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Abstract. The complex analysis of the input parameters used for setting auroral precipitation in the global
numerical upper atmosphere model (UAM) has been carried out. Input model values of the mean energy and energy
flux of the auroral precipitating electrons have been compared with the empirical data produced by Vorobjev, Roble,
Spiro and Hardy. The radiotomography height-latitude reconstructions of the electron density observed during the
geomagnetic storm on 26 October — 01 November 2003 have been analyzed and new functional dependences of the
polar and equatorial boundaries of the auroral electron precipitation zone have been obtained. Numerical model
results with the new variant of the auroral electron precipitation input have been compared with the
radiotomography reconstructions of the electron density and a better agreement between them have been achieved.

Introduction

We have investigated ability of the numerical description of the electron density behavior in the subauroral and
high-latitude ionosphere F-region using the global numerical Upper Atmosphere Model (UAM) (Namgaladze et. al.,
1988, 1998). This paper continues the work (Korableva et. al., 2007) for the storms of October 2003. In that work it
was found that the theoretical model UAM adequately reproduces the main ionospheric trough dynamics, especially
its equatorial wall. The discrepancy with the observations exists in the areas of electron density to the pole from the
trough. Some correction of the input distribution of the precipitating electron flux with the mean energy ~ 0.5 keV
used in the UAM was introduced to decrease such disagreement. In other words, an inverse problem of the
reconstruction of the precipitating magnetospheric electron characteristics has been solved for conditions of extreme
intense geomagnetic disturbances.

This work represents results of the input parameter correction of the precipitating soft (mean energy ~ 0.5 keV)
electron fluxes on the basis of data for disturbed conditions of October 2003. We have compared values of the mean
energy and energy flux used in the UAM with data of six empirical auroral models (Vorobjev et. al., 2005, 2007,
Roble et. al., 1977, 1987, Spiro et. al., 1982 and Hardy et. al., 1985). More 50 radiotomography reconstructions of
the electron density were considered (Kunitsyn and Tereshchenko, 2003). The auroral zone boundaries taken from
reconstructions were analyzed and new functional dependences of the equatorial and the polar boundaries on day and
night sides have been derived.

Energy characteristics

In the UAM the spatial distribution of the precipitating electron fluxes at the upper boundary of the thermosphere
(h =520 km) is specified as intensity flux dependence on the latitude, the longitude and the precipitating electron
energy:
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where @ — the magnetic latitude, A - the magnetic longitude (A = 0 - corresponds to the midday magnetic meridian),
E — the energy of precipitating electrons, 7,, (E) — the peak intensity of precipitating electron flux, AD(E) - latitudinal
half-width of peak intensity, A, (E) — the magnetic longitude of peak intensity, A4(E) - longitudinal half-width of
peak intensity, @,,; — the magnetic latitude of peak intensity at the midday magnetic meridian, @,,, —the magnetic
latitude of peak intensity at the midnight magnetic meridian.

We have compared our model values of the mean energy E (eV) and the maximum energy flux F (eV cm™ s) with
the data produced by Vorobjev (2005, 2007), Roble (1977, 1987), Spiro (1982) and Hardy (1985). Figure 1
illustrates model and empirical data of parameters of the auroral precipitating soft electron fluxes in the daytime and
nighttime. The UAM energy values show the best agreement with the other data and lie in the range of empirical
data dispersion.
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For quite conditions (Kp < 2) model energy fluxes also lie in the range of presented data values. The unusual
conditions of the great magnetic storm when the index Kp exceeded value 8 were not considered in works (Vorobjev
et. al., 2005, 2007; Roble et. al.,, 1977, 1987; Spiro et. al., 1982; Hardy et. al., 1985). This fact explains the
disagreement in energy flux values for disturbed conditions.

e N N
Daytime mean energy, keV Nighttime mean energy, keV
O Minimum activity, Kp=0,1 O Moderate activity, Kp=2-5 @ Maximum activity, Kp>5 O Minimum activity, Kp=0,1 O Moderate activity, Kp=2-5 B Maximum activity, Kp>5
1.60
1.6 L5 16 L5 Ls
12 110 1l
0.8 1 0.
0.5 0.5
0.4 03 1l
g v-25 I 020 02 020 02 v-23 020 02 020 02
oo (LI TTEM | "Em OEm L m m/al-Walsl-WAE
Z2 o~ 5 = g~ Y= % S s Z2 -~ 5 = g~ Y= % 0 s
22 258 35 32 2 2R 2 22 258 35 32 2 2R 2
58§ g2 = = £ = 58§ g2 = = £ =
> = =2 2 o = = =2 2 o
i\ L A AN <z [72) /
e N 7
Daytime energy flux*1E+11, eV*cm-2 s-1 Nighttime energy flux*1E+11, eV*cm-2 s-1
O Minimum activity, Kp=0,1 0 Moderate activity, Kp=2-5 B Maximum activity, Kp>5 O Minimum activity, Kp=0,1 0 Moderate activity, Kp=2-5 B Maximum activity, Kp>5
25 2306 25 29
20 20
151 11.8 15 7
10 1 10 1
6.24 6.2 6.24 6.2
37 4.92
ST775 23250 SS9 ﬂ STi75 23 o 2 5025
o nom |2 .| o lomm |
z - 5 5 & 5 Z : 7 S~ § o~ & S s
_ g L~ KN % ) = -z K K
28F 255 55 3% 2 e z £S2E $55 3% 3% = zg =
5S35 28 3% e &~ ; =l = 288 oSz & A g T~ e
sz s584£ £ stz s58¢% £
g > 2 & JAN >z & )

Fig. 1. Comparison of the auroral precipitating soft electron parameters
(mean energy and energy flux) with empirical data.
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Fig. 2. Approximations of the polar and equatorial boundaries of the auroral electron precipitation zones
by the least-squares polynomial fit.

Spatial characteristics

The auroral precipitation region is specified in the UAM by functional dependences its equatorial and polar
boundaries on the day and night sides on the index Kp. Boundary formulas obtained from the work (Zubova et. al.,
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2003) and used in the model UAM produce the latitudinal length of the precipitation region less than in the observed
ionospheric tomography data. That is why we decide to develop new functional dependences.

We have processed 58 radiotomography reconstructions of the electron density for the October storm 2003 to obtain
the equatorial and polar boundaries of the auroral zone for daytime and nighttime. They are shown in Figure 2. Using
the least-squares method we obtained four third power polynomials determining our boundaries. Figure 2 illustrates
approximation functions of the polar and equatorial boundaries of the auroral electron precipitation zone in the
daytime and nighttime.

Correction results

Figure 3 shows altitude-latitude distributions of the electron density N, (10'*m™) at the magnetic longitude A=125°
obtained by radiotomography and the theoretical model results with new and old functional dependences of the input
parameters of the auroral precipitation. As it is shown in the figure the new calculation results agree better with the
radiotomography data not only by the density level at 300 — 350 km but by latitude length of the auroral
precipitation zone.
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Fig. 3. Comparison of the UAM electron density after correction of the electron precipitation parameters with the
radiotomography data (top panel) and old model results of the electron density (second panel), N, (10" cm™).
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Conclusions

This investigation has shown that the mean energy value for the soft auroral electrons ~ 0.5 keV used in the UAM is
right because this value lies in the dispersion range of empirical data produced by Vorobjev, Roble, Spiro and
Hardy. Model values of the soft precipitation energy flux are two — ten times higher than the empirical values, but
these values fit to the ionosphere radiotomography data most exactly. Note the storm of October — November 2003
was extreme disturbed (Kp >7, reaching 9), and such conditions were not considered in the woks (Vorobjev et. al.,
2005, 2007; Roble et. al., 1977, 1987; Spiro et. al., 1982; Hardy et. al., 1985).

In the functional dependences used previously in the UAM extension of the precipitation region along a latitude
does not reach values observed by the ionosphere tomography data. The new formulas of equatorial and polar
boundaries obtained by processing the electron density radiotomography reconstruction in most cases reproduce
better observations but nevertheless some disagreement remains. It is necessary to consider radiotomography data of
other storms for solving this problem. It is necessary to find more exact functional dependences of the boundary
positions of the auroral precipitation region.
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