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Abstract. DMSP F7 spacecraft observations for the whole of 1  Introduction
1986 were used to construct the empirical model of the mid-
night auroral precipitation during a substorm. The model in-DMSP satellites database for the whole of 1986 was created
cludes the dynamics of different auroral precipitation bound-to investigate different types of auroral precipitation features.
aries and simultaneous changes in average electron preciptcontains more than 35000 satellite passes through the au-
itation energy and energy flux in different precipitation re- roral zone, almost around the magnetic local time. In more
gions during all substorm phases, as well as the IMF andietail, the description of the database will be presented be-
solar wind plasma signatures during a substorm. The anallow, and hereby we would only like to note that the level of
ysis of the model shows a few important features of precip-geomagnetic activities and the phase of geomagnetic distur-
itation. (1) During the magnetic quietness and just beforebances were determined for each satellite pass. Such detailed
the beginning of the substorm expansive phase the latitudiinformation allows one to examine the dynamics of different
nal width of the auroral precipitation in the nightside sector auroral precipitation boundaries and variations in the average
is about 5- 6° CGL, while that of the auroral oval is about energy and energy flux of precipitating particles in different
2 — 3° CGL during such periods. (2) For about 5 min before parts of the auroral zone during a magnetospheric substorm.
the substorm onset a decrease in the average precipitatirghe model description of spatial distribution and basic char-
electron energy in the equatorward part of auroral zone wasicteristics of electrons precipitating into the polar ionosphere
observed simultaneously, with an increase in both the avergive an evident notion about the various population source
age electron energy and energy flux of electron precipitatiorbehavior in the distant magnetosphere during substorms, and
in the poleward part of the auroral zone. (3) The isotropycan be used to estimate the precipitation energy and its in-
boundary position in the beginning of the substorm expan-fluence on ionospheric conductivity and the chemistry of the
sive phase coincides well with the inner edge of the centralupper atmosphere.
plasma sheet. The analysis of interplanetary medium param- ggtirelis and Newell (2000) published the boundary-
eters shows that, on average, during the substorm developsriented model of the global configuration of electrons pre-
ment, the solar wind dynamic pressure was about 1.5 timegjpitating into the polar ionosphere based on DMSP space-
that of the magnetic quietness period. Substorms occurregyaft observations. An essential advantage of this model in
predominantly during the southward IMF orientation, sug- comparison with the earlier published models (Spiro et al.,
gesting that substorm onset often was not associated with9g2; Hardy et al., 1985) is not only large statistics (12 years
the northern turn or decrease in the SouthWard interplaneta%f Continuous Observations) and rather h|gh Spatia' resolu_
B.. The Northern Hemisphere’s substorms occurred genertion of global distributions, but also regulation of precipi-
ally during the positive interplanetady, in winter, and they  tating electron features for each satellite pass over the polar
were observed when the interplanetdty was negative in  jonosphere relative to various auroral precipitation bound-
summer. aries. Our database is based on more modest statistics (1
Key words. lonosphere (auroral ionosphere; particle pre- year O.f obse.r\./ations)., but it has an advaptggg in that it con-
cipitation) — Magnetospheric physics (storm and substorm;tams’ n addition Fq d|ffe.rent aurpralipreupnat'lon boundary
magnetosphere-ionosphere interaction) co-o_rdmates, f_;lgldltlonal |nforr_nat|or_1 !ncl_ud|_ng interplanetary
medium conditions, magnetic activity indices and magne-
tospheric substorm phases. This information enables us to
Correspondence tov. G. Vorobjev carry out more fine investigations and to frequently represent
(vorobjev@pgi.kolasc.net.ru) the obtained dependencies in an analytical form handy for
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further applications. Thus, Vorobjev et al. (2000) and Starkov 56 The poleward boundary of subvisual drizzle. It is sup-
et al. (2002) published the quantitative correlations between  posed that6 frequently corresponds to the polar cap
the location of different auroral precipitation regions in the boundary.
midnight and midday sectors and the magnetic activity level
in the auroral zone. This was not possible in all previousIn addition to standard information about different auro-
models (Spiro et al., 1982; Hardy et al., 1985). Sotirelisral precipitation boundary coordinates and particle precipi-
and Newell (2000) used the2i boundary, the proxy for the tation characteristics, interplanetary medium parameters and
ion isotropy boundary, to infer the magnetotail stretching. Itindexes of geomagnetic activity and substorm phases were
is difficult to apply these models to more detailed researchdetermined for each satellite pass through the auroral zone.
particularly during the substorm development. In the presenilhe substorm phase was determined from 1-minute averaged
paper the empirical model of a substorm in the midnight au-variations of theA£ and AL indexes at the time when the
roral precipitation is presented. The model contains the dy-satellite encountered tii@e boundary. It takes only 2-3 min
namics of different auroral precipitation boundaries during for the spacecraft to pass the precipitation zone, fronmbthe
all substorm phases, together with simultaneous changes it® b6 boundaries. Magnetic activities were divided into four
the average electron precipitation energy and energy flux irclasses: 0 — the magnetic quiet perigd&| < 40 nT) which
different precipitation regions, as well as the IMF and solarconsists of all quiet times, not only just those preceding a
wind plasma features during the substorm. substorm; 1 —the growth phase of substorm; 2 — the substorm
expansive phase; 3 — the recovery phase of substorm; 4 — an-
other type of magnetic activitydL| > 40nT). Moreover,
2 Data used and technique of processing each of the 1, 2 and 3 phases was additionally divided into
three equal temporary intervals, corresponding to the initial,

DMSP F7 spacecraft observations in the magnetic local timehiddle and final stage of each substorm phase (subphases).
interval from 21:00 MLT to 24:00 MLT were used to study Such detailed separation allows one to obtain three experi-
auroral precipitation features during substorms. The ob mental statistical points for each phase and to investigate the
jects of investigation aréle, b2e, b2i, bds, bSe and b6 precipitation boundary dynamics and auroral electron char-
boundaries, according to the notation suggested by Neweﬁacterisﬁcs during the magnetospheric substorm development,
et al. (1996) and Feldstein and Galperin (1996) for nightsideln detail.
precipitations. In this notation the boundaries were num- Observations obtained by the DMSP F7 spacecraft with
bered so that the number of the boundary grows with the in-2n orbiting period of approximately 100 min were used for
crease in its latitudinal location. Indexesindi refer to the  the investigation. The duration of a typical isolated substorm
electron and ion precipitation boundary, respectiveli is ~ from the beginning of the growth phase to the end of the re-
the “zero-energy” electron boundary. According to the re-covery phase is about 2-3h. That is why in the course of
sults by Vorobjev et al. (2000), this boundary coincides well @ny substorm there were only 2-3 DMSP passes occurring
with the equatorward boundary of diffuse auroral luminosity. in different substorm phases. For this reason different points
were related to different substorms. Our results will describe
b2e The boundary where the electron average energy is neian average or synthetic substorm, consisting of three phases.
ther increased nor decreased with latitude. It is assumedPata belonging to the same stage of each substorm phase
that this boundary is a proxy for the inner edge of the were summarized to determine the average level of auroral
central plasma sheet. According to a statistical studyboundary locations, electron precipitations and interplane-
(Vorobjev et al., 2000)»2¢ coincides with the equator- tary medium parameters. The average value of all quanti-
ward boundary of the auroral oval. ties are shown in figures as a point in the center of the cor-
responding substorm subphase. The numbers of events per
b2i The latitude where the energy flux of ions has the max-statistical cell are changed from 200-300 for different sub-
imum. This boundary, a proxy for the ion isotropy phases to about 700 for the 0 and 4 classes.
boundary, corresponds to the earthward edge of the Substorm phases were defined in conformity with the clas-
magnetospheric cross tail current sheet (Newell et al.sical reports by Akasofu et al. (1966), Kokubun (1970),
1996, 1998). McPherron (1970), lijima and Nagata (1972) and others. The
general feature of the growth phase was a slow growth of the
b4s The equatorward boundary of spatial structured electrormagnetic activity prior to the rapid growth during the sub-
precipitations (low correlation coefficient between the storm expansive phase. The beginning of a sharp magnetic
neighboring spectra). activity level increase was determined as a substorm onset
time. If the average duration of growth, expansive and recov-
b5e The poleward boundary where an abrupt drop by a fac-ery phases is about 45-60 min, then the duration of each sub-
tor of at least 4 in the electron energy flux is observed.phase is about 15-20 min. To illustrate this point, the average
According to Vorobjev et al. (2000), this boundary coin- AL index values for different subphase are shown in Fig. 1
cides well with the poleward boundary of the statistical by a dashed line. In order to clarify the substorm phase and
auroral oval. subphase selection, the model of the corresponding magnetic
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Fig. 1. Variations of interplanetary medium parameters during the magnetospheric substorm. From top to bottom are shown: the solar wind
dynamic pressureR), variations of the IMFB, and B, components. Crosses show the standard deviation of measured quantities. The
bottom panel illustrates th&L and Dy; variations. The phases of magnetic disturbance are marked along the horizontal axis.

disturbance shifted ahead in time by one-half of the substormrect determination of the magnetospheric substorm phases.

subphase, shown here by solid line. The average level of magnetic activity during the period of
the magnetic quietness was abet®0 nT. The magnetic ac-
tivity gradually increased during the substorm growth phase,

3  Observations and results reaching about-85nT just before the substorm onset. The
average disturbance in the substorm maximumw#4%0 nT,

The bottom part of Fig. 1 displays (indicated by the solid @hd during the disturbance period (4) without determined

line) the variations of thel Z index during all magnetic ac- Phase it was equal to aboutl25nT. In Fig. 1 the thin line

tivity intervals, which are marked along the horizontal axis. With circles shows the changes in tiig, index during the

The curve is constructed by 5-min averaged indices, as ~ Sa@me periods. The average variation of this index is very in-

an averagel L magnitude for satellite passes during the iden- Significant and even during the substorm maximum it does

tical phase of magnetic disturbance. As it is seen from theOt exceed-5nT.

figure that the shape of theL variation corresponds well to First, we examined the interplanetary medium parameters

the typical magnetic substorm that testifies to rather a corcorresponding to each phase of magnetic disturbance. Solar



2274 V. G. Vorobjev et al.: A substorm in midnight auroral precipitation

b6

b5e

b4s
b2e

b2i

ble

Corrected geomagnetic latitude, degrees

AL
N
o
o

|

-400 —

Fig. 2. The auroral precipitation boundaries during the substorm. The label of a boundary is marked in the right part of the figure. The
root-mean-square errors are shown as half of a deviation to either side. The bottom panel shows thel &viadeyevariation.

wind plasma and IMF observations from the NSSDC OM- tributions of the IMFB, occurrence frequency with a dif-
NIWeb database were used. In three top panels of Fig. 1 théerent signh and value during the summer and winter of 1986
average value of the solar wind dynamic pressutg @nd are alike and approximately symmetrical, with a nearly equal
the IMF B,, (separately for winter and summer seasons) andbccurrence of positive (46% and 49%) and negative (54%
B, components are shown from top to bottom. Crosses irnand 56%, respectively) IMB,. However, in winter, sub-
the figure show the standard deviatie$) of the measured storms were generally observed during the positive interplan-
quantities: S = o N~Y2, whereo is the rms deviation and etary B, and in summer they occurred during the negative
N is the number of events. By.

The analysis of interplanetary conditions demonstrates In order to take into account the time history of the solar
that, on average, the solar wind dynamic pressure was a litwind, another method was also applied. We took the inter-
tle bit higher during the substorm than during the period of planetary parameters for the previous hour if the spacecraft
magnetic quietness. Substorms occurred predominantly dupass occurred in the first half of any hour, and for the same
ing periods of southward IMF orientation, and substorm on-hour if the pass took place during the second half of the hour.
sets were often not associated with the northern turn of thélhe results were qualitatively equal, and only a insignificant
interplanetaryB;. guantitative difference was observed.

The winter of 1986 in this study is January, February and The dynamics of different auroral precipitation boundaries
November, December, and the summer is May—August. Disduring a substorm are illustrated in Fig. 2. On the horizontal
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scale in this figure the active period with an unidentified sub-al., 1996; Vorobjev et al., 2000); such kind of data are avail-
storm phase (4) is replaced by the period of magnetic quietable for four precipitation regiongile—b2i — precipitations
ness (0). So, the disturbance under investigation correspondsquatorward of the cross tail current sheet (diffuse auroral lu-
to the averaged isolated substorm. The variation of the aveminosity); b2i—b4s — precipitations from the earthward edge
ageAL index value is shown in the bottom part of the figure. of the current sheet (the equatorial part of an auroral oval);
As the Dy, variations in the examined interval were insignif- b4s—b5 — precipitations in the poleward part of the statistical
icant, it is possible to consider that all changes in the lati-auroral oval, and5-56 — soft electron precipitation region
tudinal location of the precipitation boundaries and auroralpoleward of the auroral oval. Precipitating electron charac-
electron characteristics are caused generally by the substorteristics in these regions are shown in Fig. 3. To compute
development. these characteristics we have selected one more temporal in-
Because of the relatively large statistical set, standard deterval in the magnetospheric substorm development. In the
viations(S) are very small and actually slight for all quanti- 1-3 phase, corresponding to the final stage of the substorm
ties in our investigation. That is why in Fig. 2 the root-mean- growth phase, we have chosen the satellite passes closest to
square deviations were calculated for the boundary positionghe substorm onset, the time of which we have estimated as
In order not to overload the figure, these errors are shown agTy — 5) + 5min. Only events with the sharp pronounced
half of a deviation to either side. magnetic bay onset were selected for this investigation.
Figure 2 shows that the equatorward precipitation bound-
aries ble, b2e, b2i, b4s) move during both the growth and

: , In Fig. 3 the average electron precipitation energy and en-
expansive substorm phases to lower latitudes and then re- . . . i

, - ) . ergy flux are standardized to those during magnetic quiet-
turn during the recovery phase to initial latitudes, correlating

well with changes in thet L index. The most equatorward ness, whose levels in units (keV) for the average enefigy (

boundaryple, shows the greatest equatorward displacemenf?fnd (erglerhs) for the energy flux £o) are shown in the

of about B of corrected geomagnetic latitude (CGL), while fight part of F|g§. 3a and b, respectively. F'.gl.”e. 3a illus
) trates changes in the average electron precipitation energy
the displacement of theds boundary was about2 of the S : .
. . . L : in different regions during the substorm. As seen from the
latitude. Higher latitude precipitation boundarié®d, b6) fioure during the substorm expansive phase. the average en
moved equatorward only during the substorm growth phase, 9 9 P P ’ 9

During the expansive phase, tth& boundary returned to 1y increased as I_arge as 2-3 _times in all precipitat_ion re-
its undisturbed level, while théﬁe boundary moved further gions. The energy increase begins smoothly, yet during the

poleward by about?20f latitude higher than its location dur- §ubstorm growth phase. The most |nte.rest|ng Is the dec_:rease
; . . . . . in the average auroral electron energy in the two low-latitude
ing the quietness period. Owing to such difference inibe . . . . :

. . ; .~ regions p1-b2i andb2i—b4s) and the simultaneous increase
and b6e boundaries dynamics, the region of soft precipita-

tions betweerb5e andb6 shrank sharply during the expan- in the energy In the_ two higher latitude regmM;a—b_S and
) . especially ilh5-56, just before the substorm onset time. The
sive phase. At the maximum of the substorm the polar cap

. L . energy decrease in the two low-latitude auroral regions can
boundary §6) approximately coincided with the poleward . . .
I correspond to the fading of both discrete and diffuse aurorae
boundary of the statistical auroral ovabg).

The b2 boundary is more dynamic than théi. During prior to the substorm onset, as noted by Zaitseva et al. (1976),

the average substorm of about 400 nT in intensity, the equaPe"men and Heikkila (1978) and Kornilova et al. (1989).

torward displacement df2e was about 5 of the latitude,
while it was only~ 2° CGL for theb2i boundary. During Figure 3b shows the behavior of the average energy flux in
magnetic quietnes$é2e was placed poleward @i, i.e. the  the same precipitation zones as the average energy in Fig. 3a.
inner edge of the magnetospheric cross tail current sheet waduring the period of magnetic quietness, the greatest power
closer to the Earth than the central plasma sheet (CBPS). emitting occurred in thé4s—b5 region, corresponding to the
contrast, the isotropy boundary was observed inside the cerpoleward part of the statistical auroral oval. The precipi-
ter plasma sheet during the expansive and recovery phases t&ting electron energy flux in this region was about 3 times
the substorm. The position of th@e andb2i boundaries ap- higher than in the equatorward part of the auroral okal-€
proximately coincided around the substorm onset time. Suclb4s) and more than ten times higher than in #ie—52i and
interdependence in the auroral boundaries position occurretl5-56 regions. As a whole, the energy fluxes, as well as the
not only statistically, but also for real individual disturbances. average electron energy, began to grow during the substorm
It is possible to suggest that the relative position of Be growth phase and reached the maximum level at the end of
andb2i boundaries can testify to the quiet or disturbed con-the substorm expansive phase. The most essential increase
dition of the magnetosphere. in energy flux (more than ten times) this time was observed
In addition to the auroral precipitation boundary co- inthe most equatorward precipitation regidid—b2i), cor-
ordinates, the DMSP database contains the information aboutsponding to the region of diffuse auroral luminosity. Just
an average precipitating electron energy and energy flux irbefore the beginning of the substorm expansive phase, the
different precipitation regions. Taking into account that at energy flux in all regions remained about constant with the
midnight the position of thé1le andbli boundaries and the exception of theb4s—b5 region, where the flux increase of
b5e andb5i boundaries, as a rule, coincide well (Newell et about 1.5 times was registered.
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Fig. 3. The average electron precipitation enefgy and energy fluxb) in various precipitation regions during the substorm. They are
standardized to those during magnetic quietness, which absolute levels are shown in the right part of figures (a) and (b). The label of the
regions is marked in the left part of figure (a). The bottom panel demonstrates the atéragiex variation.

4 Discussion ing the substorms, the solar wind dynamic pressure was a
little bit higher than during quietness periods, at the time of
The analysis of interplanetary medium conditions duringthe substorm onset any essential or sharp changes in the dy-
substorms is extremely important for finding out whether namic pressure were not observed. The substorm expansive
the magnetospheric substorm is a consequence of internghase began generally during the southward IMF orientation
magnetospheric instabilities or whether it is triggered byand, on average, the substorm onset was not associated with
sharp changes in the interplanetary parameters (Lyons, 1998 decrease or a northern turn of the southward interplanetary
and references here). The general external sources of thB;. In this point our conclusions coincide with the results
substorm triggering can be a sharp decrease or a northebtained by Maltsev (1998). The IMB, component behav-
ern turn of the southward IMB, component (Caan et al., ior is of interest. As one can see from Fig. 1, in the winter
1978; Dmitrieva and Sergeev, 1983), impulsive changes irseason substorms were observed predominantly during the
the solar wind dynamic pressure (Kokubun et al., 1977;positive B, orientation and in summer when tiBg was neg-
Sauvaud, 1998) and sharp variations in the IMF com- ative. A similar result had been earlier obtained by Vorobjev
ponent (Dmitrieva and Sergeev, 1983; Troshichev et al.and Zverev (1982). It is important to note here that, accord-
1986). So, Lyons (1996) considered that the substorm exing to our data, the most essential changes in the interplane-
pansive phase is caused generally by external sources. On ti@ry B, orientation were registered after the substorm onset.
other hand, from statistical data Maltsev (1998) showed thatt is well known (Sibeck et al., 1989; Fairfield et al., 1987;
the substorm onset was neither associated with sfiujp  Vorobjev et al., 1999) that a change in the INE orientation
changes, nor with solar wind dynamic pressure variationsyesults in a change in the geometry foreshock upstream from
that, in the author’s opinion, testifies to the spontaneous nathe Earth’s bowshock, that in turn, can be accompanied by
ture of substorms. sharp changes in the dynamic pressure in the sunlit magne-

Our statistical results show that although, on average, durfopause. Moreover, Vorobjev et al. (2001, 2002) showed that
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Fig. 4. The summarized scheme of the substorm development in the auroral precipitation and discrete aurorae. Dark areas are regions o
diffuse precipitation border of the “auroral oval precipitation” region. The ion isotropy boundary is shown by the dashed line and dynamics
of discrete aurorae by segments of heavy lines.

the B, polarity during a substorm development essentially gion to the pole from thé2i andb2e crossing is aboutof
affects both the midnight latitudinal position of the poleward latitude. So, one can suggest that the auroral break-up occurs
electron precipitation boundariesy andb6) and the maxi-  deeply in the magnetosphere in the transition region where
mum latitude of the auroral bulge. In this way, sharp changegshe magnetic field lines change from dipole-like to extended
in the B, orientation in an ecliptic plane can be one of the ones in the tail. This result coincides with the conclusions in
important factors that influence the development of magnethe paper of Samson et al. (1992), where it is shown by scan-
tospheric disturbances. ning photometer data that the initial auroral intensification
occurs at field lines that are about&f latitude equatorward

The width of the auroral precipitation in the midnight sec- of the polar cap boundary and that cross the equatorial plane
tor (Fig. 2) during the period of magnetic quietness was aboulyt e magnetosphere at 6-&@.

6.5° of latitude and increased up to°, 1o the maximum of

the substorm expansive phase of abeuwt00 nT in intensity. In the paper by Starkov et al. (2002) a new notation for dif-
This expansion occurred generally due to the displacemenferent precipitating regions observed with the DMSP satellite
of the equatorward precipitation boundaby ¢) to lower lat-  was suggested. It was carried out on the basis of a statis-
itudes. In contrast with this, the width of the auroral oval tical comparison of the auroral precipitation structure with
during quiet periods is only 2 — 3° of the latitude (Starkov  the boundaries of the auroral oval and diffuse auroral lumi-
and Feldstein, 1967). Itis well known (Akasofu, 1964) that nosity, and allows one to describe uniformly the auroral phe-
a substorm usually begins by a sudden growth of intensificahomena, both in the day and night sectors. The main regions
tion of the auroral arc at the equatorward border of the auro-of precipitating particles in this notation are: “diffuse auro-
ral oval and is accompanied by the subsequent fast polewardhl zone” (DAZ) — the precipitation between tibde—b2e
displacement of bright auroral forms. Samson et al. (1992)boundaries; “auroral oval precipitation” (AOP) — between
showed that the auroral intensification at the substorm onseheb2e—»5 boundaries and “soft diffuse precipitation” (SDP)
had occurred in the region of intensive proton penetration— between thé5 andb6. The summarized scheme of the
Since the2i boundary was determined as the latitude wheresubstorm development in the auroral precipitations and dis-
the energy flux of ions had the maximum, the auroral break-crete aurorae is shown in Fig. 4 using this notation. Cor-
up most likely occurs near the region of th&; and b2e rected geomagnetic latitudes are marked along the vertical
boundaries’ crossing. The width of an auroral arc is a fewaxis. The regions of diffuse precipitations (dark areas) border
km at most, while the width of the auroral precipitation re- on the equatorward and poleward edges of the “auroral oval
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precipitation” region. The ion isotropy boundary is shown that at least in some particular cases the reconnection triggers
by the dashed line, and dynamics of discrete aurorae by seghe substorm. In the papers by Fairfield et al. (1998, 1999)
ments of heavy lines. To construct the auroral forms’ dy-there were examples of high speed flows observed with the
namics, the results published by Akasofu (1964), StarkovGeotail satellite that were clearly associated with substorms
and Feldstein (1971), Snyder and Akasofu (1971), Craverand, in fact, preceded the auroral break-ups and substorm in-
and Frank (1990), Samson et al. (1992) and others are usegkctions. Thus, the possibility cannot be excluded that some
The beginning time of the substorm growth phase, the subsubstorms can be initiated by the magnetic reconnection in
storm onset, and the maximum in the substorm developmenthe tail and the high-speed flow occurrence. However, we
are marked by symbol%, To and Thax respectively. In  shall note that the analysis of optical data presented by Yah-
this scheme the main development of aurorae occurs in thain et al. (2000) did not discover any auroral precursor for
“auroral oval precipitation” region and thus, the location of several selected substorms.

the poleward boundary of discrete aurorae does not deter-

mine the polar cap boundary. Interesting is the decrease in

the average electron precipitation energy in the DAZ and in5 Conclusions

the equatorward part of the AOP region, about 5 min before

T = 0. This energy decrease can Correspond to the fadm@MSP F7 satellite observations for the whole of 1986 in the
of discrete aurorae and diffuse luminosity just before the be-magnetic local time interval from 21:00 to 24:00 MLT were
ginning of the substorm (Zaitseva et al., 1976; Pellinen andused to examine the different auroral precipitation boundary
Heikkila, 1978; Kornilova et al., 1989). Simultaneously with dynamics and precipitating electron features during all sub-
this energy decreasing in the equatorial part of auroral zoneStorm phases. The general results can be summarized as fol-

the enhancement in both the average electron precipitatiofPWs:

energy and energy flux was observed in the poleward part
of the AOP region. The energy flux increase was about 1.
times compared to their average level at the final stage of the
substorm growth phase. The increase in both the average au-
roral electron energy and energy flux in this region testifies
to the fact that, about 5 min before the substorm onset time,
it is possible to expect an increase in auroral luminosity or
occurrence of visual aurorae at CGLs of abot671°, i.e.

a few degrees poleward of the bright discrete aurorae of the
auroral oval (substorm precursor).

This result can be indirect evidence of the substorm mech- 2.

anism suggested by Shiokava et al. (1997) and Reeves
(1998). In their “braking model” the formation of a neutral
line in the magnetospheric tail precedes the beginning of the
substorm expansive phase determined by auroral break-ups,

Pi2 bursts, the sharp beginning of magnetic bays, the appear- 3

ance of particle injections at geosynchronous distances, etc.
The beginning of the reconnection produces fast convective
plasma flows that are directed earthward and tailward from

the reconnection region. When the strong flows approach
the dipole-like inner magnetosphere, they are forced to slow
down and divert around the Earth.

The braking process of the flow could cause an azimuth 4

pressure gradient, a strong inductive electric field, and vor-
tical flows, that, in turn, produce the field-aligned currents
of the substorm current wedge. The compression pulses
and fluctuations of the field-aligned currents generated in
the braking point can be an initial cause of the Pi2 mag-
netic pulsations, the particle injections into the inner mag-
netosphere and the appearance of other ground features of a
substorm onset. Actually, Nagai et al. (1998) showed that

magnetic reconnection most likely takes place in the limited 5.

area of the near-Earth plasma sheet at the distances of 20—
30Rg, downtail or closer to the Earth (Mukai et al., 1998;
Machida et al., 1998), a few minutes prior to the substorm on-
sets which were identified by the Pi2 appearance. It suggests

5 1. The empirical model of the substorm in the midnight

auroral precipitation is suggested. The model includes
dynamics of different electron precipitation boundaries
during all substorm phases together, with simultaneous
changes in average electron precipitation energy and en-
ergy flux in different precipitation zones, as well as the
IMF and solar wind plasma behavior during the sub-
storm.

The analysis of observations showed that during mag-
netic quietness and just before the beginning of the
substorm expansive phase, the latitudinal width of the
auroral precipitation in the nightside sector is about
6 — 7° CGL.

For about 5min prior to the substorm onset time a de-
crease in the average precipitating electron energy in the
equatorward part of auroral zone was observed simulta-
neously with an increase in both the average precipitat-
ing electron energy and energy flux in the poleward part
of the auroral precipitation zone.

. The isotropy boundary position in the beginning of the

substorm expansive phasg & 0) coincides with the
inner edge of the central plasma sheet. During magnetic
quietness and the substorm growth phase, the isotropy
boundary is placed closer to the Earth than the cen-
tral plasma sheet, but, in contrast, it is inside the main
plasma sheet during the period of the substorm expan-
sive phase and magnetic disturbances.

On average, during the substorm, the solar wind dy-
namic pressure was about 1.5 times that of the mag-
netic quietness period. Substorms occurred predomi-
nantly during the southward IMF orientation, and the

substorm onset is not often associated with the northern
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turn or with the decrease in the southward interplane-Lyons, L. R.: Fundamental observational features, distinction from
tary B,. In winter substorms occurred generally during  other disturbances, and external triggering, J. Geophys. Res.,
the positive interplanetar, and in summer they were 101, 13011, 1996.

observed when the interplanetaBy was negative. McPerron, R. L.: Growth phase of magnetospheric substorm, J.
Geophys. Res., 75, 5592, 1970.
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