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Abstract. The total ozone content (TOC) variations in Antarctic region are considered using the TOMS satellite measurements.
Main attention is devoted to ozone hole anomalous development in the 1988 and 2002 springs. The TOC planetary wave
parameters in anomalous and typical years were compared. The TOC zonal mean increase relatively linear trend is equal 36 DU
in 1988 and 60 DU in 2002. The evident TOC longitudinal contrast appeared in August of both anomalous years, one month
before typical quasi-stationary wave development. The September zonal mean minimum was absent and TOC values exceeded
typical at least from August to December. The first spectral components of zonal wave showed a considerable amplitude
growing. Wave 1 amplitude in August and September was 2-3 times larger than in the neighboring years. In September 2002
the amplitude of wave 2 increased twice comparative to August in contrast to 1988. Characteristics of wave 3 did not change
considerably relative to other years. Westward displacement of quasi-stationary wave minimum and maximum in 1988 and
2002 has been revealed. At 65°S the minimum for September-November averaged distribution shifted by 50° and 70°,
respectively. This feature could be considered as indication of tropospheric changes.
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AHTapKTHYHA 030HOBa aHoMaJlist HaBecHi 1988 i 2002 pp. A.B. I'punaii

Pedepar. Bapiauii 3aransHoro Bmicty o3ony (3BO) B AHTapKTulli PO3IVIHYTI 3 BUKOPUCTAaHHSM cynyTHukoBux (TOMS)
BUMIpIOBaHb. YBara IHPHIUISEThCS, TOJOBHUM YHHOM, aHOMAJIbHOMY PO3BUTKY 030HOBOI aipu HaBecHi 1988 Ta 2002 pp.
IIpoBenene MOPiBHAHHS MapaMeTpiB IUIaHeTapHUX XBWIb y 3BO i aHOMaNbHUX Ta THUIOBUX POKIB. 3pOCTAHHS 30HAIBHOTO
cepenuboro 3BO BimHOCHO niHiitHOTrO TpeHay cranoButh 36 O/l y 1988 p. Ta 60 Ol y 2002 p. CyTTeBHii JOBIOTHHIT KOHTPACT
3BO chooctepiraesi y cepnHi 000X aHOMAaJbHHX POKIB, MICSIIEM paHIIle THUIIOBOrO PO3BUTKY KBa3iCTAalllOHAPHOI XBHII.
BepecHeBuii MiHiMyM 30HAIBHOTO CepeHBOrO OYB BiACYTHIi, a 3HadeHts 3BO mepeBuiyBany 3BudaiiHi MpHHANMHI 3 CEpITHS
1o rpyass. [epuri criekTpanbHi KOMIIOHEHTH 30HAIBHOT XBUJII MIOKA3AJIH CYTTEBE 3POCTAHHS aMILITYIH. AMILTITYaa XBuii 1 y
cepnHi Ta BepecHi Oyma B 2-3 pasu OurbmIoro, HDK y cycimHi pokn. Y BepecHi 2002 p. amiuliTyna XBWI 2 3pocia BABidi
MOPIBHSIHO 3 cepmHeM, Ha BiaMiny Bixg 1988 p. XBuist 3 cyTTeBO He 3MiHHIA CBOIX XapaKTEPHCTHUK BiJHOCHO IHIIHX POKIB.
BusBnenuii 3axinHuii 3cyB MiHIMyMy Ta MakcuMyMy kBasicrarioHaproi xBuii y 1988 ta 2002 pp. Ha mmpoti 65°S miHiMym
YCEPEIHEHOT0 33 BEPECCHb-JIMCTONA ] po3noiny 3MictuBcs Ha 50° i 70°, BianosigHo. LI 0COOIMBICTE MOXKE PO3IJIISIATUCS K
IpOsiB TPOIOC(HEPHHUX 3MiH.

AHTapKTHYeCKasi 030HOBasi anHoMaus BecHoit 1988 u 2002 rr. A B. I'punait

PedepaTt. Bapnammu obmero copepxanns ozona (OCO) B AHTAapKTHKE PACCMOTPEHBI C HCTIONB30BAHUEM CITYTHHKOBBIX
(TOMS) usmepenuit. Banmanue ynensiercst, ITaBHEIM 00pa3oM, aHOMAJILHOMY Pa3BHTHIO O30HOBO#! ABIPEI BecHOH 1988 1 2002
rr. IlpoBeneHO cpaBHEHHME MAapaMeTPOB IUIAaHETapHBIX BOMH B 3BO Uit aHOManbHBIX M THIMYHBIX JIeT. Bospacranue
30HanbHOro cpexHero OCO oTHOocuTENbHO JHHEHHOrO Tpenaa ctaHoBUT 36 EJl B 1988 r. u 60 EJl B 2002 r. CymiecTBeHHBbIH
nonrotHell kKoHTpact OCO Habmomaincs B aBrycTe OOOHX AHOMAQJIBHBIX JIET, MECSIEM paHee THIMYHOTO pa3BUTHUS
KBa3UCTAIMIHAPHOIM BOJHBL. CEeHTSIOphCKMH MHUHMMYM 30HAJBHOTO CPEIHEro OoTcyTcTBOBal, a 3HayeHus OCO mnpeBblmianu
oOBIYHBIE TIO KpalHeidl Mepe ¢ aBrycra 1o jekabpb. IlepBble crieKTpalbHBIE KOMITOHEHTHI 30HAJIBHOM BOJHBI MOKAa3ain
CyIIECTBEHHOE BO3pacTaHNE aMILINTY/Ibl. AMILTHTY/a BOJHEI | B aBrycTe M CeHTs0pe Oblia B 2-3 pasa 0oJIbllle, 4eM B COCETHUE
rozabl. B cents6pe 2002 1. aMIuuTyja BOJIHBI 2 YBETMYHIIACH BABOE 10 CPABHEHHMIO C aBI'YCTOM, B oTiauuue ot 1988 r. Bonna 3
CYIIECTBEHHO HE M3MEHMIIA CBOMX XapaKTEPHCTHK OTHOCHTENBHO Jpyrux ner. OOHapyKeH 3amaiHblil CIBUT MHHAMYyMa M
MaKCHMyMa KBaszucTalMoHapHOi BomHbl B 1988 m 2002 rr. Ha mmpore 65°MUHMMYM YCPEOHEHHOTO 3a CEHTAOpPh-HOAOPH
pacnpenenenust cmectuiacs Ha 50° u 70°, COOTBETCTBEHHO. DTa OCOOCHHOCTH MOXKET PAacCMAaTPUBATHCS KaK IPOSBICHUE
TpOTOC(EpHBIX N3MEHEHNH.

1. Introduction

At high latitudes of the Southern Hemisphere (SH) the strong variations of the total ozone
content (TOC) take place during spring. Besides, in this region the considerable TOC interannual
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changes occur. The study of the observed changes is important for understanding the processes in
ozone layer caused the ozone hole appearance and their possible prediction.

Ozone hole in the SH polar region has been observed from early 1980-s. Its area and duration
change from year to year. The large deviations from average seasonal course happen sometimes. Such
events were observed twice for the last 25 years — in 1988 (Kanzava and Kawaguchi, 1990) and in
2002 (Stolarski et al., 2005). The most considerable diminution of ozone hole area relative to the
neighboring years was registered in 2002. The sudden stratospheric warming with zonal wind
inversion unprecedented for the Southern Hemisphere took place (Allen et al., 2003; Harnik et al.,
2005). Singularity of the phenomenon caused the appearance of “Journal of the Atmospheric
Sciences” special issue (2005, Vol. 62, No. 3).

Ozone hole is usually defined as a region with ozone content smaller than 220 Dobson Units
(DU) (Stolarski et al., 2005). The maximal area of the ozone hole determined in accordance with this
definition reaches sometimes 25-30-10° km?. The distinction from the neighboring years was very
significant during the spring of 2002. The area of the ozone hole briefly reached 18-10° km? and then
dropped rapidly in September to 2-10° km?, or only about 10% of the normal area for that time. This
event coincides with the vortex splitting into two pieces (22 September). In mid-October ozone hole
recovered to the area of about 8-10° km? and finally disappeared in early November (Stolarski et al.,
2005).

In ozone hole region a yearly minimum followed by the sharp increase is observed in early
spring (usually in September). In anomalous 2002 the October average exceeded the 1990-2001
October average by 100-120 DU. This caused the exceeding of 2002 ozone content for the whole
Southern Hemisphere by 2.5% (Stolarski et al., 2005). As a rule, ozone hole disappears in November
and the TOC level recovers. Subsequently, in summer and in autumn, the ozone content decreases
slowly. At the polar night end, in August, ozone hole appears again. A described seasonal cycle has
taken place from the early 1980-s.

A distinctive feature of 2002 event consisted in the zonal wind rapid deceleration at 10 hPa
level from 60 m/s westerly to 15 m/s easterly during 17-27 September (Allen et al., 2003). Such a
scale of deceleration was never observed at least since 1979. Zonal wind remained easterly to 30
September, when it temporarily reversed to weakly westerly. Final warming at 10 hPa happened very
early, on 31 October 2002.

Some researchers consider the effect of lower latitudes winds as a possible cause of the strong
stratospheric warming in 2002. In that year a westerly phase of quasi-biennial oscillations in the lower
stratosphere was observed (Gray et al., 2005). It is usually connected with undisturbed stratospheric
polar vortex and deep ozone hole but in the upper stratosphere there was easterly wind anomaly in
2002. During January-September period strong easterly winds existed at the levels over 10 hPa. The
possible impact of this phenomenon on high latitudes processes was studied using the simulation
(Gray et al., 2005). At 30°S latitude the strong westerly wind deceleration with the following
inversion of its direction began in May (Harnik et al., 2005). But the mere occurrence of the easterly
winds in the lower-latitude stratosphere could not be the cause of sudden warming. Similar conditions
were also observed in other years, for example in 1999, but ozone anomaly was not observed,
suggesting that other factors are also required (Gray et al., 2005).

Planetary waves as the large-scale atmospheric disturbances have an important influence on
ozone changes. In the southern high latitudes their maximal activity is observed in spring. Stationary
planetary waves cause spatial redistribution and traveling planetary waves produce time variations.
The length is one of the main characteristics of planetary waves. It is usually noted by zonal number
which is equal the quantity of maxima or minima along the parallel (in zonal direction).

The planetary wave amplitude and time characteristics change considerably from year to year,
amplitude ratio for waves with zonal number 1 and 2 varies too. It is shown that the traveling wave 1
is generated in the stratosphere through the wave-wave interaction (Hio and Yoden, 2004).

The increased planetary waves activity in high latitudes in some years can be caused by
easterly winds domination at moderate and subtropical latitudes. Such stratospheric conditions result
in poleward reflection of planetary waves (Harnik et al., 2005). The relationship between zonal mean
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flow and planetary waves exists, so, waves weaken zonal mean flow after that their amplitude
decreases. This scenario was observed in the 2002 spring.

In (Harnik et al., 2005) it was determined that wave 1 and 2 heat fluxes in September 2002
were directed upward and exceeded usual values. The considerable increasing of heat fluxes was
registered in the second half of September when sudden warming happened. In mentioned work main
attention is devoted to simultaneous activity of the waves with both zonal numbers 1 and 2. Their joint
developing is considered as the most important cause of the warming.

The considerable increase of heat flux at 100 hPa and 10 hPa in the spring of 2002 is noted in
(Allen et al., 2003). At 10 hPa level an unusually persistent propagation of wave 2 was observed
(Harnik et al., 2005). This traveling wave with period of about 12 days existed in the edge region of
the stratospheric polar vortex during about 3 months (from July to October). A strong early planetary
wave activity in 2002 was observed in 0zone measurements also.

In 1988 the considerable stratospheric warming also took place from the end of August to the
beginning of September. A strong stratospheric temperature increasing was observed during last week
of August. Over Japanese station Syova the temperature at the level 30 mb (about 22 km) grew up by
59°C for 10 days (Kanzava and Kawaguchi, 1990). The temperature increasing in 1988 was
accompanied by sudden growing of ozone content with a jump more than 200 DU over Syova station.
The rate of temperature increasing was close to that during the major stratospheric warming in the
Northern Hemisphere. But the spring warming in 1988 in the Southern Hemisphere does not satisfy
the definition for a major warming as far as the disappearance of stratospheric polar vortex at 10 mb
did not occur.

The unusual character of seasonal ozone course in 2002 and the similarity of the 1988 and 2002
events are noted in (Jadin and Vargin, 2004). The authors suppose that a connection between sea
surface temperature anomalies and long-term variations of wave activity exists. It is assumed that
wave amplitude depends on surface forcing mainly. A possible sea surface temperature influence in
the eastern Pacific Ocean is considered in (Varotsos, 2003). It is assumed El Nifio phenomenon can
affect the intensity of high latitude oscillations.

Thus, the 1988 and 2002 anomalies in the Southern Hemisphere stratosphere were observed as
the ones in TOC level, planetary wave activity, heat flux and temperature increase. But the anomalies
intensity was larger in 2002 causing the major warming. The researchers assume the processes
responsible for the Southern Hemisphere major warming are connected with the quasi-biennial
oscillations and the influence of low-latitude wind and sea surface temperature. Further comparison of
the 1988 and 2002 events could be useful for the identification of the most important factors leading
to ozone hole anomalous development.

The aim of this work is to continue the search of the similarities and distinctions between 1988
and 2002 events analyzing the characteristics of the TOC zonal distribution. The edge and inner parts
of the stratospheric polar vortex covering Antarctic region are considered. The study of planetary
wave parameters in spring is carried out.

2. Data and methods

In this work satellite ozone observations are used. Satellite observations from Total Ozone
Mapping Spectrometer (TOMS) have been carried out from 1979. The last, 8" data version is used. It
includes the total ozone values for the years 1979-1992 and from 1996 hitherto. So, the measurements
for 23 years in the 1979-2004 period are analyzed to estimate the anomaly level in 1988 and 2002 on
the background of interannual variations and long-term tendencies. Besides, some parameters are
compared with those for two neighboring years .

The TOMS observations give the global distribution of the daily ozone values. The spatial
resolution is 1° for the latitude and 1.25° for the longitude (TOMS, 2005). The latitudes 55°S, 60°S,
65°S, 70°S and 75°S, which cover edge and inner regions of ozone hole, are considered. At the low
Sun’s angular height over horizon the observations are not carried out, therefore whole August is
covered by measurements up to 65°S only, but not at the higher latitudes.
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The austral spring was taken for the analysis because the intense dynamical processes in
stratosphere occur during this season. To obtain stationary wave parameters a time averaging of the
ozone longitudinal distribution for 3 months (September-November) was realized. Zonal wave
number characteristics were calculated by the spectral decomposition of the daily ozone distribution
along each latitude circle. The components with wave number 1-3 are considered because the higher
ones have very small amplitudes, especially for stationary waves.

3. Southern Hemisphere polar ozone variations and the peculiarities of 1988 and 2002
3.1. Interannual variations
The visualization of time-longitude ozone distribution at 65°S for anomalous and typical years

reveals some details, which were distinctive in 1988 and 2002. Time-longitude distributions for 1987-
1988-1989 and 2001-2002-2003 are shown in Fig. 1.
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Fig. 1. Time-longitude variations of 0zone content at 65°S in anomalous 1988, 2002 and adjacent years.

Firstly, the considerable increase of ozone content is noted in August-November 1988 and 2002
comparatively corresponding time interval of the adjacent years. It is seen from the lighter level of
gray in the time-longitude plots for these years relatively other ones. The increase was registered in
the longitudinal sectors both for the total ozone minimum and maximum. The sharp ozone increase is
a result of moderate latitude air masses propagation to high latitudes. When this process occurs in a
wide latitudinal band, this is an evidence of the stratospheric polar vortex destruction. The strong
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stratospheric warming is often observed in the Northern Hemisphere, but in the Southern Hemisphere
event of 2002 spring is considered as an unprecedented phenomenon.

The significant contrast between the longitudinal maximum (white) and minimum (black)
appeared in the August of the anomalous years. In the neighboring years this monthly distribution
looked very uniform and longitudinal contrast increased beginning from September (Fig. 1). This is a
manifestation of the earlier intensification of a quasi-stationary zonal wave in anomalous years.
Traveling planetary waves, which are seen as inclined streaks in the August of 1988 and 2002, were
observed in the adjacent years only from September too. This is an evidence of anomalous
stratospheric regime, when sharp changes occurred about one month earlier than normally (Charlton et
al., 2005).

Westward shift in longitudinal position of total ozone extremums is clearly seen in the
anomalous years, especially in 1988 and it will be quantitatively estimated in the subsection 3.2.

From the beginning of regular satellite observations till the end of 1990-s the systematical
considerable ozone decrease was fixed in SH high latitudes. The changes of the 3-month zonal mean
at 65°S confirm this tendency (Fig. 2). The positive deviations from the mean tendency in 1988 and

2002 were evident. The exceeding over linear trend (dashed
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Fig. 2. Interannual variations and long-
term trend of the September-November
average of TOC zonal mean at 65° S.

3.2 Seasonal changes

The TOC seasonal course at latitudes covered by ozone hole has the spring ozone minimum.
This minimum is observed in September and seen both in station data and in zonal mean. Illustration
of typical seasonal changes during August-December is given in Fig. 3 by curves of 1987 and 1989
(left) and 2001 and 2003 (right). These curves are very close by pairs, especially during August-
September. But in the anomalous 1988 and 2002 the seasonal minimum of zonal mean was absent that
showed the atypical conditions existence. At 65°S the mean total ozone during all five months
(August-December) of 1988 and 2002 remained greater than typical values. In the anomalous years
the zonal mean before middle September was equal 280-320 DU exceeding the minimum level for
adjacent years by about 50 DU (1988) and 80 DU (2002). After the mid-September increasing the
exceeding was about 80 and 100 DU, respectively. So, as it is seen from the zonal mean, both in 1988
and 2002 the ozone anomaly lasted at least 5 months and was maximal in the second half of
September.

Planetary wave activity has considerable monthly variations. In this subsection the main
attention is given further to the wave activity monthly peculiarities and spectral characteristics. The
wave amplitude increase in August and September of 1988 and 2002 was obtained in (Grytsai et al.,
2005a) for the latitude 65°S.
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Fig. 3. Daily zonal mean TOC at 65°S for 1987-1989 (left) and for 2001-2003 (right).

Both the anomalous years 1988 and 2002 are characterized by an early planetary wave activity
with large amplitudes relative to other years. In anomalous conditions the August amplitude of wave 1
exceeded the values for the preceding and next years 2-4 times. So, in 1988 August the wave
lamplitude reached 64 DU whereas in 1987 and 1989 it was equal 25 and 16 DU respectively. The
same ratio took place in August 2002 too (85 DU in 2002 vs. 26 and 29 DU in the adjacent years). A
similar pattern with a few lower amplitude ratios has been obtained for the wave 2 as well. On other
hand, the wave with zonal number 3 does not show clear distinctions between three years (amplitude
is 10-15 DU in August and a few lower in September), i.e., the increase of the most large-scale wave
activity happened.

The comparison between two anomalous years shows that wave 1 in 2002 was of larger
amplitude in August relative to 1988, whereas wave 2 had larger amplitude in September (57 and 29
DU correspondingly). This result indicates that the major warming was accompanied by earlier
enhancement of wave 1. Wave 2 amplitude increased by factor of about 2 relative to August in
September 2002 and decrease by factor 1.5 in 1988. This distinction is characteristic for the event of
2002, which is attributed to the “wave-2” type of the major warming (Charlton et al, 2005). Wave 2 is
presented by traveling component dominantly (Grytsai et al., 2004) and the level of its activity can
influence the strength of the stratospheric vortex on its final stage.

It is necessary to note that the large wave activity in the middle and upper stratosphere was
observed throughout the 2002 late fall/winter (Allen et al, 2003). The planetary wave activity in total
ozone was observed from late July when the ozone observations in edge region of stratospheric vortex
were begun (Grytsai et al., 2004). In the late spring of 2002 the quick decrease of the wave activity in
the total ozone data was observed due to early disappearance of ozone hole. Besides, in 1988 and
2002 the vortex had the smallest area and the vortex edge (and maximum of zonal wave in ozone) was
placed at higher latitudes. In 2002 the November’s amplitude of wave 1 at 75°S (13 DU) was
importantly smaller relatively other presented years (35-50 DU predominantly). In 1988 the
diminution of planetary wave activity was not so strong and it became close to usual amount (39 DU
for wave 1 at 75°S).

3.3. Longitudinal displacement of quasi-stationary wave extremums

Stationary (more precisely, quasi-stationary) planetary waves change slowly their phase from
year to year. Spectral decomposition shows the domination of wave with zonal number 1 in the
Southern Hemisphere (Hio and Hirota, 2002). Wave 1 is a sinusoidal component with one maximum
and one minimum in zonal direction. But other components make some contribution in the
decomposition therefore quasi-stationary wave is not symmetrical in longitudinal direction. The study
of quasi-stationary wave extremums’ positions shows the long-term eastward drift of the minimum
and the approximate invariability of the maximum’s longitude (Grytsai et al., 2005b). It is necessary
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to note that it is a mean tendency. In some years the deviations from the average position are
observed.

The first estimation of the shift value along the 65°S latitude circle was given in (Grytsai et al.,
2005b) using 5-month (August-December) average longitudinal distribution of total ozone. In this
work the spring months September-November at 65°S and 70°S are considered and comparison with
neighboring years is presented. As it is seen from Fig. 4, zonal wave 1 gives the main contribution to
the westward longitudinal shift of the planetary wave extremums in anomalous years. Wave 1 phase
shift in 1988 and 2002 had the close values relatively both the mean tendency and adjacent years
values. Main tendency in the stationary wave 1 phase behavior consist in the eastward drift during last
25 years (Fig. 4, left). The considerable westward shift in the anomalous years, probably, can be
connected with polar vortex (i.e., westerly zonal wind) weakness. Some westward shift was observed
in 1981 and 1991, too, but the shift value relatively the mean tendency and adjacent years was lesser
and closer to the displacements at typical interannual variations.

The stationary wave 2 phase did not show considerable shift in 1988 and 2002. At the same
time, the evident wave 2 displacements occurred in 1997 (eastward), 2000 and 2004 (westward). So,
the relationship between the stratospheric vortex state and wave 2 phase is not traced.
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Fig. 4. The phase of September-November averaged stationary waves 1 (left) and 2 (right). The latitudes 65°S
and 70°S are presented.

Quasi-stationary longitudinal dependence of the September-November average total ozone is
presented in Fig. 5 as the total wave number distribution. Both 1988 and 2002 years were
characterized by westward shift of extremums like shown in Fig. 4 for the wave 1 phase. At 65°S the
westward quasi-stationary minimum shift relative to the adjacent years reached 50° in 1988 and 70° in
2002 (Fig. 5). The quasi-stationary wave maximum shifted westward by 60° in 1988 and by 15° in
2002.

The 3-month average total ozone in 1988 and 2002 exceeds the levels for neighboring years
along the whole latitude circle. This feature is seen from the disposition of the curves in Fig. 5. For the
minimum the difference relative to average for the two adjacent years is equal 30.6 DU in 1988 and
85.4 DU in 2002. For the quasi-stationary wave maximum the values 100.0 DU in 1988 and 40.8 DU
in 2002 are obtained. This feature means the considerable quasi-stationary wave amplitude increasing
in 1988 and its diminution in 2002. Physical cause of this phenomenon lies in a durable wave activity
in 1988 and its quick decrease in 2002.

Thus, in 1988 and 2002 the westward shift of the quasi-stationary wave in total ozone was
observed. This phenomenon took place at least in the latitudinal band of 55-75°S, which is studied in
present work.
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Fig. 5. September-November averaged longitudinal TOC dependence for 1987, 1988 and 1989 (left) and
for 2001, 2002 and 2003 (right) at 65°S. The arrowheads show the longitudinal distance of the extremums
position shift.

4, Conclusions

Anomalies in the Antarctic total ozone during the springs of 1988 and 2002 have been analyzed
using the TOMS data. Main attention was devoted to anomalous features of these years in the zonal
mean interannual variations and ozone seasonal course as well as in the parameters of planetary waves
and their quasi-stationary component. Main features of variations of ozone content and planetary wave
parameters in 1988 and 2002 are following.

1) The visible TOC increase occured in the anomalous 1988 and 2002 relative to the adjacent
years (time-longitude plots in Fig. 1). The evident longitudinal contrast appeared in August of the
anomalous years whereas in usual conditions this phenomenon occurred one month later. This is a
manifestation of the earlier intensification of quasi-stationary zonal wave in the 1988 and 2002
winter/spring. Traveling planetary waves were observed in August as well (on typical conditions they
appear only in September). Consequently, in 1988 and 2002 the stratospheric dynamical processes in
Antarctic region developed approximately one month earlier than usually. Both stationary and
traveling components of planetary waves were involved in this process.

The positive deviations in anomalous years from the mean tendency in the TOC zonal mean
were estimated. In 2002 the deviation was larger than in 1988 (60 and 36 DU, respectively). In the
previous years (1987 and 2001) the negative deviations up to some tens of Dobson Units were
observed. The 3-month zonal mean in the next year is higher than in preceding one. This could be
considered as possible prolonged effect of anomalous ozone increasing. For example, at 65°S the
1988-1987 and 2002-2001 differences are 80 and 72 DU, respectively, while relative to the next year
analogous differences are about 55 DU in both cases. The described variations can be partially
explained by the quasi-biennial variations impact.

2) Similarity of anomalies in 1988 and 2002 consists in absence of the September TOC
minimum, which are observed regularly in the most of southern springs. Besides, their daily values of
zonal mean exceeded typical ones at least during five months from August to December. The most
evident anomaly was observed in mid-September.

Early activity of the planetary waves is confirmed by parameters of the zonal wave spectral
components. In both anomalous years the August wave 1 amplitude was 2-3 times greater than that in
the adjacent years. For wave 2 this ratio was smaller and wave 3 did not show noticeable features.

1988 and 2002 years show different relationship between wave 1 and 2. In 1988 wave 1
amplitude in September decreased by 1.5 in comparison with August. On the contrary, in 2002 wave 2
activity grew up and September to August amplitude ratio was equal 2. This result justifies
quantitatively the attribution of the major warming 2002 as “wave 2” type event (Charlton et al,
2005).

3) Westward displacement of quasi-stationary wave extremums in the anomalous years was
observed. In 1988 the longitudinal shift relative to the average position in the neighboring years 1987
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and 1989 was equal 50° and 60° for the minimum and maximum, respectively. In 2002 such shift
values relative to the average from 2001 and 2003 were 70° and 15°, respectively. This westward shift
of quasi-stationary wave in the anomalous years was determined mainly by zonal wave 1. Stationary
wave 2 did not have an anomalous longitudinal shift in both the years. Because stationary wave 1 in
stratosphere has a surface origin, anomalous longitudinal position of its extremes can give additional
indication of the troposphere changes causing the stratospheric anomalies.

Thus, in 2002 the major stratospheric warming was accompanied by large TOC increase with
anomalous seasonal changes, longitudinal distribution and zonal wave behavior. Revealed 1988 and
2002 similarities and distinctions can be considered as indicators of the large-scale atmospheric
processes involved in significant change of stratospheric dynamics in Antarctic region.
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