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Earth’s total field in 2015
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= The variability of the ground field. ..

... is due to the changes in the Sun, solar wind and solid Earth.

The Sun-Earth geometry Dipole tilt

Solar B-field complexity

The solar storms
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- The variation of ground magnetic field is due to the external and internal (induction) sources
- Our goalis to find the time intervals and locations when the role of induction is the largest

Aurora Forecast Foreeast For: 2018-02-27 08:20 UT

-Pri Hemispheric Power: 17.90 GW
OVATION-Prime Model (Typical Range 5 to 150 GW)

Probabi\it of Visible Aurora

10% 50% 90%

Model Run at: 2018-02-27 07:50 U
Observation Time: 2018-02-27 07:50 U

Northern hemisphere Southern hemisphere
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Quiet = weak geomagnetic fluctuations (dB/dt) over a limited latitudinal range

|dX/dt| = 0.01 nT/s
|dX/dt| = 0.21 nT/s
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|dX/dt| = 0.01 nT/s

@ 10X/dt| = 0.21 nTss

5000 nT

X-COMPONENT
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st S Hemispheric comparison

—> Similar year-to-year variability in the northern and southern hemispheres
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Magnetic fluctuations'disturb infrastructure

..

A transformer destroyed by 1989 magnetic storms




The role of induction
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= The role of induction increases away from the auroral oval due to the Sun-Earth geometry



Effect of crust structure

The role of induction increases towards the coastal stations

o |dX/di| =0.01 nT/s
|dX/dt| = 0.21 nT/s
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- The role of induction increases close to the sea due to the crustal structure differences
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i SN Globally averaged effects

The typical internal field contribution is 40% during the rapid field variations
(0.2 nT/s and 120 nT/10 min) e.g. during Pc5 pulsations or substorm onsets.
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The inductive is on average about 40% of the IL during substorm onset, while during other
substorm phases it is about 20% and at the geomagnetically quiet times around 10-15%.
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Tanskanen & Franzia, Earth climate response to a changing Sun, 2015b
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Geomagnetic storms

Geomagnetic storms occur typically once per week.

Number of days with a storm in a year
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e S High-speed streams drive high-latitudes

... and ICMEs low latitudes.

ICME vs. substorms HSS vs. substorms
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Tanskanen et al., 2005; Tanskanen et al., 2017a
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#= ‘W  Seasonal variation paradigm change

Old paradigm:

Multiyear averages

Geomagnetic activity maximizes in spring and fall.

New paradigm: s Spring
Geomagnetic activity can maximize at any solar cycle phase T
depending on the state of the solar wind and the Sun.

“While mechanisms leading to the classical two-
equinox maxima pattern are in operation, the long-
term change of solar wind speed tends to mask the
effect of these mechanisms for individual years.”

i Fall

Tanskanen et al., JGR, 2017b, Peitso et al., Space Weather 2018. orth e

Close-to-classical
semiannual variation

Fall-dominance Entire year active  Solstice-dominance
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s S Sun-Earth magnetic coupling methods

Complex active regions (CARs) produce Fast solar wind originating from the polar
complex interplanetary magnetic field. Hale coronal holes carry solar wind fluctuations
classification used: a, 3, By, PyO ... from the Sun towa[ds the Ear,th.

AIA 211 - 2015/03/31 - 19:29:59Z
Tanskanen et al., JGR, 2017a
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Mineral resources

Comet Interceptor
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