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MOTIVATION: Our research focuses on investigating
strong geomagnetic storms that occurred during the
solar cycle 24. These kind of storms appeared not so
often, and typically were accompanying by a southward-
directed heliospheric magnetic field Bz. Through the use
of different machine learning techniques such as self-
organizing maps, we have demonstrated that an increase
in the number of transmission line failures, potentially
caused by solar activity, was observed during and
immediately after strong geomagnetic storms. In
addition, we analyzed the evolution of transmission line
failures between 2010 and 2014 and observed a linear
increase in their frequency, which may be associated
with solar activity. To further investigate this connection,
we compared these findings with the geoelectric field
computed for the region of Poland, utilizing a 1-D layered
conductivity Earth model.
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Torta et al., 2012: attempt to study and measure GICs in southern European (Spain) power grids, 

a region considered to have low GIC-risk up to the present

Zois, 2013: Contrary to common belief in PPC Greece, we see that there are considerable both 

short term (immediate) and long term effects of solar activity onto large transformers in a mid-

latitude country like Greece

Bailey et al., 2017: We demonstrate that the Austrian power grid is susceptible to large GICs in 

the range of tens of amperes, particularly from strong geomagnetic variations in the east-west 

direction. 

Tozzi et al., 2019: Results show that during periods of high magnetic activity, potentially 

detrimental GICs could flow through the power network, especially at the highest Italian latitudes 

that are characterized by a low conductivity lithosphere. 

Švanda et al., 2020: We show that in the 5-day period following the commencement of 

geomagnetic activity there is an approximately 5-10% increase in the recorded anomalies in the 

Czech power grid and thus this fraction of anomalies is probably related to an exposure to GICs. 
…
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Groups (numbers as in the left column of the Table) and 
six general clusters of the EGF causes in 2014

Gil et al., 2019a, doi: 
10.1186/s13362-019-0064-9

Gil et al., 2021a, doi: 
10.1051/swsc/2021013

Linear regression of the annual percentage rate of EGFs
from D-F groups in 01.2010–07.2014 (circles, left axis) and 
yearly changes of SSN (squares, right axis).



Earth conductivity varies in all directions, but the greatest variation is with depth

Layered Conductivity Model

Geoelectric Field Computation, Transfer Function - 1D model

N layers, each specified by conductivity (σn) and thickness (ln)

Boteler, 1994; Boteler, 2012; 
Boteler and Pirjola, 2019



Adam et al., EURISGIC, FP7, 2012Figure: 1D resistivity models in Europe
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SOM neighbour weight distances
with weight values of connections
between neighboring neurons for
the intense geomagnetic storm
19.02.2014. The blue hexagons
represent neurons, and the red
lines show which particular
neurons are connected. Colors
from black to yellow display the
weight values of the connection
between neighboring neurons
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10.1007/s11207-023-02119-4



PCA biplot around the intense geomagnetic storm on 19 February 2014 Gil et al., 2023, doi: 10.1007/s11207-023-
02119-4
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Summary
• We find that the yearly average number of transmission lines failures (which might be of 

solar origin, i.e. from clusters D-F) in the South Poland show a rising trend from 2010 (near
SA min) to 2014 (SA max). Thus, it can be an indication of solar cycle phase dependency.

• The presented rapid growth of the number of electrical grids failures coincides in time 
(mostly with some delay) with an increase of geomagnetic activity mirrored in the increase 
of geoelectric field disturbances reflected in GICs. This suggests a link to the space weather 
effects. The mentioned delay in EGFs emergence may be connected to some cumulative 
effect due to the result of transient states and their propagation in the distribution network.

• SOM, PCA and HAC analysis showed that the solar-wind parameters have the most 
substantial connections with all the considered types of electric–grid failures in southern 
Poland in all the storms under study. These parameters are usually grouped in the same 
cluster with failures in more than 80% of the results.

Thank you!
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