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Preface

The Széchenyi Istvan Geophysical Observatory was founded during the Interna-
tional Geophysical Year (in 1957-58) as a dedicated research infrastructure of the
electromagnetic (EM) phenomena of the solid Earth, upper atmosphere and near-
Earth space. The observatory is situated on the southern shore of lake Fert6 on
thick conductive sediment within the Fert6-Hansdg National Park. The favorable
situation shelters the observatory from most of the anthropogenic EM noises.

Nowadays the spreading common use of space technologies and the increasing
exposure of the surface critical infrastructures requires the continuous observation
of the state and processes of the Earth’s plasma environment which became known
as space weather. These, sometimes extreme changes are associated with solar
activity. In addition, comprehensive observational data from several solar cycles
provide an opportunity to study long-term changes in the energy coupling between
the Sun and the planet.

The infrastructure consists of telluric, geomagnetic, atmospheric electricity and
broadband EM field measurement systems, lightning detection, ionospheric sound-
ing and additional background measurements like meteorological observation and
ground-based support of satellite Earth observation.

The uniquely long geomagnetic and telluric recordings allow us to model and
reconstruct the geodinamo and the external source current systems in the ionized
upper atmosphere. Furthermore, the contemporary magnetic and electric measure-
ments serve as remote reference for the magnetotelluric deep sounding geophysical
exploration method.

Records related to atmospheric electricity and lightning activity enable the in-
vestigation of the variations of regional and global thunderstorm activity which are
indicators of climate change. Signals from individual lightning strokes can be used
to diagnose the momentary state of the plasmasphere.

The observatory is a member of INTERMAGNET, a global network of the geo-
magnetic observatories. High time resolution (1 Hz) geomagnetic data are uploaded
quasi-real time and also displayed real time on the website of the observatory. The
DPS-4D digisonde automatically transfers data to the Global Ionospheric Radio
Observatory (GIRO) system collecting ionosonde measurements from around the
globe. These data are used to study the electron density changes and the plasma
motion of the ionosphere in regional and global scales.

A station of the LINET lightning detection network is working in the obser-
vatory and contributes to the mapping of lightning strokes in Europe real-time.
Data collected by the atmospheric electricity measurement systems are displayed
quasi-real time on the website of the observatory. The observatory is part of the Au-
tomatic Whistler Detection and Analyzer Network (AWDANet) providing a cheap
and effective way to routinely infer the cold plasma distribution of the inner mag-
netosphere.



Investigating the impact of cutting down nearby
trees on measured values of the atmospheric

electric potential gradient data

Attila Buzast2™and Jozsef Bor!

Institute of Earth Physics and Space Science (ELKH EPSS), Sopron, Hungary
’Doctoral School of Earth Sciences, Faculty of Science, Eotvos Lorand University,
Budapest, Hungary

Abstract

A group of trees located at the eastern side of the atmospheric electric potential
gradient (PG) measurement site in the Széchenyi Istvdn Geophysical Observatory
at Nagycenk (NCK) was cut down on the 24™ February in 2020. In order to as-
sess the impact of this event on the PG measurements, an electrostatic numerical
model was built to model the effect of the removal of trees. Moreover, the PG data
recorded between 2017 and 2021 were analyzed. It was found that the PG increased
by up to 52% after the trees in question were cut down. Based on the numerical
model calculations this enhancement was expected to be larger, 78%. Further inves-
tigations concerning the seasonal variation of the PG recorded in 2017-2021 affirm
that this increase is not part of the regular seasonal variation of the PG and it is
an anomaly most likely caused by the diminished electrostatic shielding effect due
to the fewer remaining trees.

Keywords: atmospheric electricity, atmospheric electric potential gradient,
electrostatic shielding effect, trees, atmosphere—biosphere coupling, numerical
modeling, electrostatics.

Introduction

The atmospheric electric potential gradient (PG) is the negative of the vertical
component of the atmospheric electric field measured in Vm ! units. It is a widely
monitored parameter, usually measured near the ground (ca. at a height of 1-3 m) in
geophysical and meteorological observatories all over the globe (Nicoll et al., 2019).
The PG is one of the main parameters of the DC part of the so-called atmospheric

Corresponding author: Attila Buzas (buzas.attila@epss.hu)

Citation: Buzas, A and Bor, J. (2021): Investigating the impact of cutting down nearby
trees on measured values of the atmospheric electric potential gradient data. Geophysical
Observatory Reports 2020, 6-13. https://doi.org/10.55855/gor2020.1


https://doi.org/10.55855/gor2020.1

Buzéas & Bér Cutting down nearby trees affects local PG

Global Electric Circuit (GEC), which is a framework of electric currents connecting
the Earth’s surface and the lower ionosphere (Rycroft et al., 2012). The PG can
be used as a versatile diagnostic tool as it can mirror variations in the GEC, global
changes in Earth’s climate system, or space weather processes (Rycroft et al., 2012).

PG measurements in the Széchenyi Istvan Geophysical Observatory at
Nagycenk, Hungary (NCK) began in 1961 under the supervision of geophysicists P&l
Bencze and Ferenc Marcz with a locally developed potential equalizer instrument
including radioactive ionizing source (Bencze & Marcz, 1981). Regular mainte-
nance and weekly instrument calibration ensured high data quality over the course
of decades up to the present date. In 1998, another locally developed radioactive
instrument was installed to measure the PG simultaneously. Ultimately, in 2013, a
more state-of-the-art apparatus, a Boltek EFM-100 field mill was deployed (Bér et
al., 2020).

The shielding effect of trees

Nearby conducting objects, such as a metallic pole or living trees, bias the equipo-
tential surfaces of the ambient atmospheric electric field, thus they can lower the
PG measured in the vicinity (Lees, 1915). This phenomenon is called the electro-
static shielding effect and it contributed greatly to the reported long-term reduction
in the PG time series recorded in NCK (Mércz & Harrison, 2003; Williams et al.,
2005; Buzés et al., 2021). The site of the PG measurements in NCK is located on
a clearing surrounded by groups of trees and a forest. In the course of time, as the
trees grew taller, their shielding effect became more and more significant, further
lowering the PG near the surface. In order to correct for this unwanted shielding ef-
fect, a numerical model based on the finite element method was built. The detailed
description of the model can be found in the paper by Buzés et al. (2021).

On the 24" February in 2020, the group of trees that bordered the measuring site
at the eastern side was cut down. To quantify the impact of this event, the geometry
of the numerical model was changed; the eastern group of trees was removed from
the model (Fig. 1). By evaluating the model with the two configurations, the impact
of the change in the local geometry on the recorded PG values can be inferred

(Fig. 1).

Data and methods

Only the fair-weather PG data of the Boltek EFM-100 field mill (measured at a
height of 3 m) that were not corrected for the shielding effect of nearby trees are
used in the present study. This study is based on fair-weather PG values which
are PG values that were measured in the so-called fair-weather conditions, i.e., in
time periods when the effect of local meteorological conditions and clouds is not
significant on the PG measurements (Harrison & Nicoll, 2018; Nicoll et al., 2019).
As we lack concurrent supplementary meteorological data suitable for identifying
fair-weather conditions reliably, fair-weather selection of the PG data was made
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Fig. 1: Model geometry (a) before and (b) after the eastern trees were cut down on the
24" February, 2020.

on the basis of statistical considerations solely based on the sign and magnitude
of the measured PG values. Firstly, negative PG values can be omitted as they
are characteristic to foul weather conditions (Harrison & Nicoll, 2018). Moreover,
large positive PG values can also be associated with foul weather (e.g., low level
charged clouds very near or over the measurement site). Altogether, the positive
PG values that were below ve times the median of all absolute deviations from
the median of the full distribution were considered as fair-weather data (Lucas et
al., 2017). Fair-weather correction was made on the original, high time resolution
fair-weather PG data recorded at 2 Hz. Hourly averages were calculated from the
high time resolution fair-weather data, and these hourly averages were used in all
further analysis. In this work, only the fair-weather raw PG data measured at a
height of 3 m by the Boltek EFM-100 eld mill were used. Note that the data were
not corrected either for the shielding e ect of nearby trees in any way, or by the
form factor of the instrumental setup.

The expected e ect of cutting down the trees is estimated using the two numer-
ical models for the site. The modeled PG values are calculated from the two models
at the location and height of the EFM-100 measuring head (Fig. 1). The ratio of
these two modeled PG values is supposed to mirror the ratio of the measured PG
values before and after the change in the con guration of objects onsite.

Since the trees were cut down on a single day, the change in the data, if it
appears, should be apparent immediately. Day-to-day variations in the PG, how-
ever, can mask smaller di erences, so a statistical approach is preferred. Seasonal
variation of the PG data (Chalmers, 1967, pp. 168{169), however, imposes a limit
on the extension of the time periods of the investigation before and after the tree-
cut. To make a compromise, fair weather data from 14 days before and after the
tree-cut were considered and the corresponding statistics obtained from the selected
measured data were compared.

To investigate how the tree-cut a ects the PG measurements in NCK on a longer
term, seasonal variation of fair weather data (i.e., monthly averages) were calculated
from years of 2017{2021. This way, ratios of the PG data in the same periods of
the years before and after the change could be studied.
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Results

Derived from calculations based on the two di erent states of the numerical model
before and after the eastern group of trees was cut down, the modeled enhancement
of the PG at the location of the Boltek EFM-100 eld mill is +78% after the removal

of the trees (Fig. 1).

Figure 2 shows the histograms of the PG values recorded two weeks before and
after the eastern group of trees was cut out in 2020. The mean, median, and
the maximum of the Gaussian Kernel Density Estimation (KDE) function of the
PG values taken from the 10{23 Feb 2020 period, two weeks prior to the eastern
trees were cut down, are 60 Vm?, 58 Vm !, and 57 Vm 1, respectively (Fig. 2a
and Tab. I). However, the mean, median, and the maximum of the KDE of the
PG values taken from the data recorded two weeks after the trees were cut down
(25 Feb{09 Mar 2020) are 89 Vm !, 88 Vm !, and 88 Vm 1, respectively (Fig. 2b
and Tab. ). This means an enhancement of 29 Vm?! (+48%), 30 Vm ! (+52%),
and 31 Vm ! (+54%) when considering the mean, median, and the maximum of
the KDE, respectively.

Fig. 2: Histograms of the raw PG data measured two weeks before and after the eastern
group of trees was cut down in 2020. Orange solid lines denote the Gaussian Kernel
Density estimation functions, an estimation of the probability density function of the raw
PG data.

In order to a rm that the enhancement was not caused by the regular seasonal
variation of the PG, the mean PG values were calculated for the past three years
(2017, 2018, and 2019) and for 2021 in the same time periods (Tab. I). The PG
decreased in 2017, 2019, and 2021, or stagnated in 2018 between the time periods
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10{23 Feb and 25 Feb{09 Mar, i.e., two weeks before and after the day of the year
when the change happened in 2020. Compared to these trends, the PG increased
dramatically in the same time period in 2020. This supports the conclusion that the
PG increased in 2020 due to the cutting down of the eastern trees, which reduced
the shielding e ect (Tab. I).

Table I: Mean values of PG data measured 14 days before and after the day of the year
(24" February) of cutting the trees. Averages from the years 2017{2021 are given.

Mean values in years
2017 2018 2019 2020 2021
PG in 10{23
Feb [V/m] 99 95 79 60 158
PG in 25
Feb{09 Mar 73 99 67 89 92
[V/m]
Percental
-26% +4% -15% +48% -71%
change

The PG measured at continental stations on the northern hemisphere has a min-
imum in the summer and reaches its annual maximum during the winter (Chalmers,
1967, pp. 168{169). The PG in the years of 2017, 2018, 2019, and 2021 follows
this regular seasonal variation (Fig. 3). However, that is not the case in 2020. In
2020, the PG began to decrease in February, yet it does not continue to diminish
in March. In March 2020, there is a signi cant increase in the PG which is not a
regular phenomenon (Fig. 3). This increase was likely caused by the cutting down of
the eastern trees on 2% February. Moreover, after February 2020, the PG is higher
than the average PG taken from the years 2017{2019 and this continues in 2021 as
well (Fig. 3). In 2020 until February, the PG followed the average of the previous
years while from March on, the values are clearly closer to the values recorded in
the next year. Note that fairly large PG values were measured by the eld mill
especially in the winter of 2017{2018 in NCK compared to the values recorded in
the following years. It is not currently known why those PG values were so large.

The modeled enhancement of the PG values due to the removal of the east-
ern trees (+78%) overestimates the enhancement that was measured (+48{52%)
(Tab. I). In order to examine this dierence on a longer time scale, percental
di erences between the measured monthly PG means in 2017{2021 were calcu-
lated (Tab. Il). For each month from September to February, the average of the
monthly means in the time period 2017{2020 (the rst solid red curve in Fig. 3)
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Fig. 3: The seasonal variation of the PG in NCK in years between 2017 and 2021. Note
that the years are plotted from September to August to aid comparing measurements
before and after the trees were cut down at the end of February, which is now in the
middle of the time axis.

Table II:  Percental change in averaged monthly PG means after the cutting down of the
trees. Data from the years 2017{2021 are considered. See the text for details.

Months ‘ Jan ‘ Feb ‘ Mar ‘ Apr ‘ May ‘ Jun ‘ Jul
Percental

) +75% | +73% | +26% | +69% | +31% | +56% | +97%
di erence

Months ‘ Aug ‘ Sep ‘ Oct ‘ Nov ‘ Dec ‘ Mean
Percental

) +98% | +66% | +14% | +16% | +21% +53%

di erence

was compared to the monthly mean in 2020{2021 (dashed cyan curve in Fig. 3). For
each month from March to August, the average of the monthly means in the time
period 2017{2019 (the second solid red curve in Fig. 3) was compared to the average
of the monthly means in the time period 2020{2021 (dashed red curve in Fig. 3)
(Tab. I1). This percental di erence is quite variable over the course of months, hav-
ing higher values during the summer and in January and February, whereas having
lower values near the end of the year (Tab. Il). The mean of the monthly percental

11
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di erences is +53% which is in good accordance with the +48{52% enhancement
derived from the PG data two weeks before and after the eastern trees were cut
down (Fig. 2; Tab. | and Il). Exceptionally high PG values in the January 2017{
August 2018 time period enhanced the average taken from 2017{2019 diminish the
percental di erence between the monthly averages (Fig. 3; Tab. II).

Summary and Conclusions

The group of trees at the eastern side of the PG measurement site in NCK was cut
down on 24" February in 2020. This event caused a signi cant increase in the PG
by 48{52% compared to its former value based on the mean PG values taken from
the PG data two weeks before and after the cutting down of trees (Fig. 2; Tab. I).

The increase in the PG after the trees were cut out is not a regular enhancement
caused by the normal seasonal variation of the PG as the PG decreased in the same
periods in 2017, 2019, and 2021 as well (Fig. 3; Tab. I).

The annual variation of the PG in 2020 does not follow the regular annual
variation (Fig. 3). The PG in 2020 does not begin to diminish after February.
On the contrary, it shows a signi cant increase from February to March. This
phenomenon is most likely caused by the fact that the eastern trees were cut down
on the 24" February in 2020.

The numerically modeled increase in the PG is +78% which is higher than
the measured one (48{52%). Considering that the PG drops signi cantly in that
period of the year and the generally large variance of the PG values, the agreement
between the measured and the modeled change in the PG values is fair. Note that
the percental di erences between the monthly PG means in 2020{2021 and in 2017{
2019 also show a large variability, ranging from +14% (in October) to +98% (in
August) (Tab. Il). High PG values in January 2017{August 2018 tend to reduce
the deduced average percental enhancement causing a larger di erence between the
modeled and measured enhancements (Fig. 3).
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Abstract

On the 9™ of July, 2020, a detailed noise test was carried out in the Szchenyi Istan
Geophysical Observatory in order to survey the electromagnetic noises generated in
the very low frequency (VLF; 3-30 kHz) and extremely low frequency (ELF; 3 Hz -
3 kHz) bands by di erent electrical devices operating in the observatory. During
a 3 hour long period, the measurements of the observatory, the power supply
of buildings as well as solar panels and charging of the batteries were shut down
one-by-one and nally the main power supply from the nearby village Fergboz was
interrupted for a few minutes. A pair of induction coil magnetometers run from

a battery had been installed for this test period and provided information on the
changes in the ELF noise environment during the test. Although the ELF-band
noise contamination in the measurements reduced in connection to the elimination
of internal noise sources in the observatory, it seems that external noise sources
outside the observatory are too powerful and prohibit local monitoring of the Schu-
mann resonances in the atmospheric magnetic eld. Therefore, a new location for
a permanent magnetic SR station is needed.

Keywords: Extremely low frequency, Schumann resonance, ELF noise.
Motivation

Measurements of the atmospheric magnetic eld by induction coils in the Szchenyi
Ishan Geophysical Observatory (NCK) are contaminated by dierent articial
noises which hinder the detection of Schumann resonances (SRs) (Satori et al.,
2013; Bor et al., 2020). We usually attribute this noise contamination to the rail-
way lines which run near the observatory and have been electri ed well after the
establishment of the observatory. In the summer of 2020 a survey of electromag-
netic noises was carried out in connection to the re-installation of the renovated
VLF antenna. This opportunity enabled us to revisit the question on the origin of
ELF noise. The setup of the experiment allowed the separation of ELF noises of
internal or external origin in the observatory.

Description of the test measurements

A pair of induction coil magnetometers were installed temporarily near the obser-
vatory in the time period from 07/07/2020 to 13/07/2020. The sampling frequency
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Citation: Booki, T., B, J., Piri, D., Nowak, A., and Molrar, Cs. (2021): ELF Noise Test
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was set to 500 Hz. The measurement ran from a battery which assured the continu-
ous operation throughout the test period. The 3 hour long noise test was carried
out on the 9" of July, 2020. It began at 08:45 UT and ended at 11:30 UT. The
regular measurements of the observatory, the power supply of buildings as well as
solar panels and the batteries they charge were shut down one-by-one during this
period. Finally, the main power supply from the nearby village Ferpboz was also
interrupted for 6-7 minutes between 11:22 and 11:29 UT.

Results

Figure 1 shows dynamic spectra corresponding to the Kl and Hgyw eld com-
ponents from the day of the noise test. By comparing them to dynamic spectra
corresponding to the very same day but measured in a low ELF noise environment
near Magyargencs, Hungary (see Fig. 1 in Booki et al., 2021) it is clear that the
measurements are highly contaminated by noise. The noise contamination is higher
in the Hys eld component than in the Hgyw eld component. SRs are faintly
visible in the Hgy eld component, especially before midnight when the noise con-
tamination seems to be the lowest on this day. During the noise test (which took
place between 08:45 and 11:30 UT) the diminishment of certain narrowband noises
(e.g., at around 30 Hz) can be observed. An intensive, wideband noise (present in
both eld components) vanished as well around 9:00 UT but it is not clear whether
this disappearance had something to do with the noise test because the noise did
not appear again after nishing the noise test.

Figure 2 shows a view zoomed in on the test period. The upper limit of the
color scale has been modi ed in this gure to reduce the number of saturated data
points. SRs are more clearly visible in the By eld component during the test
period and they faintly appear in the Hys eld component as well. However, the
noise contamination is still high in both eld components. Note that at around
11:30 UT, a narrow stripe with remarkably reduced noise contamination can be
seen in the dynamic spectrum of the K s eld component. This time interval
seems to coincide with the full shutdown of the observatory's power supply which
took place between 11:22 and 11:29 UT. To investigate the ELF noise conditions
during this time interval we averaged spectra for 6-min long intervals before (11:16-
11:21 UT), during (11:23-11:28 UT) and after (11:30-11:35 UT) the full shutdown
(Fig. 3). Itis clear that the full shutdown of the observatory's power supply reduced
the noise contamination in the Hys eld component signi cantly. However, SRs
are still not really visible in the spectrum during this time interval with reduced
noise. The remaining noise contamination must come from outside the observatory,
probably in connection to the nearby electri ed railway line. On the other hand,
the noise level in the H:yy  eld component is practically the same in all of the three
time intervals which suggest that the internal noise sources in the observatory are
direction speci c.

We can conclude that even by eliminating all the internal noise sources in the
observatory (which is a huge technical challenge that is not solved yet) we can-
not obtain clear ELF spectra, therefore a new location is needed for a permanent
magnetic ELF station where SRs can be detected in a low ELF noise environment.
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Fig. 1: Dynamic spectra corresponding to the Hys (top panel) and Hew (bottom panel)
eld components from the day of the noise test which began at 08:45 UT and ended at
11:30 UT.

Fig. 2: The same dynamic spectra as in Fig. 1 for the 8:00 - 12:00 UT time period.
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Fig. 3: 6-min average power spectral density (PSD) spectra corresponding to time inter-
vals before (11:16-11:21 UT), during (11:23-11:28 UT) and after (11:30-11:35 UT) the full
shutdown of the observatory's power supply on the 9™ of July, 2020.
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Abstract

Extremely low frequency (ELF) eld measurements were organized near Hortokagy

in 2019 and near Magyargencs in 2020 to survey the observability of Schumann
resonances (SR) and properties of the ELF noise environment in the magnetic eld

in Hungary. The measurements serve our aim to nd an appropriate location for

a new permanent magnetic SR station. The location of the second test site (near
Magyargencs) was selected on the base of experience we gathered from reprocessing
high frequency magnetotelluric (MT) measurements in Hungary. Initial evaluation

of the eld measurements con rmed that it is not easy, but possible to nd places

of such low ELF noise levels in Hungary, which are suitable for monitoring SR.

Keywords: Extremely low frequency, Schumann resonance, Magnetotellurics.

Motivation

Recording of the magnetic eld in the ELF band began in November 1996 in the
Szchenyi Istan Geophysical Observatory (NCK) near Nagycenk, Hungary (Satori
et al., 2013; Bor et al., 2020). Unfortunately, the strong disturbing e ect of the
nearby electri ed railway line hinders the detection of clear ELF spectra and the
extraction of high-quality spectral parameters of SRs from these measurements.
This strong, arti cial noise contamination in the ELF band, which is connected to
stray currents induced by the railway tra c, varies in time and in frequency which
makes its analog or digital Itering practically impossible. Therefore, our group
has decided to nd a new location appropriate for establishing a new permanent
magnetic SR station. In order to gain a more general knowledge about ELF noise
conditions in Hungary and to nd the most appropriate location for the planned
station, eld measurements were organized and high frequency MT measurements
(with sampling frequency that enables the observation of SRs) were evaluated.
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