GLOBAL IONOSPHERIC CONVECTION DURING SUBSTORM EXPANSION
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Abstract. The lage-scale ionospheric cegction patterns only on the solar wind and IMF conditionsttalso on the
derived from the Assimilatie Mapping of lonospheric intrinsically dynamic nature of the magnetosphere-iono-
Electrodynamics (AMIE) procedure are used xarine sphere system itself. It is widely befal that part of the
the relationship between global section and the sub-  solar wind input engy is first stored in the magnetotail,
storm e&pansion. It is found that, after the onset of the and the sudden release of this ggecauses substorms.
substorm gpansion when thAL index begins to decrease

sharply an isolated corection cell golves near mid-

night. As the substorm progresses, this cglbads, grad- January 9, 1997

ually meging with the pre-gisting dusk-side carection o |
cell. When the pre-substormpansion covection pattern

is subtracted, the residual patternsvetaearly a 2-cell
convection configuration which first appears in the local
midnight sector after the onset of thgansion phase and
gradually intensifies in spatial size as well as in magnitude
during the &pansion phase. Such a configuration implies
that the substorm-related ionosphericvamtion is mainly
controlled by a magnetospheric process in the tail.
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Large-scale corection in the high-latitude ionosphere B
is strongly controlled by the interaction between the solar 67
wind and the magnetosphere, mainly through reconnection 200F
processes at the dayside magnetopause as well as in the 't
nightside magnetotail, and to a lessgteat through vis-
cous-like processes along the magnetospheric boundaries g
[e.g., Cowley and Lockwood, 1992]. When the dayside B S AL21-01 MLT)
plasma inflav is balanced by the nightside plasma outflo ~so0F E
one would epect a steady-state a@ttion configuration ’ ° T ° "
to be reached. In realjtiiovever, different time scales are Figure1. (from top to bottom) IMMB,, By, andB, components
involved in the diferent processes so that a truly steady- in GSM coordinates, and t#J andAL indices between 050
state comection hardly eer eists. The time scale for the ~ and 1000 UT on January 9, 1997.
dayside reconnection is essentially determined bydhe v
ations in the upstream solar wind and IMFhe time scale
for the nightside process, on the other hand, depends not
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Consequentlythere are t@ processes concurrently occur- turbations recorded by aonidwide netvork of 123 mag-

ring during substorms: the one directlyvén by the solar ~ netometer stations (among them, 88 were located in the
wind enegy input controls the\erall lage-scale corec- northern hemisphere a®50° magnetic latitude for this
tion configuration while the one related to the magnetotail gy,qy) and the global auroral images from the Polar UVI
enegy rele_ase contrides to the smallescale changes in  jnstryment. Height-ingrated Pedersen and Hall conduc-
the cowection patterns. This vcomponent conceptas tjyities in the ionosphere are estimated from a pair of Polar
proposed byKamide et al. [1994]. "o distinguish them v images [e.g.,Lummerzheim et al., 1997] at about

quantitatvely, one has to selecvents when anxeellent every 3 mins. Correspondinglihe AMIE cowection pat-
global data ceerage is @ailable during well-defined sub-  tens are devied in a 3-min time step.

storms.

This paper studies the response of ionospherizemen
tion during two isolated substornvents occurred on Janu-
ary 9 and 12, 1997, respeetly. Global ionospheric
cornvection patterns are deed using the Assimilate
Mapping of lonospheric Electrodynamic (AMIE) proce-
dure Richmond and Kamide, 1988]. Data inputs to AMIE
for this study are the 1-mirveraged ground magnetic per-

2. Results
Event 1. January 9, 1997

The top three panels of Figure 1 shtheB,, B, and
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Figure 2. Selected ionospheric electric potential patterns in the northern hemisphere for 0745-0912 UT on January 9, 199;
terns are displayed in polar magnetic coordinates, with local noon on thewopouahe right side, and dusk on the left side. The
most circle corresponds to B0magnetic latitude. The dashed contours represejative potentials and the solid contours pesi
potentials, and the contour intahis 5 k\V The &treme potential alues are gen underneath each pattern.



B, components (in GSM coordinates) of the IMF measured 0749 UT as indicated by the sudden enhancement of Pi2

by the WIND satellite, which s located at (78.3, - 60.7, pulsations obseed by the Canopus magnetometer chain.
- 26) RE in GSE coordinates at 0700 UT on January 9, This is a moderate substorm, with a minimamof about

1997. Note that the propaiipn time from the satellite - 400 nT

location to the magnetopause has not beeentakto Figure 2 shws the representas patterns of iono-
account in this plot. During this 5-hr period, the IMF is spheric cowmection during the isolated substorm intdrv

relatively stable, and the magnitude of the IMF is about 5 P€tween 0745 and 0912 UT on January 9, 1997. Prior to
nT. The bottom panel sts the AU and AL indices, the substorm on;et at 0749 Uhe gonecyon patterns are
derived from the north-south component of the magnetic Néarly steadywith a 2-cell configuration and a small
perturbations recorded at 68 ground magnetometer station<T0SS-polacap potential drop of about 30 kwhich are
located between 55 and 76 magnetic latitudes. dF consistent with the weakly nortiand IMF condition.
comparison, the dashed carwn the bottom panel is thd After the onset, the_ comction conﬁgu_ratlon starts tq
index based on those auroral stations located only betweenChange rather dramatlcgllyThe mosF notlceqb le featqre IS
21 and 01 ML, which therefore represents the westv the deelopment of an isolated gative cell n the m'd' .
electrojet near the midnight sectoiThe \ertical dashed night sectar As the substorm progresses, this cell intensi-

line marks the onset of the substorrpansion phase at fies not only in magnitude ub also in spatial size.
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Figure3. The steady base pattern and the residual electric potential patterns between 0748 and 0912 UT on Janaury 9. The
is the aerage of the patterns at 0745 and 0748ibr to the substorm onset. The residual patterns areeddsy subtracting the ba:
pattern from the corresponding patternsvahan Figure 2.



Consequentlythe nightside substorm-related cell gradu-
ally meges with the presasting duskside corection cell.
During the receery phase (after about 0830 UT), as
shavn in the bottom re of the patterns in Figure 2, the
night-side cell diminishes, whereas the pxesting dusk-
side cell gradually enhances its magnitude.

Figure 3 shws the residual caection patterns, from
which the &eraged steady pattern prior to the onset of the

the substorm xpansion phase at 0728 Ubased on the
enhancement of the Pi2 pulsations obsérigy the Cano-
pus magnetometer chain. Urdikhe January 9vent in
which the IMF is relatiely stable, in this case all compo-
nents fluctuated prior to the substorm onset, especially the
IMF B, changes from northavd to southwrd about 30
mins before the onset. aling into account the propag

tion time from the WIND location to the magnetopause

substorm rpansion phase has been subtracted. At 0754 (about 19 mins if a x-distance of ~8& and a bk solar

UT (about 5 mins after the onset), a pair of vemtion
cells eolve near the midnight meridian. Thegradually
intensify both in magnitude and in spatial size. By the end
of the xpansion phase at about 0824, tiie twin comec-

tion cells hae occupied the entire nightsidegien. Dur-

ing the recwery phase, these twin cells gradually diminish.
At the same time, heever, a ngative cell emeges in the
postnoon sector and intensifies. This is eryinteresting
phenomenon which has not beenviyasly reported.

Event 2: January 12, 1997

Plotted in Figure 4 are the IMB,, B, andB, compo-

nents measured by WIND, as well as i andAL indi-
ces for the period of 0500-1000 UT on January 12, 1997.
The WIND satellite w&s located at (103.0, - 54.7, - 5

at 0700 UT The \ertical dashed line marks the onset of

January 12, 1997

Bx_GSM (nT)

=3
<
=
?
N

N
@

5 6 7 8 9
Figure4. IMF B,, B,, andB, components in GSM coordinat
and theAU andAL indices between 0500 and 1000 UT on .
uary 12, 1997.

wind speed of 525 km/s are considered) and the iono-
spheric response time (about 12 mins werage Ridley et
al., 1998]), such change By, is expected to déct the ion-
ospheric covection during thexpansion phase. This is a
rather intense substorm, with a minimitn of - 1200 nT
Figure 5 shas the representad residual patterns dur-
ing the substorm. About 1 min after the substorm onset, a
pair of cowection cells emge in the premidnight sector
around 22 MI. They intensify in magnitude as well as in
spatial size during thexpansion phase. Unkkin the pre-
vious case, there is another pair of \@mtion cells that
evolve on dayside of the da-dusk meridian during the
expansion phase. This kind of 2-cell gention configura-
tion on the dayside is associated with the soatdvurn-
ing of the IMFB,, similar to that reported bigidley et al.
[1998]. During the substorm regery phase from about
0830 UT to 0900 U;Tthe nightside substorm-related twin
cells gradually diminish, while the gative potential cell
in the postnoon sector gradually enhances. Note that the
enhancement of the gative cell in the postnoon sector is
not as monotonic as that in the \poeis case, which is
probably due to the complication of the IMF changes dur-
ing the recwery phase.

3. Summary and Discussion

In this study we ha&e examined the global ionospheric
cornvection patterns during twisolated substorms. &V
find that, in addition to the predsting 2-cell pattern, a
separate corection cell golves near local midnight after
the onset of the substormpansion phase. When the pre-
substorm pattern is subtracted, the residual patterng sho
clearly a pair of corection cells emere near the midnight
sector and intensify not only in magnitude hlso in spa-
tial size as the substorm progressegnewhen the IMF
remains relatiely stable. This implies that the substorm-
related cowection patterns are controlled by a magneto-
spheric process in the tail. Our findings are consistent with
the two-component picture dfamide et al. [1994].

One of the interesting features found in this study is the
gradual decrease of the nightside\eanion cells accom-
panied by the increase of thegasive cell in the postnoon
sector during the substorm reeoy phase. It seems that a
theory analogous to the “current-shuntingpbthesis pre
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Figure5. The steady base pattern and the residual electric potential patterns between 0726 and 0856 UT on Janaury 12. 1
tern is a@in the &erage of the patterns prior to the substorm onset.

posed bySscoe [1996] could be used taxplain such a University of Maryland, G. Burns at the Atmospheric and
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