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Abstract. The HF radars of the Super Dual Auroral Radar volume. In the absence of any large-scale spatial or tem-
Network (SuperDARN) provide measurements of e B poral variations of the plasma velocity, the second moment,
drift of ionospheric plasma over extended regions of theor spectral width, is representative of the turbulent motion
high-latitude ionosphere. We have conducted a statisticainduced by plasma instability mechanisms (microscale pro-
study of the associated Doppler spectral width of ionosphericcesses) causing the growth of the irregularities. Several types
F-region echoes. The study has been conducted with albf irregularities have been identified (e.g. Fejer and Kelley,
available radars from the Northern Hemisphere for 2 spe-1980).

cific periods of time. Period 1 corresponds to the winter In order to study the motion of ionospheric irregulari-
months of 1994, while period 2 covers October 1996 toties at HF wavelength a Doppler capability was introduced
March 1997. The distributions of data points and averageon classical ionosonde experiments (e.g. Bibl and Reinish,
spectral width are presented as a function of Magnetic Lat-1978). HF coherent radars were specifically designed to
itude and Magnetic Local Time. The databases are verystudy ionospheric plasma processes and the first detailed au-
consistent and exhibit the same features. The most strinroral F-region Doppler spectra were published by Hanuise
gent features are: a region of very high spectral width, col-et al. (1981). It was shown at that time that the phase ve-
located with the ionospheric LLBL/cusp/mantle region; an locity of F-region irregularities was not limited to the ion
oval shaped region of high spectral width, whose equator-acoustic speed, as was the case for E-region irregularities.
ward boundary matches the poleward limit of the Holzworth Moreover, several experiments indicated that the irregulari-
and Meng auroral oval. A simulation has been conductedies were drifting at theE x B/B? velocity (Villain et al.,

to evaluate the geometrical and instrumental effects on thd985; Ruohoniemi et al., 1987). Unlike the case for E-region
spectral width. It shows that these effects cannot accounirregularities, no specific categories of F-region irregulari-
for the observed spectral features. It is then concluded thaties could be identified through either the Doppler velocity
these specific spectral width characteristics are the signaturer their spectral width (Baker et al., 1988). With the de-
of ionospheric/magnetospheric coupling phenomena. velopment of the SuperDARN (Super Dual Auroral Radar
Network) network (Greenwald et al., 1995), HF radars be-
came one of the major tools to study ionospheric convection
and ionosphere/magnetosphere coupling. In case studies,
the spectral width has been used as a means to identify the
) ionospheric signature of magnetospheric regions or bound-
1 Introduction aries (e.g. Baker et al., 1986, 1995; Milan et al., 1999; Pin-
nock et al., 1995; Rodger et al., 1995). These authors have
proposed several mechanisms to explain enhanced spectral
width, such as larger than normal electric field turbulence
?Baker et al., 1990; Rodger et al., 1995), structured precip-

Key words. lonosphere (auroral ionosphere; ionosphere-
magnetosphere interactions; ionospheric irregularities)

Doppler spectra of ionospheric irregularities were initially
obtained from E-region scatter with VHF radars in the early
60’s (e.g. Bowles and Cohen, 1962). Coherent spectra giv

an_est.|mat|on .O.f the velomfcy d'St.“bUt'.on function of Sc?t' itation (Dudeney et al., 1998) or Pcl activity (Akdet al.,
tering irregularities present in the illuminated volume during 2000b)

the integration time. The first moment is related to the mean Several statistical studies have been conducted with Su-

Doppler phase velocity of the irregularities in the scattering perDARN coherent HF radars. These studies concentrated
Correspondence tal.-P. Villain (jvillain@cnrs-orleans.fr) mostly on backscatter occurrence (Ruohoniemi and Green-
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2 Database and analysis

Vox. range= 3000 km

The algorithm to extract the spectral width from the multi-
pulse autocorrelation function has been described by Villain
et al. (1987). In the course of time, the data processing soft-
ware has been modified, leading to a change in the value of
the spectral width computed from some data sets. For each
of the periods selected, care has been taken to ensure that the
radars were running the same version of the fitting programs,
so that each period is internally consistent. The first period
corresponds to the months January to March and September
to December of the year 1994. Three radars (Goose Bay, Ka-
puskasing and Saskatoon) were operated continuously dur-
ing the year, and the Stokkseyri (Iceland West) radar started
continuous operation at the end of August 1994. The sec-
ond period spans 6 months of wintertime, starting from Oc-
tober 1996 until March 1997. The six radars of the North-
ern Hemisphere chain, in operation at that time, were used.
It includes the four radars mentioned above as well as the
Thykkvibeer (Iceland East) and Hankasalmi (Finland) radars.
The locations and fields-of-view of the radars are shown in
Fig. 1. Location and fields of view of the SuperDARN radars used Fig. 1. The comparison between these two periods allows us
in this study. The contours in thick lines correspond to the Invariantto check the consistency of the radar data over an extended
Latitudes of 60, 70° and 8C. period of time. There are three categories of radar operations,
as described by Greenwald et al. (1995): Common Programs,
Special Programs and Discretionary Operations. The Com-
wald, 1997; Milan et al., 1997) and on convection patternsmon Program consists of a basic scan repeated continuously,
(Ruohoniemi and Greenwald, 1996). As noted above, nuiwhile the other modes allow for the radar to be operated dif-
merous studies have used spectral width in conjunction withferently. For our analysis only Common Program data have
low-altitude satellite measurements to map magnetospheripeen selected.
boundaries into the ionosphere, but no extensive study has
been conducted to test the significance of the results on &1 The grid
statistical basis. Thus, in this paper, we present a statistical
study of scatter location and spectral width using all avail- The data are presented using a polar projection onto an
able data from the Northern Hemisphere SuperDARN radardLT/ A (Invariant Magnetic Latitude) grid with § h and
for two specific periods of time. Period 1 corresponds to theOne degree resolution using AACGM coordinates (Baker and
winter months of 1994, from January to March, with three Wing, 1989).
radars in operation, and from September to December, with , L
four radars in operation. Period 2 covers from October 19962'2 Selection criteria

through March 1997'_ with S'),( radars |-n operation. For the selected periods and radars, each data record corre-
The second objective of this paper is to evaluate the sourcgpondS to an integration time of 6 or 7 s in each beam direc-

of the spectral width parameters. In a realistic situation, the;j;, The data are processed in the following way:
width can be affected by the finite size of the radar resolu-

tion cell and the length of the integration time. One has to — Ground scatter returns are rejected using the criteria de-
take these and other sources of velocity variations into ac-  fined in Baker et al. (1988). These echoes are charac-
count when evaluating the spectral width. Velocity gradients terized by a simultaneous near-zero Doppler shift and
present in the large-scale convection pattern are one potential ~ spectral width.

source of spectral broadening.

In the following section, we describe the database and the
results of our analysis. We then evaluate the contribution of
the large-scale convection pattern to the spectral width. Fi-
nally, we discuss the relative influence of the different in-
strumental and geophysical sources on the spectral width.
We conclude with a qliscu_ssion on the ability Qf the Sup_er- — At least three points, with two in consecutive range
DARN HF radgrs to |Qent|fy the signature of |onpspherlc- gates, to avoid spurious signal.
magnetospheric coupling phenomena and to monitor the pro-
jection of magnetospheric boundaries into the ionosphere.  — Signal-to-noise ratios must be greater than 3 dB.

— Echoes recorded at ranges less than 900 km are rejected
to eliminate direct E-region echoes. At ranges greater
than 900 km, E-region echoes may be observed through
a one and a half hop mode of propagation, but their
number is relatively small.
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From the radar Io_cation, bez_im direction,_ range aqd UT, a) Data Nb [ 1.45646e+07]
each selected point is then attributed to a given ML_§rid

point as defined above. The power is binned in 1dB steps
and the spectral width in 50 m/s steps.

2.3 Average IMF and, values
The average values of IMF arid, have been computed for
the statistical study. For period 1 the averdgg was 3, ; . 4 ;
and the average values of the three IMF components wer 18 MEEESE & 907 ] . MLT
B, = 1.0nT,B, = —35nT andB, = —1.2nT. For pe- :' ) ‘:
riod 2, the averag&, was 2" , and the average values of
the three IMF components weBy = 0.7nT,By, = —0.3nT
andB, = —0.3nT. TheB, values are rather small, but can be
explained by the fact that for higher magnetic activity, the au-
roral oval and associated particle precipitation are displacet
toward the radars or may even move equatorward of them

00 MLT

This can have two major effects: one is screening of the F-

region by enhanced E-region ionisation; the other is absorp , ‘
tion of the radar signals due to ionisation of the D-layer by 0 12000 24000 36000 48000 60000
very energetic particles. Both of these effects lead to more

scatter during less disturbed periods. The IBlfFvalues are b) Data Nb [ 1.39331e+07]

significantly different for the two periods. Some effects at-
tributed to this difference will be discussed.

2.4 Distribution of data points

The number of data points selected for each period is sim
ilar (14.6 1¢ and 13.9 16 for periods 1 and 2, respec-
tively). The distributions of these data points are presentec , i ]
in Fig. 2a and b for periods 1 and 2, respectively. The two '8 ML=
distributions are similar. The color bar indicates the number )
of points present in each ML cell. The two color bars
cover approximately the same ranges, with maximum value:
of 60000 and 55000 data points per cell for periods 1 anc
2, respectively. The plots exhibit similar characteristics. Be-
tween 08:00 and 13:00 MLT and betweer? @nd 80 mag-
netic latitude, we observe in both figures a maximum in the
number of data points. Period 2 exhibits its largest values jus
after 12:00 MLT. After 12:00 MLT, the maximum number of : ‘
data points moves gradually toward lower latitudes atarate O 11000 22000 33000 44000 55000

of approximately one degree of latitude per half hour of MLT. o ) )

This behaviour is similar for both periods. The enhancement '9: 2- Distribution of data points as a function of MLT and Mag-
reaches its lowest latitude of §8around 16:00 MLT, For "cuc Latitude for period 1 (Fig. 2a) and period 2 (Fig. 2b). The
period 1, the maximum number of data points is observedcomr scale indicates the number of points in each ML_Tell.
around 17:00 MLT at a latitude of 70

For the period of time from 12:00 to 16:00 MLT, the high- ] ) o )
latitude boundary of the enhancement is located neafarg ~ data points centered on 7#titude. The minimum of points
period 1 and 80for period 2. At 17:30 MLT, the distribu- 1S observed for both periods between 04:00 and 07:00 MLT.
tion for period 2 narrows very rapidly to a band extending Comparison of these two distributions shows consistency
from 74 to 80 in latitude. In contrast, the distribution for of the radar observations over very long periods of time, de-
period 1 remains very broad in latitude up to 22:00 MLT and spite inherent variations of the geophysical conditions. The
is shifted to lower latitudes . After 22:00 MLT, for period 1 differences may be attributed to the locations and orienta-
and 20:00 MLT for period 2, the distributions of data points tions of the additional radars that give access to regions not
become more latitudinally confined and decrease in ampliprobed in period 1. There are also changes in the operating
tude. These changes are very smooth and end with a band gfarameters of the radars during the latter period.
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It is interesting to highlight the contribution of each radar data points. One can see that the color scales are slightly
to the database. This has been done for period 2 only. Figdifferent for the two periods (range 0 to 320m/s and O to
ure 3 shows for each MLTk cell the percentage of data 400m/s for periods 1 and 2, respectively). This is to com-
points provided by each radar. It shows clearly that nightsidepensate for the variations in spectral width due to the differ-
scatter is obtained mainly by the Stokkseyri and Thykkvibaerent versions of the fitting programs.
radars, both in Iceland. These radars are located at higher The main features of these plots can be described as fol-
magnetic latitudes (around B5as shown on Fig. 1, and their lows. Both distributions exhibit an oval shaped region of en-
orientation is more along the L-shell than the other radarshanced spectral width extending towards lower latitudes in
Their more poleward location implies that they are less af-the midnight sector. The equatorward limit of this oval is
fected by absorption or E-region screening due to energeticather sharp (transition from orange to green) and well de-
particle precipitation. On the dayside, nearly all radars con-fined. The location of this lower latitude boundary is the
tribute to the database. But some radars seem to have easigme within one degree at any MLT for both distributions.
access to particular MLTx regions. For example, the Ka- The noon side of the oval is characterized by a region of
puskasing radar makes the most important contribution in thevery high spectral width. This region extends from°76
early morning sector. One has to mention that during this peto 81° in magnetic latitude and from 08:00 to 14:00 MLT.
riod, the Goose Bay radar had a lower contribution due toThe region of high spectral width seems to be related to the
some technical limitations. cusp/cleft/mantle signature, referred to hereafter as the cusp.

As noticed previously, the radar orientation has a crucialThe spectral width signature of this region is rather exten-
impact on its ability to illuminate a given MLTx region.  sive due to the movements in cusp location with solar wind
For each radar and each MIAell, a preferred beam num- parameters.
ber is defined as the average of the beam numbers associ- While this cusp signature is approximately centered
ated to each and all data points. In the Northern Hemisphereground 12:00 MLT for period 1, it is displaced toward the
the beams are numbered from 0 to 15 in a clockwise direcimorning side by more than one hour in MLT for period 2.
tion. If one refers to Fig. 1, one can note that a given beamBY referring to the average IMB, conditions for these peri-
number does not correspond to the same orientation of theds, one can note a marked difference&inwith By, = —3.5
transmitting direction for different radars. Figure 4 displays for period 1, whileB, = —0.3 for period 2. Our observation
the results of this analysis. The Stokkseyri and Thykkvibzerof the spectral width of the cusp location and its shift in MLT
radars exhibit a clear relation of magnetic latitude with beamwith B, is in agreement with previous statistical studies con-
number, as expected from their field of view orientation (seeducted on a high-latitude convection pattern. Ruohoniemi
Fig. 1). For the four other radars, a very specific feature ap-and Greenwald (1996), using SuperDARN data, found that,
pears that has not been previously identified. These radargn average, the two-cell convection pattern is generally ro-
show a clear tendency to observe scatter preferentially witHated from noon towards earlier MLTs and that for a nega-
the low beam number in the morning sector and with a hightive B, it is aligned with the noon-midnight meridian. Se-
beam number in the afternoon, regardless of their relative orinior et al. (1990) present a statistical model of convection
entation. A detailed study of this feature is beyond the scopederived from incoherent scatter observations carried out with
of this paper, but some interpretation can be proposed. Thighe EISCAT facility located in Scandinavia. They also re-
feature may be due to propagation/absorption effects causegorted a persistent rotation of the two-cell pattern toward ear-
by the levels of ionisation between the morning and after-lier MLTs.
noon sectors. Another more speculative interpretation can be Above >~ 82°, the spectral width decreases. This feature
given. If one considers a two-cell convection pattern, the preds well defined in period 2, but is less clear in period 1. The
ferred low beam numbers for the morning sector correspondlifference may be due to the somewhat lower number of data
to positive Doppler velocities and the high beam numbers forpoints in this latitude range for period 1.
the afternoon sector also correspond to positive Doppler ve- Equatorward of the oval of enhanced spectral width, the
locities. The observed feature would imply that the radarsdistributions show smooth variations as a function of both
observe preferentially positive Doppler velocities. Such alatitude and MLT, but no specific feature. A more detailed
feature has been observed for VHF radars on E-region iranalysis of spectral-width properties for period 2 is presented
regularities by Mattin and Jones (1987) and interpreted thein Fig. 6. The upper left panel presents the distribution of
oretically by Janhunen (1994) in terms of plasma instability the average power as a function of MRLT- The distribu-
mechanisms. No similar study has yet been conducted otion of average power presents some similarities with the

F-region irregularities. distribution of data points. These similarities are expected,
since both distributions are affected by the same geophysi-
2.5 Results cal factors: propagation, radar-wave absorption and the pres-

ence of field-aligned irregularities. The distribution of power
Figure 5 displays the results of the statistical study on theshows three regions with enhanced power: the cusp, the
average spectral width for period 1 (Fig. 5a) and period 2low-latitude afternoon sector and a band of backscatter cen-
(Fig. 5b). The distributions of average spectral width aretered around 75in latitude and extending from 18:00 to
even more similar for both periods than the distributions 0of04:00 MLT on the nightside. It can be seen in Fig. 2b that
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Fig. 4. Distribution of preferred beam number for each radar and each MEEIl for period 2. Beams are numbered from 0 to 15 in a

clockwise direction. The fields of view are presented in Fig. 1.
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thg third region is not associated with a high number of data a) Spectral Width [m/s]
points.

Itis important to note that the distribution of spectral width
is totally independent of the distributions of data points and
average power. The observed boundaries do not match eac
other, and the spectral width is not affected by the low num-
ber of data points and power observed in the 06:00 MLT sec:
tor.

The lower left panel of Fig. 6 again displays the spectral- ;
width distribution for period 2, but with contours superim- 1g
posed. The contour that is localized in the noon sector cor ¢
responds to the statistical location of the cusp region deter
mined from low-altitude satellite data (Newell and Meng,
1988, 1992). This contour matches well with the region of
very high spectral width, although the latter is extended to-
ward somewhat earlier MLTs. It can be noted that the region
corresponding to the Low Latitude Boundary Layer (LLBL),
as observed from particle precipitation (Newell and Meng,
1992), is also shifted towards earlier MLT.

The second contour corresponds to the average positio 0 64 108 192 256 320
of the poleward boundary of the auroral oval, as modeled
by Holzworth and Meng (1975) for moderate activity, which
corresponds to the averadg, for this statistical study. 1t 7/ 7777 70
can be observed that apart from the cusp sector, this contot :
follows very closely the boundary between the high and low
spectral width regions. On this plot, three white rectangles
indicate cells for which histograms of the spectral width are
presented in the lower right panel of Fig. 6. They are repre-
sentative of the three regions defined from the spectral widtt
characteristics. At low latitude in the afternoon sector, the ‘N A
histogram (plotted in black) is narrow, peaking at 100m/s, ;g ML " ' " o 0B MLT
with an average value of 192 m/s and with less than 5% of the ‘= : f ?
spectral-width determinations greater than 300 m/s. In the
region of enhanced spectral width in the night sector, the his.
togram (plotted in red) is wider, peaking at 200 m/s, with an
average value of 250 m/s and with about 22% of the spectral
width determinations greater than 300 m/s. In the cusp, the
histogram (plotted in blue) is even wider, peaking at 250 m/s,
with an average value of 349 m/s due to its long tail, and with
nearly 50% of the spectral-width determinations greater thar
300 m/s. These histograms are representative of each regic 50 T80 240 50 400
and are largely independent of their location within the re-

gion. Fig. 5. Average spectral width as a function of MLT and Magnetic
Finally, the upper right panel of Fig. 6 displays in the same _atitude for period 1 (Fig. 5a) and period 2 (Fig. 5b). The color

reference frame the percentage of spectral-width determinascales differ slightly in order to take into account the variation in

tions greater than 300 m/s for each MIATcell. The dis-  spectral width due to the different versions of the fitting programs

tribution of this parameter follows a pattern similar to the for the two periods.

distribution of the average width. It is of the order of 50%

in a well-defined band of latitude extending from"#6 81°

in latitude and from 04:00 to 13:00 MLT. Near noon, it is These features are controlled mainly by the same geo-
colocated with the cusp, but it also extends into the morning ~ physical factors: propagation conditions, radar-wave
sector to 04:00 MLT. absorption and the presence of field-aligned irregular-

The results of this analysis can be summarized as follows: ities.

— The distributions of data points for two different peri-  — The distributions of average power are similar to the dis-
ods of time, separated by more than two years and with tribution of data points. This is to be expected, since the
different numbers of radars, show strong similarities. backscatter power is also under the control of the same
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Fig. 6. Upper left corner: Distribution of average power in dB in the MATreference frame. Lower left corner: Average spectral width in

the MLT-A reference frame. The LLBL/cusp/mantle contour, defined by Newell and Meng (1992), and the poleward limit of the auroral oval
for moderate magnetic activity, defined by Holzworth and Meng (1975), are superimposed. The three white rectangles indicate the location
for which the histograms of spectral width are plotted in the lower right corner. Upper right corner: Percentage of spectral width greater than
300 m/s. Lower right corner: Histograms of spectral width and their average value for the three selected cells marked by white rectangles in
the lower left plot.

geophysical parameters. of the spectral width. The large-scale convection pattern in-
troduces horizontal velocity gradients in the radar cells that
increase the width of the velocity distribution. A simulation
has been conducted to evaluate these geometrical effects on
the spectral width. It makes use of the Heppner and May-
nard (1987) empirical convection model for averdggecon-
ditions and takes into account the particular characteristics
of each radar (location, beam directions, size and orienta-
tion of each radar cell). In the vertical direction, ray-tracing
studies (e.g. Andr et al., 1997) have shown that the scatter-
ing region is localized close to the maximum of the F-region

ectron density. At high-latitude, the Earth’'s magnetic field

. . [
_The second part of the_ Paper now examines geometnpal ‘f’mﬁLeS are nearly vertical and considered as equipotential. The
instrumental characteristics that can affect the determination

— The distribution of average spectral width has no rela-
tion with the previously discussed distributions. Three
regions are clearly identified, whose boundaries are re
lated to the footprint of well-defined magnetospheric re-
gions.

3 Evaluation of geometrical effects on the spectral
width
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Velocity distributions
STOKKSEYRI —> Gates: 10—70 UT: 19:00:00

Convection Model : Heppner & Maynard A
76.1° mlat, 1726 mlt

W = 30 m/s

—400 —200 0 200 400
m/s
74.4° mlat, 1512 mit

om/s ‘ ‘ ‘ ‘ ‘
—-400  —200 0 200 400

m/s
Fig. 7. Spectral width enhancement introduced by an inhomogeneous plasma flow in a cell. Left: results of a simulation using the Heppner
and Maynard convection model for the Stokkseyri radar for an instantaneous scan in anrkfefence frame. Right: Spectral width for

two particular cells indicated in the left plot by small black rectangles located, respectively, atViBAT and 17:26 MLT in a region of
homogeneous plasma flow and at PAMLAT and 15:12 MLT in a region of velocity reversal.

radars are only sensitive to irregularities moving perpendic-function of Universal Time (UT). The radar cells are divided

ular to the magnetic field, and there is no vertical gradient ofinto subcells, defining a spatial resolution of 1 km in both ra-
the horizontal velocity within the scattering volume. There- dial and azimuthal directions. This corresponds to approxi-
fore, there is no vertical velocity variation in the scattering mately 4500 subcells for a cell at a range of 1500 km from the

volume. radar. We assume uniform backscattered power from each of
these subcells. Then, for a given beam and range gate at a
3.1 Methodology particular time, one can compute the radial velocity in each

subcell from the Heppner and Maynard convection model.

The signal observed by the radar is obtained through Bragghus, we are able to compute in each cell the radial velocity
scattering by ionospheric irregularities having a scale lengthyistribution function and to extract its width. An example of
of half the radar wavelength. These irregularities are createduch a computation is shown in Fig. 7. The left panel dis-
through plasma instability mechanisms, such as the gradiplays the computed spectral width for the Stokkseyri radar
ent drift instability (e.g. Keskinen and Ossakow, 1983) pro-field of view at 19:00 UT (the radar is probing the afternoon
ducing a turbulent medium. In an homogeneous ionosphergonvection cell). Isocontours of the electric potential defined
with no variation of the geophysical parameters in the radary the Heppner and Maynard model are superimposed. The
cell, the observed Spectral width is representative of the thTight_hand panels of Fig. 7 show the radial velocity distri-
bulence produced by the considered instability mechanismpytion function for two individual cells identified in the left
In this section, in order to describe this effect, we use thepanel by black contours. The distribution function displayed
term “turbulence scattering the radar-wave”. in the upper right-hand panel has been computed in a re-

The spectral width inherent to the turbulence scattering theyion of homogeneous flow (73.1 MLAT, 17:26 MLT), and
radar-wave is set to zero and only the macroscale componeRixhibits a width of only 30 m/s. This value is much smaller
due to the plasma flow velocity variations in a cell is consid- than the width inherent to the turbulence scattering the radar-
ered. One has to evaluate the width of this velocity distribu-wave usually observed (100-200 m/s) (Hanuise et al., 1993).
tion function recorded by each radar for each range gate as a



1778 J.-P. Villain et al.: Statistical study on HF coherent spectra

Estim. Spectral Width — Heppner & Maynard [A] [m/s]

18 ML

(@]

80 160 240 320 400 m/s

0 80 160 240 320 460

Fig. 9. Distribution of simulated MLTA spectral width enhance-
ment introduced by plasma convection corresponding to the whole
database of period 2 using the Heppner and Maynard convection
model for ak , of 2.

18 Mlj 6 MLT

The spectral width recorded by beam 12 is higher only in-
side the convection reversals, whereas the width recorded by
beam 4 is always very small, except at very high-latitudes.
For example, at 77 MLAT and 16:00 MLT, the value of the
width introduced by the finite size of the radar cell is greater
than 200 m/s when recorded by beam 12 and lower than
50 m/s when recorded by beam 4.

0 80 160 240 320 400 m/s
Finally, one can estimate the contribution of the large-

Fig. 8. Beam orientation effect on spectral width enhancement in-scale convection pattern to the spectral width distribution ob-
troduced by inhomogeneous plasma flow in a cell. Top: MLT- served from our database. For each measurement included
plot for beam 4 of the Goose Bay radar. Bottom: MATplot for  in the statistical study, one has computed the contribution
beam 12 of the Goose Bay radar. to the spectral width due to the variations of the plasma

convection velocity in the cell corresponding to the given

radar, given beam direction and range. The distribution over
The distribution function displayed in the lower right-hand \j 1. A is displayed on Fig. 9. Again, the estimated spectral
panel has been computed in the velocity convgctiqn reversalidth is higher (around 200 m/s on average) in regions that
at 74.4 MLAT and 15:02 MLT. The spectral width is much ¢orrespond to convection reversals, and very small (around
higher (270 m/s) and is of the same order of magnitude as thgg m/s) elsewhere. If one compares these results with the
width induced by the turbulence scattering the radar-wave. Inypserved average spectral width (lower left-hand panel of

the left panel of Fig. 7, one can observe that the effect of therjg ), it clearly does not account for the observed spectral
large-scale plasma convection on the spectral width can bgiqth distribution.

of the same order as the inherent width, due to the turbulence
scattering the radar-wave in a region of sharp radial velocity To summarise the geometrical and instrumental effects on
gradient. spectral width induced by the large-scale convection pattern,
The beam direction has a crucial influence on this esti-one can observe that there is no direct evidence of such an
mated spectral width. Figure 8 displays this parameter avereffect on the distribution of spectral width. These geometri-
aged over UT in the MLTA grid for beam 12 (nearly aligned cal effects certainly produce spectral width enhancement for
along L-shell) and beam 4 (along a magnetic meridian) of thespecific convection patterns and at specific times, but they
Goose Bay radar on the left and right panels, respectivelycannot explain the observed distribution in spectral width.
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4 Discussion spectral width behaviour in the midnight sector during a con-
junction with the POLAR satellite. They have found a sharp

The distribution of average spectral width as a function of latitudinal increase of the spectral width collocated with the

MLT- A presents well-defined regions, whose boundaries camoundary between the Central Plasma Sheet (CPS) and the

be related with the footprint of magnetospheric regions. TheBoundary Plasma Sheet (BPS), where the electron precipi-

distribution of data points may depend on radar location,tations become more structured and the intensity of electro-

beam orientation and other phenomena related to propagatatic waves below 100 Hz increased.

tion, absorption, or the presence of field-aligned irregulari-

ties. But when data are obtair]ed,_ the obser_ved spectral Widt_ﬁ.?’ Lower latitudes

seems clearly associated with ionospheric/magnetospheric

coupling phenomena. We will now discuss for each of the o
identified regions the possible coupling mechanism involved! "€ Spectral width is lower (around 150 m/s) equatorwards

with the spectral width signature observed in the HF radar©f this limit. This region may correspond to the footprint of
Doppler spectra. closed field lines, not associated with the outermost regions

of the magnetosphere, and on which the phenomena driving
the spectral width enhancement are different. For example,
higher energy electron fluxes associated with visual auroras

One of the most stringent features in this statistical study is2"€ depositing their energy in the E-region rather than the F-
the region of very high spectral width located betweeh 76 "€9ion and may have less influence on the spectral width.
and 80 of magnetic latitude and centered around 11:00 MLT.

It is also clearly visible with the large enhancement in the4.4 Very high-latitudes

data point distribution for both periods involved in this study.

This fea.tl_Jre is cqllocated with the LLBL/cusp/mantIe. aver- Finally, it was observed that the spectral width decreases
age position as given by Newell and Meng (1992), using they; ery high-latitudes. This region is the footprint of open

DMSP low-altitude spacecraft. Moreover, this quantity is fie|q jines connected directly with the Interplanetary Mag-
very high & 350m/s) in a region that corresponds to the hayic Field (IMF). In general, these field lines are less af-

cusp. Baker et al. (1990, 1995) have found a clear assoCiggcreq hy any kind of energy deposition, from particle pre-
tion of this high spectral width region with the cusp defined cipitation or wave activity.

by low-altitude satellites. This correlation has been used to

evaluate the reconnection rate across this boundary (Baker )

etal., 1997; Pinnock et al., 1999). Aredet al. (1999, 2000b) 4-5 Early moring sector
have explained these large spectral width values by the low-

frequency wave activity (Pcl) recorded on board satellites4.5.1 Radar-wave absorption
(Maynard et al., 1991; Matsuoka et al., 1993; Erlandson and

Anderson, 1996). Electric field variations in the Pcl fre- angther feature that appears clearly in the database is the ab-
quency band are not resolved by radars, but integrated iQgnce of scatter for almost any latitude in the 06:00 MLT sec-
such a way that they introduce several unreal components i, Thjs feature was already mentioned by Ruohoniemi and
the Doppler spectrum due to aliasing (Aadst al., 20002).  Greenwald (1997) in a statistical study of backscatter from
The routine analysis method used cannot discriminate multishe Goose Bay HF radar alone. This lack of data could be

component spectra and leads to the determination of a veryyihyted to radar-wave absorption. Precipitation of very en-

high spectral width. ergetic electrons in this region is causing D-region ionisa-
tion (Foppiano and Bradley, 1985). This enhanced D-region
ionisation is able to cause absorption of the radar-wave, es-
. pecially in the HF band, strongly decreasing the signal-to-
The second feature that can be clearly seen in the spectrglyise ratio of the radar and thus, the number of data points.

width distribution in Fig. 5 is the oval shaped region of high ,yever, when data are available, the Doppler spectral width
spectral width (250 m/s). The lower boundary of this region goams to be well defined and rather high.

reaches its lowest magnetic latitude of 48 the midnight
sector. In Fig. 6, it was shown that it could be associated with ) )
the average position of the poleward boundary of the auro#-2-2 High spectral width

ral oval (Holzworth and Meng, 1975; Feldstein and Starkov,

1967) for moderate activity. In a statistical study, such as thisThe presence of such high spectral width in this MLT sec-
one, this contour cannot be taken as an absolute boundarior is not yet fully understood. The combination of very
but rather as an indication that the region under consideralow ionospheric electron density (end of night during winter-
tion could be linked to the footprint of the magnetic field time), combined with the structured precipitation mentioned
lines originating in the outermost regions of the magneto-above, could induce such an increase in the spectral width.
sphere. In fact, Dudeney et al. (1998) have investigated th&his feature needs to be investigated.

4.1 Cusp identification

4.2 Oval boundary
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5 Conclusion André, R., Pinnock, M., Rodger, A. S., Villain, J.-P., and Hanuise,
C.: On the factors conditioning the Doppler spectral width deter-

In this study we have created a large database of SuperDARN mined from SuperDARN HF radars, Int. J. Geomag. Aeron., 2,
radar echo characteristics (power and spectral width) using 77-86, 2000b.
data from two different periods separated by 2 years. WeBaker, K. B. and Wing, S.: A new magnetic coordinate system for
have found that their characteristics and main features are conjugate studies at high-latitudes, J. Geophys. Res., 94, 9139
very similar, showing the consistency of the radar observa- 9147, 1989.
tions over a long period of time. One has evaluated by simu-B2ke" K. B., Greenwald, R. A., Walker, A. D. M., Bythrow, P. F.,

. e - Zanetti, L. J., Potemra, T. A., Hardy, D. A., Rich, F. J., and Rino,
lation the contribution of the large-scale electric field convec- C L A case studv of ol . )
. . . L y of plasma processes in the dayside cleft, J.
t|0|_”| p.atter.n _to the spectral width dug to expen.mentql charac- Geophys. Res., 91, 3130-3144, 1986.
teristics (finite cell size, radar location and orientation). We gaer, k. B., Greenwald, R. A., Villain, J.-P., and Wing, S.: Spec-
have shown that the radial velocity gradient could contribute  tral characteristics of high frequency (HF) backscatter from high-
to the spectral width, but, on average, the observed distri- |atitude ionospheric irregularities : Preliminary analysis of statis-
bution of spectral width is not affected by these large-scale tical properties, Tech. Rep. RADC-TR-87-204, Rome Air Devel-
effects. The features observed in the MATdistribution of opment Center, Griffis Air Force Base, NY, 1988.
the spectral width, even if they could not be related unam-Baker, K. B., Greenwald, R. A., Ruohoniemi, J. M., Dudeney, J. R.,
biguously to specific regions of the magnetosphere, could Pinnock, M., Newell, P. T., Greenspan, M. E., and Meng, C.-

be shown to be the signature of ionospheric-magnetospheric I.: Simultaneous HF-radar and DMSP observations of the cusp,
coupling phenomena: Geophys. Res. Lett., 17, 1869-1872, 1990.

Baker, K. B., Dudeney, J. R., Greenwald, R. A., Pinnock, M.,
— A region of very h|gh Spectra| width (350 m/s) is collo- Newell, P., Rodger, A. S., Mattin, N., and Meng, C.-l.: HF-radar

cated with the ionospheric cusp/cleft region. signatures of the cusp and low-latitude boundary layer, J. Geo-
phys. Res., 100, 7671-7695, 1995.

— An oval shaped region of high spectral width (250 m/s) Baker, K. B., Rodger, A. S., and Lu, G.: HF-radar observations
near the poleward limit of the Holzworth and Meng au-  of the dayside magnetic merging rate: A Geospace Environment
roral oval. This region could be linked to magnetic field ~Modeling boundary layer campaign study, J. Geophys. Res., 102,

lines originating in the outermost regions of the magne- 9603-9617, 1997. . o _
tosphere. Bibl, K. and Reinish, B. W.: The universal digital ionosonde, Radio

Sci., 13, 519-530, 1978.
— A region of lower spectral width at lower latitude that Bowles, K. L. and Cohen, E.: A study of radio wave scattering from

could be related to closed field lines, associated with sporadic E near the magnetic equator, in lonospheric sporadic
. . E, (Eds) Smith, E. and Matsushita, S., Pergammon Press, New

regions | rin the magn here.

egions located deeper in the magnetosphere York, 1062.

— A region of lower spectral width at very high-latitudes Dudeney, J. R., Rodger, A. S., Freeman, M. P., Pickett, J., Scudder,

that could be related to magnetic field lines connected J-» Sofko, G. J., and Lester, M.: The nightside ionospheric re-

with the Interplanetary Magnetic Field (IMF). sponse to IMF By changes, Geophys. Res. Lett., 25, 2601-2604,

1998.

— A region of reduced radar backscatter in the 06:00 MLT Erlandson, R. E. and Anderson, B. J.: Pcl waves in the ionosphere:
sector is attributed to structured energetic electron pre-_ A statistical study, J. Geophys. Res., 101, 7843-7857, 1996.

cipitation causing radar-wave absorption and enhance(lfejer, B. G. and Kelley, M. C.: lonospheric irregularities, Rev. Geo-
spectral width phys. Space Phys., 18, 401-454, 1980.
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