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Transport and mixing processes during the Antarctic ozone increase

Yoshihiro Tomikawa'?2* and Kaoru Sato®

(2010 3 A 24 H={J; 2010 5 H 7 H32H)

Abstract: The 44th Japanese Antarctic Research Expedition (JARE-44)
performed intensive ozonesonde observations at Syowa Station (69.0°S, 39.6°
E) from June 2003 through January 2004 to clarify the time evolution and
mechanism of the Antarctic ozone hole dissipation as well as its formation.
From analysis of the ozonesonde and satellite observational data, it was found
that ozone concentration inside the Antarctic ozone hole began to increase due
to the Brewer-Dobson circulation and the lateral mixing between inside and
outside the polar vortex even before its breakup. In addition, the ozone
increase was dependent on longitude because of the zonal wavenumber 1
quasi-stationary planetary waves. It is also reported that the ozone enhanced
layers frequently observed inside the Antarctic ozone hole mostly originated
from the vortex boundary region.
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Antarctic Ozone Hole Area
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Fig. 1. Time variations in the size of the Antarctic ozone hole from 1996 to 2005 (Sato et al.,
2009). Numerals on each curve indicate the last digit of each year (e.g., 6 and 5 indicate
the profiles for 1996 and 2005, respectively). The thick solid curve and thick dashed
curve show profiles in 2003 and 2000, respectively. Data were provided by the Japan
Meteorological Agency.
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Fig. 2. Time variation of vertical profiles of ozone partial pressure averaged over 10 days at
Syowa Station in the period of (a) formation and (b) dissipation of the Antarctic ozone
hole in 2003 (Sato et al, 2009).
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Tangential Wind (m/s) at 500K
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Fig. 3. A time and equivalent latitude section of the potential vorticity (contours) and tangential
wind speeds (hatches) along the potential vorticity contours at 500 K (z~20 km) (Sato
et al, 2009). Contour interval is 10 PVU (I PVU=10"%K kg=' m?s='). A low-pass
Silter with a cutoff length of 10 days was applied.

Ozone (ppmv) June 11—Dec 20, 2003 at Syowa Station
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Fig. 4. A time-height section of ozone mixing ratio (colors) from ozonesonde observations at
Syowa Station in 2003 (Sato et al, 2009). Thick dashed curves show the —80°C
isotherms, roughly indicating possible polar stratospheric cloud areas.
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Fig. 5. Time-height sections of ozone mixing ratio (colors) and potential temperature (contours)
inside the polar vortex for six different longitude regions based on ILAS-II observation
data in 2003 (Sato et al, 2009). Contour intervals are 100 K.
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Descent rates (km month=') in the polar vortex interior estimated using ILAS-II data as
a function of longitude around a height of 20 km by taking the geometric height as the
vertical coordinate in the period of focus from 26 Sep. to 24 Oct. 2003 (Sato et al,
2009). Negative values show descent. Closed circles, closed triangles, and closed rectangles
represent ozone (1.0 ppmv), N,O (30 ppbv), and CH, (0.6 ppmv), respectively. Data points
on the right (outside the box) show the zonal means. The horizontal line is the vertical
component of diabatic circulation averaged for 70°-85°S. Open diamonds show the
descent rates of the 500 K isentropic surface (z~20 km). The marks except for N,O are
shifted slightly rightward or leftward for easier comparison. An open circle indicates the
estimate from ozonesonde observations at Syowa Station. Error bars show 70% confidence
limits.
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Fig. 7. Polar stereographic projection maps of (a) geopotential height and (b) anomaly from its
zonal mean at 50 hPa averaged over 26 Sep.-24 Oct. 2003. (c) Time series of amplitude
of the zonal wavenumber-1 geopotential height component. (d) A time-longitude section
of temperature at 70°S and 50 hPa (Sato et al, 2009). Contour intervals are 200 m in
(a), 100 m in (b) and 5 K in (d). The regions with negative values are shaded in (b).
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Fig. 8. A schematic illustration of the downward movement of a material surface (two thick
curves for t=t and t=t, respectively) modified by an s=1 quasi-stationary planetary
wave, which is amplified and phase-shifted eastward as observed (Sato et al, 2009).
Thick downward arrows indicate the descent rates of the material surface of mixing
ratio y at respective longitudes in a month. Thin arrows with open circles illustrate
Lagrangian motion with zonal and vertical velocity components of u and w on a
meandering material surface. Potential temperature of the material surface is shown as

6 for t=t and 6 for t=t. Note that 6> 6. because of the increase in solar heating in
spring. See text for details.
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5 day backward trajectories starting
at ILAS-Il obs points for October 6-15, 2003
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FEO S O, HIFFRE 180-240 EFED b D,
Fig. 9. Backward trajectories (solid curves) over 5 days starting at ILAS-II observational points
(cross marks) in the sectors (left) 0°-60°E and (right) 180°-240°E over the period 6-15
Oct. 2003 on the 500 K isentropic surface (Sato et al., 2009). Dots are plotted for each
day. The star shows the location of Syowa Station.
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Fig. 10. Scatter diagrams of O, and N,O mixing ratios for 10-day periods (Sato et al., 2009).
Different colors show results at isentropic levels of 600, 550, 500, and 450 K.
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DAV DEREHARDO THEE 2FARTAHA B L, KERBEREESR S Wz, ERIE
HITOMEIE ILAS- &4V >V > FEEIE T8 L T ie, TROEE ORERTETE X, BT
U7 BARTIC R U T2 80 | O¥EEIME 72 2 5 ) —H OIRIROREIE &, A DE P »
HBENCHES, TR AERMEOERICLIVFHETE 2 2 e8bhrot, 512, b
V—Y%—ER¥ 5 N,0, CH, THEBRICHT L7 & 25, TRERECIEA YV > LR,
REREENR SN ED, ZORZIBA VY EVNINT EBnbrot, &5 ICHBKE
VDX, I OREREMEINBA ZNERBEIC L >R TORONE ZETH S, Tib
B, BE210 BRI, &YV RRAIE IS LT TR, N0, CH, 3 ER woFEET
otz T, WBONEIT, PEITRMEICON L T—RRICHHL Tw 20 TR L,
REJ—% b 72 5 THFBRENE STV L RERLTVWS, 22T, KEZ LIk
RN 21T 5 72, 32 &, B 30 BHIOZESMIE, SREL2EICHS> TETWVRIDK
XU, #RE 210 EHEOZESHRIIRE EFEE2E LKL L > TWwb I edtbroie,
Z DFEFRIF, B 210 BRI OZESHIZA VB, N,O R, CH, IBENEWEHED
ZEEERBELTCOLAREENH 2 L 2R L THB Y, WAEEE L 57 L & O TRHEED
e REREE DTN TH 2, T2bb, MIBABEMEITY, RGN 7725 V) —
WICE VAR %2 T 5 2T, MBNOEIILOEIESREIC L > TRESELD, K
ERGQERGLPTOWIHERE Z ) TRWHEENH 2 Z LB ER ST, 2D EMD,
N,O &4V v OB ORFHZLOFHE b FIH T E 5.

3. FERA VY VR — VN Y U HEKE O T
3.1. [FC®IC

TEREBE BT S 4 Y E, MmN O EFEGEE TS (XY Yk —v
FAEROBIMNZER L) 720, TEREBCHEls 4 Y v EREE I, —BIcEN
BERTRE S NS, &7z, 4V TR REIEGL L v o T BSIR TR & 2R
BEARER DS, 4V 2 EREEE IREEEE CEER S e T v, BROPSE T,
0 2 E—FHOBEHBDEF 2L H S FIC T T OB, EE R IEBIH 1 5 72
WY =y MEET, 4V VBRSO BB R %5 2 LAk STV % (Dobson,
1973; Reid and Vaughan, 1991),

XV UIEREE R T 2 IFEEEE LT, —RICRD2 DDA D= RLBFEZ 5NT
W3, 10k, (EM) BEHECL 24V OEREEHOERE (Teitelbaum et al, 1994, 1996;
Eckermann et al, 1998), & 5 | DlF, " AL — L ERREOE Y 7 OFEESHI 2 RhHE (2
DRTR) WX b, B EE2FROEGIMOEREHLE THS (Newman and Schoeberl,
1995; Tomikawa et al, 2002), B X 2K DOEE, 4V v ERFEEOE - KX
T VIZENFEOHERE (i km) B (~1H) E—HT 5. ESBRICE ZERO
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e, AV VEREEOMEA 7 —Vidu A —FOMBEFRE LD o LN,

LIZUIEENHERIEO A Y v EBREEORERA 77—V EREEICKR S, —HT, Z985R
TR SN A4V v EREE DRI R 7 —vid, #E B RS HREE ORI R 77—V % Ff
DRTTEL, 2O A O/ (~8H) BEOKMHZES 5 (Tomikawa
et al,2002), Z D7, BHFEIFDOA YV » RS Z T EROAEY 7 OsREH £ D
ZFRVD, EABIRTERI LAY VERES L, TREOHREY 7@ #Esh
% (Haynes and Anglade, 1997), &7z, ZA0BM TR I NS4V V@RS, B
RIROA Y VERE L D bR E 24 YV VBREREZR D L 23% v (Reid ef al, 1994;
Gibson-Wilde et al, 1997; Tomikawa et al, 2002).

PR Y > — OV FEARE, BRI O R 14-20 km RO A YV IR IRTEE T
a3 (eg,Solomon, 1999), —J5T, FEilA YV >R —)VINO TEHEEBEIC LIELIEA
VUBKEDENS Z LA SN TWS (Moustaoui et al, 2003), 1997, 1998 £EiC
Neumayer 2l (Ff& 70.7 B, POk 8.2 &) THIHMI S /-4 vV v @G, 2km BED
EA T —VEAL, 1A= > TR SRS O KB N ER I ik S
% Z E TS LTz (Moustaoui et al, 2003), Z® & 5 2 REHNEAD KA D TEAIX
IV REDFAZIE AV AR VRICHIG T 2720 T <, AV BRI 24
% NOx G L, &V >R — VDA YV BEYVE OWRE 2 RS 20035 5720, &
VU R—VOERICEHEE T 3 A[HEM N H S (Edouard er al, 1996; Konopka et al., 2003),

AT, 2003 FEOFFHRA V> R — v [EHERIIC, WAFIEM, B X O Neumayer 2T
BHISNIzA Y Y R—VHOA Y VERBIZOWT, ZORKEHRH~N, 4V v k—VEE
DG T

32. T—HEFE
321. 7%

44 KB X 2SS SE, BLXUOMBICBT 24 Y Y T ay h T =7
(Match) Bl O—8g & LT, 2003 4E 6 H~2004 4 | HiZH»J T, MEFAIEHM (R 69 &, 3
% 39.6 ) 1B W TH2-3[E, 592 E® ECC 4V >V > Tl fThhiz (Sato et al,
2009). AWIFETI, FRA V>R — )V OEBEORAK &£ 7% 572 2003 429 H 24 HELIED 1 4
HIE, 5F 10 B4 Y Y v T 5 —F 2EFTIC W2, 8 T, World Ozone and Ultraviolet
Radiation Data Centre (WOUDC: http://www.woudc.org/) THS L 7z, 2003 9 H 26 H~
10 A 24 H £ T® Neumayer £:H (Ff& 70.7 &, PERE 82 ) B 25t R EoOA YV >y
VT8RRI, HRALA Y VY YT T OSESEREE, #9100 m (FEFIEH)
EH)50m (Neumayer J&ih) T, AWFETHR & T 2EE A7 —)L 500 m LL_E O @RS
DFFFTICIZ T3 TH 5.
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BSTRINE, B & OO EYEEOFEICIE, 1 H 4[E (0000, 0600, 1200, 1800
UTC) ORI F#H+Y > ¥ — (European Centre for Medium-Range Weather Forecasts:
ECMWF) Z8UENT 7 — 5 & iz, KV RREIE 2.5 B X 2.5 &, $AEIZ 1 1000-1 hPa D
23 [E@C, TEREBIC BT 2MESREITN S km TH S,

322, AV UEEKEORMMT

KHFETIE, UTORMFICEID AV U HRERERT 2 (K11 2H),

CEE 1322 km CFET 24V Y AEOBAT, BT 500m PRI LD A Y VS E
DEVEEIT LW,

c EFENZENS0m UNOA Y U HEDOENLD b, BKICBT 24 Y U HED
0.5mPa U EE WS, TOEEL Y VAR L EE.

AV UK (K1 OFEKA) Oy 7757 2R (K11 OFEE B) 1269 2 ks
BRI 2 & 5004 Y RGO i & i & E 7.

« AV UBKEO BiEAS 22 km BLE, B 5 0IE RS 13 km BUFOBE, 4V VA
J& &3 Aie S e,

3.2.3. iR & BRSSO E R

WALE, W8, BLUEBEELORNICBWTI I VY 2NIEEI NS, $72, 3@
NI FERER BRI B W TA YV VIRAHOSE EMWIEHRE 2R T2, LIFLIEA Y
YOM—H—ELTHWONS, F YV r—VNTREEOHBEBERIIAEN S 2, 4V
>R = VAR O ZES IO FRIE & U CTAWITE CIIBML 2 v 5.

Altitude (km)

Ozone Partial Pressure (mPa)

11 2003410 H 16 HORBMEMICB T 24 YV VS FEDOEESF (Tomikawa and  Sato,
2010). *ixA YV VHKRENOA YRR, @34V HKIED L& T, A, Bi3A4Y
VHRIBIZBI AV ARG ENY 7T TN,

Fig. 11.  Vertical profile of ozone partial pressure at Syowa Station on 16 October 2003. A star
represents an ozone maximum corresponding to the ozone enhanced layer. Circles are
the top and bottom of the ozone enhanced layer. Regions A and B represent the ozone
enhancement and the background ozone, respectively.
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512, WALOEMEHIC T 22 BE & U CEMEEEE A2 EA T2 (Mclntyre
and Palmer, 1984; Butchart and Remsberg, 1986), Z Of, iR OAE 134D S
TR AL DR T, MR SR O L, 38 & OAMAI DB AL O E Mg B3 % 2 fE
Wy ok, WNTENENESET S (Nash er al, 1996), FiEHEFAEE O WEIOEEHR X
D b FRH ORI 2 M P ER & P33,

121, fEHTHARIH O 435 K ORALTENC 5 1 5 WAL (FHER) , B & HEAIAE (4 7 —)
DOFFHEMREE W T 5. TR 28 L T, WA OR & 23R i 60 & O S
BEMTICH YD, BIEERERONE FEM, B X OIMI GRER) OBR», znz
M—36PVU, LU —I18PVU DMALITIZITHIGT 2 2 bbb, £, £V V0T
BHITTbI Iz £ S OIS (O), B XU Neumayer el (X) 135 RIS I ATE
LTz, 380K, & U500 K LML B TA Y U IRENBHl sz L &b,
ZNZFNOWRAIE TN, B X U Neumayer FH RN OIE L TWwiz (KE
).

3.2.4. Reverse Domain Filling (RDF) #

AL OSNE S FEE L, FHEICH W 2 BB T — & OSESERE (~5 km) IHKEFET 5.
AW TIE, LD EVHRESEREE (<1 km) 2EOEMSM 255729, Reverse Domain
Filling (RDF) & CHME L 72A 45 2 EH 3% (Sutton et al, 1994; Tomikawa et al.,
2002). RDF ¥ETid, MM RREMALII & 572 W TR U 72 2RO 5 SRR = 51

(PVU m=1)

Equivalent Latitude

OCTOBER
2003

12 435K ORMAENC BT 2800 (EHERR), B L OWMNAE (U7 —) ORMSiEE wiE
(Tomikawa and Sato, 2010). 7 « RFERRI, N2 IO DGR 3T % 2 s
DFEK « N TERE L I i s o Wl Ml O BE5. O, X%, &V >V > TR
Thiiz & & ORFFIER, B X U Neumayer H:ih D Effifg &,

Fig. 12. Time-equivalent latitude section of potential vorticity (contours) and its gradient with
respect to equivalent latitude (colors) at 435 K. Blue and red lines represent inner and
outer edges of the vortex boundary region. Circles and crosses represent the equivalent
latitudes of Syowa and Neumayer Stations, respectively, at the times of observations
with (red) and without (black) ozone enhanced layers around 435 K. Contour intervals
are 3 PVU.
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B, 7 HATOALE I B 2 WAL % BEDONIE IS B 20L& A x T, OB, THEkERE
TIEWLY 12 EMRE S 77 oY 2 eRES NS 2 &, WEWRESBIRICE > TR
iRz D ZEM A 7 — VDS & BB I 32 2 E 2 REL TWw5, BRI
WOFHEE, EBHSE IR T 7L % vz (Tomikawa and Sato, 2005).

33. #®R
331 AV UEKE O

13 1%, FEFIE, 36 X OF Neumayer Hlic B 17 244 V>V o THBEITCE s 24 Y
YOHEDEESTH 5. 3.2.2. DEFICHED X, FHFIEEHT 10 BHIH 7 4, Neumayer &
HC 12 BT 10 Bl A4 Y U HERE R S iz (K13 D).

CDEIBFVUBEREOBEAH=ZALD 1D LT, BEIROEFSEHNEZ SN,
BAHWIC X > TR S A Y Y EREEDSE, RICHEA T —VERES, ifloTFh
REED, R, B X OAKEROMESAICEN S (Teitelbaum et al, 1994, 1996; Ecker-
mann et al, 1998). L L, 4V YV r7HEITHES hicKR, WA, FbEOSRES
T, AV UERBICHRT 2EN A s nhnZ ens (KREKK), hoot Vi
KRBFENEEFETII W EEZ 515,

FAFIEEH, 35 & O Neumayer Fatli CHEREI S U725 17 Bl A Y VBERIBICOWT, D
MERIICE LD, 4V UKL, BAL 380 K 130T, 435 K AT, 3 & 08500 K AT
BHIS NS Z e, BHIS A Y KRG, 2 TR 2.1 km K O S %
LTWiz, £72, &V U BADOEEHIE 380 K, 3 X 08435 K A5E T 2 il &2 BT 0.3-0.5
ppmv, 500 K {30 Cld 0.3-1.2 ppmv TH - 7z, ILAS-II OELHNIIC L 4111E (Nakajima et al,
2006) , AFEATHART R ORBIRNE O A4 YV U IRE L, 1212 0.2 ppmv LR TH S, Licds-> T,
KD AV o BEKIE IFENES 2R & 3 2 ESMTRIEV T e Tahwn, £z,
A AIE S % Lauder (Bf& 45 ) 2B T 2ROV >V > 77— T3,
380K, 435K, BLUS00K 2B %4V U EEHLIE, £hZE40.5ppmy, 1 ppmy, B X
U 3ppmyv A ETH 2 Eh s, ity o OWMADTREE K, Lichi> T, 4V i
KIBEHERL T 5 225501%, KES s REBcHkT s LHz on 5,

332 AV UEKEORIE

IV UBERBORFEZ S M T 2720, &V ERRDENE S N7z 5 I IR
(435K %7213 380 K) I2 61 2 ECMWF Z&ifi#tT 7 — & OMAI5346, ¥ & U RDF % TH
KSR L 7o M RREAI A 2 B 14 2R, 7272 L, 2 2T VY U BEARBOSTEIES 1 km
PEDEEITOWTDHRL TS, RDF 3 CTHEREEL U 72 1115048 DA% FEIFE 1, #EE 0.5
B, RE 1 ETH S, EEO ECMWFE B8 7 — 5 OGS ME2 R5 L, wIihoha
b IEFIEEHE, 36 X OF Neumayer FE#BI3 75 (6 Tas U 72 ISR (435 K T3 —36 PVU DUF,
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1 030926 at T 031001 at 1031003 at S 4
20 + ’:/M—i
15 % i
10 =P
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Ozone Partial Pressure (mPa)

13 HEFIES, B X UF Neumayer EHIC BT 24 Y U EDOEE S (Tomikawa and Sato,
2010). *EA YV UHEREADA Y VR, @34 HEKIEO L & T
Fig. 13. Vertical profiles of ozone partial pressure obtained by ozonesonde observations at Syowa
and Neumayer Stations. Stars represent ozone maxima corresponding to the ozone
enhanced layers. Circles are tops and bottoms of the ozone enhanced layers.

30K TIE—I5PVU LIM) IZfiEL Twa, 2 LT, HBROGESREIALAAE % H
% &, K 14a-b, d-e TIHBRBREFEBR OB 2 R TROD 7 1 T X > M IREEE D FEHT
WELTW5, B 14e, BLUM 14g 1B W T b, MIEEFEEE D & EHTE IS 7 4
¥ MNROBENR T Eend, YLD &, BEFIFEEH, 8 X UF Neumayer FE3 THIH]
SN TERIBE O A V' VA E ORI T, BEERERICEEE2R D EFZz oh b,
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R 1 BEAIFEH(S), B X U Neumayer FHI(N) THEHHE & iz 4V VKB O (Tomikawa
and Sato, 2010)., 27 LXK, &V UERENOA Y > 3T AERE (K11 O A 1c/HY).
DU 1Z Dobson Unit, 4 V' > @& EHIC i H LV LE 23 1 % Earth Probe/Total Ozone
Mapping Spectrometer (TOMS) DR HIE.

Table 1. Characteristics of the ozone enhanced layers observed at Syowa (S) and Neumayer
(N) Stations. z is height, P pressure, § potential temperature, POs; ozone partial pressure,
xOs ozone mixing ratio, 6z and 86 thicknesses in z and 6, respectively, §Os ozone column
enhancement in the ozone enhanced layer, and DU a Dobson Unit (1 DU=2.687 X
10*® molecules of ozone per cm?). Total ozone is a value at the location nearest to
Syowa or Neumayer Station obtained by Total Ozone Mapping Spectrometer (TOMS)
onboard the Earth Probe.

Ozone maximum Ozone enhanced layer
Site | Date z P 6 PO, x0s o6z 80 60, Total O,
(km) | (hPa) | (K) | (mPa) | (ppmv) | (km) | (K) | (DU) (DY)

S [9/26 15.4 85.6 | 389 0.84 | 0.098 0.75 12 0.34 137
S [9/26 20.8 329 | 521 3.75 1.140 2.03 61 2.44 137
S 10/3 14.8 99.1 | 374 4.57 | 0.461 1.55 26 2.65 161
S 10/6 14.5 101 | 374 094 | 0.093 0.78 15 0.24 134
S 10/6 19.3 43.5 | 476 1.65 | 0.379 1.72 43 0.97 134
S 10/16 17.2 65.5 | 431 2.60 | 0.397 1.35 34 1.36 173
S 10/24 17.1 67.4 | 437 2,551 0.378 1.19 24 1.29 152
N |9/26 18.1 55.1 | 438 230 | 0417 1.58 41 2.44 134
N |9/26 20.5 35.5| 496 3.87 1.090 0.90 30 1.37 134
N | 10/4 15.5 87.2 | 385 290 | 0.333 0.60 9 0.90 141
N | 10/9 14.6 98.7 | 375 357 0.362 2.02 33 2.36 138
N |10/13 | 20.1 39.6 | 502 1.90 | 0.480 1.09 33 0.62 139
N | 10/16 17.3 63.6 | 434 2.00 | 0.314 0.52 12 0.40 143
N | 10/21 15.2 93.7 | 390 1.72 | 0.184 1.06 21 0.68 153
N | 10/21 17.2 66.7 | 435 279 | 0.418 1.57 37 1.72 153
N | 10/21 19.0 49.0 | 482 3.17 | 0.647 0.84 28 0.97 153
N | 10/24 17.3 68.0 | 439 3.00 | 0.441 0.92 27 1.31 186
Mean 17.3 67.8 | 434 2.60 | 0.449 1.20 29 1.30 147

ZhiZ, Moustaoui ef al. (2003) OFEHRE BEEWNTH L, —HT, WiEst 435K Tix
—18PVU LAL, 380K TiE—11PVULLE) 2o DRKDOTWAIZEL RS,

MAFOZEHE, & 72 1% Neumayer EEMiiE T 7 HI OB RIIMEE H 5 &, K Y = v M2 &
Z2HAMEOBRSEBT 2—4HT, L3 L bEFLE T 2FELFROBLEIZIZZ > T
v, EE, B Ou A —EREET 258, Bulidme s, 2 oo A v -
DEBT 285, BEPLE T 2HEMGIVELEE %5,

1513, FEf# 70 £, 70 hPa [Z B 1 2 WPEHEL 1-3 O 0 A E—FOIRIEORFHZE TH
%, AREEFTHIR S, B 1 OISR D 2 E—EICEEL, B2 10 A9 HEICK E %
IRIE 23> Tz, 2O O¥EERED 2 E—HOEHORE, BEofniziEe A
EHACHRE 0N 7 M LW 1 0o X E—FOIRIEBSA X WIZ EBEOBH)
DEGVWHREL LD, FH 1 OREBELPKE W 10 A 9 HEOR R (X 14e) &, ¥
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GPH Amplitude (m)

10 15 20 25
OCTOBER
2003

H15 FEERETORE, T0hPalc B 5 VA RT V¥ v VEEOHEAERE (@) 1, (b) 2, BLY (0
3 DIERE (5258, B L OMAE (O) ORfZ (bt (Tomikawa and Sato, 2010),
Fig. 15. Time variations of geopotential height amplitude (lines) and phase (circles) of zonal
wavenumber (a) 1, (b) 2, and (c) 3 at 70°S and 70 hPa.

L 7oLz 5/ N E2 N Tnw3, —57T, 10 A 20 HMRRCIEZHEH 2 ou A E—
EOREZIREEFE > TB Y, ZOHIROKEE (K 14, f-g) 1%, MEdulE& L7fEH
WWIEWHEEE > Tw5b, DED, WASHICRONDE 7 4 7 A2 MEEP T AE—HD
AT =V LD DT o ENE R AT =V EFODIIXH LT, 747 A2 MNOEIHO
IO A —H X Sh Tl Z by b,

F72, ZOEIBKRFERT — VNS RFEEIL, WREREDHREY 72X o THEhELP®
3> (Haynes and Anglade, 1997). 16 1%, 2003 410 H 6 H~9 HiZ ) T ? Neumayer
EHOME B 1 5 RDF S CHER L 7 MO ORI CTH 5, 72721, WALOREE
AR T 72012, WAL R ORISR B I EIEWAL %2 FHv T3 (Lait, 1994), X
16 #72% &, AV UHEREICHET 2 EBbivd 7 4 7 2 > MEGEHRIEEE GRS & 4
BEL, A X ICBH IS, BRlL L & ICHEESMEC CHERBILL TWwa 2 Lbhb,

34. ER
KBTI, AV UHEABICLS LY VEEANDFSZERNICEHRT S, £ 1 TRLE
ko, AV UERENES T ALYV VEITETI3DU Thotz, f72, MIENEET
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16 20034 10H6H (a), 7H (b), 8H (¢), BLXU'9H (d) DRI 70.7 fFi2 81 %5 RDF
ECHEAER U 7B IO O ERAIWIE (Tomikawa and Sato, 2010), 7RRAY Neumayer
HEHIORE, X137 4 7 A2 P OAEERT,

Fig. 16. Longitude-potential temperature sections of modified PV reconstructed by the RDF
method along 70.7°S on (a) 6, (b) 7, (c) 8 and (d) 9 October 2003. Crosses represent
the locations of the PV filaments. The red line represents the longitude of Neumayer
Station.

IV UMERIESTEET 2B, BEAIEM, B X O Neumayer I TOHIHEE S, #
0% TR L # 2 o b, 4V VHABOHmD 2 BEERE £ 35 & (cf Reid et al, 1998),
IV EROEEICHT 5 HF51F

L3ouxﬁ%xm5nmmm*leDUmmmm

L%, —F, EHRT OmEN TS L4 Y R OEERIZ 30-50 DU L BfEd sh
Tw3 (Huck ef al,2007), L7ch3-5 T, 4V UHEKEIC X 2 BiEERER» D4V >~
DAL, AV HR—NVOEEICEHEVEFS LW, — AT, &YV VEREOHGL,
gAY R — WK OFBEER DO Ny 7 777 R4 Y > a7 A& (3-6 DU) D
K THE T 5.

FEATIIFED Sato et al. (2009) T, AWFFE L FE CHFO ILASII 7—% L4V >V >
77— 2RWT, FEHEFOBBNSAOKRK[DEE P EFa b EYE O SERO Haor o
DO FEEHE 0.37 km/month Z/ED 3 Z £ 2R LTz, 2hid, BE 1421 km 2BV, §
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15DU/month DA V' > HEIANICFHA LIz & L2k 4 % (Tomikawa and Sato, 2010),
DAYV UTARBIAHFRTRE oA Y VHEKBICL 24 YV U TALD b T ERE
KEW, Lo T, BENADLTY Y RARA Y VKB L3RR 2B TITbT»b
AIREMEDS B B .

35. ¥&8

2003 FEOFRA Y vk —)VEHERC, RO TEEEEIC BT LIFLIEA VY VK
BB S iz, £ 2T, R CIREBA V> R — )V OEBESHRA L &> 72 2003 49 A
24 HEIBED 1 7 BRIOEFIEH® X Of Neumayer E#ilc BIF 24 Y >V v T8El 7T —%
EHWT, &YV UBEAKBORRE A Y VR — NV ADEELTT, BRI BRI,
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