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Abstract

Landfast sea ice forms near coastlines in polar regions. Continuous monitoring of this sea ice is
important, as it plays a key role in the marine ecosystem and affects the operation of nearby research
stations. This study detected landfast sea ice around Jang Bogo research station in East Antarctica by
stacking interferometric coherence images of Sentinel-1 synthetic aperture radar (SAR) data with 6-,
12- and 18-day temporal baselines. A total of 50 landfast sea ice maps were generated covering July
2017 to June 2018. The time series revealed regional differences in the timing of the maximum extent
as well as growth rate of landfast sea ice. Overall, detecting landfast sea ice using interferometric SAR
coherence seems promisingly feasible; however, limitations remain owing to low backscattering
coefticients from new and smooth sea ice surfaces and subtle movements of sea ice in contact with the
Campbell Glacier Tongue.
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“J2slH)(landfast sea ice)-> =A< ALt 2| Fof| FAJ == 112Hd a0 2 sfighd Hl sfiohd T 0] L2 A, Hls-
(ice shelf), HI5Md(ice tongue) = T4 k(iceberg) 2] BB of| 17 =]o] QITh Armstrong, 1972). 422 2| W sl
7 AR EAY T2 A ol Erl HEC) AR 8 5250 F4E 4= 9loH, 4~ km? O] G of] FA3H Tt
(Fraser et al., 2020). ¥5F4 0 2 713 A-d | A=A - 52 ol 8 == T = (first-year ice)©] 2 o3 <]
FE o1FH, A A YoA+= 4 m FA 2] thad®(multiyear ice) 22 HEoR=74-2& 2IthMassom et al., 2010; Fraser
etal., 2012).
AzFefr)-& =t Aoko] A ESHA 2l Bl A $h4-S X A5H= Z Q51 Qlxjolo), AzbeHlL n| YL, ot A AAYE.
, A =70 5 SR AEZAA A AE Algstal f Ao 2 Gk 713t Massom et al., 2009). ®5-

712 :
D) 3990 Gl 2gulcl lone Yol USRS AT, ol P39 48 ol
/KO kel o Z

=

A FAel tisl] IS0l 7hsRt Qe alll-S U B Folk=t 837t oltt. @A7ER] K optical), /]
o](synthetic aperture radar, SAR), 5~ OFo]| 22 1} Al X|(passive microwave sensor) 5 CHFFSHAIA &2 BASH 91
_?4/\']_9_ _5}_9_6 X—]i‘l—ﬁ HLQ_ E‘l—]]ﬁ]—b_ o] ‘éo] Z] oﬂﬂ(ﬂ S’J-_O_L]- 0]—7(1 3H7:]O] JJJ_Q_O]-_,_ ﬂJ‘(:-!L“_f—!o] 14-0]— 1’4— X—]Z}-ﬁﬁﬂg

FollA] vt sfiFoll ofaf] AF-F-Foh= - Y(drift sea ice)oll Hlol] 2ok= Fo] Fot. mebA] 4~ km 2] A
B AR 45 plol 2 A ALK HA) 9142 vl 3] Helo] T stk Aol $5 fk
O Z4A FA7t B stths @0l ATH(Fraser et al., 2020). 7HAPZA 2 22140 wbd o 9 0] 36t =2 = m~1 km
TR TS 2 2|1 50] 7Fssht dxlet Hidal kol & e 7] whzoll 58 Hol Bl o} gl= =2
oJof| A= &80 A7} tHLubin and Massom, 2006; Fraser et al., 2009). SAR= 1S H=0| 7155 AT
A A AH O 2 Z2] ATtof -9 -5-85}H, A2FelH] &z trefsHA| 28511 91T} Han et al.(2015)2 Han and
Lee(zols)t A C] COSMO-SkyMed SAR %4dof| 2|0t 7Hd 7 ¥ (interferometric SAR, InSAR)=2 2851 5

= gHE A1 9el7) 2] AQte] FabeHl-S AR HE QLo F2 5 H 9140 km x 40 km)= 15} A-FA]Hof Tt g
XL’HW HiLE o] BT 4= $19JTh Kim et al.(2020)-2 2F 350 km 2-2] Advanced Land Observing Satellite(ALOS)
Phased Array L-band SAR(PALSAR) JAtof| A SHimage segmentation) F 7] A5k 7S Z-g5t0] Ad= 2]
O] Zgztofi-& HAJok= YarelE-E 7ot 1ot o 29l thet deHAlo]x] 92 ALOS PALSAR 9742] =
= =] 7\1]"]'140] At} o]et o] 7|Eof| 28 % SAR 714t % Zﬁﬂﬂo R = e | ES A=
2 U5 IRt 4 A= HFTd o= IRt A|ofo] QISITh. Tt ATol g O] 3] TS SAR AH=E ARGk 3¢
Fto| AAmrt o2 vl s 2 2 B8] SH o] ZAIKEE 7121 g1l

HolME B F712 ARG $5o) 7FsshH, W5 A=t —lj}—i AL E] 17 Q1= Sentinel-1 91/ 2] AAIE
SAR F/J= Egsto] FE= FE L Wolr| 2] =1 0] Ag2efiHl-S B ok WS AISFSERATE Mahoney et al.(2006)°]
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AR 31 5172 += E= 22450 (Ross Sea) 2] HI2HeHE THTerra Nova Bay)oll $1x9H(Fig. 1). A EAL 1517 2] 0] 5
Z-ofl= Campbell W5 (Campbell Glacier Tongue) ¥} HHe 2] Q1 Cape Washington©| YJ&|5HH 5 &f|9-2 A5 2F9
7l B2t gzteliHo] WA &/ th(Bromwich and Kurtz, 1984). 12| <of] Wil Bt = /== 2t
G571 EFER = ARSEA Jlom, AR W72 9] & eyl & 992 71Xth(Han and Lee, 2018). A7
Campbell *o}d} H2FoH] 2hgo] ALt A Ao 2 Gk 718 A0 & aldE= 2] <otk W= AMYEAR= 24|
SIS 80% oVdo] AAlSh= Lo & AR 11 ek 2] QI Altelli= AE M A u] )7t 2 AAlsh= 2o 2 e
7] QITHFraser et al., 2020). AH 1 HeF7| 2] 25 E ©F30 km B Cape Washington-= A= 710 A2 2] 2 QF
Q1 /e 2] Aztof-2 @ Ao w2 F- 25} Kooyman et al., 1990).
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Fig. 1. Map of the study area in Terra Nova Bay, Ross Sea, East Antarctica. The location of Jang Bogo Antarctic research
station is depicted with a red dot where Campbell Glacier Tongue and Cape Washington are closely located.

A=

Aol ©H21E 2154 Sentinel-1A2} Sentinel-1B 19 2] SAR /=2 -85t Sentinel-1A/-1B #3274
=(European Space Agency, ESA)2] Copernicus A|7-= L2 Tioj| 4| 7 == 9o FoRt, Earjof Ak
o] 2}t I Y5 0] 7551 5.405 GHzO] S4F-3-5 AF8-Sh= C-Band TH Wit SARE F75H3] ©H Sentinel-1A
22014\ 49 3¢, Sentinel-1B 1722016 44 254 of| ZFZHHARE| I T 91442 25 12 AHEF71E5 714

= B



o
of>
ok
-
og
x

™, 914 7+ WA} AR F71= 6doloh wiebA Sentinel-1A/-1B GAto] RE SE5E AQ X4 6 7HA 0] Zo] 715
SFAP-o] it ZF 142 231 5 m XLt 2|t 400 km Z2] T=0] 71551} W= E2 o w2t Stripmap(SM),
Interferometric Wide Swath(IW), Extra Wide Swath(EW), Wave(WV) RLEZ ZJo] 7[5t} o] A to|A= dolH
73715 0] 7FsRHIW HEojA I=E] o] Single Look Complex(SLC) M © 2 Hlj 3 &= HH Hu}©] Sentinel-1A/-1B
SAR ¥ ARSI

Sentinel-1 ¢} Aba= 0=35-95=r2] Distributed Active Archive Center(DAAC) % 5P4<] Alaska Satellite Facility
(ASF)E 53] 2FH 519 tH(https://search.asf.alaska.edu/#/). AT 7172 6L AJZF7]A(temporal baseline) 2 G4} &1 7}
7Hs32017d 7856 2018'A 6 B7HA| 2 A ASHSITE Fig. 2422017 129 10, 16, 22, 28 U]l 2% Sentinel-1A/-1B
SAR FH4 A (backscattering coefficient) AJA|E §/d=2 Holt). FHATo] ZF6to] AJtA o= Y7 Hol=1]
52 Ul 2ol A= 18 B3t ellold AFHEAJol 2 Hshr gl Ze SRl 4= Qlrh. T3t Fig. 10]14] Hitha 7 o]
F ol AH 1 15E7| 2] $19t 2 Campbell W5Hd 2 Cape Washington AF0] 2]

el QoA Frpaitel] 2 s} gl
7482 4= Irk. Whlo] Cape Washington A%} B2l q F:ib4lto] ofsle] ] o7 Leh s Hlehe}-grle] A
= ello]e] Faptro] xj42 0 2 wisshs Zlo] skelgl)

Fig. 2. Backscattering coefficients of Sentinel-1A and -1B data acquired on December (a) 10, (b) 16, (c) 22, and (d) 28in
2017. Bright areas represent bare rock and glacier, whereas sea ice and ocean are relatively dark.
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Sentinel-1 SLC SAR #}=.2] #2]i= ASF2] Hybrid Pluggable Processing Pipeline(HyP3)oll4] 21853t https://hyp3-
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Fig. 3. Schematic flow chart to generate a map of landfast sea ice by layer stacking three interferometric coherence maps

of Sentinel-1 data.



276 - U3 BE

A wZo] lojo] THd T E= AR 714o] Eold=eg 2had 4= qlrh wihA] o] AellA=6, 12, 18Q ARt 7]419]
Ad S Hetoto] AzbelH g2 RIFEE =o] 112} ot

A Q) 1 FAFE-S F7HA © 2 A5 S co-registration) T - 1| H, 2|52 0 2 A2k glojo] g 71
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Fig. 4. Interferometric coherence maps with (a) 6- and (b) 12-day temporal baselines. (c) Extent of landfast sea ice.
Interferometric coherence was processed by ASF DAAC HyP3 2021. Contains modified Copernicus Sentinel data 2018,
processed by ESA.
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Fig. 5. Average interferometric coherences in 6-, 12-, and 18-day temporal baselines in two regions. Areas 1 and 2 are
separated to the west and east, respectively, of the Campbell Glacier Tongue.
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Fig. 6. Time series of land fast ice area in (a) Area 2and (b) Area 1 from July 2017 to June 2018.
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Sentinel-1 G420 7HY ZITE F4tol 2|ojo] H

HEA, B8 Alo

A AL
o] A= Falidtel e A SA ATA(PE22140) 912022 A % (e |7
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gamma plugin version 4.6.3 running GAMMA release 20191203. Contains modified Copernicus Sentinel data 2018,

processed by ESA.).
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