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Winter warming-event observed at Dome Fuji Station and
synoptic-scale circulation in the Antarctic

Naohiko Hirasawal-2*

(2010 £ 3 A 8 H32{F; 2010 4 4 A 22 H3ZH)

Abstract: The atmosphere over the Antarctic interior is usually separated
from the outside by circumpolar tight potential vorticity gradients, where
surface transient eddies are embedded, at the Dome Fuji Station (77°S, 40°E)
on the topographical ridge of the East Antarctic ice sheet, an intensive
meteorological observation campaign was carried out in 1997, The daily
surface air temperature at Dome Fuji Station in the winter was generally
around —70°C, influenced by a ground-based temperature inversion as well as
lower temperature in the polar vortex, On the other hand, the air temperature
varied with larger amplitude in winter than in summer, The most prominent
fluctuation, which was warming to about —30°C from —70°C (approximately
a 40°C-warming for only 2 days), occurred in the second half of June (Hiras-
awa et al, 2000), The warming was accompanied with increments in surface
pressure, surface wind speed, and cloud amount, They were induced by warm,
moist air advection from outside of the continent, associated with a blocking
ridge which was the leading edge of a quasi-stationary Rossby wave, The
present research found 18 warming-events in the 1997 winter from April to
October, including the one in June above, Most the warming-events were
accompanied by increased surface pressure, surface wind speed, and cloud
amount, and were associated with synoptic-scale anticyclonic circulations,
respectively.
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R —2A % UEHL (77°S, 40°E) TIirbhz[ROMGETI T, MmO
Wiz, ZOEEOES LW EIEYIREOFE S KL T, —70°C LD
W ESEBEH SN 2 BB LL kipolz, FOHRTELAZICE, KR
DEFWEZICHARTREL Bo72. 6 HIZiZ 2 HRET 40°C 12 b o S HIRR
RN -7z (Hirasawa et al, 2000). < Ofx b BEE S - - FEHSIZ, #E
KL A, M EEGESE, EEEINE o Tw T, Tk T ay ¥y
DI U - BB R GEER IS - TR KRGS R — A 5 Ui FZ2 AR
MLz ickvglgIsnTwiz, Zo7ayF 7)) vy YOI
OAE =D ANV F—EHENEER LU, KiZ, 1997 FOLZEM (4-10 A)
IZOWT, F—A%UHEoOM FSIRORRIZ L) & FIRHS 2 B E
L, T 2T sz 17T BRI ORHE & TNz, %  OFHIIH ERE LA,
EREINZEY, Yy YEOFREEAKEROEELZZ T Tz, £k,
Tuay ¥ 7Ny IS 6 HOFRBEMO 16 HFN LT, AROME
BICBWTEELTWE Z R INnT.

. X UC®»I

HEBOKROFEMTIE, By 7 ORA b—7 EH#h (K 1) 235 < SESR 2k L T &7
2, ZNLANORMT — 2 13% v, HARIIFBRERKK 2 712 & 2 [UEZEH O = His
U CHRFEROKROBERR EIZ B — A5 CBIHIHLS (77°S, 40°E; BRI F — A5 U L 5t
FR) ZBHE L, 1995-1997 ££0 3 £ D4 % 7z L 7z (Hondoh et al, 1999; Watanabe et
al., 1999), HEMOBRMEO R A b — 27 FHHICH LT, F—2A%5 CHEIZZOEEIORLE &
U CEHEBERI®T —5 2849 2, 1997 Fi12i3 F—25 CHEHT, KRV > 78 (Hira-
sawa et al., 1999), T7 v )L > 7RI (Fk, 2001), 4V >V > 7RI, Z4 5 —EH
(Hayashi et al, 2004), FCGHFHEEI TR - BEH, 2008) 7% &&= & e, [RGB
(Yamanouchi et al, 1999) »fTbi7z.

ABOEBAREDO GBI X, RKEE S Ml RS s, F—A5 UEMTT

H1 FEROKKOEE S L, AR, F—25 U, K2 »—7 EofrE,
Fig. 1. The distribution of elevation of the Antarctic surface and the geographical location of
Syowa Station, Dome Fuji Station, and Vostok Station.
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Dome Fuji Station (77S, 40E), Antarctica
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Fig. 2. Time series of daily surface air temperature at Dome Fuji Station in 1997.

b [EBROFERTIE, BEOERICNZ, ZOEREOES &l [ g O 2
LRMEL T, #i EEEAA—80°CH IR B I b bot, 21z, F—A5 UHEHHMD 1997
O HFEH PRI ORRY 27T, F—A5 UEOMEIARIZ 4 H 24 H~8 B 15HT
b5, BFIZ-30°CHIKLT, £LFIE—T0°C f{iite 2R T 2 £8% W0, XFICBREOHZ
DEFDEHIR & < 72 203 ((FFI, 2000), ZDOHTHHOKRA 7 —v % b DFEBR
MHID, 10°C LA EDFE S D imwv, kB BEFLFRBRIE, 6 AR I 5728
40°C DFEWTH %, Hirasawa et al. (2000) ¥, ZDOFEIAEN O E—FDEHEZF->
fe7ay ¥ FHRIBEEL TWe 2 E 2SI Uiz, RESCORTEIZE S OfER %25
LT, FBAENOED - e KRAOBIEG SR T A =X L ERT,
FROKIR 2Bz T 2Rk & LT, KR EZRE S KBERRGH CER SN2 KEOET
(FAYEYRF A L) BEHESNTE (King and Turner, 1997), ¥4 ¥ E> R X b
1R — 2% UEH CIIAFMICIZIZEHBN S L7228, — B, 2070 v X OBER
MoORESH, FROKKEEO—DE L THEHSNZEEATH S, KiREFEHENERS A~
BROABEPRADAKGY AT AL LT, R BERIA 7 — 0 OBEIMEETLO BEEMS Zh
¥ COETCERINTE 7 (Nakamura and Oort, 1988; Giovinetto et al, 1992, 1997;
Cullather er al, 1988, etc.). L2 L, #HHODOKRA 7 — % b DRBIBREKSELLL, H
B FmRANPER O FR LK E 26T 2 LIOWT, BT % > TEAICIER S hig
HTWw% (Massom et al, 2004; Fujita and Abe, 2006; Schlosser et al, 2008), Z# 5 DI
BliL, ¥4 vESFF R Mgk, FHMcEEORKE L5, FAVYEVFT A
BB RSERICE ZBAENZNZNED & 5 KR THERZHS> TH 5D,
SBROBKE L THATERL, M2 TREARBHEKIIZORMA 7 —vins, Tay v
TBIR % & O I BB R SIER DL - 72, BIARKRONBEEADTRACBET 2
YEzonb, FIT, KMXOBETIE, F—2iHUCEMOM FESIROERYH S HIE
BR 2 ZBRCHi U, FRBR & RBIBIRASIER OB, KU KN — A5 CEO Mo
L[RERZ L OBRICOWTHNE ZE2HMET 5.
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Parish and Bromwich (1987) 2SElARER 77—V D 7 & 8 Ja % BfEE 7 )V CHEL Th
520FHF KD, LEOBIETTVOFEREIZLY, R—F0—REDXY AT —VD
BIRSL, KK 0 REKS [IR RS O B £ ORITHIIIE $ T T % (Guo and
Bromwich, 2003; Bromwich and Guo, 2004; Powers, 2007 7% &) . #{ET 7V 2 {# - 72 FElK
BoOWMsESHE I I REL, MEBBBRTIEERICEREL 7284 « ARIGEP, FEfokKRK
ORKICET 2EMICFIASNE2 THS S, T LLBIEET VRS g 2w 2 72
DIZIE, €T VEEROMEE %217 D 72 0 QBRI 2T A LT T ZERRAIRTH 5.
F/o, NTHET —5 ORMGEEIC &> TH BTSN 3 I REE k> Tw 5, KR,
FIMANBE DE « BEKIZDWT, ZOERA N =R L, BE, BEHESCO VT, &
BOBEIZNELE L Tn5,

2. TuvF o)y Y0EKE F—L45 UHEOKRER
21. F—AJlLEMOM FRROIE LBERERT DR

1997 FDOEZFED ¥ — L L UCEMOR O BHELARHRTH o7, 6 HEP TR I -HE
#l % Hirasawa et al. (2000) [ZE:DEFHEHT 5. N —2LA 5 CHMOKRETE O T2 R
ZAb 2R 3 12RY, H ESIEIE 16 HO#—70°C 205 2 A0 18 HIZ1d —30°C 28z 7=,
1THIZIZTHES T TRAC ORERFRE Ko7, FRIARNICIZH 15m/s OJREHH
17 B & 18 HER o 2 Hic Bl S ufz, 2O F—245 CHEHMIO 1997 F£OF M
AEHES GRS N, ERFI ITHECRELEF L EbEHimL, MR BuENEKE
FEHolz, 18 HERPCKEOWMAPBHI S 1L/-t, 5lI&RELREEH S LEORESITEDN
DR Z BIFLWH L otz KUFER 16 HIZ 590 hPa 5 5184 12 FF LAY, 19 HIZ1Z 625
hPa 2z TZ DA XY FOBAEL %572,

K 41370y %> 7 F#EF#O 500 hPa BEOSHKTH S, 6 H 16 HIZ 45°E i
LY v Y (KH) RSN, ISHICEZDY vy VPRABMICKEL 7Ty Fr 7Y vk
olz, 20 HICiE 7 ay ¥ 27y O OBEIOERS IUIEE L, FEOKK FIcGz Lz EK
FEDSE NI, —EHOBRIZ, HELSFEBOKKRO K S %2E-> Tz 16 Hp o5 b$ 5 HE
SPTEI-, M3KRsN2 F—2as5CHEMOM FEE LR, Fo7oyF>v 7
Vy YOFZEEEL TW5, 372bb, 16 HICEH ERKTENEZLZDOFR 2 E D 590 hPa
Hitt Th D, EHOMEIIBIHONILICH 5, 17-18 HOKE LFIE, 7uy ¥ 7)) vy
DRI RE DKFAERE DA X 72 HEA R — 25 CHEM 2l L7 2 L 2 KBS 2, C
DRFEDAEE DK & ik, [FER R R BT b b, #EEE O
RKiFZzhE KT 25, ZOFILE-S T, B2 B> 2 REPEAGETAE L, KR
ALREEEAEREbzO L. FLTCI9HIIE, 7ay X270y Yokbnr o]
BEL ZemSUEO R EbN T, M EKED ERIFIEE D, BECERRKOER
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3 F—ASUEMOH EKRER T —2 ROEEY > 787 —5 ORERY, bosiovicid
HESUR GHWERD, HESE (R, i EEEE ORWERD, T 83xvicidi bics i
% L& « TS REBETOMERE (VSRR RuFER), BRER (O 72720, @)
BWE), BV Y 7 L 2B SEMERE DO by TORE(X) 2 FNZ R T, (Hirasawa
et al. (2000) X D)

Fig. 3. (a) Time series of surface pressure (dotted line), SAT (thin solid line) and wind speed
(thick solid line) observed at the Dome Fuji Station during the blocking event (June 15
=20, 1997). (b) As in (a) but for cloud amount based on 3-hourly observations (open
circles; closed circles for overcast by thick clouds), for snow surface temperature (thick
solid line) based upon near-surface measurements of the upward longwave radiation,
and for temperature at the top of the surface inversion layer (crosses) based on sonde
observations. Time series of SAT is reproduced for reference (thin solid line). (After
Hirasawa et al., 2000).

W3 - 72, Hatsushika and Yamazaki (2000) &, —@EHORMIZAGIZEE > 72 BN ST fiR
WET>Tw5,

LZAHT, BOENEM FZ2EE > TWAE (17 HEE~18 H), L& REBE (EE
HE) L TFTHXREEREOENZIEA W EiE, HEICBY 2 BEHESHIDE T
WZERRLTWS, Tz, # BRI TEEEWCH S SHEDELIRES N ER TH o b F
Zohd, LrL, 2 THSURPEREITHER L Lo o fe, WEE (L 5SUR & iR E
by 7O E DFE) IRLIFORFTI0°CEETH - 7: (BRI O 21°C).
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1997 2500 1200 UTC 18 June, 1997  Z500 1200 UTC 20 June, 1997
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E4 1997 46 H 16 H, 18 H, 20 H ORf&ID 500 hPa @ES O3, N — L5 CHEMONE %
BATRT, TuvF )y VOMEZRKHITAR Y. (Hirasawa et al (2000) X D)

Fig. 4. Maps of unfiltered 500 hPa geopotential height (every 100 m) for 1500 LT (1200
UTC) on the (a) 16th, (b) 18th and (c) 20th of June 1997, based on the Japan
Meteorological Agency operational analyses. Contour interval is 100 m. Locations of the
Dome Fuji and Vostok Stations are indicated with a closed circle and triangle, respec-
tively. In (a), the incipient blocking ridge is indicated by an arrow. (After Hirasawa et al.,
2000)

22, EFFORAE—RNEE

Ty Fr SFEEEREE LT, EERD AL KO R VF (G5 L BEEERL, S D
IARIVF BT ICHER S D (Nakamura er al, 1987; Nakamura and Wallace, 1993
¥). 2T, EEHF QAL DT IV F ROV TN,

512, Takaya and Nakamura (2001) 238 H U 7z OEFHE 7 7 » 7 A (Wave Activity
Flux: WAF) 1Z£DWT, 300 hPa OEE DR L WAF O43%2Rd. 6 A 17 HIZI3F
BAREER & D FT 30°W {302 5 90°E 1L £ CrRERZE DTN R S 1, 2> T
WAF 3D S HIZFAWT WS, 72, 19 HOEERESICIEFET 7Y 2 O I IERZ,
M7 7V EAICARE, FEEOKKECERZORETH-> T, ZhICH-> THEA X O
WAF BNHETH 5. N — L5 UM EZICPR SNz 7ay 2270 v 9id, ZOEIIO
ERZICHEL, ZOBRICO AL —HOLINF —EENEE L 2 ERBENS,

6 AT R — 25 CHEMOM FKB O R LR, B, mEE b7 & L7 EHIEN % b
LI, BAE—FEREE Ty 7)) v VOFEREICHE D BRNEADE - KK IC DWW
T, 6 Rz £ Lo, WEBICBW TR, BFK, mE Kb EEICK 011,
BEALKOSERT 270y 3270 v Y0 EFMl (FGHE) ORI S T 2 5EE
Ths.

MR Ic B 1 5 70w ¥ > 7 TlE, PSA (Pacific South American) /X% — > L IFEFIEN 3,
FAARFEED & VAR, BT X U A KEEAN Efe  BHIDHE—HI SN TWwW b, ZD/88 — i,
TR FRGT M7 £ THIRIK & 2353 % b D (Renwick and Revell, 1999), %7z,
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(a) 300 hPa 1200 UTC 17 June,1997
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5 199746 H 17 H 1200 UT & 19 H 0000 UT @ 300 hPa & Oz (SHEf) &3 OmHE
77y 7 A (RH), RZX5 HEEEY» S 31 HEEFEE %25/, (Hirasawa er  al.
(2000) X 1)

Fig. 5. Wave activity flux (arrow) at the 300 hPa level on (a) June 17, 1500 LT (1200 UTC)
and (b) June 19, 0300 LT (0000 UTC) in 1997, based on the formula proposed by
Takaya and Nakamura (1997). The 31-day are averaged field is regarded as the basic
field and the deviations of the 5-day averaged field from the 31-day averaged as the
wave field. The wave field of the 300-hPa height have been multiplied by sin (45°S)/sin
(latitude) to mimic the corresponding streamfunction-like field (contour interval: 100 m;
dashed for negative values). (After Hirasawa et al., 2000)

PSA/8Y —FENSO (Z Vv =—=3 —®MAiRE) BHRLOEETHHEMSI N T WD
(Renwick, 1998 72 &), L L, ZORKIEEROZEI FICHHFEBBOBRTH D, HEHK
BAOEFEN BTN S v,

—7J5, Berbery et al (1992) #37RLU 72 1980-1985 FEDLH] (5 H 1 H~10 A2 H) DO
imcid (B7), FEPEREINCIIRAEEOH - BEE CHEATY = v b &Y = v b2
WX, HehEEORILMEESIED, L7zai->Ta X E—OFFRGRE TR fEE 3
HHREE 2 & R RRERRGIEL £ TIEY HEa T w3, FHREABRDIEND & LTS IAW
THIE D—>TH 5. Hirasawa ef al. (2000) 23HWZ L7 1997 % 6 HD v A E—HFDOF4H4
MR E S I OB THEL T, EE, Z OROMITINEEOFALEE QR b 3



P P I D &2 D SR B R & S P oD AR AR AL Bt 299

propagation of
wave activity

’

Dome Fuji Station

Advance camp

intrusion of
moist and warm air

Asuka Station

y
Syowa Station

E6 1997 4F 6 H OHEPIFENTICE D, mAC—WERE 7oy 7Y v Y OFERICHS Bl
WEENDEL - KL OERK, (Hirasawa et al (2000) &£ 9)
Fig. 6. Schematic diagram of blocking over East Antarctica that developed at the leading edge
of a stationary Rossby wave train, and associated poleward transport of heat and
moisture. (After Hirasawa et al., 2000).

2) S(EE: HExEE b) SE#: HXREOREIMEE

oy

— 180 = ——— 180

7 200hPa ® a) HTHEHEE L b) AEHFEEZDFILEEIC DT, 1980-1985 ££0 6 FHDZH
(SH1TH~I0H2H) OV, a) TREVBAERY = v ~OfEZRT. b) T [+] BIED
M E OAEHEDO R & 2888, [—] IZAOHSHRE OHHEDO K & 288 % 2 2 iur
9. (Berbery er al. (1992) ZiN&E,)
Fig. 7. a) Absolute vorticity at 200 hPa on average in winter (May-Qctober) from 1980 to 85,
and b) meridional gradient of the absolute vorticity (adapted from Berbery et al. (1992)).
Red circles indicate the location of Dome Fuji Station and a red arrow is plotted on the
area where the Rossby wave propagated in the 1997 June event.

WLz (K8).
RGPS ERE I o 7 7 ) A RER A BT 2 0 A E—EOEKIZ, ZhETHD
NTELTHIMOBRLE L TERWEERTOUAREWL, Eiwmd SN Twxwy, 1997 4
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8 1997 £ 6 H 19 HEHuL& L7 31 HHY® 300 hPa OFEHEE ORILEE 054, ADH
HWMEKEBETES, =45 CEMOMEZ I TRT.
Fig. 8. Meridional gradient of the absolute vorticity at 300 hPa on 31-day average centered at
19 June 1997. Areas with negative values are painted gray. A white circle appears at the
location of Dome Fuji Station.

6 ACHM Lo A —WEFEZhCB#E L 7oy ¥ > 73 REHTH-> 72D,
HBVIE, FEREOBKBIMOFHILMOEIC S H 2 L dhiE, HEMICEEShTHLR,
RED, IhE TOMETHIRPIFR TR O THWEEZ & > TV 2 AREED H D, BIREW,
PSA WHART IV EEEICE TREDT, I V/INSREBEPERNIEHET 25200
(Hoskins and Ambrizzi, 1993), HEHAGICHETE & Nz ROHHIC AW 2 HiEHER Tl R
WRZEHER, L Lo, ZOBGRITHEFEMANBENDR « KEIKICK S e b D
EHEZONDEDT, S, JUET —5 O 2B L TZORHEZFARDERIKRES V.

3. 1997 4-10 HO N — A% UEHICB I 5 FIBHRSR
31, FIRBEZOE &

B2 CRZX 512, F—A&KUEMOM FSURIFHEH (Budw 10 HEE) OIcH R
LIRS 2 (TicR %) 284 FoMcHEBCEls NS, 22T, #iESKEDOZ0
X9 A E AR (W-event) & FEUY, &ZRHE O FRIAR & BBHBIEER O R LR
T 5., FEARE, WEKEOFHWER RO L DD UEWREHNERZS) & 82
Bhr LT, ZOIEEEH S DREOESWICE DHIH L.

FIHRBURBEER 2 KL L 7R 2R E T 2700, £F, BT — 512 24 BB EF
Bafil, | HATORAOZEH) 28 L7z KRY] (SAT unray) Z21Eo 72, 30 HEEIEE %
HMAEH OIFRY] (SATs0qay.av) & Ly T 205D SAT ey DIEHERF (SD) 23K,
SATunray DIFFEDSFEMIZIE I ALHE(R 2= % 1 2 722G (SATs0dayav +SD) L D EL 22
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—~ Dome Fuji Station (77S, 40E), Antarctica
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9 19974 4-10 HO F — A5 CEMOM EEXURICEI T 2 3 BHHORSRI (SAT0r0v: RNEHE,
SATBOday,av: M%%ﬁ, SATSOdﬂy,aVJrSD: '%Hﬂ%ﬁi) SAT24hr av o)ﬂ:l’)iﬁﬁj\biﬂ‘( %%@%Fﬁ%
RL, ZOMMLCHARPECTT 727 ~0 (WI-WI8) 27T,
Fig. 9. Time series of SAT,urav, SATs0aayay and SATyoqayay T SD (see the text for their
definitions) at Dome Fuji Station from 1 April to 31 October. SAT, ..y is plotted with
a bold line, partly colored red for the W-events with labels of WI to WI8 nearby.
SATs0aayay and SATs40y.qv +SD are plotted as thin lines.

BRAEHRKE Lz, K91, SATumavs SATsodayavs KU SATseqayay +SD DIRERY
Y, FEREOZKMFICL OB S SEBRRERT. SD 3§ 5.9°C Th- 7=,

Z DRER, 4-10 HD 214 HORIC 18 MO FRHE i & iz R 1), FIRNciE 11.8
Hic 1|, #5731 H (§73.6 ) s 2 FRHRH -7, FRIARIEF L THE
T2 &9 G { AFLHRITHHL Tw B R, ERNCHKIRT 285808 H -7 (WS,
W1, W14 358173 2 FIRHERINE D - 7250 2 HUNFE L 72).

BHRVIABIE WI0 O 141 BT (859 H), EWHARIE We o 27 BifE (%9 1.1 H) T
Bote., RERFBODH -7 W3, W7, WI0O RO WI8 TiF, KIERZAEX SD D 2-4 %12
bELL, 25 4 DDFARBER TRIKGEHIH SRR~ 572, 2055, WT BHTET
Fam L7z Hirasawa et al. (2000) 23#MT U 7- 8B H 0 A E—ICBIE L/ 70 vy ¥ > 73
ROBFITH 255, D 16 FHN AR THRBEOHBICB W TEHL T 2 EAREN
7.

32. RRBRRECEELXH

=80 SN, 32 L (0000, 0300, 0900, 1200, 1500, 1800, 2100 LT) T 0600
LT(0300 UT) #f&< | H7EIZHEAL LTiTo72.4-10 HD 7 7 AR 1524 [HFEfTE M,
ZD>5b, BEROHIS0ME (62.3%), ZEm2LUTFH 1114 [0 (73.1%), ZEH 10 (overcast)
3226 [0 (14.8%), FHERIE 24 Tholz. BREHD 4-10 BOFHERIZ 68 THY,
R—ASUCEMOEBREODZEHRENS, BERI10D I b, KHENICHEL ENBI TR
27 —AMTTHE ($1/3) Thole.,
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Dome Fuji station (77S, 40E), Antarctica
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Fig. 10. Similar to Fig. 9, and time series of cloud amount, which is represented on a scale from
1 to 10 (overcast), is shown by bars. Bars in warming events are painted red. The cases
of overcast with optically thick clouds are shown by longer bars than the full scale of
10.
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SAPypqayav (thin line).
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Fig. 12. 500 hPa height distribution at a selected time from each W-event period. The closed
circle indicates the location of Dome Fuji Station.
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