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Space weather is a global phenomenon which poses significant risks to both space-based assets and ground
infrastructure. However, the impacts felt on the ground are often extremely localised and short-lived. Therefore,
the ability to provide accurate, long-lead, and actionable forecasts remains a challenging problem. For example,
sudden and dramatic enhancements of Geomagnetically Induced Currents (GICs) can be driven by short-lived and
localised magnetic field structures in which the driving mechanism is not well understood. To improve forecasting
capabilities, and for a complete understanding of the global space weather problem, it is important to study and
quantify the nature, occurrence, and origin of localised of space weather effects. In this work, we focus exclusively
on the impacts measured by Swedish ground-based magnetometers.

We thoroughly investigate several case studies in which Sweden was subject to extreme space weather ef-
fects in the form of large and localised GICs. Each of our events began with a prolonged period of southward
IMF providing substantial energy input to the magnetosphere. The extended loading and “preconditioning” of the
magnetotail was likely followed by a sudden but large energy release, enhancing the ionospheric currents which
map to the Swedish station latitudes. We examine the physical magnetosphere-ionosphere coupling mechanisms
and magnetospheric configurations which drive these local and harmful “spike-like” events. We also put these
results into context with localised conditions such as the ground conductance and regional infrastructure.


