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Abstract. On 10 September 2007 between 10:00 and
14:00 UT, the OMTI all-sky imager at Paratunka (Kam-
chatka, Russia, GLAT∼52◦) observed the onset and south-
western progression of a localized depletion region in the air-
glow intensity. The perturbation, while being stretched in the
NW-SE direction, crossed the entire field of view of the cam-
era. During the event, the Hokkaido SuperDARN HF radar
was monitoring echoes in the Paratunka longitudinal sector.
It was detecting a localized band of ground scatter echoes
progressing equatorward synchronously with the motion of
the optical perturbation. It is suggested that both features re-
sulted from the onset and south-western progression of a lo-
calized region with enhanced electric field that influenced the
distribution of the plasma density in the ionosphere. Model-
ing of the HF ground scatter dynamics based on numerical
ray tracing demonstrated qualitative consistency with the ob-
servations.

Keywords. Ionosphere (Ionospheric disturbances; Mid-
latitude ionosphere; Wave propagation)

1 Introduction

Over the last decade, Super Dual Auroral Radar Network
(SuperDARN) HF radars have been successfully used for
monitoring plasma convection at high latitudes by measuring
Doppler shift of radio waves back-scattered by small-scale
ionospheric irregularities (Greenwald et al., 1995; Chisham
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et al., 2007). From the beginning of the project, however, it
has been anticipated that other types of echoes would also
be useful for ionospheric studies (Greenwald et al., 1995),
including the so-called ground scatter (GS) echoes. These
echoes occur when radio waves are refracted or reflected by
the ionosphere toward the Earth’s surface, which then scat-
ters part of their energy back to the receiver along the same
path.

The GS echoes in SuperDARN records are identified as
low velocity (<20 m/s) and narrow spectral width (<50 m/s)
returns, although over the years the initial simple criteria
have been modified to handle a mixture of ground and iono-
spheric scatter (e.g., Ponomarenko et al., 2008). GS echoes
are usually strong and persist for hours, especially during
the daytime when the ionosphere is dense and strong re-
fraction/reflection of HF radio waves can be easily achieved.
GS returns are often quasi-periodic and progressing in range;
these are traditionally associated with gravity wave propaga-
tion through the ionosphere (e.g., Samson et al., 1989; Bris-
tow et al., 1994; MacDougal et al., 2001). SuperDARN re-
sults in this area were recently summarized by Chisham et
al. (2007).

Quite often, however, a solitary enhancement in the GS
power is observed; it can remain at the same location for a
long time or slowly move, typically in the equatorward di-
rection. One possible interpretation of this phenomenon in-
volves an onset of a localized ionospheric patch with mod-
ulated electron density, which can alter spatial structure of
GS echoes through focusing/defocusing effects. As the patch
progresses through the field of view of a radar, the result-
ing GS feature would be detected as shifting in range. In a
case of the propagating ionospheric patch, one can say that
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Fig. 1. Fields of view of the Hokkaido SuperDARN radar (between
400 and 3550 km) and the OMTI all-sky camera at Paratunka (for
the off-zenith angle of 75◦). The dark shaded sector within the
Hokkaido field of view indicates the orientation of beam 12; data
for this beam are discussed in this study.

the HF radar detects a medium scale traveling ionospheric
disturbance (MSTID). As a MSTID propagates through the
ionosphere, localized vertical movements of the ionospheric
plasma are also expected to occur. These movements would
representE × B plasma drifts caused by the polarization
electric field associated with the patch (e.g., Perkins, 1973).
Studies of HF radar signatures related to the localized propa-
gating ionospheric perturbations using SuperDARN are cur-
rently limited to a recent paper by Nishitani et al. (2007).

MSTIDs can also be studied through optical measure-
ments of airglow (e.g., Garcia et al., 2000; Shiokawa et al.,
2003a). It is believed that in a localized area of the iono-
sphere with an enhanced electric field (of proper direction),
the plasma is forced to move up (or down) so that the rates of
chemical reactions change resulting in modulation of airglow
intensity (e.g., Kelley and Makela, 2001; Shiokawa et al.,
2003b). Since vertical motions of the ionospheric plasma can
be studied by measuring the Doppler velocity of GS echoes,
joint observations of GS echoes and airglow perturbations
could be useful to get insights into mechanisms of MSTID
formation.

The goal of this study is to analyze in detail simultane-
ous HF radar and airglow observations of a MSTID mov-
ing through the common field of view and to establish/clarify
radar and optical signatures of a propagating localized struc-
ture with enhanced electric field.

2 Experimental configuration

Over the last decade, several airglow cameras, Optical Meso-
sphere Thermosphere Imagers (OMTIs), were installed by
the Nagoya University at various locations (Shiokawa et al.,
2009) as a part of a general effort to study global scale phe-
nomena such as gravity wave generation, their propagation
and effects in various atmospheric and ionospheric regions.
In this study we consider data from an OMTI camera in-
stalled on the Russian territory at Paratunka, Kamchatka,
(52.97 N, 158.25 E, dipole magnetic latitude: 45.8 N), Fig. 1.
In addition, the camera is meant to enhance the scientific out-
put from the Hokkaido SuperDARN HF radar. The radar
is located near Rikubetsu, Northern Japan (Nishitani et al.,
2005, 2007), Fig. 1. It is in operation since November 2006.
Figure 1 shows that the Paratunka OMTI camera covers sig-
nificant portion of the Hokkaido radar field of view (FoV) at
short ranges.

3 Observations

Over the first half a year of joint observations, several inter-
esting events have been found. Here we focus on an event of
10 September 2007, between 10:00 and 14:00 UT.

3.1 Keogram of airglow perturbations along Hokkaido
beam 12

An OMTI all-sky camera records airglow images every
2 min. Optical signatures of MSTID can be identified from
2-D images, once the background luminosity level is re-
moved from every frame. Since the goal of this study is
to compare optical and radar data, it is more convenient
to introduce the event by considering optical data along a
specific radar beam, i.e. by a keogram. Figure 2 shows a
Paratunka keogram for 630-nm airglow along the Hokkaido
radar beam #12. Here the top panel (a) shows the raw
data in Rayleighs and the bottom panel (b) presents the
percent deviation of the airglow intensity from 1-h run-
ning averages. The intensity deviation1I (t) is defined
as1I (t) = (I (t)−Ia(t))

/
Ia(t), whereI (t) andIa(t) are the

raw airglow intensity at timet and running average over
t = ±30 min, respectively, for each pixel of the image. While
optical features were observed along several radar beams,
beam #12 was deliberately chosen because the most promi-
nent optical effect was observed along it. The missing data
at the bottom of Fig. 2 correspond to the close-range cut-
off of the camera field of view for the luminosity height of
∼250 km. Paratunka’s location at∼1500 km from the radar
is marked in Fig. 2 by a horizontal tick. The low airglow
intensity, clearly seen between 1200 and 1800 km at all UT
times, is caused by the Van Rhijn effect, i.e. the decrease of
the light intensity at smaller zenith angles due to smaller light
collecting volume. Finally, the vertical lines in Fig. 2b mark
the study interval analyzed in this work.

Ann. Geophys., 27, 2399–2406, 2009 www.ann-geophys.net/27/2399/2009/



A. Koustov et al.: Observations of a traveling ionospheric disturbance 2401

Fig. 2. (a) Keogram of the 630-nm airglow intensity as recorded
by the Paratunka OMTI camera along the Hokkaido radar beam 12.
The luminosity height was assumed to be 250 km.(b) The same
data but reprocessed into the deviation of the airglow intensity from
the 1-h running average background level (along the same beam 12).

A prominent feature of the data presented in Fig. 2a is
a stripe of the reduced airglow intensity stretching diago-
nally across the entire keogram, from∼2200 km at 10:00 UT
to ∼1000 km at 13:00 UT. The area of reduced luminosity
is clearer after the background is removed (Fig. 2b). The
slope of the stripe is nearly constant during the study in-
terval. The intensity depletion was strongest during 11:30–
13:00 UT, and the depletion moved away (equatorward) from
the camera’s FoV after∼13:30 UT. Enhancement of airglow
intensity equatorward and poleward of the stripe present (to
significant extent) an artifact of the background removal pro-
cedure.

3.2 Hokkaido radar data in beam 12

Figure 3 summarizes the radar data for beam 12 during the
study interval. Figure 3a shows the range-time plot for the
echo intensity while Fig. 3b and c shows the range-time plots
for the Doppler velocity with two different velocity scales.
In Fig. 3b, the Doppler velocity is indicated for all echoes
and the scale is set to more easily identify the GS echoes
using a grey color. In Fig. 3c, only ground scatter echoes are
considered. The velocity scale in Fig. 3c is set to show the

Fig. 3. (a)Power and(b, c)velocity of Hokkaido echoes in beam 12
between 09:00 and 12:30 UT on 10 September 2007. Two different
scales for the velocity are used in panels (b) and (c). The sloped
solid black line in panel (b) shows approximate location of the op-
tical MSTID.

actual velocity values of the GS echoes; these are fairly low,
as expected.

The radar echoes are dominated by GS and exhibit a
complex pattern. There is an overall movement of GS
echo bands towards lower latitudes between 09:30 UT and
∼11:00–11:30 UT and towards higher latitudes after that.
The observed dynamics would imply consecutive increase
and decrease of the F layer electron density. This as-
sumption is supported by the data from the ionosonde at
Wakkanai (http://wdc.nict.go.jp/ISDJ/index-E.html) located
close to the Hokkaido radar and by the overall decrease in GS
echo occurrence after∼11:30 UT. The SNR intensifications
at∼10:00, 10:45 and 11:30 UT across all ranges present an-
other artifact occurring due to the periodical changes in the
radar sensitivity, which was fixed later in 2007.
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Fig. 4. Ray tracing of HF radio waves for the background conditions
close to the ones for the 10 September 2007 event.

For the first half of the event, the GS signals can be di-
vided into 4 different bands, which we labeled in Fig. 3 by
numbers from 1 to 4. Band 1 at 1000–1200 km was stable
in range until∼11:00 UT and then started to slowly move
poleward. Band 2 at∼1500 km, poleward of band 1, was
shifting towards the radar. It weakened after∼11:00 UT and
“merged” with band 1. Band 3 at∼2300 km disappeared af-
ter 10:45 UT. This band seemed to shift equatiorward as well.
Finally, band 4 was clearly seen as a narrow stripe for∼2 h
continuously shifting equatorward∼3000 km at 10:00 UT to
∼2300 km at 11:30 UT. This echo band is of prime interest
in this study.

We also noted that between∼11:10 and 12:10 UT, a patch
of GS echoes was seen at ranges 2600–2800 km (band 5),
which showed no apparent range progression. Data for other
beams, e.g. beam 11, show existence of a patch of echoes
within the time-range interval indicated by the dotted el-
lipse in Fig. 3b. The band 5 echoes are very likely 2-hop
ground scatter formed by the unperturbed ionosphere (no
MSTID involvement) at heights near the F region maximum
(these heights were not involved in formation of the band 1–4
echoes).

For the equatorward-progressing band 4, Fig. 3c shows
that the Doppler velocity was changing its polarity several
times. There is a certain synchronism between band 4 and
band 2 velocities illustrated by the vertical lines in Fig. 3c
delineating the periods of echoes with the same velocity po-
larity

The above preliminary interpretation of HF propagation
modes is based on numerical ray tracing performed for the
unperturbed ionospheric conditions resembling those during
the observations. Figure 4 illustrates typical paths of radio
waves in the ionosphere for conditions typical of the obser-
vations. The ionosphere was modeled by a parabolic den-
sity profile characterized by a critical frequency offcr =

5 MHz at the radar location. It assumed to have 200-km
height span and the maximum at 200 km. The ionosphere
in Fig. 4 is shown in terms of the HF refraction indexn =

(1− (fcr/f )2)1/2, wheref is the radar frequency (9.1 MHz
in our case). The neighboring contours (black) differ by
2.5%, and the color scheme for the index of refraction is
presented in the top right corner. To model the expected de-
crease in the electron density with increasing latitude, a neg-
ative gradient of the critical frequency of 15% per 1000 km
was introduced (blue color becomes lighter at the far radar
ranges). In Fig. 4, the first- and second-hop GS echoes,
where the focusing occurs, are present at ground ranges of
∼1000 km and∼2000 km, respectively, and the respective
group ranges would be some∼200–300 km larger so that
they would be consistent with ranges of band 1 and probably
band 3 GS echoes. Signatures of GS enhancement at ranges
∼1200 km and 2400 km corresponding to bands 2 and 4 are
not seen. In Fig. 4 we marked by green color three rays that
will be discussed in the next section; we will show that these
rays experience significant focusing for a case of an electron
density depletion being added to the regular ionosphere.

At this stage we can only confidently interpret bands 1 and
3 as the first- and second-hop GS modes, respectively. The
negative velocity polarity for band 1 after∼12:10 UT is con-
sistent with our hypothesis that the ionosphere was experi-
encing general density decrease with upward motion of the
electron density iso-contours after this time. Here we assume
that positive (negative) polarity of the GS echo velocity can
be interpreted as the downward (upward) motion of the iono-
sphere at the mid-way point of reflection.

Finally, the sloped thick black line in Fig. 3a, b represents
an approximate location of the airglow depletion. While
there are no intense radar echoes co-located with the airglow
perturbation, there is a remarkable similarity in the rate of its
equatorward progression and the band 4 dynamics. We sug-
gest that that these are two independent signatures of MSTID
propagation through the ionosphere, and we will analyze
them in detail in the following section.

4 Maps of the airglow perturbation and HF echo power

To investigate the relationship between the optical and radar
signatures of propagating perturbation in more details, we
consider 2-D maps of the airglow relative intensity (deviation
from mean values) and radar echo power, Fig. 5. The airglow
intensity distribution is mapped in geographic coordinates,
and positive (negative) deviation of the airglow is denoted
by white (black) color. One can recognize a dark patch of
decreased airglow in the middle of the images progressing
equatorward; this patch represents a 2-D counterpart of the
dark blue stripe in Fig. 2b.

The Hokkaido radar FoV is outlined by red color in Fig. 5.
Since paths for the GS echoes include double reflection from
the ionosphere, the radar echo ranges in Fig. 5 are made 3/4
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Fig. 5. A series of maps (between geographic latitudes of 40◦ and
65◦ and geographic longitudes of 145◦ and 170◦) for the airglow
deviation from the 1-h running averages (in %, dark is airglow de-
pletion) and corresponding echoes observed by the Hokkaido radar.
The echo ranges are scaled down by a factor of 3/4. The luminosity
and echo height were assumed to be 300 km.

of the actual ranges for the echoes. This is done for conve-
nience of presentation, and will be discussed more in the next
section. To facilitate the comparison, the GS echoes that are
assumed to be a radar analog of the optical depletion are en-
circled in white. There are no depletion-related radar echoes
in the last frame, and the circle shows their expected loca-
tion. Here, the echoes poleward of the circle correspond to
the band 5 echoes seen in Fig. 3.

In Fig. 5 the dark luminosity patch is clearly progressing
towards the radar. The respective HF echo progression is not
so pronounced because the echo ranges were scaled down.
The frame sequence covers the final period of band 4 echo
existence. All plots show that the echoes are located some-
what poleward of the dark luminosity blob, but close to it.

Fig. 6. Ray trajectories for the background ionosphere with added
localized perturbation of the electron density. The resultant distri-
bution of the refractive index for HF waves is shown by color and
by contours that are 2.5% apart.

5 Modeling of HF echo occurrence pattern for propa-
gating MSTID

A clear similarity between the rate of equatorward progres-
sion of airglow perturbation and band 4 GS radar echoes
argues for their common source. We envision a scenario
considered by Shiokawa et al. (2003b) and assume that the
MSTID is produced by a localized perturbation (∼200 km)
in the electric field propagating through the ionosphere from
the north-east to the south-west. The direction of the electric
field in the perturbation is assumed to be towards north-east;
electric field of this orientation generates an upward motion
of the ionospheric plasma. The upward motion of the plasma
leads to a decrease in the airglow intensity, as discussed by
Shiokawa et al. (2003b). In addition to that, a local plasma
depletion is formed so that iso-contours of the electron den-
sity are distorted which would affect the radio ray trajectories
in the ionosphere.

In our simulation, the electron density perturbation asso-
ciated with MSTID is modeled by a Gaussoid of∼200 km
width, according to the observational widths of the airglow
stripe in Fig. 2. The amplitude of perturbation was set to
20% in plasma frequency, consistent with expectations of Sh-
iokawa et al. (2003b). The effect of this perturbation addition
to the background distribution of the electron density (Fig. 4)
is seen in Fig. 6 at ranges 1700–1800 km as a region where
the density/refraction index iso-contours are “pinched” and
the color is lighter.

In Fig. 6, ray paths are shown for the rays with the
same elevation angles as in Fig. 4. The presence of den-
sity (refractive index) perturbation in the signal-forming area
produces an additional ray focusing at ground ranges of
∼2500 km, which is identical to the focusing effect caused
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Fig. 7. Model distribution of HF echo power versus range for the
ionospheric conditions of Fig. 5 and radar frequency of 9.1 MHz.
The tilted black line roughly corresponds to the location of the cen-
ter of the refractive index perturbation.

by “conventional” TIDs except there is no defocusing caused
by the increases in the electron density. We highlight
these rays by green color. The same rays in the “unper-
turbed” ionosphere (Fig. 4) show no focusing effect. Thus,
for the selected position of the electron density depletion,
an additional band of GS signals is expected at ranges
∼2500+200 km. The expected GS forming area co-locates
with the depletion region reasonably well, Fig. 5.

To make a detailed quantitative assessment of the GS echo
intensity distribution with range for each instant of time, we
performed ray tracings with step in elevation angle of 0.1◦

for each location of the density perturbation and computed a
number of trajectories that would fall into a specific bin of
the group range (radar range gate) at the ground level. The
size of the bin was selected to be 45 km, according to the
spatial resolution of the radar measurements.

Results of the ray tracing analysis for the 10:00–12:00 UT
interval are presented in Fig. 7. Here the vertical and hori-
zontal axes correspond to those in Fig. 3 and the location of
the center of the density perturbation is shown by the solid
black line. The color map corresponds to the logarithm of
the number of rays at each range bin.

In Fig. 7 one can recognize strong signals at ranges of
∼1200 km and∼2400 km which are the GS signals received
through one- and two-hop propagation in the regular, unper-
turbed ionosphere (bands 1 and 3 in Fig. 3). A distinct feature
of Fig. 7 is the tilted stripe of signals between 3000–2500 km
progressing equatorward (towards the radar). These echoes
originated from the additional focusing associated with the
MSTID-produced perturbation of the electron density (green
rays in Fig. 6). They closely resemble the observed dynamics
of the band 4 GS echoes shown in Fig. 3. Importantly, the ex-
pected temporal displacement of these echoes is very similar
to the equatorward progression of the optical feature (black
sloped line). As time progresses, these echoes reach ranges
of the second-hop skip zone for the background density dis-

tribution. At this stage, the second band of the equatorward
progressing echoes becomes apparent just poleward of the
first one. The detailed analysis of individual trajectories re-
vealed that the closer band is produced through focusing of
the lower-elevation angle rays, while the weaker one corre-
sponds to focusing of the higher elevation-angle (Pedersen)
rays. Finally, both bands come together at∼11:30 UT and
form a modified skip zone at ranges farther than the one for
the unperturbed situation. One would expect this effect be-
cause the electron density was depleted within the perturba-
tion. We hypothesize that band 5 in Fig. 3 may correspond to
the above-mentioned modified second-hop skip zone echoes.
The experimental data in beam 12 do not show the Pedersen-
ray related component progression probably because of its
relative weakness, but such echoes can be seen in other radar
beams (data are not shown).

In Fig. 3, starting from∼12:00 UT, one cannot identify
the separate band(s) of echoes except the first-hop band 1
quickly progresses away from the radar indicating that the
electron density was probably gradually decreasing across
the entire ionosphere. We relate the band 3 echo disappear-
ance with the reduction of the electron density. A proper
selection of time variation in the electron density maximum
would allow one to simulate this effect too, but it lies outside
the scope of this paper.

Finally, the modeling performed did not reproduce band 2
GS echoes (Fig. 3). These echoes occurred at somewhat
larger ranges than the 1-hop band 1 echoes. At the begin-
ning of the event, the band 2 echoes were gradually shift-
ing equatorward and eventually “merging” with the band 1
echoes. We assume that perhaps this reflects some features
in the electron density distribution with height which were
not “captured” by the model (i.e., localized presence of dis-
tinct F1 and F2 layers).

6 Discussion and summary

In this study we presented Hokkaido HF radar observations
of a perturbation in the ionosphere that was associated with
the airglow perturbation propagating through the radar FoV.
The optical feature was seen as a patch of depleted airglow
intensity elongated in the north-west to south-east direction.
The perturbation was progressing from north-east to south-
west, which is typical of nighttime MSTID propagation for
observations near Japan (e.g., Saito et al., 1998; Kubota et
al., 2000). The event lasted for∼3 h.

The radar signature of the optical perturbation was a band
of GS echoes observed at the Hokkaido radar far ranges (high
latitudes) that was also moving equatorward synchronously
with its optical counterpart. This progression lasted for about
two hours, which is very unusual for these very different phe-
nomena. We hypothesized that the optical and radar fea-
tures are manifestations of a common source propagating
through the ionosphere. Such source was proposed to be a
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medium-scale localized electric field structure. We assumed
that the electric field would displace the F region plasma up-
ward and produce negative perturbation in the airglow co-
located with the area of “lifted up” electron density iso-
contours. This, in turn, would affect radio wave propagation
through the perturbed ionosphere.

To test this hypothesis, we performed ray tracing modeling
of the expected ranges of GS echoes for ionospheric condi-
tions observed during the event. We found that the observed
HF signature of MSTID propagation can be reproduced by
introducing a medium-amplitude (20%) localized (∼200 km)
perturbation of the plasma frequency.

An interesting aspect of these observations, that has not
been discussed so far, is the Doppler velocity of the GS
echoes. According to the model, the rays that were focused
near the depleted ionosphere traversed the leading and trail-
ing parts of the density perturbation (Fig. 6). The ionospheric
plasma is effectively moving up (down) at the leading (trail-
ing) edge of the density depletion. The resultant velocity of
the echoes would then depend on the relative contribution of
signals from each edge and might be expected to compensate
each other, at least partially. The observed velocity should be
affected by the regular equatorward motion (positive Doppler
shift) of the depleted region. However, the observations in
Fig. 3c show that the Doppler velocity of the band 4 echoes
was varying only between±20 m/s whereas the equatorward
motion is about 180 m/s. However, if the ionospheric reflec-
tion takes place near where the electron density contours are
relatively horizontal (as they are for the green rays in Fig. 6)
this equatorward motion will not affect the path lengths and
hence will not be seen in the Doppler shift. There remains
the question of what causes the small±20 m/s which was
positive roughly half of the time and during the other half
time it was negative. In understanding this result, another
factor might play an important role. Previously we indicated
that there is a great deal of similarity between variations of
Doppler velocity in bands 2 and 4 (Fig. 3c) which hints on
the fact that, for the band 4 echoes received through 2-hop
propagation path, the Doppler velocity was modulated by the
large-scale plasma motion near the region of reflection for the
first hop.

The source of the MSTID/electric field perturbations for
the event under study is difficult to identify. On 10 Septem-
ber 2007 theKp index was 1− and 0+ between 09:00 UT and
15:00 UT, implying very quiet conditions. Very little mag-
netic activity was seen in the Alaskan sector of the Arctic
where a potential source can be located, based on the direc-
tion of the optical feature propagation. Therefore, the sce-
nario proposed by Huang et al. (1998) is not applicable in
this case. Influence of solar wind sources such as those driv-
ing the gravity waves (Prikryl et al., 1995) is highly improb-
able for an isolated disturbance. Azimuthal progression of
airglow perturbation by at least 25◦ in longitude (effective
size of the Paratunka FoV) in∼3 h would favor involvement
of the semidiurnal tide. Neutral wind motions do influence

the airglow intensity (Shiokawa et al., 2003b), but quantita-
tive assessment of this scenario is impossible due to the lack
of necessary data. Thus, we will continue searching for other
events that might provide extra information on the sources of
MSTID in airglow and HF radar echoes.

In summary, the results of this study are the following:

1. A localized depletion of airglow intensity propagat-
ing from the North-East to the South-West has been
identified in OMTI camera data collected at Paratunka
(Kamchatka, Russia) on 10 September 2007 between
∼10:00 and 14:00 UT. The perturbation extended from
the north-west to the south-east direction. The concur-
rently operated Hokkaido HF radar detected a highly
localized GS echo band that can be associated with the
passage of this optical perturbation. The band was mov-
ing equatorward synchronously with the equatorward
progression of the airglow perturbation. The Doppler
velocity of the echoes was varying between±20 m/s.

2. Both the progressing airglow perturbation and its radar
signature are suggested to result from passage of a local-
ized electric field structure through the common view-
ing area. The electric field vector in the structure was
assumed to be towards north-east, i.e. opposite to the
structure propagation direction. For such orientation of
the electric field, the ionospheric plasma would be lifted
up leading to a negative perturbation in the airglow in-
tensity and electron density depletion so that a separate
GS radar echo component is formed through additional
HF ray focusing. The observed Doppler velocity of the
GS echoes was found to be variable, which seems to
be caused by vertical plasma motions in the ionospheric
region in the vicinity of the first hop reflection point.
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