Ann. Geophys., 29, 1277286 2011 ~ "*
www.ann-geophys.net/29/1277/2011/ G Ann_ales
doi:10.5194/angeo-29-1277-2011 Geophysicae
© Author(s) 2011. CC Attribution 3.0 License. -

The efficiency of mechanisms driving Subauroral Polarization
Streams (SAPS)

H. Wang! and H. Liihr2

1Dept. of Space Physics, School of Electronic Information, Wuhan University, Wuhan 430079, China
2Helmholtz Centre Potsdam-GFZ, German Research Center for Geosciences, 14473 Potsdam, Germany

Received: 5 March 2011 — Revised: 28 June 2011 — Accepted: 30 June 2011 — Published: 20 July 2011

Abstract. We have investigated the seasonal and diurnall Introduction
variation of SAPS (Subauroral Polarization Streams) occur-
rence based on 3663 SAPS events identified in DMSP ioriThe term Subauroral Polarization Streams (SAPS) was in-
drift observations in the Northern Hemisphere during July troduced byFoster and Burké2002) referring to rapid west-
2001 and June 2003. Their relationships with high latitudeward (sunward) plasma flows located equatorward of the au-
convection electric field, substorm, and ionospheric conduc+oral oval predominantly in the dusk and pre-midnight sector
tivity have been addressed. SAPS occurrences show a cle&t6:00 to 24:00 magnetic local time, MLT). It was the inten-
seasonal and diurnal variation with the occurrence rates varysion of the authors to jointly represent two rather similar phe-
ing by a factor of 5. It is found that the convection electric nomena: (1) the polarization jet (PG 4lperin et al.1974 or
field might play a dominant role in association with SAPS subauroral ion drift (SAID) $piro et al, 1979, which char-
occurrence. Peak convection electric fields mark the occuracterize rapid and latitudinally confined plasma flows and
rence maximum of SAPS. Substorm might play a secondary2) plasma flow features with larger latitudinal extent and
role related to SAPS occurrence. It account for the secondarjonger duration, as described e.g. ¥gh et al.(1991). In
maximum in SAPS occurrence rate during December solthis study we focus on the SAID-type SAPS. They are one of
stice. Our work demonstrates that the substorm induced eledhe interesting and important features at subauroral latitudes,
tric field can develop SAPS during relatively low global con- which have been extensively investigated from satellites and
vection. Somewhat low fluxtube-integrated conductivity is radars as well as by magnetospheric simulations @pgo
favorable for SAPS to develop. Another topic is the temporalet al, 1979 Anderson et a).199% Burke et al, 200Q Parkin-
relationship between SAPS and substorm phases. SAPS caon et al, 2006 Zheng et al.2008. In the subsequent parts
occur at substorm onset, substorm expansion and recovef the paper the term SAPS will refer exclusively to the nar-
phases. Most probably SAPS tend to occur 60 min/45 min affow plasma jet events.
ter substorm onset during quiet/more disturbed geomagnetic SAPS are regarded as storm and substorm related phenom-
activity, respectively. This indicates that enhanced globalena Spiro et al, 1979 Anderson et a).1993 Burke et al,
convection helps SAPS to develop quicker during substorms2000. SAPS have been reported to appear during the main
The peak plasma velocity of SAPS is increased on averagehase of a geomagnetic storfaufke et al, 2000. Karls-
only by 5-10 % by the substorm process. son et al.(1998 showed that SAPS get strengthened with
enhanced magnetic activity. High convection electric field
Keywords. lonosphere (Electric fields and currents; Mid- can inject magnetotail particles equatorward and energize it,
latitude ionosphere) — Magnetospheric physics (Storms andhus produce strong R2 FACs (field-aligned currents) flowing
substorms) into the low conductivity subauroral region. The poleward
electric field adjusts to maintain the current continuity in the
ionosphere, finally generating SAPSnderson et a).2001).
However, whether substorms play an important role or just a
secondary role in relation to SAPS occurrence is still under
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together with a larger AE index.Goldstein et al. (2009 2 Data sets
have reported on SAPS events driven by substorms instead
of dayside reconnection and discussed their effects on th@.1 DMSP SAPS data
plasmaspheréWang et al(2008 have associated the larger
SAPS during relatively low magnetic activity with substorm The DMSP satellites sample polar regions~&35km al-
processes.Karlsson et al(1998 also noticed that strong titude along orbits of fixed local times. The orbital period
subauroral electric fields can be observed during relativelyis approximately 100 min. One of the considered satellites
low magnetic activity in winter. The substorm dipolarization (F13) has a near dawn-dusk orbit and two (F14, F15) have
process is thought to be able to inject magnetotail particledayside-nightside MLT orbits. The ion drift velocities in the
earthward and to produce sharp increases in ring current paforizontal and vertical directions perpendicular to the satel-
ticle fluxes, thus produce SAPS (eGrnushkina et 812001, lite track are derived from the ion drift meter (IDM) data
Carpenter and Smift2001; Goldstein et a.2005. Parkin-  (Rich and Hairston1994. The DMSP electron spectrometer
son et al(2006 have predicted that SAPS should occur dur- (SSJ/4) instruments monitor the energy flux of electrons and
ing every substorm. On the other hand, several modellingons in the range of 30 eV to 30 keV that precipitate from the
studies McPherron 1997 Fok et al, 1999 have shown that Earth’s magnetospherelérdy et al, 1984. Robinson et al.
the enhancement of the cross polar cap potential (CPCP) i€1987) have described the relationship between the average
the main factor to affect the inner magnetosphere, substormelectrons energy flux and the height-integrated ionospheric
play a secondary role. The substorm without the enhancedonductivity. Here we make use of this empirical relation for
convection can only enhance the cross tail current but hasletermining the conductivity distribution.
little effect on the inner magnetosphere. SAPS have been identified similar to the approach de-
The relationship between SAPS and substorm phase is alsscribed byWang et al(2008. It is a clearly identifiable sun-
controversially discussedouthwood and Wol{1978 pre-  ward ion flow in the subauroral and premidnight region. A
dicted from their SAPS mechanisms that SAPS should octhreshold of SAPS velocity greater than 500 and latitu-
cur shortly after substorm onset when the separation betweedinal width of 1°-2° (e.g.Spiro et al, 1979 Anderson et aJ.
the ion and electron plasma sheet is the smalldstirch 200]) is used for selection. The subauroral region is found
et al. (1976 found that SAPS can occur during the sub- automatically by computing the auroral Pedersen conduc-
storm growth phase. Several observations showed that SAPfance along the DMSP path and determining the peak con-
can occur during the substorm recovery phase @uych  ductance, then stepping equatorward until the conductance
et al, 1976 Maynard 1978 Anderson et a).1993 when is reduced to 0.2 times the peak value or 1S, whichever is
ion and electron plasma sheet have separated from a consmaller. The selected orbits are further visually inspected
mon inward boundary developed during onset and the wholeo fully satisfy the above criteria. The universal time (UT),
magnetosphere-ionosphere system has adjusted to a favaragnetic local time (MLT), magnetic latitude (MLat) and
able condition for SAPS to occur. magnitude of the peak velocities of SAPS are recorded for
It is necessary to investigate the above mentioned queseach event. During July 2001 and June 2003 there are 3663
tions with a large data base in order to disclose main control- SAPS events detected in the time sector 15:00—22:00 MLT in
ling factors for SAPS occurrence. The advantage of lookingthe Northern Hemisphere.
at average properties compared to event studies is that several
aspects can be considered simultaneously. We have compilezl2 AMIE CPCP data
a list of SAPS events during July 2001 and June 2003 (two
years) as identified from DMSP particle measurements in ar'he high latitude ionospheric potential can be described by
similar way asWang et al.(2008. We have selected this empirical relationships that relate geomagnetic conditions
period to avoid the super storms in October and Novembewith solar wind drivers (e.d\Weimer, 1996 Papitashvili and
2003. In this work we will utilize this collection of SAPS Rich, 2002 and evaluated by data assimilative models that
events to address the open questions in a statistical approacingest a large amount of observations into a background
In the sections to follow, we first introduce the method model (e.gKamide et al. 1981 Richmond 1992. As com-
of identification of SAPS events and the data catalogue ofpared to empirical models, the assimilative model can pro-
the CPCP and substorm onsets used in this study. Then weide more realistic patterns (e.gihn et al, 2006. Since
present the observed occurrence frequency in a month by unthe AMIE (Assimilative Mapping of lonospheric Electrody-
versal time frame, and discuss the occurrence in the contextamics) technique is used extensively in the scientific com-
of the convection electric field, substorm and ionosphericmunity, we have employed AMIE to produce the high lat-
conductivity. We also investigate the time delay betweenitude cross polar cap potential (CPCP) at 1 min resolution
SAPS and substorm onset for different magnetic activity andto study its relationship with the SAPS occurrence. The
solar illumination conditions. Finally we have compared our global magnetometer data, the available IMF, solar wind,
results to previous reports and present our conclusions. HPI (Hemispheric Power Index) b7, and Dst data are used
as inputs into the AMIE modeRidley and Kihn 2004. A
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comparison of AMIE produced CPCP to the other models » Occurrence Frequency of SAID (%), 2001.7~2003.6
has been performed WRidley (2005, where the advantages
of AMIE are stated.

2.3 Substorm onset data

Global auroral imagers are considered to be one of the mos!
reliable methods for identifying substorms. A list of sub- §
storm onsets based on IMAGE FUV auroal imagers has beer=®
compiled byFrey et al.(2004 andFrey and Mend€2007).

A detailed description of the instruments used on board the
IMAGE spacecraft and how to determine auroral substorm
onsets from the FUV instrument can be found in the work of
Frey et al.(2004. In the Northern Hemisphere the data cov-
ers the period from May 2000 (start of the regular IMAGE-
FUV operations) through December 2003, while in the south

it spans January 2004 to December 2005. The compiled list
of substorm onset times and locations covers all seasons quiteg. 1. Contour plot of the seasonal variation of the occurrence of
evenly. Two years of DMSP and IMAGE measurements dur-saID-type SAPS versus UT hours during the observed two years’
ing the years of 2001 and 2003 have been processed. We hayeriod. Color code reflects the probability in percent for a SAID to
selected altogether 2535 substorm-related SAPS, in whiclvccur during an hour.

SAPS occur within 0-5 h after the reported substorm onsets.

The reported IMAGE data have been widely used in the
space community, however, some suspicions was aroused r
cently Weygand et a).2008. For validation we have further
utilized magnetic indices, e.g. AO index (mean value of AU

and AL), as suggested tBenkevitch et al(2009. The AO In this study we are particularly interested in a possible de-

index can differentiate substorm process from non'S“bStomf)endence of the SAPS occurrence rate on the local sea-
events and is regarded as a better substorm indicator than Alg, - Figurel shows the distribution of the occurrence fre-

AL is related to the westward electrojets and can be driven byquency for the two years studied in a month versus univer-
both solar wind and substorm related electric fields. AU is re- al time diagram. Certain time intervals seem to be more
lated to the eastward electrojets driven by solar wind inducecfavOrable for SAI'DS to occur than others. For the events

elec_tnc flelds: D_urlng non-substorm time the enha_mced CON¢onsidered we determine a linear relationship between lon-
vection electric field can lead to an equal increase in both AUgitude and UT, LON= —16x UT 4+ 296°. There is an ob-

and AL.’ therefore the_ AC m_d_ex remains zero. During SUb'vious occurrence peak around October—November centered
storm time the strong intensification of the westward electro-, ., .~ 4 14:00-18:00 UT. which relates to the longitude sector

jet in the midnight sector causes a strong increase in the ALOf 10°—70’.E The. secor;dary occurrence peak can be found

indgx while not so much changes in AU index, leading to anduring December solstice, where we find many SAPS within
AO increase. We have compared the reported IMAGE onset$ o time window 12:00-17:00 UT (25105 E)

with AO onsets among the selected SAPS events. When the
reported auroral breakup time is compared with the AQ N convection electric field and the substorm process. Both of

dex onset, we _kep_t the events. A_fter th_e sglectlon there a'them can transport magnetotail particles into the near-Earth
797 event.s satisfying the apove cnedlcrlteng and left for theregion, helping SAPS to develop. In the following we will
comparative study as described later in sections 3.5-3.6. investigate these parameters separately.

We have used the magnetic AO indices to validate IMAGE
substorm catalogue. However, one must keep in mind wherg.2 Seasonal variation of CPCP
using magnetic indices that the global distribution of magne-
tometers that forms the database for deriving AO indices isThe convection electric field can be represented by CPCP.
rather inhomogeneous. If a substorm occurs within the la-Figure2 shows the occurrence distribution of CPEBO0 kV
cunas there will be a time delay in the time estimate of thein the same format as Fid.during the observed two years’
onset of the substorm. We have selected substorm eventgeriods. High CPCP predominantly peaks during later Fall
when both IMAGE and AO indices show appropriate signa-due to larger storm events occurring in Fall 2002.
tures. For the time of substorm onsets, however, we rely on From a comparison between Figsand2 we may con-
the time given by IMAGE. This is not biased by any effect. clude that the enhanced CPCP can account for the peak SAPS

9 12 15
Universal time (hh)

3. Statistical results

3.1 Seasonal variation of SAPS occurrence

The proposed SAPS drivers in the magnetosphere are the
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Occurrence rate for CPCP > 80 kV (%), 2001.7~2003.6 Occurrence Frequency of Substorm (%), 2001.7~2003.6

=
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Universal time (hh) Universal time (hh)
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=

Fig. 2. Same format as Fig. 1, but for occurrence rate of Fig. 4. Same as Fig. 1, but for substorm occurrence rate. The color

CPCP> 80KkV. code shows the probability in percent for a substorm to occur during
an hour.
0.4
. the major drivers for SAPS formation. However, the second
. .« v enhanced SAPS occurrence during solstices might indicate
S 0.3f . 1 other driving mechanisms since CPCP is relatively low there.
o : .. R=05 In order to evaluate the degree of agreement between
x * PRI CPCP and SAPS occurrence, we have performed a correla-
; 0.2} * . g tion analysis of the sequences of two parameters shown in
f{ * o __" . Figs.1 and2. The results are shown in Fig. The correla-
5 AN S tion coefficient we obtained is 0.5.
g 0.1f oo e, 1 -
RN 3.3 Seasonal variation of substorm occurrence
o Another possible driver is the substorm process. We have
00 01 02 03 04 plotted in Fig. 4 similar to the previous work &fang and

Occu. Freq. (CPCP > 80 kV, %) Lihr (2007 the seasonal and UT distribution of substorms

but restricted to the time interval considered here. It repre-
Fig. 3. Correlation analysis of high CPCP versus SAPS occurrencesents the general feature of substorm occurrence comparable
rates. to the AO distribution Benkevitch et al.2002. Substorms

tend to occur during solstice, similar to the SAPS occurrence

(see Figs1 and4). Thus, the second occurrence maximum
occurrence rate. According to the generally accepted theef SAPS can possibly be explained by substorm processes.
ory of the SAPS formation (e.gAnderson et a).2001), the = The direct correlation between substorm and SAPS occur-
enhanced convection electric field can inject more ions intorence is, however, rather poor. There is a time delay of SAPS
the ring current and inner magnetosphere (Baglis and  occurrence with respect to the substorm onset. A cross- cor-
Kozyra 2002 Kozyra and Liemohn2003 Liemohn and relation analysis has been performed between SAPS selec-
Kozyra, 2003, forming a larger azimuthal pressure gradient. tion and onset time. Since SAPS is also affected by CPCP,
Stronger R2 FACs will be generated by the enhanced miswe have made a cross correlation study between SAPS and
alignment between the large azimuthal pressure gradient ansubstorm occurrence preferably in winter (December, Jan-
the orientation of the magnetic field flux tube. When larger uary, February), when CPCP is relative low. As shown in
R2 FACs flow into the ionospheric region of low conductivity Fig. 5 (left frame) intense SAPS appear about 1.25 h after a
in the dusk sector, the electric field has to increase to mainsubstorm onset. When applying the optimal lag time a cor-
tain current continuity. The enhanced poleward electric fieldrelation R = 0.51) between SAPS and substorm is achieved
is responsible for the development of SAPS. From the abovésee Fig5 right frame). This result is supporting the role of
discussion, one can expect that an enhanced CPCP is one sfibstorms as drivers for SAPS.
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integrated Pedersen conductivity

. . ) ) ) . _Fig. 7. Correlation analysis of the occurrence of SAPS versus iono-
Besides magnetospheric drivers the ionospheric condition igpheric impedance.

also important for SAPS to occur. We have a look at the
ionospheric conductivity caused by solar irradiation since so-

lar illumination is the sole ionization source at subauroral e show in Fig7 the correlation of SAPS occurrence with
regions. For the estimate of the Pedersen conductivity weyn estimate of the resistivity,/ 1= p + 1) (Figs.1 and6). A
made use of the approach Byekke and Hal(1988. Since  packground conductance of 1S was included in the calcu-
the fluxtube on which the onset occurs is connected to bothation. For /(X p + 1) < 0.5 the correlation coefficient be-
hemispheres, we have plotted in Féghe expected fluxtube-  tween these two quantities is around 0.5. For low conduc-

integrated Pedersen conductance for a typical SAPS locatioances s » < 15, the SAPS occurrence rate does not further
459 MLat at 21:00 MLT Vang et al.2008. As expected, increase.

conductance maxima appear during the two solstices and Fall
seasons. When comparing Figeindé we find a clear corre- 3.5 Magnetic activity effect on time difference between

lation of high SAPS occurrence rates at times of low conduc- substorm and SAPS
tance, confirming that a relatively low subauroral conductiv-
ity is favorable for SAPS to develop. Figure8 shows the distribution of the number of events that

occur with a certain time delay between substorm onset and
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Fig. 8. The probability distribution of the time difference between Fig. 9. Same as Fig8 except for two groups of “high rate” when
SAPS and substorm onset for two different levels of geomagneticsolar induced fluxtube integrated conductivity is low (black) and
activity, Kp> 2 (black) and Kp< 2 (blue). “low rate” when conductance is high (blue).

the observed SAPS. To consider a possible dependence on Discussion
geomagnetic activity, we have divided the events into two
groups, with Kp> 2 for more disturbed periods and kp2 ~ We have analyzed a large number of subauroral polarization
for quiet periods. Itturns out that the time delay peaks aroundstream events observed by the DMSP satellites. In order to
1h during quiet period and around 0.75 h during more dis-find out possible factors, occurrence rates were compared
turbed periods. The possible reason is that enhanced comwith other ionospheric phenomena. In the subsequent sec-
vection can accelerate the development of SAPS after subtions we are going to discuss the relations.
storm onsets, thus reduces the waiting time needed for the
magnetosphere-ionosphere system to adjust for a SAPS 1.1 Convection electric field effect on SAPS occurrence
develop.
Our study has suggested that the convection electric field

3.6 Conductivity effect on time difference between sub-  may play an important role in association with SAPS. SAPS

storm and SAPS occurrence rates peak at the same time as the convection

. . . . . electric field maximizes. There is a reasonable correlation
The ionospheric conductivity might also play a role in the peryeen the two parameters. This is consistent with the

development of SAPS after a substorm. We have subdivide&aps mechanism proposed Byderson et al(200]) that

the events into two groups, one from periods of *high rate” 5 high convection electric field can inject and energize par-
and another from “low rate” according to Fig. “High  icjeq into the inner magnetosphere. As a consequence the
rate” means Ipw fluxtube integrated conductivity and “low ring current gets enhanced. Stronger R2 FACs flow into
rate” means higher conductandidng and lihr, 2007. Al {he'ionosphere, where the low subauroral conductivity re-
events occurring during the months 1 November throughyires the poleward electric field to enhance, to maintain the
31 March within the time sector 09:00-21:00UT and the jonqgpheric current continuity, thus producing fast westward
months 1 May through 30 September in the sector 21:00439ma flows (SAPS). Our results are more significant since
09:00UT go into the group “high rate”. All events occur- ihey are based on a larger number of events. It also con-
ring during the remaining t!me are sorted into the “Ipw rate” frms previous modelling work (e.gok et al, 1999 that en-
group (430 events in the high rate and 367 events in the 10w, 5nceq global convection can generate a credible ring current

rate.group). - o and that SAPS tend to strengthen with increased geomagnetic
Figure9 shows the probability density distribution of de- activity (Burke et al, 2000).

lay time for these two groups. The time delays seem to peak
at the same time, 0.75h, for both “high rate” and “low rate” 4 5 gypstorm effect on SAPS occurrence
groups. The secondary peaks around delays of 4h are at-

tributed to a correlation with a previous substorms. It is known that large and rapid changes in the nightside
magnetic field during a substorm can induce strong electric
fields (e.g.Lopez and Lui1990. The induced electric field
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associated with a substorm is believed to be able to transity seems to be minor, but is already included in the substorm
port plasma from the plasma sheet into the inner magnetodistribution.

sphere (e.gGoldstein et al.2005. However, other studies

thought thaF s_ubs_torm ind_uced electri_c fields have little effects 4 Temporal evolution of SAPS

on plasma injections until they are aided by strong convec-

tion (e.g.Fok et al, 1999. By using a large data base we have investigated the re-

Our results suggest that substorms takes over the dom||- : ;
A ot ) ) ationship between SAPS occurrence and substorm onsets.
nant role in association with SAPS when the CPCP is rela- P

tively | Fiasl 2 4). Th : darv SAPS Several SAPS can occur around the substorm onset. We
Vely Tow (seel igs1, 2, 4). There IS & secondary > 0C fing that during relatively quiet conditions SAPS tend to oc-
currence maximum observed during December solstice du

Bur 1h after substorm onset, while during disturbed con-

to substorm processes. Our result supports the idea that ﬂ}ﬁtions the time delay is reduced to around 45min. This

subt§torm mducr:]edlelectn?f|eldt|rt]selfmay tietc:_;}pai)letﬁf ranSyime delay between SAPS and substorm onset can be ex-
Eortlk:]g enoug Tpr)]asma_drom edmagr:_e 0 a:( Into the netarplained by the time needed for the separation of electron
arth region. € rapid sunward motion ot geomagneliCy 4 o plasma sheet-(L0 min) and the time needed for

field lines during the substorm dipolarization process can iNhe magnetosphere-ionosphere to adjust for SAPS to oc-

je_ctmagnetotail pla_sma earthv_vard and energize 't Injection%ur (Anderson et a).1993. At substorm onset electrons
will produce sharp increases in ring current particle fluxes,and ions in the plasma sheet are collocated, then gradually
thus proQuce rapid plasma flow related to substorms (e'QSeparate from each other during the substorm. After that
Ganushkina et al200]). the magnetosphere-ionosphere-thermosphere coupling pro-
cesses require some time to let SAPS finally occur (for more
details we refer té\nderson et a).1993.

Figure 6 reveals that low ionospheric conductivity helps  Our results are different frorAnderson et al(1993’s is
SAPS to develop when enhanced convection or substornin that they found SAPS to occur mostly during the substorm
processes are in progress. High magnetospheric convectiaiecovery phase with a time delay larger than 30 min. Our
or substorm dipolarization can inject and energize ions fromresults show that SAPS can occur during any phase of sub-
the magnetotail into ring current region, producing strong az-storm and time delay within 0-3 h. The difference might be
imuthal pressure gradientdritonova 2004. R2 FACs can  due to different data base size. They have investigated only
be generated by the radial magnetic field gradient and thél7 substorm related SAPS events, while our data number is
azimuthal ion pressure gradient. R2 FACs in the premid-around 800.
night sector flow into the ionosphere and close via Peder- |n order to resolve the temporal/spatial evolution of SAPS
sen currents through the upward R1 currents, located polein response to a substorm we performed a superposed epoch
ward. When Pedersen currents flow in the low COﬂdUCtiV-ana|ysis app"ed to DMSP passes occurring around onset.
ity subauroral region, a somewhat larger poleward electricFigure 10 shows in the top row the superposition of cross-
fields is needed to maintain the current continuity, in turntrack plasma velocities observed shortly before a substorm.
it produces relatively large westward ion drifts. Thus, it is The key location for all events is the magnetic latitude of
expected that for low conductivity more often SAPS can de-peak sunward velocity. In the two rows below the velocity
velop. We have found that for a Pedersen conductance belowistribution observed during the first and second pass after
1S (¥/(2p +1)=0.5) SAPS occurrence rates tend to stay onset is plotted, using the same key latitude as above. The
constant. This matches the general findingsiemohn etal.  average curves in the fourth row indicate that a substorm
(2009 that too low conductance might inhibit the growth of does not modify the SAPS velocity distribution very much.
ring current, consequently inhibiting the SAPS developmentwhen subtracting pre substorm velocities we see that there
(Liemohn et al. 2009. is a small velocity increase of 5-10% at the key location,
In order to quantify the relative roles played by CPCP, sub-put a stronger effect 25n latitude more poleward. The ef-
storm, and ionospheric conductivity, we have performed afect of substorm is clearer during magnetically active periods
multi-parameter correlation analysis of quantities shown in(Kp > 4). For low magnetic activity no substorm effect can
Figs.1, 2,4, 6. be determined at the key location, however, the result may

_ N suffer from the too few events, and again some small effect
Ocsaps= A x OCcpcpt B x OCGp+C x 1/(Zp+1)7(1) at 13 poleward. In both cases the latter difference indicates

where * means the normalization operation, e.g. Oec @ reduction of anti-sunward plasma velocity at high latitudes
(Occ— meanOcg))/maxOcc).  Oceaps Ocau, and  after substrom onset.

Occepepare occurrence rates of SAPS, substorm, and CPCP Another phenomenon shown in Fi@ is that strong

> 80KkV, respectively. We geA =0.9,B=0.4,C =0.1. convection may reduce the delay time. This suggests
This suggests that CPCP might play the dominant role, subthat globally strong convection helps substorms to in-
storm a secondary role. The effect of ionospheric conductivject plasma inward, and it reduces the time of the

4.3 lonospheric effect on SAPS occurrence
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Fig. 10. Stack plots and superposed epoch analysis of the cross track velocity observed by DMSR #hakg Kp> 4 (top four). The key

MLat of “0” denotes MLat where SAID peak occurs. Positive denotes eastward velocity. Black lines mark orbits before onset, TO. Red and
blue lines denote the successive two orbits after TO. Green dashed lines are mean value of uncertainty for all three curves. Bottom shows the
residual velocity after subtraction of the successive two orbits after TO from the reference before.

magnetosphere-ionosphere-thermosphere system to adjusinospheric conductivity has been discussed. In addition, the
for SAPS development. temporal relationship between SAPS and substorm phases
We have to add another point here, DMSP satellites cannohave been investigated. Some characteristic results were
continuously observe SAPS. Due to the 100 min orbital pe-revealed.
riod of DMSP, we do not know, how much before the detec-
tion the SAPS appeared. This will cause a systematical over-
estimate of the delay time after substorm onset. When con-
sidering observations from three DMSP satellites, the bias
is expected to be about 15min. Previous studies on this
topis are based on a much smaller data baseérson et aj. 2
1993. Parkinson et al(2006’s work is based on 98 events
detected by radar. We hope that with a larger data base of
797 events uncertainties have been reduced.

1. Strong convection electric fields play a dominant role in
association with the occurrence of SAPS. Peaks in the
observed distribution of large convection electric fields
coincide with the occurrence maxima of SAPS.

. Substorms play a secondary role in relation to the oc-
currence of SAPS. They may account for a second
maximum in SAPS occurrence rate during December
solstice.

_ 3. A low conductivity is favorable for SAPS to de-
5 Conclusions velop. But when the Pedersen conductance is below 1 S
(1/(Zp +1) =0.5) the SAPS occurrence rate tends to

We have investigated the seasonal and diurnal variations of (.1 rate.

SAPS occurrence rates based on 3663 SAPS events identi-

fied from DMSP particle observations in the Northern Hemi- 4. SAPS appear together with substorms. Most probably
sphere during July 2001 to June 2003. Their relationship SAPS occur 60 min/45 min after substorm onset during
with high latitude convection electric field, substorm, and quiet/geomagnetic active periods. This may indicate

Ann. Geophys., 29, 1277286 2011 www.ann-geophys.net/29/1277/2011/
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that global convection can help substorm to developFok, M. C., Moore, T. E., and Delcourt, D. C.: Modeling of in-
SAPS. ner plasma sheet and ring current during substorms, J. Geophys.
Res., 104, 14557-14569, 1999.

5. The substorm process enhances the plasma flow speatbster, J. C. and Burke, W. J.: SAPS: A new categorization
of SAPS by about 5-10 % on average during the time for sub-auroral electric fields, EOS Transactions, 83, 393,
span 0-1.7 h after the onset. doi:10.1029/2002E0000282002.
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