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Characteristics of sea ice thickness and snow depth distributions of the
land-fast ice during summer in Liitzow-Holmbukta, Antarctica,
revealed from ship-based observations
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Abstract: Sea ice observations have been conducted onboard the Antarctic Re-
search Vessel “Shirase” since 1987. The authors summarize these data to investigate
spatial and inter-annual variability of sea ice thickness and snow depth of the summer
land-fast ice in Liitzow-Holmbukta. Probability density functions of annual total
thickness (ice thickness +snow depth) derived from video observations are categorized
into two types, i.e. a thin-ice and a thick-ice type. The total thickness distributions
observed by the electro-magnetic inductive method have a clear discontinuity, which
reflects the past break-up of the land-fast ice. Thin first-year ice develops offshore of
this location, while multi-year ice mostly develops onshore. Ice thickness and snow
depth gradually decrease toward the coast within about 20 km offshore, probably due
to snow drift driven by the strong northeasterly wind. It is concluded that the past
breakup of the land-fast ice as well as snow depth have dominant influence on the
spatial distribution of ice thickness in Liitzow-Holmbukta. The extent of break-up
varies significantly year by year. The smaller extent enhances the development of
thick multi-year ice, while the larger extent, coupled with the influence of snow drift,
enhances reduction or extinction of thick multi-year ice.
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E B EEBEAN TL oW i ETH s kSR E b ST, V-
Vo s RV ABEEKOEFICB T ZKERCEEFEAHICOVTER L. ©
FABIEER D 53K e BFED KIS OKIE+TESED) MERBEE 0 EHEKE &2
KNP T SN B T Ebh -7, F 7 KBEREED S 20km BN TIRAKEK
OREEEIZIREICE D - T 2 e A2/R Uic, UL A o SifdEic X
BREEEXRICL S EEZ OND, BHFAEEIC X > THllE W72 2KENHITIZ
B 1S ZEA LD itz NOAA/AVHRR [Hifg & g U oG5, ASdfEofr
B IEEKRH B OB KRBT 5 —HKkE, RiRHDOEWEEKE DBERIC
—HT BT ERBD -t EEKOBHERIIEIC K > TRE LTS 5. AL
BIANC BT 2 & EWEEKIROESML 15 0 KB b, REISED
CERETBEE LT - TEOSMKEM /N E 72 3HR L, #KMicns v
AN =X LIS ITTIE - T2,

I. T ®»ic

MR 36 1 UK OE A LB A S icd 5 T & id, BB OKUEER O 2 71 = X 4
ZRRAHT A FCIEEICEETH . R E— bty v v 73 AUEIEICB I A KR DT
FEORYDER A 5129 5 (B2 Comiso et al., 2003) 75 &, KR O HA 7S 1B O
BICBIEF AR TH 508, KEOERBNBHEISHTORETH 2. Db HEIN
BKEDE=%5Y v VBN LIELE S 2708, BTBEROESNDswics, FIFRRER
F= 7 BEHTRONTVWEONHRIRTH 3.

HAFE I ETAIEX JARE) 3REMERHAS [ L 5+ ) off LTI TITRd & 2 IcikEoD
BAIZFERL CE e, EFAZHAVIOKBEROESEOBH (LIF, 743 1329 REK
(1987-88) LIKE, 44 REBKE Tlc9mFES T WS (EA - LI, 1989; FH S, 1997).
% 72 42 RERR (2000-01) LI, SEREGEAEE (LIN, EM R Ic X 2KEEHZ FElihcb 2
(Utoet al., 2003). EM ER3FEEHA2EEKE (LIF, 2KE) & IEEih @B+ 3
EMTELHPEWTFEO—>TH D, koK E (BlZE Kovacs and Morey, 1991,
Worby et al., 1999) N UfinZER% (12 1¥ Kovacs and Holladay, 1990) #HliIcHW S TE
A5, ITETEMANC L AEAICOHVWS N L H I - 72 (flA 1 Haas, 1998, Haas et al.,
1999).

O XS IRk AN OKER OESEO € =5 ) v BRI ER S hicfliz bz <,
HRAICSEREL Ty LEA LS. TLoE ] OFIKIBRRICK > THRIZZD, Vay+ -
TV LD EEKETRHERIZE CEC, 32E U EERTT 5. ARETERES
AT L B HBIEIICE BT — 7 &, EMEIC X 25 WZEBSRIED 7 — ¥ ZHRET
22 &ITL T, ) ayar « FVABEEKEROESESER K ORI ED
KO BEEEEAE T 2, ITOVTERL

2. BT &
R XREBFLDREICftshTOS [L o] iy BikBIll > 2 7 42K 1R, Ao
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LRI EM I X 25T E A, TOMEFVICEFA N A SEZTNENHZE L. O
flic TLU S+ BB L~ 2 MoRES NI * 5 QMG ECE L, #KOREER S
ZEIMIL 72, LIT, EMEIC L 3 2KERRTFEICSWTERRd 5. BB EF4HEIc L 5K
JER OTESFEBA O FEE FHS (1996) 1ITFEL W,

EM /i & 2 KB ORI 2K 2 1R g, — Ik O BRUmER (ZiE/KIC N CIER
IZ/NS W, TD7HEM & v 4 (EM-31/ICE, Geonics 8)) Di%(Z 3 4 i & 3 —IKHEE
(H,) 325 EfEbkic, #okpziZi3dEa L, mKkoERmHDICEWFERREIEKRT
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(Concentration, Ice type)
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Fig. 1. Sea ice monitoring system onboard the Antarctic research vessel “Shirase”.
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Fig. 2. Principle of the electro-magnetic inductive observation of total thickness of sea ice.
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CHICE » THESNWAFERIE (H) %€ v 302 Za (4 VRT3, BEmEoo
imaginary part [T, & v FEOPERZERNIC B 1) 2 B i OBSUEE (0 ap-
parent conductivity) &K DOEIREE T 5.

_ 4000 Hs)

= 1
2mufs T \Hp W

a

712U po 3EZETOBWHRE, f 3RS OB %, s (3EZFE 71 VolFEE T h
xY. o3t v oKBIKHEE COMEE (Zp) OBfTHhY, TORKIERERIS LL
BFEERINTED 5 LT E 5. ARG CEKLTElls e — 7 Z0lamnir L, EIT
DR E kD7 (FHS MG, 2003).

ZE:bo+b11n(0a—bz>,
bo=10.965, b= —1.6437, b,=2.5617. ©))

—7J7, v —¥HEEE % (LD90-3100HS, Riegl &) 1 Xk - Tkl (FBEEMH 25413
BEXRI FCoOMEE (Z) %3 5. 2 >OMEEOED LEEASUIKOES (4K
E, z) ZRko 5.

Haas et al. (1999) (ddbiigic B 28 LETROFER D, 5, KT X 2 IKIEETRERE %
B4 £0.2m R SRS LTV 5. Worbyet al. (1999) (FA € v+ & F W 7oK LETREE R 2 K
oV X BHEHFER & R L 7. 2 ofER, X 0.6-0.8m OIEATEKIE£10% LIN, ZTEK
13£30-40% LINDOKEETENEN T 2T EEMELTVS, U2y r - RIVAEES
KEETEEO/NS WK RFETH 570, RFERCIZEMICELTVWE EELONS,

BIPREOKERN EEE 11TRT. A & OB ST 2 81T 5 729 HH o i $
T—raFHEL, ESHNTmO7—2mr o v 2R Nk, v v+ EKEOR
filhZ b B 7o DI, & vy AIKBERID S 4-5m OEE IR - TEIZINE L .

3. B SR
31 EFAERICLPEBARER
AR K AKEROREFERNI, 29 REKTHITIICITON, T 0% 4 REKZ
TO 16 FEMD B IMFEMENTWS, FK1IT) 2+ « FIVABEEKIBICH T 2 B
HROF EDERT. BRICL > THETEEDEBH 5600, FKE 12 Adhars 1 AL
fE T, BKE 1 TP S 2 Athf E cofiilicBlll i Thbhcw s, fore LIEIR B
WK O T — & FED DIV, RIS TREEBNT— 5 Ic>WTlET 5
Jayr - RIVAEBEEKBICBT S [Lod | ofighzaX 318 d. 2 LI — %
DAFTEL IOV TT oy b Lz, EERRTEAIS Wic2IKIET — & OIEREHE S
HxEX 4 1RT. 7 — 7 B OBIIX SRS 2 e OGRS I T 200, HERERE
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EE 1 EMBHIEEOKE EM ¥ kUL — gkt vy REHOARIT@ishTn b
Photo 1. Setup of EM Instruments. The EM and the laser distance sensor are contained in the
wooden frame.

K1 Vava  RVAEEERODOKERCESEBIFEROE LD (B7 47
Table 1. Summary of the video observations of total thickness and snow depth of land-fast
ice in Liitzow-Holmbukta.

JARE Date of Observation No. of Samples Mean Value [m]
from to Total Thickness| Snow Depth| Total Thickness| Snow Depth

29 outward | 88/01/01 | 88/01/01 112 41 1.03 0.19
homeward | 88/02/03 | 88/02/05 47 0 0.93

30 outward | 88/12/28 | 88/12/29 535 N.A. 1.16 N.A.

31 outward | 90/01/09 | 90/01/10 23 1 1.42 0.19

32 outward | 90/12/30| 91/01/06 458 N.A. 1.58 N.A.

39 outward | 97/12/13] 97/12/16 70 4 1.10 0.28

41 outward | 99/12/20| 99/12/24 53 27 1.36 0.28

42 outward | 00/12/23 | 00/12/30 239 23 1.33 0.39

homeward | 01/01/22 | 01/02/17 167 9 1.35 0.27

43 outward | 01/12/16 | 01/12/23 397 36 0.98 0.22

homeward | 02/02/10 | 02/02/12 85 8 0.89 0.19

4 outward | 02/12/16 | 02/12/26 185 84 1.41 0.24

homeward | 03/02/10 | 03/02/16 83 41 1.25 0.16
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Fig. 3. The outward-voyage tracks of “Shirase” in the land-fast ice in Liitzow-Holmbukta. Seven
tracks, for JARE30, 32, 39, 41, 42, 43 and 44, are plotted.
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Fig. 4. Probability density functions of the total thickness of land-fast ice in Liitzow-Holmbukta
derived from video observations during the outward voyage.
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Fig. 5. Distribution of total thickness and snow depth of the land-fast ice in Liitzow-Holmbukta in
(a) Leg-1, (b) Leg-2 and (c) Leg-3 derived from video observations during the outward
voyage.

DTRIIIKDE VL (29, 30, 39, 43 KEFK) EEWEE (32, 42 RIEFK) ORITHEIC/ Y —
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Fig. 5. Distribution of total thickness and snow depth of the land-fast ice in Liitzow-Holmbukta in
(a) Leg-1, (b) Leg-2 and (c) Leg-3 derived from video observations during the outward
voyage—Continued.
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Fig. 6. Scatter-plot between snow depth and total thickness of the land-fast ice in Liitzow-Holmbukta
derived from video observations during the outward voyage.
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Fig. 7. Distribution of total thickness of land-fast ice in Liitzow-Holmbukta in (a) Leg-1, (b) Leg-2
and (c) Leg-3 derived from EM observations during the outward voyage. Those obtained by
the video method are plotted for comparison.

75, EM ERZEBINRREDS R W, K0P REBERZ TWE T Enbh b, Fredk
JEfEE EM EER E FARICHANTRE L, EF A EORKNEEFESEHEREE EM o F9E
PR—d 3. K8 TIREMELKETO ) ) v 7ok 2EIER A HE L. W&
EEOMMZED TR —HLTWE I EDbns.

EMZEMR U EFAFEICL 2BIAMEEIC DLW TEEHBZELNDLHICK D, EF4ETR
e cE s N, £ 90 FEElR L 7RO 25 4 5 C Lic & » OKEZBIHIT 5
(FHS, 1996). KEED[EERICPE > THEELIRIE L7120, BEOWEHKTRIERRNIO—E
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Fig. 9. NOAA/AVHRR images which show the break-up of land-fast ice in Liitzow-Holmbukta in
(a) June, 1990, (b) June, 2000 and (c) June, 2002.
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Db STEEKOTBIRIZY 2 5 « SV AEKESEHIET 2 FHE AT A -5 D
—DOThHbHEEZONS.

Va2« SVABEEKORKECIEEFERNEESEIEZ R LTS, ik Eo
2 MG IRIC X 0 KO EFRICEH T B RlEEIEIT 5 & & §1T, snow ice DIEEIC LD
WK ZHET S, INHITMATY 2 4 « &IV AETIE superimposed ice DIZRLIC L - T
KB ERICKET 2 Z EnmRESINTWS (Kawamura et al., 1997). - THEFR Y 2

o RVABEEEKOBES EZHRESTLEEB NS A -y D—D2EEZON5.

Kawamura et al. (1997) 3% 72, 7(@7’:})”: WIS KON THEEFERETRT 5 2 &, rE
HETERBIKIENE SN S 2 &, HITinED S 30km PILEEN 2 EESFFEIT EICE b C
EEWMELTOVAE, M50 UM To 5 5 KPERFHANC R ET 2 ZHKIBOES 3—FETIE7R
<,mﬁuﬂﬂouoﬂfﬁéﬁké%Kimgﬂ%M?éﬁﬁ%%?l&ﬁbﬂé.Ek
KO b5 42 IREBK TS 39.2 AL TRENIZIE—EMICEL TV S, ZOAE RN
FEM ORI 20km TH D, il L 72@BEOBIFHEE & —Ed 3.

RN T T AL G Bl 3 7 ) 4 — NI &k » TOK EORESEBE xS h
5. ZOrHRFEL TRECKLOE EITH 2 285 ARV T RICES DRV, 20
FER, Kk 85 2 EMNBEZL LN, FRE (2003) FFEZOL WIERFKOFE S C
DI WT EEFERMLTWA, 0T &K EORBERPERER CREZE L TEEKE
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