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Study on Geoeffectiveness of Interplanetary Coronal

Mass Ejections by Support Vector Machine
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Abstract As arriving at the Earth, Interplanetary Coronal Mass Ejections (ICME) will interact
with the Earth’s magnetosphere and cause geomagnetic storms. The ICME event set is obtained
by Richardson and Cane’s Near Earth ICME list, and the input features are extracted based on
interplanetary solar wind and magnetic data during ICME disturbance. A total of 483 ICME events
from 1996 to 2006 are chosen in this study. 13 magnetic and kinetic features are finally selected for
the training of the machine learning model. Rank of each feature’s Fisher score indicates that the

duration of the south-directed interplanetary magnetic field that is larger than 10 nT and the increase
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of solar wind speed at the upstream shock or wave disturbance is closely related to the geoeffectiveness

of ICME events, which is consistent with those former statistical results. The trained Radial Basis

Function Support Vector Machine (RBF-SVM) can determine whether an ICME event could trigger

moderate or stronger geomagnetic storms (Dst < —50nT) effectively with an accuracy of 0.7840.08.

The results show that RBF-SVM can be used as a powerful tool in further analysis, and the better

prediction of the geoeffectiveness of ICME will be obtained.

Key words Support Vector Machine, Interplanetary Coronal Mass Ejections, Geo-effectiveness
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#* 1 Richardson #1 Cane i ICME F|REFHEHESERE N
Table 1 ICME properties in Richardson and Cane’s ICME list
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Table 2 Selected input features
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Fig.1 Normalized Fisher Score of all 13 features
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Table 3 Observation and forecast results
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%% 5 HHEF F 5 /N Fisher Score £34ME
B ¥R 5 WHEF AR B, AL Dst H5%0
7 —100nT VBRI fREA XI5 IR, 5]
KRR FEN ICME fEfK#E B, GSE 4
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* 4 RBF-SVM &8
Table 4 Results of RBF-SVM model

HERHR 0.78+0.08
RS 0.81+0.10
PEREIES 0.76+0.11
F1 1§ 0.7840.10
TSS 18 0.5640.15

F®5 LL Dst g%k —50nT F1 —100 nT H¥xrf
KD ERHEAREITE Fisher Score

Table 5 All 13 features’ Fisher Score as the

index of Dst is equal to —50nT and —100nT

FER, i
—50nT —100nT
Mean «/proton ratio 1 12
Duration of B, < —10nT 2 8
Mean plasma 3 5
Mean B, 4 2
Upstream increase in solar 5 4
wind speed
Mean B; 6 9
Mean solar wind speed 7 10
Mean magnetic field strength 8 3
Mean flow pressure 9 7
Maximum solar wind speed 10 1
Mean proton density 11 11
Mean By 12 13
Mean proton temperature 13 6
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Fig.3 Normalized Fisher Score of all 13 features as the classification criteria is —100nT
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