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Abstract. The Sinji Vrh Geomagnetic Observatory (here-
inafter the Observatory) is situated on Gora above Aj-
dovsCina, a highland karst plateau, in the southwestern part
of Slovenia. The Observatory operates in exceptional geo-
logical and meteorological conditions due to its location. The
very first measurements at the time of initial tests showed that
weather fronts induce changes in the local magnetic field.
The first measurements intended to determine the value of
this influence were carried out at the end of summer 2011. In
2013 the first such measurements were carried out in January.
This article presents the results of these measurements, show-
ing how the snowstorm induced changes in Earth’s magnetic
field.

1 Sinji Vrh Geomagnetic Observatory

Gora, above AjdovsCina, is a highland karst plateau. The
Sinji Vrh Geomagnetic Observatory (hereinafter the Obser-
vatory) was built on its edge, which faces southwest (Paliska
et al., 2010). The measuring post for the Observatory is lo-
cated on the spot (45.899094° N, 13.940047° E) above Aj-
dovsCina, a town that lies at a height of 106 m above sea
level, at the foothills of Gora. The measuring post lies north-
east from Ajdovscina at a direct distance of 2.8 km, where the
Gora edge reaches a height of 867 ma.s.l. (above sea level).

In the summer of 2009 the first storm with lightning
stroke in the location where the Observatory is situated was
recorded and also confirmed by the neighbors. This storm
was recorded during the test measurements that were meant
to determine whether the location was suitable for a geomag-
netic observatory. On 22 August 2009 at 20:08:50 UTC light-
ning stroke was registered in the middle of the second wave
of a geomagnetic field with a period of 7 =3.43h, as pre-
sented in Fig. 1.

The Observatory has a special construction and oper-
ates in exceptional geological and meteorological conditions
because of its location, recommendations and the condi-
tions prescribed by nature protection technicians (éop and
Dezeljin, 2012). The first measurements intended to deter-
mine the value of this influence on the local geomagnetic
field were carried out on 4 September 2011. They showed
that the atmospheric discharge, the transitions of the weather
fronts and the karst underground also induce changes in the
local geomagpnetic fields.

2 Snowstorm on Gora

The meteorological measurements for the Gora area are car-
ried out at the meteorological station called AMP Otlica. This
is an ecological meteorological station, which monitors the
environmental changes on Gora. It is located 4.8 km away
from the Observatory in the northwesterly direction.

The period of several months with the exceptionally abun-
dant snowfalls, which marked the winter of 2012/2013,
ended with the snowstorm on Gora on Tuesday, 15 Jan-
uary 2013. During the night from 14 to 15 January, the wind
that had been blowing from the northeast changed its direc-
tion and started to blow from the south, as shown in Fig. 2.
About 03:00 UTC, along with the change in the wind direc-
tion, the weather warmed and an hour later the snow started
to fall. The first wave of the snowstorm diminished after 4 h,
when it became a little bit brighter as shown in Fig. 3. After
intermediate calmness, at 10:20 UTC, the second wave of the
storm reached Gora. At the same time air discharges started
and of the registered lightning flashes only one occurred be-
tween a cloud and the ground. The next wave of the snow-
storm passed over Gora at 13:30 UTC. At that time the wind
speed decreased from the previous average value of 2.77 to
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Figure 1. Daily variation of the geomagnetic field F(¢) at Sinji Vrh
on two successive days in the summer of 2009.
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Figure 2. Temperature change (72m), wind speed (Wsp) and wind
direction (W) measured at AMP Otlica during the 15 January 2013
snowstorm.

1.29ms~1, and this value was observed during the rest of the
day, as well presented in Fig. 2.

The detailed analyses of a magnetogram in Fig. 4 show the
occurrence of more atmospheric discharges during the half-
hour period of the second wave of the snowstorm on Gora.
Most of the electrical discharges happened within a cloud
or between clouds. The only lightning flash, which occurred
due to the electrical discharge of a negative charge between
a cloud and the ground, happened at 10:20:45 UTC. It was
among the last air discharges registered that day at the Ob-
servatory.

3 Changes in the local geomagnetic field

On Tuesday, 15 January 2013, when there was a snowstorm
at the Observatory, our planet had its geomagnetic quiet day.
This is evident from the diagram of the planetary 3 h range
K, indexes for that day (Estimated Planetary K index, 2013),
which showed that the K index reached its maximum value
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Figure 3. The local geomagnetic field’s variations at the Observa-
tory for the 15 January 2013 snowstorm and the values of humid-
ity (H) and solar radiation (Grg) measured the same day at AMP
Otlica.
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Figure 4. Change in the geomagnetic field dF (¢) recorded during
the measurements on 15 January 2013, at the beginning of the sec-
ond part of the snowstorm on Gora.

of Kp =2 during the 3 h range from 06:00 to 09:00 UTC. The
planetary Kp indexes for the rest of that day were 1 or even
lower. The planetary 3 h range K, indexes for 5 January 2013
indicated that it was also a geomagnetic quiet day, as is ev-
ident from Fig. 5. The first half of that day, the planetary
geomagnetic index was Kp =1, and the second half of the
day, it was Kp =0.

For 15 January 2013 the magnetograms of changes in
the absolute value of the geomagnetic field recorded at the
Observatory are shown in Figs. 3 and 6. The characteris-
tic change in the geomagnetic field began after 03:00 UTC
and its duration was approximately 8 h. This change was fol-
lowed by a change with the same period but with approxi-
mately twice as high the amplitude.

Relating to the values of the planetary K, index, this
change in the geomagnetic field was local in character. The
comparison of these measurements with the parallel mea-
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Figure 5. Daily variation of the geomagnetic field F(¢) at Sinji Vrh
during the geomagnetic calm day on 5 January 2013.
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Figure 6. Change in the absolute value of the geomagnetic field
vector F () recorded at the Observatory and the GCK Geomagnetic
Observatory during the 15 January 2013 snowstorm.

surements of change in the geomagnetic field performed
at the Grocka Geomagnetic Observatory (GCK), Serbia, on
15 January 2013 indicated the close similarity of the magne-
tograms. This means that the local geomagnetic disturbance
was presented in the broader geographic area that also en-
compassed a large part of the Balkans. At the Observatory
this disturbance started with the increase in relative humidity
to 100 % at the outdoor air temperature of —3°C and it was
changing according to the solar radiation level, as presented
in Fig. 3.

The parallel measurements on 15 January 2013 at the Ob-
servatory and the GCK Geomagnetic Observatory viewed in
Fig. 6 had the value of a correlation coefficient » = 0.803, as
presented in Table 1. This is a little bit under the mean value
of this coefficient rmean = 0.854 for both geomagnetic obser-
vatories (éop et al., 2011). It proves that the impact of the
weather front on the geomagnetic field was pretty much the
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Table 1. Comparison of statistical values and the correlation of mea-
surement results, obtained on 15 January 2013 at Sinji Vrh with
those obtained at Grocka.

Observatory Mean Deviation  Variation  Correlation
value p o cv r
(nT) (nT) (%)
Sinji Vrh 47651.12 2.62 0.0055  1.00000
Grocka 47712.76 2.19 0.0046  0.803
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Figure 7. The power spectra of the local geomagnetic field at the
Observatory during the snowstorm crossing on 15 January 2013
(20130115) and during the geomagnetic quiet day on 5 Jan-
uary 2013 (20130105).

same for both locations and that any distinction was in details
only.

4 Frequency characteristics

The 1s measuring data for each single day, discussed in the
article, are the input data f(¢) for spectral analysis; their re-
sults are presented in Fig. 7. The comparison of values of the
local geomagnetic field — measured and analyzed with regard
to frequency during the snowstorm above Gora on 15 Jan-
uary 2013 — with those measured during the geomagnetic
quiet day on 5 January 2013, shows that the signal power
spectral density during the snowstorm increases sharply at
the time period of r =6hand r =7.5h.

The analyses in the frequency domain of the signals with
the time period ¢ <2h, which were recorded during the
snowstorm, did not show any significant increase in ampli-
tudes of resonant frequencies. However, the time period of
the signals was prolonged compared to its value during the
geomagnetic quiet day and without snowstorm.

In the article presented, snowstorm has the characteris-
tics of the mesoscale convective system (MCS). In Europe
such weather systems arise mostly in the western part of the
Mediterranean (Morel and Senesi, 2002). So, they also reach
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the southwestern part of Slovenia. Their influences on the ge-
omagnetic field are relatively small. That is the reason why
they should be clearly registered only during a geomagnetic
quiet day, i.e., a solar quiet day (Sg), at the time of their pass-
ing over the geomagnetic observatory. The MCS systems are
not cyclical events and their influences on the geomagnetic
field are not part of the geomagnetic quiet day.

The geomagnetic quiet day is determined by daily vari-
ations of the geomagnetic field, recorded by magnetome-
ters, on days without disturbances. From these measurements
are eliminated lunar influences and post-perturbation effects
(Campbell, 1986). The Sq magnetograms daily change their
shape throughout the year and throughout the solar cycle. For
a shorter time interval the Sq day is defined as a medium be-
tween the five quietest days in a month (Mayaud, 1980). The
influences of the Moon on the geomagnetic field are rela-
tively small and consequently definite only in a longer time
period by harmonic analysis (Lindzen and Chapman, 1969).

In order to determine a solar quiet day from the numerical
data, various algorithms were developed, and among them
there is also frequency filtering of the magnetograms (Men-
vielle et al., 1995). The MCS systems appear in an acyclic
manner and in shorter time periods; the special algorithms
for subtracting their influences from the data are not obliga-
tory (Hattingh et al., 1989; Fontes et al., 1995).

For the analysis of the frequency content of the signal
f (1), the ordinary Fourier transformation F(w) is computed,
expressed by Eq. (1).

F(a)):/f(t)exp(ia)t)dt=A(a))+iB(a)) Q)
0

The power spectral density S(w) describes how the power of
a signal or time series is distributed over different frequen-
cies. It is definite in the interval from 0 to T as the square
value of the signal (Heinzel et al., 2002), as is presented in
Eq. (2), where F A (w) is a truncated Fourier transform.

S(w) = E [|F/\ (w)2T|] @)

The energy spectral density E () is defined by Eq. (3), where
f(¢)isthesignaland f*(¢) its complex conjugate value over
a finite interval from 0 to 7.

T
[iFn@il]) =5 [ [Elroso)
0

explio(t —t"))deds’ (3)

For the calculation of the power spectral density for 5 and
15 January 2013 the fast Fourier transformation (FFT) was
used and the results are presented in Fig. 7 where power spec-
tra are expressed in respect to periods. If the frequency w was
not optimal, then the better numerical determination of func-
tions A(w) and B(w) would be used (Strestik, 1998).
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The Fourier analyses are not always a good tool to analyze
the signal, particularly if the curve is not smooth enough.
In this case the wavelet analyses are more effective because
they provide a signal approach for dealing with the local as-
pect of a signal and also remove noise from it (Walker, 1997;
Kumar and Foufoula-Georgiou, 1997). As far as the influ-
ence of MCS weather fronts on the geomagnetic field is con-
cerned, the wavelet analyses are very convenient for calcula-
tion of geomagnetic pulsation with frequencies from 7 mHz
to 0.5Hz from 1s data (Randarajan, 1989). These pulsations
are in great correlation with the space weather (McPherron,
2000) and evidently also with the MCS weather fronts.

5 Conclusions

The systematic observation of weather fronts crossing the lo-
cal area during many years and different seasons may pro-
vide enough data to understand their influence on the local
geomagnetic field. The comparison of parallel measurements
at the geomagnetic observatories in the vicinity would give
more precisely the geographic size of influence of an indi-
vidual weather front.

Some weather fronts passing the southwestern part of
Slovenia have the characteristics of MCS systems. For this
reason in this location it is also possible to study the tran-
sient luminous events in the ionosphere. They are initiated
by the strong positive lightning strokes from cloud to ground
and were well documented only in the past 2 decades (Pasko
et al., 1996; Raizer et al., 1998; Chen et al., 2008). They
produce magnetic pulses of extremely low frequency, lower
than 1 kHz (Cummer et al., 1998). Evidently these magnetic
pulses have an impact on the instruments for measuring the
variation of the geomagnetic field at the Observatory (Cop
et al., 2014). Most probably they have influences also on our
technology as well as on the biosphere (DeZeljin and Cop,
2013).
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