Bulgarian Geophysical Journal, 2013, Vol. 39
National Institute of Geophysics, Geodesy and Gaulny, Bulgarian Academy of Sciences

CONDITION OF THE STRATOSPHERIC AND MESOSPHERIC OZONE
LAYER OVER BULGARIA FOR THE PERIOD 1996-2012: PART 2 -
TOTAL OZONE CONTENT, SHORT TERM VARIATIONS

P. Kaleyna, Pl. Muhtarov, N. Miloshev

National Institute of Geophysics, Geodesy and Gauy, str. Acad. G. Boncheyv, bl 3, Sofial113,
Bulgaria, e-mail: pkaleyna@geophys.bas.bg, pmuti@geophys.bas.bg, miloshev@geophys.bas.bg

Abstract. An evaluation of the general characteristics ofghert term variability of
the Total Ozone Content (TOC) over Bulgaria hasnbemde in the article. The
impact of the planetary wave activity of the stegtioere on the total ozone has been
studied and the climatology of the oscillation aitoples with periods of 4, 7, 11 and
25 days has been defined.
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Introduction

The seasonal cycle pattern of the Total Ozone Budgaria has been studied in
the first part of the work with the means of itssisacomponents corresponding to the
components of the decomposition of one periodigéth(a period of one year) process in
Fourier series. There are also other types of lasoihs in the atmosphere which are of a
quasi-periodical character called planetary wavéhey represent wave processes
developing in an elastic medium as is the atmosph€&hey originate from baric and
thermal discontinuities arising at certain altitudgions. As a rule, those oscillations occur
in random moments and continue for a relativelyrstime (several periods) in contrast to
the oscillations which are generated by periodftuénces related to the rotation of the
Earth on its axis and around the Sun. The quasigeof the planetary waves, defined by
the presence of resonant modes in the atmosphengjrnvwide ranges but are less than a
month. Those waves are regarded as zonally (alajigea geographic parallel) distributed
variations of a given atmospheric characteristemterature, pressure, wind speed),
sinusoidal by time and geographic longitude. THEedint types of waves posses different
wave numbers and directions of propagations. Thgewananifest themselves as an
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oscillation in time in a point with given geograpltioordinates.
A detailed resume of the studies in this areavergin Pancheva and Mukhtarov,
2011.

Variability of the total ozone content in years 1996-2012

For the purpose of the present research, the ralmibf values of TOC, described
in detail in the first part of the work, is filtetewhile the sliding mean value is extracted
from every value in a segment of 31 days centerethe respective day. In this way, all
variations with a temporary scale over 31 dayslitiag the seasonal cycle) are filtered.
The curve of the daily values received in this tagisplayed on Fig. 1.
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Fig. 1. Curve of the filtered values of the Total Ozonenteéat for 1996-2013.

It is obvious that short term variations have asiderable swing which is in the
range of the mean seasonal cycle in some caseasalat not only the assumed impact of
the planetary wave activity but also local variaficare included in those variations. A
general characteristic of the total variabilitytbé total ozone content over Bulgaria give
the statistical characteristics displayed on Fig.p®bability density, mean value and
standard deviation.

Empirically, the output probability density deviatsignificantly from Gaussian
model and shows a greater similarity to Laplaciardeh.
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The mean value is practically zero which is a cttaréstic of the used filtering
method. The probability of a short term variatiarai given day in absolute value not more
than the standard deviation, 24 DU, is 75% whicluevas obtained through integration of
the empirical probability density.
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Fig. 2. Main statistical characteristics of the shorrtesariability of Total Ozone Content over
Bulgaria.

Influence of planetary waves over total ozone content

It is necessary to make an additional data filgeiimorder to evaluate the quality
and quantity of the probable impact of the planetaave activity on the total ozone. It is
not feasible to use the strongest criterion foindle§) planetary waves, namely the analysis
of the zonal structure which requires global dbtasingle-point data. The only opportunity
is to look for such oscillations in time that witspond to the manifestation of planetary
waves in one point — quasi-periodical oscillationith periods which correspond to the
prevailing periods that are defined by the studieglobal data. The move of the filtered
data, displayed on Fig. 1, shows a distinctive tatitnarity expressed in a visible seasonal
dependence of the amplitudes of the variationsdamed during winter season) which does
not allow to use effectively the different kinds gdectral analysis on the basis of Fourier
transform. The wavelet analysis is suitable in ttase (Pancheva and Mukhtarov, 2000)
adjusted to the case when there are data gaps (htokhet all, 2010). Wavelet analysis
based on the function of Morlet reveals oscillasiowith a given period which are
expressed only in the area of a given moment af.tim

A wavelet spectrum for two years of the studiedqukrs displayed on Fig. 3. The
presence of quasi-periodical oscillations with pési of about 7 days, about 10 days and
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about 22 days is visible during winter periods. 3dooscillations are of a localized
character as it is characteristic for the planeteayes.
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Fig. 3. Wavelet spectrum of filetered TOC in yeares 2008420

A mean spectrum has been calculated to obtain argleitea of the prevailing

periods by averaging the amplitudes of the oslhet with a given period in all the days of
the years from 1997 to 2012, displayed on Fig. 4.
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Fig.4. Mean wavelet spectrum of filetered TOC in yedr@87-2012.
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The spectrum is continuous which means that thezeoacillations in the data
within all periods from 3 to 31 days but there aradily seen prevailing ones about 4, 7, 11
and 25 days which periods are characteristic ferglanetary waves in the stratosphere
(Pancheva et al., 1994). The output mean spectronfirms the assumption that the
planetary wave activity is reflected in the concatibn of ozone in the stratosphere (Fusco
and Salby, 1999).

Having defined the prevailing periods, it is possito study the curve of their
amplitude with time by means of decomposition wdtlding segments (Pancheva et al.,
2009). Naturally, the method is used in its oneadtigional version, in functions only of
time. This filtering method of oscillations with gatefined periods just like the wavelet-
analysis has the property of localization in timkhe simultaneous defining of the
amplitudes and phases in the vicinity of a givemrant of time (a sliding segment of 31
days has been used) makes the method effectiieeicadses when there are oscillations
with different periods that are close by day ofsexnce.
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Fig. 5. 4- days amplitude.
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Fig. 6. 7- days amplitude.

Bulgarian Geophysical Journal, 2013, Vol. 39 21



P. Kaleyna, Pl. Muhtarov, N. Miloshe@ondition of the stratospheric and mesospheric ozone

11- days amplitude [DU]
w
o

LIk

97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13
Year

T

ig. 7. 11- days amplitude.

60
55
50
45
40
30
25
20
15
10
5
0 i

97 98 99 00 01 02 03 04 05 06 O7 08 09 10 11 12 13
Year

25- days amplitude [DU]
(O8]
a1

Fig. 8. 25- days amplitude.

The curve of the oscillation amplitudes by dayshvgeriods 4, 7, 11 and 25 days,
for the period 1997-2912, is displayed on Fig. 57 @&nd 8. An increase of the amplitudes
in the winter season is noticed which is charastieriof the planetary wave activity as a
whole. The amplitudes of the oscillations with lengeriods are also bigger which is
characteristic of the planetary wave activity, tdbe mean amplitudes for every calendar
month are calculated and displayed on Fig. 9. Titerval of 16 years is long enough and
provides statistical reliability of the obtained amevalues (every mean monthly value is
obtained from, for example, 30x16=480 values).

It may be assumed for the oscillation with a perded days which was noted in
the total ozone data is a reflection of the westwaopagating Rossby wave (Pancheva et
al., 2010). The climatology of this kind of wavesa temperature field, presented in this
work, is expressed the strongest namely at latid@e but the seasonal cycle of Rossby
wave shows seasonal maximums in the months of doénex (March and September-
October) in contrast to the present results fortote ozone while the climatology of the 4-
day wave in the total ozone shows distinctive maximvalues in December-March, and
the annual minimum is in September. Besides, tleea@e period in the total ozone proves
to be smaller than the conventional Rossby waaegje of 5-7 days.
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Fig. 9. Seasonal distribution of the amplitudes of the,4,17and 25-day oscillations.

Oscillations with a period of 5-7 days are obsernvedround and satellite data for
the temperature and wind speed while their chatiatites prove to be of Rossby (1,1)
normal mode (Shepherd et al., 2007) but at lowudés.

Eleven-day planetary waves with wave number 1 dseiwved in the field of
stratospheric temperature (Pancheva and Mukht®@¥1). They activate themselves at
middle latitudes and have maximal amplitudes inlmter season which coincides with
the behavior of the 11-day oscillation in TOC oBeilgaria.

The studies of planetary waves with a period ofual®5 days (Hua Lu et al.,
2012) at geopotential height show that those wavélse stratosphere activate themselves
in the winter season (from October to March) atdigdatitudes which coincides with the
climatology of the analogous oscillations in TOQy(P).

An offset in the seasonal cycle (the maximum isFgbruary-March, and the
minimum — in August-September) from that typicat fbe planetary waves in the other
atmospheric characteristics is characteristic ef ¢hasonal amplitude dependence of all
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oscillations in TOC which coincides with the seasarycle of the very TOC. Global data
are required to clarify this phenomenon.

Conclusions

The analysis of the short term variability of thetdl Ozone Content over Bulgaria
that has been made shows that short term devidtiomsthe stationary seasonal cycle have
significant values — 24 DU with 75% probability whiis in the range of the annual wave
amplitude of the seasonal cycle obtained in ths fiart of the present work (about 35 DU
on the average for the studied period of time). Bpectral analysis of the short term
variations has shown that they are not of a corajyletandom character and quasi-
periodical variations in them are readily seen, pegiods of which coincide with the
periods of the planetary waves in the stratospfiaréhe regions of temperature, pressure
and wind speed). Certain caution is necessary éntiiying the observed oscillations with
periods of 4 and 7 days with Rossby waves becalude aleviations of the seasonal cycle
of the observed oscillations in TOC from the seas@md latitudinal dependence of the
analogous ones in the temperature and pressure.bé&havior of the 11 and 25- day
oscillations in TOC coincides better with the wiellewn characteristics of the analogous
planetary waves with the exception of a certaiseif{with about two months forward) of
the seasonal cycle of the amplitudes in TOC.
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Cobrosinne Ha crpatocdepHuss u Me3ocdeper o3on nHag buarapusi 3a nepuoga 1996-
2012 r: Yact 2 - KpaTKOCpPOYHM BapHAIIMU HA TOTAJHOTO ChAPbKAHHE HA 030H

II. Kaneitna, Iln. Myxrtapos, H. Munormies

Pesrome: B cratusaTra € HampaBeHa OIEHKAa Ha OOIIMTE XapaKTEPHCTHKH Ha
KPAaTKOCPOYHHMTE BapHallMd Ha TOTAIHOTO Chabpkanue Ha 030H (TCO) max Bearapus.
WscnenBana € nposBaTa Ha IDTaHETapHATa BBIHOBAa aKTUBHOCT Ha cTpaTocdepara BBPXY
TOTAIHHS O30H U € ONpelelicHa KIMMAaTOJIOTHATa Ha aMIUINTYAWTE Ha KOoJeOaHuATa C
nepuoad 4, 7, 11u 25 nenoHomus.

Bulgarian Geophysical Journal, 2013, Vol. 39 25



