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Abstract. A large zonal asymmetry of ozone has been ob-
served over Antarctica during winter-spring, when the ozone
hole develops. It is caused by a planetary wave-driven dis-
placement of the polar vortex. The total ozone data by
OMI (Ozone Monitoring Instrument) and the ozone profiles
by MLS (Microwave Limb Sounder) and GOMOS (Global
Ozone Monitoring by Occultation of Stars) were analysed to
characterize the ozone zonal asymmetry and the wave activ-
ity during Antarctic spring. Both total ozone and profile data
have shown a persistent zonal asymmetry over the last years,
which is usually observed from September to mid-December.
The largest amplitudes of planetary waves at 65◦ S (the per-
turbations can achieve up to 50 % of zonal mean values) is
observed in October. The wave activity is dominated by
the quasi-stationary wave 1 component, while the wave 2 is
mainly an eastward travelling wave. Wave numbers 1 and 2
generally explain more than the 90 % of the ozone longitu-
dinal variations. Both GOMOS and MLS ozone profile data
show that ozone zonal asymmetry covers the whole strato-
sphere and extends up to the altitudes of 60–65 km. The wave
amplitudes in ozone mixing ratio decay with altitude, with
maxima (up to 50 %) below 30 km.

The characterization of the ozone zonal asymmetry has be-
come important in the climate research. The inclusion of the
polar zonal asymmetry in the climate models is essential for
an accurate estimation of the future temperature trends. This
information might also be important for retrieval algorithms
that rely on ozone a priori information.

1 Introduction

Planetary waves influence the atmospheric circulations and
affect the spatial distribution and time variations of trace
gases in the stratosphere (e.g.Mechoso et al., 1985; Holton et
al., 1995). They are generated in the troposphere by thermal
and orographic forcing (Andrews et al., 1987) and propagate
upwards (Hartmann et al., 1984). Stratospheric planetary
waves play an important role in shaping the ozone hole (e.g.
Solomon, 1999; Fusco and Salby, 1999) through their impact
on the polar vortex and on the Brewer-Dobson circulation
(BDC). Several studies (e.g.Grytsai et al., 2005, 2007; Crook
et al., 2008; Gabriel et al., 2011) have reported a large zonal
asymmetry of spring-time ozone over Antarctica.Hio and
Yoden(2004) showed that during Antarctic winter-spring the
zonal wave number 1 usually gives the main contribution to
the ozone zonal asymmetry, while higher zonal wave num-
bers show travelling structures. The wave-driven displace-
ment of the polar vortex moves low-ozone airmasses equa-
torwards up to 50◦ S.Grytsai et al.(2007) have analysed the
total ozone measurements by TOMS (Total Ozone Mapping
Spectrometer) over Antarctica over the period 1979–2005,
observing the highest zonal asymmetry (∼60 DU spring av-
erage) at 65◦ S, where the edge of the polar vortex is usually
located. The ozone zonal asymmetry over Antarctica during
spring is caused by the displacement of the ozone hole with
respect to the pole because of planetary wave activity. In ad-
dition, ozone-rich air accumulates in the South-East sector
outside the vortex as a result of the poleward transport of the
BDC.
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The ozone column abundance is related to the tropopause
height, which in turn is influenced by the temperature of the
lower stratosphere over Antarctica, so that the tropopause
raises while the stratosphere cools. Decreased total ozone
is associated with lower tropopause pressure (and thus with
the higher tropopause), and vice versa. Unlike the influence
of tropospheric synoptic processes occurring at midlatitudes,
the anti-correlation between total ozone and tropopause
height over the Antarctic region has a stratospheric origin
(Evtushevsky et al., 2008).

The characterization of the zonal asymmetry has be-
come relevant in the climate research, because of its
important impact on Southern Hemisphere (SH) climate
when a large ozone hole is observed (Crook et al., 2008).
Waugh et al.(2009) have shown that prescribing zonal-mean
ozone in the climate models results in a warmer Antarc-
tic stratosphere in comparison to a three-dimentional ozone
field. As a consequence, Antarctic temperature trends are
underestimated when zonal-mean ozone is prescribed. The
impacts of stratospheric changes on the tropospheric circu-
lation (i.e. summertime trends in the SH annular mode) are
underestimated, too. Also the results achieved byGillett et
al. (2009) suggest that the inclusion of zonal asymmetries in
ozone might be essential for the accurate simulation of future
stratospheric temperature trends. They found a zonal mean
temperature response to the ozone zonal asymmetry up to 4 K
in the lower stratosphere.

In this paper, the ozone zonal asymmetry during the
Antarctic spring over the time period 2005–2010 is char-
acterized by using total ozone observations from the Ozone
Monitoring Instrument (OMI) on board the EOS-Aura satel-
lite. This analysis extends the results derived from TOMS
data (Grytsai et al., 2007). In addition, the vertical extent of
the anomaly is characterized by using ozone profiles mea-
surements by Global Ozone Monitoring by Occultation of
Stars (GOMOS) and Microwave Limb Sounder (MLS). The
paper is organised as follows. The data are described in
Sect.2. In Sect.3 the data analysis is explained. The de-
scription of the results, including the ozone zonal asymmetry
and the wave activity characterization, is presented in Sect.4.
Discussion and summary conclude the paper.

2 Data

2.1 OMI total ozone

The Ozone Monitoring Instrument (OMI) total ozone level 3
data (2005–2010) from the V8 TOMS-like algorithm (Bhar-
tia et al., 2002) were used in this study. OMI is a Dutch-
Finnish instrument that flies onboard NASA’s EOS-Aura
satellite. The OMI TOMS-like algorithm uses 2 wave-
lengths (317.5 nm and 331.2 nm under most conditions, and
331.2 nm and 360.0 nm for high ozone and high solar zenith
angle conditions). The longer of the two wavelengths is used

to derive the surface reflectivity (or cloud fraction). The
shorter wavelength, which is heavily absorbed by ozone, is
used to derive total ozone. The OMI total ozone level 3 data
are available athttp://mirador.gsfc.nasa.gov/with a spatial
resolution of 1◦ × 1◦. The estimated root-mean square error
is 1–2 %, depending on solar zenith angle, aerosol amount
and cloud cover (Bhartia et al., 2002).

2.2 GOMOS ozone profiles

GOMOS (http://envisat.esa.int/instruments/gomos) is a stel-
lar occultation instrument, which includes UV-VIS-IR spec-
trometers for monitoring of ozone and a few other trace gases
in the atmosphere (Bertaux et al., 2010). The details of the
GOMOS retrieval from night-time UV-VIS measurements
are presented inKyrölä et al. (2010). The retrieval algo-
rithm relies on the maximum likelihood estimates and uses
a minimal amount of a priori information (i.e. it does not use
a priori information about the ozone profiles in the Bayesian
sense). The retrieval is stabilized by the Tikhonov regulariza-
tion (Kyrölä et al., 2010; Sofieva et al., 2004; Tamminen et
al., 2004), which makes the vertical resolution practically in-
dependent of angles between the orbital plane and the direc-
tion to the star. The vertical resolution (including the smooth-
ing properties of the inversion) of GOMOS ozone profiles is
2 km below 30 km and 3 km above 40 km. From night-time
measurements, ozone is retrieved in the altitudes range from
∼10 km up to∼100 km.

The accuracy of the GOMOS retrievals depends on stellar
magnitude and spectral class (Tamminen et al., 2010). For
this study, dark-limb occultations of hot (effective tempera-
ture≥6000 K) and sufficiently bright (visual magnitude<2)
stars were selected. The successive occultations of each star
are nearly uniformly distributed in the longitudinal direction
(maximum 14 occultations per day), and they are carried out
approximately at the same local time. GOMOS data cover-
age is illustrated e.g. in Fig. 1 inSofieva et al.(2009). The
precision of individual ozone profiles is 0.5–2 % in the strato-
sphere and 1–5 % in the mesosphere (Tamminen et al., 2010).

2.3 MLS ozone profiles

The Microwave Limb Sounder (MLS), onboard Aura space-
craft, measures thermal microwave limb emission by the at-
mosphere in five spectral bands from 115 GHz to 2.5 THz
(Waters et al., 2006). MLS scans the atmosphere from
ground to∼90 km every 24.7 s. Scan rate is synchronized to
the Aura orbit which means that it scans each orbit at essen-
tially the same latitudes. Horizontally the profiles are spaced
by 1.5◦ great-circle angles along the orbit. The cross-track
resolution is defined by the 6 km width of the MLS field of
view. A typical MLS data coverage in the polar regions is
shown e.g. in Fig. 2 ofSofieva et al.(2012). The ozone pro-
files are retrieved from the spectral region near 240 GHz. For
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Fig. 1. The observed (black solid line – upper panel) distribution
from OMI total ozone along 65◦ S, compared with the modelled
(red dashed line – upper panel) distribution using 1–5 wave numbers
on 16 October 2010. The distribution of the residuals is also shown
(blue solid line – upper panel). The spectral components of the wave
number 1 to 5 are shown in the lower panel. The gray dashed lines
in the lower panel indicates the mean± the rms of the residuals.

the description of the retrieval algorithm, seeLivesey and
Snyder(2004).

The vertical resolution of MLS ozone profiles is 2.5–3 km
in the stratosphere degrading to 5.5 km in the lower meso-
sphere. Precisions range from 2–7 % in the stratosphere to
more than 20 % in the mesosphere. Measurements are con-
sidered to be valid within the pressure range 316–0.02 hPa
(∼8–75 km). The comparisons of MLS v2.2 ozone pro-
files show a general agreement at 5–10 % level with strato-
spheric profiles from satellite, balloon and ground-based data
(Froidevaux et al., 2008; Jiang et al., 2007; Livesey et al.,
2008). These results are expected to hold also for the v3.3
profiles (Livesey et al., 2011), which are used in the current
study.

3 Data analysis

The planetary waves signatures in the ozone zonal distribu-
tion were investigated using the Fourier series analysis. The
ozone longitudinal distribution in a certain latitude band (to-
tal ozone and number density or mixing ratio at a certain al-
titude or pressure) is represented by its Fourier series:

f (λ) =
a0

2
+

N∑
m=1

[amcos(mλ)+bmsin(mλ)], (1)

wheref (λ) is the ozone abundance at longitudeλ andm is
the wave number ranging from 1 to the largest harmonicN .
The coefficientsam andbm were obtained fitting the model
to the experimental data, by the least squares minimization.

As an example, Fig.1 shows the results of the harmonic
analysis using OMI total ozone data on 16 October 2010
with N = 5. The quality of the fit was estimated using the
coefficient of determinationR2, defined as the ratio of the
modelled variance to the experimental variance. The analy-
sis ofR2-statistics (applied to the whole data set) has shown
that the components with wave numbers from 1 to 3 explain
∼95 % of ozone variability. The components with wavenum-
ber higher than 2 are often comparable or below the root
mean square (RMS) of residuals (in both total ozone and
profile measurements), thus the retrieved amplitudes of these
harmonics cannot be reliable. In the following analyses, only
the first two harmonics are considered.

The wave amplitudes,Am =
√

a2
m +b2

m, averaged over a
short time interval (daily for OMI total ozone and 3 days for
MLS profiles) include both travelling and stationary wave
components. The stationary component of the wave am-
plitude is isolated by applying the harmonic analysis to the
monthly average longitudinal profile.

4 Results

4.1 Total ozone zonal asymmetry

The total ozone zonal asymmetry is caused by the displace-
ment (due to planetary wave activity) of the low ozone polar
air (ozone hole) toward the equator and of the mid-latitudinal
ozone rich air, which accumulates outside the polar vortex,
toward the pole. This is illustrated in Fig.2 by the mean
fields of OMI total ozone over the latitudes 30–90◦ S during
October from 2005 to 2010. The polar vortex is generally
displaced in the 30◦ E–30◦ W area, while the ozone-rich air
is located in the opposite region (150–200◦ E), with respect
to the South Pole.

In Fig. 3, the spring (September-October-November aver-
age) zonal extremes in OMI total ozone at 65◦ S (gray circle)
are shown together with their longitudinal position during the
period 2005–2010. The different years are labeled in red for
the maxima and blue for the minima. The colors of the dots
in Fig. 3 indicate the total ozone values.

During the last 6 yr, the zonal minimum remained below
250 DU, showing the largest values during 2009 and 2010.
The position of the zonal minimum at 65◦ S ranged from
40◦ W (2009) and 40◦ E (2010). The zonal maximum was
usually located between 150◦ E and 170◦ W; in 2006, when
a low ozone maximum (less than 300 DU) was observed (see
green point in Fig.3 labeled with 06), the longitude of the
maximum was about 170◦ W.

4.2 Wave components in the OMI total ozone zonal
distribution

The time evolution from August to December of the daily
zonal distribution of the OMI total ozone at 65◦ S was com-
pared with the wave components 1 and 2 every year from

www.atmos-chem-phys.net/12/2603/2012/ Atmos. Chem. Phys., 12, 2603–2614, 2012
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Fig. 2. October mean fields of OMI total ozone over the latitudes 30–90◦ S. Red and blue colors refer to maximum and minimum total ozone
values, respectively.
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Fig. 3. OMI total ozone zonal extremes during spring 2005–2010
derived at 65◦ S (this latitude circle is marked with a gray solid line).
The different years are labeled in red for the maxima and in blue for
the minima. The colors of the dots indicate the total ozone values
(red and blue colors refer to maximum and minimum total ozone
values, respectively).

2005 to 2010 (Fig.4). Both wave components show the high-
est activity during the period from September to November,
with visible year-to-year variations. In 2006 and 2008, the
wave activity started in mid-September, while it usually be-
gins already in late-August. In 2010, the wave activity has
been observed until mid-December with a westward phase
change. The time evolution of the wave 1 component shows
generally a weakening in early November, before increas-
ing again at the end of the month. This decrease in wave 1
is often compensated by an increase in the wave 2 compo-
nent. The wave 1 structure showed also an eastward motion
(see the slope of the color stripes in Fig.4) with periods of
relative stability for example in November 2006 and during
the whole spring 2008. In November 2009 a wave phase
change caused a large westward displacement of the mini-

mum/maximum structure. Wave 2 patterns showed a much
stronger eastward transport with respect to wave 1.

The monthly mean amplitudes of waves 1 and 2 from
September to November 2005–2010 are shown in Fig.5
(stationary-plus-travelling in the upper panel and stationary
in the middle panel). The ozone zonal mean, maximum
and minimum values at 65◦ S are also shown (Fig.5, lower
panel). The variability on the monthly mean stationary-plus-
travelling wave amplitude is characterized with the standard
deviation. The uncertainty of the stationary wave amplitude
is derived from the uncertainties of the fitting coefficientsam

andbm, applied to the monthly zonal distribution. Only the
wave numbers 1 and 2 showed an amplitude larger than the
rms of residuals. The wave amplitude is larger in October
than in the other months, reaching the value of∼140 DU
(∼45 %) in wave 1. Wave number 1 has generally the largest
amplitude, except for November 2010, when the wave 2
amplitude exceeded the wave 1 amplitude by about 20 DU.
Wave 1 is mainly a stationary wave, as observed comparing
the travelling plus stationary and the stationary only for each
month. The other wave numbers are otherwise mostly travel-
ling waves; only during November 2009 and 2010 the wave 2
component showed a large stationary component, compara-
ble to wave 1. The wave 1 time yearly-evolution reproduces
the mean and the maximum ozone zonal distribution, par-
ticularly during September and October, while the minimum
values show sometimes a different behaviour (Fig.5 – lower
panels). This is related to both the position and the shape of
the ozone hole and the amount of ozone reaching the polar
region. The monthly relative amplitudes (not plotted here)
show a year-to-year variability similar to the absolute values,
with the wave 1 amplitude values ranging from 46 % (Oc-
tober 2009) to 12 % (November 2010). The observed year-
to-year fluctuations in Antarctic total ozone may be partly
influenced by the Quasi-Biennal Oscillation (QBO), leading
to relatively low (high) ozone values occurring during the
westerly (easterly) phase (Garcia and Solomon, 1987).

Atmos. Chem. Phys., 12, 2603–2614, 2012 www.atmos-chem-phys.net/12/2603/2012/
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Fig. 4. Time-longitude diagrams of OMI total ozone (first column) at 65◦ S and the related wave components 1 and 2 (second and third
column, respectively) during the period 1 August–31 December from 2005 (top panels) to 2010 (bottom panels). The red and blue colors
in the plots of the first column refer to the maximum and minimum total ozone values, respectively. In the plots of the second and third
columns, red colors refer to the maximum positive values and blue colors refer to the minimum negative values of the deviation from the
zonal mean.

www.atmos-chem-phys.net/12/2603/2012/ Atmos. Chem. Phys., 12, 2603–2614, 2012
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Fig. 5. Monthly wave amplitude from OMI total ozone during 2005–2010 (the columns from left to right represent September, October and
November, respectively). Both travelling-plus-stationary and stationary-only components are shown (top and middle panels, respectively),
together with the rms of the residuals (dashed line). The wave numbers 1 (red) and 2 (blue) are shown. The error bars in the top panels
indicate the variability of wave amplitude. The error bars in the middle panels are derived from the fitting uncertainties of the monthly zonal
distribution. In the bottom panels the monthly mean, maximum and minimum total ozone values are shown as solid, dot-dashed and dashed
lines, respectively.

4.3 Vertical extent of the zonal asymmetry

4.3.1 On the characterization of the ozone anomaly

The distribution of ozone is defined by both chemical and
dynamical processes, so is the vertical extent of the ozone
asymmetry. At high latitudes in winter and spring, the ozone
distribution is affected by the polar vortex disturbed by plan-
etary waves. Therefore, the amplitude of ozone deviations
from the zonal mean will depend on vertical coordinate (ge-
ometric altitude or pressure) and on quantity (number den-
sity or mixing ratio) used. This is illustrated in Fig.6, which
shows the ozone vertical distribution (upper panels) and the
deviations from the zonal mean expressed in relative values
(central panels) for ozone number density as a function of
altitude and ozone mixing ratio as a function of pressure, as
well as temperature and density deviations as a function of
geometric altitude (lower panels). These plots are obtained
from GOMOS ozone data in September 2003 at 55–65◦ S
and ECMWF air density and temperature data at the loca-
tions of GOMOS occultations. (The time period and the lat-
itude band are selected to have the best data coverage and
quality.) As seen in Fig.6, perturbations on ozone num-
ber density, which are of nearly constant amplitude up to
∼45 km, are in phase with perturbations in air density above
25 km, therefore the analogous perturbations on mixing ra-
tio decrease more rapidly with altitude. It can be noticed the

positive correlation of ozone and temperature perturbations
below ∼35 km and their anti-correlation above 35–50 km.
This change in correlation is typical for transition from dy-
namically controlled lower stratosphere to the upper altitudes
where chemical processes play a significant role in shaping
the ozone distribution (Brasseur et al., 2005; Rood and Dou-
glass, 1985; Smith, 1995).

4.3.2 GOMOS observations of wave amplitudes

Being presented in percents of a zonal mean value, the rel-
ative amplitudes of wave number 1 and 2 detected in GO-
MOS monthly mean ozone number density and mixing ratio
in September (stationary components) are shown in Fig.7.
GOMOS retrievals provide ozone number density as a func-
tion of geometric altitude. For representation via mixing ra-
tio at pressure levels, we used ECMWF air density and pres-
sure values at the locations of GOMOS occultations.

The relative wave amplitudes are significantly larger in
number density: they are 20–50 % for wave number 1 and 7–
15 % for wave number 2. Wave number 1 is well observed in
ozone number density up to 60–65 km altitude, while wave
number 2 amplitude exceeds significantly rms of residuals
usually below 50–55 km (thus, fitted wave-2 amplitudes are
not reliable above these altitudes). In mixing ratio, relative
wave amplitudes usually are smaller (7–30 % for wave num-
ber 1 and 5–10 % for wave number 2), and they decay more

Atmos. Chem. Phys., 12, 2603–2614, 2012 www.atmos-chem-phys.net/12/2603/2012/
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rapidly with altitude (decreasing pressure) than in case of
ozone number density profiles.

Local minima can be observed in wave amplitude of ozone
mixing ratio at altitudes∼35–40 km. These minima are even
more pronounced in ozone mixing ratio presented as a func-
tion of geometric altitude (not shown). The location of these
minima corresponds to the wave phase transition in temper-
ature, and their appearance is explained by the structure of
ozone and air density fields. The amplitudes of wave pertur-
bations vary from year to year. They were especially large,
up to 50 % at altitudes 20–50 km, in 2003 and in 2007.

4.3.3 MLS spatio-temporal observations of Antarctic
ozone anomaly

Due to a good coverage and temporal resolution, MLS data
allow us to study the spatio-temporal evolution of the spring-
time Antarctic ozone anomaly. The harmonic analysis de-
scribed in Sect.3 has been applied to the MLS mixing ratio
data at the pressure levels which are used in the MLS inver-
sion algorithm.

Figure 8 shows the time series of relative amplitudes of
wave 1 and 2 components detected in MLS ozone mix-
ing ratio at 55–75◦ S in the southern spring seasons of
years 2005–2010. These time series have been obtained by

www.atmos-chem-phys.net/12/2603/2012/ Atmos. Chem. Phys., 12, 2603–2614, 2012
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applying the harmonic analysis to the three-days running me-
dian data, thus they represent perturbations from both travel-
ling and stationary planetary waves. Similarly to GOMOS
data (Fig.7), the wave amplitudes decay with the altitude,
with maxima below 30 km. MLS profiles of mixing ratio
perturbations are shown up to 50 km for a better visibility,
while visible perturbations in number density extend up to
60 km. The wave 1 activity shows many similarities between
the years, usually reaching maxima at 20 km towards the
end of September and weakening in early November before
strengthening again briefly at the end of November. Wave 2
activity is more irregular. It exhibits large short-term varia-
tions, in some cases coinciding with weakening wave 1 activ-
ity. This feature is observed also in OMI total ozone (Fig.5).
Local minima observed in GOMOS are also visible in MLS

data at 35–40 km (see the downward propagating dark blue
area located about 5–10 km above the red area in Fig.8).

The altitude location of the largest amplitude decreases
with time, as also the area of the strongest ozone depletion
decreases in altitude. This happens when the ozone hole re-
covery starts (usually in October) and ozone-rich air masses
appear and descend from about 50 to 100 hPa, replacing part
of the ozone-depleted air (van Peet et al., 2009).

5 Discussion and summary

In this paper, the ozone column data from OMI and the ozone
profiles from MLS and GOMOS in 2005–2010 have been
used to characterize the zonal asymmetry during Antarctic
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spring, which is caused by the planetary wave-driven dis-
placement of the polar vortex. The planetary wave ampli-
tudes have been estimated applying the Fourier series anal-
ysis to the ozone longitudinal distributions. The analysis
have confirmed that wave number 1 and 2 generally explain
the largest part of the ozone zonal variability over Antarc-
tica in spring. The wave activity is dominated by the quasi-
stationary wave 1 component, while the wave 2 (usually
showing smaller amplitude) is mainly an eastward travelling
wave.

Overall, it can be noticed that all instruments show very
similar spatio-temporal patterns in the wave activity. Some
differences in the estimated wave amplitudes are due to the
different geometry of measurement and the slightly different
latitude ranges (65◦ S for OMI, 55–65◦ S for GOMOS and
55–75◦ S for MLS), which were selected to ensure the best
spatio-temporal resolution for the harmonic analysis.

A detailed characterization of spatio-temporal distribu-
tions of springtime ozone over Antarctica has been provided.
Our observations and findings can be summarized as follows.

1. A persistent zonal asymmetry over Antarctica has been
observed during the last 6 southern spring seasons. This
was caused by the planetary wave-driven displacement
of the polar vortex, which moved the ozone hole to the
sector 40◦ E–40◦ W. At the same time, ozone-rich air
occupied the area outside the vortex, with maximum
levels in the sector 150◦ E–170◦ W.

2. Both total ozone and profile data show that ozone asym-
metry is usually observed from September to mid-
December. The largest wave amplitude (up to∼50 %
of zonal mean) at∼65◦ S is observed in October.

3. The ozone profiles show that the asymmetry is extended
to the whole stratosphere and that the wave amplitudes
in ozone mixing ratio decay with altitude, with maxima
(up to 50 %) below 30 km. The altitude location of the
largest amplitude decreases with time, as also the area
of the strongest ozone depletion decreases in altitude.

4. Both OMI and MLS data show a local decrease of wave
1 amplitude in early November, which is accompanied
with a local increase of wave 2 amplitude. This was
particularly visible in November 2010 when the wave 2
amplitude exceeded wave 1.

5. The interannual variations in wave amplitudes are sim-
ilar in all the observations. The largest wave 1 activ-
ity was observed in 2005 and 2007 and the smallest in
2010.

All ozone climatologies created so far are based on zonal
mean values. The results of our analyses show that Antarc-
tic ozone asymmetry is a climatological feature. Ignoring
this can lead to inaccuracies in different applications that rely

on the climatological ozone values (climate simulations, re-
trievals from satellite measurements that need a priori infor-
mation).

In several model studies it has been observed that the po-
lar zonal asymmetry plays an important role in SH climate
when estimating the future temperature trends (e.g.Crook et
al., 2008; Waugh et al., 2009; Gillett et al., 2009). The in-
formation given in this paper about the planetary wave influ-
ence on the ozone distribution provides an important tool to
compare the model results with independent satellite-based
observations.
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