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Abstract

This tutorial introduces geomagnetically induced currents (GICs) from a power quality (PQ)
point of view. It covers measurement results, monitoring methods based on
measurements, geographic validation studies from research conducted by the speakers.
The main goal of the tutorial is to explain what causes geomagnetic disturbances, how they
affect power quality, and mainly on how to detect them from PQ measurements.

The tutorial begins by briefly explaining how GICs are originated during geomagnetic
disturbances triggered by solar activity, such as coronal mass ejections. It describes how
these currents travel through long transmission lines and flows to the transformer
neutrals. This can cause half-cycle saturation, leading to harmonic distortion. Special
attention is given to even harmonics, which are a better indicator of the impact of solar
storm on the power grid that measurements of geomagnetically induced currents.
Examples of measurements from high-voltage transmission systems in high-latitude
locations will show that these harmonic patterns are affected by changes in the
geomagnetic field, ground conductivity, and system loading/generation. The discussion
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also covers the analysis beyond of propagation of GIC-related harmonic to medium- and
low-voltage networks.

The tutorial also introduces a data-driven approach for large-scale monitoring using deep
anomaly detection applied to long-term harmonic measurements. The approach enables
screening of large historical datasets and supports situational awareness during
geomagnetic disturbances.

The tutorial then expands the analysis beyond high-latitude transmission grids. It is
presented a case study at the South Atlantic Anomaly (SAA), which is a region where
significant GIC-related disturbances can occur at mid and low latitudes. The results of this
analysis are cross-validation with space weather indicators and simultaneous observations
in different geographic regions validation. Moreover, cases of protection misoperation at
the analysis at a power system at SAA due to high harmonic content during GIC are
presented.

This way, the tutorial provides a practical workflow for understand the PQ variations and
events during geomagnetic disturbances.




