—HhE—
Report

Antarctic polar stratospheric clouds under temperature perturbation by

AfFEEH~ A 7o VA T4 ¥ —lc k- CTEHIE Tz

FEHBTE B B IR AC T O e i ol i ] 52

el R ZER -V R RRIEHGC - BRES®

779

nonorographic inertia gravity waves observed by micropulse lidar at Syowa Station

Takashi Shibata!*, Kaoru Sato?, Hiroshi Kobayashi®, Masanori Yabuki*® and Masataka Shiobara®

(2009 4 12 H 7 H3Z2{7; 2010 4F 3 H 31 H3ZH#)

Abstract: Type Il Polar Stratospheric Clouds (PSCs) were observed by
micropulse lidar (MPL) at Syowa Station in the Antarctic on 30 June and on
1 July 2001. The vertical profiles of the PSCs had a wavy structure that was
synchronized with the temperature fluctuations. A wave analysis using radio-
sonde data shows that the wavy fluctuations were associated with an inertia
gravity wave that was not forced by ground topography, but probably by
spontaneous adjustment in association with synoptic-scale wave-breaking
processes in the upper troposphere. It is suggested that the observed PSCs were
generated under the low-temperature conditions induced by these waves and
that such gravity waves generated by spontaneous adjustment of large-scale
fields can be more important to the formation of PSC particles, in both the
Antarctic and Arctic stratospheres, than topographically forced gravity waves,
because the former are not fixed to the ground topography.

B BRAHEHHICERE IR~ A 7000254 % — (MPL) 12 & D FES
5% PR e IR L 5 > TR BB (PSC) Wl S iz, 994 YV v 7 T8
HlE N7z PSC OHEEEICE T 5 SUEIOKDESEE L V) 4 BEL, BE

U 2 ER RGBS ST R, Graduate School of Environmental Studies, Nagoya University,
F3-3 (250), Furo-cho, Chikusa-ku, Nagoya 464-8601.
2 HERFERFEGEH S RHFFER]E. Department of Earth and Planetary Science, Graduate School of
Science, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033.

¢ BURFER TGRS TR S

neering, University of Yamanashi, 3-11, Takeda 4-chome, Kofu 400-8511.
¢ (FFFIE present affiliation) : FERAFAEFFBINFEHT. Research Institute for Sustainable Humanos-
phere (RISH), Kyoto University, Gokasho, Uji, Kyoto 611-0011.
5 & v A T AW E RIS, National Institute of Polar Research, Research Organi-

zation

of Information and Systems, Midori-cho 10-3, Tachikawa, Tokyo 190-8518.

* Corresponding author. E-mail: tshibata @stelab.nagoya-u.ac.jp

FEERL, Vol. 54, K5, 779-792, 2010
Nankyoku Shiryd (Antarctic Record), Vol. 54, (Special Issue), 779-792, 2010
© 2010 National Institute of Polar Research

42E8. Interdisciplinary Graduate School of Medicine and Engi-



780 SeH R - fERE TR - MR R RIREH - SERES

ENTWEHKRTFTEREE S 1ZIZT—B L Tnwb, %72, PSC OEGELHRE I+
SREL, TOPSCIIKKITFNo%2 Type I L3 ESI NIz, BHIS Tz
PSC \ZIRE DR ESANT IR L, RN E %2 iz U TRRICHFEEL ¢
W3, HEEERRKREE LI HH0~2kmBEFLTW3, EER/NE
¥ 4km OIFET 4 EREEL, T2 OEEm/NSGE I PSC BB TW»
5, 794V T CHENS oz R AR O B E S AR DT &, Z DR
INDSIERBIEE DB TR S IIKIC X 2 2 LRSS NTz. T OFEDE SIS PSC D
ERICEE R R 2 R L Cw 2 afREEs R S vz, PSC O BN EL 7y
KUK TSI ICHIR S e iz, JEHITE MR M 3 05 e b g - 22 o
PSC RiFAERRIZ A K 5. L T A ATREMEARIR S vz,

. FUC®»I

HEEREEE (PSC) ALy OfR L L TIX, K, WHERAKNY), WERAHY), BRER-RHEEk -7k
DREGER S ENHONT WS, 205 bEIOKKT2S, FEBEEEICET 24 i
WE LAY —RIGORE 2R T 5. 4V B nE Rl 1L, X2 EE O 1K
T ORFEET, KRFBHEREZID AATEWREL, EEE» S BR»r s 2 LI
FoTHEL S, KRFIRERERE (Tie.) LT T FLEARE] TH 225, —HWv L D00wt
FRERICE D &, KBTI Tiee &9 24 FEEROIRE (Teeeny) T [HEK] 752 RS
NTw3 (Zhang et al, 1996; Tabazadeh et al, 1997; Koop et al, 1998; Carslow et al,
1999). Tice—nu PAT OIRIRARIIE, FA D FMRKEE TIIAEBIRIE TR S h, IBET 1
DOHEBATIACEH I NS, L2 LPIEE, P L bRBHEOREIZIZEA L Teen
IVERTHY, oAl T, £F 2@l CHREEEER T LVERTHE, 20
£ 9 RBERM T OB FRERT 5121E, & D /IO RGIEELIC X 2800 72 iR
TWEESTC, Tieeny AT ORERGPERIND Z EDBWHETH S, KhiFH» 5% 2% PSC
F, LIELIEA S > ¥ ) ET IR CINE S A7z ILHEBETLIC > TS hTw b, Th
5D TR, T4 5 —CEUEIE Tz type 1 D PSC OKKIF) 23, [LE FH O ILE R ICHE
I EIRFIE (< Ticeon) TSN Z EAVREINLT WS (Carslaw ef al., 1998a, 1998b).,
JRIZ BT HPEPER S L TB Y (Sugita er al, 1998; Waibel er al, 1999), JLFRAEL
JEFE T & FERRECERE & BBk D AV CIELREME T w2 b0 R o s, Lr LR s,
K EE ORE L Tiee AT ERZ I LI ENTD S0, KKFH» 5755 PSC 23EH
INB T EFIFEAE R, LR PSC 13, HEHE-Hlg 7K S & 2 S =R R (STS:
Super cooled Ternary Solution) 22572 Z E23% >, STS OAERIEE (Ters) 1F Tiee &
D 34ERRETHY, KEFOHE LY SETEREIS L5 (Shibata e al, 1999). L»L,
STS KiFRICFE, ZORZER, EINEICL > TELVWHELE LI IBEEOKRES
SWE LRV, STSKLIFDIEA, AUREEE T BOMERANY) (NAH) BHAKRLF23,
Tiee ® Tsrs LV RRDFHTIA V=12 L DB S T % (Shibata et al, 1999;
Shibata, 1999), Fahey et al. (2001) 1, ZZ=JbARALEE CRRMZEDIERE = & BT (“rock
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particles” & IEIEN %) ZBIHI L 72, rock particles T KRS R FHREZ O Ln o, KE
B ST 2 AR LRI TWS, 20X 512, FfED NAH i3dtfo 4 vV >
CFICEERREZHT 2 EH 26N TWED, FOERBBIHS pIcEhTHRY,

JeA e P 1 R AR P L LE R T B B 72 0, [ PSC AR D FIHIZ R S T,
ZHIDOWTIHER OFRANAA SN T WS (eg., Carslaw et al, 1999). FDOHNDWL D
»1%, NAH R FOAEFHIKE T DL &1, THREAFY (NAT) OSFERE (Tyar)
UTOBRETEIS (Tyar & Tiee £V T-8ERFEV) LI bDTH S, ok 21F, Tab-
azadeh ef al. (1996) & Tyar AT ORIRICH | HEA BARTz 72 225807 T, [Ef NAH K7
FRERKT 2 EmB LI, S0 &£DODHBHI, KBF20 6 NAH KL F2BERKT 2 £ 0wH b
ThH3. 5T, TR EIKREEDHHRTH 5720, NAH KT 2 & 22585, Ticomnu
UTOREZERT BLEND D, ~v 7 A7T > 7W9ERT (Max-Planck-Institut) ¢ 2
N—I K > THRES NI BEOERERIE, IR TFRIERELCERL, 20%
ZEIBURE D Tiee DL BT EH U 2B, R NAH K Fo0OKKL 72 6 T 5 RIET
3), twadbdDThHs (Carslaw et al, 1998a, 1998b, 1999). S IFETFT NV EH VT, Jt
IS B 10 % [IHAE NAH 12 & % PSC kTR 2 39 L, MR Eh SR BIENC 5 1 5 [
R T OBEBE IR T H 2 WJREME 2R L7z,

FRIBE D 2 Y A7 — VL, HIREHITIE O A% 6 FREGTOTRLEIC L > Tt s h
%. Yoshiki and Sato (2000) (X 10 4ERS, ik 33 #ufSic B 2 7 04 V> T HZEBIHIRS
FNCHED S EJW R AT L To, EIJEOBERERE L EE T AV ¥ — OB R L ORI,
RN S N7 O E IS, FeHBIc k> ThiEs iz 2 e 2R L Tw5s, —F, ™
BB L TiE W O DOFIEENFEEL T3 k5 Th s, Sato(2000) 1, MHfEAGE
T DO RTRER IR I DO W TR T 5,

A AT = DITFREELC X > TR SN PSC DS 6, 2 g TICEEBH Sz
DiF, AAYYFET LEOINFERHIZL2DDDATH S, —FH, RPFETIIRME L2
BWT, JEMIEOEMEETIEL type 1 OK) PSC 2R L 72Bl% 7R3, 2O PSCiE, <
A 70NNV RATA4 T =2k o THIAlE N, FEIBEOBEEEIE, EFCHoksh
TWARREDIOVAV U TIE>THRIENTbDTH S, 20 LD BEHKIZ, I
B e S WA ICERE T 2720, B2 o Mitlficks T, 4V BsgbicE
BERBEEHECTWLThA S Ll 2,

2. MPL CTEIHll S 7z PSC
BUF, ARESCTHEAT % PSC IXIERIEH (69.0°S, 39.5°E) IXi@E»Nlzv A 7 a/V A
45— (LAF, MPL) Y A7 Al k> THIEIZS NIz DTH S, MPL IE Spinhirne (1993)
o TR E NI, HZLETAYTF Y A7) —D/NHTA S-S AT A ThHb, K
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WHge Tz MPL 13, >KE SESI #:4% Spinhirne D4 U ¥ V7 MPL & W THIFEL
725D TH 5 (Leeet al, 1997). MPL OXJRIZV —¥ 5 4 4 — FEj#E Nd: YLF v —+T
By, WE, BhzanvF—, NV 2EVELIZENER, 523.50m, 7 ul/pulse, B LV
2500 Hz TH %, Z{Z(E51%, MPL %5 60 km 45 % TOHiPH% 30 m O5MFREETHIE T 5.
T=YEEEI I HREELRET 2. ZEEEFEOERIE 20 cm T, Z{EHEFIX 0.1
mrad TH 5. 2O MPL IZFE 7 o V)v & E2EH9 2 HEYT 2001 F 1 A EAE
HZEE S iz 28, RRIEBNCTH Rz Lz type 1T O PSC BN BICIX, ZDEED
PSCH#HNIIc b A% Z £ TE 2% (Shiobara et al, 2001),
112, 2001 47 A 30 Hic#Hll S iz AL (BR) 27"3, BRI
BR = Brart Buie o
Bray

ERIND, 2, Bray & Puie 1FV A ) —ERFHELLREES & O —BFEERECE R T,
BR—1 11X PSCRTFDORGHICBB L ZHHT 2E2TH 5. PSCIE 7 H 29 HZHNIHRD
7 H 30 H 0200 LT~1100 LT (LT=UT4+0300) 2/ CHETHELOFEKMEZR LT,

1 D BRIF2~MEOEBEEZRL TEB Y, BABEILOMKIIRHE & b IclETL T
W5, BR OBAFEEHMOMKE (PSC HRMEEDSMERE) 13 3-4km TH o7z, BR Ofi
K2, COEEEETT20CBELIKHE (FabbEM) 3424 KHTh o 7.

X2 1%, FEFERO 7 o4 Y v FTHESHITHE SN 7T H 30 H 1500 LT (12UT) O
ESHETH S, ZORESFES, EE 10-25km ORICE#EE 2R L TWS, 21z, A
SURGIE%E Sppmv LIRE L TE LN T 2RT. K3 1%, T-Tiee & BR DEESARZ[HE
FRCBIRL T d, o DRR» S, KD Tiee &0 4 EUHERL 572 2 2393025, BR

Height (km)

7
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
30 June 2001

1 MPL IZ & % 3% 532 nm 1236 1 5 2205 8GELEE, 2001 4 6 H 30 H 0000 UT %5 2300 UT 12
2T, (Shibata er al, JGR, 2003)
Fig. 1. Backscattering ratio observed by MPL at 523 nm from 0000 UT to 2300 UT on 30
June 2001. (Shibata et al, JGR, 2003)
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2 BRI DT oA Yy TR BB £ %, 2001 426 H 30 H 1500 LT (1200 UT)
DIRFE (ERY . M ARKESLE S ppmyv 2{KE L TK® 72 Tiee. (Shibata et al, JGR,
2003)
Fig. 2.  Temperature (solid line) over Syowa at 1500 LT (1200 UT) on the 30 June 2001
observed by operational radiosonde sounding. T.. (thin line) calculated by assuming 5
ppmv of H,O is also shown. (Shibata et al, JGR, 2003)
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3 {207 —85RDY T-Tw, BEU 1500 LT (1200 UT) © BR. (Shibata et al., JGR,
2003)

Fig. 3. T-T.. from the data shown in Fig. 2, and BR at 1500 LT (1200 UT). (Shibata et al.,
JGR, 2003)

DIEK & T-Tree DFVNDOEEIZB B L Z2—BL TEY, MW REREE BR OIS, [F
—OWENC L ZEFIC Lo CHl &R I SN Z el s 5,

JLARD type I PSC IZBIL Tk, BR DAL LT 8 &I, BENIFIFE Tee DF
JETEMI S L7z (Shibata er al, 1997). MPL CTIIRGCHENE 28Hl T2 2 LN TE RW»
728, MPL CHEIHl S h 7z PSC 13, [4 < AV & 2 B BGELEL & RGREEE 2 ik 3 2 2 &
WX o> THMET % (eg., Shibata et al, 1999) W) HEEHWSE Z EIZTER Y, 20D
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7o, BUAIE N7z PSC 13 STS 20 572 2 HREME A2 ERICITHE T E v, Ui L, BITEEL
W10 kb RkEwnEwnwsd 2 g, KT STS TPRSN AL ECKAGZEATHS Z &
L TWw5 (Shibata et al, 1997). H€> T, R T1E Ticony LA T DIRE 2 REER L TH >
TWBHEREMENARE L, WZIZ, 20O MPL TEEIS Lz PSC 3B Z 5 k1% % type
T OKKET2 575 PSC &2 615,

3. EMEIEORE

Bl41cnd & 512, PSC LFEIFRDIRE OFEEEIIATFRCb Hons (B1413K2 LFH
Co9AYV Uy FF—2knEonr). f4km &I /NS OIEE R 7 — )L 2O KERO
ZHOFEKRE LT, Z“ODHE FEHERE 747201 ) BFEzon3, Lrl, FED
AT — NV OEFHHPBESHIC Rond 2 ehs, ZOXEEIIKNS REBH 24> N
BEPIC L BAREE S, 22T, BHEEWIRED D &£ THED/XT A= 2 HAED
B0z, KRT T 71X BT 2R~ ZOREDZYMEE, ML L FETHESh
oG A—F DR VR —HT B LI L > THEPD DB I ENTE S,

T u & v vm
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n P R T P 'Y D 1 i r— 1
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(K) (m/s) (m/s)

X4 e, HREEE N2 UERIE B OWRE OSSR, REE (5 bR ()
DEENME %7/, 2001 F£6 H 30 H 1500 LT (1200 UT) 12 (K2 £[AL) 794V > TF
THIE SNz, ARIBEIFEOWFEAN 7 DA TFATRAFRES OB ESMG (FH8), B X
DWD/RT X =5 35RO I RIS T 2 AHEE (Bf) #7"9. (Shibata er al, JGR,
2003)

Fig. 4. Left and center panels show, respectively, the vertical profiles of temperature and the

vertical profiles of zonal (solid line) and meridional (dashed line) winds over Syowa at
1500 LT (1200 UT) on 30 June, 2001 observed by radiosonde (the same sonde data as
in Fig. 2). The right panel shows a vertical profile of the horizontal wind component
parallel to the wavenumber vector of the gravity wave (solid line), and the ground-based
phase velocity estimated from the wave parameters (dashed line). (Shibata et al, JGR,
2003)
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EEIRRS R T 2 720, Tx 3BHIS NI SRE AR ICHERTR 2 km & 8 km OHHEGE R
T4 NF —EA LT, R IRENTR 8 km ORIEER T 4 vy —THIH L 72, —HED
o MCRSN, SFHES—FE LIRS 2 ENTE S, 16.6-202 km [ CTREEZETL. R
PERDZEE) (u) LFEILEOZEE (V), BLOT T ¥ b A 3 FIREECE 5 1 D%
B (37bb, T'g/TN) D$RESMER S OFEHTRT, I SZLATOIEZKKE Ci#le
ftans:

u'=Vicosf— Vaysind, (2)
V= "Vising+ Vs cosé, (3)
BLO
7
.—15: —FV,, (4)

W V& Ve BARTEEANY MVICHTE S UEERATFRELEHTH Y, 6 13H~Y
MV OFAEECRIAD & FRFEHEID ), FIZERERTH 5., AFREH V& Ve 3ETO LS
WZRINS:

Vi=acos(mz+¢), (5)
BLU

Va=bsin(mz+¢), (6)
22 a & bR P VHAT RO EE 2 B OIRIE, m 3SREES, 2 35E, B

T T
B s -
£ = I
= o |
4 l
o
e E 0
o =~ I
5 > |
I -
-5 -
1 1

(m/s)

5 R SERUIEN S N7 HVEE, FEALE, IREE (T7g/ TN) OB Bk R N 272 758
BORR, AR KRB S W BOLERKD & K77 7, BEFHEK 16.6-20.2 km; BRI
HAHEH, (Shibata er al, JGR, 2003)

Fig. 5. Left panel: Solid curves show vertical profiles of observed zonal and meridional wind
and temperature fluctuations (T'g/TN); dashed curves show the results of the hodo-
graph fitting. Right panel: Solid curve shows the observed hodograph of the wind
fluctuations for the height region of 16.6-20.2 km; dashed curve shows the result of the
fitting. (Shibata et al., JGR, 2003)
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F UV @ IR TOMMHEEST. HELOFERIIE 5 DR TREN 5.
EHEEOERC L 3 &, I*ﬁ?ﬁ@jﬁ (PRI 3 2 IRENED & & a, b £ AT DR
R3H 5,

L ™

a @

2w f BEEREKTH Y, MR (LK) TH (B) Oz s, 20X IES
fLick > TREb o7z a & b DI SEEIREIE & L AKFEBANZ brvOTiHzRD
5ZenTEs, BHEENROSBEARIBUTO L cRE NS,

2
W N2 sz, (8)

Z 2 kAR, N X772 v NA D ZIREETH 5, 2O E AW TKFERE L &
KD ZEMWTED, &51C, EBUENFORKOBEGRY SHEELHOIRIEZ, ASFERERD
EIE, BXUORAFOAFEERELE LS AELL I N TE 5,

_ Nk
F= = Fast ©

(Gill, 1982). 78, KFEHEHXZ v VvOEESIEO)XNTHRET S 2 EMNTES (Sato and
Yamada, 1994; Sato, 2000) .,

UEDHETRDIZED /ST A—=F IZUTDEBY Th5: AKFEE (1), 290 km; $A1E
PR (1), 3.8 kmy MR 2 FH1 (2), 23 h EHAM (), 5.5h; B2 bk
FHEOAFEIEE (@), 5.6 m/s; WEAR 27 b VIR 716 O AFRIRIE (b), 2.4 m/s; (4)
XD F, 24, 2L TOO)HAD Fese, 2.1,

K F 777 E@EEEINTAEH, B L UKFEERZ SVOFEABE S TREN TV,
M% R 2 L ME RS RIFICTbM TV B 2 e 033 d, 72, F & Fuu O RIFR—H
PMEMENPREDZ Y2 HFIEL Twa 2 2R L TE S -w», K75 70EEER
KEFETEID Th D, EEEHES ST AV E—2EB L TVwE 2 EE2RL TV S,
%7z, KW EFED 290 km iZ MPL OFREFOILS D NHE 260 km B WTHT»2m TH
52ZtxHZ5L, MPLTTH3 L0 2(2WRETHS L 20D T 5.

BRY oo 2 EHRO R & & 5 IC8E R, B S iz PSC EORH#
WEL—=HLTw3, > T, PSCIEIE I DEMEENIWIC L > TEFHI T 5 ATREMDS
E, M4ARIE, KRB NVAROERBOMESFATH S, DT X —F»
SRS o - RIS 2 AHSEE ¢ 13 3.6 m/s ThHhote [MPEHTRINTWS), &
D ¢ DEIZ/NS VDS, HE 6 km DI ICHFSENSFELES 2 2 Lo, #iZIc X > Tiiid s
NIz TIEH VB, Yoshiki and Sato (2000) REINTWB LI, ZOEMEES
B NE IR > R TR 2 DFRSIED B 2 ATREMEAYE .,
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X612, FESRE215hPall BT 2 YA RT ¥ ¥ ¥ ViREOKRESM (FER), BLU
BN 320 K I2B W 2 KT > ¥ v VAL (PV) OAKFESG (7 —), FNZNORIEZE
xR d. RENTHAMIZ 2001 46 H 29 H~7 H 2 HORT, UKMO [F{LT — % 1 HD
{ (Swinbank and O’Neill, 1994). T 5 DHEIEE LR EE L, BB XL ZHE 10 km
WG B, FEFIEEH OALE X X IR S T3, 2001 4 6 A 30 H, BEBHEOSEE
HERIEHTIIC 5 5, 6 O PV /3% — > OEFEZLIR, BRERH ORSENIERE TH
DREEDSEC TS ZERRL TV, 20 & 5 RIEERHOIERIZERIC L 2 BEHEOF
EIFBIAIRY (Sato, 1989), 38 X U#fERY (O’Sullivan and Dunkerton, 1995) /R & LT
5., ZOXS2, ZOEIE FERSTREOIEZEIRICHE S BRI Lo TER SR
7 ATREMEDN R V.

4. W B

B 71%, [RTERBENTT — 5 % I M ENT CEHE L 72, 200146 H 30 H
1500 LT 2 MERIEM E42 20 km 12 H > 72 2ESHE (b L IFENCEE 15 PSC) DRERE
ETH5, BTI21E Tiee b RLTH S, PSC 2 TZESIUOIEE X, BRI 2212 33
% 1 HAMNZ Tiee LTIETL T2, ZEGBAEE T 212 HHOFHm AL -5
K/day TH 2. K8 1d I DESIOBLTITIFRTH 5. ZE5BiE, HEEMICEES 2]
2HMRELICh -7 2 £, IS 0O 2 HIZBHl S iz PSC DERKICHFS LT
ZEFFHZICL v, HIE TRAREEEFIC L > GREE T 2 M HH0EEE FEI,
—87 K/day GREOIRIE, ~5K, #2440 1 EM, 55/4h) TH2. Zhid, FREHE
B & 3K 7 MBIRUE O EENCFE 5 AR D 185 ThH 5.

2H P FETREOREM (JET) CTERElS 7z type T O PSCIE, [LHEIFIZ X %6
TEMEHE] (~—80K/h) TR E NIz, T PSCIZZHO/NRERFHo%2THA
5 (Carslaw et al, 1998b), —75, HARIFEMI 220D PSC O HLBRHHE S 0> 2 iy HIS: (— 100
K/day DAF) T, DB OKKETULLERLZWTH S5, 20k, Zhs Dk
FIXHIPIRREE THRET 2 EHF 2 6N 5, BP0 BBHEETAR L /KBTI, 1 REH
PIRIZ~10 ym F2E % TRET 572 %, MPL TEHEIS N7z PSC 13 2 DY A XEiFH Ok F
THORTRELD S, 2OV A XOKF D% FHEIZ~0.01 m/sec THY, ZDOHEIFE
JIBE D EAEEAAIRE (~0.2m/sec) & U153/ NS v, EI ORI TR L 72Kk
FIE, % THE L AAHEE OZD SO LT LY LoORBRAMHER cBET 2T
b5, ~10umBEOKE SO TIEFAHOBRED Tiee VR K2 L 1 REDINICE
F93 5728 (Toon et al, 1989), KT IXEIIH ORI TR L HE T 3.
EMEEEIZK PSC OAEBICLATO & 5 28R %2 b D, 1) T TIRERBHIE O
BIC L > T T BEZTET LTV & 2 A EHEIRESIND 2 &, BEHIZEREAH
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6 FEHEE215hPalc B2 Y4 KT ¥y v VEEDKFSI (EEH, B & ONRAIREEE 320
KIZBIBRT > v VIRLL (PV) OKFESG (7 —), FNZhORELEZRT, K~
S 2001 45 6 29 H~7 A 2 HOMT, UKMO L7 — 2 Ic&ED <. 2o D
TR SRR 6 3 £ 2R 10 km (SHIG 2, A OME X XEITRE LT
%. (Shibata et al, JGR, 2003)

Fig. 6. Time series of horizontal maps of the geopotential height at a pressure level of 215 hPa

(contours) and the potential vorticity (PV) at a potential temperature level of 320 K
(color), for the time period 29 June to 2 July 2001, based on UKMO assimilation data.
Contour intervals are 100 m. The pressure and potential temperature levels correspond
roughly to a height of 10 km. The location of Syowa Station is denoted by a cross. See
color version of this figure at back of this issue. (Shibata et al., JGR, 2003)
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o
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7 [RFTEBTT — 5 & TR TT UM TRERLL 72 2001 ££ 6 H 30 H 1500 LT (2 H
A 22 20 km 12 & - 7o LSO EIE, RIS Tee 2779, (Shibata et al, JGR,
2003)

Fig. 7. Temperature history of the air parcel at 20 km over Syowa at 1500 LT on 30 June

2001 calculated by back trajectory using the objective analysis data of the Japan
Meteorological Agency. T, is also shown by a thin line. (Shibata et al, JGR, 2003)
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Fig. 8. Back trajectory of the air parcel at 20 km over Syowa (solid square) at 1500 LT on 30
June 2001 calculated by using the objective analysis data of the Japan Meteorological
Agency. Squares denote I-day intervals. (Shibata et al, JGR, 2003)
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S K EHIER YL & S 5E g EEm S “Shibata, T., Sato, K., Kobayashi, H., Yabuki M.
and Shiobara, M. (2003): Antarctic polar stratospheric clouds under temperature perturba-
tion by nonorographic inertia gravity waves observed by micropulse lidar at Syowa Station.
J. Geophys. Res., 108 (D3), 4105, doi:10.1029/2002JD002713” Z=&R, —EHMELzH D
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