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Global Environmental Changes and the Antarctic
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Abstract: This study delineates the phenomena related with global environmental changes such as global warming, ozone
depletion, and El Nifio/Southern Oscillation (ENSO) noted in the Antarctic. Retreat of ice cliffs, glaciers, and calving of
ice shelves indicate the effects of recently aggravated global warming. The ice cliff located at Marian Cove, King George
Island, South Shetland Islands off the Antarctic Peninsula has been observed to be retreating faster in the last 7 years
than in the previous 38 years since 1956. There are some indications of temperature and precipitation changes associated
with ENSO around King Sejong Station. The regression analyses indicate significant trends such as a decrease in the total
amount of ozone and an increase in ultraviolet radiation which was seen by a satellite (TOMS-EUV) in September and
October which correspond to ozone-hole season over King Sejong Station. Increase of UV radiation due to the ozone
depletion in the Antarctic has changed the growth rate of marine organisms. It may also result in changes to the
productivity, biomass, and species composition of marine organisms which can affect the whole marine ecosystem. The
recent ice-core drilling over Lake Vostok has been reviewed with emphasis on the four cycles of glacial stages over the
past 420,000 years. It is time to show more interest in mainland Antarctica through investigations of the coring and vast
ice sheet, terrestrial geology, and upper atmospheric sciences in order to understand the past environmental changes and to
predict possible changes to the environment in the future.
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Fig. 1. King Sejong Station and it's adjacent area. The
arrow indicates the ice cliff of Marian Cove discussed in the
text.
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Table 1. Recent retreat of ice cliff observed in Marian Cove, King George Island, the South Shetland Islands off the Antarctic

Peninsula, West Antarctica (after Chung et al., 2002).

Area (m2) Length (m) Annual Mean
Period (yrs) >
Retreat Advance Total Min. Max. Mean* Area (m”) Length (m)

Dec. 1956-Jan. 1984 (27) 180,383 0 180,383 0 292 169 6,681 6.2
Jan. 1984-Dec. 1986 (3) 93,849 1,174 92,675 22 171 87 30,892 289
Dec. 1986-Jan. 1989 (2) 0 45,166 -45,166 0 -101 42 -22,583 -21.1
Jan. 1989-Jan. 1994 (5) 288,848 0 288,848 74 335 270 57,770 54.0
Jan. 1994-Apr. 2001 (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 1,070min the total retreat area.
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Fig 2. Change of the ice cliff of Marian Cove between December 1956 and April 2001(after Chung et al., 2002). Note the big
retreat in recent years since January 1994. The retreat in these years is bigger than that of the past between December 1956 and
January 1994. The ice cliff advanced between December 1986 and January 1989. See the Table 1 for the quantitative retreat or

advance.
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Table 2. Monthly air temperature of King Sejong Station associated with the freezing of Marian Cove and Maxwell Bay since

1988 (after Chung et al., 2002).

Year 1 2 3 4 5

1988 L5 23 -0.1 -1.1 -19

1989 15 24 23 4.8 -0.9

11 12 Annual

-1.1 0.5 22

02 14 -0.5

1990 23 2.7 1.2 4.8 -4.9
1991 22 0.8 02 2.3 <72
1992 1.8 0.8 -1.1 -0.7 -8.0*

1993 20 22 04 -0.8 -2.1

-0.8 0.7 -1.9

1994 22 1.6 1.1 -10 -3.6 1.0 1.5 -1.8
1995 26 23 0.3 -1.2 2.1 -0.5 13 =27
1996 20 2.7 1.5 1.0 2.1 -0.1 1.1 -0.7

1997 19 22 03 -1.3 -1.1

20 12 -2.0

1998 28 24 1.3 1.1 -14 : 0.0 1.0 -1.1
1999 22 22 1.8 1.1 -0.3 -35 -3.1 -5.0% o -50* ’ -13 05 15 -0.7
2000 1.6 1.9 038 0.0 -1.5 -2.0 -30 | -6.4* 58 -1.5 05 0.6 -12
2001 1.8 0.7 02 -2.8 -0.9 2.3 -2.0 -04 03 06 -1.3
Mean 20 1.9 0.7 -1.3 -2.7 -5.1 -3.8 -1.9 -1.2 1.0 -1.6

<Melting of ice cliff>

l:l Threshold (-2.5°C) for melting
I: Freeze/melt repeated

based on Vaughan and Doake (1996)
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<Freezing of sea in Marian Cove>
Partial and temporal (few days) freezing (*)

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

Every day full area freezing (***)
cf) *, %, **%: in Maxwell Bay
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Fig. 3. Annual variation of the monthly mean air tempera-
ture associated with the seasonal mean air temperature
changes of King Sejong and Bellingshausen Stations. Note
the invariable increase of the temperatures. S means sum-
mer, Au autumn, Sp spring, and W winter (after Chung et
al., 2002).
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Fig. 4. Dynamics of ozone hole formed in 2000 (source:
NASA, EP/TOMS).
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Fig. 5. A, Trend of Antarctic ozone depletion (Antarctic
ozone minimum, 60 90S) since 1979; B, Recent (2000)
ozone concentration compared with past ozone concentra-
tions (source: NASA, 2002).
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Fig. 7. Varations of averaged total ozone (a) and erythe-
mal UV(EUV) (b) for September and October obtained from
EP TOMS over king Sejong Station in Jan. 1979~Dec. 2000.
(after KORD], 2002).

2 U7 3 AFd AL wEod 7E ¥7
dojEo] Uthrt Ho] AREHW 7 AL Wi
Wik o]FA FEscLAHHE oAt L
Zo Rolfle QFEAE A} & gaiat B
ORI 1970t FHHEE As)r]o] Bo| 2r0]7] A
AP 3| U (halon) 7k EA%E EEBF &
2PE 2EFS T FLog 7S ri(Hamill
and Toon, 1991; Revkin, 1992).
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224 Tz -0wB-HsH-ZHS

steae w@gdE dg 60d Fol 1,6003 E
2o BE th7]do=z Soiztth e 1987
Ez]d 7 (Montreal Protocol). 2 F3HE3}et
2 274 Bal sl gAEAL spdeha oF
52 A7k Azl 43 Esea A7tE
o} 2Ey I AR AYE] o], deE 4 |
oM 1008 AFxEe] Azte] BE o]Fo} sFsEiA
Zolt}, B AZA 2F39 Hie} oFETH Y
AL, A3 e 9= der|AeA #Ee A
2 oz fF FIAFABAS)Y ATdEel
1985130l A5 WEZCH(Farman ef al., 1985).

_04 i
i

('

N PR

RES o} o ojxl= Agk

ASZaE0| AR Kok H2o 0EF It
e Ug duiAgez s wEA Fdshs W=
Sl GAEI Al LRI A EEFTE] IR
ol FH J3S vIr). 1 A HEEFIEY
ANEa 249 Wahe 3Ey 22 oS Hol ©
Aol AEENA 9T Fo] 39 e AAF
B oolUEl AA P9 sYAHAdE s =
Zlolth(Kang et al., 2000; AE £, 2001). BEY
o] AEZHIAEL Fxo gul +8H o] AFH
A gh #FE W= T TS ] o
Foll, o]59] sk A= AR Y] guste] 9
S vzt U 4= Q)

QEZo] mHEAA Y AFA=EAA YEt
e gaks Arsl] st e F2 ATF
e o]§s AgAoa  wFATE AT
(Karentz, 1991). =tjo] mlS8AE2 1990 Holl=
A2 A el ATAEE AFstd AR
AHAFYHSmith er al,, 1992). Icecolorstby FE&
o] ZAP} e oEFo] YR FAHE F=Y
Bol &A% Hzol dF Ageltt o] AFelMe
FAEE A5E s 2 Zold AX"E W A
o] Wi oA M ZARN] w2 AEEY
FES F3AH 2ol dAE ) rlRl= I
S A 239k 2 A9 B s dyasieA

o2& 79 ojio] AAZ 6% 12% Fag Ao
2 ZALUcKSmith er al., 1992). & FFe] Az}
AL £ 10-20molM 25% AEI 2AEe A
o2 Byd vl glckBidigare et al., 1996).

AEZAIES| FM gFE Bk AE9 zisie g
7 WY EE RS AW AEe] F9 Alx
glo] H2 AYH Fviz 8 4Rt o=z 2
T840 ZAER rt voprt zpejde] Frte 4]
B AX 2% o} MXEY §4d FAdx 3§
S Fo] 4 AHE EIEZ e DNAEAE
&g Bk op, 4 FRE sk vl
Z93 RNARAE #<¢¥ 4 JrkNoonan and
Lewis, 1995). AIXEL F&H FES Z=hia o]
olFoZN olyd &4g BTY F v YL
7RIS JARE 1 & 5ot 4% A

o] A7| AHAZE NS BAE £ Y= F
g A% 2= UthJohanson et al., 1995).

XM B712 Qlst sliol statrtst: 2]
Z7he 59 Fehdslels S Walel F49
HILE FAel ozt AR g BAE s
Zo] 2+ i (Free radical)olz} -2 38t
S E§EC] vHEoXE AolthZepp et al, 1995).
A Az d T B g4 BES W
gejolt g7 ol8¥ F Av I D= Falg
o} =g 2 e AR vloadlge Ak A
B3 wWlAA Ak 2452 AEkE
I FBLES A EEFYIE] o8 & e A
2 W=0] ZEthZepp et al., 1995). AE] AL,
Wk AEZYTEY FPA L2 flal vFolARE
Az o3 Judolt. Yoz FUHE Ut
o AR U7 B8l fdEEE $ids 2ol
THE FAYME e dFAM filEe Rl
o}F Ath(Martin et al., 1990). I 28 AEZHT
29 FWY LS A AR P FEsih o}
A Aol Ae] FAS7l e sy AR St
= GG AESFAEY] A4S 38 AaEY
5715 oWINE £ US Ao

54 Wslze o] BEA FEIY g )
Skg-& Yol F7IOH hydroxyl radical)?}
AZgE Aot} SWie dlF 5 AEZFHIAE Al
X B9 Asle BAET A we-g doA Al
o] PR o] "I s AE BHY
£ T THZepp et al., 1995). T3 VNS

2 &7 F9 te d4EF WhSel] HESE ol
I o e HEE o 7HAE 22 (R



Ayt Ao ofd olesaN AL BB 9
3 HolgAe ANl AESPAESS A4 A
o] olgElolobg oUAE A WE ol
SgaEse] Qo] AsEIE d.

LS SHRMEAOIH iRl ek e&Fe
ok AEZHAEY MEYH AL s
Ale] =0}, ¥ AFAEA AA JdFE F
He}. o2 o, 29 gkoz oo A4

= 559 F8 ©agd AEEHIAE she

| Zadla, 283 A9(Salpa) 72 4H|Ab
o] Holg AR P31 FHNErt e AEEw

Z7ksha sFgeEA A @¥ol M A
olt}, F Y AEZHIEEL od AY Bt F
ZAF &xrt W 30 Zzke] A A ¢
(ecological niche)& FX3HHA A-$381d 7] W&
of wAgt 37 sl AejA HArt G B
& % Yok

ok AEEFIEL F79 7+ F70 we &
X-BEFE 280-320nm)ell 3k AAEIY HEH
go] MZ UZA Yepdt}. xL4-B F7HR 8
Z FFoA opE = e Aol g o 7R
7V Eo] A|StsIAtHKang et al., 2000). 1% 7|E
of $As FHEC AM-B TV B 483
A SAFo] FdSAM AuAlY Tz WY
Aolgks d&o] 71 dy] WolEoZltk(Kang et
al., 2000). Z|H4-B F7te] wiet Z7b gE2A 9k

o ¢

o
St NBEIRE T2y, AT, AU U
A3 olgo] W AP HAE FBL

o of &

e

o
ojgj3lalw, F£8 $HF g xk2jA-Be] FA
Wk, Akt Aatgo] Y njRE 71z @
& A7 WEA] o]Fojxoltt th(Kang and
Kang 1998; Kang et al., 1999b). XF7}A] AR)xZ
P e 93 AEsgazse] g3 gy At
BAEE, EFEA RpejMe] mAe e At
A3k B2 ¥thKang et al., 1999a).

i)

|zt i TS

1990t & 9219 #A-E 1= AYx(El Nifio)
g gk(La Nifia)= SA|¢F ti7]9} slgo] 534
goke] ofuislEte HeMe Wi wstet
T AL ok voprt o @dEe] dEiSES ¢
S719 o3t FFE AT Holok gtk AA

Nrezustel B3 225

ko) MAske BAISH BEEE) W) ¢
Uk I E(El Nifio-Southern Oscillation; ENSO)
#A7} ivkes A7t AcKGuinet er al., 1994,
1998). 2 Aol WEd FEES A Ye-gizls
o wal WA o] LEHA wae] & A
e AeZ B I 9 Ukhizlge] AUzt
tRealole di Sl Haske BAlEe] BEH 2e
A7) BEog o)Fd FHe T oY AYdA
FEE AcHRyan et al., 1989).

9, 4 Yehidse gz gy divle
el 3 oz Uehhs 548 d40E A
T 7155 9 7ked shiE geizth. ENSO
o} #ad V1% ks Azt opel 19z
A= Yehds, 2 FE dise] 7i7ke He)
AgEA, ol=dE, FEFohelME HAHY
UH(Ropelewski and Halpert, 1996; Pisciottano et al.,
1994). wWehA = x]9e] ENSOS} #IHHE 7|54
3} ZAR= ENSOS} A\FHA 715 Atole} 71det #
AE oldlshes Hx Zgol 2 Aot AlF7|A=
g Xgel] Joeuz slgHste o W7k A9
Jor AF2uEAF ENSOSt #EE FFxY
71$HEE o 9 XS F = Folth

AF71A] FHe] 713 WE5-S 2ABE A AZRAY
o e A# 9 =P o)|7|A|(Frei Base, 62 12' S, 58
58 Wyld 19708%8 1987474 #=3 2159}
AZ7IRA 198835 1998E741] #&53 1B E
A% 20 9 Fote] 9 H|ed 4 FEe
A AT Fg. 8). 7159 A IUSHEGHEHE secular
changefe A T 7K €99, & A4
ENSO° 7]9lghar 7t 47]l4= ENSO
Z YRR HRENEE  southern  oscillation
index)?} A= €Y Nio 34 AL N~5 S, 120
~170 W)9] sl 29 HAE o]43le] d Uk
o} Yk E-& “warm event”} “cold event’Z &
ot o A, 9387 72 Awapt ¢ 8.5°C
o] FE5lg 32 Holv, 9 HFUAE FHY
£ 7ddshe ASdd 32°CE o ZA vebdth
ol W% Uehte 7¢] WslrEd fARIE B
7L S, gEpie AE7F ALde 1049
0.7°CE 33, Hol:s 1089 0.1°CE At} a8z
I AFEE dEd w31, B WA Yehdti(Kwon
and Lee, 2002). ¥ F75% 393} 498 Ast-
2 AAZE Azt &1, ARy Addske 25-

A
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Fig. 8. Time series of the monthly mean temperature and the monthly total precipitation at Chilean Frei Base from 1970 to

1987, and King Sejong Station since 1988).

50mmz At} 7FrEke] Wzhs, 712 Wskel g2
A, Azt Z3 7 ddsiyt Ack ENSOSE #E®
7lewslE B9 Ak (“warm event”) 7|7lE A
AZ 7)) At wopAn, 2 FoXE ALH
A3 A 7L AE o 0.7°C i) Ropr. 2
Yikcold event”)e} HHE 71283l oF vk d A
T A=Y 7)o o7t FrklEAE ALHde
A3sl A 789 A% °F 12°C b SUHTh
T3 ENSOSt #ES ZeE 44 dukx
(“warm event”) 7|Ztol= HAZ FrEo] gol
(30%) 724EH, T2 Aol AFo] AL 7kl
W3] AA 73ag vhE Zuk (“cold event”) 7173
= A5Es Ba7kE Aleldl & #AVt gl A
22 YePdtH(Kwon and Lee, 2002).

HAET S

SHUE A 29X 7AAHE Ao} HAEA
(Vostok) 71X1(E$] 78° 28, 57 106° 48, *°I
3,488m)e 19833 7€l FlA SAE HAE
-89.6°C7} 7129 71 o)tk 19574 12¢ 164 AA)
SRR miEEE 2 80° 06, F73 108° 30
Geomagnetic South Pole) -0l 3-8 o] 7Ix9 A
HFLEE —554°Ce|t}. o] 7|1AE FA 3,750me]
de ol Aojzlen I8 e L2eE #
Z3le Aol 1 71X 83 AT AT

1970 2 7]A] oflellE 4] WS 357t
Ath= o] WA 199030 So] 2H9E o&
3 AdS 29 A3 seet BEE o s
Ulgo] U7 AL 1 d3 HAEA 35
(Lake Vostok)zt 28 2 F9 F7]E 230X50
kmo|® FFZolE 500m Ax] HIAE FAE 90-
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Fig. 9. Cartoon of Lake Vostok indicating the ice flow over
the Lake near Vostok Station. The melting and accreting pro-
cesses are indicated at the base of the ice sheet. Arrows also
indicate the potential circulation within the lake. The accre-
tion ice is the light blue layered material at the base of the
ice sheet. The sediments (orange lined pattern) and hypothe-
sized gas hydrates (pebble pattern) on the lake floor are
shown (after Bell, 1998).

300m Axehs Zlo] 9 A cH(Kapitsa et al., 1996;
Ellis-Evans and Wynn-Williams, 1996). B&&°] §l
E XE AT, I TR HAZE e 45
kmEhe A= SUthBell, 1998). AIZA HIHF



oM BAEAR &4 7 WUt THFOKET #bK
subglacial lake)7} 70%°] d& ZSE A
(Siegert et al., 1996).

19989 1€ 3,623m7FA 238 35E §1 120m
Aro =2 chFig. 9)(Bell, 1998). A& Aele
Zole| w}l ti2ct. o]& F t] A& PolHH,
QEEL st dSo)A T 3311m%E 3,538m7t
A g3l 71goAx HAM S A%
A= Az 4s7] e o= dE¥e ¢
ot 7kt A EEriHA FE7] mEQl
Aoz sodc). o olFREHE dgdFol 10-
100cm 712 A7) AAY, A7|AEEs} RE
Al <k ¥3E 7AQ Fo] 171002 FHol
t} old A 36237 A&EY dgo] WA
uighol] 233 Axiz sdEn. 4 AHe] o
£ QRE 70melE Imm 2719 BYAT Bo
3 olfE dgo] IFEH0IN HEFN 41 =
oA Bart 4ol E AFol AR WE
Aoz HQd, 1 of, & Zol 3,608mErct o Z
A& oF Bron HWAdo] T4 9o wle]
Aol g Zog HRAM. o] AHe 150mS
A& 3,758mollA S5 o] sMHr), g
A olfZE T/ 220m A= wHE I HE
Zo=7 7MHA gl AFo] 7)EA =
B9 FHo| FolAs AR H, H&o
AE 670m BEE ZoAn] Seupehd sleHED
710m RTHBell, 1998).

Aol A

o rlo

.1

TR 7HeH FeaE@k
#), AAaFAYL, wEIEA(CHY), I%}E*iﬂ*
(COE ®AE A3, dAFE 429 @ AR 7]1%
7 A ol A Wtk 28 A HATHPetit et
al., 1997, 1999). & o] LAVIAHEES} 2% Al
dl= ol 12 AT} dvkes Aol AL
totzb Zbzbe) ZARA R H37]1E70E
© oFF HIRFon HAE7|EE v ot}
Zev e B E2A49 7P 7] (~240ka)Ee} 7]
o] o EUA 7PY717F F Al(~125ka, ~330ka)
U SISt B EEAE wj1E 7)20] Hilshe ¥
A= HEE], g2 A A Aap) Hzexsz
i Kl o= I o P B i T g o ek
0 AIZH AH A3 Holzitk, wbA E2A) 1%
W EeEe T4 427 @ Fekd] $UsiA 1‘: 7]0]
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4 glacial cycles recorded in the Vostok ice tore
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Fig. 10. The sequence of changes in atmospheric CO; in
ppmv, isotopically inferred temperature in and CH, in ppbv
recorded in the Vostok ice core. Note the four cycles of gla-
cial and interglacial stages in 420,000 years long (after
PAGES 1999, based on Petit et al., 1999).

RAo7 HeIthFg 10). 23U E2AE wze A
o 7128 3 ¥ HuE Hod Z e =zhlg)
g A AGIA otk HellA ¥ Zs
7} Qo Az

HAEASHE Folz)7t Byh7t 54 #Al
o} ulolZd THAY HREE nft valley)ol] U= A
o2 Bt B WA FdolgAY 1 A9
o A= Aoyt 249 FE 22 ot A& A
°2 Helth(Dalziel, 1998). E& ©oln Y=ul5
o] gF0= Yol7] Azl A7l Aoz Azbd
o} 35 E 1,500% do] SUSAEE, B 1
Hoe At §5EA ofF AEsH 1 &
g7} fich

1 37 19 EE oAM= dElgel, o] XE, F
Fol, HANZFEHHEE) SFEAEREY 3o
AR o] o] 1,500-2,750m Aol o
H £ Imloll 800-10,800 7ol ol2n 7)Zmws}
o A Sle RoE HthAbyzov et al., 1998).
Y Z& X e @l 3,538-3,743m)S B
E3 35 Bol d Ao= AyZd 3,603me U

9L Imidle 200-300709) BHEElolt AU 3°C, 1
71%}01%1 e Az Holz= AR Aot
(Karl et al., 1999).

HAEA 71X} =& (Dome) C(ES] 74° 39, 573
124° 10, o] 3,240m)olA ZHE AL Fd
AR50 Sr*'SrSnat Nd(““Nd/““Nd) E91949)
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ZAL BA3 A3, 2 WA S0 dolEst sl
Uok(Patagonia)lX  71dAthe Aol ¥
(Grousset et al., 1992; Basile et al., 1997). WA7}
W3l 2% stage)@FE WalE7] Last Glacial
Maximum LGM, ~18ka)?} W3} 4A)(~60ka)st 43t
671(~160ka), & 7120] W3kE wjol ofF W AL
2 JebdohBasile er al, 1997). ©}3 A& HH 7]
o] WgkS dole PolZElyht 22 Ed Yo
A dlgo] H= A9Rte 23 9EQ 99 40-50
= A HAFRTEE) Dol BS A, et
FUoAFeA HA7L deld ZleE BRlth
Aol W3l 6A7IAlE 710 HWoks o, YSiE
S 8 A9 FAER)E AV BsgE A
o7 HeY, 7j2o] HgkE of WA} B AL,
Z sRhHEe] gIgla U719 s#lo] s uidol
HNi o AZRFP7] gl AR Foldurh(Petit et
al, 1981). & d5do] wop =28 HAWFE )7}
Yol wix7} § ©o] @Y A% o7t 2 Relth
AA FHE YT LOMlE Al HAe] ¥
Ae) F wj ol B7t Ut (Friedlingstein
et al., 1995). BA &= F2 Ao} Az oM
FREL E BEHTE-TEHE)Y sEed
(K3ZiEER hydrologic cycle)e] FllA], WA|7F E=
Fol o] #o)7] fEelgis A= Uth(Yung e
al, 1996). AA| & &) e ¥ FEL
2 kA HuFoze s, FiEeEE 109
Are] AA7F GFFe HHHEhs 4] A
(Yung et al., 1996).

B2AES 7N 223 439 “Bed d7?
AFE vE WEpldle A5Fo] Ay w3
vlol E7] egtth(Jouzel et al, 1989). th7] =7t
Yol HA uitle] LET YolR|a 5] FUEo|
Hold Fgo] ¥ Arlx 1 A3} FEe] Fopy
the Ao| 7hgsicth A4l 3% W3 a|(LGM)
de HAxd de vy deH 257 AFHT
5°C A% o ¥ithe 9771 AoHGuilderson et al,
1994). 73rggo] oA W Mol WX doY ¥
of el F7ieit) wx|e] F& oA olopr|gt &
o] R el A3 4t vl £& W o}
Uzt 9xE 4ol At WA A EFAT
& ety A=, 37 Fod BAV goA Y
AR AA7E 71E Dol sheAdol A7) W]

o @A ATe 7] el Fiete YAk gl

¢

<

b

th7]7]20] 2-3°C7} Yol Rt lom &
e YAEC] HE WsEw] "dx 7]E 2-
3’CE ¢ Witk d7A3rE lthHarvey,
1988). WEUISAM WA= F2 £4%9 o] 5
o] 9oz},

rr

9l

W] FEE 7MW ofJg 2, ASTY, Y
3 2 gE AR AV dddal Az
a3y o B2 A #EAAE e Aol dAY
Aot} AlZke] JHAAN ™ AEEo| T EolAA
o Azt 22 A8E ROyl HA ¥t
panzl=n

Gl dgol == ddel #AA ATt
H9AE AF2dd8d dA7F d=AE o AAHR
e oz AT (global warming)olghs So)&
22] ka1 A GRS o) 7] H(regional atmospheric
warming)0|2He £ol& & FAEE Uth(Doake
and Vaughan, 1991; Vaughan and Doake, 1996). Ely
H AZE7A 1AM 400km AE GAFLZ EoXl
= o/ |R@Ae $-3gtelte] WEU=LT)
Ay 19453 o]F 7]&o] wid 0.056°CH ok
2.5°C A%3H(King, 1994). A Marshall(2002)°]
3 2 504 7 E3e] A= R0N w58
712 BAREE, ¢899 A7RGE 2 W=
e dtieMe A HaE 7ol FElo] gEhe
wh BT 29 giFRe 23]y ot ke
A% Btk E HIE AgFe] Wide] gklA
A &3 FAYAE A77F = vHSmith et al,
1998), 2 AFA7E Mg HAld sigHETd, |
Hal Wiyt 3Fsle A AdaEdd =ed
A e magy A A4 dEiss A
Jslae @] 5RO Hilee] B e
Zeog ROt 7|3 R¥AT(modeling)d] AIE
w2 FAo] thE AYurt =7t Bol St
TH(Watson et al., 1997).

AFAA ] HF71L 18603 o]F 1400a Skl
0.6+0.2°C S A7) 2100897 AFHA 7}
Hx 14°CAM Hd) 58°C A= ekt d4d
tHIPCC, 2001). °1& 452 7 100d &8 2
gl 19k 3 Bk fEt gl 2 deeE A
Aoh. XA 78] e BE HEEis
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A& Aojt}, 71&o] e wE} AFHE F
2 Zolny, A7} 210087H] 2 % Ha 9emell
A A 88cm A= H2lE o Ad"ti(Houghton er
al, 2001). 234 F2 955, 2 7RUAE A
W] WAte] ol sjgHe] wolgd, Wide
e o] Hoje o gold Zojth 1A= X
ato) ke MYF Wikt 3x oy ox J
z¢] J3re A Ao|ckHvidberg, 2000). d]Ho]
SEphe o e @ xXo] AedHe e AT
wo o A7z Aojrt.

AZ7NAe a7k 74948 B o, 95 &7
o] o] o] wEt 2 Yl &IAL E=
Aol FHthe Aol WalKthLee et al, 1999). @
2 AF7)A) A A eFF fa) AeA
o] WES dApshe 7] Lokl d7E Fa3st
o o]E WEd wEe AuHA E4E Wile A
B3} Ropo] d3x Fa3lt} K ol9} AHHE J|F
wsle}l sAste 599 Ak st ol Al
714 Fde] At 22Ty #EE AR A
e EAl] ulel s 5H AHE wet
A ofw 7| FEFE e Ao, A9A
BARFY wisd wet vehve 7)139 Hste 54
o] g1& Zolgly By wjiio|t} et o] #4
Eo thEt o Aty 2L WE EAL ok
aME, FH G717k AA gEEo)7)slEe)
U FEEEE Rohol digt 94t Hasit) K
el BAlge) Al7)e Wl ek AeiAl H3lE
ojssid v 7 Ayrt s

A7) e T2 olitsled, ek, A
AASHE, ASlESEAE AT SARAE] St
g Fa% doZ 7Fstedok 3 oo agER
)7k) oz oA JAEY wiETS AEAZ
T Aok ] 7145S s g AolH
HlghEo] Folxe AT ¢3le Aot dH H
o] 47EAE B HEUE 43 2EF0] 1y
Ho] HFHe] AL diFdrlx Al wEo]
FEUHFUHRY 7128 A7IZE B ol F
23 Aoz FEF £ ok AP Uk
(Thompson and Solomon, 2002, submitted). ¥t &
T 22 GEUE HTEEY 7122, dXE B
glsol, FE3E] molAth 2147 B¢t oE= 3B
Ao wt §2]3)F-t7] A2EA iz 7

oy fe

il

o

Nrergesiel 43 229

< wahle 9% Azt 93 ¢ Jdens
A7ol 7FA W 7135 Wstejeta Holof g
CHSimpson, 2002).

A Xe) F7E AAe) 3¢ EAlske AEEH
AEEY AES, AYA FF BE FE, A v
£, A% P wsle B3] Ad 20d B9t 9
Zo] AEX 9] WS op|AHTE AzHEd. o
Azt 2ejHo] AR s FeACNA FqE viAe
Fa3k shie] g9loz zEs 4 918 Zolgt A
23tk (Kang et al., 2000; 373Z £, 2001). $AEL
oA BouE ARl =¥o] ALHEdE FF
AZA 220 Y HEZ IEH7 |7 e o2
24 @ ol 717te] 48 Zolth. aYER W3}
FdE 9 AA A 2AEP] SEiME 84 FF
o wa} zjel7t & ABEEFAEY] TR} A,
Aziet w7 Fel digk 718 A7 FsojoF &
Rolth, 23d AA=Z AA e EAsle $HF
S zop7] 9g 2l f4A7t &t Aokt o
o At AEEHIEY FAHAeH, AAR
gigke] =Ml AAstEA Aol 71 A =
Z5o] e AXMA vARFd dg dye 2
7] ot} I 7R E AEEHIEY A-Y o
2} Yehte 79 AEF Moo gk A+
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