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Abstract⎯The degree of uncertainty that arises when mapping high-orbit satellites of the Cluster type into the
ionosphere using three geomagnetic field models (T89, T98, and T01) has been estimated. Studies have
shown that uncertainty is minimal in situations when a satellite in the daytime is above the equatorial plane
of the magnetosphere at the distance of no more than 5 RE from the Earth’s surface and is projected into the
ionosphere of the northern hemisphere. In this case, the dimensions of the uncertainty region are about
50 km, and the arbitrariness of the choice of the model for projecting does not play a decisive role in organiz-
ing satellite support based on optical observations when studying such large-scale phenomena as, e.g., WTS,
as well as heating experiments at the EISCAT heating facility for the artificial modification of the ionosphere
and the generation of artificial f luctuations in the VLF band. In all other cases, the uncertainty in determining
the position of the base of the field line on which the satellite is located is large, and additional information
is required to correctly compare the satellite with the object in the ionosphere.
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1. INTRODUCTION

In connection with the active use of the near-Earth
space for both scientific and practical purposes, there
is an increasing need for the terrestrial support of sat-
ellite observations. Namely, in the comparison of
dynamic processes in the magnetosphere with phe-
nomena in the magnetic conjugated ionosphere region
and vice versa. It is widely believed that the magneto-
spheric-ionospheric interaction is largely realized
through the geomagnetic field lines, i.e., through
field-aligned currents, precipitating particles, and
Alfven waves. Therefore, here and below, magnetic
conjugation refers to finding conjugate objects on the
same geomagnetic field line.

It is not difficult to compare satellite and terrestrial
(more precisely, ionospheric) data if one considers
low-orbit satellites like DMSP and FAST, the orbits of
which are a short distance from the Earth’s surface
ranging from several hundred to 1000 km. At these dis-
tances, the main contribution to the geomagnetic field
introduces the own Earth’s field, so that the shape of
the field line is weakly affected here by magneto-
spheric currents, and the International Geomagnetic
Reference Field (IGRF) model is quite suitable for its
analytical description. The problems of mapping (pro-
jecting) a satellite into the ionosphere using the IGRF
model were successfully solved, e.g., in [1, 2] and con-
tributed to the progress in understanding the nature of
poorly studied phenomena as the auroras in the cusp

and the diffuse auroras of the auroral zone, respec-
tively. The importance of the correct conjugation of
the FAST satellite with the region of modulated iono-
spheric heating above the EISCAT heating facility was
clearly demonstrated in [3], where it was shown that
the satellite is projected at the heating spot, rather than
away from it, as was initially assumed in rough esti-
mates. In this paper, it was noted that the use of the
IGRF model to determine the base of the field line on
which the satellite is located is permissible up to an
orbit altitude of not more than 1 RE. In [4], the Cluster
satellites were located at a relatively small distance
from the ionosphere (3–5 RE), and the authors con-
sidered it possible to take into account only the own
Earth’s field taking as the basis the IGRF model. In
this case, the error when projecting the satellite
reached 400 km, which is about an order of magnitude
greater than the width of the auroral structures in the
ionospheric region conjugated with the satellites.
Therefore, when projecting high-orbit satellites into
the ionosphere, it is necessary to use the detailed
semi-empirical Tsyganenko model, which is unique
for today, in various modifications.

In situations when the accuracy of conjugation is
not of principal importance, the projecting method
does not raise questions. For example, in [5], it was
sufficient to show that the source of the auroral arc lies
deep in the magnetosphere and, therefore, cannot be
associated with the Kelvin–Helmholtz instability on
the magnetopause. In [6], it was enough to verify that
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both Themis satellites are projected into the region
occupied by the active forms of auroras. The question
of association of satellite measurements with any par-
ticular auroral structure did not stand. In [7], the data
from the twenty ground-based optical observation sta-
tions of the Themis project were used to determine the
time of substorm onset during the period of conjuga-
tion of the Themis satellites with these observatories.
In [8], the Geotail satellite was projected from the
plasma sheet into the ionosphere, where images of
auroras from the Polar satellite were also projected.
The question of precisely comparing the data from both
of these satellites did not stand because, as noted by the
authors, the application of the statistical Tsyganenko
model in a concrete situation can lead to appreciable
errors. In the study, it was sufficient to qualitatively
estimate where Geotail satellites were found relative to
the auroral convexity.

The Tsyganenko model represents a statistical gen-
eralization of measurements of the geomagnetic field
vector on satellites. In this case, the data of the last sat-
ellite projects, Cluster and Themis, are not included in
the early modifications of Tsyganenko models, which
may be one reason for the poor fit of the model to real
measurements on these satellites. An estimation of the
error in the application of the Tsyganenko model for
conjugation of remote satellites like Themis with
ground-based observatories was carried out in [9]. The
authors compared the real position of the boundary of
isotropic precipitation determined using the data of
low-orbit satellites with a theoretical proposition cal-
culated according the three Tsyganenko models. Note
that the evaluation results are applicable to the near-
midnight sector (0 ± 2 h MLT). Using the Cluster data
to the verification of the Tsyganenko models revealed
in [10], a discrepancy of approximately 70 nT in the
region of the ring current (at a distance of 4–5 RE).

Comparison of the results of projection performed
using a statistical model with the results of specific mea-
surements can lead to incorrect interpretation of obser-
vations. For example, in [11], the T96 Tsyganenko
model gave the position of the boundary between the
closed and open field lines in the projection into the
ionosphere in the premidday sector at 200–300 km to
the south than was determined by the Polar satellite
data. According to the results of studies in [12], for a
satellite f lying at an altitude of about 4 RE, the use of
various versions of the Tsyganenko model introduced
in to calculate the position of the base of the geomag-
netic field line the uncertainty of about 100 km. In this
case, depending on the model, the satellite was pro-
jected either into different auroral forms (pulsating
patches) or between them. According to the SI12 cam-
era onboard the Image satellite, it was shown that
under disturbed conditions the T01 model does not
adequately reflect the degree of elongation of the mag-
netic field lines at large distances from the Earth [13];
therefore, the results of conjugation of the phenomena

in the ionospheres of the northern and southern hemi-
spheres (see, e.g., [14]) should be treated with caution.

To apply the model to the analysis of a specific sit-
uation, in some cases, a model correction based on
additional and a priori information is possible. In [15],
the method of adjusting the Tsyganenko model for the
correct modeling of the magnetospheric tail is dis-
cussed using additional data on the position of the
boundary of isotropic precipitations and the angle of
inclination of the magnetic dipole. In [16], the T89
Tsyganenko model was used for the projection of the
Cluster satellites f lying at the altitude of 22000 km
(~4.4 RE) over the northern part of the Scandinavian
Peninsula. Within a few minutes, the satellites crossed
two arcs. In order to achieve better correspondence
with the satellite data at the intersection of the second
arc, the authors had to change the initial model param-
eter (to increase the value of the Kp index from 3 to 5),
arguing that the second arc appeared as a result of the
pseudo-breakup development. In [17], devoted to the
same case, the projection was carried out according to
the T89 model for constant Kp = 3. As a result of a joint
analysis of terrestrial radar and satellite data, a shift was
detected in the boundary between the closed and open
field lines relative to the convection circulation region.
In light of the above, it is not clear whether the shift was
real or a consequence of an incorrect description of the
situation by the T89 model.

The most sensitive to the choice of the Tsyganenko
model can be the problems of conjugation of high-
orbit satellites with small regions in the high-latitude
ionosphere or on the Earth’s surface. Such areas at the
altitude of the E sheet of the ionosphere can be, e.g.,
auroral arcs (arc width about of 10 km or less) or lumi-
nous spots propagating along them; the region of the
modified ionosphere above the heating facility in the
experiments for modulating the auroral electrojet aris-
ing in the E region (the diameter is about 20 km with
the width of heating beam of 11.8°) and the cross sec-
tion of the beam of the EISCAT radar (the diameter is
~1 km with the width of beam of 0.5°).

At the high latitudes where the auroras are
recorded, the EISCAT radar and heating facilities are
operated, the geomagnetic field lines along which
conjugation is performed are strongly deformed by the
currents of the plasma sheet, and their shape depends
on local time and geomagnetic latitude. Therefore, the
uncertainty in the conjugation of ionospheric regions
with satellites f lying near the equatorial plane of the
magnetosphere, e.g., Themis satellites, is greater here
than for satellites f lying far from the equatorial plane
and at a relatively short distance from the Earth’s sur-
face, e.g., Cluster satellites.

Based on the foregoing, the aim of this paper is for-
mulated as follows. Using the example of the high-
orbit Cluster satellite, it is necessary to estimate the
uncertainty, which arises in the choice of a given
Tsyganenko model for conjugating the satellite with
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the optical equipment and the low-frequency trans-
mitter in the central part of the Kola Peninsula (the
geomagnetic latitude is ~64.2°) with the radar, and the
EISCAT heating bench in the northern part of Scandi-
navian Peninsula (the geomagnetic latitude is ~66.6°),
as well as with optical equipment, the ESR radar (the
EISCAT Svalbard radar), and the SPEAR heating
bench on the Spitsbergen archipelago (the geomag-
netic latitude is ~75.1°).

2. PROCEDURE

The selection of events took place in two stages. At
the first stage, the date and time of the probable con-
jugation of the Cluster satellite with one of the above
items was determined using the data of the Cluster
Data Center website, which gives a very approximate
representation where one of the Cluster quartet satel-
lites was projected (http://www.cluster.rl.ac.uk/csd-
sweb-cgi/csdsweb_pick). An example of projecting is
shown in Fig. 1, where it can be seen that, during the
day, the satellite could potentially be conjugated with
objects on both the Kola Peninsula and in Northern
Scandinavia as well as on the Spitsbergen archipelago.
Here, the trajectory of the satellite in the projection
into the ionosphere is shown by dashed line, the
crosses indicate the position of the satellite every hour
of f light.

At the second stage, the projection of the satellite
was determined more precisely using the Orbit Visual-
ization Tool program developed specifically for this
purpose by one of the participants of the Cluster project,
the Swedish Institute of Space Physics (http://ovt.
irfu.se). The program makes it possible for the given
position of the satellite to calculate the shape of the
magnetic field line on which it is located and the
coordinates of its base at an altitude of 100 km for dif-
ferent models of the geomagnetic field. The field is
assumed to be the sum of the own Earth’s field
(dipole or IGRF) and the field created by external
sources. The latter is calculated using the T89, T98,
or T01 Tsyganenko models. The input parameters are
the date and time, as well as Kp and Dst indices, the
values of the interplanetary magnetic field compo-
nents (Bx, By, and Bz) and the dynamic solar wind
pressure (SWP), the coefficients G1 and G2 (for the
T01 model) [18]. These parameters were taken from
the Virtual Radiation Belt Observatory (VIRBO)
website (http://virbo.org) for the relatively quiet day
of May 4, 2004 and were [Bx By Bz] GSM = [1 –0.9
‒4.0] nT, SWP = 1.2 nPa, Kp = 2, Dst = –7.0 nT,
[G1 G2] = [2.4 6.4].

To estimate the uncertainty, events were selected
during which one of the Cluster quartet satellites was
projected according to the T89 model into the region of
~100 × 100 km centered at either the Lovozero observa-
tory on the Kola Peninsula or at Tromso in northern
Norway, which were located near the EISCAT facility,

or in the Henriksen observatory near the Longyearbyen
village at Spitsbergen. Then, for this satellite, the pro-
jections using the T98 and T01 models, the mean lati-
tude and longitude of the projection (note that they
are not true coordinates of the base of the field line),
and the error of relative mean value were calculated. In
fact, the error represents the characteristic dimensions
of the region in which the satellite is projected by a
given model of the geomagnetic field. Below, for brev-
ity, this region will be called the region of uncertainty.

3. RESULTS
For the period of January 2001 to June 2004, we

revealed 49 cases of the conjugation of one of the Clus-
ter satellites with the above objects. Note that, in a
number of cases, the satellites followed one after
another at intervals of several dozen minutes and were
projected into the same region from almost the same
part of the magnetosphere. In these situations, we lim-
ited ourselves to project only one satellite. As a result,
the studies covered various MLT sectors and, in this
case, the satellites were located at different distances
from the Earth’s surface. In addition, during the inter-
val, the program of the cluster operation changed, as a
result of which the orbits of the satellites changed. The
use of real situations in studies allowed us not only to
significantly simplify the implementation of the con-
ceived, but also gave statistical significance to the
results despite a relatively small sample, because when

Fig. 1. Projecting the trajectory of the Cluster satellite on
the Earth’s surface according to the website
http://www.cluster.rl.ac.uk/csdsweb-cgi/csdsweb_pick.
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using this procedure, the distribution of points in the
magnetosphere, from which the projection was carried
out, can be considered close to stochastic.

The distribution of points in the magnetosphere,
from which the projection was carried out, is repre-

sented by the diagram in Fig. 2a. Here, the values of
the radius vector of the projection of the satellite on
the equatorial plane of the magnetosphere are plotted
on the horizontal axis, Z is the coordinate along the z
axis in the GSE coordinate system. The cloud of
points is divided into three zones. The most numerous
zone 1 includes 24 points, projections of which were
performed in the vicinity of both Lovozero (LOZ) and
Tromso (TRO), as well as in Longyearbyen (LYR).
Points are located in the region of positive values of Z
with R not more than 5 RE. The most remote point
(along the magnetic field line) from the Earth’s surface
is at the distance of 0.8 RE from the equatorial plane. In
zone 2, there are points at which the radius vector R also
does not exceed 5 RE, but almost all of them lie below
the equatorial plane, in the region of negative Z. Points
of zone 2 are projected into LOZ and TRO. The dis-
tance (along the magnetic field line) of the points of
zone 2 to these objects is greater than for the points of
zone 1. At night, the equatorial part of the field line
along which the points from zone 2 are projected can
be distorted by the current of the plasma sheet. All
points of zone 3 are projected into LYR, and the shape
of the field lines on which they are located differs
markedly from that of points in zones 1 and 2 due to
the influence of the solar wind on these parts of the
magnetosphere. Thus, it is reasonable to expect the
least uncertainty in projection using different models
of the geomagnetic field for points of zone 1, where the
distortions of field lines introduced by external sources
should not be so great.

The results of the satellite projection from zones 1,
2, and 3 are presented in Tables 1, 2, and 3, respec-
tively. Here, the second column indicates the number
of the Cluster satellite, the third and fourth columns
indicate the date and time of conjugation of the satel-
lite with one of the observatories, while the fifth and
sixth columns contain the coordinates of the satellite
in the GSE coordinate system (R is the radius vector of
the projection of the satellite on the equatorial plane,
Z is the coordinate along the z axis). The last column
gives the diameter of the uncertainty region, which is
calculated as twice the absolute error of projection
using three different models of the geomagnetic field.

The cases of conjugation are ordered in tables
according to increasing time UT. Note that the differ-
ence between universal and local time in Lovozero,
Tromso, and Longyearbyen is insignificant and lies in
the interval of 2–3 h. According to the data from the
fourth and seventh columns, the graphical time
dependence of the diameter of the uncertainty region
for each of the zones is presented (Figs. 2b, 2c). As
expected, the dimensions of the uncertainty region are
small when projecting a satellite into Lovozero or
Tromso during daylight hours and are ~40 km for sat-
ellites from zone 1 and 50–60 km for satellites from
zone 2, i.e., located below the equatorial plane. When
projecting a satellite into Lovozero and Tromso from

Fig. 2. (a) Distribution of the satellite position in the mag-
netosphere using three spatial zones; (b) dimensions of the
uncertainty region as a function of time when projecting
satellites into the ionosphere from zone 1; (c) dimensions
of the uncertainty region as a function of time when pro-
jecting satellites into the ionosphere from zones 2 and 3.
Local noon at LOZ, TRO, and LYR stations is 08–09 UT.
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zone 1, there is a tendency to decrease the dimensions
of the uncertainty region from the morning hours to
the evening hours (Fig. 2b). We leave this issue beyond
the study.

For satellites projected into Tromso from zone 2
(Fig. 2c), the projection uncertainty is greater in the
morning and evening hours than in the daytime, and
varies in the range of 170–220 km. When projecting
into Lovozero, this feature is not found. We believe
that both of these features are associated with the
greater influence on the shape of the Tromso field line
of currents of the plasma sheet than for Lovozero,
which is located more equatorially than Tromso.

The greatest uncertainty arises when projecting
satellites from zone 3 in the vicinity of Longyearbyen
at Spitsbergen. Depending on the local time, the
dimensions of the uncertainty region varies from 100
to 220 km (see Fig. 2c). In the daytime, the uncer-
tainty is greater than in the night. On the night side,
the field lines are strongly extended into the tail and,
at distances R ~ 10 RE, their configuration is less com-
plex than on the day side. In the daytime magneto-
sphere, the satellite coordinate is R ~ 6 RE, and the sat-
ellite is most likely located on closed field lines
deformed (pinched) by the stream of the solar wind.

4. DISCUSSION

Approximately fifty cases of the conjugation of the
high-orbit Cluster satellite with observatories located
in the Lovozero village (Kola Peninsula), near Tromso
city (northern part of the Scandinavian Peninsula),

Table 1. Coordinates of satellites in zone 1 and dimensions
of the uncertainty region when they are projected into the
ionosphere using various models of the geomagnetic field

No. C Date Time,
UT

R, RE Z, RE D, km

1 2 3 4 5 6 7

Lovozero [67.97° 35.08°]
1 1 Jan. 18, 2002 00.50 4.4 0.7 40
2 2 Jan. 7, 2001 01.00 4.0 0.8 28
3 1 Dec. 18, 2001 02.40 4.3 1.5 50
4 3 Nov. 16, 2002 03.44 3.6 4.7 46
5 3 Oct. 17, 2001 06.30 3.2 3.0 44
6 3 Oct. 16, 2002 06.50 3.1 3.0 38
7 3 Aug. 4, 2001 11.24 4.2 0.7 42
8 1 Apr. 29, 2004 17.45 2.6 3.1 36
9 1 Apr. 21, 2001 18.08 3.1 2.3 42

Tromso [69.66° 18.94°]
10 1 Dec. 18, 2001 02.54 4.2 2.0 54
11 3 Dec. 17, 2002 03.30 3.7 2.1 66
12 3 Nov. 17, 2001 05.09 3.2 3.1 50
13 3 Nov. 16, 2002 05.20 3.0 3.2 50
14 3 Sept. 4, 2001 10.20 3.9 2.2 46
15 3 Aug. 4, 2001 11.46 4.2 1.7 42
16 3 Aug. 14, 2003 12.10 4.2 1.5 38
17 1 Apr. 20, 2002 18.59 2.8 3.7 36
18 1 Apr. 20, 2002 20.50 3.5 2.9 32
19 1 Feb. 6, 2001 23.38 4.0 1.7 36

Longyearbyen [78.20° 15.82°]
20 4 Jan. 18, 2002 01.20 4.1 3.0 42
21 4 Dec. 17, 2002 03.35 3.1 3.5 56
22 4 Nov. 16, 2002 05.26 1.9 4.3 40
23 3 Mar. 31, 2003 20.50 1.8 4.2 44
24 1 Mar. 20, 2002 21.34 2.5 4.4 54

Table 2. Coordinates of the satellites in zone 2 and dimensions
of the uncertainty region when they are projected into the ion-
osphere using various models of the geomagnetic field

No. C Date Time,
UT

R, RE Z, RE D, km

1 2 3 4 5 6 7

Lovozero [67.97° 35.08°]
1 3 Dec. 17, 2002 01.50 3.9 –2.4 64
2 3 Nov. 17, 2001 03.30 4.3 –1.3 56
3 3 Sept. 4, 2001 08.45 3.9 –2.0 52
4 1 Aug. 3, 2002 11.18 4.8 0.4 62
5 3 July 3, 2002 12.40 3.6 –2.8 50

Tromso [69.66° 18.94°]
6 1 Jan. 16, 2004 00.15 3.1 –3.7 220
7 3 Oct. 5, 2001 07.04 4.2 –2.0 52
8 3 June 22, 2001 13.39 3.2 –3.1 75
9 3 May 22, 2001 15.27 3.9 –2.1 190

10 1 Apr. 9, 2001 18.50 4.0 –1.6 168

Table 3. Coordinates of the satellites in zone 3 and dimen-
sions of the uncertainty region when they are projected into
the ionosphere using various models of the geomagnetic field

No. C Date Time,
UT

R, RE Z, RE D, km

1 2 3 4 5 6 7

Longyearbyen [78.20° 15.82°]
1 1 July 23, 2002 01.20 11.2 8.3 145
2 4 July 11, 2002 02.30 10.7 7.9 156
3 3 Apr. 15, 2003 08.00 6.8 6.3 148
4 4 Apr. 4, 2002 08.20 5.1 7.8 192
5 1 Mar. 4, 2002 10.00 3.7 8.4 192
6 1 Feb. 13, 2002 10.48 5.6 9.0 186
7 2 Feb. 12, 2003 11.10 5.7 8.4 178
8 3 Jan. 24, 2003 11.30 7.3 7.6 220
9 1 Jan. 13, 2002 12.20 4.9 8.2 128

10 2 Dec 12, 2002 14.30 7.5 6.8 212
11 2 Nov. 11, 2002 16.30 8.1 6.4 208
12 1 Oct. 11, 2002 19.05 8.3 7.4 170
13 2 Sept. 10, 2002 21.00 7.8 8.4 112
14 3 Aug. 22, 2002 22.50 10.3 8.0 100
15 2 Aug. 10, 2002 23.50 8.8 8.9 122
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and Longyearbyen village (Spitsbergen archipelago)
have been analyzed. The purpose of the analysis was to
estimate the uncertainty that arises when the satellite
is projected into the ionosphere using various models
of the geomagnetic field (the Tsyganenko models).
Since we do not know the true coordinate of the base
of the field line on which the satellite is currently
located, we are not talking about the projection error,
as was done in [9], i.e., the uncertainty of the correla-
tion of the satellite with an object in the ionosphere. For
the quantitative characteristics of the uncertainty, we
have adopted the diameter of the region, the center of
which is calculated as the arithmetic mean of the coor-
dinates of the bases of the field lines calculated by dif-
ferent Tsyganenko models, and the radius is calculated
as the distance from the center to one of the bases.

Satellites at the time of conjugation were located in
different regions of the magnetosphere and in different
MLT sectors. A cloud of points that characterize the
position of the satellites in the magnetosphere was
divided into three zones. Points from the first zone
correspond to situations, when the satellite at the time
of conjugation was on closed field lines above the
equatorial plane of the magnetosphere. This is the
most favorable region for solving problems related to
the need to compare the satellite and terrestrial obser-
vations in the northern hemisphere, since the uncer-
tainty of the projection is relatively small and is equal
to ~40–50 km in the daytime.

At the latitude of the Lovozero observatory, there is
a facility with power line as a radiating antenna. If it is
assumed that the dimensions of the region occupied by
the radiation generated by the facility are comparable
with the antenna dimensions (70–100 km), detection
of this radiation by satellites in zone 1 is quite possible,
since the choice of the magnetic field model does not
greatly affect the accuracy of conjugation. It should
also be noted that estimates of the uncertainty were
performed for quiet geomagnetic conditions when the
level of natural low-frequency electromagnetic noise is
low [19].

Experiments on artificial modification of the iono-
sphere are successful when the frequency of the pump
wave is less than the ionospheric plasma frequency
(critical frequency). This condition is more often
observed in the sunlit ionosphere. For the width of the
heating beam of the EISCAT bench of 11.8° (see, e.g.,
[20]), the diameter of the illumination area at the alti-
tude of the E region is about 100 km. Studies of the
ionosphere above the mid-latitude Sura heating facil-
ity by satellite radiotomography methods have shown
that artificial perturbations of the plasma density are
excited in the wider horizontal region (±200 km rela-
tive to the center of the heating beam) than the region
of illumination [21]. Thus, the dimensions of the
uncertainty region due to the arbitrariness of the
choice of the geomagnetic field model are comparable
with the dimensions of the modified region. This

means that the probability of hitting a satellite located
in zone 1 (see Fig. 2a) with a power tube, the base of
which is the region modified by heating at the altitudes
of the F sheet, is fairly high. However, the uncertainty
of the projection will no longer allow one to confi-
dently identify satellite data with artificial ionospheric
irregularities that have transverse dimensions, e.g., of
about 30 km, which were observed in the experiment
at the Sura facility [21], and the nature of which
remains unclear.

If we correlate the obtained results with the prob-
lem of conjugating the satellite, not with the heating
region, but rather with the source of artificial low-fre-
quency disturbances, we can arrive at the following
conclusion. When generating artificial pulsations by
modulated heating in the band from hundreds of hertz
to the 1 kHz, the ionospheric region that is the source
of pulsations consists of three zones, the maximum of
which has dimensions of several hundred kilometers
[22]. If the problem is to fix the generation of pulsa-
tions, then we cannot be particularly concerned about
which Tsyganenko model to take for conjugating the
satellite with the source of pulsations in the iono-
sphere. However, in order to hit the satellite in the
region of very intense disturbances that forms a narrow
cylinder with a radius of 20–30 km, the choice of
model can be of decisive importance.

The uncertainty in the projection of the satellite
from zone 1 increases at night, which becomes criti-
cal for studying auroras with transverse dimensions
from several kilometers (auroral arc) to several tens of
kilometers (pulsating patches). The situation is
aggravated by the fact that these auroral structures
develop against the background of increased geo-
magnetic activity, when the configuration of the field
lines in the night magnetosphere is distorted by the
currents of the magnetospheric tail, which makes the
uncertainty even greater than our estimates. As was
shown earlier in [12], this circumstance makes it dif-
ficult to study these weakly studied phenomena as pul-
sating auroras. More optimistic is the possibility to sup-
plement with satellite observations studies of structures
such as substorm westward traveling surge (WTS), dif-
fuse glow undulation, omega-auroras, and other
large-scale auroral forms.

Estimates show that when the width of the EIS-
CAT radar beam is 0.5°, the transverse dimensions of
the radar measurement region are approximately
1 km, which is ten times smaller than the dimensions
of the uncertainty region. This circumstance makes
the satellite support of radar measurements practi-
cally impossible.

The projection of the satellite into the ionosphere
from zones 2 and 3 (see Fig. 2a) is conjugated with
greater uncertainty than the projection from zone 1. As
noted above, great uncertainty is caused by the influ-
ence of the current sheet of the magnetosphere tail on
the shape of the field line. In these cases, additional
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information is required to correctly compare the satel-
lite with the ionospheric object, [15, 16]. The results of
a comparison of ionospheric phenomena in the north-
ern and southern hemispheres should be critical [14].

CONCLUSIONS
The degree of the uncertainty that arises when

mapping high-orbit satellites of the Cluster type into
the ionosphere using three geomagnetic field models
(T89, T98, and T01) was estimated. The choice of
models was limited by the possibilities of the Orbit
Visualization Tool software package (Swedish Insti-
tute of Space Research) used to calculate the geo-
graphical coordinates of the base of the field line on
which the Cluster satellite is located. The quantitative
characteristic of the uncertainty is the diameter of the
region, the center of which is calculated as the arith-
metic mean of the coordinates of the base of the satel-
lite field line calculated using the above three models,
and the radius is calculated as the distance from the
center to one of the bases.

We analyzed the possibility of using the satellite
data to study local ionospheric phenomena, such as
auroras; artificial inhomogeneities, as well as the
source of VLF waves generated during heating experi-
ments; and ionospheric plasma parameters measured
by the EISCAT radars. In addition, the probability of
on-board detection of artificial low-friquency signal
generated by the ground-based transmitter at the Kola
Peninsula was also discussed. Studies have shown that
uncertainty is minimal when, during the daytime, the
satellite is above the equatorial plane of the magneto-
sphere at a distance of no more than 5 RE from the
Earth’s surface and is projected into the ionosphere of
the northern hemisphere. In this case, the area of the
uncertainty region is about 50 km and the arbitrariness
of the model choice for projecting does not play a
decisive role in organizing satellite support for optical
observations when studying large-scale phenomena,
such as, e.g., WTS, as well as heating experiments at
the EISCAT heating facility for the artificial modifica-
tion of the ionosphere and the generation of artificial
fluctuations of the VLF band. In all other cases, the
uncertainty in determining the position of the base of
the field line on which the satellite is located is large,
and additional information is required to correctly con-
jugate the satellite with the object in the ionosphere.

The results of the study can find practical applica-
tion in planning experiments on conjugation of satellites
with heating facilities and injection of electromagnetic
waves into the magnetosphere by a ground-based trans-
mitter, radar, and optical observation campaigns.
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