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Hemispheric asymmetries in ionospheric electrodynamics
during the solar wind void of 11 May 1999

D. J. Knipp,' C.-H. Lin,2B. A. Emery,’ J. M. Ruohoniemi,* F. J. Rich,’> and D.S.

Evans®

Abstract. We use the Assimilative Mapping of Ionospheric
Electrodynamics (AMIE) procedure to produce composite
maps of high-latitude ionospheric parameters for 11 May
1999. On that day there was a near void in the solar wind
momentum flux. Yet, focused high-latitude interactions oc-
curred at Earth. Our maps of convection, Joule heating, parti-
cle precipitating power and field-aligned current show a
striking asymmetry between hemispheres. In the latter three
parameters there is at least a five-fold difference in values
between the hemispheres. The northern hemisphere polar cap
particle precipitation is the strongest we have ever mapped.
Strong electrodynamic interactions were focused above 70°
north magnetic latitude. In the southern hemisphere only
weak, irregular patterns are mapped. We attribute these dif-
ferences to the strong interplanetary magnetic field spiral con-
figuration, the sunward tilt of the northern hemisphere and the
direct beam or “strahl” of solar electrons impinging on the
northern polar cap during the momentum void.

1. Background

On 11 May 1999 both ACE and WIND satellites observed
the solar wind density and velocity to be unusually low with
an average number density less than 1/cm™ and an average
speed of ~ 350 kmy/s. As shown in Figure 1, this void was
accompanied by a spiral or 'away' orientation of the IMF
(Bx -, By +, B, ~0). According to anti-parallel merging theory
[Crooker, 1988], merging between the interplanetary mag-
netic field (IMF) and the magnetosphere lobe field lines dur-
ing intervals of strong spiral IMF orientation can contribute to
imbalances in what is normally nearly-symmetric two-cell
convection in the ionosphere and magnetosphere. The theory
also implies that significant interhemispheric differences can
develop as the result of dipole tilting. During extreme situa-
tions, such as the one we discuss here, the convection may
develop into a round/crescent structuring or collapse to a sin-
gle-cell in one hemisphere and a weak irregular convection
system in the other hemisphere, especially if large conductiv-
ity asymmetries are present [Knipp et al., 1993]. Fairfield
and Scudder [1985] report another possible asymmetry asso-
ciated with the 'away' oriented IMF: fluxes of solar electrons
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aligned with the IMF should have preferential access to the
northern polar cap. Dipole tilting can further enhance this ef-
fect, as well. The events of 11 May 1999 allow a view of how
unusual solar wind, merging, and particle precipitation phe-
nomena can combine to produce extreme responses in the
ionosphere and extraordinary interhemispheric differences.
The Assimilative Mapping of Ionospheric Electrodynamics
(AMIE) procedure is a constrained, weighted, least-squares fit
of ionospheric electrodynamic parameters to a variety of
ground- and space-based data [Richmond and Kamide, 1988].
Typically the procedure is run with 5 to 30 min time resolu-
tion producing snapshots of ionospheric convection, currents
and conductance to study high-latitude disturbances in the
geo-space environment. Here, instead of snapshots, we pro-
duce ‘composite’ views of the electrodynamic system by as-
similating data over an 11-hr interval centered on 1430 UT.
We have investigated the validity of such a long-interval
mapping. The IMF components were relatively steady during
the 11-hr period (Fig 1). AMIE maps from individual 30-min
intervals (not shown) suggest minimal large-scale ionospheric
variations and confirm the presence of the large-scale features
we illustrate in this study. However, higher resolution maps,
which will be discussed in a future paper, show some of the
small-scale variations reported by Papitashvili et al. [2000].

2. Data

The multi-hour window allows us to accumulate data from
several hundred points along polar orbiting satellite tracks and
from thousands of radar observations. We also incorporate
data from sensors on the polar orbiting Defense Meteorologi-
cal Satellite Program (DMSP) and NOAA satellites that
measure downward flux and mean energy of precipitating
electrons in the range of 30 eV to 300 keV. DMSP ion drifts
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Figure 1. ACE solar wind observations in GSM coordinates
for May 11 1999 at 224Rg B, (...), B, (—), B, (---), velocity
(dark), density (light). The density scale is on the right.
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Figure 2. Data input for 11 May 1999. a) Ion drifts from northern hemisphere DMSP satellites. The vector
in the lower left of the observation plots represents electric field strength of 50 mV/m. b) Plasma drifts ob-
served by five SuperDARN radars. Locations for Kapuskasing, and Saskatoon, Canada, Stokkseyri, and
Pykkviber, Iceland, and Hankasalmi, Finland are shown for the end of the mapping interval. For clarity only
every tenth line-of-site observation is displayed. c) Ion drifts observed by DMSP satellites in the southern
hemisphere. The Weimer statistical pattern used as a priori information for the d) Northern and e) Southern

hemisphere. Contour intervals are 5 kV.

(Figs. 2a and 2c) are mapped along geomagnetic field lines,
scaled to a reference altitude of 110 km and converted to
electric fields. Similarly the drift of decameter scale iono-
spheric irregularities measured by five northern hemisphere
Super Dual Auroral Radar Network (SuperDARN) radars
(Fig. 2b) are also converted to electric field observations for
assimilation. We have assimilated all direct electric field ob-
servations currently available. Although fewer data are avail-
able in the southern hemisphere, we believe the breadth of
coverage there is sufficient for this study. In regions of poor
data coverage the mapped patterns are influenced by the a
priori statistical patterns of Weimer [1996].

Figures 2d and 2e show the northern and southern hemi-
sphere statistical electric potential patterns for the average
IMF and dipole tilt values associated with this 11-hr interval.
With B, and B, both positive, but [B,| > [B,], the northern
sunward-titled hemisphere shows a two-cell configuration for
the electric potential pattern with most of the potential in the
negative dusk cell. The southern anti-sunward-tilted hemi-
sphere presents a weaker convection system with a more cres-
cent-shaped, but still dominant dusk cell. The dominance of
the dusk cell under IMF B, positive conditions is a feature of
all IMF-based statistical models.

3. Results and Discussion

An initial objective of this study was to simply determine
what ionospheric behavior, if any, takes place under condi-
tions of minimal solar wind. Many interesting features arose.
Figure 3 shows the northern and southern electrodynamic
maps in the left and right columns, respectively, for the inter-
val surrounding 1430 UT. Figures 3a and 3b show the elec-

tric potential (or plasma convection) patterns. Despite the
similar cross polar voltage values in the two hemispheres (35
kV for the north and 33 kV for the south) there is a funda-
mental difference in the configurations. The northern pattern
is a tight, single vortex with a center above 80° magnetic
latitude (MLAT). In the southern hemisphere the electric
field is generally weaker and maps to a more latitudinally-
extended pattern. The field-aligned currents show even lar-
ger interhemispheric differences. In the north (Fig. 3c) there
are sheet-like current structures with unusually intense cur-
rents in the center of the polar cap. In the south only weak
filamentary structures appear (Fig. 3d). (Note that it is nec-
essary to have different current contour levels for the two
hemispheres because of the weak currents in the south).
There is a factor-of-seven difference in the magnitude of the
integrated downward (and upward) field-aligned currents in
the two hemispheres. A large interhemispheric difference
also exists in the integrated Joule heating (Figs. 3¢ and 3f). In
the north the Joule heating is focused above 80° and is
roughly ten times larger than that in the south. Finally, the
comparison for particle energy flux (Figs. 3g and 3h) reveals
a northern polar cap filled with electron precipitation but a
southern polar cap devoid of such. Only weak auroral zone
precipitation is present in the south. Energy flux into the
northern hemisphere is a factor-of-five greater than that in the
southern hemisphere. The total energy dissipation rate in the
northern hemisphere (Joule heating plus particle heating) was
~60 GW compared to ~8 GW in the southern hemisphere.

Are these multi-hour composite patterns realistic? If so,
what are the primary influences that produce such asymmetri-
cal patterns? The answer to the first question is yes. Com-
posite ground magnetometer data, used alone as an independ-
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Figure 3. Mapped patterns for 11 May 1999. The maps are
centered on 1430 UT but represent the interval from 0900-
2000 UT. All northern hemisphere plots look down on the
north pole. All southern hemisphere plots look through the
earth and view the south from inside the earth. The outer ring
corresponds to +/-50° MLAT. Hemispherically integrated
values are shown in the upper right corners of the field-
aligned current, Joule heating and particle energy flux plots.
a) Northern and b) Southern hemisphere fitted electric poten-
tial pattern with the cross polar voltage given in the upper
right comer. The contour interval is 5kV. c¢) Northern and d)
Southern hemisphere fitted field-aligned current. Solid
(dashed) lines indicate downward (upward) field-aligned cur-
rents. The contour interval is 0.3 pA/m’ for the north and 0.1
pA/m’ for the south. The globally integrated downward field-
aligned current is 3.5 Mega-Amperes (MA) for the north and
0.6 MA for the south. ) Northern and f) Southern hemi-
sphere Joule heating distribution. The contour interval is
1mW/m’. g) Northern and f) Southern hennsphere particle
energy flux. The contour interval is 1 mW/m’.
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ent assimilation, give a similar, albeit weaker, configuration
for the northern convection pattern. Data from the ZRSTED
satellite [Papitashvili et al., this issue] and from the IRIDIUM
satellite constellation [B. Anderson, private communication]
confirm, for both hemispheres, the field-aligned current con-
figurations we show here. There are no direct measures of
Joule heating, but a recent statistical analysis [Chun et al.,
work in progress] shows that Joule heating can be confined to
very high-latitudes during summer events when strong elec-
tric fields dominate due to lobe merging. Our northern parti-
cle precipitation pattern is consistent with the strahl of elec-
trons that produce the intense polar rain observed by the
DMSP, NOAA and POLAR satellites. The absence of strong
particle precipitation in the southern hemisphere is also con-
sistent with satellite observations. However, optical data from
McMurdo, Antarctica indicate weakly varying auroral emis-
sions in the southern hemisphere [Weatherwax et al., 2000].
Thus, the southern hemisphere was not fully quiet.

The pattern for the northern particle precipitation is unlike
any we previously have mapped in intensity, localization and
duration. Generally the mapped particle energy flux patterns
conform to the shape of the auroral oval. The difference for
this event appears to be associated with the reported beam of
direct solar coronal electrons impinging on the near earth en-
vironment [P. Anderson, private communication]. Electron
precipitation data incorporated into our maps are from lower
energies than those discussed by Anderson et al., but the tim-
ing and location of the particle deposition suggest that lower
energy electrons were part of the strahl reported from instru-
ments on the POLAR satellite. The effect of the electron
beam is: 1) to generate the obvious interhemispheric differ-
ence in particle precipitation, 2) to increase conductance (not
shown) above the background solar ionization component,
thus, increasing Joule heating energy dissipation and 3) to
contribute to the intense upward field-aligned current in the
northern polar cap [Papitashvili et al., 2000].

What of the asymmetries? We might expect imbalances in
the convection patterns based on the IMF orientation and sea-
son based on anti-parallel merging theory and as shown in
Figures 2e and 2d. The IMF and dipole configurations were
favorable for merging on the north dusk lobe of the magneto-
sphere. The north field-aligned current pattern (Fig. 2d) is
consistent with the statistical result presented by Friis Chrsit-
ensen et al., [1985] for ‘away’ sector IMF orientation. Thus,
the IMF and dipole orientations could account for part of the
unusual northern hemisphere patterns. But, as a matter of
completeness we cannot rule out the documented expansion
of the magnetosphere as a contributor to the unusual electro-
dynamic state on this date. A significant inflation of the mag-
netosphere during the momentum void could have presented
the opportunity for abnormal merging configurations. A
broader, more integrated ionosphere-magnetosphere study is
required to assess the impact of the magnetospheric inflation.

The southern hemisphere appears to be less controlled by
the spiral IMF orientation and uninfluenced by the strahl
event. The convection pattern is broader than in the north.
Some of the broadening may be due to more variable geo-
magnetic activity in the southern hemisphere which could
lead to pattern ‘smearing’ in the composite maps. There are
fewer data for the southern hemisphere maps so the Weimer a
priori pattern of the electric potential may have a larger influ-
ence there. The strong electric field in the post-noon region is
due to fitting to ion drifts that varied significantly between
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satellite passes. Both temporal and spatial variability are
contributing to enhanced field strength in that region. We
also know from previous work [Knipp et al., 1993] that elec-
tric fields in the dark wintertime hemisphere are less organ-
ized than those in the sunlit hemisphere, thus making large-
scale mapping somewhat less reliable. There are conductivity
influences present in all of patterns. The southern hemisphere
field-aligned current strength is less than 20% of that in the
north, consistent with the contrast in conductivity. The ab-
sence of solar and strahl-induced conductance and the weaker
auroral conductance are mostly responsible for the reduced
Joule heating in the southern hemisphere.

4. Conclusions

Conditions in the interplanetary medium were sufficiently
stable to allow a composite mapping of ionospheric electro-
dynamics in an 11-hour interval surrounding 1430 UT on 11
May 1999 using the AMIE procedure. During the momentum
flux void significant electrodynamic interactions took place
between the interplanetary medium and the Earth. Data as-
similation over the interval reveals that significant asymme-
tries existed in the high-latitude ionosphere. = Within the
northern hemisphere the patterns show electrodynamic inter-
actions focused on the polar cap and extending to roughly 70
MLAT. A single convection cell dominates in the northern
hemisphere. In the southern hemisphere the convection is
broader and generally more diffuse. While the cross-polar
voltages are similar between the hemispheres (35 kV in the
north and 33 kV in the south), there is at least a five-fold dif-
ference in the interhemispheric strengths of field-aligned cur-
rents, Joule heating and particle precipitation power. The
spiral IMF orientation, the sunward tilt of the northern hemi-
sphere, and the strahl of coronal electrons likely played a role
in the enhancement of these quantities in the northern hemi-
sphere. By the same token the absence of these factors for the
southern hemisphere produced a quieter ionospheric state.
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