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BAE, 459K I 4SR5 X 8 0 SF 4 AR E R % 96.84% ,  Kappa 24109 0.9338, F1{H 4 0.9666, 3231t N
96.28%. ULIAASHIF T4 H 5 TR AE AR 5T B4 4 A AN TR) T A2 1K 43 A X 3ok 347 P A 1 0 S AR VA S5 R Kappa 28X, 7R
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T

[f] 50 DK — A3 AT T A b M X, [ 7 U
2. VKEBRELKE Ly rK (Kim %8, 2015), 2k
VR 7 R G0 B R 4y o HAE KA Lz 2 i
TROKAN A, [ VKON 52 7 Tk sl XU 52 0 1T 88 31
H AR A oK A R A vk )2, If s B
B ZT AR (Howell %, 2016) . FEJIbH
DI, [ VK B4R A SR SE A R4 8 7—9 N A .
i W E VKRR T 10 A4y, 74 A R A
FUR B RV (Li%, 2020b) . BEE R B0k
I, R KT iR al A, KEB o X8 AE 7 H e
SHFRTHAL, e 9 A LS aiH A s TE R AR
KEFHIX, BB TR, FFEENZ%E,
IR E R, 0 A S b 18] 2 vk nT B

i HEA: 2025-01-01; FIENZAR: 2025-12-18
HEWB : FERHRRERAE (55 :42371136,42476256)

SFFEEAN B W ZF0K (Fraser 48, 2023),

[ 7 VK o 3 L R B 2= PR AR A, e
e VAV SR AL BE . MK h FE L g SE i ss i S E
SRR AL, X R b DX A B R B AR A 7 A R
RUSZM (Li%5E, 2020a; Lewis %%, 2024). [#@E VK
REAZ A VKR 55 UK S B O, ol 40 52 g 7 2 Ik
FVBE IR 52, DT B 3R VK 4R 5 oK R E M,
TN i B K 8 ) A 5 A R (Miles S5
2017) . WeAh, [EEVKCHEEFESNY), N 45 Fik
5, RO T HEE M A REE S (Ainley 45,
2015; Fretwell, 2024). T4k, W TAMERZIAS
A DA K Xof 5 il 9 v b DX M 3% B R 3G, A
BB PR R R U I AR B R R K
FEl A S 2 H 432 .
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PRl I T 38 R T i K Oy T H A 3
(Lehtiranta 5%, 2015) . A #K & W fL 1% B i5 SAR
(Synthetic Aperture Radar) 7E ¥ 7K Fl1 FF K 358 19
I3 VKGR D A R AT Tz B9 (Gill A
Yackel, 2012). 3&[E [EZ K03 NIC (National Ice
Center) . JIEKVKZE RS CIS (Canadian Ice Service)
R % 1 At i 5 g % WF 92 it AART (Arctic and
Antarctic Research Institute) il £ (8 VK [€] 38 # 5 2%
Z T B A . X SRR 20 3w By W B
S, EEAHCHT IR IS, GlanvKkE KE . FF
@A S R A N S A D s i ot R |
(Meyer &5, 2011), @ sk 2Rl 2202 SRy i vk
AR AT i L P T K 22 8] 8 21 53 LU0 ] 7 Dk AN
WRIXE . DR, 385 575 245 A A R B e) B i B,
g g i 1 ) PN DR AR R L 8 DR B A0 S [ E DK
(Mahoney 55, 2007). H T oK FI AR BAE XA
TEMAER T 2k RiEsh, Bk S ENNE
TR TR R B e . AT R R IE R
AR R AE AR, R M) e B e W
TERS Bl B T AR G0 J7 18 -

Marbouti 55 (2017) fii FIZ2H:$ 4 C % Sentinel -1
SARAR, R EEHE R &S WA REL T
il InSAR  (Interferometric SAR) 2 ARWFFE I 2 )
3 FAFLEAFTERYEE UK, IR X SR IK . Meyer
A5 (2011) FIHIZ I AR LB A et R oL T
2 ALOS (Advanced Land Observing Satellite) 5214
e 1 H 200 InSAR 5 A 22 1l BT 307 fin 99 16 1, 1XC 174 [
VK. Han%§ (2015) FIH] X B COSMO-SkyMed
BRIV 1AL T 2R 1w B R R BV DL 7R UK
DU BRI B [ K %) B 25 8 A, JF AR IR AH T 52 1%
F1SAR i i MR AL T [E 2 vKYE Bl . Dammann 55
(2019) 2T HH InSARE T T W RS54
FELZ AR R P IPAS I 22 1] 1 kAR X TE A

Bechor fil Zebker (2006) FERFFE 5 iz 0] JEAZ A
TREE, 3R T R RO — 2 U
E W FLIEE AT MAL (Multiple Aperture InSAR )
HR o MATHOR X SAR AR (E 510 sk h B 235 4
VLR AT LS 8945 5 20 A B, DA 45 3 6 5 P
AT TR LR 1] B SAR 245, FRZ MR AR
G MR . n] DLl 6F SAR 19 500 4 &
SLC (Single Look Complex) #EA4T J5 43 [] 28 He 4 3%
&V ACBF (Azimuth Common Band Filtering) 15 7]
RGOS (WA %%, 2013). Jung®s (2009) i

BR T MATEOR thiiy 5 0T 30 AR 1 B2k 22 5 B2 1Y)
72 BIR MATEARMIOCHE ST H Al E 248 T
IR, T SREOT A mIE AR, R &
T I R A 4R U

BT, IRER MATHARTE [ 3 vk 52 H
oY T, ARG LA DX UK R B SR 4
FHETZARTWEMYFLEAMT Ik,
i 2 X B Sentinel -1 19 S TR AL 2R AL R B2 14
IW SLC (Interferometric Wide Swath Mode Single Look
Complex) AT FFLARGM, RTG53 40 2
FfL#E B AT MAC (Multi Aperture Coherence) $§
RO AR UM 1 2 K, LA DR A DX K A R R
I e R R B RO T B

2 WEIE XD S g o

A G TE RS i == I RN R AR W Y e A—D At
AR RATTE X B, AnE 1R A X (75°N,
60°W) A T Bz 22 15 VU AL BRI 5 A Mg R 4k 2K 7
(Melville Bugt) ; B X3 (78°N, 20°W) N T#%
B 2% B AR A6 HE RF 20\t b I R 0 TR v R T
(Jokel Bay); C X1 (74°S, 105°W) M T P4
AR U 74 Y BT 52 AR 1 B2 (Amundsen Coast) 5 D IX
I (66°S, 135°E) AL T AR U1 A< AR AU BEFL
%17 (Banzare Coast) . JUT /8 SAR #2183 0 H
WifER 1P LR SR

Sentinel-1 A/B XU 7351 T 2014 47 4 A 3 H Al
20164F 4 425 Hcht. BAEEDIFRM N 12d, W
SR SBR[ — L X 6 d A3 A 4 O g i AR WL e
71 Sentinel-1 454 T CBL (5405 GHz) A AL
R IR, R By 5—40 m. B IE T
ROR, ARGS9 Sentinel-1 TW SLC $i s {3
IUA MR PE A e ) HHOAR AR 215 . TW R T TOPS
(Terrain Observation by Progressive Scans) FARFRR
PRI D= ¥ ¢ N 5 0 2 v 2 £ DA W R
FEAETT AL 2> Burst PHET L. TOPS 44
F R U B Ty 1o R A 49 Oy N sh o, il
A D)5 A% 5t ScanSAR 58 2 P A7 78 19 40 5 o7 1] WR
DA — AR L AR R (Jiang 55, 2017).

7 LB BRI Xof AR BG4 S AR LAV 4
WA R A2 e, A HE 5T AR YN AT X SR Hi 4l 10 i
(https : //dataspace. copernicus. eu/[ 2025-01-01] ) F
SR Y Ml I ZE 1] 8] SR I FF Sentinel-1 521%
FEAN I 6 5 18] 22 vk Rl - 4515 LA 88 /5 2 5
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AL R (R 1) o K EEPEH R BRI AL K Jm B i
D 325 35 B 55 Sentinel—1 52 A% A% 5[] [1] B AH 3
(BREURFA] 22<24 h) #Y) Sentinel-2 F4% , B M S [H
oA &) EarthExplorer -5 (https://earthexplorer.
usgs.gov/[2025-01-01]) FRHLAY Landsat o = 2%

76°N -' ’g;z -ﬁ\f‘ﬁ“
i ’;‘g'

GOZ’W SSLW
(o) MR AR X D € 2R R

(a) False—color composite image of Melville Bugt

73°S R
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(¢) PZRERIE R X Sentinel-1 HH #fb 5215
(¢) Sentinel-1 HH image of Amundsen Coast

SAGAY HE[E G VKIS IEREA D B4 Z 1) Sentinel -1
G T X F MAC H8 8O A2 5 L InSAR kiR
) T 5 K AEAS 7] 7 55 3 RS TRL 5 ) s £ B A%
HIWAHGEE (EFE0—2 d) BRAREdE, RIF MAC
FEHORAG P I 2 K2 SR 0 A 1
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(b) False—color composite image of Jokel Bay
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(d) Sentinel-1 HH image of Banzare Coast
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Fig. 1 Landfast ice study areas and the Sentinel-1 SAR image coverage
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AWFFETTEA o LU FELRE (K2). &
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RERACBE, FFREAT AL s AR EERS 1, ]
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MACHREGEAR . 75 FEE I 10 -5 [ % VR AE T FLAR IS

] ]REE Bz gh 26 57, BT MAC #8013 R ]
Otsu J7 ¥EFEAT BB 735, B 0F5¢ XK 23 oK S
FEoK T o Bl A A ) i A PR I T A
AR AKX 8, IFFRIC A 2 vk, IR 15
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(][] & 1 d LN Y Sentinel-2 5§, Landsat Y622 5214 4E
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®1 MEREHESH

Table 1 Image parameters of study areas

S X I, Sentinel-1 S /&K H 3

T Sentinel-1HiE 5 Sentinel-2 R ARE H 1 Landsat 4230 H 3

2021-01-25
2021-01-31
2021-06-06*
2021-06-12
Mg IR Y IRV 2021-06-18
Melville Bugt 2021-06-24
2021-06-30
2021-07-06

W1

90

2021-06-07

2021-06-12
2021-06-17
2021-06-23

2021-07-06

2024-06-06
2024-06-08

IwW2.1W3
W1

61
90

2021-01-25

IW2.1W3

59

2021-01-25
2021-01-31

2021-07-06
TR e IRV
Jokel Bay

2021-07-12%
2021-07-18
2021-07-24
2021-07-30
2021-08-05

IW1.1W2

170

2021-07-05
2021-07-12

2021-07-24
2021-07-30

2021-09-15

2021-09-21

2023-10-23

BT 252 25 2023-11-04
Amundsen Coast 2023-11-16
2023-11-28

2023-12-10

2023-12-22%*

IW2.1W3

65

2023-11-15

2023-12-11
2023-12-21

2021-09-05
2021-09-21
2021-11-22

2021-11-28
R

Banzare Coast

2021-12-04
2021-12-10
2021-12-16*
2021-12-22

IW2.1W3

98

2021-11-28

2021-12-15
2021-12-22

2024-12-30

IW1.1W2

98

TE: 7N LR R AR .

3.1 ERRBARIY

AR5 Ad FHER -+ Gamma Remote Sensing 2\ F] T
K 1) Gamma JX A0 B SLC 4% . TOPS Jili 44555 h
TR SRR AR A N T E S R Ve,

ik

i R I 7 S P E S = R A L

(1) 22 52 001 26 AR A2 & AR B S g A8 4k, B “AH A
#H” (Grandin, 2015). {fiH SLC_deramp_S1_TOPS
T EL 2% SLC burst H AR 484 .



FEpEAE 45 Sentinel-1524% T FLAE A AR T HOAR PG [ 52 PRI 5 1437

=]

B4
¥
FILENE

MACH1%

HEE AR T
Y
kS
L7
H LT
L7
HERE VA

K2 HRHLA
Fig.2  Study flow chart

B SLC Bl O iab 3k Z 285 1), O 200
1 307 BL i) b R AT i 0 B ], R 4
Je B E bR Wi AR SR B SLC Bl R i s X
(Grandin, 2015):
Suig(M,T) = A - sinc(BeH(n - 770)) .

exp(jmk(n - m.(7))’) (1)
R, A NIRRT, By b Iy B R A
WOTRIASGE . O RERORAL, b, SLCHU P £
WP TRIZE, MBS T, o 7 o g
[, o K BRI R Z 8 W], . burst 0
A 18]
T 11 1 9 AR 350 22 % T 5 6 7
He R L BB (3 0 A b TR AL
WU R %R, BEMLKE ., BT T
FL A 43 R 7 3 e %) SLC AR AT A AL T, 3
SEEFER (PR b T L 4 RS TTR AS
JrRLI L ORI BT, 2 A
VTR AR -
Sunamy (1:7) = exp (=i, (2) (0 = 1,4(2))7) (@)

K, n..(7) NZZFZRfE], X} T Sentinel-1 TOPS
SARFHE T (3) 4ith:

o)
he) O

Kb, [ (2) W2 PRI, k,(7) A28 i
5}?%0

32 FHESE

A58 A8 H Gamma B4 11 sbi_filt T H X} SLC
R HEAT 5 7 1) 2 AR S U D, AR BT AL S IS
RHILSLC EM&, FTLAE T Fo s (MAD), tnf
PIARAFH 5218 (MAC) .

s HB R U fe R BT AR B ) L, DA
N M A AR TR B S R (Gatelli 45,
1994) . FfiJ5, ZE ARSI A BT AL b LOH R
P> SAR SEAGAE 7 67 1) A5 3 v (4 v 22385 8y 4t 5
22 RIS SRS U8 O v DL AE s 15 238 i
OB REPE 38 I S B AS L SLC AR
rhC 22385 B SRR E R, TR DR 4R SLC 5%
QK3 R TN 214

Z A e Ae th T B A A H bR 2 18] 08 AR X
ia B R EAR RN AT SR KA IS o
FHARE (squint angle) 245 75 I8 % AOAH X Tk 7
Tia) B9 i 225 A BE o > B A U RORE X T TRAT O ) i i
SRR, S AR RS 23 R (Pidgeon,
1968) . FHAREIAAWT -

20
fi=2sin(6,) @

Korfr, £, v R RS G T
RSB, A IR, 0, A F kWA .
SLC 1 5 52 T A5 56 B Pl 7 30 8 1 U SR A o8
g, BBk vb H &2 4 % PRF (Pulse Repetition
Frequency) . sbi_filt T HIA FR Pk #hme )i (Finite
Impulse Response) J& U af AT BE, ML
R A 238 e i LR SR, AT AL
TR L —AuE P A%, 0 i U S R4S B 1R
MGG BIAHN N (Bechor 11 Zebker, 2006) :

Nu(7)=7.(7) - 7,(0) =

4

D= im0, + %) (5)
4mx -

Dt = A sm (05‘1 B Z) ©)

AP, o« WREPRTESE, x XS IT RLI RS
UE WA 1 5 B 2 5 AR 0 223 990 o0 P R 2 U8
IR R SR S B U Ao ) RO R A BE . I
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J5 A LI TR 2 TR] 4 A B2 ] B Rk T E AT 23
R B 2E S . T, B R = T Y de £ 1]
PR R L) R LI R T FE 19 0.6/ (Bechor £ Zebker,
2006) , AH TP 2238 8 B0 1 22 42 PREF
A —2 o AWFFEHE IS norm_sq iy 21T S BOK I R ()
1) 2238 ) S50 O A3 [B) R 4 5 R PRF Y —2F, LUK
B LR T R .

3.3 MACIE#

AW ST SLC R AR B i s AR AR A
BN T AMT (MAC) 1%, MT R
A TP T LR A R ] Y AR RL
VAL M A HOR R A ) AL A, 308 A A i A e
SAR P& & Jit 5 FAH 1k A ZE A5 A5 (Touzi 55,

1999) o Ak F T PFRAY s #L7 FLAR B2 A R AH AU
Mo ABTTER SR 2R T 55 1 I E M T &
WA 2, T R AR AR A T 20 i AL
AR TR B p (v, y) (RIMACTRED) .

n =25 )
> LG, ) 1LGs )
i, j=1

/V"leﬁ(i, j)-/_’_zilf(i, J)
Arf, BIAR SR BMNE R, 1, +FIR
HALEE, MACHEEUEp fEX ] [0, 1] N, /T
L A S e T 5 A% b st 36 H AR i — Bk
RasEtE, UFFTE/RIE (BIXI) 2021-07-12 K,
wmE 3 (a) Fims,

plx, y)= (7

79°N r 79°N

78°N 78°N ,

[ ES
B ik

l 0.90

79°N

MACH?

78N

. 0.46

25°W 20°W ‘ 25°W 20°W . 25°W 20°W
(a) FRFLRIEIX MACHEEGE 4 (b) Otsu F{H 545 (c) ¥ AR

(a) MAC index of Jokel Bay (b) Otsu classification result (¢) Connected component labeling
FI3 AR ALK MAC HEEUE 12 . Oteu (52K T A3 S W7 48

Fig. 3 Results of Otsu thresholding classification and connected component labeling

34 Otsu AEHBEE

A 538 13 Otsu [ {8 43 H1 55 15 % MAC 45 %4
ARy oK E 5AE K 2E, WK 3 (b) Frw
(Otsu, 1979). B3 MACH55 B B EAZ 4 Ml
sHIEE, BTRAKEELEXE [0, o] N, AR
B R FEAELAE K] (o1, L-11 P9, DULa 9 25 i 3
BRIARE 20 900 A 00, (o) 0T 0, (o ) ISR IR v i S RS
B I 22 o () ko, M.

a’(t) = w, (1)oi () + w, ()03 (1) (®)

K, o) Mos(e) 535 h T 5 55 5N
o MBI E o (OMEB B RE, XS (D
St A R B
3.5 EBSESW

T 38 B A b R B R RS I A iR R I
W4, HARMR-DRIFCHXRIGER, Iizi

R ERARA, AR AR AR AL R 4 5 %R
ZHERITE XSGR (He %, 2017). ABFFAE
H MATLAB /] bwconncomp PRELA $& MAC 458 86214
th Y A A T ) OF O HOH R, i AR
MACHBGE& b i 8 oy 5 0 88, DA B4 B
Mo EIBRERE RG] . AUFIORR R A E
Sy 8 LR34 i PEXT 3R Otsu BIE 43 F 45 R 701734 8
GyaE AT, K5 R AR I B AR IC S [ E K
HARWARIC A “HAL” by, GHEETER K.
PRSE M BN T R BE RS, JFRE Al 5
Bro i3 (c) Fias, AN[RAY % 43 i % AN [H]
B bR IC H I T O O o

3.6 RZKEH
JRAE AL K [ E DK T 3E H A /e DK R]KGE , H
IRATA R RES 1815 DRAH I o 24 [ 5 K5 0 vk 2 1]
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= B I G BOE AS 25 T, UK EE 3% i 4y i
A3 BT E LA S B0 S K RS B B I . A B
K 2 B A AR S 43 W i —— 38 2ok X LU AR 4B B
[ SRR A%, F I vk i 7 Bkt OKF
I A, (UEEREWMWIEs)) Sk
Fetk (Z R MEmAER EAENRE) ZHES
PEATIX 2y . W Li%E (2020a) 15 B % & 2 VKW 52
Wi, I FH Sentinel—1 SAR 514 1 AH @IS B[] )37 371 11450
BRI 22, 1 vk DX 8 R A R e 2 B AIR Ao 3 22
VR VK R iz 3l 52 B0 s 0 B 2, DT o 38 4 1 B
[t 2 VKT

B S A 1 72 UK 450 vk B B AR B
MG, AT MACTEBGE 5 R N 2 M A2 S 12
ST KPR, ELARCRAE A IR 2. HK
TRk (1) HEHCH AR AR B H T — A 48 A
(AIpR 6 dBE 12 d) B SAR F15 L lEMAC TS B0V 15
(2) A3 532 P AR MAC #5502 4% H B9 T 7E [ 2
VKX (A5 T BEAF 7R VK ) 5 (3) At s
[i1) 22 42 3 B3 1R 1) 79 B e LR A7 2 TR B A 1 X
B, R A T E K

2 REXEEENEEEH

Table 2 Image pairs for intersection analysis

WFFE X FIAR B 1 T EBRREAR A
ARG 2021-06-12 2021-06-06
Melville Bugt 2021-06-24 2021-06-18
IF LR
Jokel Bay 2021-07-24 2021-07-18
BT25% 7500 1 2023-11-04 2023-10-28
Amundsen Coast  2023-12-10 2023-12-04
PEHLE TR 2021-11-28 2021-11-22
Banzare Coast 2021-12-04 2021-11-28

3.7 RBEIEG

VA [ KA S R B RS B, AR BE S SR A
TRV FE MR P G 4 2R BEAR ST R AT R A . TP
(True Positive) : [ VK8 1E 8 1R 51 A [ 2 vk 915
KH; FP (False Positive) : oAt X 35 8 5= 15 h [
FEVKAIIGREE; FN (False Negative) : [& 5 VK9
KB Z %50 ; TN (True Negative) : E [& %2 K X 5,
POER PN AR R B R 4280 FF8tR . SUARHE
i % OA (Overall Accuracy) . Kappa Z2%0 . F1 {H
(Fl-score) FIZZIFHToU (Intersection over Union) o

X LE A b BE A5 4 1 S W7 R 25 IR 5 2 B Jn i —
B, BAHERR (0A) HAMGE T

TP + TN
0A_TP+TN+FP+FN ©)

L, OA TR IEM AR R LS BB FRE I
o], A R Ay R PERE

Kappa 7 807% RNl — B P & EER 2,
TRy AR S HSHZ B — B, &
XA

1-P,

Kappa = (10)

=,
p = (TP + FP)(TP + FN) + (FN + TN)(FP + TN)
‘ (TP + FP + TN + FN)?
F1{EMEHIR  (Precision) 5 H IR (Recall)
(IR FSF- 4040, o e 4t B S SR 0 o ff P 5 o A
Mg R, BARE Ll

TP

Precision = TP + TP (11)
TP
Recall = m (12)

) Precision - Recall

FI =2 Precision + Recall (13)

IR (ToU) 27 P X I -5 82 XY 52
LA IFERRZ I, R EHE LN EE R
etEds, SN

TP

U = 5 7P + PN (14)

AT S AR [T F#<1 d ) Sentinel -2
Y Landsat Tz GG ME NS B 1, TE4WT5E
XEChGETT Eiddgbr, AL MACHREGEAG 5 14 1H
SE VKA U R R AT S

4 GRS SR VY
4.1 EFEKEIEGR

Kl 4 7R T ABE5E 7 B 7 4 BF 5% X 3R 3 B
e vk g o Hopal 0L . Mg R 4E R TS (A X))
2021 4F 6 H 6 H 1Y [ % vk i LA 0.5943%10° km’;
TRTL /R (BIXIR) 20214E7 H 12 H A4 [ & vk L
41.042x10° ks BUSERRIEGRE (C X)) 2023412 A
22 H (1 [ 22 oK T AR R 1.2907x10° km?s  BE 4L 75 16
(DX ) 2021 4F 12 A 16 H &Y & & vk i 2
1.1973%x10* km?,
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Abstract: This study proposes a novel method for mapping landfast ice in polar regions using Sentinel-1 Synthetic Aperture Radar (SAR)
imagery. Landfast ice, which is attached to coastal boundaries, plays a crucial role in influencing polar climate with its heat exchange and
radiation processes. Mapping landfast ice extent by using regularly acquired remote sensing SAR imageries, such as those from Sentinel-1,
is necessary due to climate change and increasing commercial activities in polar coastal areas. However, the scattering properties of landfast
ice and surrounding rough sea ice or open water can be similar, and thus, distinguishing between fixed and non-fixed ice regions based
solely on SAR backscatter characteristics is a challenging task. The repeat-pass interferometric SAR (InSAR) method identifies in
accordance with a coherence map. However, the results are affected by temporal decorrelation due to displacement and/or its melting and
refreezing surface, particularly during early winter and/or the melting season. To address this challenge, this study introduces a method
based on Multiple Aperture Coherence (MAC). This method effectively improves the accuracy and temporal resolution of landfast ice
identification based on Sentinel-1 imagery.

The proposed method utilizes sub-aperture decomposition of single Sentinel-1 interferometric wide swath single look complex images
to generate MAC index images. By splitting SAR image into forward and backward sub-apertures, coherence maps that are sensitive to the
stability of the ice features are produced. These MAC index images are then classified into seawater and sea ice by using Otsu’ s
thresholding algorithm. The sea ice regions are further segmented into connected components to identify landfast ice, which is defined as ice
connected to the coast. The method was applied to four distinct study areas in Greenland (Melville Bugt and Jokel Bay) and Antarctica
(Amundsen Coast and Banzare Coast), covering various polar environments. For validation, Sentinel-2 and Landsat imageries acquired
within 24 h of the corresponding Sentinel-1 scenes were used to assess accuracy.

Validation achieved an Overall Accuracy (OA) of 96.84% for the proposed method, a kappa coefficient of 0.9338, and an F1-score of
0.9666 (averaged across the four study sites), demonstrating its effectiveness under diverse geographic conditions. Results revealed
extensive landfast ice coverage in each region, with significant seasonal variations driven by environmental factors. Compared with repeat-
pass InSAR, the proposed method is less susceptible to temporal decorrelation, ensuring reliable landfast ice extraction even during rapid
changes (e.g., the melting season). Although a clear difference in the MAC index was observed between sea ice and seawater, the method
occasionally produced sharp edges at burst boundaries during the acquisition of terrain observation by progressive scans. This condition may
affect sea ice/water separation and warrants further investigation. Moreover, future research may focus on applying this method to assess
seasonal and interannual variations in landfast ice extent, deepening our understanding of the mechanisms that influence polar sea ice
stability.
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