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Abstract. We investigate variations of the location and in- 1 Introduction

tensity of auroral currents during two magnetic storm periods

based on magnetic field measurements from CHAMP sepaThe intensification and equatorward expansion of the auro-
rately for both hemispheres, as well as for the dayside andtal electrojet are characteristic features of geomagnetic storm
nightside. The corresponding auroral electrojet current dendisturbances@hapman and Bartgl494Q Feldstein et a.
sities are on average enhanced by about a factor of 7 cont997). The auroral electrojet indices (AE, AL, AU) are intro-
pared to the quiet time current strengths. The nightside westeuced for the description of the intensity of electroj@ayis
ward current densities are on average 1.8 (2.2) times largesind Sugiural966. The AE index tends to saturate during
than the dayside eastward current densities in the Northerthe main phase of the intense magnetic storm, which is re-
(Southern) Hemisphere. Both eastward and westward curgarded as an artifact caused by the equatorward shift of the
rents are present during the storm periods with the mosturoral electrojet beyond the standard AE netwdikasofu
intense electrojets appearing during the main phase of th@981 Feldstein et a.1997. Around midnight, the electro-
storm, before the ring current maximizes in strength. Thejet center lies typically at-60° MLat (magnetic latitude) for
eastward and westward electrojet centers can expand’to 55D, ~—100nT while at~54° MLat for D;,~—300nT (e.g.
MLat during intense storms, as is observed on 31 MarchFeldstein et a).1997), which is well equatorward of the 12
2001 with D;,=—387nT. The equatorward shift of auroral AE observatories, located betweerf @&d 70 MLat (Feld-
currents on the dayside is closely controlled by the southwardstein et al, 1997. However, several studies argued that the
IMF, while the latitudinal variations on the nightside are bet- main electrojet centers never shift equatorward 6f BQ.at

ter described by the variations of i, index. However, regardless of the magnetic storm levels (&\gimer et al,

the equatorward and poleward motion of the nightside auro<199Q Ahn et al, 2005, although the conclusion &hn et al.

ral currents occur earlier than thi&, variations. The Space (2005 was based on the events when the lowest AE station
Weather Modeling Framework (SWMF) can capture the gen-was on the nightside. In this aspect, the AE saturation is as-
eral dynamics of the storm time current variations. Both thesumed to be real and a result of the nonlinear nature of the
model and the actual data show that the currents tend to sathagnetosphere-ionosphere couplikguf et al, 1989.

urate when the merging electric field is Iarger than 10 mV/m. Meng (198@ reported that the dayside aurora was dis-
However, the exact prediction of the temporal developmentplaced by a few degrees less equatorward than the nightside

of the currents is still not satisfactory. region near the peak of the magnetic storm, and the midnight
and currents; Modeling and forecasting) ing the storm recovery phas@/ang et al.(2006 found that

the equatorward shift of field-aligned currents (FACs) on the
dayside was closely correlated with the southward 1B
while the equatorward expansion of the nightside FACs was
better described by the variations of thg, index. Since au-
roral electrojets are embedded in the auroral oval and closely
related to FACs, it is thus expected that the equatorward ex-
pansion of the auroral electrojets also exhibit the day-night
Correspondence tad. Wang asymmetries in response to the solar wind parameters and
(whui@umich.edu) storm phases.
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In addition, eastward and westward electrojets are found Instrumentation and data processing
to behave differently during storms. For example, the equa-
torward shift was much more pronounced for the eastwardlhe geoscientific satellite CHAMP was launched on 15
currents than for the westwar&¢stoker and Phari986. July 2000 from the Russian cosmodrome Plesetsk into a
Kamide (1979 concluded that eastward electrojets disap-circular, near-polar orbit (82° inclination, ~93min or-
peared when westward electrojets were very intense, thudit period) Reigber et al. 200J. During the two con-
AL>>AU was reported during the storm main phases. Insidered storms CHAMP was approximately in the late af-
contrastFeldstein et al(1997 found that eastward electro- ternoon (daytime) — early morning (nighttime) meridian
jets existed in every magnetic storm, and eastward electrojet6l5:00~03:00 MLT at 475km height for the March 2001
moved only equatorward while westward electrojets movedstorm and 16:0804:00 MLT at 421 km height for the April
both p0|eward and eduatorward_ They pointed out if 0n|y 2002 storm). This constellation enables us to StUdy the de-
the region of auroral latitudes was considered, the imprespendence of the dayside and nightside auroral currents on
sion can be created that eastward electrojets disappeared d§olar wind parameters and storm phases. The ionospheric
ing the course of intense magnetic storms. Previous studieklall currents, here the source-free ionospheric current com-
showed that the most intense westward electrojet was mogtonents, are determined from the scalar magnetic field mea-
often observed around 03:15MLT and the eastward electrosurements. The Hall current is approximated by a series of
jet around 17:30 MLT Allen and Kroeh) 1975. With satel-  infinite line currents, separated by 1 degree, which are placed
lite observations close to these two local time sectors, comin the ionospheric E region at a height of 115km. The tech-
parative investigations of eastward and westward electrojet§ique of determining the current strength of each line by
dynamics during storm periods can be performed. inverting the variations in the total magnetic field has been

The discussions and suggestions about the relationshig€eveloped byOlsen(1996. Moretto et al.(2002 has ap-
between the auroral electrojet and ring current are quitd)|i€d this method later to @rsted data. The reliability of this
controversial. For example, some authors claimed that thé@pproach has been demonstrated in a statistical study where
ring current intensification occurred earlier than the auroralcurrent density estimates from CHAMP were directly com-
electrojet (e.gAkasofu and Chapmari963 Akasofu and  pared with independent determinations from grouRdtér
Yoshida 1966. Others showed that auroral electrojets often €t al, 2004. The solar wind parameters used in this study
increased before the ring current increagéddovkin et al. are measured by the ACE satellite. The solar wind data have
1968, therefore, the ring current formation was claimed to been propagated from the ACE satellite to the magnetopause
be caused by the substorm everR®gtoker 1997. How- with the minimum variance method outlinedvveimer et al.
ever, Siscoe and Petschet997) indicated that there was (2003.
no direct relation between substorm and ring current inten- The Space Weather Modeling Framework (SWMF) model
sification and they were more like the two independent pro-Wi” only be described brlefly since it has been fU”y detailed
cesses which are caused possibly by the same sdBreée( elsewhere (e.gl6th et al, 2005. The SWMF has the ability
and Feldstein2000. By comparing the dynamics of auro- to couple numerical domain models flexibly and efficiently,
ral electrojets with the variations @,, this problem will be  including models of the solar corona, the heliosphere, the
examined in this study. magnetosphere, ionosphere and thermosphere. This frame-

This work includes: (_‘]_) a report on the h|gh resolution work enables simulations that were not possible with the in-
CHAMP observations of the dayside and nightside auroraldividual physics models and it is possible to be run in al-
electrojet current density and position during the 31 Marchmost real time on large computer systems. The SWMF used
2001 and 17 Apn] 2002 storms; (2) an investigation of the in this work includes the BATSRUS model to simulate the
variation of the dayside and nightside electrojets in associamagnetosphere of the EartRdwell et al, 1999, RCM to
tion with D,; and solar wind parameters; (3) a comparison Simulate the Inner Magnetosphere domdioffoletto et al,
of the storm time dynamics of the eastward and westwarc®2003, and the model byridley et al.(2004 to describe the
auroral electrojets; and (4) a comparison between CHAMPIOnospheric electrodynamics. The time-varying IMF and so-
observations and the Space Weather Mode”ng Framework’:lr wind conditions measured by the ACE satellite are used
(SWMF) model outputs. In the following section we de- @s inputs at the front boundary (&2). Various papers have
scribe the instrumentation and data processing. The SWMHEescribed these separate domain models and the results of
model will also be briefly introduced. The event analysis of the coupled simulations that can be achieved utilizing these
the observations and data-model comparison is presented iodels (e.gDe Zeeuw et a).2004 Toth et al, 2007 Wang
Sect. 3. In Sect. 4 the results are discussed in the context dft al, 2008.
previous publications. Section 5 summarizes the conclusions
drawn from the observations and data-model comparison.
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Fig. 1. Typical storm-time solar wind parameters including I, By, B, components in GSM coordinate system, as well as velocity,
vsw, dynamic pressurel;, merging electric fieldg,,, Akasofu parametee, andDy; variations on 31 March—1 April 2001.

3 Events studies Figure2 shows the MLat and UT distribution of the peak
eastward and westward ionospheric currents as deduced from
3.1 The storms on 31 March—1 April 2001 CHAMP measurements. The density of the currents are in-

dicated by the circle size. Separate frames are used for the
A succession of two intense storms occurred on 31 March-dayside and nightside in both hemispheres. Red circles cor-
1 April 2001 and were accompanied by extreme geophys+espond to eastward currents and blue westward currents.
ical conditions. We will refer to the individual hours as Overplotted is the variation of thB,; index.

Storm Time (ST). Figurel shows the time history of 8 g, eastward and westward currents occur during storm
quantities related to the magnetic activity on these tWoperjngs with the most intense appearing in the storm main
days. From left to right it contains the components of hpase pefore thed,, peaks. The peak densities are not
the IMF By, By, B; in GSM coordinatesp;, index, solar 54y found in the most equatorward currents, and these
wind velocity, vs,, dynamic pressurefy, merging electric  gyqng currents do not coincide with the peak value&gf
field, E,y=vsu,/ B3+B2sir?(0/2) (Kan and Lee1979,and  or ¢ in a one to one correspondence. At daytime peak east-
Akasofu parameterg:l/uovsw(B§+B§+BZZ) sin4(9/2)lc2, ward_currgnt densities are larger than wg;tward, while on
(Akasofy 1979, whered is the clock angle, ant is a con- the nightside peak Westwa_rd current de_nsmes are larger than
stant scale lengthy 7 Earth radii. the eastward. In _the following, we consider mainly eastward
We use theD,, index to characterize the two storm in- currents_ (electrOJets). on '_[he Qayt|_me and yvestward cu_rrents
tervals. The minimumD,, index was—387nT around (electrojets) on the nighttime in this study, if not state differ-

09:00UT and—284nT around 22:00UT. The IMRB, €Nty

decreased to-47.5nT around 06:35UT and te-37nT It can be seen in Fi@ that the peak densities of the east-
around 14:58 UT. The peak values of the energy input, asvard and westward electrojets are not always found in the
defined bye, were about 3.%10'3J/s around 06:18UT same satellite orbit. For example, in the Southern Hemi-
and 1.%103J/s around 14:57UT, almost at the same sphere on the dayside the eastward electrojet peaks around
time E, peaks attained values of about 32.7mV/m and06:56 UT at—55° MLat, with an amplitude of ®3 A/m,
22.9mV/m, respectively. They,, jumped towards 782km/s while on the nightisde the westward electrojet peaks around
and 773 km/s around 03:00 and 29:10 UT, respectivély.  08:12 UT, at—54° MLat, with an amplitude of-2.12 A/m.
peaked at about 59.8 nPa around 04:43 UT. The nightside peak current is larger by a factor of 1.52 (1.11)

www.ann-geophys.net/26/555/2008/ Ann. Geophys., 26, 5652008
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Fig. 2. The time and location of the peak eastward and westward ionospheric currents per orbit observed by CHAMP at the daytime
(15:00 MLT) (top) and nighttime (03:00 MLT) (bottom) sectors in the Northern (left) and Southern (right) Hemispheres on 31 March-1 April
2001. The current densities are indicated by the circle size. Eastward electrojets are denoted as red while westward as blue. The vertica
dashed lines indicate the maximum densities of the equatorward part of the auroral currents.

Table 1. The peak current density of the auroral electrojets on the dayside and nightside in the Northern (Southern) Hemispheres for the
March 2001 (2-2) and April 2002 (1-4) events.

| north | south

| day | night | day | night

| UT(HH) MLat(®) j(A/m) | UT(HH) MLat(®) j(A/m) | UT(HH) MLat(°®) j(A/m) | UT(HH) MLat(®) j(A/m)
March storm-1| 07:23 55 1.03 | 07:41 60 —-157 | 06:56 —55 0.93 08:12 —54 —2.12
March storm-2|  18:13 55 0.84 | 20:04 57 —2.08 | 20:50 —55.1 0.78 19:00 —-62.8 —1.65
April storm-1 15:05 66.3 0.89 | 16:25 595 098 | 12:34 —69.2 0.56 11:11 —-675 —1.26
April storm-2 | 33:30 63.88 0.67 | 27:15 63.2 —1.03| 29:30 —61.3 056 | 34:24 —-623 —1.21
April storm-3 | 58:18 66.1 1.21 | 65:48 59.1 -1.18 | 68:12 —63.3 0.56 | 65:12 —-62.9 —0.91
April storm-4 | 76:48 66.2 0.76 | 76:30 65.7 —1.44| 7854 —62.0 0.56 | 76:06 -58.8 —1.21

than the dayside current in the Northern (Southern) Hemi- The total current intensities of the eastward and westward
sphere for the first storm and 2.5 (2.12) for the second stormcurrents are compared with the variationdlf, as shown in
The peak densities of electrojets for the first storm are notFig. 3. Here the total current represents the integrated current
always larger than those for the second storm althabgh  densities along satellite orbit separately for the eastward and
is significantly larger for the first one. However, we should westward currents. The total intensities of the westward cur-
recall that the CHAMP spacecraft samples each polar regioments are larger than that of the eastward currents on both the
only once every 93 min and may have missed several largedayside and nightside. This is not surprising since intense
events. A detailed summary of the peak eastward and westwestward currents cover in this event much wider regions
ward currents for these events is given in Table 1. The tablen latitude than the eastward currents. The peak intensities
lists the time, MLat, and value of the largest current densityare marked during the main phases of the two storms. The
detected by CHAMP for both the day and nightside in both comparison of the integrated current values and the current
the Northern and Southern Hemispheres. density values shows that they peak almost synchronously.

Ann. Geophys., 26, 55570, 2008 www.ann-geophys.net/26/555/2008/
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Fig. 3. Storm-time integrated eastward (red) and westward (blue) currents observed by CHAMP together with the variatjpiisoei

(black) in the daytime (top) and nighttime (bottom) sectors in the Northern (left) and Southern (right) Hemispheres on 31 March—1 April
2001. The vertical dashed lines indicate the maximum intensities of the equatorward part of the total auroral currents.
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Fig. 4. Correlation analysis of the MLat of the peak current densities with the 20 min time delaye@®JMRd the 40 min time delayed

Dy; in both hemispheres on 31 March-1 April 2001. The correlation coefficient and the time delay are shown. In the top row the eastward
current is compared with IMB;, below westward currents argk; are shown.
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Fig. 5. Storm-time auroral electrojets for individual CHAMP passes over the north and south poles between 02:00 UT and 13:00 UT,
covering the main phase of the first storm on 31 March 2001. Black is CHAMP observation and red is SWMF model prediction. For
each orbit segment, left part is on the dayside and right is on the nightside. The positive current on the dayside corresponds to an eastwart
electrojet, while on the nightside it corresponds to a westward electrojet.

Another point that can be seen in F&js the equatorward  Fig. 4, where the latitudes of the peak densities of electrojet
expansion of both the eastward and westward currentgas currents in both hemispheres on the dayside (nightside) are
decreases. The peak density of the eastward electrojet on treempared with the variations of the 20 min (40 min) time de-
dayside shifts to 55MLat, and the westward electrojet on layed B, (Dy;). The time delay (20 and 40 min) is obtained
the nightside shift below #5MLat. The latitudinal width of ~ from a cross-correlation. It can be seen from Higwhen
the westward electrojet region on the nightside spreads over & <—25nT or Dy, <—300nT the latitudinal position of the
wide range of about 20n latitude (not shown in the figures). dayside or the nightside electrojets tend to saturate in both
The equatorward expansion and poleward retreat of the auhemispheres.

roral currents occur earlier than the variation/of,. The The auroral electrojets between 02:00 UT and 12:00 UT
equator_warq boundary. of the dayside glectrOJe.t IS IOOIewardcovering the main phase of the first storm on 31 March 2001
of the nightside electrOJe_t by gbout"ldur.mg the first st_orm are compared to the current predictions of the SWMF model
but equatorward of the _nlght5|de ellectrOJet py abeLd&nng outputs, as shown in Fig. CHAMP passes from the late
the second one. The times at which the nightside westwardyomoon (daytime) to the early morning (nighttime) (from
electrojets reach their m|n|mum_lat|tudes occur Iat_erthan thaﬁeft to right in the Fig.5). The red curve depicts the model

of the dayside eastward electrojets, and the dayside eastwaygi, + and the black curve represents the satellite measure-

electrojets show a more obvious poleward retreat than th(?’nent. Positive values on the left dayside correspond to east-

nightside westward electrojets. The motion of the equatory, .,y electrojets while on the right nightside they correspond

ward borders of the intense electrojets on the nightside seemy, \estward electrojets. Overall, the present simulations can
to correlate withDg, reasonably well. But on the dayside the ield the ranges of the current densities and locations “well’,

motion of the equatorward boundaries of electrojets does oLy, ,gh the exact prediction of the temporal development of
as well correlate witlDy,. It demonstrates that the latitudinal the currents is still not satisfactory. The peak current densi-

varlatlon”of t?]e elefctrOJet on the days||de follok\:vedl “\“E ties are not expected to occur simultaneous in the CHAMP
quite well. These features become clearer when looking af,<eryations and SWMF results. There is an underestimation

Ann. Geophys., 26, 55570, 2008 www.ann-geophys.net/26/555/2008/
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Fig. 6. The top two panels show the peak eastward and westward current densities observed by CHAMP versus those predicted by SWMF
in both hemispheres. The bottom two panels display the MLat of the peak current densities observed by CHAMP versus those predicted by
SWMF in both hemispheres.

of the amplitudes of westward electrojets and an overestima3.2 The storms on 17-21 April 2002

tion of the amplitudes of eastward electrojets, which is more

obvious in the Northern Hemisphere. Weak eastward eletroThe observations of the four successive April storms will be
jets (negative) are found equatorward of the dominant westpresented in the same format as the March storms. Figure
ward electrojet (positive) on the nightside after 05:00 UT, shows the time history of 8 quantities related to the magnetic
which are thought to be associated with the sub-auroral poactivity on 17-21 April 2002. From left to right it contains
larization stream (SAPSBurke et al.(2000 reported also the components of the IMB,, By, B, in GSM coordinates,
observations of SAPS appearing continuously during the ringDs: index, solar wind velocityp;,,, dynamic pressure,,
current buildup associated with the main phase of a geomagmerging electric field£,,, and Akasofu parameter,

netic storm. The model cannot reproduce the SAPS features. The Dy, index reached-98, —127, —126, and—149nT,

The model currents tend to be more poleward than the obseround 18:00, 32:00, 67:00, and 81:00 ST. The IBHluc-
vations, especially between 05:00 and 09:00 UT. These featuated a lot during the main phase of the first storm with
tures can be seen more clearly in Fégwhere the top two @ miminum of —31nT around 15:35ST. It exhibited an-
panels show the peak eastward (positive) and westward (negther three minima 0£13.6,—-18.6,—19.2 nT around 29:28,
ative) currents observed by CHAMP versus those predicte0:00, 72:07 ST. The peak values of the energy input, as
by SWMF in both hemispheres. The average ratio betweerslefined bys, were about 11, 2, 5.2, 53.0'2J/s around
the model and observations are about 1.6 (1.1) for the east5:35, 25:30, 58:30, 72:30 ST. Almost at the same tifpe
ward electrojets and about 0.8 (0.8) for the westward eleceaks attained values of about 16.1, 7, 13.1, 11.2mV/m. The
trojets in the Northern (Southern) Hemispheres. The bottonvsw jumped up to 625, 700, 666 km/s around 22:00, 57:30,
two panels show the latitudes of the peak current densitied 7:30 ST. P; peaked at 26.2, 7.4, 13.6nPa around 11:42,
observed by CHAMP versus those predicted by SWMF. Theb8:30, 76:36 ST, respectively.

SWMEF currents tend to be located about°1MLat more Figure 8 demonstrates the coexistence of the enhanced

poleward in both hemispheres than the observations. eastward and westward currents during the April magnetic
storm. The strongest electrojets are found again during

www.ann-geophys.net/26/555/2008/ Ann. Geophys., 26, 5632008
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Fig. 7. The same as Fig. 1 but for the 17-21 April 2002 event.
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Fig. 9. The same as Fig. 3 but for the 17-21 April 2002 event.

the main phase of the storms, before the ring currépt)(  below 58 MLat. The equatorward expansion and poleward
peaked. The peak current densities do not coincide with theetreat of auroral currents occur both earlier than the varia-
most equatorward currents in both hemispheres, neither withion of Dy;. The auroral currents shift to their lowest latitude
the maxima ofE,, nor e. During the first storm, the west- beforeD;, reaches its minimum. The equatorward boundary
ward electrojets on the nightside are larger by a factor ofof currents on the dayside is found poleward of that on the
1.11 (2.25) when compared to the eastward electrojets omightside by about 2on average. The nightside westward
the dayside in the Northern (Southern) Hemisphere. A de-electrojets reach their minima latitudes later than the day-
tailed summary of the peak current densities is also given irside eastward electrojets, and the dayside eastward currents
Table 1. In the next section we will discuss the similarities exhibit a more obvious poleward retreat than the nightside
and differences of auroral current characteristics for all thewestward currents. The motion of the equatorward borders
events. of intense currents on the nightside seems to correlate reason-
The integrated current intensities in comparison with the@Ply well with Dy, But on the dayside the boundary motion
variations of theDy, index are shown in Fig9. Similar to does not well correlate withy;. It demonstrates that the lat-
the March storm, the total intensities of westward currentsitudinal variation of the peak current densities on the dayside
are larger than the eastward parts on the dayside, but diffefollows IMF B.. These features are clearer when looking at
ently from the March storms, the total intensities of west- Fig- 10, where the most-equatorward boundaries of currents
ward currents are smaller than or comparable to the eastwaréiensities on the dayside (nightside) are compared with the
parts on the nightside, which is more obvious in the North-Variations of 20 min (40 min) time delayed IMB; (D;;) in
ern Hemisphere than in the Southern Hemisphere. The latthe same format as Fig. The motion of the equatorward
itudinal width of currents located poleward is much wider Porders of intense currents on the dayside correlatesByith
than those with opposite polarity more equatorward. This iswhile on the nightside it correlates reasonably well with.

valid on the dayside and nightside. The integrated currents The electrojet densities during the storm main phase
and the current density values attain their peaks almost SYN(08:00 UT-17:00 UT) are compared with the ionospheric
chronously. outputs of the SWMF, as shown in Figl. CHAMP
Figure 8 exhibits the equatorward expansion of both the passes from the later afternoon (daytime) to the early morn-
eastward and westward currents as the storm develops. Fang (nighttime) (from left to right). The red curve depicts
the first storm, the eastward electrojets on the dayside shift tthe model output and the black curve represents the satel-
62° MLat, and the westward electrojets on the nightside shiftlite measurement. The positive currents on the dayside
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Fig. 10. The same as Fig. 4 but for the 17—21 April 2002 event.
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Fig. 12. The same as Fig. 6 but for the 17—21 April 2002 event.

correspond to eastward electrojets while on the nightside cor4 Discussion

respond to westward electrojets. SWMF underestimates the

amplitudes of currents in the Northern Hemisphere and overin the previous section we have presented observations of
estimates the amplitudes of currents in the Southern Hemielectrojets and some other features during the geomagnetic
sphere. In addition, model currents tend to be located moretorms of March 2001 and April 2002. During these storms
poleward than the observations, which is more obvious inthe CHAMP satellite was orbiting the Earth close to the early
the Northern Hemisphere than in the Southern Hemispheremorning (nighttime) and late afternoon (daytime) meridian.
The top two panels in Figl2 show a comparison of the This orbit allows us to compare features of the auroral cur-
peak eastward (positive) and westward (negative) currentsents on the dayside and nightside.

observed by CHAMP versus predictions by SWMF in both

hemispheres. The average ratio between the model results1l Current density

and observations is about 0.7 (2.1) for eastward electrojets

and about 0.8 (1.3) for westward electrojets in the North-The above analysis shows that both eastward and westward
ern (Southern) Hemispheres. The bottom two panels shovglectrojets flow during the storm periods, with the most in-
the latitudes of peak current densities observed by CHAMPtense currents appearing during the main phase of the storm,
versus predictions by SWMF. The model tend to locate cur-PeforeD, reaches its maximum. The peak current densities
rents 1.8 (0.1°) poleward of the observations in the North- do not always coincide with the most equatorward currents.
ern (Southern) Hemisphere. In summary, the present simJable 1 lists the largest current densities encountered in each
ulations can yield ranges of current densities and location®f the storms. Based on the values given in the table we

“quite well”, although the exact prediction of the time series believe that the dayside and nightside peak current densities
is still impossible. are unrelated to each other. And even in the same local time

sector largest current densities in opposite hemispheres are
rarely observed during the same orbit. The correlations of
the current densities are calculated versus the solar wind and
IMF parameters. We find the highest correlation coefficients
for E,,. Figure13 shows relation of the peak densities of
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Fig. 13. The peak densities of the eastward and westward currents versus the merging electiig,fisltie left panels are for the March
storm and the right are for the April storm. The top two rows are for the CHAMP observations and the bottom are for the SWMF outputs.
The model results are in the interval of 5 min.

the westward and eastward electrojet, Jh, from CHAMP (top4.2 Latitudinal variation
two rows) and SWMF (bottom two rows) with,, for both

March and April storm events. Good correlations are foundDuring periods of enhanced solar wind input into the magne-

for them. It can be seen that Jh tends to increasB,af-  y,qhhere the auroral oval expands equatorward. Our results

cregses,r\]/vhich is the safrf‘ne for both the /quelland thde ObseE’how that the centers of the peak densities of the eastward
vation. The saturation effect &, >10mV/mis also evident 5.4 \estward auroral electrojets can expand to below 60

for both CHAMP data and SWMF prediction, suggesting the y ot guring the intense March storm (see Table 1). This

model can match the physical trend. is confirmed by Fig.14, which shows the relationship be-
The current densities determined for these storm studiesween the MLat of the maximum westward and eastward
are on average a factor of 7 larger than the average electrojeflectrojets versus the magnitudes of their current densities
density (0.2 A/m). The westward electrojets on the nightsideduring these storms. The black dots denote CHAMP obser-
are on average larger by a factor of 1.8 (2.2) than the eastvations and the red circles SWMF outputs. The center of the
ward electrojets on the dayside in the Northern (Southernurrents during relatively quiet periods with current density
Hemisphere, therefore, making AL larger than AU during anlower than 0.5 A/m can be found from latitudes higher than
intense stormiamide 1979. The comparison of integrated +75° to as low ast60°. The auroral oval tends to expand
current values on the dayside and nightside shows differenéquatorward as the current density increases, which is less
pictures of the current densities. For the March storm theobvious in the model data. The center of the electrojets can
intensities of the integrated westward electrojets are largeexpand tat55° when the peak current density is larger than
than the eastward electrojets, but for the April storms, the in-1 A/m for the March storm, with a minimup,;=—387 nT.
tensities of the integrated eastward (westward) electrojets ar&€he electrojet center shifts equatorward bel&0° when
larger than the westward (eastward) electrojets on the nightthe peak current density is larger than 1 A/m for the April
side (dayside). This is not surprising since the integrated curstorm, with a minimumD,,=—149 nT. Therefore the current
rent values take into account not only the intensity but alsSoAE network, which covers latitudes only down to°g&night
the electrojet width. have problems in monitoring the actual auroral electrojets
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Fig. 15. The intensities of the integrated eastward and westward currents versus the amplitudes of AL, AU indices during the March storms.
Left is in the Northern Hemisphere and right is in the Southern Hemisphere.

during moderate and intense geomagnetic storms. Thus thgolar region. It can be seen clearly that in both hemispheres
reported index may be substantially lower than the real val-AL tends to saturate for larger current intensities, which is
ues. To test this statement the integrated current intensitiebelieved to be caused by the equatorward shift of the auroral
together with the magnitudes of AU, AL indices for the in- electrojet beyond the standard AE netwofikésofy 1981
tense March storm are shown in Fith. Both AU and AL Feldstein et a.1997.

are averaged over the time period it takes CHAMP to pass the
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It is shown that the dayside current boundary is displaced The peak current densities occur not necessarily simul-
by a few degrees less equatorward than the nightside regiotaneous in the CHAMP observations and SWMF results.
near the peak of the magnetic storm, which is consistent withFor the March event, the model currents tend to be located
previous studiesMeng 1986 Wang et al,2005. The latitu-  1.4° MLat poleward of the observations in both hemispheres.
dinal variations of the auroral electrojets are compared withFor the April event, the model currents tend to be located
the variations ofDy, and the interplanetary magnetic field 1.8° poleward of the observations in the Northern Hemi-
componentB, in order to determine how these parameterssphere, while they fit very well (0°) the observations in
control the current configuration in the auroral region. Asthe Southern Hemisphere. One may notice that the cur-
shown in Figs4 and 10, on the dayside, the equatorward rents observed by CHAMP are located more poleward in the
shift of the eastward auroral electrojets appears to be conSouthern Hemisphere than in the Northern Hemisphere for
trolled closely by the southward IMB_, while on the night-  the April storm, which may account for the hemispheric dif-
side the poleward retreat of the westward currents is morderence of the model performance. In general, the location
gradual during the recovery phase and the latitudinal motiorof the maximum in the current density derived from SWMF
of the equatorward boundary more correlated with the vari-suggests a polar cap boundary several degrees poleward of
ation of Dy; than with B,. These results also show that the that observed by satellites during storm periods. This is con-
nightside equatorward and poleward movement, and the ersistent with previous studies which found that the locations
hancement of the electrojets happen earlier than the devebf the maxima in the ionospheric potential and FAC density
opment of the ring current. These findings suggest a closederived from SWMF are several degrees poleward of those
relation of the ring current intensity with the processes in theobserved by satellites during storm periodafg et al.
magnetospheric tail and indicate that the nightside electrojet2008. Partially, this can be attributed to the inner bound-
can be part of the ring current circuR@dovkin et al.1968 ary of the model (3.Rg), corresponding to 35MLat in the
Rostoker1997). ionosphere. Current systems at lower latitude cannot be re-

It is also noticed that westward electrojets cover a widerProduced. However, during severe storms, the currents are
range of latitudes than the eastward electrojets for the MarctpPServed to expand equatorward beyontl@Qat, which is
storm. The westward electrojets expand both poleward and@r below the inner boundary of the model. _
equatorward while the eastward electrojets move only equa- Previous studies have proposed a number of different
torward. A possible explanation could be the different driversmethods allowing the model currents to shift more equator-
of the electrojets, the plasma convection and the explosive inWard, but all have disadvantages (eRidley et al, 2001).
jection. In case of the early morning westward electrojet theFOr €xample, one option is to move the inner boundary of the
intensified convection moves the currents equatorward andnodel closer to the Earth. However, this requires to take the
the substorm electrojet is characterized by a poleward jumpigher wave speed into account and reduce the time step of
On the other hand both types of drivers make the eastwardh€ simulation. Another approach might be to increase the
electrojet move equatorwardBeldstein et a).1997. This  Model’s resolution in the inner boundary. Either of these so-
can explain the phenomena during the March storm. How-Jutions will cause the model to run much slower, a trade off
ever, this is not true for the April storm during which east- Which must be made in order to maintain accuracy. Other

ward currents on the nightside cover a much wider regionmethods include coupling the MHD code to a more sophisti-
than westward currents. cated inner magnetosphere model (igmohn et al, 200])

or including artificial, simplistic R2 currentsR{dley et al,
. 2002. These may allow the equatorward part of FACs to be
4.3 Data-model comparison more accurately modeled.
When comparing satellite observations with SWMF outputs, _
we find that the model can reproduce the ranges of the cur®  €onclusions

rent densities and locations well. In addition to the generalI this stud h . tigated the North d South
correct trend, it is also found that the currents may be saty-" "IS study, we have investigated the Northern and Southern

rating for E,,>10 mV/m, which has been shown in both the Hemisphere auroral current characteristics during the March

model and actual data, suggesting that the model can matc?w001 and April 2002 magnetic storms_. we have identified a
the physical trend. However, the exact prediction of the tem-Number of auroral current characteristics during these storms.

poral development is still not good. For the March storm, on 1 The peak current intensities determined during the
average, the model underestimates the westward currentden-  siorms are on average a factor of 7 larger than avearge

sity by about 20% on the nightside, while it overestimates the electrojets intensities.

eastward current by about 30% on the dayside. For the April

storm, the model underestimates the currents in the North- 2. The westward current densities on the nightside are on
ern Hemisphere by about 30%, but overestimate the current  average 2 times larger than the eastward current densi-
systems in the Southern Hemisphere by about 70%. ties on the dayside.
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3. Both eastward and westward electrojets are present durAkasofu, S.-I. and Chapman, S.: Magnetic Storms: The Simultane-
ing storm periods. The most intense currents appear ous Development of the Main Phase (DR) and of Polar Magnetic
during the main phase of the storm. The current den- Substorms (DP), J. Geophys. Res., 68, 3155-3158, 1963.

sities are correlated best with the merging electric fieldAkasofu, S.-I. and Yoshida, S.: Growth and Decay of the Ring Cur-
and tend to saturate whef, >10 mv/m. rent and the Polar Electrojets, J. Geophys. Res., 71, 231-240,

1966.

4. The integrated current intensity of the westward cur- Allen, J. H. and Kroehl, H. W.: Spatial and temporal distributions
rents are |arger than that Of the eastward currents on of magnetic effects of auroral electl’ojets as derived from AE in-
both the dayside and the nightside for the March storm, dl'(ces’ J. Ge"pg_ys- Res., 80, 3667(;3677’ 1975. ' |
but for the April storm the currents further poleward are Burke: W. J., Rubin, A. G., Maynard, N. C., Gentile, L. C., Sul-

larger than those located more equatorward with oppo- tan, P. J,, Rich, F. J., de La Beaujandi, O., Huang, C. Y.,
Sitg polarity q PP and Wilson, G. R.: lonospheric disturbances observed by DMSP

at middle to low latitudes during the magnetic storm of June

centers can expand to. belowSHiLat during intense Chapman, S. and Bartels, J.: “Geomagnetism”, Clarendon, Oxford,
storms. These electrojets flow well equatorward of the 1940
AE index monitoring stations. Davis, T. N. and Sugiura, M.: Auroral Electrojet Activity Index AE

6. The equatorward motion of currents on the dayside is, in ggg |isééJvaersal Time Variations, J. Geophys. Res., 71, 785-

general, correlated with the strength of the IMF south- De Zeeuw, D. L., Sazykin, S., Wolf, R. A., Gombosi, T. I, Ridley
ward component. The latitudinal motion of the equator- ~ o 3" J1d Bih. G.- Co’upll’ing of a.gI(;baI MHD code and an
ward currents in the nightside sector appears to be more jnner magnetospheric model: Initial results, J. Geophys. Res.,

correlated with the variation of th®;, index. When 109, A12219, doi:10.1029/2003JA010366, 2004.
B,<—25nT or Dy, <—300nT, the latitudinal position Feldstein, Y. ., Grafe, A., Gromova, L. |., and Popov, V. A.: Auro-
of the electrojets saturates in both hemispheres. ral electrojets during geomagnetic storms, J. Geophys. Res., 102,

14 223-14 236, do0i:10.1029/97JA00577, 1997.

7. The SWMF model can reproduce the ranges of the dengrafe, A. and Feldstein, Y.: About the relationship between auroral
sities and locations of the storm time auroral currents electrojets and ring currents, Ann. Geophys., 18, 874-886, 2000,
well. Both the model and actual data show that the cur-  http://www.ann-geophys.net/18/874/2000/
rents tend to saturate whef),>10 mV/m, suggesting Kamide, Y.: Relation between substorms and storms, in: Dynamics
that the model can match the physical trend. However, ©f the magnetosphere, edited by: Akasofu, S. I., pp. 425-443, D.

the prediction of the temporal development of the cur-  Reidel, Norwell, 1979. . . .
rents is still not satisfatory. Kan, J. R. and Lee, L. C.: Energy coupling function and solar wind-

magnetosphere dynamo, Geophys. Res. Lett., 6, 577-580, 1979.
A larger statistical study involving more magnetic storms is Kan, J. R., Zhu, L., and Akasofu, S. I.: A theory of substorm: onset
required to Verify our results. and SUbSidence, J. Geophys. Res., 93, 5624-5640, 1988.
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