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Abstract. Preliminary results of the analysis of the traveling planetary wave evolution in the ozone layer over the region of
Antarctic Peninsula are presented. Total ozone data obtained at the Vernadsky station and TOMS satellite measurements are
used. The main characteristics of the traveling waves, namely the spectral distribution, period, amplitude and velocity were
considered. At the station latitude of 65.25°S the amplitude of the traveling wave number 2 becomes equal or exceeds the
stationary wave number 1 amplitude in individual cases only. In average for the period 1979-2003 the relationship of
amplitudes of the wave numbers 1, 2, 3, 4 and 5 is 1, 0.56, 0.29, 0.19, and 0.15. The wave periods 6-8 and 10-12 days are
dominant. Velocities of 8-10 m/s are obtained.

Bixky4yi miaderapHi XBWJi B 030HOBOMY wIapi HaJg AHTapKTHYHMM niBocTtpoBoM. A.B. TI'pumaii, 3.1. I'punaii,
O.M. €srymescekuii, I'.I1. Mininescbkuii, M.A. JIeoHOB

Pedepar. HaBosThes nonepeni pe3ysibTaTH aHawli3y eBOJIOLIT ODKyYHX [UIAHETAPHUX XBUIIb HaJl PEriOHOM AHTapKTUYHOTO
MiBOCTPOBa. BUKOpUCTaHO NaHi BUMIpIOBaHb 3arajibHOTO BMICTY 030HY B armocdepi Ha craHuii Akaaemik BepHaiacbkuii Ta
CyImyTHHKOBUX BHMiptoBaHb TOMS. PO3MISHYTO OCHOBHI XapaKTEPHCTHKH ODKYYMX XBHIIb, 30KpeMa, CIEKTpalbHHN
Ppo3Moin, mepioay, aMILIiTyAa 1 mBUAKICTs. Ha mmporti cranmii 65.25°S ammmityza 61KyduX XBHIb 3 XBHJIBOBHM YHCIIOM 2
OyBae O1M3bKOI0 200 IePEBUIIY€E aMITITYLy CTallioHapHOI XBUII | JIMIIe B OKpeMHX BHIAAKaX. AMIUTITYIN XBHILOBHX YHCEI
1,2, 3,4 1a 5 B cepenuboMy 3a nepioq 1979-2003 pp. cmniBigHocsaThes sk 1, 0.56, 0.29, 0.19 ta 0.15. IlepeBaxarots nepioan
xBwiIb 6-8 Ta 10-12 nuis. IlIBuakocti oxepkaHo B Mexax 8-10 m/c.
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1. Introduction

Planetary waves (PW) in the atmosphere play important role in global scale processes such as
meridional stratospheric circulation or energy transport from the troposphere to the higher
atmospheric layers. If a horizontal plane to be considered, PW in atmospheric parameters both as
quasi-stationary wave distribution over the Earth surface and in form of the traveling waves can be
presented.

Traveling planetary waves (TW) with periods of several days to a few weeks are observed in
the atmosphere of the northern and southern hemisphere (Randel, 1993; Nathan et al., 1994; Roldugin
et al., 2000; Lawrence and Jarvis, 2001). One can see the wave motion in the ozone layer from the
sequence of the daily image of the TOMS global ozone distribution during the southern winter/spring
season on the TOMS web site (Earth Probe TOMS, 2004). The edge region of the stratospheric polar
vortex is especially reach in TW structures. Migrating waves interact with the stationary ones
changing their amplitude. If the wave amplitude increases essentially, PW can break and transfer
energy to the surrounding stratosphere. This process influences the stratospheric polar vortex stability
and becomes one of key factors in the vortex breakdown during Antarctic spring.

Along with other atmospheric parameters, the daily total ozone can be used as an indicator of
the wave activity in the stratosphere. For example, the Dynamic Activity Index (DAI) is derived from
the TOMS and GOME satellite ozone observations by the World Data Center for Remote Sensing of
the Atmosphere (Dynamic Activity, 2004). The DAI-W1 (DAI-W2) index is defined as the daily
hemispheric mean of the zonal amplitude of the planetary wave number 1 (2).
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In this work we consider the TW activity in the region of Antarctic Peninsula using the ground-
based ozone data from the Vernadsky station (65°15'S, 64°16'W) and the TOMS satellite ozone data
for the latitudinal circle 65°30’S. Latitudinal location of the Antarctic Peninsula region corresponds to
the vortex-edge region in the stratosphere giving an advantage in studying the wave processes in the
ozone layer.

2. Passage of the traveling waves in the ozone layer over Antarctic Peninsula

To illustrate the process of the traveling wave development in the ozone layer, ozone data from
the Vernadsky and TOMS observations during October-December 1999 are presented in Fig. 1 and 2,
respectively. The total ozone wave oscillation of large amplitude is seen in Vernadsky data during
November — the first week of December (Fig. 1). Comparison with the TOMS satellite data for the
southern latitudes 30-90°S (Fig. 2) shows the origin of the quasi-sinusoidal change of the total ozone

over the station.
Wave disturbance of the ozone hole

Akademik Vernadsky boundary in the horizontal plane produces the
October-December 1999 meridional displacement of the stratospheric
‘ R ‘ air masses. Ozone rich air from middle
latitude shifted to the pole within the wave
trough giving the maximum ozone level when
it appears over the station (labeled as a, b, ¢ in
Fig. 1 in accordance with the images of Fig. 2,
a, b, c).

The low ozone air from the inner
region of the ozone hole moved towards
equator filling the wave ridge, which causes
the ozone minimum d, e, f (Fig. 1 and 2, with

Fig. 1. Periodicity in the daily total ozone the same l'abeling). Eastward zonal mOti(.m of
change during November — early December 1999 the wave “d,ge/ 'trough (.to the arrows mn Fig. 2)
observed with the Dobson spectrophotometer. caused periodic passing over station the

stratospheric air with low/high total ozone.
EP-TOMS daily total ozone distribution within the latitudinal band of 30-90°S

400 ‘ ‘
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Maximum total ozone over the station, which is Minimum total ozone over the station, which is inside
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Fig. 2. Alternation of the in- and out-of-hole position of the Vernadsky station (white circle) caused by
the traveling wave deformation of the ozone hole. Dates of the images correspond to the days of the maxima
(left, a-c) and minima (right, d-f) in the wave ozone oscillation in Fig. 1. The arrows connect the nearest in time
out- to in-hole positions of the station.
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Passage of the narrow ridge of the ozone hole over the station caused by the traveling wave
repeated three times. The average period of the a-f series of oscillations was 6.8 days. Regularity of
this event was unique for Vernadsky and such a quasi-sinusoidal oscillation with the average
amplitude of about 150 DU was observed only once.

Due to the displacement of the ozone hole from the pole-centered position towards the South
America (Fig. 2, e-f), the polar stratospheric air with more and more low ozone amount moved
forward over the station in the wave ridge. This process is seen as the ozone minimum levels decrease
measured at Vernadsky (marked by dashed line in Fig. 1). The very late break-up of the stratospheric
polar vortex was characteristic for the spring of 1999. A long interval of ozone depletion in the ozone
hole and the simultaneous accumulation of the mid-latitude ozone rich air outside the vortex caused
the large amplitude of the traveling waves in the ozone layer, which was registered at the station.
Finally, mixing of the mid-latitude and polar stratospheric air masses after the ozone hole
disintegration resulted in the settling of the total ozone level of about 300 DU since the later
December (Fig. 1).

This example demonstrates the local manifestation of the large-scale wave process in the
vortex-edge region of the southern stratosphere. The wave ridge and trough in Fig. 2 was formed by
the traveling planetary wave of the zonal wave number 2, but decentering of the hole relative to the
pole was caused by the stationary planetary wave of the wave number 1. Note, that the quasi-
stationary PW-1 distribution of the total ozone in the vortex-edge region has minimum in the
longitudinal sector of 0-60°W (by our analysis presented in the separate publication; see also (Wirth,
1993)). Owing to these circumstances interaction between PW-1 and TW-2, specifically their phases
coincidence, results in the elongation of the ozone hole and wave ridges stretching mostly over the
region close to Antarctic Peninsula.

3. Zonal wave number structure of the traveling planetary waves at 65°S

Analysis of the event of November 1999 (Fig. 1 and 2) reveals two main components of PW in
the ozone layer, namely the wave number 1 and 2. In this section the preliminary results of the
spectral analysis of the TOMS data for zonal wave numbers 1-5 are presented.

In Fig. 3 the three longitudinal profiles of the total ozone along the 65.5°S latitude circle from
the TOMS daily global distribution are shown. The days were selected, which inherent in the
stationary planetary wave structure of the zonal wave number 1 (Fig. 3, a), and superposition of the
stationary and traveling wave: PW-1 and TW-2 (Fig. 3, b), and PW-1 and TW-3 (Fig. 3, c). Decrease
of the TW amplitude with increase of the wave number is seen.

The change of the daily PW 1-5 amplitude during August-December is shown in Fig. 4. The
years of the pre-ozone-hole (1979), intermediate (1988) and recent period (2003) are presented. Each
amplitude value was calculated relative to the daily average total ozone along the 65.5°S circle.
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Fig. 3. Zonal structure of the stationary planetary wave of the wave number 1 (a) and its superposition
with the traveling PW of the wave number 2 (b) and wave number 3 (c) by the TOMS ozone data for 65.5°S.
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Time intervals when the amplitude of the wave number 2 equals or exceeds the wave number 1
amplitude occur occasionally. Month-to-month change of PW-1 and TW-2 amplitudes exhibits the
maximum activity of the waves during September-November.

The interannual variations of the 5-month average amplitude of the wave number 1-5 are
shown in Fig. 5. The tendency of the amplitude increase during 1979-2003 is seen for all wave
numbers, obviously, as an effect of increasing contrast of the total ozone at the polar and equatorial
sides of the polar vortex. Latitudinal difference in the total ozone long-term trend can cause this
process, which will be the subject of other study.
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Fig. 4. Daily amplitude change of the planetary wave numbers 1 to 5 during August-December of 1979,
1988, and 2003. The relative amplitudes range on the vertical axes is the same for each of the years. Decreasing
line thickness marks increasing wave numbers.

For the 1979-2003 period the relationship of amplitudes of the wave numbers 1, 2, 3, 4 and 5 is
on average 1, 0.56, 0.29, 0.19, and 0.15.
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Fig. 5. Interannual change of the planetary
wave 1-5 relative amplitude averaged for
August-December.
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4. Traveling wave periods
Traveling wave event of 1999 (Fig. 1) has the period of about 7 days. Spectral analysis for the

selected years was made using ozone data from the Vernadsky station (Fig. 6). Variable structure of
periodicity is seen.
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In general, the lower values of period are 6-8 days, the middle ones are 10-12 days, and the
periods more than 16 days exist also. The periods shorter than 5 days (dashed line in Fig. 6) are
practically absent in this data set. It is appropriate to note, that the ground-based measurements during
1986-1990 from the four stations at the northern latitudes ~50°N and 70°N shows the mean wave
periods in the total ozone equal to 12-16 and 12-21 days, respectively (Roldugin et al., 2000). These
results do not give even the periods of 5-10 days in the ozone variations. It is possible, that the
periodicity of the individual ozone data values (not more frequently, than one value per day) imposes
the limitation on the short periods revealing.

Estimation of the traveling wave velocity at 65°S gives the values of 8-10 m/s, which are
consistent with the values of up to 13 m/s obtained by Roldugin et al. (2000). Note, that the zonal flow
velocity in the stratosphere over the southern sub-polar latitudes is tens m/s and reaches in excess of

85 m/s (Harvey et al., 2002; WMO, 2003).
from July to May (X-axis) was analyzed. Dashed lines

mark the 5-day period, which bounds the lower level of
'| ‘ periodicity in ozone over Vernadsky.

Fig. 6. Results of the wavelet transform of the
total ozone data sets from Vernadsky. The time interval
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5. Conclusion
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traveling planetary waves in the southern sub-polar
stratosphere. Preliminary results on the wave
number structure, relative amplitude, periods and
velocities of traveling waves near 65°S are
presented.

The region of Antarctic Peninsula is located
close to the longitudinal ozone minimum in the
stationary wave number 1 distribution. Phase
coincidence of stationary and traveling waves gives
steady appearance of the low ozone wave ridges
stretched towards equator just in this range of the
longitudes. So the quantifying of the traveling wave
activity and long-term tendencies is important for
this region.

Our further analysis will be concerned with
month-to-month, interannual and long-term change
of the traveling wave periodicity and wave number
1-5 structure during the last decades. It is interesting
to consider the TW evolution with regard to pre-
and  post-ozone-hole  conditions in  the
stratosphere/troposphere.
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