dB/dt spikes during Space Weather
events
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The Sun and its atmosphere
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The solar-terrestrial environment

SOLAR ACTIVITY AND ITS EFFECTS ON EARTH
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Earth’s magnetosphere
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Impacts of geomagnetic storms on
the Earth’s magnetosphere
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Earth’s magnetosphere

Magnetospheric currents systems
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Earth’s current system in the polar regions
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CORONAL MASS EJECTION
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The St Patrick’s storm: Mar 17, 2015

GICs in Scandinavia

Shock arrival

17 March 2015
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Map of the SuperMAG stations

« Worldwide coverage (ESA, NASA, NSF)
« Green = geographic coordinates
* Blue = geomagnetic coordinates

https://supermag.jhuapl.edu/



Map of the IMAGE stations

o e e
o
Scandinavia coverage (SGU, IRF, e - o
FMI, nfu, UiT, Un. Of Oulu, GFZ, t
In. of Geo. Polish Aca. Of Sci.) j BN e

41 stations

10 sec and 1 sec resolution

UMEA UNIVERSITY

https://space.fmi.fi/image/




Map of the MAG-SWE-DAN stations

« Extended Scandinavia coverage (SGU, DTU, ESA)
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Detection of dB/dt spikes during storms
Statistics

« Storms: Storm list created for this study by M. T. Walach (Oct
2020)
« 307 storms with a SYM-H index < -100 nT

« Magnetic data: SuperMAG global magnetometer network
(Gjerloev, 2012)
« 1 min data, NEZ coordinates, all stations available for the storm
« Threshold:
1. Moderate spikes |500| nT/min < |dB/dt| < |1000|
nT/min
2. Extreme spikes > [1000| nT/min
3 categories of spikes :
1. good,
2. after/before data gap,
3. doubtful
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Examples of dB/dt spikes

Good data Doubtful data
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Evening and morning hotspots for dB/dt
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Statistics of dB/dt spikes during storms
dB,/dt spikes
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AU/AL [nT]

Spatio-temporal sequence
Halloween 29 Oct 2003 -dB/dt

Schillings et al., 2022,
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AU/AL [nT]

Spatio-temporal sequence
Halloween 29 Oct 2003 -dB/dt
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AU/AL [nT]
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Individual storms and spikes
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The St Patrick’s storm: Mar 17, 2015
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The St Patrick’s storm: Mar 17, 2015

GICs in Scandinavia

Shock arrival

17 March 2015
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Individual storms and spikes
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Conclusions

Solar eruptions create (strong) perturbations in the Earth’s
environment and particurlarly in the geomagnetic field -> induced
currents at the surface/disturbances in GNSS

Clear MLT periods where dB/dt spikes are more likely to occur
Spatio-temporal evolution of the dB/dt spikes during storms

The St Patrick’s storm (Mar 17, 2015) is an example of a space
weather event, where GNSS signals perturbations and impact on
transformators
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