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Atmospheric circulation and the air transport in the Antarctic

Kazue Suzuki'*

(2010 42 A 16 H=EZAF, 2010 45 H 18 HZM)

Abstract: This study investigate the seasonal variations and features of air
transport routes to the Japanese stations, “Syowa Station” and “Dome Fuji
Station”, which are located on the coastal and in the continental interior,
respectively. For backward trajectory calculation, the NIPR trajectory model
(NITRAM) and ERA-40 reanalysis were used. At Syowa Station, the
difference of air transport between the mid and lower troposphere (500, 850
hPa, respectively) is of interest. We assorted trajectories into four regions by
their locations 5-days before, which indicate the origin area of the air parcel.
At 500 hPa over Syowa Station, about 80% of air parcels came from the sea,
whereas at 850 hPa, half of trajectories came from Antarctica. Generally, air
parcels came from west of Syowa Station at 500 hPa (69%). The easterly wind
zone covered the station, so air parcels were liable to come from the east and
the continental interior at 850 hPa. At 500 hPa over Dome Fuji Station, about
50% of air parcels from the ocean had traveled to the station and there is an
annual variation in the origins.
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I PRI ORSIEER & FHIZAL

HIERDS KRG 2 52 TS T 3 )V F — OIFRER L BRI DO7E1E, FREE D & Bl A DR &
WL DT ANF—MEDOREI I L5 Twa, Thbb, RESREEE, B%E2HH
& U7 HIERBEBI R S, KB 6 D AV F —OFES BThi, HBROLEY R
T ADBHEDVHPREZ R > T b, 2O AVF —OFES R, FICTFFEMEERCL S
bOTHY, FRELSHBHINKGBERS TS, BBOKKIE, ROV OSHHHER
FEBERIEL, BESEIC X > TR L T WEKImICE b N2 LR ZE 7 VRN i
HER->TEBY, HIBREOKREZWIHE L TRGIERICK E 2% E%2H- Tn 3,

(EHREEIC B W CARBNEENC & 28227 REH, KRAKRTEERIC L D EBUKIK & T
RSN TWwa, EEKKIFMORE» SHISNRETH Y, ANANEEND WY
FiChsd., Lizhi>T, MwKKBIHERSEOERRELH 2zt =5 ) > 7 % E TR %Y
FiCdh 5, UL, HERBUEAENC O v CRfBill 2 o fR2 R FE R s ikE S h, Y
BEHIERERE R E~OB S RN, FI2 X, FEAOE Ttk T Y vk —u
DFFE &4 (Chubachi, 1984; Farman er al, 1985), 4V > &M+ 2 7 0 > OEHHEE
ks, 7z, ZBEREZEOREIBEE (Morimoto er al., 2003; Nakazawa, 1991) 12 X D
HERIRBELOBRDBHAS Mz I T 5,

H AR O FEmERAI 23 BHLE & 1172 D13 IGY (International Geophysical Year) @ 1957 £ CH
%, MHHEENIFEROKK T Ol - 5SRGRBIH « ZoKBUHIZ & 25 L 72, 1970 UL,
WRIRT — 2 OFANAREIC 5 57 2 &£ THFERORKIEERS OMFENE AT Ko7z
(van Loon, 1971; Mo and van Loon, 1984; Yasunari and Kodama, 1993), 1978-1979 4F\c
1% First GARP Global Experiment (FGGE) #3Tbl, LIRHETORREN T — ¥ 2
D AN MRTEMEE BT SRR T —F BREDORR T —F >y — 2l icfifsoh s &
S ote. £z, KIGERET )V (General Circulation Model: GCM) #3BHFE S h, &8k
BTSRT = DBEAAINE X koTz. 2N D7 =2 2F A LI iBMEEITic £ 0,
PR OIS & I 36 1 5 KRR T OB RO b~ T3 (Kida,
1983; Yamazaki, 1986).

HRERUBROBRE X U7 =2 HE QR EIC XD, 1990 F4RIC1E & D FEE O W& BIETT
[RT =5 OFHPARE L 2D, FmEEIc BT 5 A b—4 7 v 7 OFMETH S 1, circum-
polar trough (# b+ 7 7) OFHEIZ 5T b (Trenberth, 1991; Jones and
Simmonds, 1993), IFFIEHIE L2 < DIRSKELS KGR & @3 %, MEHFHEEELO
FEEZZUOXTOERTHL LHEZ 5N 5, XFICRKEB B W TS FEET 2723,
S C I3 RPE B A 40°-60°S DY ZHULICFEE L T % (Hartmann and Lo, 1998),
PRPE R IR BRIBERLFEAE L3 <, ZOEELAVKIRICEER U 72 BUc ke s 2ok Rn
FEESIC & 72 &3, BBUKR ORI, WEH TR EAND, WEEES T3S 4000 m Z#8 2 T
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Waizd, NEHRE THORWBRBIFIEELLMRA T 2 RWEP 72w, LarLgsis, R/
PR 2 0 A E—FENEIRT 2 2 18k > T, MBARERICHES %2 b7 5 T EEE» S
TRBIHIBIRELO WAL EL 2 2 L3S 2278 - T 5 (Renwick and Revell, 1999; Hirasa-
wa et al, 2000).

WERIEEH A 2 0 1B SRBUHINE, e 1c 7R 72 1957 Gaap & —HERASHIAR 2 B CHE S T
WL TITbTB Y, K50 FEHOKRRT — 7 BEH I TS, van Loon(1971), van
Loon and Rogers (1984) & [F|#%iZ, Sato and Hirasawa (2007) (ZFERIEMIC B 5 KT
DFELEIC, HEHLD 6 FICBASH Y, FERMHDH S CIEHL Twob, JOFE
RENIHAMHE TR ST, BFROPEREICE T 2 RKAOEESORMTH 5. 1,
FAEERERE — N (Antarctic Annular Mode, Southern Atmospheric Oscillation) X% D
FRE TR IIRREE L CHIS T 2%, IRFIENC 5 10 2 # RS & O KB BIR O
W), RO XD RFHEHERL TWDL EFZ 61 T\»5 (Sato and Hirasawa,
2007).

—75, WEEERIC 510 28 A RBUHIS R IZ T B CTH 2%, F—A5CHHMICE
B BABINC & > T, Kl ¥ O EREREIHIA 1995-1997 85 & U 2003 FicfTbh
7. ZOBHNC &> TR SN KROFHZE, 49 AC»rTTELOREHZ b0
D, FIFBIXERYD, BHERC S TERIISh T»2 9 AfhTick/h w2 1 /Y
DOZEMIZAL L 1T L > Tz, 2D X D12, BlKE TIHOHTHRERKORE 2R & N
Rt 2 BRI A I U T b e 2 I N A o, HIELEE S EOBRE D HEF I B W
TRELH LD s, RAPHMEDEOERX S T EIES FHEZRYT 2 EXTHIT
X%, TNThOBEREMCBY 2 270V )V OKRGHEYE OBEZE» S, ZHi
WABRELZZHHBE SN TS0, Zh 6 OMGERIE £ 7Z2EH S Tuiwy, msok
REHIZ BT ED LS BRTEEL SN TV D0 EWE»IcL, ZOREEES
i, RAHBEYE XM LHEET 272001 e x5 7, KRIT7HEI»SE SN
ZHRUEOHIIC BT, EXRBEOHEN 28 U THRUEIC B T 2 KI5 O BT
EEIVEOLIEEAREET S,

2. HEROEHIEH A~ DK SHH %

BI 11X, MfEICB U2 A =LA 7y 27 D0MERLTWS, BERHIEMANLZ &R
PR BERN I, i 2R b TEKEEE L3 WEATTH % (Jones and Simmonds,
1993), A b—A 7 v 7, BERCEERE- NPEBET 20180, LFTiE X VRS
M ~FEE) U 7 BR AR S O e PRI b XA FE L, 7Y =y b EMEIER
TWw3, £/, XFRCBVTY 2y TNVELRCEEORWEESAONS Z Lo, B
EHIE % BT 2 EKTE I3 EE AT L TRED R 2 [REENTRIE SN TWw 5, ik
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1 Cyclone system density Z2ZHi L IR L TW5, ENE, G084 ThH5, a5 —ElEx
0.5X 1073 cyclones (deg.lat.) ~2, 1.0, 3.0 A LD = Z 2 /BT TR L Tw
%. (James and Simmonds, 1993 X Y 5|/H)
Fig. 1. (Left) the density of cyclogenesis for summer and (right) for winter. The contour interval
is 1.0X 10~* cyclones. day~' (deg.lat.)=%. Light and heavy stippling denotes area above 2.
0 and 4.0 respectively. (Jones and Simmonds, 1993).

KIRANDOKRGEEZHS 2T % 2T, Bk b o TEKERE S RKGIGERE OFHIZ
IbEHEfES 2 2 LIZEETH S, UErs, EBRAEAORSE X ZEFEST 22 L 2HY
L LT, 1990-1999 £ % TD 10 FERIC BT 2, FEMEH & N — A5 UEHNcEE T 2224
PO & 2 OEIFIC OV T, FRCEHEIcOWTERHL, % OFEHIZLORE
g L TEICB T 280 2 FC Tz, BT FE & LTiE, 100-850 hPa & T? 50 hPa
ZE 16 [FDHESE S, HH 1200 UTC 205 5 HE OB RN 21T o 72, AHwicE T
WE, ESTARHITICA R MG E 7 v (Tomikawa and Sato, 2005) T, K& 7—F 1% 1 H 4
B, 318, 2.5°X%2.5° #&-FEkED ERA-40 reanalysis 12 X % 3 RITOE & KRTE, REZ AT
L7z, &7 g & LT 500 hPa, X3k T/E & LT 850 hPa 2 2 T B L T#
FILU 7z (K —2A 5 CEHIC BV TIE 500 hPa DA 2B o 72). EER & L CHERIE: Y,
WEE & LT F— A% CEMAOKRG#IE 2 IS 2 2 LT, MminER & RS EE
T 2 HET[ILOWRED Z N2 N OB L HEWIZ DWW TN,

B2 1%, Ml E = —REE WS, UDOHEBICKS LZKTH 5, EFIEH (69°007
S, 39°35E)« R —A% U (77°19°S, 39°42’E) 13412 40°E [Tl H % Z L5, 40°E
TR E DTz, 40°E 205 AT, PEHNC b7 2 5 % KPaEE (DU RHE L RIRT %),
RN 7z 28 % A > N (FA > FEE), i bE WO 2 AR (AR LU,
o OYFEERICE - A%, AEE ([E continental interior) & L7z, 2 2 TIFZEEHE
D5 HETOMER, ZOREIIAOBITE LTHFZ L, iz, ZOMBEICOWTHEEI i<
HEEHRITY, KKEEOREHZ A2 E W, KA HMEYE Ok & RIROHEE % 4
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e
180° 160°E

X2 FEESROWEERXSX., YEEE CH % 7585 2 A (continental interior) &3 %, EHL
AR, HIKE OILIE N — 45 CEROME 2R T,

Fig. 2. Map of four regions including the Atlantic (60°W-40°E, <70°S), Indian (40°E-160°
E, <65°S), and Pacific (160°E-60°W, <75°S) oceans, and the continental region
(remaining part). We used these divisions to define the region of origin of air parcels
according to their location five days before their arrival.

BOBEE L TWE I EnS, JH» S DRKDEE EFH 2 5N DG S D RKIRICE
HAEBWz,

3. RS AR DR

3.1 BBAIEHA~OKSEE

HAAIZEH 22 500 hPa IC B3 3 2 225500 5 HETDOAMEIC O W T, K2 OEBICEEY T
2R %, AT G RS 2.5 5, $ATEL T AN 2.5 B2, [ 10 hPa ORRF 2 IE

, | L 5 HE, T72b b5 120 HORTOME LT Z LG L, M3 ikzhz

IOE%,H:twﬁﬁ%w>7éﬂ%@%ﬁ%¥ﬁbtf%m%%ﬁ;@ﬁﬁﬁi&w
ALz DTH S, MHNE 12 FFH Z L ORKREOALE 2R L T, REEFERIHO 2255
W&, SRR 2> & (R PE R % &L 1Y) 2 2T 60°S (1500 SER 22 BA U e st & 5
LCWw3, KPFPEEIROERGEE L, KPEFRIR & [FERRICHMA & DX & 72> Tw 523,
EE R OB 7% L, RPEEEBFET 5 50°-70°S O 2 EiE T 2 HANA SN 5,

¥ N EEEEIR O 22K, fRmPE RS 2 B A X ICHEA TH S 90°E [ TR S IR L, i
B, RERIO IR 2 HZ 1 > CRERIEMICEE L Tw b, A > N IR OEisER
BEEIGEWTE FICB W TRABAEE T ERE L Twa, NERFEOESIE, FeA L
BETHMECBEE S, MREPEEZES TL I READEREL TWb, NED S EAH
TmE b, mERLEZ LWL,

IS DA O R L 72 2 KEIEES X, KPUHERIE & 2 2356, SHESE I3
MREEZ MR 3 BIDO Y — 2 b5, FIEMOVEHENC N 7 70FEL Twic, R/
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Pa R I IR A & ORI, R A IEFT O EREEE A A 5 v, KPEEEsE - & R
JHIC & o TR S i 225803, IBRIE O PRl ¢ 2 IR A~ LA U7, HEE
BUCHA L CTHEFIEMAZE LT k2B w5, KVFHRIEE 2 52854, B3 E
DOFEEREFEE IXFERRIC A 50208, fFEEE O R & OIS 3°h, 40°E (38T
LERARDIEITL Tz, KRFEERE % b DESSIMRE R Cn-> TBEIL, 20k, /M
WA S U CRERIEICEE T 2 7 — ANE L ko T, 4V REERE L %5
Bre 3, WEAIER T ToMEERR B b, RPEJEET OfREIE A > PP 80°E T ICfFAE
T 5, (WP E R B S CBE L CE L RRDSEBOKIR LZEATAL, 7 0%, EEH%E
VA X IS TR 2RIEE 2 5 b, NEED S KRGAIE S W 3854, Rk B2
HEBRZDWAZE 70y 7§ AREHOFEIC L D, KK 2T & KA HE S 5
RUDTER S Tz,

B 4 132 3 L [FABkI, IEFIEE 22 850 hPa 12 3 5 2RO RIKIC DWW TESH L, &
JEZ LRI 2 LT b, RVEPEEEIR « A > N PEEIR O 22 B DBk it ik O R
500 hPa & & < LT\ %, Suzuki et al (2004) IFEEERENEEIC L > TRRY, HMH
B T Tl IR R I W 7o, AEEETOIAR D b g &R T 2 L/
{75 ZZRLTWS, KEFERIROEKILOWRRRE F, KF0MReE a0 ¥ <
DTE» SHRAAANEH L TETw5, ZES—HRELICHRAL Tr5EET 25
HBRRE R EREMES D, WHLEroEET 2553 LT ARAOE XSk wn, TRIzsY
54 ¥ NERFEOMSERORIL, 1 > FEL» SEEFICIRY A Zh, S OB
L BB, KIROMIICH > THRMEMICEEL TWiEThs, 77 NANEBT %
KREERE LV F2Th2MFEETBICE LT, WD SRR S RASTEE
LTWw3, KPHREE b DOESILOEBBEEIZ L S FHNZD 5008, Hiskieg O fH
5 L, W8 L AR RIEEIC I © 7231 & OFRLOFROBIRIC & 2k s, v
Wl S WL 2 VEN S IR S, RFEEKREE A4 > N IR & FERR s KB 10 -
TR & U CHEFIEC EE U T Wk 234 & 17z, PNRERS IR O 22 AR DBk
Bix, WEI2 SHIZ IR > CTTRT 2/ AR S, LarLar s, #EAHEE
FTER@EEL TW5, ZhE, BAEORAIC L > T, SRE TEICE T 2 KRB E
HTIZ ERFRPEBET 2 2 e BKLE Nz b D e FHITE 2 (Suzuki et al, 2004), xF3i
BT I8 1) 2 KBS R IC B W T, MXONR L% 2 KAMEESORME, FeAL
NPEEFEETHY, BANREEA D =X LZRCTHS EHZ o

32. F—4d CEHB~DKTEH X
513 3 LEREIC, B —A% U 22 500 hPa 12 F3E T 2 Z2R[BORER I DWW TEE
L, ¥ L SR R R LT b, KPEFEECIR O 22 Ofs R 1%, g
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S JRPE VT % FERE R T AN Y] > ¢, RPE R ORI < TEA L Tw 5, AR
BED BEAANKENBHREN TS 720, REHBETLL & ORE 22T e KRG E
ELTWwW3EHEZONS,

4 ¥ REERFEOZESIIZ, BRI > FEED» S ERFICE> TREATRAR,
WEEEZTREL CHEREL Tz, F—ASUHEMARRET 25813, 1> FEErof
ARFIZ &0 28z ER U THA L%, KEEETOBREHRAOENIXIZEA AL,
ZELEHMOTA LR T VGBS 2 /S b D, —D21F7 XV —HlPk, ¥ 5—21K 1 TmRLT,
WA P —ANT7 Y 7 OBAKNH 2 1200EHITH S, I OHEEBICE W URKELHEC
FoE L@ L T 72z, 1 ¥ NE[ID S RELADORGDIMADKZ D3 <, A
TREHNE 7745 ) —HOITOME LBRLTWwa EHFz o b, KFEERE 25
AR DFRHEIE, AERERID S OKIRNBENMRA L, ST %258 D #ifZ o> TRREL
S N =A% UHEMICEET 28556 &, BRI o be, WA IcmELmOME
BT ICEET 2 GENDHI2ETH 5. BHIEMAZREY 2858, ST FEEL
S RPEEEARIE A 2 Ba X BB L Tz, F—A5 UEMATRET 23581, 2%
BARERIL S, & U I3ml Sl @il s 5 28, KPEEEEIC B 1 2 #ELICHES fihie
BIfgL 2wz bbb, WEGCIH L & % 225501, A% 500 hPa (X 3) & [FIBE, $AE
HEDEE N D7 <, KBEFZEO B HE I £ 5 T3, Suzuki e al. (2004) TRL
7o ZRATH O ARCIEREE ETlREER 120, AFEFAOBRAEBL T»b 2 L HRE
sha,

KRR & 2 285801, WHR3BMO 7745 ) —FENEL, BREMOEE & —3
LTWw3, F—ASKUEMICERET 2S48, WH3HO 725 ) —»8mE 0, HE
HEHOWEENCH 2 + T 7EIR L VHAIC > T b, ERBLIERRE 0 AT CRE R
R TRBE LAWAT 57280, 60°S L0 6 FRET2EENL ko Twd, KFeE
RIROSE L, BN A, RSB IR A S 1, SRS
OFFFHRAD 5K E LB L THB Y, KFEFHELOKRZDTHA LT WRIUZ 8> T 3,
A > F PR & WEERIR O358 O RTIEESS ORHEIE, 0500 L EPHIC I 2 B R GRS
B, SFEMEDY 120°-140°E A TR E LB L TWAETH S, 1 >~ FHELORARET
BREARSEE > Tnd, A ¥ FERROBE, 1 > FEAOEED CGEEHER) ¥
EABRDHLCBY, ¥R FEEABEESBREOICAD > Twa o, s i/ mk
A S5 DRGKDWMADE I VT RoTwb, NERFEOSEZ, KELS (REE
) OEANOREDHLE L, HEEBIZIFEACRERCEEE>TBY, KBEL
DOEEITFIL TS0mBEEL 5o Tw b, misARE F22edk e 5 AR FE 3
28T, HEPOLORGKDTHAZTTY 7 LT, REBREOFERIZ A > FELET
B Y, BRGEE A A BN R LA ZARBUE[E U728, ¥ EADEEEORED HLIc L -
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1997 JAN Mean Geopotentlal He[%ht (hPa) 1897 JuL MdeaL? Geogo(ten/ttc;l Hel%ht (hPa)
an wind {m/s

and U-wind {m/s) Z

Fig. 6(a)

6 (a) 500 hPaEEIZBI 2 VA KT > v )VEED HN9E & HiEEO HESEZ, 2h 2
nary— @ oRLTwS, ER1H, G237 AO¥ETH S, 2> 5 —ORfEIE
100 m T, fiffiE 5130m & 5160 m 2 ZZhERL T 5, H#HET OEKIZVER T, BRIKIE
HRTH 5.

Fig. 6. (a) Monthly averaged geopotential height (contoured) and zonal wind (shaded) at the
500 hPa level (referred to as Z500) in January and July. The contour interval for the
solid lines is 100 m. The lines for 5130 and 5160 m are dotted. Dark shading is easterly
wind and light shading is westerly wind.

1990S 40F monthly U=WIND(m/s) Z500

Fig. 6(b)

6 (b) HURE40 FEICH 7z, 500 hPalZ361) 2 RPEAOD 10 D FVEZR S, MizA,
RERISREEE, AL m/s Th 2. BRI b 2wk 69 % KBEHR TR L Tw 2 (Suzuki
et al, 2004 X D E[f).

Fig. 6. (b) The 500 hPa level for 40°E in 1990-1999. The contour interval between adjacent
solid lines in 100 m and the dotted lines are 50 m from the nearest solid line. Shading
is the same as in (a). The bold dotted line shows 69°S (at Syowa Station). (Suzuki et
al., 2004).
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1997 JAN Mean Geodpotentiql Hei%ht (hPa) 1997 JUL Mean Geopotential Height(hPc)
785 and U-wind (m/s) Z85

{m/s)

and U-win

Fig. 7(a)

7 (a) 850hPa FHICE T 2 YA KT > v )VEEDAVE & HPE RO HF5E % 2 2
N, avy—ETTRLTWS, BB L H, G23THOVHETH S, a5 — ORI
X 100m T, 1 HiZB1J % 1200m LT E 7 HIZB T2 1100 m LAFIE, fFfET20m Z i
ZoTWwd, MET OFIKIIVERT, BKIEERTH S,

Fig. 7. (a) Monthly averaged geopotential height (contoured) and zonal wind (shaded) at the
850 hPa level (referred to as Z850) in January and July. For the solid lines, the contour
interval is 100 m. Lines under 1200 m in January and under 1100 m in July are dotted
and have a contour interval of 20 m. Dark shading is easterly wind and light shading
is westerly wind.
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Fig. 7(b)

7 (b) BERE 40 EICH -7z, 850 hPalZis 1) ZERPEAD 10 M HHSEE TS, MEixA,
TR, AL m/s TH 5. FBKIKOKES 13 850 hPa [l & D H\w» 7z o, EHICH
LR T EE TOAFRRL TS (Suzuki et al, 2004 X D 5]H).

Fig. 7. (b) Time-latitude section of the geopotential height (contoured) and zonal wind (shaded)
at the 850 hPa level for 40°E in 1990-1999. The contour interval between adjacent solid
lines in 100 m and the dotted lines are 50 m from the nearest solid line. Shading is the
same as in (a). (Suzuki et al, 2004).
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Fig. 8. (a) (Left) 10-year monthly averaged numbers of trajectories to 500 hPa at Syowa
Station and the solid (dot) line shows air parcel origin from the ocean (continental
interior). (Right) ratios of numbers of trajectories from three oceans, respectively.

(b) Same as (a) but for 850 hPa at Syowa Station.
(c) Same as (a) but for 500 hPa at Dome Fuji Station.

DOFREIZEICA >~ FEERIE E 2 2, FlllD S OMEN—E2 B U CHBELTBY, BFIC
BRI S QBRI Tw 5,
MEAFIFEEHIATE T, 3-5 HZER< &, BIWHEGEER &> Twa (7)), £z, 11-1
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