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[1] This paper extends the domain of applicability of the Gosling-McComas space weather forecast rule
that applies to the postshock sheaths of fast coronal mass ejections at Earth (ICMEs). The rule is based on
the draping of the sheath magnetic field around the ICME body. The original treatment considered only
the radial-from-the-Sun component of the preshock interplanetary magnetic field (IMF), which implied
that the domain of applicability of the rule was the entire sheath region ahead of the leading face of the
ICME. We show here that because of the generally prevailing Parker spiral orientation of the IMF, the
domain of applicability of the rule is instead generally strongly shifted to the east side of the ICME sheath.
We suggest that the eastward shift of the domain of applicability of the rule accounts for an observed
greater geoeffectiveness of west hemisphere CMEs compared with east hemisphere CMEs. The approach
used here to demonstrate the eastward shift of the region of potential ICME sheath geoeffectiveness, and
thus to increase the accuracy of the forecast rule, is to present intensity contours of the geoeffective
draping component of the IMF as computed by global MHD simulations. Since the shift depends only on a
spiral magnetic field and a blunt object to drape it around, we demonstrate the generality of the principle on

which the rule is based by treating both the case of the ICME and the case of Earth’s magnetosphere.
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1. Introduction

[2] Gosling and McComas [1987] suggested that draping
of the interplanetary magnetic field (IMF) around an
oncoming fast coronal mass ejection at Earth (ICME) is a
mechanism for generating a geoeffective, southward IMF
for a duration long enough to induce a magnetic storm
and thus to account for the known geoeffectiveness of
ICME sheaths [Gosling et al., 1991]. The original Gosling
and McComas version of the mechanism focused on the
radial component of the IMF since it is this component
that must be deflected north or south to let the ICME pass
through. According to their model, whether the resulting
draping produces a nongeoeffective northward or geo-
effective southward IMF at Earth depends on the radial
orientation of the IMF (toward or away for the Sun) and on
whether the nose of the ICME passes to the north or south
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of Earth. The corresponding forecast rule can be written
as: “geoeffective events occur when the IMF points away
from (toward) the Sun and the ICME passes southward
(northward) of Earth.” Both the toward-away polarity of
the IMF and the north-south passage of the ICME can be
forecast at the time of the CME on the Sun. Thus the
Gosling-McComas forecast rule could have genuine use-
fulness in the forecast community. McComas et al. [1989]
tested the model’s predictions of ICME-induced north-
south IMF orientations and found agreement in 13 of
17 events. This paper suggests that modifying the rule to
take account of an east-west asymmetry in its applicability
should improve its robustness and accuracy.

[3] First we need to make clear what is meant by east
and west in the solar context. These directions refer to the
astronomical convention which projects the terrestrial
sense of east and west onto the celestial sphere. The
astronomical convention is also used in solar physics.
For a northern hemisphere observer, it means that when
looking at the Sun east is to the left and west is to the right.
(This convention has the confusing consequence that the
Sun rotates from east to west.)

[4] The mentioned modification concerns an eastward
shift in the ICME sheath of the region of applicability of
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Front View

Figure 1. Draping of Parker spiral field lines in Earth’s magnetosheath around the magneto-
sphere showing asymmetric field strength and out-of-plane draping of field lines that lie south of

the equatorial plane in the solar wind.

the rule. This suggestion is motivated by the reports by
Wang et al. [2002], Zhang et al. [2003], and Zhao et al. [2006]
that west hemisphere CMEs are more geoeffective than
east hemisphere CMEs. Centrally located CMEs are, of
course, most geoeffective, but away from the central
region, west hemisphere CMEs apparently dominate.
For example, in the Wang et al. study of 59 geoeffective
CMESs, none were located eastward of 39°E whereas 8 were
located westward of 39°W. Similarly, Zhang et al. found
that of 21 CMEs associated with major magnetic storms 1
was located east of 30°E whereas 6 were located west of
30°W. The Zhao study found that “Most severe geomag-
netic storms (Dstpin < —100 nT) are usually caused by
flare-associated shocks originating from western hemi-
sphere or middle regions near central meridian”.

[5] What could cause such an asymmetry? It is not that
there are more Earth-impacting CMEs from the western
hemisphere, since Cane et al. [2000] and Wang et al. [2002]
have shown that these are uniformly distributed in longi-
tude. Zhang et al. point instead to the east-west asymmetry
that the spiral interplanetary magnetic field imposes on the
situation. As a mechanism, they suggest that shock waves
of western CMEs might have a better chance of reaching
Earth by following the IMF. Zhao et al. also suggest that the
shocks associated with west hemisphere flares are more
likely to reach Earth.

[6] This paper adopts the part of the Zhang et al. [2003]
and Zhao et al. [2006] suggestion that attributes the cause
of the observed east-west asymmetry in CME geoeffec-
tiveness to the spiral geometry of the IMF. However,
instead of a mechanism based on an asymmetry in shock
propagation, it identifies a mechanism based on an east-
west asymmetry in ICME sheaths, since it seems likely
than any storm caused by a CME with a longitude of 40° or
greater is a pure sheath-induced storm. The mechanism
we propose is the same as that of Gosling and McComas
modified to take account of the Parker spiral magnetic
field. The eastward shift in the location of the application

of the Gosling-McComas forecast rule is intuitively obvi-
ous if one thinks of the IMF as being a vacuum field and
the ICME body as being a perfect conductor. Then the
location of maximum draping coincides with the null
point where the IMF splays out on contact with the ICME
surface. This would be at the nose of the ICME if the IMF
were strictly radial (the Gosling-McComas case), but well
to the east of the nose for a 45° Parker spiral IMF.

[71 Of course, the IMF does not exist in a vacuum, and
so here we treat the problem in an MHD context. The
main result is that the vacuum conclusion is upheld. The
approach is to use global MHD simulations of the Parker
spiral IMF draping around Earth’s magnetosphere and
around an ICME. That the eastward shift in maximum
out-of-plane draping occurs in both cases (in the Earth’s
case it is a dawnward shift) shows that the effect is generic.
The use of an MHD simulation of draping around Earth’s
magnetosphere to discuss draping around ICMEs has
been validated by Kaymaz and Siscoe [2006] who showed
that observed in-plane draping in ICME sheaths matches
well the computed draping for the terrestrial case even in
the flank where draping distortion maximizes. Here we
use both the terrestrial simulation and an ICME simula-
tion to look at the draping behind the Gosling-McComas
forecast rule.

2. Asymmetric Out-of-Plane Draping Around
Earth’s Magnetosphere

[s] Figure 1 shows top and front views of draping of a
Parker spiral field in the magnetosheath around Earth’s
magnetosphere as computed by the ISM global magneto-
spheric MHD code [White et al., 2001]. The colors, which
indicate field strength, serve to define the body that is
plowing through the IMF and forcing it to drape around
the body as it passes. In the solar wind upstream from the
bow shock the field lines lie in a plane 0.5 body lengths
south of the equatorial plane, where “body length” refers
to the radius of curvature of the body at the nose. The field
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Figure 2. Magnitude of the out-of-plane magnetic
field component in Earth’s magnetosheath in a plane
about one body length downwind from the nose of the
body. The view is from the Sun. The boundary of the
body is roughly indicated by the ellipse. The field
inside the ellipse belongs to the body and is not
relevant to the present discussion.

lines in the top view (left frame) pass underneath the body
and are seen through it. The field lines in the front view
show the claimed dawn-dusk asymmetry in out-of-plane
draping, by which we mean draping that produces a
component of the IMF that is out of the plane of the
preshock Parker spiral.

[s9] The solar wind parameters used to initialize the
MHD run that produced the images in Figure 1 were given
typical values: V = 350 km/s, n = 5 protons/cm®, T = 20 eV,
B =5 nT, field lines lay in planes parallel to the equatorial
plane, were oriented away from the Sun, and were inclined
45° with respect to the radial-from-Sun direction. The
geomagnetic dipole was oriented perpendicular to the
solar wind flow direction. The factor of two stronger field
at the pole of a dipole compared to the equator causes an
ellipticity in the shape of the field strength contours in the
front view. This aspect of Figure 1 is irrelevant to the case of
ICMEs, which appear to have a more nearly circular cross
section [Schwenn et al., 2005]. Another irrelevant aspect is
the presence in the front view of two slivers of dark blue
(very weak field) in the upper right and lower left of the
boundary between the body and its sheath. These are
expressions of the so-called magnetospheric sash [White
et al., 1998] that results from antiparallel alignment of the
internal and external magnetic fields at these locations for

SISCOE ET AL.: CME GEOEFFECTIVENESS

504002

the given IMF orientation. Such antiparallel alignments
might also exist at the boundary between ICME bodies and
their sheaths, but they play no direct role in the draping
phenomenon under consideration here.

[10] Figure 1 shows that the magnetic field in the mag-
netosheath is weaker on the dawn side than on the dusk
side. This asymmetry arises because the shock wave on
dawn side is a parallel shock for which the jump in field
strength is minimal, whereas the dusk side has a perpen-
dicular shock, where it is maximal. This predicted system-
atic dawn-dusk asymmetry in magnetosheath field
strength has in fact been observed [White et al., 1998]. One
expects a similar asymmetry in ICME sheaths for the same
reason: other things being equal the field should be weaker
in the east flank of an ICME sheath than in the west flank.
Such an asymmetry would tend to make east hemisphere
CMEs more geoeffective than west hemisphere CMEs,
contrary to observations. However the difference in field
strength is more than compensated for by the difference in
“draping strength” as can be seen in Figure 2.

[11] Figure 2 shows the magnitude of the north-south
component (z component) of the magnetic field in a plane
about one body length behind the nose of the body.
(Figure 2 shows |B,| instead of B, since the point of
Figure 2 is to demonstrate the dawn-dusk asymmetry in
the magnitude of out-of-plane component of B. The sign of
B. is important in the case of ICMEs where it is specified
as part of the forecast rule.) The same, marked dawn-dusk
asymmetry pattern persists right up to the nose of the
body. Of course closer to the nose the pattern is smaller
and weaker, nonetheless, within the volume of most of the
magnetosheath’s dawn flank, the magnitude of the out-of-
plane field component is comparable to or larger than the
ambient IMF field strength (5 nT in this case), whereas
within the corresponding volume of the dusk flank it is
near zero almost everywhere. In the ICME context where
the dawn flank corresponds to the east flank, whether the
z component at a particular place is positive (and, so, not
geoeffective) or negative (and, so, geoeffective) depends
on the orientation of the ambient IMF and on whether the
chosen place is north or south (approximately) of the nose
of the ICME. These are the same prediction criteria used
by McComas et al. [1989] for the front of an ICME sheath
only now they apply to the east flank of the sheath.

[12] We note that in Figure 2 the north-south asymmetry
in the pattern of |B,| in the magnetosheath has to do with
the geometry of magnetic reconnection at Earth’s magne-
topause for the 90° IMF clock angle case. Magnetic recon-
nection changes the boundary conditions at the inner
boundary of the magnetosheath and so affects the flow
and field configuration within the magnetosheath. A
corresponding asymmetry might arise also in ICME
sheaths if magnetic reconnection occurs between the IMF
and ICME magnetic field, but it would most likely vary
from event to event in a way that would be difficult to
predict, depending on the orientation of the magnetic field

30f6



$04002

Lat=10°

B (nT)
0.00

Figure 3. (left) Total magnetic field strength in a
constant 10° latitude surface (which approximately cuts
the center of the ICME) and (right) out-of-plane
magnetic field strength in a constant 20° latitude
surface (which is approximately where the east-west
asymmetry maximizes) in the sheath of an equatorially
launched ICME. The vectors in the left half of the
figure show velocity, the maximum value of which, at
the leading edge of the ICME, is 1060 km/s. The right
half of the figure was rotated 180° from its original
orientation to make one circular figure instead of two
side-by-side figures like the one on the left. The
ellipses approximately outline the forward boundary
of the ICME body as identified by a distinctive entropy
ridge marking the ICME sheath. The field inside the
ellipse belongs to the body and is not relevant to the
present discussion.

within the ICME body. For the present discussion it rep-
resents a complication but not a barrier to implementation.

3. Asymmetric Out-of-Plane Draping Around an
ICME

[13] Figure 3 shows IMF intensity contours and field
line draping around an ICME sheath as computed by the
cone model [Zhao et al., 2002] as linked to a global
heliospheric MHD code called ENLIL [Odstrcil et al.,
2004] as implemented at the Community Coordinated
Modeling Center (http://ccmc.gsfc.nasa.gov, run number
080906_SH_1). The CME was launched on the equator
during a stretch of unipolar magnetic field during
Carrington rotation 1909 when the heliospheric current
sheet lay nearly in the equatorial plane so that there
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were no significant corotating interaction regions that
might complicate the interpretation.

[14] The computation is generated by running two cou-
pled models, ENLIL and the Wang-Sheeley-Arge model
(WSA). The WSA [Arge and Pizzo, 2000] model combines a
potential source surface solution for the coronal magnetic
field between the solar surface and 2.5 solar radii, with a
pseudopotential current sheet model between 2.5 and 21.5
solar radii. It uses a photospheric synoptic magnetogram to
set the radial magnetic flux at the solar surface, in this case
a Kitt Peak magnetogram for Carrington Rotation 1909.

[15] The ENLIL code [Toth and Odstrcil, 1996] solves the
3D MHD equations using a spherical coordinate grid. In
this case the grid extended from 21.5 and 431 solar radii
(2 AU), and between latitudes 30° to 150°. The WSA
magnetic field solution at 21.5 solar radii is used to set
the inner boundary condition of the magnetic field at the
ENLIL inner boundary. Otherwise, for this calculation the
inner boundary density was set to 300 cm >, the plasma
temperature to 8 x 10° K, and the flow speed to 625 km/s.
ENLIL then integrated for a period of 12 days to allow the
solution to relax to equilibrium, consistent with the field
and plasma conditions specified at the rotating inner
boundary at 21.5 solar radii. At the end of this equilibrium
phase, corresponding to the beginning of CR1909, a cone
model CME was launched from the solar equator (latitude
90°) atlongitude 360 (equivalent to a start time of 0800 hours
on 5 May 1996). It had an initial velocity of 2000 km/s, a
density which was 4 times the density of the background
fast solar wind, and a temperature which was the same as
that of the fast solar wind. The cloud had a spherical initial
profile, with a radius of 25°. The frames shown in Figure 3
show the ICME when its nose had just passed the orbit of
Earth.

[16] The left side of Figure 3 gives field strength con-
tours in the 10° latitude surface, which is approximately
the latitudinal center of the ICME at 1 AU (as seen in
Figure 4). Although the boundary between the ICME body
and the ICME sheath is not explicitly calculated by the
code, it can be approximately identified by a marked
entropy ridge in the ICME sheath caused by the ICME
shock on the outside and the low-entropy ICME plasma
on the inside. The leading front of the boundary thus
identified is indicated by ellipses. (The trailing edge is not
meant to be so indicated, since an ellipse does not fit the
entire boundary.)

[17] Figure 3 shows that the same shock-induced, east-
west asymmetry in field strength occurs in ICME sheaths
as in Earth’s magnetosheath as seen in Figure 1. The field
is weaker on the side with the parallel shock (the east
flank) and stronger on the side with the perpendicular
shock (the west flank). That the IMF is weaker on the east
flank of the ICME sheath and that this asymmetry results
from the properties of the ICME bow shock interacting
with the spiral magnetic field argues against the previ-
ously mentioned shock mechanism suggested by Zhang et
al. [2003] and Zhao et al. [2006].
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Figure 4. Strength of out-of-plane magnetic field
component (By,) in a constant radius surface (r=1 AU).
The view is toward the Sun. The ellipse approximately
outlines the boundary of the ICME body as identified
by a distinctive entropy ridge marking the ICME
sheath. The field inside the ellipse belongs to the body
and is not relevant to the present discussion. The
eastward shift of the region of strongest out-of-plane
field in the sheath is evident.

[18] By contrast the right side of Figure 3 shows that the
out-of-plane component (By,) is stronger on the east flank
where the IMF intersects the body most perpendicularly,
as in the terrestrial case. The out-of-plane field strength
maximizes at about 5 nT, which is comparable to the
ambient value upstream from the shock. Thus unlike the
shock mechanism, the Gosling-McComas draping mech-
anism has the correct east-west asymmetry to account for
the observed asymmetry in CME geoeffectiveness.

[19] Figure 4 shows the out-of-plane component in an
r = constant surface (r = 1 AU). This is the heliospheric
counterpart to Figure 2. Even though the CME was
launched at the solar equator, the ICME at 1 AU appears
to have “migrated” northward, but this is not a real
northward motion of the ICME. The northward location
of the center of the body seen in this r = 1 surface results
from a distortion of the ICME in the r latitude plane as it
propagates into a southward inclined streamer belt. The
rest of the southward part of the ICME has not yet reached
the » = 1 AU surface. (See Odstrcil and Pizzo [1999] for an
illustration and discussion of such distortion.) Here as in
Figure 2 one sees an eastward shift of maximum out-of-
plane field that occurs in both northern and southern
hemispheres.

[20] If the orientation of the out-of-plane component
happens to be southward, it could be quite geoeffective
since in the case shown here it is moving at between
700 km/s and 800 km/s. Depending on just where along
the flank the Earth happens to be when the ICME passes,
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the duration of Earth’s exposure to this geoeffective field
could be between 3 and 6 hours, which is long enough to
generate at least a moderate magnetic storm. Of course
the single case discussed here only serves to show that
out-of-plane draping of the IMF around fast ICMEs can
provide a systematic geoeffective magnetic field on the
east flanks of ICMEs. It does not explore conditions that
would maximize the geoeffectiveness of the proposed
mechanism.

4. Summary

[21] The Gosling-McComas rule for forecasting the
relative geoeffectiveness of the sheaths of fast ICME has
been modified in this paper to take account of the spiral
nature of the IMF. The modification significantly shifts the
region of application of the rule from the nose of the ICME
to its eastward flank. This eastward shift applies to the
usual case in which the preshock IMF has the Parker spiral
orientation. However, the treatment of the problem given
here allows the rule to be tailored for application to any
situation in which the orientation of the preshock IMF is
known. The general rule becomes: “shift the center of
application of the rule to the point on the ICME body at
which the preshock IMF points most directly.” For standard
forecast operations, however, information on the preshock
IMF would be obtained from the Wang-Sheeley-Arge
model, which predicts only the toward-away polarity of
the IMF; thus one must assume Parker spiral geometry in
applying the forecast rule. It should be emphasized that the
sheaths of fast ICMEs can be very geoeffective. Thus
standard application of the Gosling-McComas rule as
modified here could add importantly to space weather
forecasting services.
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