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OLIEHKA BKJIAZJOB IPOBOIMMOCTH U 3JIEKTPUYECKOTO 110JIf B
MHTEHCUBHOCTbD IMPO/10/IbHBIX TOKOB B HOYHOM MOJIAPHOM
MOHOC®EPE BO BPEMA B3PLIBHOW ®A3bI CYBBYPU

B. B. MuiuuH, C. b. /lyHomkuH, B. M. MumuH,
M. A. KypukaJsioBa, 10. B. [leHcKux

Hucmumym cosnxeuHo-3emHoll gusuxu CO PAH, Hpkymck, Poccus

AnHoTanus: Ha ocHOBe BBIXOJHBIX JAHHBIX TEXHUKH UHBEPCHHU MarHUTOrPaMM BbINOJIHEH aHAIU3 JUHAMUKU HH-
TEHCUBHOCTH HOHOCPepHBIX TOKOB I[lefiepceHa M MPOJOJBHBIX TOKOB B HOYHBIX ME30MacCIITAaGHBIX f4yeHKaxX Tpex
OCHOBHBIX KpynmHoMacuTabHbIxX 30H (1, 2 1 0) Uumxumel u [loTeMpbl Bo BpeMsi B3pbIBHOW ¢a3bl JieTHEH U 3UMHel
cy66ypb. [Ipo/i0JIbHbIE TOKH UIPAIOT KJIOUEBYIO POJIb B HOHOCPEPHO-MAarHUTOCHEPHOM B3aMMO/IEHCTBUU. YpaBHe-
HUe€ HENPEPLIBHOCTH IJIOTHOCTH 3JIEKTPUYECKOT0 TOKA COJLEPXKUT JiBa TUIIA BO3MOXXKHOM 0GPaTHOM CBSI3W HA y4acT-
Kax 3JIEKTPUYECKOH LieNH, COeJUHSIOUIMX B Kax/10H s4elike Toku [lenepcena u npofoJibHble TOKU. MoHOCdepHas
npoBoAUMOCTb IlefiepceHa siBsieTcss OCHOBHOM /il Tuna 1, a B o6paTHOM cBs3u Tuna 2 JOMUHUPYET 3JIeKTpHYe-
cKoe mnoJie. B pa6oTe ucciaefyroTcs 06a Tuna GU3nuecKoil 06paTHOM CBSI3W B Me30MaCLITAOHBIX TYelKax BTEKAIIUX
Y BBITEKAIOIMX NPOJOJIbHBIX TOKOB HA HOYHOH CTOpOHE MOJIIPHON HOHOCQEPHI N0 AaHHBIM /IByX W36paHHBIX Cy6-

Oypb JIETHETO U 3UMHET0 Ce30HOB B CeBEpHOM IOJIyIIAPHH.

KinroueBbie c10Ba: 3JIEKTpHUYEeCKOe 1oJie U NIPpOBOANMOCTb I/IOHOC(l)epr,' MpoAO0JIbHbIE TOKH; 06paTHaﬂ CBA3b;

cy60yps; Me3oMacLITaGHble SYeHKH

1. INTRODUCTION

Investigation of the features of variations in the
Earth magnetic field and causing them electric fields
and currents in the atmosphere-ionosphere- magneto-
sphere system is an important component of not only
geodynamics, but also of the space weather research,
an actively developing discipline of solar-terrestrial
physics in recent years. This paper studies contribu-
tions of the magnetospheric electric field and iono-
spheric conductivity to field-aligned currents (FACs),
that flow along geomagnetic field lines and play a key
role in the magnetosphere-ionosphere interaction
[Kamide, Baumjohann, 1993]. Model of FAC distribution
in the polar ionosphere [lijima, Potemra, 1978; Potem-
ra, 1978] was based on averaged satellite data. In this
model, FACs of Region RO are only in the daytime part
of the polar cap, and the main large-scale FACs of Re-
gions R1 and R2 are located in the auroral oval where
they have the only FAC density maximum in each Re-
gion near the dawn - dusk meridian. We use the origi-
nal version of magnetogram inversion technique (MIT-
ISTP) developed in ISTP SB RAS [Mishin, 1990]. Our
MIT is based on the 1-minute data of ground-based
geomagnetic measurements on the global network of
stations and the dynamic model of ionospheric conduc-
tivity [Shirapov et al., 2000]. It provides calculations not
only for 2D maps of electric potential distributions, in-

tegral conductivities, horizontal currents and FACs, but
also allows one to select and study inhomogeneous
structures on these maps, which are termed ‘mesoscale
cells’. MIT gives a possibility to investigate localization
and degree of influence of the electric field and / or
conductivity of the ionosphere on the FAC intensity in
space and time and relative to other geodynamic pro-
cesses. In this paper, we study the dynamics of down-
ward and upward FACs within large-scale FAC Regions
RO, R1, and R2 (Fig. 1), according to the lijima and Po-
temra (I-P) classification [lijima, Potemra, 1978]. We
focuse on FAC dynamics in the nighttime polar iono-
sphere, where the main processes of magnetic and au-
roral substorms are observed during the expansion
phase (EP). The pair of downward R1+ and upward
R1- FACs (flowing in R1+ and out of R1- cells, respec-
tively) connects the EMF generator with the night au-
roral ionosphere. This generator is resulted from the
magnetic reconnection in the near plasma sheet of the
magnetospheric tail. It should be noted that the meri-
dian separating the FAC cells of different signs may
rotate clockwise from midnight to 18 MLT during
the substorm (see Fig. 4 in [Mishin et al., 2017]). There
are two possible closure schemes in the ionosphere
of the main pair of FAC cells R1+ and R1-: the Pedersen
meridional currents with the corresponding cells R2
and RO and / or the azimuthal Pedersen current [Ku-
rikalova et al, 2018, and references there]. In this
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Fig. 1. FAC density distributions at the EP peak of the summer (left) and winter (right) substorms. Red isolines correspond
to inflowing / downward FAC, black isolines - outflowing / upward FACs. Blue bold lines show the boundaries of the three
large-scale regions R1, R2 and RO. Signs (+ / -) corresponds to downward / upward FACs respectively. Green lines - boun-

daries of mesoscale cells on the night side.

Puc. 1. PacnpegeneHusi II0THOCTH NpoosibHbIX TOKOB (IIT) Ha nuke EP seTHel (cieBa) u 3uMHed (cmpaBa) cy60ypb.
KpacHble (uepHbIE) U30JIMHUU COOTBETCTBYIOT BTeKawIUM (BeiTekawouuMm) [IT. CuHUE )XUpHbIe JIMHUU — TPAHUIBI TPEX
KpynmHoMacuTabHbix 30H R1, R2 u R0, a gonosiHUTENBHBIN 3HAK IJIIOC (MUHYC) COOTBETCTBYET BTeKawIleMy (BbITEKal0-
memy) IIT B 3TUX 30Hax. 3eJieHble IMHUU — FPAHUIIbI ME30MaCIITAOHBIX TYEEK HA HOYHOU CTOPOHE.

case, on the part of the electric circuit ‘Pedersen cur-
rents - FACs’, feedbacks may develop due to conducti-
vity or electric field and regulate the ionosphere-
magnetosphere interaction [Atkinson, 1970; Mishin et
al, 2013]. The available theoretical models of iono-
spheric feedback instabilities [Streltsov, Mishin, 2018,
and references there], describe the excitation of small-
scale FAC perturbations (scale 21 km) with a small in-
crease in their amplitude during a substorm in the re-
gion of discrete auroral arcs. However, during the sub-
storm EP onset, increases in the FAC intensity on a
large spatial scale (>100 km) are also observed, which
are also characterized by a significant increase in the
FAC intensity (by a factor of 2-3). The nature of such
strong nonlinear feedbacks in the ionosphere-mag-
netosphere system is still poorly studied, and their
further investigation is an urgent task for the physics
of magnetospheric substorms. Our paper is aimed at
solving this problem.

2. DATABASE AND RESEARCH METHOD

Using the 1-minute data of ground-based geomagne-
tic measurements of 110 magnetometers of the global
network of the northern hemisphere stations and MIT-
ISTP [Mishin, 1990], we calculate the main electrody-
namic parameters of the polar ionosphere and build the
2D maps of: electric potential U distributions, Pedersen
and Hall conductivities, FAC densities, meridional Ejg

and azimuthal E) components of the electric field, and
the corresponding components js and ji of the linear
density of the horizontal ionospheric Hall and Pedersen
currents. The EP intervals of two selected events are
investigated: the (04:08-04:30) UT interval of the 27
August 2001 summer substorm and the (04:06-04:50)
UT interval of the 26 February 2008 winter substorm.
Fig. 1 shows examples of 2D FAC distribution maps. In
our analysis, we use data of the IMF and solar wind pa-
rameters from [http://omniweb.gsfc.nasa.gov], and the
geomagnetic activity indices AE and AL, calculated by
us from the data of the ground-based magnetometers
used in the operation at latitudes ®>60°.

2.1. MESOSCALE CELLS

The 2D maps of FAC density distributions, obtained
on the basis of the MIT every 1 min, make it possible to
determine not only the boundaries (blue bold lines in
Fig. 1) of the large-scale FAC I-P Regions R1, R2, but
also to select mesoscale cells inside these regions
[Mishin et al, 2011]. Fig. 1 shows boundaries of cells by
green lines. On FAC maps obtained using satellites
[lijima, Potemra, 1978; Potemra, 1978], mesoscale dis-
continuities are not visible due to statistical averaging.
Each mesoscale cell on MIT maps is a local inhomoge-
neity of the FAC density distribution in the ionosphere,
with a FAC density maximum in its center. These cells
are located within each subzone (subregion) of the
downward or upward FAC of Regions R1, R2 and RO.
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Next, we consider only night mesoscale cells that
play a central role in the substorm EP development,
because the FACs that flow through them provide the
electric connection of the ionosphere (i.e. load) with
the EMF generator in the near tail of the magneto-
sphere that was noted in the Introduction [Kepko et al,
2014]. In Fig. 1, the symbols RM+ (where M=0, 1, or 2)
denote the night cells of downward / upward FACs
flowing into and out of the ionosphere (+ and -, respec-
tively) in the corresponding I-P Regions RO, R1 and R2.

2.2. CURRENT CONTINUITY EQUATION AND TWO TYPES
OF FEEDBACK

The equation of current density continuity in the
MIT method is as follows:

div, (£-VU) = isinl (1)

where ¥ is the integral ionospheric conductivity tensor;
U is the electric potential; i is the FAC density; I is mag-
netic inclination; div, is a two-dimensional divergence
operator. The simplest way to evaluate two feedback
mechanisms in the magnetosphere-ionosphere (M-I)
system is based on the fact that the divergence of the
Hall ionosphere currents is near zero and FACs are
closed in the ionosphere mainly by Pedersen currents
[Sugiura, 1984]. Assuming at the same time that
the Pedersen conductivity is homogeneous enough
(VXp — 0) over a cell with area Sgp4, a simple estima-
ted formula follows from equation (1):

Zp AU - S = Ipy+ (2)

where 2p is the cell average Pedersen conductivity
value, and I 4 is the FAC intensity in the correspond-
ing cell RM+. In the study of the FAC dynamics in the
cells R1- and RO+, we use formula (2), with Iz,_ or Izg,
at the right side respectively.

From formula (2), it follows that in the M-I system, a
positive feedback between the changes of 2p and Iz;_
and the corresponding instability can develop during
the summer substorm EP in the northern hemisphere
in the FAC cell R1- located in the premidnight sector.
The development of such a positive feedback or Type 1
instability is considered as a “short circuit” associated
with a sharp increase in conductivity since the EP on-
set. The upward R1- FAC is transported by precipita-
ting energetic electrons, which are also an ionization
source that increases the ionosphere conductivity [e.g.
Atkinson, 1970; Mishin et al,, 2013; Korth et al.,, 2014].

Formula (2) also allows feedback between the cur-
rent Ipo, and the electric field in the RO+ cell, in which
the downward FAC is mainly transported by thermal
electrons going up from the ionosphere, which reduces
the conductivity and thereby increases the electric

field. The development of such feedback and Type 2
instability is also possible in the R1+ cell in the
premidnight sector during the winter substorm EP in
the northern hemisphere. The theoretical model for the
development of small-scale ionospheric feedback in-
stability under such initial conditions explains the dy-
namics of discrete auroras during substorms [Trakh-
tengertz, Feldstein, 1984; Streltsov, Mishin, 2018].

3. ANALYSIS OF FEEDBACKS IN THE IONOSPHERE-
MAGNETOSPHERE SYSTEM

3.1. THE 27 AuGUST 2001 SUBSTORM

For two substorms recorded on 27 August 2001 and
26 February 2008, Figure 2 shows graphs of changes in
the following parameters: solar wind dynamic pressure
(P4); interplanetary magnetic field (IMF) components
(B By and By); auroral indices of geomagnetic activity
(AE and AL); potential differences across the polar cap
Upc, and the variable part of the open magnetic flux of
tail lobes W;. The variable part of the magnetic flux
Y, =¥ — ¥, is a difference between the total polar cap
magnetic flux ¥ and its presubstorm value Wy. The to-
tal flux is W = [[. B - dS, where B(r) is the dipolar geo-

magnetic field at 115 km and S is the polar cap (RO)
area. The left column in Fig. 2 clearly shows that the
summer substorm EP on 27 August 2001 began at
~04:08 UT after the turn of the IMF B, to the north. The
EP onset is characterized by a sharp decrease in the
magnetic flux W and a rapid increase in the AE index.
This substorm EP is assumed to end at ~ 04:35 UT
when the W flux decline slowed down and the AE index
and the Upc cross polar cap potential decreased (see
also [Mishin et al, 2011, 2015]).

According to [Mishin et al, 2013], at the EP onset of
the 27 August 2001 substorm, the FAC intensity in the
evening sector nonlinearly increased in all three zones,
and in the RO+ cell it was more than twice as high as in
the R2+ cell. Since the upward FAC of the R1- cell is
transported by precipitating electrons, Mishin et al. ex-
plained these findings by a ‘short-circuit’, the physical
phenomenon well-known from electrical engineering.
In the ionosphere, this means the development of posi-
tive feedback between the rapidly growing upward
FAC R1- and the simultaneous increase in the iono-
spheric conductivity created by the same electrons that
transport the upward FAC R1-. It is also known that
the power supply of ionospheric currents inside the
auroral bulge is largely provided by the Region 0 FAC
[Kepko et al, 2014].

Based on the above, we attempted in this work to
separate the contributions of two variable parameters,
conductivity and electric field, to changes in the FAC
intensity in the night cells R1- and RO+. Using MIT
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Fig. 2. Variations in the main geophysical parameters during the summer (27 August 2001 - left) and winter (26 February
2008 - right) substorms in the northern hemisphere. Top to bottom: variations of the IMF components B,, B,, By; solar wind
dynamic pressure (Pq); indices of auroral activity (AE, AL); potential differences across the polar cap (Upc) and open magne-

tic flux (W4).

Puc. 2. l'paduku M3MeHeHUsI OCHOBHbIX reopU3NUECKUX TapaMeTPOB B XoJie pa3BuTus JjeTHel (27 Aug 2001 - caeBa) u
3uMHelt (26 Feb 2008 - cripaBa) cy66ypb B CeBepHOM nosyuiapuu. CBepXy BHU3 [TOKa3aHbl: Bapualuu komnoHeHtT MMII B,
By, By; AnHaMu4eckoro JjaBjieHus CoJHeYHOro BeTpa (Pg); UHAEKCOB aBpopaJbHON akTUBHOCTH (AE, AL); pa3HOCTH NOTeH-
I1MaJIOB IOTepeK noJsipHoH wanku (Upc) ¥ OTKPBITOr0 MarHUTHoOro notoka (V7).

capabilities, we calculated (with a step of 1 min) FAC
intensities in the selected cells R1- and RO+ in two va-
riants: (1) in the approximation of homogeneous iono-
spheric conductivity, when Iy 4 = Igy+(E), ie. the
FAC intensity depends only on the electric field of the
magnetospheric EMF source (red curve in Fig. 3); and
(2) with inhomogeneous conductivity, when the FAC
intensity Igy4+ = Igy+(E,X) is a function of both pa-
rameters (black curve in Fig. 3). A simple estimate of
the contribution of conductivity inhomogeneity to the
FAC intensity was obtained from the calculation of the
difference Ippy4+(Z) = Igy+(E,Z) — Igy+(E) in the se-
lected cells (blue curves in Fig. 3). Figures 3c and 3d
also show graphs of the relative contributions of the
electric field Iy 4 (E)/Igm+ (red curve) and conductivi-

ty Irpy+(Z)/Izy+ (blue curve) in the FAC intensity in
the selected cells during the substorm EP on 27 August
2001. The results of the described calculations are pre-
sented in the form of graphs in Fig. 3: on the left - for
the RO+ cell, on the right - for the R1- cell. All three
curves in Fig. 3 show a synchronous enough change
during the substorm EP with maximum near the EP
peak. However, there are differences in the behavior of
the red and blue curves in the left and right columns
(Fig. 3).

At the growth phase (until 04:08 UT), the red and
blue curves in Fig. 3, a, practically merge, i.e. con-
tributions of the conductivity inhomogeneity and elec-
tric field are comparable. However, from ~04:08 UT
during EP, the red curve becomes noticeably higher

667
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Fig. 3. Changes of FAC intensities in the night cells of the premidnight sector RO+ (left) and R1- (right). The black curve (top
panel) is the FAC intensity calculated using the inhomogeneous ionosphere conductivity model, when Iy = Iy (E, Z).
The red curve is the FAC intensity calculated in the homogeneous conductivity model, when Iy = Igp+(E). The blue curve
(top panel) shows the difference Izp4 (Z) = Igy+(E, %) — Igy+(E), which gives an approximate estimate of the contribution
of conductivity inhomogeneity (as the ionospheric source) to the FAC intensity. The bottom panel shows graphs illustrating
the relative contributions of the electric field Iy (E)/Izy+ (E,Z) (red curve) and conductivity Iy (2)/Izy+ (E,Z) (blue
curve) in the FAC intensity; their mean values over the entire substorm interval are indicated.

Puc. 3. I'paduku nameHenusi uHTeHcuBHOCTeH [IT B HOYHBIX fiYelKax MpeAnoayHoYHOro cektopa RO+ (cneBa) u R1-
(cpaBa) B xozie JieTHe# cy66ypu 27 aBrycta 2001 r. YepHas KpuBasi (BepxHsisl IaHe b) — MHTeHCUBHOCTH [IT, paccuntan-
HBIX C UCIOJIb30BAaHUEM MOJe/IM HEOAHOPOAHON NPOBOJUMOCTH HOHOCepHI, KorAaa gy = Igy+(E,X). KpacHas kpuBas -
MHTEHCHUBHOCTD IIT, pacCYMTaHHBIX B BAPUAHTE OJAHOPOAHON NMPOBOAUMOCTH, KOTAA Ipy+ (E). CHHAA KpuBast (BepxHsAA Na-
HeJlb) NOKa3bIBaeT PasHOCTb Ipy+(2) = Igy+(E,Z) — Igy+(E), KOTOpask AaeT NPUMEPHYIO OLeHKY BKJIaZia HEOAHOPOAHOCTH
NpPOBOAMMOCTH (Kak MOHOCHEPHOTO UCTOYHHKA) B MHTEHCUBHOCTD [1T. Ha HMKHel maHesy JaHbl TpaduKH, UILTIOCTPUPY-
IOLMe OTHOCUTEJIbHBIH BKJIAJ 3/1eKTpUueckoro nojs Igy4(E)/Izy+ (KpacHass kpusast) 1 NpoBOAUMOCTH gy (Z)/Ipm+
(cunsas kpuBas) B UHTeHCUBHOCTD [1T; yka3aHbl UX cpeJlHUE 3HAaUYeHUsI [10 BCeMY UHTepBaJly Cy60ypH.

than the blue one. Fig. 3, ¢, illustrates the dynamics
of the relative contributions of the electric field
Irm+(E)/Igm+ (E,XZ) (red curve) and conductivity
Irm+(Z)/Iry+ (E,Z) (blue curve) in the FAC intensity
Irm+ = Igm+(E, Z). The discrepancy between the cur-
ves was small before the EP. However, it rapidly in-
creased after the EP onset, which means an increase in
the relative contribution of the electric field and at the
same time a decrease in the relative contribution of
conductivity to the FAC intensity Iy, in the RO+ cell.
All of the above means that the contribution of the con-
ductivity inhomogeneity becomes small, and the con-
tribution of the electric field prevails in the Izy, FAC.
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The opposite picture is observed in the FAC cell R1-.
For the most part of the considered interval of the late
growth phase and the EP (with the exception of the
short interval near the EP onset and its peak), the blue
curve lies above the red one (Fig. 3, b). It means that
the contribution of the ionosphere conductivity inho-
mogeneity to the I, intensity variations exceeds the
contribution determined by the change in the electric
field. One can see that the absolute value of the diffe-
rence between the curves of the relative values of the
contributions of the electric field Igp+(E)/Izpy+ (red
curve) and conductivity Iy (X)/Izy+ in Fig. 3, d, is
noticeably smaller than that in Fig. 3, ¢, i.e. the role
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Fig. 4. The graphs of the FAC intensity changes in the night cells RO- (left) and R1+ (right) of the premidnight sector during
the 26 February 2008 winter substorm. All the notations are the same as in Fig. 3.

Puc. 4. I'paduku nameHeHus UHTeHCUBHOCTH [IT B HouHbIX siyeiikax RO- (cieBa) u R1+ (cmpaBa) mpeAnosiyHOUHOTO
CeKTopa B Xo/ie 3UMHel cy66ypu 26 deBpasisa 2008 r. Bce 0603HaYeHUs Te e, YTO U Ha pUC. 3.

of conductivity inhomogeneity is noticeably stronger in
the cell R1- of the upward FAC.

So, our analysis shows that during the summer sub-
storm EP in the cell RO+, there is a noticeable predo-
minance of the electric field contribution to the intensi-
ty Izo+ of the downward FAC compared to the influence
of the ionospheric conductivity in this cell. And vice
versa, we found that in the R1- upward FAC cell, the
contribution of the conductivity inhomogeneity to the
FAC intensity Ip;_ prevails over the electric field con-
tribution.

We also note the presence of a feature common to
both of the considered cells at the EP onset (04:07-
04:11 UT) - a sharp jump in the red curve upwards
(current dependence on the electric field) simulta-
neously with a jump in the blue curve downwards (cur-
rent dependence on conductivity), which is clearly vi-
sible in the graphs of the lower panel in Fig. 3.

3.2. THE 26 FEBRUARY 2008 SUBSTORM

The 26 February 2008 winter substorm compared
to the above considered summer substorm was

less intense: the maximum value of the AE index was
~250 nT (see Fig. 2), which is 3 times less than at the
peak of the summer substorm. The EP of the winter
substorm began at 04:06 UT shortly after the rotation
of the IMF B, component to the north, which caused the
beginning of a rapid decrease in the open magnetic flux
of the tail lobes W; and the AE index rapid growth (see
Fig. 2). A characteristic feature of this winter substorm
is a sharp decrease in the intensity of all the FACs in the
evening sector (see Fig. 1) during EP. Let us further
consider the FAC dynamics in the mesoscale cells R1+
and RO- in the premidnight sector.

The calculated contributions of the electric field and
conductivity in the FAC intensity in the cells R1+ and
RO- are shown in Fig. 4, similar to Fig. 3. One can see
that (as in the case of the summer substorm) in the cell
of the downward FAC R1+ during the entire interval of
the winter substorm, including the second half of its
growth phase and EP, a change in the electric field
creates the main contribution to the growth of the FAC
intensity Iz, (Fig. 4, b), and the relative contribution
of conductivity to the change in Ip;, also decreases
markedly during the EP (Fig. 4, d).
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In the cell RO-, the contribution to the growth of the
FAC intensity I,,_, determined by conductivity, is weak

during the growth phase, but it increases during EP. On
average, throughout the substorm, it is comparable
with the contribution of the electric field (Fig. 4, a).
However, as in the upward R1- FAC cell during the
summer substorm EP, in the RO- cell, near the maxi-
mum of the winter substorm EP, the blue curve be-
comes twice higher, that demonstrates the dominant
contribution of the ionospheric conductivity to the I,,_

FAC intensity (Fig. 4, c).

4. DISCUSSION

The general SCW model [Fujii et al, 1994; Gjerloev,
Hoffman, 2000a, 2000b, 2002] shows that the power
supply of ionospheric electric currents within the auro-
ral bulge is largely provided by the Region 0 FAC, loca-
ted northward of the upper auroral bulge boundary.
Kurikalova et al. [2018] showed that the main part of
the FAC closure occurs in the meridional direction -
between the downward Region 0 FAC and the upward
Region 1 FAC, which are in the auroral bulge. Kepko et
al. [2014] suggested that the Region 0 FAC can be the
result of a large conductivity gradient and the corre-
sponding polarization electric field at the auroral bulge
edge.

Our present study of the 27 August 2001 substorm,
reveals a high correlation between changes in the me-
ridional component of the electric field and the down-
ward FAC intensity in the premidnight cell R0O. Thus,
one can conclude that the evening cell RO+ during this
summer substorm is mainly controlled by the magne-
tospheric electric field.

FACs are transported by both electrons and ions.
Magnetospheric electrons dominate in the transport of
upward FACs, and ionospheric thermal electrons - in
the transport of downward FACs [Cattell et al, 1979].
Lu et al. [2000] showed that large-scale upward FACs
obtained by the AMIE method, in general, coincide with
relatively intense auroral UV emissions in the central
auroral oval. Therefore, one can expect a positive feed-
back between the FAC intensity and the ionosphere
conductivity in the FAC R1- area in the evening sector.
From our study results for the summer 27 August 2001
substorm, it follows that the change in the FAC intensi-
ty, related to conductivity, exceeds the change deter-
mined by the electric field variations. However, precipi-
tating electrons transporting upward FACs can be ac-
celerated by a parallel electric field [Evans, 1974; Mozer
et al, 1980]. Perhaps this is the reason that the contri-
butions of the electric field and conductivity to the FAC
intensity in this region are comparable.

The FAC flowing into the R1+ premidnight cell here
connects the auroral ionosphere with the magneto-

670

spheric generator [Mishin et al, 2015]. Our study re-
sults for the winter 26 February 2008 substorm show
that during EP in the cell R1+ the average relative value
of the electric field contribution to the FAC intensity
was twice as large as the average relative value of the
conductivity contribution.

5. CONCLUSION

The analysis of the FACs dynamics in the selected
mesoscale cells during the expansion phase (EP) of the
27 August 2001 and 26 February 2008 substorms, al-
lows us to draw the following conclusions.

1. The positive feedback between the FAC intensity
and the electric field is observed in night cells of
downward FACs: in the evening mesoscale RO+ cell
during the summer substorm; and in the morning
mesoscale cell R1+ during the winter substorm. In both
these cells, the change in the FAC intensity is deter-
mined mainly by the electric field.

2. During the summer substorm EP in the evening
mesoscale R1- cell of the upward FAC, the contribution
of conductivity to changes in the FAC intensity exceeds
the contribution of the electric field. During the winter
substorm EP in the morning mesoscale cell RO-, the
contributions of conductivity and electric field to FAC
changes are generally comparable, but at the EP peak,
the contribution of conductivity prevails.

The results of this study of the two substorms gene-
rally confirm our initial assumptions about the physical
mechanism of two types of positive feedback: Type 1 -
between the FAC intensity and the electric field in the
downward FAC cells; Type 2 - between the FAC inten-
sity and the conductivity in the upward FAC cells.
These conclusions refer to only two isolated substorms
and, therefore, are preliminary and providing a good
starting point for discussion. Further research is
needed to develop and confirm these initial findings.
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