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Ice cliff retreat and séa-ice formation observed around King Sejong Station
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Abstract : Ice cliff retreat and sea-ice formation around King Sejong Station in King George Island were
analysed and compared with air temperature change. Analysis of 33-year (1969-2001) air temperature
records at Bellingshausen Station has revealed regional atmospheric warming, and the increasing rate of air
temperature is equivalent to a warming of 1°C for 27-year period. Here we present time-series of
observations for the areal extent of the ice cliff and ice sheet, showing that they have retreated dramatically
in the past 45 years (1956-2001). Retreat of 1,050 m in length of the ice cliff has changed the Marian Cove
into a low rectangular form of 4 km in length and 1 to 1.3 km in width. The retreat rates have since
increased from 6 m/yr of the primary investigated period to 54 and 81 m/yr in the recent years.
Exceptionally, the ice cliff had been advanced of 21 m in length for a year between 1987 and 1988 of cold
winters. Ice sheet in King George Island also shows a similar decrease, and the decreasing extent is much
larger at the southern part of the Marian Cove, relatively more exposed to the sun, than at the northern part.
Comparing sea-ice formation in winter with air temperature data shows a pattern starting to freeze
below —5°C and to thaw over —3°C. It is conclusively estimated that the patterns and magnitudes of ice cliff
retreat and sea-ice formation are consistent with fluctuations of the air temperature, and that the recent rapid
retreat of ice cliff and less formation of sea-ice are caused especially by the warming trends in autumn
accompanied with expansion of summer thawing period.
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Fig. 1. Location map of study area.
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Table 1. Types and sources of image data used for analys-
ing the retreat of ice cliff in the present study.

Type
20 Dec. 1956 aerial photograph
Jan. 1984 aerial photograph

Year Source

Royal Navy (UK)
Chilean Air Force (Chile)
Chilean Air Force (Chile)

21 Dec. 1986 aerial photograph

4 Jan. 1989 aerial photograph ~ Royal Navy (UK)
Jan. 1994 topographic survey ~Kim and Baek (1995)
KORDI* (1996) (Korea)

1 Apr. 2001 satellite photograph K ARI** (Korea)

*Korea Ocean Research and Development Institute.
**Korea Acrospace Research Institute.

Fig. 2. Photographs shown the recent retreat of the ice
cliff in Marian Cove, King George Island between
December 1956 and April 2001.
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Fig. 3. Annual variation of mean air temperature at Bell-
ingshausen Station and King Sejong Station.
Vertical dot lines indicated each point of time
analysing the retreat of the ice cliff in the present
study.
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Table 2. Monthly mean air temperature (°C) measured at Bellingshausen Station, King George Island.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Annual
1969 0.5 0.3 -1.8 -3.7 ~5.5 -9.6 8.1 =72 -3.2 =5.1 2.2 0.2 -3.8
1970 0.7 0.5 -1.1 =33 =15 -8.7 =3.7 6.1 -1.5 -14 -0.3 0.4 =2.7
1971 1.6 1.0 0.7 -6.6 =2.7 —4.5 -6.2 —43 -14 -0.3 -0.7 -2.0
1972 1.1 0.6 -0.3 -3.2 ~1.3 -5.7 -10.0 —4.4 -2.4 -1.3 1.0 -2.9
1973 0.1 1.2 0.2 -5.8 -8.8 -6.8 -4.9 —5.6 -2.3 -0.8 0.5 -2.9
1974 14 2.2 1.3 -3.8 =53 =5.0 -7.8 =5.1 -1.8 -14 1.1 -2.3
1975 13 1.0 0.6 -14 —4.6 73 -12.0  -11.0 -4.7 -1.3 -13 0.2 =33
1976 1.0 1.9 0.8 -0.2 -2.6 =51 =100 -8.3 —6.2 -2.6 -0.6 -0.2 -2.7
1977 1.0 1.3 0.0 -0.7 -2.5 -4.8 -8.3 -8.1 -7.1 -34 -0.6 0.0 -2.8
1978 1.4 1.9 0.5 -0.9 ~-1.1 -5.0 -11.0 =1.7 -34 -1.7 0.0 24
1979 2.1 1.8 0.8 -5.2 —44 =5.9 -3.4 . -1.8 0.6 -1.8
1980 1.9 1.6 0.2 -64 -120 -11.0 -7.9 -3.5 0.0 —4.0
1981 0.9 1.8 -0.1 -1.0 —4.4 44 -9.5 —5.1 —4.6 -14 0.5 —2.6
1982 24 2.1 0.7 0.0 -3.0 7.1 —6.0 —4.9 -3.4 -2.0 0.9 ~1.8
1983 1.5 1.2 0.4 —0.8 -3.4 —4.9 =53 =3.1 —4.3 =27 -0.5 0.8 ~1.8
1984 1.0 1.6 0.7 -1.8 —6.2 4.7 43 =35 -14 =3.1 0.5 1.1 -1.8
1985 22 1.8 —0.7 -0.9 -4.1 —4.4 =3.1 =37 -1.5 -1.5 0.1 0.9 ~1.2
1986 1.1 1.0 1.2 -1.9 =1.7 =73 =12 =73 -5.8 -2.8 -29 ] -0.5 -33
1987 0.8 1.0 0.1 -3.2 =5.6 -7.8 =140 -5.2 -6.7 -2.8 -0.4 0.7 -3.6
1988 13 23 -0.2 ~1.4 =22 -7.2 -56 -8.9 -3.8 -3.3 -1.9 -0.2 —2.6
1989 1.3 2.2 2.1 -4.7 l -1.3 =21 -1.1 -2.2 -3.1 —0.8 -0.1 1.1 -0.7
1990 2.2 2.7 1.0 —4.7 =5.2 —4.8 =56 -5.5 -3.6 -2.4 -1.1 0.2 2.2
1991 1.6 0.6 -0.8 -2.8 =74 -9.6 -6.6 -1.3 =33 =37 -1.0 -0.2 -34
1992 2.4 1.4 -0.8 —0.6 -8.7 -8.6 -8.0 4.9 -2.9 =34 -1.0 1.8 -2.8
1993 1.6 2.1 0.1 -13 24 -4.2 =35 —4.2 -3.8 2.4 -0.7 0.1 -1.6
1994 1.7 1.3 0.6 -14 —4.2 =42 -11.0 —4.4 -39 03 0.7 ~2.6
1995 23 2.0 —0.1 -1.5 -2.6 6.8 -13.0 -120 —6.5 -13 0.7 -3.4
1996 1.6 24 1.2 -1.5 2.6 =51 -3.8 —4.3 -0.5 0.8 -1.3
1997 2.8 2.1 1.7 -1.4 -1.7 6.5 -5.5 . . -2.5 0.5 2.1
1998 24 23 1.1 0.9 -1.8 -5.1 -6.8 -8.1 23 -0.7 0.3 -1.6
1999 1.9 1.9 1.7 0.8 -0.8 . -3.4 -53 -5.6 -2.0 —0.2 1.0 -1.1
2000 1.8 1.9 0.8 0.0 ~1.5 24 -3.5 -6.5 —6.0 -2.0 -1.5 0.1 -1.6
2001 13 0.4 —0.1 I -3.1 I -1.3 -1.8 -7.0 -3.1 3.0 -13 -0.5 1.0 -1.5
Mean 1.5 1.6 0.4 -1.7 -3.8 -5.4 -6.7 —6.5 —4.5 -2.7 -1.1 0.5 -2.4

Months below the threshold (—2.5°C) for melting by Vaughan and Doake (1996). '
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Table 3. Monthly mean air temperature ("C) measured at King Sejong Station. Sea-ice formations in Marian Cove and
Maxwell Bay were also presented.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec Annual
1988 15 23 01 -1l 19 |76 26 | 1.1 05 -22
1989 15 24 23| 48 |09 20 06 02 14 05
1990 23 27 12 | 48 —49 19 -08 07 -19
1991 22 08  -02 -23 | -72 08 -02 -3.0
1992 18 08 -1.1  —0.7 | -8.0* . 01 26 -23
1993 20 22 04 08 -2.1 02 08 —09
1994 22 16 11 1.0 | 36 34 10 15 -18
1995 2.6 23 03 12 -21 : 05 13 -27
1996 2.0 2.7 1.5 10 =21 -3.4 01 11 -07
1997 1.9 22 03 -13 -1 59 - 20 12 =20
1998 28 24 13 1.1 -l14 49  —6.5* 00 10 -1
1999 22 22 1.8 1.1 -03 3.1 -5.0% - 13 05 15 -07
2000 1.6 19 08 00 -15 20 |-30  —64* =58 | -15 05 06 -12
2000 1.8 07 02 | 28 |09 [-50 —61* | 23 20 04 03 06 -13
Mean 20 19 07 -13 =27 -45 -54 5] 38 -19 -12 10 -l6

<Melting of ice cliff>

<Freezing of sea in Marian Cove>

:' Threshold (-2.5) for melting [:} Partial and temporal (few days) freezing (*)

Freeze/melt repreated

based on Vaughan and Doake (1996)

Nearly full area and above a half month freezing (**)

Every day full area freezing (**¥)

cf) *, ** *** in Maxwell Bay
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Table 4. Recent retreat of ice cliff observed in Marian Cove, King George Island, Antarctica.

. Area (m?) Length (m) Annual mean
Period (yrs) . 2
Retreat Advance Total Min. Max. Mean* Area (m”) Length (m)

1957-1983 (27) 180,383 0 180,383 0 292 169 6,681 6.2
1984-1986 (3) 93,849 1,174 92,675 -22 171 87 30,892 28.9
1987-1988 (2) 0 45,166 —45,166 0 -101 —42 —22,583 -21.1
1989-1993 (5) 288,848 0 288,848 74 335 270 57,770 54.0
1994-2000 (7) 608,474 0 608,474 371 760 569 86,925 81.2

Total (44) 1,171,554 46,340 1,125,214 636 1,346 1,052 25,573 239

*Mean length calculated by dividing each area by an average width of 1,070 m in the total retreat area

{?} L .; S ’ Artuseski ofield t
: ™ ’ t~ 65 m) :
@ i

Retreat of ice cliff in Marian Cove |
Antarchic Environmental Menitoring Program E
Korean Antarclic Research Station, King Sejong
2002 Kotea Palar Research istiute. KORDY

%

S

B e \\%% S
| T

5
Fotrzeboweski .

Feak L7
et

Maxweli
Bay

Weavey
Peninsula

2
R SN N

Marian

: J N
I toeee derane / %
"l ica retreat aven e S
. < .
e £ P
i Groundedios #/ Nel ¥ill "
" Crevasses TarT » LT & »
" ke Bowlines Q: U™ King Sejong Station B /
Korea) 7 .
.2 loo division ™ ¢ ) > : . /
Outer edge of T . : //
groundad ics s
Barton Potter
o
3 Peninsula Choe
By S Y
kad LS ) 48 . " SHaw

Fig. 4. Recent retreat of ice cliff and grounded ice observed around King Sejong Station in King George Island
between December 1956 and April 2001.

© Wk Zo] wigkol] Ae] o= whdal 9Iglol}, 3 Table 5. Mean annual air temperature (°C) data at Bell-
20| o]ZEjA= gk 2o} YUZmuioaio] BE 7} ol mA) ingshausen Station between the points of time

. . - _ lysing the retreat of the ice cliff in this study.
S7ISCHFig. 4). o1 vheiokae Wule) FEE fu e k

A7E W3le] EEo0] 7 BEe) 9|x3} 0] 650 m Period (yrs) Aut Win Spr Sum  Annual
o|A}e] ol= E QA 92 (Artowski Ice Sheet) 0. 2 3-E) 1969-1983 (15)* —1.82 -6.88 291 099 265
HEEE, B35 02 o2 By et on 2] u) 1984-1986 (3) -2.38 =506 216 113 -2.10

I B =)
<1 Ao 2 AT} o) FAnu)Ae) dge 7xg & 1987-1988 (2) -2.08 -8.08 -3.15 098 -3.10
F8] B sl 3E2MHE Holx: A T2 H A HFig. 4). 1989-1993 (5) -2.50 =521 222 141 214
olof] wksla] HlQle] Hullo)7} 350 m o]alol| B33k vt 1994-2000 (7) —0.59 =565 -3.13 155 -1.96
HEHA M D29 oko] LRI £l o), ole Total (32) -1.72 -6.25 -2.79 .19 240
St SE| okt domn X&E Aoz SRSy *Bellingshausen Station was inaugurated in 1968.



Ice Cliff Retreat and Sea-ice Formation in West Antarctica

Wy FE 9} 7129 A

slelekant WHe] FHo] A 7)ee] A3 et
8171 9151, Table 59 o] 7+ ZAAH Afole] 72 W
B A BaEghe A5 T Table 49 FU10 F

H el FEZolel viwsl] Kk (Figs. S, 6).

A3, 710 AT ol B yyghe] W A
DY FHY fARE APS BAKFig. 5). AL 29
71 Bk WYol Az TEE 199495 2001
Ate] 3] Golxl= PAHS wgiv),

°oleidt FdL Fig. 69 71 78 Fua ww FE7)
o g7 £ A5 A u$ gdsle], 719 d
A wst o Faghio) BAGH o2 felagn ®
&, o F §8 ol olF Baghel FAREsh AlslE
2 — 100
8 o-tae T
o Retreat | g
9
g 2 ® 2
2 @
& 0 B
5 w0 Z
g 4 5
T 20 @
B e =
‘55" ........................................ o 3
a 20
- ; — ; 1l 40
1950 1960 1970 1980 1980 200 2010

Year

Fig. 5. Comparison of air temperature and retreat of ice
cliff. Mean values during each period between
image spots for analysing retreat of the ice cliff.

100-7

th 93]8] o}, Wule] E 9 o

Bzl el

el @ wstel 2Az|zhE A

& R H(Figs. 3b, 5), 19943%E] 20000
R kel W S5 o= 379

‘gl A 7%

olo o
[N~} al

A- R T =

WSy e P
w2kt el of

HHES YRS nhEvkE

Rol, wiege] Baje
wol W WEe) Aol w
el uhErkee] 7
whelelinle) Haysisl
He A e g

24 3 4 A

o

=y
€
5

—6_]’_]__

Y (sea ice)2] FA P

1988 AlE71A AY o8 20019717 2 vleer
2Rk} A e e} 7128 viws)] H(Table 3), oA 2
AEH Yq 7] &0] -5°C o)3t2 WolAS o Az
7] AFsle, X7t -3°C o2 A5t =AU )
oA Wiz AEgE HAFAY. 2y R&7)7F w3 o
of mE} AR AR ®eith 4¥F 7]L0] 1 oA}
o MERH 198935} 199610 vle|Qtinke Ao 7

100 100
T o+ Annual o T sl e Spring E so{ Summer o
= B = ® = q e
| L~ -
£ 60+ dg £ 60 £ 60~ -
g w0l /’/ 2 ‘e — 2 40] e b
§ - . ! & 90 e T 8 ) by
= 20+ e b N b 5 20 e
8 . I8 ., o 1 e 7
E 0 - 5 0 5 0 ’
@ i - ] o4 o
>4 -ZO»: - 2= 0.855 (p= 0.025) X .20 ¢ s 20 ., 2= 0.919 {p= 0.010)
40— L e e O S S B L e S I E e e e e -40 T R B M | T T
32 -30 28 26 24 22 20 -8 32 30 28 26 24 22 20 08 10 11 -12 43 14 15 16
Temperature (°C) Temperature (°C) Temperature (°C)
100 106
) o £ 80~ Autumna. E 80 Winter .,
Period division £ b0 o i £ &0 dg-
- =3 -
<a> ... 1957~1983 (27 yrs) g o . Pt g a0 o
<b> ... 1984~1986 ( 3 yrs) = 2 Pt = 20 o b®
<c> ... 1987~1988 ( 2 yrs) g ol e L3 2 L] L r
~ | o] -
<d> ... 1989~1983 { 5 yrs) & 200 ‘e s 2 50l & s
<e> ... 1994~2000 ( 7 yrs) o e
_ 40 S S T A0y R S
Total (44 yrs) -3.0 25 20 15 10 0.5 85 -80 -75 -70 65 606 -55 50

Temperature (°C)

Temperature (°C)

Fig. 6. Relationship between the ice cliff retreat and the air temperature. Annual mean data of the retreat length in
Table 4. Annually mean data of air temperature in Table 5. Spring (S-O-N), Summer (D-J-F), Autumn (M-A-
M), Winter (J-J-A) in austral. n.s., not significant (p>0.05).



8 Chung, H. et al.

e e

shejgtagt 2o

=4

olo] MaE)= mAdnte] A E

gk olob FALSE BES Holn), 229 A& o Yol we}
2§79k A%7)700] A Rog wal,

2 se] 3 é ol 712 ool EE4e, ulEt
I z2M = dge 3 f0l50] BaRog oJgke u] R
o A, °l A AN E P52 092 Folod
uep TAHS 2HE AAG ALl

20] A5 A 15 Bolt A2 ) 9e9
“d % (fracture toughness)7} k&) X ™ (Tison et al.
1993), Y3t WEe] T AQE 2 Eow Fo| A~

HEo] dgo] Zekx AeAE #4217tk (Doake and
Vaughan 1991). A& 02 Fo] Y= Azuae ¢
S HAL ZojA weke] AL A HI o] "oz 1}
Z¥ch(Sabol and Schulson 1989; Park er al. 1998). ©}}
o), @59 Falot B2t ML A Ly DA

ke R Eue ARlolg,

H2 PNk ol BBYT 9l Watel e
FET B3 e ATevsiel Ads Bas o
Hiel oA el 24e] W 9tk Tu, Uizl
3l 53 ATshs 9IRINEL o2 AL
soll €] Aoleblrche Wik Zue) x|n)r)e

3} (regional atmospheric warming)ell 7118 o7 B
= o] oA $-A|3ltH(Doake and Vaughan 1991;
Vaughan and Doake 1996). %] Marshall(2002)0] <]}
T A2 5097 G 723 AN AR s)e

TAAEE AR, 229 AL 2k YT
e Al s dBFE 7120] FHE ASAS Helx

,,124, T Ae) ghRre 059 o Zasie 7

e r

O

E‘;u‘ il °‘TfH°ﬂ"1«] 71 g3 BEs, o)

717 (@ f-Zetelu} Wl ZuE27] 713, 65°15'S, 64°16'W)

M= 1945 o1 wid 0.056°CH 22t QYT 7)1
o] ¢ 25°C 4+8 ALZ AZHUOM(King 1994;
Vaughan and Doake 1996), ¥ &8 2313-41 71 2] o A = 1969
GEH 20019704 md 0.037°CH L7}, 270 of
1°C Fedt Ao Fri=ic.

HHE Q12 Aol 2utE F4S doyE slmo
2= 1) dli o8l wE] o3k 213 £84E4(Cir-
cumpolar Deep Water)®] -4 (Hofmann er al. 1996), 2)
HERe A o7l &8 AdE WEKing and
Harangozo 1998), 3) A=)+ 7]3W3}7} o)W (sea-ice)
o] BX g HsA o zR A2 sl5-g8-u) 7] 7k

=19 A (feedback) ¥ (Vaughan ef al. 2001) 5
Ack. v Gs] Gt ofof g
el7lele o L #F At vl g RE
Atk ol & Qs B} FrHel da Age)
¥o] Hg s}
o] gk 2143} o Kol ik =oje} gl H=
=

~—

ot 4y o K

=2
w2
=
Y
7o

2

o
W5 WA 39 B3} 40% o)

HA o sbo )
(NSIDC 2002). $-2lo] d343), vigjetivte] sk
& AW 4447 1 kmE TESk] mle2ce] S 7

°] 4 km, & 1-13 km¢| FWd oz HEAZTH
A, o] TF G 720 WEtEo] & ALn
Oe 2 2 2oy oF 7129 nMg st X&)
2ol wlg- RIZSA Wbt ey Ao 2ol 1
eleiets, WH o] TE7} gl H3tEe Ae opy
H, 712 &% ol9olE thdet aEe] By} 2go 9
3 2% FAETHH o= AFold g2 lojA vz
4 Acky AlEEr). olEidt QQ1ERE BAIEH A3y
%, H}%POM I 5L dE ' 4 glen, 3§
o WG] F42 49 EH*Q‘:S’L‘E

23 A S &4015}.

Vaughan and Doake(1996)= $143 =&ty 252 o]
ol FEvee] g5 A IHE 2AR A, D8] 5
29 AL A= dHF -2.5°CoH, o] =
< 25 A A S48 Soksa RuEt
H AN H 597 A 7}~ 71&9] 45
o F o) SEer = o FH =13 _8_7}.01];]_
7| & dee Ao o F S| S A,
oA 7TRER oloiR= I 9| X]&o)
l°ﬂ«1 WY SE S 7RESAI7] o2 Azhdct A4
1998‘51%1151 2000517141 9] € 7128 A Ed 37 s}

N8 or
ik
[

O e 4
w
L
£
il

T g2l 4897k 93] 2127t 71859028, Vaughan
and Doake(1996)7} A|A}St A2 A& 7Helsirhd 7-

4o AQsiae &Aooz o] EHYTky B 4
ATH(Table 2, Fig. 5). |23 4L W 35 ¥al ol
2} AL v Aoz AES v, A vls] A9 s)s}
B3 =7 BAYY 2y Ax T3l U]‘llk?"'}?iq'(Tab]e 3).
3 345}_4 OE]J]-E 1 B e of
G235 B Y I% sl wE &
o] &0l AdajEjojof & Folr}, e} L)
o] ApAFTo 2= olo) hEk PBkE B
stk vlelRbant sfiehde o] $E WA o] 7|
°o S s FA = Z317] W&ol o]
fol oW Mot g By

r

y [
o Kt ¢
9 ol mu

rlF

30{:1‘

3

5=

ox

ol

E‘Q‘

Mot o
(U

2

2
£
)
1
o
lo

Ar & 2 o mwx 4o
o}
ita
N
Jr
[o
r-[u

o
ol
o
1o
[of
il
!IO



Ice Cliff Retreat and Sea-ice Formation in West Antarctica 9

MEM 01%4
#14 ﬂvﬂa}i AF71A Qe AL
AE 7hsd ez gusp) Nl =dskw At ol @
A5t gndEtd FH ARdle A7ARE 528 4
& Aoz sviEd. 2 # AFAAE o714 dof
A AHEE HUPAES g UE A = o) RAgs B
oFe] Aol HEse] vt FFH A R4S £y
tha, Antge] 43 e v S5 Al 4%
A oA =5& FEe g

AZ712 Fdel] FA o] 9= W o] 9} ujr}e)
A FdE 712 kel AAlske] EAE) wglt) o) A
oAM=, 19983 Y 12} ZARAT | lsled, 19844 |

4 A 329 FFAR 20014 49 98] Yale] o)
F1500A #gd AL 2EE 2 o)l RlEE
0|83l 19563 12956 2001 49714 45d7r2] #jehy
W g 53] ws} o3 SR okeg, W
2EH-A 7| A 0| A B9 19699 o] 2] 714k A EE o)
B3l 712w Wy FE o] ke BAE90n, 19889 o)
EH AF7ACNAM #EE 7] 2 nlE)gkant AW R8s
o}&‘it} o] Aol o3l Pojn ABL theI P}
. 196947 2001d7ER) 2] 337) o] 9] 7)o
UHLd 0.037°CH F713led, 27900 o 1°C7} A8 Ao
2 Brk=doh

2. v}E]RbATE b2 19561 129 5E 2001 4
L7HA 9] 45d7F & 1,125,000 m?S} HH o) T a0
B, ol o]z ik m ok 1,050 mof) PR} A=
1956 o] 2.8 kmell E3A vla]gtagke 7o) 4 km,
F 1.0-1.3 km®] FU3e] wascz 4R}

3. ZAPIZPE 3E Zo)g viwdl A3} o] FEk
Ee &7 A1 6 miyrell B3ste Zlo] o) o]z
54 mfyr, 81 m/yr2 531 Lol AU} o) 93
22, 394 2 712 198745 1988 Alo]of=

23] 21 miyrE ARshks IS wYr).

4. A2 WEY] $5 P £33 o9} gAMEIoH,
vhERtante] REAMEAR L BERS AgRo g we
WEAPEOA W] Agse] nAB-S spPog 8
olFel 5L o] ARt BasA Ao »
3¥ Rog BHYYC).

|

O

nN'

5. A% FAE= rlelekagke] a1 (sea-ice)S Y
7] 0] A E7] Azt —-3°C o)

~5°C o]3k )
o7 A% u) =
6. °)¢} 7¥o], o

A&
e 71w 29ye %74]
]

}m 31o) preic
o vhc 2 o] gele x
of #1717k SgEEA, B
gl Tisle Ak W7t

_dl-“

EIJ
ofi
o L

A2l WAFo] HAA -‘u‘l%‘ FIARKIES
%=t3i2(Royal Navy, UK), &
% AlgalE %%—?—’;‘*"“‘?Lﬂd} }
B elAlot WAl 71A]9] 2
Zo g ALSLZEE(Oleg Sakharov)°ﬂ7'l A=A

Aget o] =S HARIEA £& AL A AA}
AL F A 1 e =4 l ATe =g
A GF MFTIA FH A E0R A% s v
B (PP03102)” 2HAe] Aoz 433k Asjor}.

2001/023 9%
ulgst 94

i r°" ﬂllo OH

F9EH

8, W] 1995 ME71A T 4 D[S,
p. 825-846. In: Y7 BFEY ¢ HFof B3 o7 T
sPFA A Halx, BSPN 00258-822-7.

Fed, #3539, A3 1998, AUk A

= e

dERE FrAdel A3 YRTE. $55 75997,
19(1), 101-106.
S A T4 1996, FF HFEWE S AF LM E7]R).

73 1:10,000.

Doake, C.S.M. and D.G. Vaughan. 1991. Rapid disintegra-
tion of the Wordie Ice Shelf in response to atmospheric
warming. Nature, 350(6316), 328-330.

Hofmann, E.E., JM. Klink, CM. Lascara, and D.A. Smith.
1996. Water mass distribution and circulation west of the
Antarctic Peninsula and including Bransfield Strait.
p- 61-80. In: Foundations for Ecological Research West
of the Antarctic Peminsula. Antarctic Research Series.
Vol. 70. eds. by Ross, RM., E.E. Hofmann, and L.B.
Quetin. American Geophysical Union, Washington, D.C.

King, J.C. 1994. Recent climate variability in the vicinity of
the Antarctic Peninsula. Infer. J. Climatol., 14(4), 357-
369.

King, J.C. and S.A. Harangozo. 1998. Climate change in the
western Antarctic Peninsula since 1945: observations and
possible causes. Ann. Glaciol, 27, 571-575.



10 Chung, H. et al.

Kwon, T-Y. and B.Y. Lee. 2002. Precipitation anomalies
around King Scjong station, Antarctica associated with
El Nifio/Southern Oscillation. Ocean and Polar Res.,
24(1), 19-31.

Marshall, G. 2002. Antarctic near-surface temperature trends
1951-2001. Available from WWW: <http://www.nerc-
bas.ac.uk/icd/gjma> [cited 2003-10-23].

Mercer, J.H. 1978. West Antarctic ice sheet and CO, green-
house effect: a threat of disaster. Nature, 271(5643), 321-
32s.

Mitrovica, J.X., M.E. Tamisiea, J.L. Davis, and G.A. Milne.
2001. Recent mass balance of polar ice sheets inferred
from patterns of global
409(6823), 1026-1029.

NSIDC. 2002. Antarctic ice shelf collapses. Available from
WWW:  <http://nsidc.org/iceshelves/larsenb2002>  [cited
2003-10-23].

Park, B-K., S.-K. Chang, H.1. Yoon, and H. Chung. 1998.
Recent retreat of ice cliffs, King George Island, South

sea-level change. Nature,

Shetland Islands, Antarctic Peninsula. Ann. Glaciol., 27,
633-635.

Sabol, S.A. and E.M. Schulson. 1989. The fracture tough-
ness of ice in contact with salt water J Glaciol.,
35(120), 191-192.

Tison, J.L., D. Ronveaux, and R.D. Lorrain. 1993. Low
salinity frazil ice generation at the base of a small Ant-
arctic ice shelf. Antarct. Sci., 5(3), 309-322.

Vaughan, D.G. and C.S.M. Doake. 1996. Recent atmo-
spheric warming and retreat of ice shelves on the Ant-
arctic Peninsula. Nature, 379(6563), 328-331.

Vaughan, D.G., G.J. Karshall, WM. Connelley, J.C. King,
and R. Mulvaney. 2001. Devil in the detail. Science, 293,
1777-1779.

Ward, C.G. 1995. Mapping ice front changes of Miiller Ice
Shelf, Antarctic Peninsula. Antarct. Sci., 7(2), 197-198.

Received , 2003

Accepted , 2003



