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ABSTRACT

There ae some evidences that support the occurrence
of total ozone content changes by high energetic
particle flux intensity variations. In turn, these last are
strongly linked to sudden commencement storms
(SC's). Therefore, an analysis of total ozone mntent
in sdleded ground stations, radiative inpu and SSC
index yearly means time series, the last defined as the
product of the anplitude by the duration time of each
storm, is performed. It is found that long-term ozone
variations are mostly related to SSC index long-term
variations in all the stations, with dfferent behaviours
that depend on geographical location. In particular, the
strong deaease of total ozone @ntent during cycle 22
is related to the very high SSC values that occurred
during that sunspot cycle and is remarkably strong in
Faraday and Hall ey Bay stations. In all the stations the
minimum in total ozone cntent long term variation is
reached around 1993 and is followed by an stealy
increase, that would continue along the forthcoming
years following the descending chaotic trangtion that
solar global magnetic field dynamo system started
around 1993.

1 INTRODUCTION

Solar activity manifests itself in several ways. Some of
them, in turn, act on those Earth’s parameters that
conform the so-called “climatic change’. The ozone
layer plays a key role becuse the sensitivity of the
atmospheric drculation, chemistry and radiative
proceses to its changes. Ozone itsdlf is sngtive to
many influences, either in short term or in long term.

In the short term, i. e the dally or monthly basis,
particle predpitation has been subject of many studies
and most authors agree in the influence of particle
predpitation on the ozone @ntent. However, most fo
the research on this area has been done focusing an
high latitudes, where particles (mainly reativistic
eledrons) reach the lowest altitudes, where its
subsequent production of odd nitrogen (NOy) works
more dficiently. Relativistic dedron predpitation
(REP) events have been suggested to affed odd

nitrogen content in several studies [1][2][3][4]. This
phenomenon has been verified by comparing model
computation of ozone high digtribution with ozone data
from various instruments such as the Tota Ozone
Mapping Spedrometer (TOMS), Solar Backscattering
Ultraviolet (SBUV), and those onboard the Upper
Atmosphere Research Satellite (UARS) [5][6][ 7]

Particular attention has been drawn to high-energy
eledron flux into eath's atmosphere, measured by
particle detedors onboard satellites [8][9]. On that
basis, Martinez ad Duhau [10] found a linea
relationship between geomagnetic activity and e edron
energy flux at the subauroral belt. Therefore, they
interpreted a negative crrelation found between Ozone
content and geomagnetic index Ap as a manifestation
of the Ozone depletion by REP' s at upper stratospheric
heights. Also, they interpreted a delayed positive
correlation found in the data as an evidence of an
afterward effed of REP's on atmospheric drculation
by the @oling of the upper stratosphere by ozone
depletion. In fact, in the pioneging work of W. O.
Roberts [11] a relationship between geomagnetic
activity and meteorological vorticity was found, that
might be related to the afterward coding effect of
REP's.

Regarding with middle and low latitudes, other authors
[12][13][ 14] found statistical associations, between
geomagnetic storms and azone, sensitive to the phase
of the Quasi Biennia Oscillation of the Stratosphere
(QBO). On the dynamic side, Jadin [15] found effects
in global scale such asthose driven by variationsin
Longitude of day (LOD). LOD can berelated with the
AAM (atmospheric angular momentum) in interannuel
and decadal time scaes, which, in turn, accounts for
the planetary wave activity relevant for global ozone
distribution

Regarding to the long-term ozone variaions the
features of the solar magnetic fields in that scale has
been studied with [16][17][18] the help o the wavelet
analysis. This technique and particularly, the multi-
resolution analysis allow us to identify cyclical
behaviour in the characteristic time scales [19] in the
Sun and its correspondents in any parameter. In
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Fig. 1: Annual means of total ozone at the Southern
Hemisphere high latitudes. Thick solid line
corresponds to Syowa (1961-2002, the dashed line is
for Faraday (19571997, the dotted line is for Halley
Bay (19561997 and the solid thin line is for
Amundsen-Scott (19641992

this paper we apply that tod in seeking solar signalsin
the ozone data. For the sake of a further physical
modelling d the problem correlation were made with
some relevant indicaors of solar activity: Solar
radiation, the S index [20], Aa geomagnetic index
and the variation in LOD.

2 OZONE DATA

Total ozone data from selected ground stations
(spectrophotometers) are presented here in the
form of annual means. They were grouped by
geographic latitude in order to show in a
gualitative way the different sensitivities of ozone
column to the different inputs considered here. As
an example, and taking into account its time span,
only data from Arosa (Switzerland) are discussed
in depth here. Table | shows the geographic and
geomagnetic coordinates of each station.

Table I: Geographic and Geomagnetic Coordinates of
stations.

Latitude Longitude

Geogr. | Geomg.| Geogr.] Geomg.

Am. Scott -89.98 -78.79 -21.8 0.0
Arosa 46.78 47.55 9.68 92.2
Buenos Aires -34.58 -23-79 -58.48 14.6

C. Paulista -22.68 -12.54 -45.00 24.30

Faraday -65.15 -54.01 -64.16 4.70

Halley Bay -73.52 -64.31 -26.73 27.10

Lerwick 60.13 62.17 -1.18 89.70
Murmansk 68.97 64.84 33.05 128.2
Natal -5.84 3.28 -35.21 35.40

New Delhi 28.65 19.02 77.22] 150.05

Reykjavik 64.13 69.78 -21.90 72.00

Syowa| -69.00| -70.06 39.58 80.10
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Fig. 2: Annual means of total ozone at high latitudes in
the Northern Hemisphere. Includes Reykjavik, Icdand
(19571998), in thick solid line, Murmansk, Russa
(19732001), in dotted line and Lerwick, UK (1957-
2002, in solid thin line

3 GEOGRAPHICAL DISTRIBUTION OF
TOTAL OZONE CONTENT

In figures (1) to (4) ozone total content data has been
grouped in high North (HN), high South (HS), medium
(M) andlow (L) latitudes, respedively.

It can be noticed that each group shares a cmmon
behaviour. Is quite remarkable the steady deaease
since the 1970 decade and its stegpening around 1990
(nea sunspot cycle maxima 22) in the HS (Fig.1) with
the exception of Amundsen-Scott station, that shows
lower but almost constant total ozone levels. Due to the
mentioned deaease ainual means become comparable
at Faraday to those of Amundsen-Scott. This is
consistent with the dependence of eedron energy
distribution on longitude in NH stations and the
expeded effect on ozone total content in latitudinal
distribution as found in ref. [10].

A similar but less abrupt behavior can be observed in
the HN latitudes (Fig. 2) with dfferences mostly
related with dynamics. Also, in bath NH and HH a
recovering of higher ozone total content values is
started at the end of the 1990 decade, being this
recovery more abrupt at HN latitude stations

ML stations (Fig 3) show behaviour similar to that of
high latitude stations, but strongly weakened.

LL stations follow the genera behaviour, but even
more weekend than in ML stations in such amount that
fluctuationsin the decadal time scale ae very



%
|

Total Orone (NN
L
Ei

%
|

1A I ar | A IHHE
Tirrms Cyr}
Fig. 3: Annual means of total ozone at midlatitudes.
Arosa, Switzerland, from 1926 to 2002 and Buenos
Aires, Argentinafrom1965 to 202 (dotted line)

stronger as compared with long term trend but the
sharp increases after 1990 and posterior reqvering is
also apparent on thetwo Brazlian stations.

The difference in the total ozone ntent behaviour
between the two Brazlian station LL station that are
only 1(° apart and in the East hemisphere with New
Delhi that is in the east hemisphere is indicaive of a
longitudina dependence of the phenomenon. On that
regards it may be noted that Cachoeira Paulista is the
neaest station to the South Atlantic geomagnetic
anomaly and natal isnot that far away either. Therefore
as predpitating eledron energy flux becomes more
intense nea this gation its effect is drong enough to
overcome hydrodinamicd fluctuations there.

3. A WAVELET ANALYSIS OF OZONE TOTAL
CONTENT AT AROSA

We analyse by this methodology Arosa station data
that is the longer data set of total ozone mntent (1926
to present).

Figure 5 shows the long-term variations in ozone, SSC
and Total Solar Irradiance It is noticeable how ozone
variations go with irradiance before 1960and with SSC
after 1960. The semi-seaular component curve for tota
ozone (Fig. 6) doesn't foll ow so closely the SSC or the
LOD variations, probably due to boundary effeds of
the short data series. However, comparison with SSC
looks, facevalue, quite similar to above results.

4. CONCLUSIONS

The strong decrease that SSC index undergone after
1960 tas been followed by a deaeases in totd ozone
content in almost al the stations, pointing this to the
fact that SCs has been so strong during the last 40
years that overcame the other sources of variability
including atmospheric drculation. Also the descending
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Fig. 4: Annual means of total ozone at low latitudes.
New Delhi, India, from1975 to 2000 (thick solid line),
Cachoeira Paulista, Brazil from 1975 to 2000 (thin
solid line) and Natal, Brazil, from1973 to 2000 (dotted
line).

trangition that started the sun magnetic field after year
1993is being synchronic with and steady increases in
ozone total content.

As the deaease of mean solar magnetic field will be
continued for the next decade SSCs will became
weaker, and so we may exped that total ozone @ntent
will remver the higher average values that have
prevail ed before 196Q
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Fig. 5: Long-term variationsin total ozone cntent
(heavy ling), SC index (light line) and solar total
irradiance (dashed line), respedively
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Fig. 6: Semi-seallar cycle in total ozone ntent

(heavy line), SSC index (light line) and LOD, (dashed
line) respedively.
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