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Primary analysis on the interplanetary cause of multistep magnetic storms
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Abstract Using eighty moderate intense geomagnetic storms (Dst”<{—50 nT) induced by MCs
from 1998 to 2006, we statistically examined the relations between the geomagnetic storms
development in different steps during the main phases and their interplanetary sources. This
paper has analyzed the relative importance of sheath region magnetic field ahead of MC, MC
itself ,the combination of sheath and MC, and other complicated interplanetary structures in the
associated multistep storms, and the interplanetary drivers leading to Dst” index further decrease

were also investigagetd. It is found that: (1) above 1/2 moderate intense storms have a two-step

EE£WHE EZ 973K (2011CB811400) ¥ .
EEBN T H 40,1980 44, 2 N FH B 2T R PR FE 5T, E-mail: tongyn@ cssar. ac. cn



1440 H Bk ¥ B % R (Chinese J. Geophys. ) 54 %

or more than two steps development during their main phases (called multiple-step storms), and
the percentages of one-step storms and multistep storms in the moderate storms (—100 nT<UDst" <
—50 nT) are 53.8% and 46. 2%, and in intense storms(Dst* <C—100 nT) the percentages are
42.6% and 57. 4% respectively; (2) with the step number increases, the average duration of
main phase is also prolonged; (3) sheath field itself, MC itself, the combination of sheath and
MC, and other complicated interplanetary structures all can lead to multistep storms; (4) 46.5%
of multistep storms were induced by the combinations of sheath and MC fields, 34.9% of
multistep storms were induced by sheath field itself or MC itself, and the others were induced by
the complicated interplanetary structures. (5) in the magnetic storms induced by the sheath
region, the magnetic structures of sheath field were closely related to the development of the main
phases; (6) the multistep storms have close relation to the intermittent development of the
interplanetary southward component of magnetic field (B.) and y component of electric field

(E,), and the prediction relationships for every step Dst.; and the E,,../B.u. during the step

are; Dst,, =—34.62—11. 89X E,,., and Dst,,,
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Fig.1 (a) A two-step storm due to sheath field itself; (b) A two-step storm due to MC itself; (¢) A two-step storm due
to the combination of sheath and MC field; (d) A three-step storm due to the combination of MC and the compression by
high speed stream. From top to bottom are plotted corrected geomagnetic index (Dst* ), hourly B, (in GSM) and E, , high
resolution of interplanetary magnetic field strength (B) and = component field (B.) in GSM, the y component of electric
field (E,), the elevation (§) and azimuthal (@) angles of field direction, solar wind speed (V), proton density (N).
proton temperature (T,), and the ratio of proton thermal pressure to magnetic pressure (). The vertical dash and dot line
stands for the Dst,,, location, the vertical dashed line stands for interplanetary shock location, the two solid lines stand for
the boundaries of MCs, and the triangular stands for the peak step of Dst” index, the asterisk stands for the peak value of

B. and E, coresponds to the dip value of Dst* index.
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The moderate intense storms associated with MCs list during 1998 ~2006
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