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1. Introduction

In Earth’s atmosphere, even without the presence of nearby
lightning or any overpassing clouds, there is a ubiquitous
quasi-static vertical electric field of natural origin all the
time. The main source of this electric field is the global
thunderstorm activity. The atmospheric electric field is an
important constituent of the Global Electric Circuit (GEC),
which is a global system of currents connecting the ionosp-
here and the ground. In the GEC, far away from any light-
ning strokes, the return current maintains the fair weather
electric field. The reverse of this electric field is called
atmospheric electric potential gradient (PG). The PG is a
readily measurable and versatile diagnostic tool in Earth

sciences and it is the main topic of my PhD thesis.

2. Motivation and objectives

Nowadays, there is a growing interest towards the mea-
surement of PG all around the globe with an ever incre-
asing number of geophysical observatories that host PG
measurements. One of the causes of this trend is that the
PG can be measured in a relatively cost-effective way and
a wide spectrum of environmental phenomena can be stu-
died with it not only via its continuous monitoring but via

occasional measurement campaigns as well.



PG research is greatly facilitated by the fact that the-
re are multiple long-term PG records available from dif-
ferent observatories which span over decades. One such
site is the Istvdn Széchenyi Geophysical Observatory of
the HUN-REN Institute of Earth Physics and Space Scien-
ce at Nagycenk (NCK) where quasi-continuous recording
of the PG commenced in 1962 and still lasts to date. Furt-
hermore, beside the PG time series of single observatories,
there are more and more international networks which co-
ordinate and integrate PG measurements from around the
world. An excellent illustration of one such network is the
so-called GIoCAEM (Global Coordination of Atmosphe-
ric Electricity Measurements) project lead by the Univer-
sity of Reading (United Kingdom).

One of the main motivations behind my PhD research
is to demonstrate how the PG can contribute to the study of
different electrical interactions among environmental pro-
cesses in the near-Earth space, and to introduce the concept
of PG to the national professional community of Earth sci-
ences experts in Hungary. A perfect opportunity for my
research was that I had access to the long-term PG dataset
measured at NCK and to PG data stored on the GloCAEM
servers. In my PhD thesis, I show how I performed the
correction and the trend analysis of the PG time series re-

corded at NCK based on on-site measurements, careful ca-



libration of the instruments, and numerical modeling, thus
eliminating the time-dependent electrostatic shielding ef-
fect caused by nearby trees from the data. Moreover, |
present how I quantified the impact of cutting down of the
trees at NCK in 2020, which was a sudden and power-
ful effect on the PG data. Ultimately, I demonstrate how
PG measurements can be used in cutting-edge geophysi-
cal research supported by a concrete example, namely, the
study of the eruption of the Hunga Tonga—Hunga Ha’apai
volcano in 2022.

3. My theses

I. thesis Based on numerical modeling, on-site mea-
surements, and instrument calibration, I de-
veloped a method to take into account and cor-
rect for the impact of the electrostatic shiel-
ding effect of nearby conducting objects on
PG measurements. The shielding effect pos-
es a serious problem in PG measurements as
in the case of many observatories where the
ideally flat and open area with a proper di-
mension can not be provided. With the aid of
this method, I assessed the shielding effect at
NCK.



I1. thesis

II1. thesis

Supporting publications: [1], [2], [S].

By correcting for the time-dependent electros-
tatic shielding effect of nearby trees at NCK
which led to a significant distortion of the re-
corded values, I produced a long-term PG da-
taset with which the decadal variations of the
GEC can be studied more reliably, thus, sol-
ving a long-standing scientific debate. I pub-
lished this dataset in an internationally recog-
nized, professionally reviewed data repository
and performed its trend analysis.

Supporting publications: [1], [2], [5], [7], [8].

Based on numerical modeling and on-site me-
asurements, I determined a new correction
factor after a group of trees have been cut
down at NCK in 2020 causing a sudden and
significant change in the environment of the
PG measurements. I have shown how an ab-
rupt change in the environment of the mea-
surements can cause dramatic variations in
PG data. Using this approach, I proposed a
method to quantify the sudden changes in the
PG that show a high variability, taking into
account the natural variations in the PG too.



IV. thesis

Supporting publications: [4].

In order to study the impact of the Hunga
Tonga-Hunga Ha’apai volcanic eruption in
2022, I used PG data from six stations around
the world. I found that in the main phase of
the eruption (15. jan. 2022 04:15-06:20 UTC)
the PG records displayed a distinct increa-
se. The mean enhancement in the PG records
(+21-25%) was significantly greater than that
of the globally-representative natural diurnal
variation of the PG (+7,4%) or of the enhan-
cement derived from parallel lightning detec-
tions (+15,6%).

Supporting publications: [3], [6].
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