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Introduction

Bad space weather can cause geomagnetic storms 
on Earth. Geomagnetically Induced Currents (GIC) 
caused by geomagnetic storms can damage the UK’s 
power network, risking the security of the electricity 
supply .

In 1989, the Quebec grid shut down because of 
space weather, causing economic losses in the 

2
millions of dollars . In the UK two of National Grid’s 
major transformers were damaged by GIC in the 

3
storm and were replaced .

A 2008 US National Academy of Science report 
estimated a trillion dollar risk to the United States 

4
from a solar super-storm .

Figure 1. Space weather impacts a range of modern technologies that we rely on. 
Credit NASA 
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Analysis

The method of extreme value statistics is applied 
to 30 years of 12 hour de-clustered and 99.97% 
thresholded 1-minute geomagnetic data for 28 

5
magnetic observatories in Europe .

Figure 2. Measured maxima in dH/dt (i.e. the time rate of change in H) at 28 European 
magnetic observatories, spanning up to 30 years of digital operation. H is the strength in 
nano-Tesla (nT) of the horizontal magnetic field. H is around 50,000 nT in the UK. dH/dt 
most closely mirrors GIC flowing in power grids.

One in 100 and one in 200 year estimates for the 
rate of change of the horizontal magnetic field 
(significant for GIC) and of the compass direction 
(significant for navigation accuracy) are derived.

Figure 3. Observed (top) and predicted 1:100 year (middle) and 1:200 year (bottom) 
maxima in dH/dt (left) and in dD/dt (right). H=horizontal magnetic strength in nT; 
D= compass variation in degrees about true north.

Impact
BGS is working with National Grid and the UK 
government to assess the impact on the UK 
transmission system of a >1:100 year event, based 
on the results of our paper.

Figure 4. GIC in transformer earth lines from a hypothetical extreme event defined as 
dH/dt=5000 nT per minute. Left: GIC due to magnetic variations in a north-south 
direction; Right: GIC due to magnetic variations in an east-west direction. Reality will be a 
combination of both. 

BGS space weather analysis contributes to the UK 
government’s National Risk Assessment and 
Register, the Natural Hazards Partnership, the UK 
space weather strategy, and European and 
international collaborations.
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