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Abstract. Scintillation data recorded at the polar cap station shape of F-region anisotropic irregularities by analyzing both
Barentsburg are shown to occasionally exhibit two or morethe phase and amplitude of a satellite signal received on the
peaks in the latitudinal profiles of the amplitude dispersion.ground. It has been demonstrated that such irregularities are
Comparison with concurrent SuperDARN radar convectionstrongly stretched along the magnetic field lines and some-
maps indicates that multiple peaks occur when Barentsburgvhat less in a plane perpendicular to the magnetic field. In
is located within the area of strong changes in the plasmaddition, the authors hypothesized and then presented evi-
flow direction. When parameters of the ionospheric irregu-dence that the orientation of the cross-field anisotropy of F-
larities are inferred from the scintillation data, the orientation region irregularities (in a plane perpendicular to the magnetic
of the irregularity anisotropy in a plane perpendicular to thefield) is aligned with theE x B plasma drift (convection), a
magnetic field is found to coincide well with thHéx B flow property that can be used for estimates of plasma flow direc-
direction, individually for each peak of the scintillation data. tion at high latitudes (Tereshchenko et al., 2000a, b, 2002,
The differences were found to be mostly less thah 20 a 2005).

data set comprised of 104 events. The conclusion is made Tereshchenko et al.'s method in its original form is based
that analysis of scintillation data allows one to infer the di- on an assumption that F-region irregularities exist through-

rection of plasma flow with a certain degree of detail. out a uniform infinite layer at the height 6f300km. As a
Keywords. lonosphere (Auroral ionosphere; lonospheric ir- satellite travels roughly along a magnetic meridian near the
regularities) zenith of a receiver, the measured value for the variance of

the logarithm of the relative amplitudﬂ/2 of the signal ex-
hibits a strong peak at a certain latitude, and this peak always
can be matched with the theoretically expected curve for the
variation Ofa)? with latitude. Minimisation of the difference

o L . . between the model and the data allows one to obtain the 3-D
VHF radio signals arriving from a low-orbiting satellite to

a receiver on the ground often experience rapid fluctuationsparameters of the F-region irregularities. Analysis shows that

L X for typical satellite-receiver geometries the theoretical profile
termed scintillations (Aarons, 1982). Such fluctuations oceur ¢ af has a single peak in latitude. Moreover, the location of

pecause rad]o waves are sc attered/refracted by the F'reg'%e peak is not very sensitive to the choice of the thickness of
ionospheric irregularities with the scale of several hundred

. - theirr larity | r and its height; it only shift not mor
meters. While scintillations cause limitations to communi- e irregularity layer and its height; it only shifts by not more

. . . S than~1°. In this sense, the derived irregularity parameters
cation with satellites, they are useful for extracting infor- 9 yp

. . . are unigue ones for a given set of measurements.
mation on various parameters of the ionosphere (Moorcroft | . . ! I
It is clear that the assumption of a layer filled with irreg-

and Arima, 1972; Martin and Aarons, 1977; Fremouw et al., o _ . 2
1977; Rino et al., 1978; Rino and Livingston, 1982; Gailit ularities of the same shape and uniformly distributed within

et al., 1982; Eglitis et al., 1998; Milan et al., 2005). In a the layer is simplistic for a case of the high-latitude iono-
. ’ f ' ,2000a b 200§phere; it can only be accepted as a reasonable approxima-

an for avery limited area. If the zenith of a receiver happens
to be near the border, delineating regions with significantly
Correspondence td\. Yu. Romanova different parameters of the F-region irregularities, one would
(romanova@pgi.ru) expect two (and even more) peak$r§f Analysis of satellite

1 Introduction

2004, 2005) showed that one can infer a statistically average
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scintillation data showed that indeed several peaksfafan of the irregularities in the plane perpendicular to the mag-
occur for one satellite pass. However, the second and sulnetic field; this angle is denoted ds,. Fitting of the ex-
sequent peaks are usually much smaller than the main ongerimental profile foro2 in Fig. 1a to the model, as pre-
and they were discarded in the past. This was certainly thescribed by Tereshchenko et al. (1999), giwes30, =5 and
case when Tereshchenko et al. (2005) studied joint scintil-W4,=175 (4+5°). This implies that, on average, the axes ra-
lation data and SuperDARN radar measurements of plasmé#o of the irregularities is 30:5, with the major axis being
convection at the auroral oval latitudes. However, when thealigned with the geomagnetic field. We remind the reader
authors turned their attention to the polar cap observationshat the anglal 4 is counted clockwise from the direction of
at the Barentsburg station, they discovered that the latitudigeographic north (one cannot distinguish between the cases
nal profiles ofof were quite often double-peaked. Since the of 0° and 180). Comparison with a corresponding Su-
reason for the existence of double-peaked profiles was ngberDARN convection map shows reasonable agreement of
certain, such events were dropped from the analysis. the plasma flow direction and the orientation of the cross-
This study considers data from the polar cap station Barfield anisotropy of irregularities, Fig. 1b. For the convec-
entsburg with a special focus on cases with double-peaketion azimuth of¥s,=337 at the point nearest to the scintil-
latitudinal profiles ofaf. We combine scintillation data and lation measurements, the difference betwdenand Wgp,
plasma convection measurements by the SuperDARN radard V=V ,—¥sp, is 18. Note that the considered single-
to show that such cases correspond to the onset of stronglpeaked event is a typical observation, especially for the au-
inhomogeneous (sometimes sheared) flows near the zenitloral zone measurements over Northern Europe, where iono-
of the station and that information on additional peaksj)f spheric flows are predominantly zonal and satellites travel
can be used to supplement SuperDARN data on the conveaoughly along the magnetic meridian.

tion direction. For the second case of 29 September 2004, Fig. 1c, two
In this study we follow the Tereshchenko et al. approachstrong peaks ot:2 distribution are evident, at latitudes of

by assuming that the additional peaks occur due to a changeg.8 and 78.2. Fitting to the model separately for each peak
in the irregularity shape. Generally, one can expect adgives the direction of the cross-field anisotropy of irregular-
ditional peaks in theff profile if the irregularity layer is jties \p/gl):lgo (£1°) for the first peak andu/(f):GO’ (+1°)
strongly inhomogeneous horizontally or very thin in height. for the second peak. The closest SuperDARN vectors have
In such cases, the undertaken approach would have limite¢; ,=14° (79.05 N, 16.38 E) and Wsp=69 (77.99 N,
success. Also, there is a small inconsistency in a sense thalg 94 E), so that the direction differences ateb M=—2°,
while fitting experimental data with a theoretical curve for gng Aw@=_g°. We note that in this case, the irregularity
each observed peak, the irregularity layer is assumed to bgarameters andg are the same for the peaks, implying that
homogeneous while in reality it is not, as two (and more) yithin the irregularity layer there was only a change in the

types of irregularities are assumed to co-exist. The presentegyientation of irregularities (plasma flow direction).
results below strongly suggest that despite some limitations

the Tereshchenko et al. method produces results consiste
with a single-peak situation implying that the initial assump-
tions are acceptable.

' Figure 1c also shows an additional minor maximum in be-
RX/een two major ones. Its intensity40.13. For this case,

the orientation of the cross-field anisotropy of irregularities
cannot be inferred, as the peak is much smaller than the other
two.

2 Observations Figure 2 presents the data for a case when three peaks in

af were observed, on 7 June 2001. For this event, the irregu-

Figure 1a, c gives examples of observations with Sing|elarity shape and orientation of the cross-field anisotropy were
and double-peak latitudinal profiles 0&2 and Fig. 1b, d different at the respective points of measurements, Fig. 2a,
shows a relationship between the orientation of the crossimplying that the irregularity properties were changing along
field anisotropy of ionospheric irregularities and the plasmathe satellite track. One can see that each peak afives the
convection direction, as inferred from SuperDARN radar direction of the flow that Corl‘esponds quite well to the clos-
observations. In a single peak case of 26 January 2001€St SuperDARN vector, Fig. 2b. The differences a:@,
~05:27 UT, irregularities causing scintillations were de- *11° and—9° for observations of the peak at 79,99.6,
tected between 774N and 78.2N (geographic coordi- and 79.2, respectively. We note that the scintillation ob-
nates). We comment that, according to the model of satelliteServations for the first and second peaks were done in the
signal formation by Tereshchenko et al. (1999), the widtharea slightly away from the area of the SuperDARN mea-
of the peak in Fig. 1a is related to the degree of irregular-Surements.

ity stretching along the magnetic field, characterized by the Presented data allow one to conclude that the existence
parameterx, and perpendicular to it, characterized by the of two (or more) peaks in the latitudinal distribution @f
parameterd. The location of the peak with respect to the signifies that the flow direction is changing along the satellite
latitude of the receiver depends on the azimuthal orientatiortrack and the method by Tereshchenko et al. (1999, 2000a,
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Fig. 1. (a)and(c) Two examples of observed latitudinal changes in the variance of the logarithm of the relative scintillation am@itude

(thin line) and corresponding fitted theoretical curves (dots), according to the method by Tereshchenko et al. (1999, 2000a, b, 2002, 2004,
2005). Inferred parameters of ionospheric irregularitie$ and ¥4 are given for every scintillation amplitude peak. Panel (a) (panel c)
corresponds to a case of one (two) maximum in the distributim’foPaneIs(b) and(d) show SuperDARN-observed convection velocities

(lines originated from dots). The geographic coordinates are used. The thick vectors on the panels (b) and (d) indicate the orientation of the
cross-field anisotropy of F-region irregularities, as inferred from scintillation data.

b, 2002, 2004, 2005) is capable of detecting those changesan et al. (2005). However, quite often only either large-scale
This means that the method can reveal large-scale details dfregularities or decameter irregularities exist, so that either
inhomogeneous flows. In this sense, the scintillation methodnly scintillation or SuperDARN data are available.
can be useful in supplementing SuperDARN observations.  We showed the event with partial radar and satellite data
The degree of success of the method in supplementingverlap in Fig. 2. In Fig. 3a we present an example when
SuperDARN data depends on the availability of large-scaletwo peaks inff were detected, on 23 June 2002. Both peaks
(several hundred meters) ionospheric irregularities in the arwere observed in the area with no SuperDARN data at the
eas where decameter irregularities, providing SuperDARNtime of scintillation measurements, Fig. 3b. The next Super-
echoes, do not exist. Our preliminary analysis showed thaDARN 2-min scan does have data in the area of the satellite
the occurrence of strong scintillations correlates with the oc-measurements made earlier, and the convection vectors agree
currence of SuperDARN HF echoes, in agreement with Mi-well with the satellite-inferred direction of the convection,
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Fig. 2. The same as in Fig. 1 but for the event of 7 June 2001.
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Fig. 3. The same as in Fig. 1 but for 23 June 2002 and 5 December 2004.
Fig. 3c. This example shows that although scintillation mea- For the event of 5 December 2004, Fig. 3d—f, the satel-
surements are not exactly coinciding in time with radar mea-ite traveled from north to south and showed peak&f:f

surements, they are still useful for assessing the convectioat 21:27 UT and 21:30 UT. The peaks were well above the
pattern. noise level and comparable in magnitude, Fig. 3d. Fitting
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Fig. 4. The same as in Fig. 1 but for the case of 20 November 2000.

each peak separately to the model gives=177 (+£1°) for One might generally think that since satellite data are not
the first peak and/ 4 =91° (+1°) for the second onel’4 val- as frequent and limited in space as SuperDARN data, the ad-
ues differ significantly, suggesting that the plasma convectiorvantage of involving the scintillation data for overall con-
direction was quite different at the considered locations. Fig-vection maps is not great, and this is certainly true. We
ure 3d, f compares the satellite-inferred convection directionwould like to point out that there are special occasions when
and SuperDARN convection map. SuperDARN measuredhe scintillation data could be of greater value. In Fig. 4
Ysp=3" and ¥sp=288, so that the direction differences we demonstrate observations for the event of 20 November
areAVD=6> andAw@=—17 respectively, in good agree- 2000. One can see that the satellite data with three peaks are
ment with the orientation of the cross-field anisotropy of ir- available exactly in the “eye” of a large—scale vortex seen by
regularities. Notice that according to the SuperDARN con-the radars at its peripheral part but not in the eye area.
vection map, the satellite was crossing the local reversal in Once confidence was achieved that the observed
the plasma flow and the two directions of the flow were “cap- double/multi-peaked profiles Q;ff simply reflect the exis-
tured” by the method quite well. However, one would expecttence of strongly inhomogeneous or sheared flows in the
an additional, intermediate maximum between the two majorpolar cap ionosphere, statistics for the differences between
ones, as the SuperDARN map clearly shows a rotation of thehe cross-field orientation of irregularities, as inferred from
flow and one would expect another peakoift in between  scintillation data and plasma convection direction, as mea-
the two major peaks. No strong scintillations were detectedsured by SuperDARNA W), were compiled, Fig. 5. We in-

in this area and no convection direction estimates from thecluded cases of single- and double-peak observations. The
scintillation data are available because 100-300 m irregulartotal number of points is 104, which is a significantly larger
ities were not excited in this area. We note here that onestatistics than what was available in the previous compari-
would not expect a one-to-one occurrence of VHF scintil- son of Tereshchenko et al. (2005). Data are binned h 20
lations and HF echoes because, generally, while large-scaléteps. One can see that the vast majority of points are located
~300 m irregularities responsible for VHF signals might be within an interval of—20° to +20°, and the number of larger
related to structured particle precipitation into the ionospheregeviations decreases withW increase.

and further nonlinear evolution of plasma “clouds”, the de-

cametre irregularities monitored by the SuperDARN radars

are very likely formed through plasma instabilities generated3 Summary and conclusion

at “the boundaries” of plasma clouds (Tsunoda, 1988).

hThe Ias]:t considered event hlfn;s ckl)(laa/rly ?t tlhe reisqn E’ﬁn this study we showed that the variance of the logarithm of
the more frequent occurrence of double/multiple peaks in thgy, o o4tjve amplitude of VHF scintillations recorded at the

pl?llar cap scllntllla;[jlon datla ; thle flow reve;sal and the Cer;ter?olar cap station Barentsburg often has two and more peaks
of large-scale (and more local) vortices often occur mostly i, jiq jatitudinal profile. Comparison with SuperDARN con-

theS(_a high Iatltydes. For observations in the a}uroral zone, e tion data showed that these peaks reflect a strong rotation
flow is predominantly zonal and double (multiple) peaks ar€of the flow in the area of scintillation observations. The dif-

seen seldom. ferences between the orientation of the F-region anisotropic
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