134 11 H 7 H A9 2 1w = A2 ] 0, 1 e FEAE
2012 4F—2013 4F SR SR FEAR, R KRR 7y 45.29 m,
YRR 15.09 mo MFA AR, vkbTny s AL
BABKZE 250 kb (B 2G) 8%k
X8, FE AR R 43.90 m) 2 PR IE B R0
DA, TXRENE M 38.71 m, AR IE B bR E 2 N
1.49 m, FWIKGTHERTEZS (8] L HA 5 0y e A
AR 5 PKTT R A0 R0 G A0 o R A S A B A A
PR R B/ IMB A AT AE 0—35 m, VUMK TFT 2 2 0 g
KT ORGTAMI A3 B e K, R FEH 45 m
PRI ZE 90 mo FEVKITAMEL, VK1 21 = R
A — B, R RKIGIE 11.60 m, “F-XH50E
H13.93 m, ARG I X 48k S8 2 VKB R IR S A
X5 Warner % (2021) WL ) 35 2K B vk 28 1 vk g
AU By P B A R AR DS R

TEXR G & AR AT 2011 AE—20124F, 1 =
ASAEAR/ N, T AR (B 2(d) ek X k) &8k
P, AR T , RlK A S TR
TEH B % A2 5 1 2013 4E—2016 4F,  UKITAY FE 1 5
FEANWTEE N, (H38 IR AF /N, 2013 4F—2014 4F
AR KR R 40.05 m, BRI BGNE K 6.78 m,
UKITAI Y 25 100 e A A AR A R BEAR /N, AR Y B
i 0.20 me S5IRFERET (FHREIEC20114E10 H4 H)
XTH, 201649 H 14 H Y35 6 DX s b 3 v A 19 7
BIRE MR R 2.21 m,  HAY X e AR A 1 2 1 0
2.62m, A XIEE R 0.21 m, £
WITE 2016 4R 4 =R I A2 5 IR A AT AR A — 2

P — 25 5 B 35 B DX s vk 1 3z 3l 1) A A
Hizshrm (E2(a) Brim ABFICD) 1y m 281k
(E13). HE3AIAL, Wi ABAICD 2r5la —B “F
& (floor)” X, & X B ¥KIL PN 2 m 3 B /N
X3, Wi AB B X B ES A £ 1000—2000 m, -
YR 47 0.06°; Wiifi CD A6 X B 25 C A5 500—
700 m, “FHYEE R 0.17°, RHiBWE AL, AB
V- DX R IR AR AR AR BN, X R R
X ATREA A T2 MUTRE . 2012 4F 10 H—2013 4F
11 A, SR EE W AB -6 X072 i FL s>
T 3917 mo M5, V{5 X0 R AT R T
B 23.98 m (2013 4F 11 H—20144F9 H ) |
7.82m (20144E-9 H—20154E4 H ), 2.35m (20154F
4 H—20154£10 H ) F12.07 m (2015 4F 10 H —
20164E9 H ). W FHk/> REMA £, 20164F9 H
Ja . DI AR AR LR A
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(a) 2011-02-09 (/& FE) , 4 R e H]FR A 10 m
(a) 2011-02-09 elevation (The contour interval is 10 m)

(c) 2012-01-01 () , 55 Rk ] 10 m
(¢) 2012-01-01 elevation (The contour interval is 10 m)
e 190 i~ 130

(e) 2013-11-07 () , 55 R R 10 m
(e) 2013-11-07 elevation (The contour interval is 10 m)

(g) 2015-04-16(&FE) , S R ZeEFE N 10 m
(g) 2015-04-16 elevation (The contour interval is 10 m)

(i) 2016-09-14(F=F2) , S £k A FEA 10 m

(i) 2016—09-14 elevation (The contour interval is 10 m)

/m
50
-50

(k) 20134E 11 A 7 H320144E9 14 H s 284k,
R 10 m

(k) The elevation changes between November 7, 2013 and

September 14, 2014 (The contour interval is 10 m)

(b) 2011-10-04 (= H2 ) , 45 R EIFE R 10 m
(b) 2011-10-04 elevation (The contour interval is 10 m)

/m

(d) 2012-10-20(/= ) , 55 R £ E] B4 10 m
(d) 2012-10-20 elevation (The contour interval is 10 m)

() 2014-09-14(fFFE) , 55 H LB B4 10 m
() 2014-09-14 elevation (The contour interval is 10 m)

(j) 20124E 10 A 20 HE 20134 11 A 7 H @iz b,
A 10 m

(j) The elevation changes between October 20, 2012 and
November 7, 2013 (The contour interval is 10 m)

/m
50
-50

() 20114F10 H 4 H#120164-9 H 14 H #2251k,
LA A 5 m
(1) The elevation changes between October 10, 2011 and
September 14, 2016 (The contour interval is 5 m)

B2 X (PR 1 TR By 2 i s A2 B8 AR (2011 4F 2 1 9 H—20164F 12 1 21 H)
Fig. 2 Surface elevations and changes in study area from February 9, 2011 to December 21, 2016

W 1 AB il CD 78 VK30 N AR F5 DX A 2 1 3% B
IR, JEHAER S C 5 700—800 m, ¥KJII
TE MGG TR T 2945 m . B K% BE 24 53° 1y K
e (F3(c)). Bplaat i, Wi AB 72K TAMY
AR, SFREIN T 0.73 m (E3(a)), Wik
CDFEVKBTAMY m AR ALK, SN T 5.56 m
(E3(c))o LR BRKITFEG X KTt 4 IX |

ST BTN e ok S (T VA BN O
T3 B 1) = S22 - ORET AP e A 3 2T DR
USTBUE: S AR S SR A LT BN A S PN
g AL B /. Behh, SRR AT, Wi
AB A1 CD 75 PKIT PN 1 2 1T s R AN - (R A
TN E  (F3(b) ., (d)s
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(a) BT ABAE 2011 4E—2013 4 ¥ &1 i [4]
(a) The profile along AB from 2011 to 2013
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(¢) The profile along CD from 2011 to 2013
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(b) The profile along AB from 2013 to 2016
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(d) 7T CD 75 2013 4E—2016 45 13 [T [4]
(d) The profile along CD from 2013 to 2016

PR3 b IX sl o e R ) 1 T O (.37 I DL ) KT, B3 (37 KL - 651X, DB T AB T CD B3 B LI 2(a) )

Fig. 3 The profiles of surface elevation in the depression (Gray areas represent ice doline in the profiles, and pink areas represent
the floor in ice doline. The profiles AB and CD are shown in Fig. 2(a))

4 THEMHT

4.1 BETESH

FIFH 2013 45—2017 4 5 2 3k 2 2= Landsat 5
G AR SRR R L R P A R TR AR, T f&] 4
JNo 20134F 1 H 19 H, G0 F1 R M A7 7E 2R )2 K
A (moat), Rl/KIMAGTEH AR, UiBH
20134F 1 H &R T AR Z A R mAfL . 2013 4F
2H20H, REZRUKIHEK, RESOHEA LA BE
Ak, BERA UL RS RS2 . 20134F 11—
20144F2 H, 528 h ko i AR A A2 78 B 1 B
SOk o I R AR T ) L IO B R R A Y
K BH ' HE S A DK BT AR N vk B O i CRiE i 4
2017), [AIEFUESE T 2013 4F 11 H vk R s lE e 2

K BIBSAR o, VK T TE I B kA R —
FLAEAEAR B AR = i SR T AR AE, 1 % 2016 4F
1 H Gkl 2 FIBASZRRAE AR AN A &, 3K AR - U e
VKYURFEEAAAE T 44F . i X} 542 Landsat 8 5214 1)
AL, 2 X R & A SR B

2013 4F—2016 4%, kIR 3a oK) UK BTN By K 1
ERRBAERIN, IR E BN EAT R S, RIK
BUAE LI R IR A T RRLE A AN . B REMA 44
PERTHN, 201544 H 16 HZE 10 H 6 H KBTI &
FEBA RS- K 1522.1 mm. MBS (2017) 1Y
WFE, 35K S0k )1 [R) A 1 B K & 294 126.9 mm.
FIH K )y 244 HIGHTSI K 5 RS IR
FERER (a2 2021), bS5 HRAR
LYRIE A 492.8+57 mm. HMEAT UL, RIS & 0KbT
YA 1Y 32.38% . K 4fE Zwally % (2015) . Engel
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45 (2018) F1 Mallinson 25 (2019) [AF5E, H4
W R 25 AT RE SRR T oKk 1 2 gl R . KRS
SEE TR T K FR4s

=

(a) 2013-01-19 (b) 2013-02-20

Landsat 8
-

(¢) 2013-11-02 (d) 2014-01-14

8% L%

(e) 2014-02-15 (f) 2015-01-31

A%

(g) 2015-03-06 (h) 2016-01-02

Rtk

(i) 2016-02-03 (j) 2017-01-04

(k) 2017-01-29

Fl4 BRI AR T EE (2013 4F—2017 4E R L BR EH Z)
(Landsat 7 515, IS 53 A 41 S ik a7 9 5 2
X s Landsat 8 1%, 1 T2 8 T = W2 i LSS )

Fig. 4  Surface features in study area during each austral

summer between 2013 and 2017 (Landsat 7 images over the
depression. The white areas are data gaps due to the Scan Line
Corrector failure. Landsat 8 images over the depression. The

image is a little dark due to cloud shadows)

FIH W B Worldview—2 B A5 W18 (FREL
BFIRISA 201247 10 H 20 H f120134:9 H 18 H), 4>
B 355 B & A6 0 e 00 oK N 3R T SOURR AR, A& 5
TR BRBARAERT, BRbA X IEoTE R R B R UK
GO, RUIBA XRS5 E 54 (Burton—
Johnson 5§, 2016) . {H/ZREAE XN A A5G oTR
T AT 3 VKRR (B 5(a)), AT LA #E

#1500 (Lufs, 2018). X T]HESE M THBAE XY
K IR RS JGTE W T — 20K 8% (ice lid) 7 357
A4 I (Bindschadler 4%, 2002). ¥Fak4E)E, K
ik BRI kIR G, JEA A A Rk e &8
ArOL (E5(h) ) o JmdB b, vKT AR O g ] 2 oK
Yo, RIEEFOUH; FIMEKE (cefall), K
SUEMEE TS Wrrd e, X R, &
THT 53 B A A 0, AR AR i 0 oK A B OR AR T
E VA W 2L, 17 7 O DK A AT REAS S s 30 Ik ¢
1T HLAZ 5 A R . HERUE I T ki (Pedicki,
2018) . BLAh, 254 Landsat 7 5215 A9 il /K F¢AE F
Worldview—2 5215 04 I 5 2% nl 1, vk)1 36 135 B
SEAESRTE BRI R G A/, BLRETRILE 2013 45
2H—201349 1, BIEFRRE B RELE,

76°27'00" E

169°25'30"S

69°28'00" S

(a) Worldview—2 F& UL ] 4 2012 4F 10 7§ 20 H , 55
52k H1 20124F 10 71 20 H /9 REMA 42 1i2)

(a) Worldview—2 image acquired on October 20, 2012(The

contour map was derived from contemporaneous REMA )

76°29'00" E

76°27'00" E

69°25'30" S

69°28'00" S

76°29'00" E

(b) Worldview-2 5% (WM 2013 4E9 7 18 H , %
2 2013 4E 11 H 7 H 19 REMA 2 5%)

(b) Worldview—2 image acquired on September 18, 2013
(The contour map was derived from REMA on
November 7, 2013)

K5 WX R EHIZRAE((a) (b) RS T Worldview—
21 A BRI LG B, 25 [ 0 HEA 4 0.5 m)

Fig. 5 Surface topographic feature in study area((a)(b) are
fusion images of the Worldview—2 multi-spectral data and

panchromatic band data with the spatial resolution of 0.5 m)

piibuN=| WE%U A, PR H PR IE Worldview—2 5214
FRFETE A RRAE A2 (] A AR BR3¢ 5 1 3 b kg
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i (E5(a) A, BRICKE), WKE6HR, X
AR A B 25 NS5 1 PR R W, 7 2 1 45 B o
KA KA B IAR Y, KR 45 IR R
o B, AL BHICEFTER KI5 X AE 2013 4F
IR S - R e S e oy BN 3 1] o A D
T4 TE il A T AN I 15 B IR B4t 2 1) 2 B A

[ :2012-10-20

—

11:2013-09-18

(a) XIRA 1R
(a) The images on the area of A
111: 2012-10-20

IV: 2013-09-18

(b) X B4
(b) The images on the area of B
V:2012-10-20 VI: 2013-09-18

T

(¢) KILC#AR

(¢) The images on the area of C

El6  3AFHRIIKETT- & K REFFAE(CT V)M
(1. IV. VD424 20124510 H 20 H .20134:9 H
18 H Y Worldview—2 541%)
Fig. 6 Three similar surface feature in ice floor (CI,Im,v)
and (11 ,IV, VI) are Worldview—2 images acquired on October
20, 2012 and September 18, 2013, respectively)

42 BEEEES T

Howat % (2015) Hl Warner % (2021) AW,
VKN (ice—covered lake) HEZKIE WS I8 2 15 B 1)
BRI o T RS AR s vk R UK £l
SLRE A B58 B DX I %) 3% T R A FHE BT H AE 5 X Ty

FETEZS S . Bindschadler % (2002) A H 247K F i
HEK AT SR A 5% BRI, K0k & TP e vk R i) B
TEHCE G X BB 3AAL, 7E 2013 4F & A R 1
W IR W ZAFAET- B X, I HF & X SRR EIE i,
IR T R AT BEAEAE VK R, i H T LA
I AE K IR A K R R K A RS . SRR A
A WA AE BB A IEDE 3 R R (B D), i RDE
X RIS S A BAAER KN ZER (K5),
R S FRACT U . RN (B3(a)). Pk
FEAEDEI, 7E20114E2 A 9 H#Fs X sk th HAT F- 5
DX FRAREAE i FL AR L3 B 5 A 5 XK.

K7 on, TEMFFE X0 1 km A5 — &b 1H R
BN, ZIBEETEAEWARGE . (1) 35
B DX 3 2 T & A W 2 A s il , SR 8O 5 ] —
2, BTN RE; (2) 35 R X6 A7
FEZE S, RIS BE VG0 DK A e, T A ) 3
B FUE MR E o TR AL SR A 1) R T SO A
RAEE KA, AT UKEWURRE, UORT A /N
B 2 B H kR ] B i 1 R, OB T SR T4 B
B LI DR R H Ok R ST UK TR . 45 A i 5% IX 3,
ALY 15 B RRAE T DA UE B, S BE ATk 2R vk Y
WAV M, VKRR R T 40 m, HIK T
JEHE (basin) IEFEFE 40 m AR o 454 Bedmap?2
VKIEEHE (Fretwell %, 2013), ZVKITHIVKIEL Ry
209 m, FRUVKGUEHBIEREE LT 169 mo ¥ H12%
5 B ER TR H T 4L CTD  (Conductance Temperature
Depth) SZilEHE (&18) WoR, kR FEvk)IIHTk
FE K 7E 2013 4E2 A 7 HL 0 °C, A BlfEsK
23 m (0.55°C) M79m (023°C) 4., ik,
o T B 2Z IS fE R R ER R K IR B R, 38
IR 2 UK BT T BETE 2013 4RI R B sk B B R 2k T
AH B LA AT £y 5 Ay B S B R A A, JF R
BT 38 A3 R o KON |G i B 2% T 14 il 7K L3
FE20134F MR L ERE R B4 2, WK FWIKIGS
W IEHEK S S B, 1 R T I R v vk )1 R
bEE]E

2013 4FE MR IR PA R I, 35 K 5w ok )1 LAVK |
Rl K HEE 1 5 R AR T ARCR I I ok o R4S
WFFE X AE 2012 4EF1 2013 4R 10 i PB4k, R FG X
I (subsidence) THFLZ A 1.26 km®, HEE 7KK
T2 4 19.08%10° m’; dF 5 g DX 8 (R R A X3
uplift) THFLZ) R 2.01 km®, HFEER T EAN AL
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R 7.21x10° m* 7K (VKB %5 BE B 910 kg/m®) o 45 2021), 2 BEE vk 22 UK F W) Engelhardt 7£
M, SRFGIERR T 29 26.29%10° m* K, SERIRERH 2003 E-—2005 FHE K (40 ms) 75 2Lk
KB 2019 4F 6 H BRI L ATIN 4.38% (Warner {8 d (FrickerZ§, 2007).

= 69°25'00" S

76°29'00" E
(a) /INRUIR PG B
(a) The location of the small depression

76°28'00" E 76°28'00" E
=

69°25'10" S |- ; - 69°25'00" S 69°25'10" S

69°25'00" S

76°28'50" E o 76°28'5" E
(b) Worldview-2 5% , i[5 2 20124 10 20 H (¢) Worldview-2 %, i ]y 201349 /3 18 H
(b) Worldview—2 images acquired on October 20, 2012 (¢) Worldview—2 images acquired on September 18, 2013

BT S3BE DXCIRAEO 1 km AR F) /NS B

Fig. 7 A small depression located 1 km north of study are

74°30' E 0

%k[
69930' S -100 A
£ (/
X -200
% }
l 69°00" S
300 T
— {2
— ¥fifi3
=
- — h{S
76°30' E 400, 0 2
BEIC

(a) CTD WP 547 B (il r 1A 2 BB (8] 54 2012453 H 4 B 3457 3 A1 4 UL B E] Sk (b)) 385 B 24 780 K R 1 140 A [+
20134F2 7 75 50 5 B B 1] 2014 4F:2 H 26 H )
(a) The locations of CTD stations (Station 1 and 2 were conducted on 4th March 2012. Station ~ (b) Vertical distribution of seawater
3 and 4 were conducted on February 7, 2013. Station 5 were conducted on February 26, 2014) temperature in Prydz Bay
B8 3 L 2% v S A /K I 2 (CEUCHR SR VR « ) R AR R 2 B oty )

Fig. 8 In-situ seawater temperature in Prydz Bay (Data source: National Arctic and Antarctic Data Center)
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vKaE (PKZR) e ml ik 5 | ke i) ik FR 8 RHE
i BRI VKB R K A i T 2, R SR
BRI ATRE RN 22 — (Tedesco %, 2013; Banwell
25, 2019) . FIFH 1999 4E—2019 4F 19 e vk 75 & H
HEBRIEEE (X5 45, 2020) FIEEH s A 5h
G E % B AR TR [ S B 2 R s
b)), Gt T 2012 4E—2017 4 R 2 BR E F ik R
TEUK N R AL KR B EAR (4, TE
2013 4F BBk 2, 3h UK ww vk )1 3% I Al b R 2
41d, SIRKTO0CH 44 d, J&20124—20164EFf
A RECFN IE SR KB 2 A0y o X Ul B A T
HABAEy , SBR ok IAE 2013 4F R R E R R AR
TR ARG R AL . B 4(a) BoR, SR IX IR
B4 VY B A7 A RIOK SR AE 388 T K BHAR 59 1 Wz i
R, TR Rl 7K B S KA A R AL R (Leeson
4, 2015) . AN, SEBEXIEAES A (K5@)),
A AR ST R ALK S AL, AR A WO 2
K PRERST, #E—25 hm) 8 Bl oK B kAl (Tedesco
4, 2016) . L, SREE X IRAEIR R RE AR
K IR 58 UK 1 A G R B0 % 22 T Rl AL . Landsat 7 1
Worldview—2 Ye2E A% ¥ s, 358 6 Xl mlok & A4
TR, R VKYTT & XA &4 B B 2w
Altfb. 2017 4F R R E 2, SRR sk A AL R
B IERIRREUL 2013 4RI B2, BHIA/R
vk )1 B 22 AL AE 2017 4E R 2 BRE 2 [ 2013 4F
MCEERE RRIZL, F2, JeEg R IR 2017 4F—
2020 4E 3 G X O IR R ARG, Xtk
&0 Al Ak IF A S 38 R T8 UK 1T 2013 4F 35 e Y O
7

F 4 BREKISKERMBLBIRES T

(2012 F£—2017 ££)

Table 4 Statistics of meteorological data and freeze
thawing data between 2012 and 2017

AR AT 2012 2013 2014 2015 2016 2017
TR A d 1 41 31 21 13 44
FHECRIR>0CHd 17 44 32 41 35 63
IEFRYC 17.538 50.679 65.576 56.938 36.879 97.463
HERGR/C 1,032 1152 2.049 1.389 1.053 1.547
W EFBUR SR H YRS & T 0 CRYAR SR H 1 IE BURJE
TEFRRRR LA H R 55T 0 "CRY R AR

5 %5

A SCH 11 3 REMA %048 Wil 17 2011 42—

2016 4 35 IR ZE 0K 1 2 T 35 B 0 v Ak o 72, R R
FHAE KT 52 00 25 2 500 X REMA 78 35 /R 52 0K 1 9
i RE G BE AT VAL, RIS A1) Landsat 7 #1 8 2%
ARy BT 3 B o R B B R RNl kSRR, R
Worldview—2 (5 78 BEF G4 AR IE— 25 0 B T 41 B
DX S5k 1 M T8 s SRARRAE , e 25 A BL 25 CTD WL
TSR o sk A4 LI 5 R ARl 5 4 Xt 35
BT REIR R AT T e, EELIBWT .

(1) BRBEUK)IAE 2013 4F B AL T 7 E [ R 1H
RRG, VKT R IRE K3 45.29 m, 1A T £ 26.29x
10° m’ /K P i % o R T FA e A T b RIE A4S
TERL T 6. vKHE . VKRR 4 Fh B SRAE .
2013 4E—2016 4, VKYTIRG TR 094 kb 45
UK I i F2 3 AR S 2 S B AT AR oKk
K BT 32.38% >k A ST, HARWBTRb 45 (1K
A FeiE— 05T

(2) AT AR AT BB 38 JR 32 vk )1 B 7K
SCIRBLAFAE B VIR R o I 0KBT T #0] BB A7 1E UK
T, #E20134E2 A 2= 9 A8 & AEHEK FHEIER T
2, IR EOK N RIS . ARG R AR,
IS I B DX S R ARG R ) e T Al R R
T Ak AN 2 I VR B B 0 2B TR &5 A IR JR e vk
JUPEMIAE 2017 4FAL & A T 3B, W HATIA /R 72
UONFEMER 2, AR REF R R A0

(3) REMA % i (i Z57 DEM £ 52 46 X6} v A A%
EJa, HEBEREERT L m, W HIA & A 059
SRR ) J8 P O A, 385 FH TR JUDHG 20 b i 0 oK
JU 2% T A s JE R AE iy 2 AR A A, SR AR ST R A
K i UK B 18 A A Ak ) AR o S U

TR IR 5 RO 38 BR 04 PN 8 K St A nT B 2 fih &
RIMMIRFG . AMZS KT B OB v s e . IR,
TKIR e UK AR FE UK K SC 5 % 14 56 & i 33LAR
DX, R R FE i Rk AR S oK AR K St 7
FVKT HbIE A I3+

OB RMERBARFERFMHAIE ST
) s B ARG 2 m 4 HF & 69 REMA (FTP: pgc.
umn.edu), B E T AFHE P PTG L
2 37 CTD AT F Ao g AL P b 35 A R M) 54
(https: //www. chinare. org.cn/[ 2021-12—07] ) , %
HWEARTBFECHE T 2 ERB 1999 F—
2019 F B Mok £ & a3 HEHE  (heeps: //doi.org/10.
3974/geodb.2020.05.01.V1[2021-12-07]), & R 5L
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Monitoring and analyzing of the depression on Dalk Glacier, East
Antarctica by REMA

LIU Tingting, DING Rui, Al Songtao,ZHANG Baojun, WANG Zemin

Chinese Antarctic Center of Surveying and Mapping, Wuhan University, Wuhan 430079, China

Abstract: With global warming, glacier surface depressions are frequently occurring in Antarctica, which is challenging for stability
evaluation of glaciers. However, the shortage of high spatial and temporal resolution digital elevation model, researches on single glacier
surface variations remain rather limited. 11-period REMA during 2011-2016 were used to measure surface sudden depression on Dalk
Glaicer, East Antarctica. Landsat 7, 8 Wordlview-2 satellite images and so on were utilized to analyze the process and reason of the glacier
surface evolution. The results show that: a serious surface depression occurred on Dalk Glacier in 2013 with maximum depression depth of
45.29 m and caused the englacially stored meltwater loss of 26.29x10° m’; then the elevation were increasing until that the elevation
achieved the pre-depression level in 2016.The depression was typical of uniform settlement and intense surface melting. And the depression
was closely interconnected with active ice-covered lakes drainage inside Dalk Glacier. Thus, Dalk glacier has been in a dangerous and
unstable position due to melting and depressions. In addition, REMA was verified to monitor glacier surface depression, which was valuable
for refine monitoring ice shelf and glacier response to climate change.

Key words: the Antarctic, Dalk Glacier, surface depression, climate change, REMA Digital Elevation Model, remote sensing, Landsate
data, Worldview data
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