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Rapid reconstruction of electric potentials over
an incoherent scatter radar field-of-view
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A new technique is proposed for the rapid reconstruction of ionospheric electric fields from plasma drift
measurements made by the Sondrestrøm incoherent scatter radar. We utilized the adaptive distribution of electric
charges over and beyond of the radar field-of-view using a well-known method of regularization developed for
solving the ill-posed problems. In this approach, no a priori assumptions are required concerning the regime of
tangential components in the plasma drifts (i.e., radial electric fields). The test model calculations and comparisons
of the reconstructed electric fields with ground-based geomagnetic field variations, global ionospheric convection
modeling, and direct satellite observations demonstrate good results and, therefore, usefulness of the developed
technique. This technique could be implemented as a tool for operational monitoring of the overall ionospheric
convection dynamics within the incoherent (or coherent) radars field-of-view.
Key words: Geomagnetic data, ionospheric potentials, electric fields.

1. Introduction
The polar regions are known to be an ideal location for

investigations of the solar wind and interplanetary magnetic
field (IMF) interaction with the Earth’s magnetosphere. It
has been shown in many studies that the ionospheric plasma
convection, electric fields, and field-aligned currents ob-
served at high latitudes strongly depend on changes in the
IMF strength and direction. Variations of the near-Earth
interplanetary parameters cause almost instant changes in
the dayside ionospheric convection patterns, which can be
sensed by radar observations. The Sondrestrøm incoherent
scatter radar (ISR) is located at 73.2◦ of corrected geomag-
netic (CGM) latitude, almost in the middle of the Greenland
West Coast magnetometer chain (e.g., Wickwar et al., 1984;
Clauer et al., 1995). At this location, the ISR observations
provide a unique opportunity in studying electrodynamics of
the polar ionosphere near the boundary between the auroral
zone and polar cap. The dayside magnetic field lines emerg-
ing within the radar field-of-view (FOV) map to the vicinity
of the dayside magnetopause, where the solar wind and IMF
first encounter the Earth’s magnetosphere.

The incoherent scatter radar measures a line-of-sight
(LOS) component of the plasma convection velocity (VLOS)
in the ionospheric F-region. Supposing that the plasma flow
has no a component along the geomagnetic field B (or at
least this component is significantly less than the plasma ve-
locities perpendicular to B) and the flow is following only
the E × B drift, one can calculate an electric field tangen-
tial component, perpendicular to the radar beam direction
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Eθ = −VLOS × B. The electric field component along the
radar beam is referred as a radial component (Er ), but it is
not directly measured. Although the Sondrestrøm radar can
operate in various observation modes, in this study we used
the data obtained in an azimuth scan mode. In this mode, the
radar beam is usually elevated at 30◦ angle above the horizon
and it scans an entire range of geomagnetic azimuths from
0◦ to 360◦. Therefore, reliable velocity measurements are
available within the range (along the Earth’s surface) from
250 to 600 km, with a spatial resolution of about 20 km;
the azimuth resolution is about 10◦. Since the incoherent
scatter radar measures only the LOS components of the F-
region ion drift velocities, a technique is needed that would
allow inferring an ionospheric electric field distributions in
the radar FOV, thus obtaining realistic patterns of the iono-
spheric plasma convection. In this technique, we need to
develop a method for deriving the second component of ob-
served ion drifts, perpendicular to the radar beam. However,
this problem cannot be solved without some additional as-
sumptions.

The most common approach, used in the past for differ-
ent radar studies (e.g., Doupnic et al., 1972; Evans, 1972;
Behnke and Harper, 1973; Clauer and Banks, 1986), assumes
that the ion drift velocity does not change (at least signif-
icantly) between two consecutive measurements located at
the same range but along different azimuth scans. If l1 and
l2 are the unit vectors in the antenna azimuthal direction for
the two radar beam positions and V= (Veast , Vnorth), is the
plasma velocity vector, uniform over the two measurements
p1 and p2, then the magnitudes of measured LOS veloci-
ties V1r and V2r at the respective points are the following:
V1r = l1 · V and V2r = l2 · V.

Solving these equations, one can obtain Veast and Vnorth ,
and then the total velocity vector. Subsequently, the iono-
spheric electric fields can be derived from E = −V × B,
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where the (directed along the field line) vector B is taken
from the International Geomagnetic Reference Field (IGRF)
model (e.g., Mandea and Macmillan, 2000). However, if the
observed ionospheric plasma flow is non-uniform, then these
calculations could be wrong—a velocity component perpen-
dicular to the average beam position may significantly be
overestimated and the component along the beam may be un-
derestimated. For example, Freeman et al. (1991) thoroughly
addressed all possible errors in determination of the iono-
spheric electric fields with the single radar measurements.

Holt et al. (1984) and Foster et al. (1985) suggested a tech-
nique where the electric field was assumed irrotational in the
radar FOV and, therefore, could be described by the elec-
tric potential distribution E = −∇	. They also assumed
that this distribution does not change much during the entire
radar scan (360◦ or less). However, even if the potential dis-
tribution changes between two successive scans of the same
point, the authors suggested interpolating the LOS velocities
to some fixed universal time (UT). Therefore, having the
electric field azimuthal component (derived from measured
LOS velocities) in a closely spaced grid and taking into ac-
count ∇ × E = 0, one can calculate derivatives δEr/δθ from
δEθ /δr . Thus, if Er is known at any arbitrary fixed azimuth,
then we can determine the electric fields at all other azimuths
by integrating δEr/δθ .

Unfortunately, there is an uncertainty in determining the
initial values for integration. Holt et al. (1984) suggested
that Er could be equal to zero along a certain azimuth, but
that requires an additional assumption where this azimuth
(Er = 0) should be placed within the radar azimuth scan.
Foster et al. (1985) modified that requirement suggesting that
the average value of Er along the entire radar scan should
equal to zero for each range; Clauer et al. (1995) utilized
this approach successfully in their study. Nevertheless, the
latter approach is only valid for the homogeneous or special
electric field distributions; this assumption becomes invalid
if the convection rotation or velocity shears are observed
within the radar FOV.

2. Method
In this study, we suggest a new approach for derivation

of electric fields from the ISR measurements of ion drifts.
As in previous studies, we suppose that the electric fields
do not change significantly (i.e., they are stable) during an
entire radar scan. Alternatively, we may suppose that the
changes are linear and not too significant; then the FOV
electric fields can be interpolated to some intermediate, fixed
time. With the Sondrestrøm radar, the typical radar scan
takes 4–6 minutes; therefore, the assumption on the field
stability is often valid. However, this assumption may break
for the transient events and time-varying phenomena as, for
example, traveling convection vortices or pulsating electric
fields. We also assume that the observed electric fields are
of potential nature and this allows us reconstructing the FOV
electric fields by an arbitrary distribution of electric charges
ρ = div E. This approach does not require zeroing the
electric potential elsewhere.

Assuming that the radar measurements are taken at the
FOV grid-cell vertices and placing electric charges Qi =
Ji · Si in the center of each cell i (where Ji is the charge

density and Si is the cell’s area), we can calculate the electric
fields generated by Qi at any arbitrary observation point k.
Therefore, the total electric field generated by all charges at
k can be written as:

Ek =
Nq∑
i

Ji Si
rik

r2
ik

(1)

where rik is the vector from the point k to the point i and
Nq is the number of charges. Here we understand that there
are no static free charges in the conducting ionosphere and
only field-aligned currents supply the charges. Therefore,
our practical distribution of the charges actually describes
the distribution of field-aligned currents that flow in and
out of the two-dimensional ionosphere. As the geomagnetic
field lines are equipotential, the charges must be evenly dis-
tributed along the field lines. This reduces the problem un-
der investigation to a 2-D representation and in the equation
above E becomes dependent on distance as 1/r rather than
1/r2.

The radar LOS velocity observations provide tangential
electric fields at each observation point. If we set the num-
ber of charges Nq equal to the number of observation points
Np, then we can set N equations with N unknown variables;
this seems to be enough for obtaining a solution of the equa-
tion system. However, this simple approach will not work
because we also must place additional charges outside of
the observation region; these charges are needed for describ-
ing correctly all possible electric field patterns. Moreover,
a given distribution of the tangential electric fields can gen-
erally be modeled by a number of different charge distribu-
tions. For example, if we place an additional charge exactly
at the radar location, then this charge will be producing only
the radial electric fields everywhere over the radar FOV. Evi-
dently, the latter does not affect the magnitudes of tangential
electric components at the observation points, so the over-
all solution of the problem (that is, finding such distribution
of the electric charges that produce the given distribution of
tangential electric fields) is not unique in principal.

We suggest applying an additional limitation for resolving
the problem: a total electric charge (or field-aligned current)
must be minimal, satisfying a given distribution of tangential
electric fields. Therefore, we should find such distribution of
charges that minimizes the following expression:

σ =
Np∑

k=1
pk(Ekθq − Ekθm)2 + β

Ng∑
i=1

Q2
i (2)

Here Ekθq is a tangential component of the electric field at
the k-th point generated by all charges; Ekθm is a measured
tangential component of the electric field at the same point;
pk is a weight coefficient determined by the measurement
error; Qi is a charge in the i-th cell; and β is a coefficient
used for regularization of the minimization expression (2).

In our technique, we utilize a regularization method devel-
oped by Tikhonov and Arsenin (1977); it is often used for so-
lution of so-called “ill-posed” problems—the problems that
have no unique solution. The main idea of this method is to
introduce some a priori condition and then to start looking
for the solution which most effectively satisfies both the orig-
inal equation and the introduced additional condition. In our
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Fig. 1. Reconstruction of the electric potentials from modeled radar LOS ionospheric plasma convection velocities for: (a) a uniform west-east flow, (b),
(c) velocity shear flows, and (d) a circular vortex flow. Magnetic north is on the top, east—to the right. E is an average (over FOV) magnitude of the
reconstructed electric fields; Az is an average azimuth of the reconstructed electric field vectors, s—a relative fitting error.

case, such condition is the minimum of the charges’ power.
Using (1), we can rewrite (2) as:

σ =
Np∑

k=1
pk(

Nq∑
i=1

Qi
aik
rik

− Ekθm)2 + β
Ng∑

i=1
Q2

i (3)

where aik is a cosine of the angle between rik and the direc-
tion of tangential component at the point k. Taking partial
derivatives on Qi and setting them to zero, we obtain the
system of Nq equations with Nq unknown variables:∣∣∣∣∣

Nq∑
i=1

(
Np∑

k=1
pk

aik ank
rikrnk

)Qi+βQn=
Np∑

k=1
pk Ekθm

ank
rnk

∣∣∣∣∣ n=1÷Nq (4)

This system of equations can be solved by common nu-
merical methods. However, the regularization coefficient β

should be determined experimentally, judging the model cal-
culations by common-sense assumptions and experimental
observations. For example, Popov et al. (2001) showed a
number of examples suggesting that if β is selected to be too
small, then the solution becomes noisy and unstable; quite
just the opposite, if β is too large, then the solution cannot
reproduce the original data accurately and fitting error be-
comes large. In our modeling, we tried different values of β

as well and concluded that the best results (stable solution,
reproducing original data) for the Sondrestrøm ISR data can
be obtained if β = 5 · 10−5. In addition, our model calcula-
tions show that the obtained solutions are insensitive to the

exact value of β within the range 10−4 < β < 10−5. We
note that β might be different if the distribution of observa-
tion points or the number of charges are different; so the only
way to find proper value of β is a “trial-and-error” method
using known model calculations.

Figure 1 shows a few examples of the electric poten-
tial distributions reconstructed from the modeled (i.e., not
observed) ionospheric plasma convection within the radar
FOV. In these plots, ticks are drawn perpendicularly to the
potential contours in the direction of decreasing field. The
original field distributions were slightly “contaminated” by
a random noise of 10% of the modeled E-field amplitude,
thus emulating the radar measurement errors. The quality of
electric field reconstruction can be judged here by a relative
fitting error s, determined as a ratio of the square root mean
differences between the measured and reconstructed radial
components of the electric field to the average electric field
magnitude calculated over the entire radar FOV. In the plots,
the E and Az are the magnitude and direction of the recon-
structed electric fields, respectively. As one can see, if the
modeled distribution is approximately uniform, then the ob-
tained E and Az values can be interpreted as the “real field”
values; however, for the non-uniform plasma flow over the
radar FOV these numbers might be underestimated or even
have no sense.

Figure 1(a) shows a reconstruction of the potential dis-
tribution with the given uniform southward electric field of
a magnitude E0 = 27.5 mV/m. As seen, the reconstructed
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Eav = 27.1 mV/m and Az = 180◦ fit very well with the orig-
inal distribution. Figure 1(b) shows the reconstructed poten-
tials with a velocity shear. Here the modeled, uniform south-
ward electric field 27.5 mV/m fills an area from the southern
edge of FOV up to 250 km north from a hypothetical radar;
the northward electric field of the same magnitude is set far-
ther north at 400 km with a linear transition near the reverse
convection boundary (indicated by a thick horizontal line).
As seen, this reconstruction fits with the originally modeled
plasma convection as well.

Figure 1(c) shows another reconstruction similar to
Fig. 1(b), but the reverse boundary is now located much
closer (125 km) to the hypothetical radar. This reconstruc-
tion gives satisfactory location of the reverse boundary, but
the reconstructed shear area is much wider because of the
proximity to the hypothetical radar. The last Figure 1(d)
shows reconstruction of the potential distribution for a local-
ized source (i.e., a charge or a field-aligned current filament)
located north of the radar, which induces radial electric fields
and the circular plasma flow. As seen, the reconstruction of
the source pattern is also reasonable, though the average E-
field becomes irrelevant.

Thus, these modeling results show that we practically can
obtain almost an exact solution of the problem for the uni-
form electric field distribution, even with the added noise.
A relatively high fitting error s ≈ 0.06–0.10 is mainly con-
trolled by the added random noise; that is, our method may
reconstruct the original, clean uniform field almost ideally,
but we preferred to compare our reconstructions with “quasi-
noisy” data. In the case of a shear located far from the radar
position, the method gives good results with the field magni-
tude of ≈60% of the original model; however, disturbed elec-
tric fields are seen over the reconstructed transition area. We
note that relatively high disturbances in the transition area
can be generated by the selected “quasi-noise” level (10% of
E0) because the noise of the same magnitude was added to
all points over the FOV. Therefore, where the original elec-
tric fields were smaller (e.g., in the transition area), then the
noise-to-signal ratio was much higher. On the other hand, in
attempting the reconstruction of the shear boundary, we have
to add an infinite line of charges, which is certainly limited
by the FOV boundary; thus, limiting the technique’s capabil-
ities.

Figure 1(b) and Figure 1(c) show that the reconstructed
patterns are generally near-uniform (as the original field dis-
tribution) southward of the shear boundary; the technique is
even able to reconstruct the northward fields well beyond the
shear area. At the same time, when the shear boundary is
located closer to the radar (Fig. 1(c)), some significant dis-
tortions (from the original model) are seen in the shear area.

In practice, the Sondrestrøm ISR does not receive return
signals from the distances up to ∼250 km during the hori-
zontal scans with the beam elevation of 30◦; thus there are no
observations of plasma flows within this range. In our mod-
eling, we simulated the “lack” of near-radar data for Fig. 1 as
well; this suggests that the significant field distortions within
the shear region close to the radar might be caused by the
absence of measurements. We can improve our reconstruc-
tion pattern over the shear boundary by placing additional
charges in the central part of the radar FOV. This increases

the second term in Eq. (2) but does not change much the first
term because there are no measured data in this area. How-
ever, that might make minimization of σ worse; therefore,
the equation solver does not place additional charges over the
FOV central part. It cannot be considered as a deficiency of
the proposed method because there no radar measurements
are made within that region anyway and we cannot expect
the correct solution here. However, we must be very care-
ful in interpreting obtained rotational discontinuities in the
region without measurements.

3. Method Evaluation
As noted above, the reconstruction of electric potentials

from ISR’s data is the ill-posed problem, which generates an
infinite set of all possible solutions. Therefore, to be on a
sure ground, we should compare the reconstructed potential
patterns with other available observations.

The upper panels in Figs. 2 and 3 show a few examples of
the radar LOS velocity distributions, with the “away-from-
radar” velocities in red, and the “toward-radar” velocities in
blue. Yellow vectors mark the points where the measure-
ment errors are larger than the absolute ion velocity values.
All these vectors are rotated anticlockwise by 30◦ from the
radial direction to make the vectors visible for interpretation;
however, the reader should keep in mind that this rotation is
performed only for illustration purposes and the real direc-
tion of these vectors is purely radial.

Ridley and Clauer (1996) extensively investigated similar
LOS velocity distributions and showed that in the case of a
uniform flow the radar clearly observes a region with the flow
toward the radar and another region with the flow away from
the radar. In the case of shear flows, the radar observes four
different LOS velocity regions: two regions with the toward-
radar flows and two regions with the away flows. Thus, the
LOS velocity plots for 1615 UT of August 2, 1991, and for
1706 UT of October 7, 2000, are the uniform flows; shear
flows are observed during other time intervals shown in these
figures.

The bottom panels in Figs. 2 and 3 show the reconstructed
potentials over the radar FOV, calculated from the measured
LOS velocity distributions by utilizing our new technique.
As seen, the reconstructed fields at 1615 UT and 1630 UT
are in good agreement with the original observations (s ≤
0.17). For example, at 1615 UT the northward plasma flow
shows higher velocities in the northern part of the radar FOV;
the reconstructed electric fields are also larger here. The
potential plot for 1621 UT gives about the same distribution
as for 1615 UT at the eastern part of the radar FOV, but the
LOS velocity vectors point to the opposite direction at the
western part of the radar FOV; thus our fitting here is less
optimal (s = 0.26). We guess that for this case electric fields
changed during the radar scan and our main assumption on
the stationary electric field became invalid. However, in
general the reconstructed pattern for 1621 UT fits well with
the LOS velocity observations. At 1630 UT, the westward
flow is much faster at the eastern and southern portions of the
FOV; all these features are quite evident in the reconstructed
potential distribution.

Evaluating our new method, we also compared time se-
ries of the (averaged over the radar FOV) electric field
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Fig. 3. Same as on Fig. 2 but for two ISR scans during October 7, 2000.
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Fig. 4. Measured magnetic variations (solid lines) and reconstructed elec-
tric fields (dotted lines) from the Sondrestrøm radar observations during
August 2, 1991.

and its direction (azimuth) with the geomagnetic variations
recorded on the ground. According to the well-known theo-
rem (Fukushima, 1976), only ionospheric Hall currents con-
trol ground geomagnetic variations in the polar regions be-
cause the magnetic effect of ionospheric Pedersen currents
is canceled right below the ionosphere by the magnetic ef-
fect of field-aligned currents (in the assumption that the field
lines are near-vertical). Therefore, the direction of a ground
magnetic field perturbation vector should be parallel to the
direction of the corresponding ionospheric electric field and
the magnetic variation magnitude—proportional to the iono-
spheric current intensity. However, if the ionospheric Hall
conductivity is uniform (i.e., no significant conductivity gra-
dients are expected in the vicinity of observations), then the
magnetic field disturbance magnitude will be also propor-
tional to the ionospheric electric field magnitude. Certainly,
the correlation between these parameters cannot be 100% be-
cause the conductivities vary and the ground magnetic field
variations can also be (at least partially) affected by some
other sources; for example, by the remote ionospheric and
field-aligned currents.

Figure 4 shows variations of the average electric field
(magnitude E and direction Azimuth-E, plotted as dotted
lines; two upper graphs) for the entire radar experiment in-
terval on August 2, 1991 (0900–1800 UT) studied by Clauer
et al. (1995).

The middle panel shows fitting errors, where one can see
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that the errors were less than 0.1 about a half of time; the er-
ror exceeds 0.2 only in a few scans. The reconstructed elec-
tric fields point generally in the northward direction deviat-
ing from north by −20/+80 degrees. Unfortunately, the Son-
drestrøm magnetometer data were unavailable for the inter-
val under the study and we used magnetometer data from the
station Attu, located ∼150 km northward of the Sondrestrøm
radar. Two lower graphs in Fig. 4 show variations of the BX

and BY geomagnetic field components (as deviations from
an adopted quiet level) at Attu; the total horizontal magnetic

field |B| =
√

B2
X + B2

Y and its vectors’ azimuths are shown
as solid lines in the two upper graphs, plotted together with
the dotted lines representing the reconstructed electric field
parameters.

Figure 5 shows similar graphs for the radar experiment on
October 7, 2000, where we used the Sondrestrøm magne-
tometer data for the comparison. One can see here a good
agreement between the magnetic and electric field time se-
ries until ∼1630 UT. In this case, the estimated Hall con-
ductivity is about two times lower than in the previous case
because these observations are taken during equinox and
the magnetic activity was particularly low. After 1630 UT,
the observed magnetic fields became significantly more dis-
turbed; this could be caused either by the enhanced iono-
spheric conductivity within the radar FOV (for example,
from the localized particle precipitation) or by more complex
original electric field distributions in the radar FOV than we
assumed for the reconstruction.

Figure 3 shows the observed LOS velocities and recon-
structed electric potential patterns for two time instances
right after 1630 UT on October 7, 2000. At 1706 UT, the
LOS velocity distribution shows that the drifts slow down
with the distance from the radar in the northwest quadrant
of the observed region, but in the northeast and southwest
quadrants the LOS velocities are of the same value. This sug-
gests that the plasma flow in the radar FOV was non-uniform
and our reconstructed potentials confirm this fact: the dis-
tances between contour lines in the northwest quadrant are
about five times wider and in the southeast quadrant they are
about three times wider than in the other quadrants; there-
fore, the electric fields in northwest and southeast quadrants
are weaker than elsewhere. The radar observed a convec-
tion reversal boundary at 1737 UT; the plasma flows south-
westward in the central and southeastern quadrants, and the
plasma flows northeastward in the northwestern FOV quad-
rant. The potential distributions also show the electric field
reverse boundary, marked by a solid gray line in Fig. 3.

We note that the electric fields plotted in Figs. 4 and 5
are the average fields calculated over the entire radar FOV;
therefore, if the electric fields are non-uniform, the aver-
age value might underestimate significantly the real electric
fields above the magnetometer station. Complex distribu-
tions of the electric fields can be a result of the particle pre-
cipitation that makes the local conductivity irregular.

Nevertheless, the comparison of the |B| and E time se-
ries as well as the corresponding vectors’ azimuths in Fig. 5
shows that the correlation between the electric field and mag-
netic variations is good. In addition, considering the iono-
spheric current to be infinite and assuming that the ground
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Fig. 5. Same as on Fig. 4 but for October 7, 2000.

induction effect increases the observed magnetic horizontal
vector by a factor of 1.5 (Porath et al., 1970), we can esti-
mate the average Hall conductivity in the radar FOV from
our electric and magnetic field data. From the data shown
in Fig. 5, this conductivity amounts to 9–10 S, which agrees
well with other available estimates of the ionospheric con-
ductivity for the summer season (e.g., Hardy et al., 1987).

To further evaluate our new technique, we statistically
compared the electric fields reconstructed from radar ob-
servations and the electric fields obtained from the global
DMSP-based ionospheric convection model DICM (Pap-
itashvili and Rich, 2002); see an interactive display at
http://www.sprl.umich.edu/mist/limie.html as well. We pro-
cessed all our radar experiments in 2000 (eight days in March
and October, from 1000 UT to 1600 UT), selecting the time
intervals when the IMF was stable during at least one hour
(to exclude errors related to the uncertainty in the IMF prop-
agation time delay) and the electric fields in the radar FOV
were fairly uniform, so we can expect that electric field re-
construction will work well. Figure 6 shows the comparison
of electric fields reconstructed from experimental radar data
and modeled from DICM. The DICM is constructed from
DMSP ion drift observations taken at the altitude of ∼850
km, while the radar data are derived for the average altitude
of ∼200 km; therefore, we mapped down the DICM-based
electric fields taking into account geometry of geomagnetic
field lines at high latitudes.

A solid line at the plot represents the linear fit to the com-
pared data; the dotted lines indicate a 95% confidence limit
of the fitting. As seen, the electric field amplitudes recon-
structed from the radar data are slightly larger than the cor-
responding electric fields inferred from the DICM modeling;
nevertheless, the comparison looks satisfactory. Significant
scattering of experimental data is common when the statisti-
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Fig. 6. Comparisons of the reconstructed electric fields over the Son-
drestrøm radar FOV and the electric fields inferred from the DMSP Iono-
spheric Convection Model (DICM). The latter fields are mapped down to
the average radar measurements altitude of ∼200 km.

cal model is compared with the case-study events. Statistical
estimations show that the obtained relations are statistically
reliable with confidence more than 0.9995 (the correlation
coefficient R is 0.65 for E field amplitude and 0.85 for az-
imuth) and the global model and our reconstructions capture
approximately the same electric fields in the daytime sector.

However, our evaluation will not be complete if we do not
compare the reconstructed electric fields with direct satel-
lite observations. For this purpose, we looked for good
DMSP passes over the radar FOV in the recent radar ex-
periments. Unfortunately, there were no passes available
where the satellite would be crossing the radar FOV near-
perpendicularly to the convection flow. Figure 7 shows one
of the examples for October 29, 2000, when the DMSP satel-
lite F-15 crossed the radar FOV in less than 2 minutes. The
top panel shows the reconstructed potential pattern from the
radar plasma flow observations during the scan at 1452–
1458 UT and the overlapping satellite track for 1452–1454
UT (entering from north). A solid line at the bottom plot
shows a measured profile of the “along-the-track” electric

Fig. 7. Comparison of the reconstructed electric potential pattern over the
Sondrestrøm radar FOV (top panel) and the electric fields (bottom panel)
inferred from the direct DMSP satellite observations of ion drifts (solid
line) and calculated from the gradients of reconstructed potentials (dotted
line). Both graphs begin from the satellite’s northernmost entry into the
radar field-of-view.

fields inferred from the cross-track ion drifts and mapped
down to ∼200 km altitude. The dotted line on the same
graph shows the “along-the-track” electric field component
calculated from the gradients in the reconstructed potential
distribution. As seen, the agreement between two graphs is
good enough, showing that the reconstructed electric fields
are ∼1.1 times larger than the satellite data.

Thus, we can conclude that the average electric field am-
plitudes reconstructed from the radar observations and ob-
tained either from direct DMSP measurements or from the
DMSP-based ionospheric convection model under approxi-
mately time stationary and uniform electric field conditions
are in agreement within the accuracy of our calculations. The
scattering of observation (radar and satellite) data is mainly
caused by local spatial-temporal variability in the measured
(by either instrument) electric fields. Although the radar
electric field measurements very often show non-uniform
distributions displaying shears in the radar FOV, our tech-
nique (as well as the statistical convection model) may smear
out some of this variability in producing the ionospheric po-
tential patterns. Further validation of the proposed technique
can be continued by building good statistics from multi-
case reconstructions of the time-varying phenomena when
the plasma flow is highly irregular in the radar FOV. This
effort is currently underway in our research group but it is
certainly out of scope of this technical study.

4. Conclusions
In this study, we described and evaluated a new technique

developed for the reconstruction of electric potential distri-
butions in the radar field-of-view from the Sondrestrøm ISR
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observations of the radial (along the radar’s beams) plasma
velocities. As in the most methods of such kind, we suppose
that electric field is potential and stationary at least during
radar scan period, but our method does not require a pri-
ori assumptions concerning the regime of tangential compo-
nents in the plasma drifts (that is, radial electric fields). The
developed technique can be recommended for getting real-
istic values and distributions of the electric fields over the
LOS velocity distribution pattern when there are grounds for
supposing that general assumptions are valid.

We modeled a few typical plasma flows often seen in the
radar FOV with the added noise and then reconstructed these
distributions using the new technique; the results are satis-
factory. Then we reconstructed electric fields from the Son-
drestrøm radar observations for selected events and com-
pared these results with the ground-based geomagnetic field
variations, with the global convection patterns modeled by
the DMSP-based ionospheric convection model, and with
the direct DMSP observations of ionospheric electric fields
inferred from cross-track ion drifts. These comparisons
demonstrate the usefulness of our technique; however, more
detailed investigations of the proposed method are needed
for further validation of the technique.
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