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Magnetic environment
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The Sun and Earth are magnetically coupled

High Speed Streams
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Earth”s total field in 2015
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The variability of the ground field...

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

Incoming solar racation
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Non-storm substorm at high-latitudes

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

IMAGE magnetometer network 1999-01-01
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Storm-time substorm at high-latitudes

o |dX/dt| = 0.01 nT/s
Q IdX/dt| = 0.21 nT/s

IMAGE magnetometer network 2003-10-29
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Stronger substorms toward mid-latitudes
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/ ‘Decadal Sun-Earth coupling
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Decadal evolution of substorms

— 1994 2003 (all declining phase)
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Latitudinal variability of the coupling

Pc5 power by latitude in IMAGE stations
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Solar cycle changes of Pc5 power

Pc5 power by latitude in different years in IMAGE stations
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SOD yearly substorm number

. 1 min data
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Centennial variability of substorms
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The Sun-Earth coupling since 1844

o | Based on aa index
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Seasonal variation of storms

Number of storms in a month of a year
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“Seasonal variation of substorms
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Standardized monthly mean indices in 1995-2013
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Seasonal variation in individual years

Equinox dominance
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Seasonal variation during SC23

Amount of substorms during each year and month
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Substorm energetics

Monthly mean JH and ep energy, years 1993-2016
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Duration

)

Duration (h)

-> Each substorm dissipate more energy into the ionosphere
In late spring and summer compared to other seasons.
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Seasonal variation in southern hemisphere
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Similar variation than in the northern hemisphere
The cause cannot be due to the dipole tilt or conductivity
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Solar wind c@gry information on, 3e Sun
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‘Solar wind drivers of storms and substorms

ICME vs. substorms HSS vs. substorms
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- Solar wind speed modulates geomagnetic
activity
~Itis known that solar wind speed modulates : e
eomagnetic activity in yearly time-scales. ’ dhdh
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shown that the IL index follows
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Solar wind speed and substorm number

Yearly substorm number & solar wind speed

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

- Substorm number follows closely solar wind speed.

Why?
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Solar wind cross heI|C|ty
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Alfvénic fluctuations embedded to fast speed

Extremely aligned and large-amplitude An abrupt transition from ALFs being
fluctuations peak in 2003 and enhance embedded in slow wind until 2002 to ALFs
geomagnetic activity. being dominantly in fast wind since 2003
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Magnetic fluctuations embedded to fast solar wind best enhance geomagnetic activity.
Tanskanen et al., 2017a



Active region complexity |

Simple active regions Complex active regions
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- Solar cycle evolution of simple active regions

Monthly Values of NSN
Smoothed Monthly Values of SARs
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Simple active region = unipolar or bi-polar active region




- ' ¢

)

LAY

i , X R ,
g lT i \

~ Complex active regions, CARs

o : CARs maximize during second peak R
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Sun-Earth magnetic coupling

Complex active regions (CARs) produce Fast solar wind originating from the polar
complex interplanetary magnetic field. coronal holes carry solar wind fluctuations
Hale classification used: a, B3, By, Byo ... from the Sun towards the Earth.
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