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The Impact of Space Weather on Society
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The reasons for the study?

 First solar flares, white light solar flares, is detected
on September 1, 1859 by one of England’s foremost
solar astronomer.

 On August 4, 1972, when a huge solar flare knocks
out long distance telephone communication across
Illinois.

 March 13, 1989, similar flare provoked geomagnetic
storm that disrupted electric power transmission
from Hydro Quebec generating station in Canada.

 Malmo in Sweden also experienced GIC problems
leaving 50000 customers in power blackout on 30th
October, 2003 which lasted between 20 and 50
minutes.



• Poppe and Jordan (2006) gave an example of a
transformer in South Africa that was damaged by GICs
during the famous Halloween storms in October and
November 2003.

• Koen and Gaunt (2002) compared the GIC and dH/dt
and showed that when dH/dt >30 nT/min, the induced
current have effect on power grid.



Six steps of the space weather chain from the Sun to the ground (Adopted from Antti Pulkkinen, 2003)





 During geomagnetic storms, the current in the higher latitudes changes as a result of the
solar wind. These currents produce their own magnetic field and, combined with the Earth’s
magnetic field, are called geomagnetically induced currents (GICs).

 GICs are the ground end of space weather effect which are driven in technology systems
such as electrical power transmission grids, oil and gas pipelines, phone cables and railway
systems by the geoelectric field induced by geomagnetic storms at the Earth’s surface.

 In the recent times, systems in the high and mid latitudes, such as United States,
Canada, Scandinavia , United Kingdom, Nurmijarvi, Russia, South Africa etc, are at
particular risk because Earth’s magnetic fields converge near the geographic poles

 Oil and gas pipelines can be damaged by corrosion when buried in the ground. The
voltage between a pipeline and the Earth strongly influence the electrochemical
environment at the pipeline surface, which leads to corrosion occurrence (Trichtchenko and
Boteler, 2002; Boteler, 2000; Gummow, 2002).

GIC impacts on railways have not been much investigated yet but evidence of anomalies
in railway signaling systems due to GIC exists at least in Sweden and Russia (Ptitsyna et al.,
2008; Wik et al., 2009; Eroshenko et al., 2010).





Impacts of GIC on power systems

 The geomagnetically induced currents appear to a
transformer as a slowly-varying DC current.

GIC flowing through the transformer winding
produces extra magnetisation which, during the half-
cycles when the AC magnetisation is in the same
direction, can saturate the core of the transformer.

This results in a very spikey AC waveform with
increased harmonic levels that can cause misoperation
of relays and other equipment on the system and lead
to problems ranging from trip-outs of individual lines to
collapse of the whole system.



 Saturation of the transformer core
produces extra eddy currents in the
transformer core and structural supports
which heat the transformer.

The large thermal mass of a high
voltage power transformer means that
this heating produces a negligible change
in the overall transformer temperature.

However, localised hot spots can occur
and cause damage to the transformer
windings.







Measurement of GIC flowing in a power transmission line by using a magnetometer 
below the line and another magnetometer for reference data further away (Viljanen et 
al., 2009)
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Gauss’ Law

where E is the electric field,      is charge density,       is electric permittivity of free 

space. Gauss’ law states that the electric field given by an electric charge diverges 

from positive charge and converges upon negative charge

o

20  B Gauss’ Law for magnetism

where B is the magnetic field. Gauss’ law for magnetism states that the divergence of 

the magnetic field at any point is 0, or that no magnetic monopoles exist.
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dt

dB
E Faraday’s Law

Faraday’s law states that a circulating electric field is produced by a magnetic 

field that changes with time

Maxwell’s Equations
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dt

dE
JB oo  Ampere-Maxwell’s Law

where J is current density and µ0 is magnetic permeability of free space. Ampere-
Maxwell’s law states that a circulating magnetic field is produced by an electric current
and by an electric field that changes with time.

Maxwell’s equations can also be expressed through the three constitutive relationships,
which relate electromagnetic fields to the properties of materials through which they
propagate:

5 EJ 

where D is the displacement

6 ED 

where σ is the electrical conductivity of a material (inverse of electrical resistivity ρ).



Modeling of geoelectic field

 Modeling of GIC can be done in two steps of calculating the horizontal electric
field at the Earth’s surface and to compute the current driven by the electric
field in a specific conductor system (Pirjola, 2002a).

 Several researchers have used one-dimensional (1D) model of the Earth
conductivity structure, to examine the relationship between electric field and
magnetic field using plane wave surface impedance (Viljanen et al., 2001, 2006;
Trichtchenko and Boteler, 2002; Ngwira et al., 2009; Falayi and Beloff, 2012;
Dong et al., 2015, Falayi et al., 2018).

 Wait, 1981 and Boteler et al., 1998 used complex image method (CIM) to
compute the geoelectric field variation of the Earth’s surface.

 There is a direct relationship between geomagnetic field and geoelectric field
variations in the Earth’s surface which is modulated by the conductivity
structure
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Ex and Ey denote north and east components of the geoelectric field, respectively, while σ
represents the local ground conductivity and µ is the magnetic permeability in the Earth 
with the value of  4X10 7 H/m.
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The relationship between the electric and magnetic fields in the time domain are



 To examine the features of the horizontal geomagnetic field which is a proxy for GIC at
the Earth surface (Viljanen et al., 2001).

 Large GICs are always associated with large values of the time derivative of the
geomagnetic field, and especially with its horizontal component (dH/dt).

 Coles and Boteler (1993) and Boteler et al. (1997) studied the occurrence of large time
derivatives of the magnetic field components when evaluating GIC risks in Canada
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Time derivatives of geomagnetic 





 It is not surprising that the
high region experiences strong
electric field amplitudes given
its higher magnetic latitude
(680– 500E).

For the storm-time
disturbances, the largest
electric field amplitudes are
found in ABK (Abisko) region at
high latitudes (> 60oE).



Wavelet Power Spectrum

Wavelet analysis is a strong instrument to investigate the dominant mode of variation
and to evaluate how it changes with time, by breaking down a nonlinear time series into
time- frequency space.

 Nowadays, several researchers are using a wavelet spectrum analysis approach to 
examine space weather data.

 This wavelet spectrum provides impartial and stable estimation of the power spectrum 
and it is a better way to characterize the time series variability.



Fig. 2. Wavelet spectrum analyses of the horizontal  
geoelectric field on 4 November 2003 
(a) Abisko (b) Nurmijarvi (c) Sodanklya (Falayi et 
al., 2018)



 The 4 November 2003 geomagnetic disturbance shows daytime
intensification of the wavelet power spectrum of the EH across the
selected magnetic observatories

 The energy distribution of the wavelet power spectrum of the 
horizontal geoelectric field (EH) is enhanced during the day time

 The high-latitude regions experience strong geoelectric field
fluctuations during the geomagnetic disturbance periods.





Fig. 2. Interplanetary 
parameters and geomagnetic 
parameters on 9 November 
2004, Bz, v, Ey, SYM-H index, 
GIC, dB/dt, AU (blue line) 
and AL (green line) indices  
(Falayi et al., 2017)

Fig. 3Wavelet spectrum 
analyses of the geomagnetic 
induced current on 9 
November 2004.



 The wavelet power spectra for the daily GIC at Nurmijarvi geophysical observatory. It 
was observed that there are more concentration of power between the 18–22 h on 9 
November 2004.

The higher energy wavelet coefficients are more significant at a high frequency this 
is might be influenced by the strong ionospheric currents at Nurmijarvi.

The enhancement of the GIC might depend on temporal and spatial structure of the 
magnetospheric and ionospheric electric currents source and distribution of the 
conductivity in the Earth

 Also, GIC are influenced by current systems that vary rapidly with time and also 
assumed to be related with the main phase of the geomagnetic storm



Recommendation for Power Failure

 Ground based technology are prone to GIC
when oriented east-west, rather than north-
south. The ionospheric response is associated
with geomagnetic disturbance which usually
flows in an east west direction including GIC.

According to Pirjola (2002) implementation of
series capacitors in transmission lines or in the
earthling wires of transformer are readily
available technology that can be used to block
GIC



Interconnectedness should be discourage because it
increases vulnerability. When a geomagnetic storm
damages one piece of equipment, another
connected to the affected system can also
experience power failure.

During geomagnetic disturbance and when electrical
power grids are highly loaded, increased power
demand from customer and industry led to the
system operating closer to their limit or above their
limit making susceptible to external disturbance

Measuring and monitoring of ground based
technology especially at site vulnerable to GIC.



Future Work

To investigate and analyze the chaotic
behavior of time derivatives of the horizontal
component of geomagnetic field during the
geomagnetic storm
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