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Space weather refers to conditions on the Sun and in the solar wind,
magnetosphere, ionosphere, and thermosphere that can influence the performance
and reliability of space-borne and ground-based technological systems and can
endanger human li :

n ground (GICs)
1 grids

Effects

...the long-term change in the Sun, and its effects in the heliosphere and upon
the Earth, including the atmosphere and climate.



Information on Sun — Earth interaction

- space era: 1964

- the long geomagnetic time series recorded at geomagnetic observatories have
provided means to characterize the Sun-Earth interaction at times prior to
space era, via geomagnetic indices.

- no information prior to 1868; extended to 1830s (Svalgaard, AOGS 2014)
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- looking for information from
- reconstructions
- 100-150 years long records from geomagnetic observatories
- the main field model gufm1 (1590-1990) (Jackson et al., 2000)
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Reconstructions to 1870
- based on correlations
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Reconstructions to 1700
- based on physical models + correlations (R)

TSI — model linking the solar radiative output with

the contributing features of the photosphere r| N | || |||| ;
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with the solar surface magnetic flux (Solanki et al.,
2002; Krivova et al.,2007)
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Fs — model using solar magnetograph data in the
Potential Field Source Surface (PFSS) method
(Wang&Sheely, 1995; 2002)

- model for the emergence and long-term
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GCR flux, @ — reconstruction of the open flux from
sunspot numbers (Solanki et al., 2002) In
conjunction with a spherically symmetric model of
the heliosphere (Usoskin et al., 2002a) to
reconstruct the intensity of GCR at Earth (Usoskin
et al., 2002b)
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The solar-heliospheric-magnetospheric environment

Trends in data / interdecadal and centennial constituents
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Magnetic (MC) and Gleissberg (GC) signals in R and aa

1700 1720 1740 1760 1780 1800 1820 1840 1880 1880 19200 1220 1940 1%60 1380 2000 2020

- superposed minima in MC and GC signals
for both 1'YQS + next cycle 20 and the last
deep minimum 23/24 + next cycle 24
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MC signature in solar and geomagnetic activity parameters
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External, solar-cycle-related effects in observatory data and
in gufm1 model

Annual means contain a
sunspot '

residual, not averaged out

disturbance field. Not

accounted for, it leaks into

main field models
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Information back in time — observatory era
~1850 — present

Data —HP 5 Trend + cyclic
filter

Hodrick&Prescott (1997)
~1850 — present 1590 - present

19000
18000
17000
16000

15000

==
18600 = 14000
=]

~

N
/ N\
/

AN,
Ly \A/\/\/ \/\/\/\A/ |

Cyclic

Cyclic

1880 1900 1920 1940 1960 1980 2000 2020
Year

1550 1600 1650 1700 1750 1800 1850 1900 1950 2000
Year

gufml - Jackson et al. (2000), 1590-1990, based on:
- prior to 1850: D&I measured during sea voyages
- after 1850: observatory and satellite data




Information back in time — observatory era,
~1850 - present

Horizontal component ; & ~ VB?
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Information back in time — gufm1 main field model,
1590 - present
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Information back in time — gufm1 main field model,
1590 - present

The 22-year time scale
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- there is geomagnetic activity during MM and DM



Space weather example (GICs)

Variable external
magnetic field

Telluric currents

!

Secondary magnetic
field

l

Surface electric
field
Electric currents
(GICs)

http://en.wikipedia.org/




Intense (Dst<-150 nT) storms — cycle 23
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November 2003 storm

CME

November 18, 2003
10:24 UT

GOES
LASCO C2 image (jhelioviewer.org/)

Solar eruption November 18, 2003, 8:12 UT
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Surface geoelectric field (1)
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Sources of geomagnetic disturbance (1)

November 2003 storm
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Sources of geomagnetic disturbance (2)

Ring current contribution

~
72}
O
o
—
o0
O
o
~
O
o
I=
R
<
—

10
Longitude (degrees)




Geoelectric field evolution

Initial & main phase — November 2003 storm
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Toward GIC hazard assessment

Emax maps
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Toward GICs hazard assessement — Romania
Earth conductivity parameters — MT data
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Geological map of Romania (after IGR)
with the MT geotransects (blue lines)
and square cells, numbered from 1 to 7,

corresponding to the 1-D MT
lithospheric models
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Toward GICs hazard assessement — Romania
Example geomagnetic storm of Nov 2003
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Conclusions

the MC and GC signals are quite similar in the heliosphere —
magnetosphere environment, pointing to a common pacing source, the
solar dynamo;

iInformation on space climate could be retrieved for the last 400 years
using data from geomagnetic observatories and main field models;

during the geomagnetic storm, effects of auroral electrojets superimpose
at all latitudes on the disturbance created by the magetospheric ring
current;

the amplitude of the geoelectric field produced by magnetic variations is
of the order of hundreths of mV//km in case of SUA (45°N), and of 1-2
mV/km in case of UPS (60°N);

the maximum E value is not reached at the same moment at all
observatories and Its orientation depends on that moment of the storm
development;

future work: look at local effects and explore the role of magnetopause
currents;

the present approach concerns only the geophysical problem of GIC
hazard. Engineering solutions are the next step.



