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INTRODUCTION

Along with electron precipitation, auroral ion pre�
cipitation plays a noticeable role in physical�chemical
processes of the high�latitude ionosphere. The fluxes of
precipitating ions (predominantly protons) create addi�
tional ionization, which can considerably contribute to
ionospheric conductance (Galand and Richmond,
2001; Galand et al., 2001). The same fluxes determine
plasma pressure at the ionosphere altitudes (Wing
et al., 1998; Stepanova et al., 2002, 2006), make a cer�
tain contribution to the luminosity of main auroral
emissions, and excite the luminosity of specific hydro�
gen emissions in precipitation zones (Coumans et al.,
2002). Research on ion precipitation characteristics is
carried out by both ground�based and satellite meth�
ods. Optical observations by high�apogee satellites
allow the researchers to obtain a nearly “instant” dis�
tribution of the luminosity of different emissions on a
planetary scale. However, recalculation of the lumi�
nosity intensities of different emissions into either
electron or ion precipitation characteristics implies

the application of different assumptions and a set of
coefficients that are not always reliably known. The
solution of such an inverse task is therefore connected
with large errors that often have undeterminable values.

Direct satellite observations provide “instant” pre�
cipitation characteristics along the flight path. Addi�
tionally, the application of a great amount of statistical
data enables the construction of a planetary precipita�
tion distribution model. Such a model shows the mean
characteristics of different precipitation types, and
these characteristics can considerably differ from the
“instant” precipitation pattern. To construct statisti�
cally average planetary precipitation models, DMSP
satellite observations are often used, because these sat�
ellites operate on circular polar orbits at a height of
~835 km for more than two decades. The orbits of
these satellites are conditionally oriented in the
dawn–dusk and midday–midnight directions. Since
the orbits are stabilized relative to the Earth’s rotation
axis, the diurnal precession of the geomagnetic pole
relative to the geographic one leads to the fact that the
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orbits cover nearly all longitudes of local geomagnetic
time, especially one considers orbits in both hemi�
spheres. SSJ/4 electrostatic analyzers on board the
DMSP satellites record the fluxes of precipitating
electrons and ions in the energy band from 32 eV to
~30 keV in 19 energy channels for each population.

The statistically founded model of ion precipita�
tion was proposed for the first time in (Hardy et al.,
1989). This model, which was based on data from the
DMSP F6 and F7 satellites, utilized a 3�h Kp index as
the geomagnetic activity parameter. Since the Kp index
does not, however, characterize the level of magnetic
activity during the satellite passage (about 3–5 min)
through the precipitation zone, the model from
(Hardy et al., 1989), while advanced in its time, pro�
vides a quite rough estimate of average energies and
energy fluxes of precipitating particles. More
advanced models were presented in (Newell et al.,
2004, 2009). In (Newell et al., 2004), maps of plane�
tary precipitation distribution were presented for all
quadrants of Bz and By orientations of the interplane�
tary magnetic field (IMF); in (Newell et al., 2009), a
precipitation model was constructed with respect to
the solar wind parameters. These models are very use�
ful for research purposes owing to the large database
and high resolution in terms of the MLat–MLT (geo�
magnetic latitude–local magnetic time) coordinate
system. However, due to the specificity of their input
parameters, they are hardly applicable for both the
study of precipitation characteristics in periods of geo�
magnetic disturbances and their comparison with the
planetary distributions of such geophysical phenom�
ena as auroral luminosity, auroral and geomagnetic
pulsations, ionospheric currents, riometric absorp�
tion, and others.

In (Vorobjev et al., 2013a), the auroral precipita�
tion model (APM) was presented; this model shows
the planetary distribution of different electron precip�
itation zones and the characteristics of precipitating
electrons with respect to the magnetic activity level
expressed by AL and Dst indices. The model is avail�
able on the Internet (http://apm.pgia.ru). In (Vorob�
jev et al., 2013a), the APM was used to investigate the
behavior of different ionospheric and magnetospheric
parameters during disturbances, while in (Vorobjev
et al., 2013b) it was applied to calculate the global dis�
tribution of auroral luminosity in different spectral
regions.

In order to obtain a more complete pattern of pre�
cipitations, the APM should be supplemented with
ion precipitation characteristics. Vorobjev and Yagod�
kina (2014) studied the comparative characteristics of
the electron and ion precipitation in the dawn and
dusk sectors based on the data from the DMSP F6 and
F7 satellites. It was shown that the boundaries of elec�
tron and ion precipitation in the dusk sector nearly
coincide at all magnetic activity levels. In the dawn
sector, however, the electron precipitation zone was

3°–4° wider than the ion precipitation zone. The ion
energy fluxes in the equatorial part of precipitation
zones were insignificant here and was as low as 0.02–
0.05 erg/cm2 at all magnetic activity levels.

The goal of this article is to investigate the ion pre�
cipitation characteristics in all MLT sectors; to obtain
the global ion precipitation pattern with respect to the
magnetic activity level; and to apply the precipitation
models in the calculation of plasma pressure at the
ionosphere altitudes and in the construction of a plan�
etary model of integrated ionospheric conductance.

2. DATA

To investigate the ion precipitation characteristics,
we chose the same passes of the DMSP F6 and F7 sat�
ellites as those used for the APM construction. The
database contains more than 32 000 crossings of
auroral precipitation zones by satellites in both hemi�
spheres during 1986. Although this year was remark�
able for its minimum in terms of solar activity, signifi�
cant magnetospheric disturbances were observed,
including a great magnetic storm in February, with a
maximum Dst = –307 nT (http://wdc.kugi.kyoto�u.ac.
jp/dst_final/198602/index.html). In addition to the
characteristics of ion and electron precipitations, the
database contains such parameters as (a) Dst index,
(b) 5�min AL index values, (c) hourly IMF values,
(d) hourly values of solar wind parameters, and (e) phases
of substorm for each satellite transit through the
auroral zone.

In the frame of present investigation the character�
istics of precipitating ion were examined within the
boundaries of different type auroral precipitations
which earlier (Starkov et al., 2002) were divided into
three precipitation zones:

—DAZ (diffuse auroral zone) is the region of diffuse
precipitation which located equatorward of auroral oval
spatially coincides with the diffuse auroral zone;

—AOP (auroral oval precipitation) is the region of
structured auroral precipitation with the poleward and
equatorward boundaries statistically coinciding with
the boundaries of auroral oval;

—SDP (soft diffuse precipitation) is the region of
diffuse precipitation poleward of AOP.

To increase the statistical significance of the results,
all of the data were grouped into eight 3�h intervals on
MLT (0000–0300 MLT, 0300–0600 MLT, and so on).
For each of these intervals, the mean characteristics of
precipitating particles were determined with respect to
the magnetic activity level. A detailed description of
the database structure, as well as the nomenclature and
positions of precipitation boundaries, are discussed in
(Vorobjev et al., 2013a) and in references therein.
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3. PLANETARY CHARACTERISTICS
OF ION PRECIPITATIONS

To construct the ion precipitation model in each
3�h MLT interval, we studied the average energies (Ei)
and energy fluxes (Fi) of precipitating ions in the DAZ,
AOP, and SDP zones with respect to the magnetic
activity level. Regression equations were then defined
to link Ei and Fi with magnetic activity, and the plane�
tary model was constructed on the basis of the bound�
ary positions of different precipitation types from the
APM and with respect to the values of AL and Dst indi�
ces. As an example, the influence of magnetic activity
on precipitating ion characteristics in the sector 2100–
2400 MLT is shown in Fig. 1. The choice of this longi�
tudinal interval is based on the fact that the main pro�
cesses related to substorm development run here. In
(Liou et al., 2001), 648 cases of auroral breakups (sub�
storm onsets) observed in the UV spectral region from
Polar satellite were investigated. It was shown that 85%
of auroral breakups were recorded in the sector 2100–
2400 MLT.

It should be noted that no dependence has been
found between the average energies and energy fluxes
of precipitating particles, on the one hand, and Dst
index values, on the other hand, for either ion and
electron precipitation. In other words, in all precipita�
tion zones and in all MLT sectors, the characteristics
of precipitating particles do not depend on magnetic
storm intensities. The Dst index value is determined by
the DR current intensity and the intensity of currents
across the magnetosphere tail (Maltsev, 2004). These
currents considerably affect the positions of different
precipitation boundaries, the areas of precipitation,
and hence the total precipitation power, but not the
characteristics of precipitating particles.

Figure 1 shows average energies (a) and energy
fluxes (b) of ions in the DAZ, AOP, and SDP precipi�
tation zones in the sector 2100–2400 MLT, depending
on the value of the 5�min AL index. Mean values of Ei

and Fi were determined in the intervals of |AL| with
100�nT step (0–100, 100–200 nT, and so on). For
simplicity, the vertical lines on both sides denote half
mean square deviations. The data were approximated
by a linear polynomial. Line 1 (dashed line and filled
circules) corresponds to the DAZ zone; line 2 (thick
solid line and crosses) corresponds to the AOP zone;
line 3 (thin solid line and empty circles) corresponds
to the SDP zone. Since the SDP zone width rapidly
reduces in the midnight sectors with growth of mag�
netic activity and this zone almost (and in fact) disap�
pears at |AL| > 600 nT (Vorob’ev et al., 2000; Vorobjev
et al., 2013a), the data on this zone in all figures are
limited at |AL| < 800 nT.

Figure 1a shows that the avergae energies of precip�
itating ions in the AOP (2) and SDP (3) zones do not
depend, in fact, on the AL index. This result most
probably indicates that ion acceleration and decelera�
tion in the zone of auroral “bulge” either do not play a
significant role or compensate each other. However,
energy flux of precipitating ions in the AOP zone
increases with an increase in magnetic activity; at con�
stant energy, this corresponds to an increase in ion
concentration. The small increase in Fi with increasing
|AL| value is observed in the SDP zone.

In the diffuse zone located equatorward of the
auroral oval (line 1), considerable softening in spec�
trum of precipitating ions is observed with increased
magnetic activity (Fig. 1a). Average ion energies decrease
from 8�10 keV under quiet conditions to 3–5 keV at
|AL| ~ 1000 nT. Ion energy flux (Fig. 1b) in this zone
also demonstrates a clear decreasing tendency with
increased |AL|. It is known that diffuse auroral lumi�
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Fig. 1. Average ion energies (a) and ion energy fluxes (b) in the sector 2100–2400 MLT depending on the value of 5�min AL index
in different precipitation zones: DAZ, dashed solid lines 1 and filled circles; AOP, thick lines 2 and crosses; SDP, thin solid lines
3 and empty circles.
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Fig. 2. Diurnal ion energy variations in the DAZ, AOP, and SDP precipitation zones at different magnetic activities. Notes are
the same as Fig. 1. (a) AL = –200 nT; (b) AL = –1000 nT.

nosity equatorward of the auroral oval becomes
brighter and more clearly expressed during magnetic
disturbances. This indicates that the main source of
diffuse luminosity in the midnight sector is the precip�
itating electrons with an energy flux that increases with
an increase in |AL| but not precipitating ions.

Studies analogous to the one shown in Fig. 1 were
carried out in all 3�hours MLT sectors, and this
allowed us to consider the ion characteristics on a
planetary scale. Diurnal variations in the average ion
energy (Ei) in different precipitation zones are pre�
sented in Fig. 2. The horizontal axis corresponds to the
magnetic local time (MLT). The designation of the
precipitation zones is the same as in Fig. 1. Approxi�
mation of the experimental points in Fig. 2 was made
automatically by spline method in the Grapher soft�
ware (Windows OS). Figures 2a and 2b correspond to
low and high levels of magnetic activity (AL = –20 and
–1000 nT), respectively.

As is seen in Fig. 2, ion energies clearly peak in the
postmidday sector 1500–1800 MLT in DAZ (curves 1).
The average energy in the peak increases as magnetic
activity increases and is about 12 and 18 keV at AL =
⎯200 and –1000 nT, respectively. In the AOP zone
(curves 2), the minimal average ion energies are
observed in the sector of 0600–0900 MLT. The energy
value in the minimum weakly depends on the mag�
netic activity level. Detailed ion characteristics in the
sectors of 1500–1800 and 0600–0900 MLT are pre�
sented in (Vorobjev and Yagodkina, 2014). In the SDP
zone (curves 3), the average ion energies are minimal
in the midday sector and gently increase throughout
the dawn and dusk sectors, peaking in the midnight
sector. No considerable changes in ion energy with an
increase in magnetic activity were discovered in the
midday sector, while the ion energy slightly increased
with increased |AL| in the night�time sectors.

The diurnal distribution of energy flux of precipi�
tating ions is shown in the top panel of Fig. 3 for low
(a) and high (b) magnetic activity levels. Notations for
the precipitation zones and values of the AL index are
the same as Fig. 2. In DAZ (curves 1), the clear peak
of precipitation flux is observed in the postmidday sec�
tor. The energy flux value nearly doubles with an
increase in |AL| from 200 to 1000 nT, while Fi changes
insignificantly in the other MLT sectors. In terms of
shape, curves 1 in Fig. 3 are generally the same as the
curves 1 for diurnal distribution of average ion energies
in Fig. 2.

In the AOP zone, ion energy flux is maximal in the
nightside MLT sectors. Comparing the curves 2 in
Figs. 3a and 3b, we note that an increase in magnetic
activity is accompanied by an increase in Fi exclusively
in the nightside sectors from 1800 to 0600 MLT. In the
daytime and postmidday periods (0900–1800 MLT),
ion energy flux weakly changes, even upon such an
abrupt increase in AL from 200 to 1000 nT. In the SDP
zone (curves 3), the opposite situation is observed: the
maximal ion energy flux is observed in the daytime
sectors, while Fi values are insignificant in the night�
time ones. Ion energy flux in the SDP zone shows a
negative correlation with their average energies. In the
midday sector, ion energy flux is maximal, but average
energies are minimal. This is most clearly seen from a
comparison of the curves 3 in Figs 2b and 3b.

The bottom panel of Fig. 3 illustrates the diurnal
variation in the values of the Fi/Fe ratio of ion to elec�
tron energy flux. It is seen from figures that electron
energy flux dominates in most precipitation zones,
excluding the postmidday sector of DAZ, where Fi ≈ Fe

at low magnetic activity (Fig. 3a) and Fi exceeds Fe by
the factor of more than 3 at high magnetic activity
(Fig. 3b). The detailed comparison between charac�
teristics of ion and electron precipitations in the post�
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midday sector is presented in (Vorobjev and Yagod�
kina, 2014).

The data obtained in our study allowed us to con�
struct a planetary distribution pattern for both average
energies and precipitating ion energy fluxes. These
distributions can be calculated for all magnetic activity
levels expressed by AL and Dst indices. To recall, the
Dst index does not determine the characteristics of
precipitating particles but considerably affects the
positions of precipitation boundaries. The top panel of
Fig. 4 illustrates the planetary distribution of ion
energy fluxes at low (a) and high (b) magnetic activity.
The values of energy flux are given in grayscale (see
right part of the figure). Analogous to the APM model,
the AOP zone in the nightside is divided by the b4s
boundary into the equatorial and polar parts (Vorobjev
et al., 2013a).

The bottom panel of Fig. 4 illustrates the planetary
distribution of Fi/Fe ratio. The values of Fi/Fe are given
in grayscale. It is seen that ions of auroral energies play
a significant role only in the equatorial part of precip�
itations, in the afternoon, where the value of Fi/Fe ratio
reaches 3 in the sector of 1500–1800 MLT.

The ion precipitation model allowed us to calculate
the total energy release (Wi) by ion precipitation on

the scale of the entire hemisphere. The value of Wi is
not given in the present article; however, Fig. 5 exhibits
the most interesting, in our opinion, value of the
Wi/We ratio depending on the magnetic activity level.
Here, We is the planetary power of electron precipita�
tion, the numerical values of which were computed
from the APM. It is seen in Fig. 5 that the ion contri�
bution to the total energy release is maximal at low
magnetic activity and rapidly decreases with increased
|AL|. The value of the Wi/We ratio is about 11% under
quiet conditions and decreases to about 4% at |AL| =
1000 nT. It was already noted earlier that the ion pre�
cipitation contribution to the total energy release
tends to decrease with increasing magnetic activity
(Coumans et al., 2004): these authors reported that the
proton contribution to the total ionospheric conduc�
tance was higher in the quiet periods compared to the
substorms.

In (Vorobjev et al., 2013a), the relative error of
defining electron precipitation power was estimated at
20–25%. The total contribution of ion precipitation
was 10–12% at maximum, and this was nearly twice as
low as the relative error of defining electron precipita�
tion power. Thus, the ion precipitation contribution to
some processes within the high�latitude ionosphere
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can be disregarded (for example, when computing the
luminosity of main auroral emissions of 427.8, 557.7,
and 630.0 nm). This is applicable to all MLT sectors,

excluding the postmidday one, in which ion flux may
be significant in the equatorial part of auroral precipi�
tations.

4. PLASMA PRESSURE AND IONOSPHERIC 
CONDUCTANCE

4.1. Plasma Pressure

In this section, we will consider some aspects of
how to apply the ion precipitation model for different
geophysical purposes. Due to the specificity of the for�
mation of an excited hydrogen atom, ion (proton) pre�
cipitations dominate in exciting of hydrogen emis�
sions. The ion temperature in the high�latitude mag�
netosphere several times exceeds that of electrons;
therefore, the plasma pressure at the ionosphere alti�
tude is determined chiefly by ion precipitation flux in
zones in which the field�aligned potential drop much
lower than ion temperature. Ion flux also makes the
certain contribution into making up the ionospheric
conductance, especially in the postmidday and dusk
sectors. Discussion of exciting of the hydrogen emis�
sions was beyond the scope of the present paper; we
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will only consider in brief some aspects related to
plasma pressure and ionospheric conductance.

The method for determining plasma pressure from
DMSP satellite measurements was discussed in (Wing
and Newell, 1998). In the present article, we will use a
modified version of this method for the same purpose
(Stepanova et al., 2002, 2006). The computation
results are shown in Fig. 6: the planetary distribution
of ion pressure at low (a) and high (b) magnetic activ�
ity. Plasma pressure was defined within the boundaries
of electron precipitation of different types. The AOP
boundaries in Fig. 6 are marked with a dotted line. The
DAZ (equatorward precipitation) and SDP (poleward
precipitation) boundaries are marked with a dashed
line. The plasma pressure values in different zones are
given in grayscale (the right side of the figure).

In (Antonova et al., 2014), the data shown in Fig.
6a have already been used for comparative analysis of
plasma pressure distribution in the ionosphere and the
equatorial plane of the magnetosphere. In general,
data from low�orbit satellites were used in earlier pub�
lications (Wing and Newell, 1998; Stepanova et al.,
2006; Wing et al., 2007) to analyze the plasma charac�
teristics in the plasma sheet of the magnetosphere.
These studies are based on the following concepts. In
the isotropic plasma region, such plasma parameters
as pressure, temperature, and density are constant
along the same geomagnetic field lines (Goertz and
Baumjohann, 1991). Thus, the characteristics of mag�
netospheric plasma can be obtained by projecting ion�
ospheric data to the equatorial plane of the magneto�
sphere with the use of some of magnetic field model
(MFM). Wing and Newell (1998) characterize all pre�
cipitations at the ionosphere altitudes between the b2i
and b5 boundaries (Newell et al., 1996) as isotropic
ones. In fact, this zone between the b2i and b5 bound�

aries coincides with the nightside part of the AOP
zone, according to the terms used in the present work.
The key element in the studies mentioned above is the
magnetic field model (MFM). The obtained finally
spatial distribution of plasma characteristics in the
equatorial plane specifically depends on the accuracy
of such model under the conditions of different geo�
magnetic activity.

In (Antonova et al., 2014), another approach was
used: it excluded the MFM influence on the results. In
this article, the obtained pressure distribution (Fig. 6a)
was compared to the mean statistical distribution of
plasma pressure in the equatorial plane of the magneto�
sphere based on direct measurements by THEMIS sat�
ellites (Kirpichev and Antonova, 2011). It was shown
in (Antonova et al., 2014) that the source of AOP’s
nightside part is plasma located in the magnetosphere
tail at the geocentric distances from ~6 to ~10–12 Re.
In this part of the magnetospheric plasma sheet, the
plasma pressure was nearly isotropic (Antonova et al.,
2014).

It should be noted that pressure values in Fig. 6 are
smaller than the plasma pressure in the equatorial
plane. This has several causes. First, the contribution
of electrons to the total plasma pressure (this contribu�
tion can make up to 15% (Baumjohannet al., 1989))
has not been taken into account. Second, the possible
existence of a field�aligned potential drop has also not
been taken into consideration (the potential difference
can accelerate electron flux but decelerates ions);
Antonova et al. (2014), however, attempted to mini�
mize this factor by choosing magnetically quiet inter�
vals for their study. Third, the method of pressure cal�
culation (Stepanova et al., 2002, 2006) implies both an
isotropic distribution of particles on pitch angles and
Maxwell distribution on energies. However, in con�
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trast to electrons, ions are better described by kappa�
distribution (Christon et al., 1991), i.e., the distribu�
tion function has a Maxwellian tail in the high�energy
part of the spectrum, and this tail can make certain
contribution into pressure. The estimates by Antonova
et al. (2014) suggest that this error can reach ~20% at
the AOP latitudes. Finally, in addition to protons, pre�
cipitating particle fluxes contain other components,
for example, helium and oxygen ions. Since the con�
tributions of these components cannot be distin�
guished from the total ion flux by data from DMSP
satellites, underestimation of the pressure can reach
15–18% (Kistler et al., 1993). In general, although the
ion pressure calculated from DMSP data is lower than
the plasma pressure in the equatorial plane, it is still
sufficiently high, especially in the equatorial part of
AOP (~1 nPa). These values considerably exceed the
plasma pressure within the plasma layer, which is a
zone with magnetic field lines extremely elongated to
the tail. It should be noted that the typical values of
plasma pressure on the geostationary orbit are close to
1 nPa (Riazantseva et al., 2000).

4.2. Ionospheric Conductance

The APM model from (Vorobjev et al., 2013a) and
the ion precipitation model from the present work
were used to simulate the planetary distribution of
integral ionospheric conductance. As an example, Fig. 7

shows the model distributions of Hall conductance for
the quiet (top) and disturbed (bottom) conditions.
The presence of conductance models is essential for
studying the electrodynamics of high�latitude iono�
sphere. Jointly with the data of magnetometric obser�
vations, these models make it possible to obtain the
global distribution pattern of electrical fields and field�
aligned currents and to estimate Joule heating of the
ionosphere. Various computational techniques and
simulation results for ionospheric conductance are dis�
cussed in many publications, for example, in (Robinson
et al., 1987; Brekke and Moen, 1993; Galand and Rich�
mond, 2001; Coumans et al., 2004; Nikolaeva et al.,
2014).

Figure 7 presents the distributions of total Hall
conductance produced by both electron and ion pre�
cipitations. Total conductance was calculated as the
square root of the sum of squared conductances pro�
duced by electrons and ions (Galand et al., 2001). The
conductance values (in siemenses) are given in gray�
scale (see the right part of the figure). The latitudes in
figure are shown with 10° steps beginning from 50°.

Our goal was not to perform an accurate calcula�
tion of conductance but rather to show the possible
application of the electron and ion precipitation mod�
els developed in the framework of our studies for this
purpose. Hence, both the Hall and Pedersen conduc�
tances were calculated with analytical expressions

12

00

18

12

00

12

00

06

12

00

18

12

00

12

00

06

80°

70°

60°

50°

80°

70°

60°

50°

80°

70°

60°

50°

80°

70°

60°

50°

80°

70°

60°

50°

80°

70°

60°

50°

25

20

15

10

5

0

25

20

15

10

5

0

S m

(a) (b) (c)

Fig. 7. Planetary distribution of Hall conductance at 1200 UT produced by ion and electron energy fluxes. Top panel: AL =
–200 nTl and Dst = –5 nT. Bottom panel: AL = –1000 nT and Dst = –50 nT. (a) winter, (b) equinox, (c) summer.
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from (Robinson et al., 1987; Galand and Richmond,
2001). In these publications, conductances separately
caused by electron and ion precipitations were defined
as functions of average energies (Ee, Ei) and energy
fluxes (Fe, Fi) of precipitating particles. Numerical val�
ues of Ee, Ei, Fe, and Fi can be easily found from the
precipitation models presented above. In (Robinson
et al., 1987; Galand and Richmond, 2001), iono�
spheric conductance was calculated under the
assumption of a Maxwell distribution of energies for
both electron and ion precipitations. The composition
of neutral atmosphere was taken from the MSIS�90
model for the latitude of auroral zone.

In addition to the precipitating particles, a consid�
erable contribution to ionospheric conductance is
made by solar UV and X�ray radiation. The planetary
distribution of this conductance (let us name it back�
ground conductance hereinafter) depends on both
season and universal time. The distribution of back�
ground conductance shown in Fig. 7 is presented after
the computations on the basis of the GSM TIP model
(Namgaladze et al., 1990, 1991) for winter season (a),
equinox (b), and summer season (c) at 1200 UT. For
the convenience of the possible use of global conduc�
tance distribution in practice, the conductance model
is subdivided into cells of 1° on latitude and 15° on
longitude. The data on the average energies and energy
fluxes of precipitating particles in each cell were
obtained by approximation of the initial data by a
spline function analogous to that in Figs. 2 and 3.

CONCLUSIONS

The data from DMSP F6 and F7 satellites for 1986
were used to investigate the planetary distribution of
ion precipitations. The ion characteristics were
defined within three main auroral precipitation zones
(after (Starkov et al., 2002)): auroral oval precipitation
(AOP), diffuse auroral zone (DAZ), and soft diffuse
precipitation (SDP), with the last two zones being
located equatorward and poleward of the AOP, respec�
tively.

The influence of magnetic activity on the charac�
teristics of precipitating ions in the sector 2100–2400
MLT has been studied in detail. The choice of this lon�
gitudinal interval is based on the fact that the main
processes related to development of substorms occur
there. The research has shown that in the average
energies of precipitating ions in the AOP zone do not
depend on the AL index. However, ion energy fluxes in
the same zone increase with increased magnetic activ�
ity: at a constant energy of precipitating ions, such a
situation corresponds to an increase in ion concentra�
tion. In DAZ, considerable softening of the precipitat�
ing ion is observed in the premidnight hours with
increased magnetic activity. The average ion energies
decrease from 8–10 keV under quiet conditions to 3–
5 keV at |AL| ~ 1000 nT. Ion energy fluxes in this

zone also show a clear decreasing tendency with
increased |AL|.

On the basis of studying the planetary distribution
of ion precipitation characteristics, we made the fol�
lowing conclusions.

(1) For both ion and electron precipitations, no
dependence of average energy and energy flux on the
Dst index has been revealed. In other words, in all pre�
cipitation zones and in all MLT sectors, the character�
istics of precipitating particles do not depend on the
intensity of magnetic storms.

(2) In DAZ, precipitating ion energies have a clear
peak in the postmidday sector 1500–1800 MLT. The
average energy value in this peak grows as magnetic
intensity increases and is ~12 keV at at AL = –200 nT
and ~18 keV at AL = –1000 nT. The energy flux in the
peak increases nearly by a factor of 2 as |AL| increases
from 200 to 1000 nT, while the energy flux in the
remaining MLT sectors changes insignificantly with
increased magnetic activity.

(3) In the AOP zone, the minimal average ion
energy is observed in the dawn sector 0600–0900 MLT.
The energy value in the minimum weakly depends on
magnetic activity. Ion energy fluxes (Fi) are maximal
in the nightside MLT sectors. An increase in magnetic
activity is accompanied by an increase in Fi only in the
hight�time hours, while Fi weakly changes in the day�
time and postmidday hours even with an |AL| increase
from 200 to 1000 nT.

(4) In the SDP zone, the highest ion energy fluxes
are observed in the daytime sector, while Fi in the
nightside sectors is insignificant. Ion energy fluxes in
the SDP zone show an anticorrelation to average ion
energies. In the midday sector, ion energy fluxes are
maximal, but ion average energies are minimal, and
vice versa in the midnight sector.

(5) On the basis of the direct measurements
obtained by DMSP satellites, an ion precipitation
model has been developed. This model allows us to
obtain the planetary distribution of average ion ener�
gies and ion energy fluxes depending on magnetic
activity level expressed by values of the AL and Dst
indices. Comparison of the ion and electron precipita�
tion models shows that the planetary power of ion pre�
cipitations at low magnetic activity (|AL| = 100 nT) is
~12% of the electron precipitation power and expo�
nentially decreases to ~4% at |AL| > 1000 nT.

The ion precipitation model allows the plasma
pressure at the ionosphere altitudes to be calculated at
different geomagnetic activities. The planetary ion
pressure distribution in the magnetic quiet period was
used in (Antonova et al., 2014) for comparative analy�
sis of plasma pressure distribution in the ionosphere
and in the equatorial plane of the magnetosphere. It
was shown that plasma pressure in the equatorial AOP
zone is close to the value of plasma pressure near geo�
stationary orbit.
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The ion and electron precipitation models were
used to calculate the planetary distribution of integral
Hall and Pedersen ionospheric conductances depend�
ing on the magnetic activity (AL and Dst indices), sea�
son (winter, summer, equinox), and universal time
(UT).
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