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Effect of space weather on power grids and measurement of geomagnetically
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Abstract

Effect of space weather on power grids is described with several examples and the
measurement of the geomagnetically induced current (GIC) carried out in Hokkaido
from the end of 2005 to the beginning of 2008 will be reported.
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Table 1. Systems affected by space weather and space weather sources of effects.
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Fig.1 Arrival time of solar events to the Earth.
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Fig. 2 Interaction between magnetic field of solar wind and Earth’ s magnetosphere.
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THMENH D (Hapgood, 2011)
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Table 2 Large aa—index since 1868.

no. FHH LA ODVﬁjfﬁ%j(
D aa f550 (nT)
1 |1989/03/14 715
1989/03/15 715
2003/10/29 715
4 | 1958/07/08 698
1959/07/15 698
1972/08/04 698
7 1921/05/14 680
1921/05/05 680
9 1872/02/04 658
1892/02/14 658
1903/10/31 658
1909/09/25 658
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Fig3. Sunspot group (AR5395) produced X4.5/3B flare associated with the
geomagnetic storm in March, 1989. It was observed by the National Astronomical
Observatory Japan (NAOJ).
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Fig4. Coronal mass ejection (CME) associated X17.2/4B flare. This CME caused the
geomagnetic storm in October, 2003. It was observed by SOHO (ESA/NASA).
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Table 3 Sunspot group with large area using Greenwich and NOAA data since 1874.

T FE

no. £ HH (millionths of

solar disk)

1 1947/04/08 6, 132
2 1946/02/07 5, 202
3 1951/05/19 4, 865
4 1946/07/29 4,720
5 1947/03/12 4, 554
6 1926/01/19 3,716
7 1938/01/21 3, 627
8 1989/03/17 3, 600
9 1917/02/14 3, 590
10 | 1938/07/20 3,379
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Fig. 5 Geomagnetically induced current of a power line by geomagnetic disturbance.
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Fig. 6 Equivalent circuit of the power line shown in Fig. 5.
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Fig. 7 GIC of a simple one—dimensional power line.
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Fig.8 GIC at a node connected several power lines
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Fig.9 World map showing geographical and geomagnetic (dotted line) latitudes.
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Fig. 10 Location of the power line where GIC is measured.
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Table 4 Large GICs measured in Hokkaido.

no. £ H B UT) BROD GIC (A) BEH 3 2 MRS AU L
1 2006/12/14 3.85 AR RS R
2 2006/11/10 2.23 KR AT RS SR
3 2007/05/23 1.81 ROT 4TS
4 2006/11/30 1.75 TR AT Hi RS SR
5 2006/07/09 1. 59 Sudden Impulse
6 2006/04/14 1. 58 FRART M
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Fig. 11 GIC and geomagnetic fields associated with a geomagnetic storm.
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Fig. 12 GIC and geomagnetic fields associated with arrival of an interplanetary
shock.
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