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Abstract:

Solar originating events are continually evident in galactic cosmic ray (GCR) flux registered
at the ground by neutron monitors and in situ by space probes. We analyze time intervals of
sporadic Forbush decreases (Fd) during the ascending phase of solar cycle 24. We consider
cosmic rays flux, as well as, solar, heliospheric and geomagnetic activity parameters, around these
periods, using different mathematical tools. Moreover, for this epoch of solar activity we compute
geoelectric field for the Poland’s region using a 1-D layered conductivity Earth model. Against
the background of the above-mentioned parameters, we analyze the number of failures in southern
Poland transmission lines. Our results reveal the increase in the superposed averaged number
of failures around the appearance of solar transients visible in the GCR flux, suggesting their

potential coupling.
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1. Introduction

European space weather definition states that "Space weather is the physical and phenomeno-
logical state of natural space environments. The associated discipline aims, through observation,
monitoring, analysis and modelling, at understanding and predicting the state of the sun, the inter-
planetary and planetary environments, and the solar and non-solar driven perturbations that affect
them; and also at forecasting and nowcasting the possible impacts on biological and technological
systems" [1].

Space weather effects may be very pleasing to the eyes, generating beautiful aurora. Unfortunately,
they can also have negative impacts, for instance, on electrical and electronic equipment. This is
why we need to learn increasingly about the mechanisms, features, and origins of space weather
events using, among others, various mathematical tools.

In many countries, the space weather issue is a part of national security policy. The White House
document published in March 2019 entitled ’ National Space Weather Strategy And Action Plan’ be-
ing the product of the Space Weather Operations, Research, and Mitigation Working Group, Space
Weather, Security, and Hazards Subcommittee, Committee On Homeland and National Security of
the National Science & Technology Council states: "The National Science and Technology Coun-
cil (NSTC), through the Space Weather Operations, Research, and Mitigation (SWORM) Working
Group, has led the coordination of Federal activities to enhance American preparedness for and
resilience to the effects of space weather. This National Space Weather Strategy and Action Plan
provides strategic direction, identifies key actions, and calls for continued coordination across
space weather and critical infrastructure stakeholders to promote American leadership in research,
technology, and innovation. Through the NSTC, I am committed to coordinating the implementa-
tion of this Strategy and Action Plan across executive branch departments and agencies to build a
space-weather-ready Nation" [2].

The National Oceanic and Atmospheric Administration (NOAA) introduced Space Weather Scales
as a means of informing the society about the space weather situation and their potential impacts
on people and various systems. These scales pronounce the environmental instabilities for: geo-
magnetic storms, radio blackouts, and solar radiation storms. The scales list possible effects and
display how often such events may happen. They also provide a detailed measure of the intensity
of the physical reasons [3].

One of the space weather impact aspects, namely, on electrical networks, was extensively studied
not only in North America [4, 5] and Scandinavia [6—8], but also in Europe: in United Kingdom
[9], Spain [10], Greece [11], Italy [12, 13], Austria [14], the Czech Republic [15, 16], and finally,
by us, in Poland [17-20].

2. Results

For the maxima and near maxima epochs of solar activity after the powerful coronal mass ejecta
and solar flares, there are observed short period disturbances (shock waves, magnetic clouds etc.)
in the interplanetary space with the drastically massive range changes of the solar wind velocity,
density and the components of the IMF. As a rule, the powerful disturbances in the interplanetary
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space go along with the short period decreases (called Forbush decreases, Fds) of the GCR intensity.
The classical, sporadic Fds appear randomly in time, rarely without any regularity, increasing its
frequency in ascending and descending phases of the solar sunspot cycle. They are characterized
by the rapid decrease in the GCR intensity during one-two days (as observed on Earth) followed
by its gradual recovery in 5-7 days [21]. The usual amplitude (minimal GCR intensity reduction
with respect to the GCR intensity in the Fds onset in %) of the Fds is about 5-20% for the GCR
particles’ relative energy of 10 GV (e.g., [22, 23]). Using these Fds characteristics, we have listed
the sporadic Fds in the years 2010-2014. We have faced Fds occurrence against the number of elec-
trical grids failures using the superimposed epoch analysis. Superposed epoch analysis is a method
reviling relationships between the analysed time series [24]. [25] investigating the correlation of
the geomagnetic storm phase with a temporal variation of plasma found at geosynchronous orbit,
showed that one of the crucial factors for the plasma sheet density is phase of the solar cycle. We
[17] have shown that the increase in the superposed averaged number of electrical grids failures
(EGF) appears around one day after the fast halo CME occurrence, on the day of sudden storm
commencement (SSC), as well as around zero-day or the day after when the Kp index was greater
or equal 5.

We define the so called zero days as a key time, among the data of minimum phase of the Forbush
decreases. Next, we extract subsets of data of EGFs in South Poland in January 2010- July 2014
(of particular type, for details see [18]) 3 days before and after each key time. Subsequently, we
superpose all extracted subsets of failures synchronizing all zero days. Our results are shown in
Figure 1a. To visualise the overall situation in the Earth vicinity we perform the Chree analysis
for the same days using the data of geomagnetic Dst-index [nT] (Figure 1b), heliospheric magnetic
southward component Bz[nT] (Figure 1¢) and computed geoelectric field, E [mV/km] (Figure 1d).

Details of E = /E)z( +FE )2, computations are given below. Figure 1 shows that the day before the Fd
minimum phase there was a double growth in the EGF connected to the electronic devices, which
was a day after the ~ 350 % increase in the Bz value. Two days after the Fds minima there was ~
100 % growth in the all three groups of EGF.

We use also ML methods, such as self-organizing maps, which are a sort of artificial neural network
trained with unsupervised learning [26]. Figures 2-3 display samples of our results, showing that
during the Grunwald Battle Storm the EGFs caused by the aging of infrastructure elements (Figure
2) and EGF having unknown reasons (Figure 3) are in the same neutron as SWd and other solar
wind properties are closely located (the blue hexagons represent neurons, and the red lines show
which particular neurons are connected).

3. Summary

Analysis of each individual geoeffective event in the framework of transmission lines failures
can be a clue in revealing a collective characteristic of the state of the near heliosphere, ionosphere,
geomagnetosphere, which may contribute to the number of failures increase.
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Figure 1: The superposed averaged values of (a) electrical grids failures number (caused by the aging,
electronic devices breakdowns and having unknown reasons), (b) Dst-index changes, (c) Bz component of
the HMF and (d) geoelectric field E, with a key time connected to the minimum time of Forbush decreases.

The value of 0 on the Y axis denotes normalized average value around Fds
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Figure 2: SOM neighbor weight distances with weight values of connections between neighboring neurons
for the case when only failures caused by the aging are incorporated into the computations, around the strong
geomagnetic storm on 15 July 2012. Colors from black to yellow display the weight values of the connections
between neighboring neurons
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Figure 3: As in Figure 2, for the case when only failures having unknown reasons are incorporated into
consideration, around the strong geomagnetic storm on 15 July 2012
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