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Abstract. To test the current-generation model of subaurorall Introduction
polarization stream (SAPS), we have investigated the rela-
tive positions of field-aligned currents (FACs) with respect
to SAPS in a statistical way by using CHAMP (CHAlleng- The subauroral polarization stream (SAPS) is one of the
ing Minisatellite Payload) and DMSP (Defense Meteorologi- interesting and important features of the magnetosphere—
cal Satellite Program) satellite observations as well as modelonosphere—thermosphere coupling processes in the subau-
simulations. Comparative studies have been performed foforal region, representing the rapid westward plasma flow
consecutive CHAMP observations in different magnetic lo- Predominantly in the dusk and premidnight sector (16-24
cal time (MLT) sectors with respect to SAPS. The latitude Magnetic local time, MLT) (e.gGalperin et al.1974 Spiro
of the peak westward zonal wind deduced from CHAMP €t al, 1979 Anderson et a).1991, 1993 2001, Yeh et al,
measurements has been used to represent the location of tA€9% Fejer and Scherlies$99§ Scherliess and Fejet998
SAPS peak. Both the density and the sheet current strengtRowland and Wygant199§ Wygant et al. 1998 Ridley
of R2 (region 2) FACs are enhanced when SAPS occur. Subet al, 2002 Foster et al.2002 Foster and Vp2002 Gar-
sequently R2 FACs decay in intensity and correspondinglyn€r et al, 2004 Figueiredo et a).2004 Liemohn et al.
the centers retreat poleward. The latitudes of the center 02005 Jensen and FejeP007 Zheng et al.200§ Erickson
the R2 FAC, small- and medium-scale FACs, and SAPS shiftet al, 2010 2011, Clausen et al.2012 Mishin, 2013. Two
equatorward with increasing MLT. The SAPS peaks are lo-types of plasma flows have been classified in the literature:
cated between R2 and R1 (region 1) FAC peaks in all MLT (1) polarization jets (PJ)Galperin et al. 1974 or subauro-
bins under study. The SAPS peaks are closer to R2 centef@l ion drifts (SAIDS) Gpiro et al, 1979, featured as more
in the later MLT sectors. The peaks of small- and medium-intense {- 1000 ms*) and latitudinally confined< 1° lat-
scale FACs are located poleward of SAPS, mainly in theitude) plasma flow; and (2) a wider latitudinal extent and
upward R1 FACs region. The upward R1 FACs are partlylonger duration of plasma flowYgh et al, 1991). In the
closed by the downward R1 FACs in the dawn—morning sec-Present study we are referring to both types.
tor. Based on model simulation, when R2 shifts equatorward BY using satellite and radar observations as well as model
to the subauroral region, the p|asma flow also shifts equaSimU|ati0nS, previous studies have shown that SAPS have
torward with its peak located poleward of that of R2 FACs. 9reat impacts on the ionosphere. SAPS can deepen the F re-
Both the model and observations provide evidence that SAPGION trough density (e.g.Smiddy et al. 1977 Maynard
behave as caused by a magnetospheric current source. 1978 Spiro et al, 1978 Anderson et a).1991, 2001, Foster

i i et al, 2007, enhance the electron temperature (&/gang
Keywords. lonosphere (electric fields —and currents; 5n4 | ghr 2013 Mishin, 2013, contribute to the ion upflow
|ono§phere—magnetosphere interactions) — magnetospher(g.g_,Yeh and Fosterl99Q Anderson et a).1991 Moffett
physics (current systems) etal, 1992 Erickson et al.201Q Wang and Liihr2013, and
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534 H. Wang et al.: SAPS and upflow

induce strong scintillations of UHF (ultra-high frequency) Program) observations from 2002 to 2003 to fill the gap in
and L-band signals (e.gBasu et al.2008. Recent studies the literature. The study will contribute to a further under-
have disclosed that SAPS can cause westward wind jets anstanding of physical processes occurring in the subauroral re-
air density anomalies, which peak at the same location (e.ggion. In the following section we briefly describe the method
Wang et al.2012a b; Wang et al.2012. of data processing. Section 3 describes the statistical result.
SAPS behave either like a voltage or current source inin the discussion section we compare results with previous
the inner magnetosphere. The anticorrelation between theeports and provide explanations.
width and the peak intensity of SAPS might suggest a voltage
source Figueiredo et a).2004 Kunduri et al, 2012. The
outward SAPS electric field forms when the inner bound-2 Data sets
ary of the hot ion plasma sheet moves further earthward of
the electron boundary. An alternative idea is that the SAPS2.1 CHAMP orbit and observation
electric field originates in the voltage difference between the
cold-trough plasma and the hot plasma injected from theCHAMP has a near-polar (8 inclination) orbit with
magnetotail De Keyser1999. an initial altitude of ~450km with a period of 93 min
The strong correlation between the ionospheric conductiv{Reigber et al.2002). During 2002 and 2003 the altitude was
ity and SAPS latitude, in particular the anticorrelation be- ~400km on average. The orbit covers all local times within
tween the conductivity and SAPS velocity might suggest al30 days € 4 months). CHAMP comprises a fluxgate mag-
current-source mechanism (e,gnderson etaj_]_993 2001 netometer (FGM), which delivers vector field readings ata
Figueiredo et a).2004 Wang et al, 2008. In this theory re- ~ rate of 50Hz and a resolution of 0.1 nT. The data are cali-
gion 2 (R2) field-aligned currents (FACs) flowing into the brated with respect to the onboard absolute scalar Overhauser
ionosphere in the dusk—premidnight sector, feed the polemagnetometer. The orientation of the field vectors are pro-
ward Pedersen currents through the less-conductive subawided by a dual-head star camera system mounted together
roral region, and flow out of the ionosphere in the auroralWwith the FGM on an optical bench. Data used in this study
region as R1 (region 1) FAC#larel et al.(198]) found an  are the 1 Hz preprocessed vector data in the north-east-center
enhanced SAPS in direct association with intense R2 FACsframe, which is a localized coordinate system witlaxis
Karlsson et al(1998 found that the strongest SAPS occur in pointing to geographical north, theaxis is pointing down-
that MLT sector when FACs are most intense. These findinggvard to Earth’s center and, and thyeaxis completes the
are in support of the current-source model. The alternativeorthogonal coordinate system, pointing to the geographical
explanation to the above is that the center of a SAPS shoul@ast.
be located between the large-scale R2 and R1 FACs. The FAC density is determined according to Ampere’s law
However, recent works (e.gVishin, 2013 have reported  from the vector magnetic field data by solving the cal
that R2 FACs are concentrated near the poleward boundary dhat is, j, = M—lo(% — 383;‘ ), whereug is the vacuum perme-
SAPS and do not enclose the channel, which is inconsisterability, B, and B, are the transverse magnetic field deflec-
with the current-generator theory. Alternatively they havetions caused by the electric currents in thdirection. We
proposed another concept that a SAPS is a turbulent plasmédrave assumed that FACs are infinite sheets aligned with the
spheric boundary layer via a short circuiting of the plasmoid mean location of the auroral ovalMang et al. 2005. Since
within the ambient plasma in the plasmasphere (Mshin, we do not have multipoint measurements, we convert the ob-
2013. Enhanced plasma waves within the SAPS channekerved temporal variation into spatial gradients by consider-
lead to anomalous circuit resistivity and magnetic diffusion, ing the spacecraft’s velocity under the assumption of station-
as in the plasmoid-magnetic barrier problem. arity of the current during the time of satellite passage (55—
The spatial distribution of SAPS relative to the magne- 75° MLat), which is around 5min. After discrete sampling
tospheric and ionospheric parameters, such as precipitatiog introduced Kiihr et al, 1996 we obtain j, = %%,
boundary layers, have been studied statistically in the literwhere, is the velocity perpendicular to the current sheet
ature. SAPS is located closely to the transition region fromgng B, is the magnetic deflection parallel to the sheet. We
H™-to O*-dominant plasmaRich et al, 1980. The model  have investigated the spatial distribution of FACs in response
predicts that SAPS occur in the region between the proton'so the solar wind and geomagnetic activity previously (e.g.,

inner edge and the electron’s precipitation edgeuthwood  \Wang et al, 2005 2006 2008.
and Wolf 1978. SAPS is located poleward of the reduced

Pedersen conductivity-{gueiredo et a).2004. However,a 2.2 DMSP orbit and observation

statistical study of the relative position of FACs with respect

to the SAPS is lacking so far. In this paper we will present The DMSP orbital period is approximately 100 min and
a statistical study of the spatial distribution of FACs relative the altitude is~835km. The satellites have fixed local
to SAPS by using both CHAMP (CHAllenging Minisatel- times with F13 in the near-dawn—dusk sector and F15 in
lite Payload) and DMSP (Defense Meteorological Satellitethe dayside—nightside (9—21 MLT) local time sector. The
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ion-drift meter (IDM) can provide ion-drift velocities in both
horizontal and vertical directions perpendicular to the satel-
lite orbit (Rich and Hairston1994). The average energy flux
of electrons and ions in the range of 30eV to 30keV are
monitored by the DMSP electron spectrometer (SSJ/4) in-
strumentsiflardy et al, 1984). We use an empirical relation-
ship between the average electron energy flux and the height

integrated ionospheric conductivitRbinson et a).1987) i om0 ; ‘ ‘ ]
to determine the poleward boundary of the subauroral re- @ 3| ! 1
gion. SAPS are defined as rapid sunward (westward) plasmé an\d\,_w/\/\#mw ]
flows greater than 100 nT$ in the subauroral and premid- 0 : :

night region, which have been identified in a similar way as 500 ‘
described bywang et al.(2008. DMSP passes with angles 750;’:
between the orbit track and the auroral oval of less tha&n 45 _~
have been discarded to guarantee that the DMSP cross-trac  _;sqo
direction is approximately aligned with the auroral oval. We ~ 1f ‘ \
have handled repeated SAPS observations in subsequent o “§ 0‘2’ }
bits as one event. The key time and magnetic-latitude marks = _ost ‘
the SAPS velocity peakWang et al. 20120. The plasma ) S i wio A b ‘ ]
velocities and the FACs density data are all presented in the % « MLZ?( o % *
apex magnetic coordinate system (eRjchmond 1995.

In order to obtain a comprehensive picture of the spa-Figure 1. One example of a CHAMP-concurrent orbit in bin 2
tial distributions of FACs, we have grouped CHAMP or- (fromMLTsapsto MLTsaps+ 2 h) with respect to DMSP-detected
bits into three 2h MLT bins extending from 2h in MLT SAPS. From top to bottom are CHAMP and DMSP orbit seg-
before the SAPS-detection location to 4h in MLT past it. ments in the |on_osphere,_|or_lospher|c Pederse_n copductlvny and the
The grouping is performed separately for F13 and I:14/150Iasma convection velocity in the east-west direction from DMSP,

L as well as field-aligned currents from CHAMP. The peak velocity
SAPS events because they are flying in different MLT planes, ;< b i indicated by the dashed line. The UT (universal time),

Bin 1 contains CHAMP passes K_) the west of a SAF)SMLat, and MLT are listed when DMSP and CHAMP pass the region
(from MLTsaps—2h to MLTsapg), bin 2 to the east (from  \yhere SAPS peak.

MLT saps to MLTsaps+2h), and bin 3 between 2 and 4h

eastin MLT (from MLTsaps+ 2 h to MLTsaps+ 4 h). To un-

derstand the temporal evolution of FACs, we have consid-see a strong westward sunward flow, e.g., SAPS, whose peak
ered four consecutive CHAMP orbits within a time window ye|ocity is indicated by the vertical dashed line. The down-
of 1.5h before and 3h after the detection time of a SAPS.ward and upward FACs are R2 and R1 FACs.

The orbits passing the MLat (magnetic latitude) of the SAPS  The numbers of CHAMP orbits in each bin have been
peak velocity about 0-30 min after the SAPS key time are deqsted in Table 1, which are considered large enough for a sta-
clared as concurrent orbits. The orbits 1.5 h before the ever]tﬁstica] study_ The average latitudes and magnitudes of SAPS
are regarded as previous orbits. The orbits 1.5 and 3 h latepeaks, the prevailing Kp (index) levels and SZA (solar zenith
are thought of as after-event passes. The same approach haggle) for each bin are listed in Table 1. Kp is on average a
been utilized to study the temporal and spatial effect of SAPSjttle larger for F13 events than for F14/15. F13 events occur

on the thermospheric dynamid#/gng et al.2012h. in sunlight while F14/15 mainly in darkness.
As an example, Figl shows the latitudinal variation

of electrodynamic parameters in the dusk sector coordi-

nately observed by CHAMP and DMSP F13 over the north-3  Statistical results

ern middle—high-latitude region. The upper plot shows the

ionospheric polar footprints of both satellites. CHAMP flies We have taken the location of the SAPS peak velocity as the
through the region around the same time as DMSP’s deteckey latitude (05 MLat). In comparison the latitudinal pro-
tion of a SAPS peak, but about 1 h to the east in MLT, thusfiles of CHAMP FACs are stacked with respect t& MLat
classified as a bin 2 orbit. Figuleshows the latitude profile over a latitude range from-30 to 20, then a superposition

of the Pedersen conductivity derived from the particle precip-is performed. Figur@ shows the mean latitudinal variation
itation, ionospheric convection in the east and west directionof FACs in bin 2 (MLT~ 19.2 h) for F13 SAPS events (left).
and field-aligned current in the bottom panel. Positive valuesThe orbit occurring 1.5h before the SAPS key time is the
represent eastward (upward) direction for the convection veblack line, the concurrent orbit is the red line, 1.5 and 3h
locity (FACs) in the dusk sector. Equatorward of the aurorallater orbits are the blue and green lines, respectively. The
oval, indicated by the strong particle precipitation, one canstandard deviation of averages are indicated as vertical bars.

(m/s)

UT=15.67h, MLat = 68.00 OMLT = ‘17460h
I I

www.ann-geophys.net/32/533/2014/ Ann. Geophys., 32, 5332 2014



536 H. Wang et al.: SAPS and upflow

Table 1. The columns from left to right give the numbers of CHAMP orbits, the average spatial location (MLT and MLat) and peak velocity
of F13 (14/15) SAPS, and the mean Kp index and SZA in each MLT bin.

F13 (F14/15) Eventno. MLT (h) MLaf} SAPS velocity (ms1) Kpindex SZA(Q)

Bin 1 25(52)  18.1(20.5) 64.5(64.1) 1017 (841) 3.3(2.9) 82.3(96.6)
Bin 2 30(64)  18.2(20.4) 64.2(63.6) 875 (1036) 3.4(2.9) 82.0(100.1)
Bin 3 25(81)  18.0(20.4) 65.7(63.6) 1177 (1184) 3.1(2.8) 86.5(102.9)
Center 15(30)  18.3(20.4) 63.7(63.9) 787 (766) 3.6(3.0) 75.7(94.5)

Bin 2, F13, NH Bin 2, F13, NH F13 SAPS F14/15 SAPS
i i Bin 1, F13, NH Bin 1, F14-15, NH

MLT =19.7h
0.2 i//=—0.10n/-\/m'2 .

1\*

FACs (1A/m?)
Lo
FACs (1A/m?)

FACs (uA/m?)
\

FACs (1A/m?)

L

f
-0.5 -0.

<30 -25 -20 <15 -10 -5 0 5 10 15 20 <30 -25 -20 <15 -10 -5 0 5 10 15 20 - 05

MLat around SAPS (°) MLat around SAPS () =30 -25 -20 15 -10 -5 10 15 20 <30 25 -20 -15-10 5 0 5 10 15 20

MLat around SAPS (°) MLat around SAPS (°)

Bin 2, F13, NH Bin 2, F14-15, NH

Figure 2. Superposed epoch analysis of large-scale FACs in bin 2
for the DMSP F13 SAPS event (left: 20s averaged FACs, right: o3 wr=1e2 o 03] mT=217m
filtered data). Positive denotes upward FACs flowing out of the 2= otewam? T 02) - j;=-00TyARE
ionosphere. Black line: orbit arc before SAPS; red line: 0-0.5h af- £ s

ter SAPS; blue line: 1.5-2 h after SAPS; green line: 3-3.5h after
SAPS. Standard deviations are marked by vertical bars.

FACs (uA/m?)
\
FACs (tA/m?)
L
o

30 25 20 1510 -5 0 5 10 15 20 30 25 20 -15 10 5 0 5 10 15 20
MLat around SAPS (°) MLat around SAPS (°)

All four curves show a pair of current sheets, with down- . Bt e
ward R2 FACs located equatorward and upward R1 FACs i .. ..

poleward, which is a typical configuration in the dusk sector. . oz 5=-omar
There are some small current structures overlaid on the two s
dominant large-scale current sheets. For the determination o' %
the peak of the large-scale currents, it might be more appro-

priate to used the filtered FACs. After the filter is applied, ~sis oot s sy g

03 MLT=233h
;= ~0.01tuAm? - T)

K=
FACs (UA/m?)
Lo

°

only the dual-sheet pattern dominates, as shown in the right- Miatromns 8es () o enre 0
hand side panel in Fig2. In the following the filtered data Figure 3. Superposed epoch analysis of large-scale FACs in each
are presented. bin for DMSP F13 and F14/15.

Figure 3 shows the average latitudinal variation of FACs
in all local time bins for F13 and F14/15 SAPS events. Bin 1

is centered around 17.2h (19.7 h) MLT, bin 2 around 19.2h We also looked at the small- and medium-scale FAC (SS-

(21.7 h) MLT, and bin 3 around 21.6 h (23.3 h) MLT for F13 . :
L FAC) (10-150 km wavelengths), which are derived from the
(F14/15) SAPS events. For the F14/15 event in bin 3, the1 Hz preprocessed CHAMP EGM data. Here we calculate

downward FACs are not so obvious, which may be due to . .
later MLT sector. FAC densities are weaker for F14/15 thar:Jlt he intensity t?y means of the rms (root mean sguare) of the
SSFAC data in an interval of 11s for each point along the

for F13 SAPS events because of the differences in both thé . . . . :
. . . o . Satellite orbit. The calculation method has been described in
geomagnetic activity and solar illumination. In all figures the

valley shows R2 FACs peaks and the summit as R1 FACsdEtaII in Xiong et al. (2014. The rmd values can be used

peaks. If the location of R2 FACs is negative, it means the RZ‘#: the SEA (superposed epoch analysis) in a similar way as
t

. he large-scale FACs, as shown in Fp.lt is obvious that
FACs are equatorward of the SAPS, and vice versa. In eac e amplitude of the SSFAC is much larger than those from

local time bin it is obvious that R2 FACs get enhanced atthe large-scale FACs. This indicates that most of the ener
the key time of the SAPS. In the subsequent orbits R2 FACSls trang orted b smr;lller-scale FACs. It is clear that SSFA%/
decay in magnitude and the peak of R2 FACs retreats pole; P y :

o : have their peaks poleward of SAPS. The SSFAC get a little
w_ard_. The po sitions of the R2 FAC peaks shift equatOrwardenhanced at the time of SAPS occurrence. The intensity of
with increasing MLT.

SSFAC is closely related with the ionospheric conductivity
distribution (e.g.Wang et al.2005.
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Figure 4. As Fig. 3, but for the intensity of small- and medium-scale FACs (SSFACSs).
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Figure 5. As Fig. 3, but for the integrated FACs.

It might be interesting to see how the total strength of that a net downward FAC exists equatorward and the upward
the downward FACs changes when a SAPS occurs. For thadACs poleward of the SAPS region (e.Rich et al, 1980
we have integrated the FACs (IFACs) along the orbits asFigueiredo et a).2004).
IFACs =/ j,,ds, where ds is the distance along the orbit seg-
ment, as presented in Fig. The peak downward IFACs (IR2
FACs) are larger for F13 SAPS than for F14/15. IR2 FACs4 Discussion
increase in magnitude when SAPS occur and decrease in the
subsequent orbits. Due to both a decrease in current density? the previous section we have described the temporal and
and width, IR2 FACs decrease with increasing MLT. The po- spatial variation of FACs in association with SAPS. Both the
sition of IR2 FACs can be regarded as the poleward boundaryeak value and full strength of R2 FACs get enhanced when
of the R2 FACs, which shifts equatorward for a later MLT. It SAPS attain peaks, afterwards FACs tend to recover in mag-
can be noticed that there are net upward FACs at the enditude and retreat poleward. The presented temporal varia-
of the orbit segment, which means the upward R1 FACs ardion of FACs confirms previous model works claiming that
not fully balanced by the downward R2 FACs in the dusk— FACs might decay within 37 min after a SAPS occurred, due
premidnight sector. The net upward FACs might close be-to the decrease in conductivity (e.@anks and Yasuhara
cause of Pedersen currents through the polar cap connectd@®78 Rich et al, 1980. The purpose of this work is to deter-
to R1 FACs on the dawnside. Previous works have also statethine the relative location of peaks in SAPS and FACs. Pre-

viously we have statistically studied the effect of SAPS on

www.ann-geophys.net/32/533/2014/ Ann. Geophys., 32, 5332 2014
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Figure 6. As Fig. 3, but for the zonal wind. Negative denotes westward (sunward) direction.

the zonal wind by using both DMSP and CHAMP satellite F14/15 events do not show obvious variations and, thus, they
observationsWang et al.20117). It is shown that both SAPS are not shown. It can be seen that the latitudes of four pa-
and zonal wind peak at almost the same position, representameters shift equatorward with increasing MLT. Apparently
ing strong effects of SAPS on the zonal wind. Regarding thethe peak zonal wind (SAPS) is located poleward of the peak
timescale of ion-neutral couplingmmert et al(2006 found of the downward R2 FACs but equatorward of that of the R1
that the response of high-latitude wind to plasma convectionFACs. The fact that SAPS is located near the poleward wall
is broadly maximized at a time lag of 1 h at around 250 km of R2 FACs is consistent with the current-generator model.
altitude during quiet time. They suggest that the time delayThe gap between the SAPS and R2 FACs decreases with in-
can be further reduced at higher altitude and on the nightsidecreasing MLT. The peaks of SSFAC are located poleward of
Previous studies showed that the thermosphere reaction duBAPS, mainly in the upward R1 FACs domain.
ing magnetic storms could be much faster, simultaneously or To further validate the above conclusion, we have selected
within 30 min (e.gLiu et al,, 2011). Based on these results, conjugate CHAMP-DMSP observations to directly compare
we might use the location of the peak westward zonal windthe position of FACs with that of SAPS. For that study we
deduced from CHAMP measurements to refer to the SAPShave used events when CHAMP passes the MLat of the peak
location in each MLT bin. However, one must keep in mind velocity of SAPS within a zonal segment &f7.5° in lon-
that there can be errors since measurements have been takgitude no later than 30 min after the SAPS detection time.
by two different spacecraft and at somewhat different times.The number of these observations and related SAPS features
Improvements and more complete investigations can be ex{position and magnitude) have been listed at the bottom of
pected from the data of the ESA's (European Space AgencyJable 1. The average distribution of FACs is shown in Big.
constellation mission Swarm. CHAMP is aligned with DMSP in the same MLT sectors,
Figure6 shows the mean latitudinal variation of the zonal which is on average 18.3h (20.5h) MLT for F13 (F14/15)
wind in the same MLT bin as Fig. It can be seen that the SAPS events. It clearly reveals that peak SAPSs are located
westward zonal wind gets enhanced at the key time of SAPSpoleward of the peak of the downward R2 FACs and equator-
and the peak shifts equatorward. Afterwards, the magnitudesvard of the upward R1 FACs for both F13 and F14/15 cases.
decay and the positions retreat poleward. The variations of Previous works have studied the relative location of FAC
the zonal wind that center at the sector of 23.2h MLT aresheets with respect to the equatorward boundary of ion and

rather small. electron auroras during substorm periotumpar (1979
found that R2 FACs extend on average °2efjuatorward
4.1 Relative positions of the electron-precipitation boundar@&ussenhoven et al.

(1983 reported that the ion-precipitation boundary is°1.4
Thereafter we can compare the relative positions of the SAP®quatorward of the electron boundary, the separation often
peak (represented by the peak in westward zonal wind), theeaches up to 3 and evenrd ¥ latitude. Our results also
R2 FACs peak, the poleward boundary of the downward curimply that the R2 FACs peaks are located equatorward of
rent region, and SSFAC peak, as shown in FigAll param- ~ SAPS peaks, which form well equatorward of the electron-
eters are derived for concurrent CHAMP orbits when SAPSsprecipitation boundary.
attain peaks (red curves in Figs. 2-5). Parameters in bin 3 for
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Figure 9. Numerical simulation of high-latitude plasma dynamics.
From top to bottom frames show the Pedersen conductivity (sine
’ “V" “ 0:3 MLT =20.5h
)

03} MLT=183h
j,=-016 HA/m?

Alm?)

FACs (

wave), FACs (sine wave) and the derived electric field (positive de-
| 02 =011 pA/m? ||| notes poleward) and azimuthal velocity (positive denotes sunward)
"|||||| S IS ”" I fromEq. (2).
I||I| l ‘ o
o : o and R2 FACs on the duskside exhibit a sine-wave shaped lat-
T ety T sty itudinal profile in the auroral region, as shown in the left
Figure 8. Superposed epoch analysis of FACs centering aroun anel in Fig.9, while for a SAPS event, we have shifted
F13 and F14/15 SAPS withii#:0.5 h MLT, almost concurrent with he R2 FACs to th? subaqroral reglon (ie., Iow-conducjuwty
SAPS. area), as shown in the right panel in Fi@. The electric
field and azimuthal velocity can be solved analytically by us-
ing Eq. (2). In Fig.9, positive values mean upward FACs,
4.2 Model results poleward (northward) electric field, and westward (sunward)
plasma flow. The vertical dashed line marks the peak electric
A numerical model has been used to confirm the above refield and velocity.
sult. The electric potentiakf) and the radial component of It can be seen that the poleward electric field and west-
the field-aligned currentgi¢) are connected by the following ward plasma flow peak in the auroral zone for non-SAPS
relationship: events when R2 FACs are located in the auroral zone. When
) R2 FACs shift equatorward to less conductive regions, both
JR=V1-(X2-V®), @D the poleward electric field and the westward plasma flow in-

where T is the ionospheric-conductance tensor. When as<Crease in magnitude with their peaks shifting equatorward

suming that the potential and conductivity are homogeneou#ut located poleward of the R2 FAC’s peak. This is consis-
in the longitudinal direction, which is common near dusk, tent with the presented statistical result that SAPS peaks are

and that the field lines are vertical, we can simplify Eq. (1) located between R1 and R2 FAC peaks, which provides evi-

as (the detailed manipulation can be founcRidley et al, ~ dence for a current-generator mechanism.

2002 Previous works have implied that SAIDS and SAPS are
generated in the same way (e.§lishin, 2013. However,

: 1 §¥pd® 529 SAIDs are more closely associated with substorfrsder-

k=725 50 P%)’ @ sonet al. 1993. Future work might differentiate these two

where@ is colatitude,R is the radial distance from Earth’s types of events and investigate them separately.

center, andzp is the height-integrated Pedersen conductiv-

ity, respectively. The poleward electric field can then be de-g Summary

scribed asty = —%. For the above relationship it follows

that jgr = —%(%(EPEQ)). This reflects a simple relation- We have presented a statistical study of the relative posi-

ship between the northward electric fielél,) and Pedersen tions of SAPS with respect to large- and small-scale FACs

conductanceXp). We have used this numerical model previ- in different MLT sectors by using coordinated observations

ously to investigate the effect of the ionospheric conductivity of CHAMP and DMSP. The observational results have been

on the azimuthal plasma floMfang et al. 2010. further confirmed by an analytical model. Both observations
The auroral Pedersen conductance is assumed to be shapadd the model’s results show evidence in support of a current-

as a cosine bell superposed on a 1S background condugenerator mechanism for SAPS. Some interesting results

tance. For the non-SAPS event, we have assumed that Riave been found.
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1. Both the current density and total magnitude (IR2 Anderson, P. C., Carpenter, D. L., Tsuruda, K., Mukai, T,
FACs) of R2 FACs increase when SAPS occur. The cur- and Rich, F. J.: Multisatellite observations of rapid subauro-
rent strength decays and the peak retreats poleward in ral ion drifts (SAID), J. Geophys. Res., 106, 29585-29600,
the subsequent orbits. The peak of IR2 FACs decreases d0i:10.1029/2001JA000122001.

with increasing MLT due to a decrease in both the cur- Banks, P. M. and Yasuhara, F.: Electric fields and conductivity
rent density and the current width in the nighttime E-region — A new magnetosphere-ionosphere-

atmosphere coupling effect, Geophys. Res. Lett., 5, 1047-1050,

2. The latitudes of the peaks of R2 FAC, IR2 FACs, SS-  d0i:10.1029/GL005i012p01047978. _
FAC, and SAPS shift equatorward with increasing MLT. Basu. S., Basu, S., Makela, J. J., MacKenzie, E., Doherty, P.,
The latitudinal gap between peaks in SAPS and the R2 Wrght, J. W., Rich, F., Keskinen, M. J., Sheehan, R. E., and
FAC decreases with increasing MLT. The peak SAPSs Coster, A. J.: Large magnetic storm-induced nighttime iono-
are located between the peaks of .RZ and R1 EACS spheric flows at midlatitudes and their impacts on GPS-based
' pavigation systems, J. Geophys. Res.-Space, 113, A00AO06,
which is consistent with a current-generator model. The doi:190.1029/50083A0130780§8.y P
peak SSFAC is located poleward of SAPS, mainly in the cjausen, L. B. N., Baker, J. B. H., Ruohoniemi, J. M., Greenwald,

upward R1 FAC's region. R. A., Thomas, E. G., Shepherd, S. G., Talaat, E. R., Bristow,

W. A, Zheng, Y., Coster, A. J., and Sazykin, S.: Large-scale ob-
3. The upward R1 FACs are not fully balanced by the  serations of a subauroral polarization stream by midlatitude Su-

downward R2 FACs in the dusk—premidnight sector. perDARN radars: Instantaneous longitudinal velocity variations,
The net upward FACs seem to partly feed the R1 FACs  J. Geophys. Res., 117, A05306, d@i:1029/2011JA017232
on the dawn and morning sides. 2012.
] De Keyser, J.: Formation and evolution of subauroral ion drifts in
4. Model results confirm that the westward plasma flow  he course of a substorm, J. Geophys. Res., 104, 12339-12350,
peaks in the auroral zone when the R2 FACs are lo- d0i:10.1029/1999JA900103999.
cated in the auroral zone, however, when the R2 FACSEmmert, J. T., Hernandez, G., Jarvis, M. J., Niciejewski,
shift equatorward to a less conductive region, the west- R. J., Sipler, D. P., and Vennerstrom, S.: Climatologies of
ward plasma flow increases in magnitude with its peak nighttime upper thermospheric winds measured by ground-
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