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Abstract
The EURISGIC project (European Risk from Geomagnetically Induced Currents) will pro-
duce the first European-wide real-time prototype forecast service of geomagnetically induced
currents (GIC) in power systems, based on in-situ solar wind observations and simulations of
the Earth’s magnetosphere. By utilising geomagnetic recordings, we will also derive a map
of the occurrence of GIC throughout Europe, and assess worst-case scenarios.

1 Introduction

Space weather is the physical and phenomenological state of natural space environments. The as-
sociated discipline aims, through observation, monitoring, analysis and modelling, at understand-
ing and predicting the state of the Sun, the interplanetary and planetary environments, and the
solar and non-solar driven perturbations that affect them, and also at forecasting and nowcasting
the potential impacts on biological and technological systems [1]. At the Earth’s surface, space
weather manifests itself as geomagnetically induced currents (GIC) in technological conductor
networks, such as electric power transmission grids, oil and gas pipelines, telecommunication ca-
bles and railway circuits [2]. GIC effects were already found in the first telegraph equipment in the
mid-1800’s [3] much before a proper understanding of the near-Earth space environment and the
solar influence on it. GIC is a quasi-dc phenomenon with typical frequencies below 1 Hz. Such
currents can cause unwanted disturbances in AC power grids operating at 50 Hz or 60 Hz.

There are several previous GIC studies on single national power grids around the world. The
EURISGIC project (Mar 2011 - Feb 2014) is the first one which considers a continent-wide grid
model together with a long time series of magnetic recordings and also aims at providing a forecast
service. The main objectives of EURISGIC are to derive:
1) Map of the occurrence probability of large GIC throughout Europe
2) European-wide real-time prototype forecast service of GIC
3) Worst-case GIC scenarios based on historical data

2 Methods

The flow of GIC in a network is easy to understand based on Faraday’s and Ohm’s laws. The
geomagnetic field experiences temporal variations during a space weather event. They are ac-
companied by a geoelectric field, which drives currents in conductors. In practical modelling,
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Fig. 1: Prototype model of high-voltage power grids in Europe [6].

the determination of GIC is usually divided into two parts or steps. There are the ”geophysical
part” and the ”engineering part” referring to the modelling of the horizontal geoelectric field at the
Earth’s surface and to the calculation of GIC in the particular network, respectively [4].

To model the geoelectric field, we relate the local magnetic field to the electric field by the
surface impedance that is determined by the local layered ground conductivity structure [5, 6].
From the electric field, we can calculate voltages affecting the transmission lines and the resulting
currents by solving a straightforward DC problem [7].

The power grid model in Fig. 1 provides a realistic coverage of Europe, although neither all
substations nor all lines are included, and resistances are approximate [6]. Geomagnetic data as 1-
min values are from tens of observatories in 1996-2008 covering a full sunspot cycle. The ground
conductivity model contains tens of different blocks across Europe (Fig. 2) [6, 8].

3 Results

3.1 Occurrence of GIC in Europe

We have derived several statistical measures of GIC including, for example, the occurrence at
single stations, diurnal, seasonal and year-to-year variations. As an example, Fig. 3 shows the 60
stations in South and Central Europe which have the largest GIC in 1996-2008. There is a cluster
of ”hot spots” in the middle parts of the grid in a zone from France to Hungary. This region has a
small conductance as shown in Fig. 2, so large electric fields and GIC can be expected there.

3.2 Steps towards a forecast service

The most challenging part of the project is to develop a test forecast service of GIC in Europe.
Magnetosphere-ionosphere simulations using real-time solar wind observations as input will pro-
duce the input geomagnetic field at the Earth’s surface. Two different codes are used: European
GUMICS-4 [9] and the US Solar Shield [10]. As an alternative approach, an empirical method has
been extended to relate solar wind parameters directly to ground magnetic field variations [11].
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Fig. 2: Conductances in Europe with integration depths of 0-80 km based on [8].

Fig. 3: Sixty stations with the largest GIC in South and Central Europe in 1996-2008.

3.3 Worst-case scenarios

For GIC statistics, we have used data of one sunspot cycle (1996-2008). This gives a compre-
hensive understanding of the average geographic, diurnal and annual characteristics in Europe.
However, much longer time-scales must be considered to be able to estimate the extreme limits.
This is a demanding task, since GIC events with major effects on power grids have been rare with
the March 1989 and October 2003 geomagnetic storms as the best-known cases. Additionally,
large power grids have existed only for some tens of years, which is a short time in solar scales.

4 Conclusions

The first two years of the EURISGIC project have provided a solid basis to model GIC in a high-
voltage power grid covering whole Europe. The largest remaining challenge is the GIC forecast
service, which will still require a lot of further improvements and fine-tuning of the simulation
codes and of the empirical modelling.
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