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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

∗ ��#������� (41731067, 41531073) ������ “ !�” ����"$� (XXH13505-04) �#%&
2018-06-05 $�'�, 2019-01-31 $����
E-mail: ydye@spaceweather.ac.cn



296 Chin. J. Space Sci. ������ 2019, 39(3)

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 0.78±0.08.

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.
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Table 1 ICME properties in Richardson and Cane’s ICME list

YK Z�W LZ

1 Disturbance Y/M/D (UT) ��	M����

2 ICME Plasma/Field Start, (UT) 	�
�������N� ICME 



End Y/M/D ��/�R�


3 Comp. Start, End (Hrs wrt. Plasma/Field) [[����O/\�S���


4 MC Start, End (Hrs wrt. Plasma/Field) ��� ICME 

TL/PL�M

�

5 BDE? �Æ�U�]V\�X
6 BIF? �Æ�U�Q���X
7 Qual. � ICME 

^YWNZ[�
8 dV (km·s−1) ��
�R��� ICME ������������
9 VICME (km·s−1) \] ICME �� (	� (2) (3) ��)
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������O_� (	� (1) (3) ��)

11 B (nT) \]���� (	� (2) (3) ��)
12 MC? �Æ��M


13 Dst (nT) ICME 

�
 Dst P�S��
14 Vtransit (km·s−1) \] 1AU `Q�� (	� (15) ��)
15 LASCO CME Y/M/D (UT) ICME 
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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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ytS (Precision)
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Table 3 Observation and forecast results
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q{�� � rsw (TP) xsw (FP)

Æ xyw (FN) ryw (TN)

L 5 -?FFzdOLe Fisher Score I ,
d%. "KL 5 !?F.(4', )( Dst 15
0 −100nT 5067H:<HF!= >0P, .
4409.;409! ICME )AYQ()GSE ]
RfL x V&!014()UV014(*VmI
 ?FJ>\Y, |'UV(+5z()GSE ]Rf
L y V&!014("$&01***I ?F!
J>:Y. )( Dst 150 −100nT 50HFH=
 >0P,<0\=/!**8:*\I/] :<

C 4 RBF-SVM no
Table 4 Results of RBF-SVM model

��� 0.78±0.08

{�� 0.81±0.10

t{� 0.76±0.11

F1 � 0.78±0.10

TSS � 0.56±0.15

C 5 C Dst DEF − 50 nT D −100 nT FuG
vwHxIyz{J Fisher Score

Table 5 All 13 features’ Fisher Score as the

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

��W |Y

−50 nT −100 nT

Mean α/proton ratio 1 12

Duration of Bz < −10 nT 2 8

Mean plasma β 3 5

Mean Bx 4 2

Upstream increase in solar 5 4

wind speed

Mean Bz 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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e 3 � −100 nT ��|�b��� 13 _�� Fisher Score

Fig. 3 Normalized Fisher Score of all 13 features as the classification criteria is −100 nT
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