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Study on Impacts of Geomagnetic Disturbances on Power Systems
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This thesis focuses on the geomagnetic disturbances (GMDs), including
sudden commencements (SCs), main phase of magnetic storms and bay
disturbances, that induce large—amplitude geoelectric fields. The induced
electric field variations produce geomagnetically induced currents (GICs)
in power systems, which may cause harmful impacts to the power grids.
Sudden commencement events due to solar wind dynamic pressure pulses are
further investigated by magnetohydrodynamic (MHD) simulations, which
explains why power systems in high—-latitude regions are more susceptible
to GIC harm due to GMDs associated with field-aligned current (FAC) systems.

The first chapter provides a general introduction to the background of
this thesis. Basic knowledges of space physics involved in this thesis,
including solar wind, space weather, Earth’ s magnetosphere, current systems
in the magnetosphere and the ionosphere and GMDs and GICs, are described
in detail. The effects of geomagnetic disturbances on power systems are

also introduced from the facets of sources, mechanisms and results.

The second chapter shows the analysis of geomagnetic and geoelectric field
data measured at Kakioka Observatory in Japan to acquire a quantitative
relationship between them for different types of geomagnetic disturbance
(GMD) events, whose purpose is to establish a fast way of calculating the
geomagnetically induced currents (GICs) generated correspondingly in
Japanese power grids. First, regression equations for the relation between
the geomagnetically induced electric field and the corresponding
geomagnetic field variations at Kakioka Observatory are derived for 213
sudden commencements (SCs), 36 magnetic storms and 325 bay disturbances.
Then the GICs flowing in three power substations around the observatory
are calculated by using the empirical model of the previous study for a
certain power network (topology and parameters) based on the estimated
GIEs. The underlying maximum GICs for extreme GMD events are also predicted
through the generalized extreme value distribution (GEVD) method, which is
useful for evaluating the possible GIC risks against extreme GMD events

and forecasting the maximum GICs in a real—-time manner.

The third chapter deals with the geomagnetic disturbances that caused a
widespread blackout in Canada in March 1989 due to a GIC. In Canada, the
magnetic disturbances were observed to be positive (northward) at high-
latitude regions, whereas negative (southward) at low latitudes. The

tendency of the geomagnetic fluctuations is reasonably reproduced by the
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magnetohydrodynamic (MHD) simulations under a condition of solar wind
pressure pulse. The simulation results show that when an interplanetary
shock wave arrives, vortices of strong electric current start flowing in the
ionosphere, and move to the nightside. This current significantly changes
the geomagnetic field, which in turn induces large—amplitude electric
currents flowing in the power grids, and could result in the widespread
blackout in Canada in March 1989. In generating large GICs, the important
role of the current vortices in the ionosphere is pointed out. It is shown
that the shock—associated ionospheric current is harmful to power systems

in high-latitude regions not only on the dayside, but also on the nightside.

The fourth chapter describes the origin of the current vortices shown in
the third chapter. It is well known that when the interplanetary shock
arrives, field-aligned currents (FACs) are generated in the magnetosphere,
resulting in the intensification of the ionospheric currents and the magnetic
disturbances. However, the generation mechanism of the shock—associated FACs
is not fully understood. By using global MHD simulations, entire physical
processes from the interplanetary shock to the generation of the shock-
associated FACs are proposed. When the shock arrives, it compresses the
magnetosphere, resulting in two types of magnetic disturbances subsequently
observed. The first one is called a preliminary impulse (PI), and the second
one is called a main impulse (MI). The reason why the polarity of the FACs
during the preliminary impulse (PI) is different from that during the main
impulse (MI) is also explained in terms of dynamical processes. This study
provides a deep understanding of the geomagnetic response in high-latitude

regions to solar wind dynamic pressure jumps.

The fifth chapter 1is about conclusions and prospects. The chapter
summarizes the results obtained in the thesis and mentions putting forward

directions of future studies.
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