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Abstract. The SuperDARN HF coherent scatter radars herent radars is limited to the ion acoustic speed (Nielsen
(Greenwald et al., 1995) provide line-of-sight (I-0-s) velocity and Schlegel, 1983, 1985; Kofman and Nielsen, 1990) al-
measurements of ionospheric convection flow over the polathough this speed will increase nonlinearly with plasma drift
regions of the northern and southern hemispheres. A numvelocity (Robinson, 1986). Subsequently, the F-region of the
ber of techniques have been developed in order to obtain 2-onosphere was studied by the Polar Anglo-American Con-
plasma flow vectors from these I-0-s observations. This studyugate Experiment (PACE) at Goose Bay and Halley (Ruo-
entails a comparison of the ionospheric flow vectors de-honiemi et al., 1989). These single radars could only provide
rived using the “map-potential”, and “beam-swinging” tech- the |-o0-s velocity component of the plasma motion, as the in-
nigues with the vectors derived using the “merging” tech- dividual radar fields-of-view do not overlap. For the PACE
nique. The merging technique is assumed to be the most acadars the transverse velocity component was obtained using
curate method of deriving local flow vectors from I-o-s veloc- data from these single radars by a beam-swinging technique
ities. We can conclude that the map-potential model is signif-(Villain et al., 1987; Ruohoniemi et al., 1987; 1989). Yeo-
icantly more successful than the beam-swinging technique atan et al. (1992) assessed the beam-swinging technique as
estimating both the magnitude and the direction of the large-used to study E-region irregularity drift patterns with data
scale ionospheric convection flow vectors. The quality of thefrom the SABRE radars. They found that both curvature and
fit is dependent on time of day, with vectors observed at lowgradient in the flow vectors will cause errors in the velocity
latitudes in the dawn sector agreeing most closely with theestimates, with 30% or more of the beam-swinging derived
merged vector flow pattern. velocities lying outside a cone of half-width 3@round the

Key words. lonosphere (plasma convection; instruments M€"9ed SABRE drift velocities. Freeman et al. (1991) stud-
ed vectors derived from the beam-swinging technique us-

and techniques) — Radio science (instruments and tech! ; . . .
niques) ing a simulation of a 16-beam, single-station radar, compar-

ing the simulation results with the results expected from a
two-beam radar model. They found that although large-scale
flows were in general reproduced well, curvature of the flow
1 Introduction resulted in error in the beam-swung derived vectors, espe-

) . cially if the radius of the curvature of the flow structure had
Coherent scatter radars have provided measurements of I0NQ-¢4le size equal to, or less than, the radar field-of-view.

spheric convection for almost thirty years. Individually, c bout th £ 1 tors derived
such radars make I-o-s (I-0-s) velocity measurements of the oncerns about the accuracy ot flow vectors derived us-

plasma flow in the radar look direction. In the past, three'n9 the beam-swinging technique on data from single-station

VHF coherent radars, the Scandinavian Twin Auroral RadalraOIarS was one of the driving forces_ behind the SuperDARN
Experiment (STARE) (Greenwald et al., 1978), the Swedenra.dars (Greenwald et al., 1995) which have come into oper-
and Britain Radar-auroral Experiment (SABRE) (Nielsen etation over the_last few years. These are HF coherent radars
al., 1983) and the Bistatic Auroral Radar System (BARS).mamI.y observing F-region _sca'Fter. The radars are a_rranggd
(André et al., 1988), have calculated “true” bistatic merged'n pairs such that observation in a common volume is bidi-

vectors by combining I-0-s vectors obtained from different rectional. As W't_h _the VHF radar_s, 2-D fiow ve<_:tors can be
radars with overlapping fields-of-view. However, any mea- resolved unambigiously by merging |-0-s velocity measure-

surement of E-region irregularities made by these VHF co-Ments from two radars at the beam intersections, assuming
that each |-o-s velocity is a component of the plasma velocity

Correspondence td. Provan (gp3@ion.le.ac.uk) vector (Greenwald et al., 1995). Unlike E-region irregulari-
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work of HF radars), to assess the flow vectors derived by both

the beam-swinging technique and the map-potential model,

with the 2-DE x B drift velocities obtained by directly merg-
CO ing velocity measurements from the two radar systems, in or-
: der to quantitatively assess the accuracy of the map-potential
technique and compare it with the beam-swinging method.
Here we use the 1998 map-potential technique; however sev-
eral improvements have been made to the technique since
that time (Shepherd and Ruohoniemi, 2000). A perfect
agreement between the vectors derived by the merging and
map-potential techniques is not expected due to HF noise and
misidentified ground scatter contaminating the I-o-s velocity
data. Such noise can usually be identified in a case study
but not in a large statistical study. There is also a difference
in the applicability of the merge and the map-potential tech-
nigue. The merging technique aims to derive the optimum
local solution. The map-potential technique derives large-
scale solutions, with the data being median filtered before
being “fitted” to a spherical harmonic expansion of the elec-
trostatic potential (see Sect. 2.3). Thus the merging technique
can show sources and sinks in the flow; this behaviour is not
Fig. 1. The fields-of-view of the Northern hemisphere SuperDARN consistent with a potential solution, however.
radars. The CUTLASS radars at Pykkvibaer and Hankasalmi are
shaded red.

2 Data and data analysis techniques

ties, the velocity of the F-region irregularities is not limited 5 1 |nstrumentation
by the sound speed of the plasma, but moves with the con-

vective E x B ambient plasma drift velocity. Thus the 2-D The intention of the present study is to assess the accu-
merged vectors obtgined from the HF radars can serve to Magycy of the beam-swinging technique and the map-potential
the plasma convection. model in estimating 2-D flow vectors of ionospheric irregu-
Merging relies on two or more radars having overlapping larities, these irregularities moving at the convectivex B
fields-of-view and observing backscatter simultaneously atdrift velocity over an extended region of the high-latitude
the same position. A great portion of the fields-of-view of jonosphere. The measured drift velocity vectors are esti-
the radar systems is viewed by one radar only and, evemnated on the basis of bistatic coherent HF radar measure-
where the radar fields-of-view do overlap, it is not uncom- ments provided by the SuperDARN radars at Hankasalmi and
mon for one radar to observe backscatter and not the othePykkvibzer. The phase velocity of irregularity drifts detected
The data, which cannot be used directly to provide mergecht HF, which is measured primarily in the F-region at heights
vectors, can still provide a wealth of information about the of 150-600 km, is dominated by the contribution from the
ionospheric flows. In response to this the “map-potential” |large-scale drifts of the ambient plasma driven, for example,
model (Ruohoniemi and Baker, 1998) was developed, aimby the gradient drift instability (Fejer and Kelley, 1980), and
ing to utilize all available data from the SuperDARN radars should not differ substantially from thE x B drift velocity
to deduce the global convection pattern. As yet, the fields{Villain et al., 1985; Ruohoniemi et al., 1987; Davies et al.,
of-view of the SuperDARN radars do not have global cover-1999, 2000).
age and the operating radars do not observe backscatter at all CUTLASS is a bistatic HF coherent radar, with stations
range gates at all times. To deduce a global convection patin Finland and Iceland, and forms part of the international
tern, the observed I-o-s velocities from all the SuperDARN SuperDARN chain of HF radars (Greenwald et al., 1995).
radars have to be combined with data from a statistical modefhe fields-of-view of the Northern hemisphere SuperDARN
(Ruohoniemi and Greenwald, 1996), to produce “fitted” flow radars are illustrated in Fig. 1. The CUTLASS radars at
vectors and a global convection model that is in best agreepykkvibser and Hankasalmi are shaded red. Each radar of
ment with the observed I-o-s velocities. the system is a frequency agile (8—20 MHz) radar, routinely
The map-potential technique is becoming the standardneasuring the I-o-s Doppler velocity and the spectral width
technique for determining global ionospheric flow; no work and backscattered power of ionospheric plasma irregulari-
assessing its accuracy has yet been published, however. Thites. The radars each form 16 beams of azimuthal separation
paper involves a statistical study using data from the CUT-3.24. Each beam is gated into 75 range bins, each of length
LASS HF bistatic coherent scatter radars at Hankasalmi, Fin45 km in standard operations when the dwell time for each
land and Pykkvibeer, Iceland (part of the SuperDARN net-beam is either 3 or 7 s giving a full 16 beam scan, covering
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52° in azimuth and over 3000 km in range (an area of over gypERDARN PARAMETER PLOT
4 x 108 km?), every 1 or 2min. Common-volume data from
the two stations can be combined to provide convection ve-

locities perpendicular to the magnetic field. This dataset is (@) 6 - 1632 o
supplemented by upstream IMF data from the WIND satel- Lo i
lite (Lepping et al., 1995).

Merged vectors 25 Feb 1998

2.2 Merging

sw) AN00[BA

The northern hemisphere SuperDARN radars are arranged in

: S ¥
: : o BRI Xt ety oY Y
6 radar pairs, each pair allowing simultaneous I-o-s plasma H \+ ﬂ £ ey

drift measurements from two different directions in a com-
mon field-of-view. As each radar sounds along 16 beams, a
16 x 16 grid of overlapping measurements is available from « = , D]

each pair. These measurements can be combined, usinga [ - - S ] e
process called “merging”, to provide a maximum of 256 2-D , . ‘ ]
plasma flow vectors per-radar-pair. Under optimum condi- T Dt S B 11000 ms?
tions, direct mapping of ionospheric convection in the North-

ern hemisphere can be extended to more than 12 h of MLT.Beamswung vectors vectors

In practice, backscatter is not available within all merge cells EREN , - B
and fewer than the maximum 256 vectors per-radar-pair are (b) £1630-1632 1 400
calculated (Hanuise et al., 1993). E R E

2.3 The map-potential model

In an effort to improve the coverage available from the merge
technique the “map-potential’ technique, was developed by L
Ruohoniemi and Baker (1998). The authors argued that, even e
if merged vectors cannot be determined due to poor cover- Lo
age from one of a pair of radar fields-of-view, all the avail- Fo Y Eanb
able |-o-s velocities serve to constrain the possibilities for e . Ground
the large-scale convection velocity. The convection pattern - e S Scatter
that is most consistent with the measurements can be deter- ‘ . : :
mined by a mathematical fitting technique involving all the

ava”a_ble l-0-s da.ta. This is the b,aS'S, for the map'pmem'aIFig. 2. (a)Polar plot of I-o-s velocities detected by the Hankasalmi
technique, described by Ruohoniemi and Baker (1998) a$,ar on 25 February 1998, 16:30 UT. The velocity is colour coded
“a method of filtering, combining and reducing data from yith red (negative) velocities indicating motion away from the radar
the SuperDARN radars which optimizes the fitting of large- and blue/green (positive) velocities indicating motion toward the
scale convection patterns”. This philosophy is similar to theradar. Overlayed are merged vectors calculated using |-o-s veloci-
approach taken in the derivation of some statistical convecties from the Hankasalmi and Pykkvibeer radars for the same period.
tion models (i.e. Ruohoniemi and Greenwald, 1996; Weimer,(b) Polar plot of I-o-s velocities detected by the Hankasalmi radar
1995) and by the assimilative mapping of electrodynamicson 25 February 1998, 16:30 UT (as in Fig. 2a). Overlayed are beam-
(AMIE) procedure (Richmond and Kamide, 1988). swung vectors calculat.ed using l-o-s velocities from the Hankasalmi
Initially the I-o-s velocity data from each radar are filtered "2d2" for the same period.
by performing a “boxcar” filter involving both spatial and
temporal filtering. The smoothed data is then mapped onto
a global grid which is 1 in latitude (approx. 111km pro- keyed to the IMF conditions. The ordeand degree: of the
jected onto the surface of the Earth) and as close as possibRxpansion determine the spatial filtering performed on the
to 111 km in longitude. The gridded data from each radar isvelocity data. In this statistical study we use- m = 4 for
then combined into a single file, using a temporal averaging?!l days. In the map-potential technique, as the order of the
period which can be as short as the scan repetition rate. Théting is increased, the statistical model is sampled at more
combined I-0-s velocity data for a period is then “fitted” to an Points to constrain the additional terms of the expansion but
expansion of the electrostatic potential in spherical harmonidhe weight assigned to each of the samples is reduced in in-
functions (e.g. Jackson, 1962; Ruohoniemi and Baker, 1998verse proportion. In this way the ‘effective’ contribution of
Bristow et al, 1998). the statistical model to the “fitted” solution does not increase
The solution is constrained by folding in information With order (Shepherd and Ruohoniemi, 2000).
from a statistical model (Ruohoniemi and Greenwald, 1996), The map-potential technique outputs a number of different
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types of velocity flow vectors; in this study we are concernedpurely on radar observations and no prior assumptions are
with two of these. “Fitted” vectors are produced which rep- made when deriving them. The statistical database for this
resent the I-o-s velocity vectors which have been “fitted” to study comprises 164 days of data from 1998 when the CUT-
the global convection pattern. “True” vectors are also pro-LASS radars were run in normal mode (operating all 16
duced by combining the transverse component of the “fit-beams with 2 min resolution and 45km range gates) for
ted” velocity vectors with the measured I-o0-s velocity, thus the entire day. We merged the I-o0-s velocity data from
allowing the small-scale variations of the |-o-s velocity to the two radars for all the selected days, resulting in a to-
be recovered. Several quality-of-fit parameters are also obtal of ~ 145000 merged data points, which form the basis
tained from the “fitting” procedure, including the “reduced” for our statistical study. Figure 2 illustrates an example of
chi-squared £2) obtained by dividingy? by the number of  the radar scan, showing Hankasalmi |-o-s velocities obtained
degrees of freedom in the fitting. If the measurements ardrom the 25 February 1998, 16:30 to 16:32 UT. L-o-s veloc-
physical (i.e. can be represented as the gradient of a scaldty is colour coded with negative velocities (red/yellow) rep-
potential) and the measurements are distributed norm@ly, resenting flow away from the radar and positive velocities
gauges the degree to which the distribution of the offsets (i.e(blue/green) representing flows towards the radar. Overlaid
the differences between the “fitted” and measured velocitiespn the |-o0-s velocity are merged velocity vectors obtained by
is consistent with the uncertainties assigned to the measurewnerging data for the Hankasalmi and Pykkvibaer radars from

ments (Ruohoniemi and Baker, 1998). the same period.
o _ Beam-swung vectors were obtained from the I|-o-s veloc-
2.4 The beam-swinging technique ity data observed by the Finland radar using the method out-

lined in Sect. 2.4. Each L-shell in the beam-swinging al-

The I-0-s velocity measured by a single radar beam prowde%orithm was 2 wide and the beam-swinging algorithm was

only one component of the plasma _ﬂOW'_ When measure-only performed if there were three or more data points in
ments from several beams are combined it is possible to es-

timate the ; dicular to the radar b any given L-shell. The error of the velocity magnitude of
imate the Tlow component perpendicuiar to the racar bea very beam-swung vector was calculated for each L-shell.

anq t.hus denvg the“magmtud_e qnd"angle of Fhe pl_asma fIOWFigure 2b shows the beam-swung vectors obtained for the 25
This is the basis of *beam-swinging, a technique first devel- February 1998, 16:30 to 16:32 UT. For the statistical study

oped in the 196_05' The beam-swinging technique u_sed her\%e compared each merged data point with its nearest beam-
attempts to derive a value for the transverse velocity com-

. swung data point.
ponent, Vg, by assuming that the flow along a contour of 9 P

constant L-shell is constant with respect to the L-shell; thus L-0-s velocity data from the Hankasalmi and Pykkvibaer

. ) : . radars were used to obtain 2-D flow vectors using the map-
the I-o0-s velocity varies simply as a cosine of the angle that

the radar look direction makes with the L-shell contour. This E)OteTtlal model described in Sec_t. 2.3. Both f|tte_d and

. . ) L true” 2-D flow vectors were obtained for each 2 min scan
assumption was first described by Ruohoniemi et al. (1989)bf the 164 days of the statistical study. The statistical model
Itis described by Eq. (1), wheféow is the velocity at which Y Y. '

the plasma is flowing at an azimuthal angigy. If the flow which forms part of the map-potential routine, is dependent

is observed by a radar beam located at an afiglg; to the on the prevailing IMF condmons..Data from thg WIND satel-
: o lite was used to measure the daily IMF conditions, the delay
L-shell, the observed I-o-s velocity]_q_g, is given by

time between when the solar wind reaches the satellite and
Wl-0-s = Viiowcos (Bradar— Gfiow) (1) when it impinges on the subsolar magnetopause was calcu-
L-o-s velocities observed by any number of radar beams call1ated using trle. me}hod of Lester et al. (;993)' Figure 3a

epresents the “fitted” vectors calculated using data from the

be used to determine the flow along a particular L-shell. Th ) ) .
obtained vectors are resolved into components parallel anEankasalml radar for 25 February 1998 at 16:30UT, while

perpendicular to the radar look direction over the full field- ig. 3b shows the “true™ vectors for the same period. Again,

of-view of the radar. The derived perpendicular component‘cor the statistical study we compared each merged vector

is then combined with the measured parallel (Iine-of-sight)w'th its nearest vector as calculated by the map-potential
component to produce a corrected vector. This allows théﬂOdel'

small-scale variations of the |-0-s velocity to be recovered af-

ter the smoothing effects of the large-scale L-shell fits. From - .
here, on this process will be referred as “beam-swinging” and4 Results of the statistical comparison

the product as "beam-swung velocities’. 4.1 Comparison between merged and beam-swung vectors

3 The statistical study Initially we compared the flow direction and the flow magni-
tude of the vectors calculated using the beam-swinging tech-
In this study we compare vectors derived by the beam-nique with those calculated using the merging technique for
swinging and map-potential techniques with vectors derivedthe 164 days of the statistical study. Figure 4 presents a
using the merging algorithm. The merged vectors are asscatter plot of the directions of all the flow vectors calcu-
sumed to be the most accurate, as these vectors are baskded using the beam-swinging and the merging techniques.
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Fig. 3. (a)'Fitted” map-potential vectors for 25 February 1998, 16:30 to 16:32 UT. The velocity data are scaled to the length of the reference
arrow and are also colour-coded by magnitude. Solid (dotted) contours are associated with negative (positive) values of the electrostatic
potential, and the contour interval is 6 kV. The vectors are obtained by fitting the I-o-s velocity data and data from a statistical convection
pattern to a low-order expansioh (= 4) of the electrostatic potential in spherical harmonics. The predictions of the statistical convection
model are based on the prevailing IMF conditions, with IMF measurements being made by the WIND spacecraft. A schematic of the IMF
vectors in the GSM — Z plane is shown in the bottom right hand corner. There is a 63 min delay time between detection of the solar wind
by the WIND spacecraft and its impingement on the subsolar magnetogau$€rue” map-potential vectors for 25 February 1998, 16:30

t0 16:32UT

The normalized occurrence distribution of the angles meabe L-shell aligned. The beam-swinging derived velocities
sured by both techniques is also shown. Angles are meatend to cluster at higher angles than the merged velocities,
sured clockwise from geomagnetic north. In all cases tlie 45 as demonstrated by the normalized occurrence distribution
line represents the idealized case where the beam-swingingf data points, which peaks at9and 270 for the merged
technique perfectly reproduces the merged velocity directiorangles, and at 95and 2885 for the beam-swung angles. The
measurements. The velocity direction plot shows two dis-merging algorithm appears to preferentially detect flow in the
tinct clusters of points. One cluster is around®,98ue to  dusk convection cell, with almost twice as many data points
eastward flow measured by the radar in the dawn convecbeing detected at the dusk sector peak (10642 data points)
tion cell; the other cluster is around 27@lue to westward compared to the dawn sector peak (5212 data points). The
flow in the dusk convection cell. This clustering is due to beam-swung algorithm also detects almost 40% more data
the beam-swinging technique assuming the plasma flow tgoints in the dusk sector peak (9755 data points) compared
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Table 1. A comparison of velocity direction calculated using the beam-swung and map-potential techniques with the velocity direction of
merged vectors

Velocity direction % within 48 cone

of merged angles
All beam-swung angles 48
Beam-swung angles with rms errar150 m/s 61
All fitted map-potential angles 65
Fitted map-potential angles with? < 1.5 64
All true map-potential angles 66
Beam-swung vectors observed at dusk betweé&re®8 70 magnetic lat. 75
True map-potential observed at midday betweehdtd 70 magnetic lat. 84

Comparison between merged and Comparison between merged and

beam_swung angles beam_swung velocities

Total number of data points 143401.
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Fig. 5. Comparison between merged and beam-swung velocity
magnitudes. The normalized occurrence distribution of data points
0 - 11 is colour coded with red indication region of most data points and
0 90 180 270 360 blue indication region of fewest data points.
Merge angle Normalised
occurrence

Fig. 4. Comparison between merged and beam-swung velocity di-(compared to the best-fit velocity measured at that L-shell),

rections. Also shown are the normalized occurrence distributions othen 61% of the beam-swung derived velocity estimates lie

the angles. inside a cone of 45half-width around the merged velocity
estimate.

Figure 5 presents a comparison of the magnitude of the
to the dawn sector peak (7047 data points). In general, thélow vectors calculated using the merged and beam-swung
two clusters of points show a greater range in the velocitytechniques. The occurrence of velocity magnitude is colour
direction determined by the merging algorithm than by thecoded with red representing the region of greatest occurrence
beam-swinging technique, especially in the flow measuredand blue representing the region of least occurrence. Again
in the dawn convection cell. the 45 line represents the idealized case where the beam-

Table 1 summarises the results of the statistical compariswinging technique perfectly reproduces the merged velocity
son between vector direction calculated by the various techestimates. The velocities estimated by both techniques are
niques in this study. 48% of beam-swung derived veloc-mainly between 50 and 300 m/s and are centred on the 45
ity directions lie inside a cone of 4%half-width around the  line.
merged velocity estimates. When beam-swung data points Table 2 summarises the statistical comparison between
which have been filtered, so that only the data points whichvector magnitudes calculated by the various techniques em-
have an rms error in their velocity magnitude of 15 m/s or lessployed in this study. 31% of the velocity vectors estimated by
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Table 2. A comparison of the magnitude of beam-swung and map-potential vectors with magnitude of merged vectors

% of vectors with % of vectors with
Velocity magnitude magnitude within magnitude within
25% of merged vector  50% of merged vectors
All beam-swung vectors 31 54
All fitted map-potential vectors 41 66
All true map-potential vectors 49 73

True map-potential vectors
observed at midday between%5
and 70 magnetic latitude 50 74

Table 3. Percentage of beam-swung vectors which are within a cone®cdrtiind the merged angles, as a function of magnetic local time
and magnetic latitude

Mag. 03:00-09:00 09:00-15:00 15:00-21:00 21:00-03:00

Latitude MLT MLT MLT MLT
60°-65° No data No data No data No data
65°-70° 69 67 75 59
70075 52 53 55 48
75°-80° 33 37 32 35
80°-85° 21 32 28 29
85°-9(r No data No data No data No data

the beam-swinging algorithm have a magnitude that is within
25% or 50 m/s (whichever is larger) of the magnitude esti-
mated by the merging algorithm.

Comparison between merged and beam-swung
velocity direction as afunction of latitude and local time.

1.0
A study was performed to see whether the quality of 09-15MLT I

the fit of the data was dependent upon time of day or the
latitude at which the |-o-s vectors were observed. The
data has been divided into four different time intervals,
night (21:00-03:00 MLT), dawn (03:00-09:00 MLT), mid-
day (09:00-15:00 MLT) and dusk (15:00-21:00 MLT) with
six different latitude bins from 60to 9C°. Table 3 presents
the percentage of beam-swung vectors which are within a
cone of 48 around the merged angles as a function of lo-
cal time and magnetic latitude. These results are also de-
picted in Fig. 6. The colour bar is normalized, with red rep-
resenting the region where there is the highest percentage of
map-potential vectors within the same flow quadrant as the
merged vectors and blue representing the region of lowest
percentage of merged vectors within the same flow quad-
rant as the merged vectors. The results show that the beam-

swinging technique is most successful at predicting flow an-Fig' 6. Comparison between merged and beam-swung velocity di-

gles in the dusk and dawn sectors at low latitudes. Over'rections, as a function of magnetic latitude and magnetic local time.

all, we found that the beam-swinging technique was mMostrq giagram is colour coded with red indicating the region where
successful at predicting the angle of plasma flow at low lat-there is the highest percentage of beam-swung vectors within the
itude in the dusk sector, with 75% of the vectors being in same flow quadrant as the merged vectors, and blue representing
the correct flow quadrant as compared with 48% of the datahe region where there is the lowest.

points when using all the available data (Table 1). The beam-

swinging technigue was least successful at estimating the

correct flow quadrant at high latitude in the dawn sector; here

only 21% of the angles were in the correct flow quadrant.
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Table 4. Percentage of true map-potential vectors which are within a cone°cbind the merged angles, as a function of magnetic local
time and magnetic latitude

Mag. 03:00-09:00 09:00-15:00 15:00-21:00 21:00-03:00

Latitude MLT MLT MLT MLT
60°-65° No data No data No data No data
65°-70° 80 84 83 70
70°-75 69 78 76 65
75°-80° 51 60 53 56
80°-85 30 30 27 25
85°-90 No data No data No data No data

Comparison between merged and the merged and beam-swung angles, there are two main clus-
r

ue map potential angles ters of points, one situated around°9@he other around
. 27C. However, now there seems to be a general clustering
Total number of data points 143401. of points around the 45line for all angles, although there

appears to be an offset of about 2getween the velocity di-

§§ rections estimated by the map-potential and the merge tech-
T2 nigues. The peak in the occurrence of data points in the dusk
§§ sector (14 871 data points) is more than twice as large as the
23%0 o peak in the occurrence of data points in the dawn sector (6135
data points).
We studied the cumulative percentage of map-potential de-
o 270 rived velocity estimates within a given angular difference to
= the merged velocities. We found that 65% of the angles de-
® rived using the “fitted” map-potential model lay inside & 45
-% 180 cone around the merged velocity estimates; for the “true”
Qo vectors this value was 66% (Table 1). So there was no signifi-
< cant difference in the ability of the “fitted” and “true” vectors
53 to correctly predict the correct flow quadrant. However, these
= 90 7 values were a significant improvement on the beam-swinging
technique, where only 48% of the un-filtered velocity esti-
g 1 mates and 61% of the filtered velocity estimates were in the
0 Pl e L correct flow quadrant.
0 90 180 270 360

Merge angle Normalised Each scan of da_ta _for th_e map-potentlal model hag a
occurrence value associated with it, which is a measurement of the good-
ness of the fit. We filtered the “fitted” map-potential angles

Fig. 7. Comparison between merged and “true” map-potential ve-Only including data which had an associapﬁdvalue.of 15
locity directions. Also shown are the normalized occurrence distri-Or less. When comparing the filtered map-potential angles,
butions of the angles. with the merged velocity direction, only 64% of the filtered

map-potential angles lay within a cone of°4balf-widths
around the merged angles (Table 1). It would appear that
4.2 Comparison between merged and map-potential vecthe x2 value for each scan of the map-potential model is not
tors significant when determining the algorithm’s ability to accu-
rately predict the correct flow quadrant.

Having compared the merging technique with the beam- Figure 8 presents a comparison of the magnitude of the
swinging technique, we proceed to compare the mergindglow vectors calculated using the merged and “true” map-
technique with the map-potential model. Figure 7 presentpotential techniques. The occurrence of velocity magnitude
the scatter plot of the directions of the merged flow vectorsis colour coded with red representing the region of great-
with the “true” flow vectors, the normalized occurrence dis- est occurrence and blue representing the region of least oc-
tributions of the angles measured by both techniques are alsocurrence. The velocities estimated by both techniques are
shown. As before, angles are measured clockwise from geomainly between 50 and 300 m/s and are centred on the 45
magnetic north and the 4%ine represents the idealized case line, indicating a good fit between the velocity magnitudes
where the map-potential technique perfectly reproduces thestimated by the two techniques. However, the velocity mag-
merged velocity estimates. As with the comparison betweemitudes estimated by the map-potential model are slightly
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Comparison between merged and Comparison between merged and true map-potential
map_potential velocities velocity direction as afunction of latitude and local time.
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Fig. 8. Comparison between merged and “true” map-potential ve- 21-03 MLT

locity magnitude. The normalized occurrence distribution of data
points is colour coded with red indicating regions of most data

. L . . Fig. 9. Comparison between merged and “true” map-potential ve-
points and blue indicating region of fewest data points. g P 9 P-p

locity directions, as a function of magnetic latitude and magnetic

local time. The diagram is colour coded with red indicating the re-

. . . gion where there is the highest percentage of beam-swung vectors

smaller than those estimated by the merging algorithm. within the same flow quadrant as the merged vectors, and blue rep-
A comparison was performed between the merged and th@ssenting the region where there is the lowest.

“fitted” and “true” map-potential velocity estimates, study-

ing the cumulative percentage occurrence in the percentage

difference in the velocity magnitudes estimated by the mergy, the correct flow quadrant, as compared with 66% of the
ing algorithm as compared with the velocity magnitudes es-ya¢4 points when using all the available data (Table 1). 50%
timated by the map-potential model. 41% of the flow vec- ot the “rye” map-potential velocities estimated at this time
tors estimated by the map-potential model and the merging,nq |atitude had a magnitude within 25% or 50 m/s of the
algorithm have magnitudes that are within 25% or 50 M/Smerged velocity magnitudes (Table 2). The technique was
(whichever is larger) of each other (Table 2), as comparedeast successful at predicting the correct flow angle at high
with 49% of the “true” velocity vectors. latitudes in the night sector; here only 25% of the vectors
Finally, a study was performed to see whether the qualyyere in the correct flow quadrant.
ity of the fit of the data was dependent upon time of day or
the latitude at which the |-o-s vectors were observed. Ta-
ble 4 presents the percentage of map-potential vectors which
are within a cone of 45around the merged angles, calcu- 5 Discussion
lated separately for six longitude bins in four time separate
time intervals, dawn (03:00-09:00 MLT), midday (09:00- In this study we have used l-o-s velociy data from the Fin-
15:00 MLT), dusk (15:00-21:00 MLT) and night (21:00- land (Hankasalmi) and Iceland East (Pykkvibaer) bistatic co-
03:00 MLT). There were no vectors to compare betweeh 60 herent scatter radars, part of the SuperDARN network of
and 65 so the latitude runs from 630 9C°. The results pre- HF radars, to assess the flow vectors derived by the beam-
sented in Table 4 are also depicted in Fig. 9. The colourswinging technique and the map-potential model, with the
bar is normalized, with red representing the region where2-D E x B drift velocities obtained by directly merging ve-
there is highest percentage of map-potential vectors withirlocity measurements from the two radar systems. The statis-
the same flow quadrant as the merged vectors, and blue repical study was performed on 164 days of normal resolution
resenting the region of lowest percentage of merged vector§2 min) data from the two radars. The merged velocity vec-
within the same flow quadrant as the merged vectors. Theors were calculated using I-o-s velocity vectors from both
results show that the map-potential model is most successfuiadars, a total of- 145000 merged vectors were obtained
at predicting flow angles in the dusk and day sectors at lowfrom the 164 days. These were compared with flow vectors
latitudes. Overall, we found that the map-potential techniquecalculated using the beam-swinging technique for the Fin-
was most successful at predicting the angle of plasma flow atand (Hankasalmi) radar only, and vectors obtained using the
low latitude in the day sector, with 84% of the vectors being map-potential model with I-0-s data from the two radars.
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Figures 4 and 7 present scatter plots of the direction of thequadrant is still less than those of the “true” map-potential
merged flow vectors with the beam-swung vectors and thevectors. When comparing the map-potential velocity esti-
“true” map-potential flow vectors, respectively. Both tech- mates, we removed all the data points which hagg? greater
niques result in two main clusters of points, one situated athan 1.5 associated with them. However, there was no signif-
90, due to eastward flow measured by the radar in the dawricant difference in the ability of the vectors to predict the cor-
convection cell, the other cluster is around 2/ue to west-  rect flow quadrant, suggesting that tja,é parameter is not a
ward flow in the dusk convection cell. However, when com- particularly accurate quality-of-fit parameter but, rather, that
paring the merged and the “true” map-potential vectors thereghe accuracy of the assumptions underlying the technique de-
is also a general clustering of points around thé H5e, termines the fit quality.
not present for the beam-swung vectors. This shows that Figures 5 and 8 present comparisons of the magnitude of
the map-potential algorithm is capable of accurately deterthe flow vectors calculated using the merged/beam-swung
mining non L-shell aligned convection flow which is poorly and the merged/map-potential techniques, respectively. The
estimated by the beam-swinging technique as it makes invelocities estimated by all three techniques are mainly be-
correct assumptions about the flow patterns in these regiongween 50 and 300 m/s. The velocity magnitudes estimated by
This demonstrates that the map-potential technique, with itshe beam-swinging algorithm appear to be of the same mag-
incorporated statistical model, makes much more realistimitude as the velocity magnitudes estimated by the merging
assumptions about the flow pattern than the simple beamalgorithm. Figure 8 would suggest that “true” velocities es-
swinging technique. timated by the map-potential model are slightly smaller than

The flow angles estimated by both the beam-swinging andhose estimated by the merging algorithm. This may be due
the map-potential techniques are offset by abotttd@hose  to the spatial and temporal filtering performed on the map-
calculated by the merging technique, representing an averpotential vectors.
age southward tilt of the map-potential and beam-swung de- Table 2 presents a comparison of the magnitude of the
rived velocities as compared with the merged velocities in thebeam-swung and “true” map-potential vectors with the mag-
dawn sector and, conversely, an average northward tilt in thenitude of the merged vectors. 31% of the beam-swung vec-
dusk convection cell. At present we can offer no explanationtors had a magnitude that was within 25% of the merged
for this offset. All three algorithms appear to preferentially velocity magnitude as compared with 41% of the “fitted”
detect flow in the dusk convection cell. However, whereasand 49% of the “true” map-potential flow vectors. So “true”
the map-potential model observed approximately 140% moranap-potential flow vectors are significantly more successful
data points in the dusk sector than the dawn sector, this waat predicting the magnitude of the plasma flow than the “fit-
reduced to 100% for the merging algorithm and to only 40%ted” map-potential vectors or the beam-swung vectors.
for the beam-swinging algorithm. The map-potential model appears to be more successful at

We compared the cumulative percentage of the velocity di-predicting both the flow angle and the magnitude of iono-
rections derived by the beam-swinging and the map-potentiaspheric convection flow than the beam-swinging technique.
techniques within a given angular difference to the mergedThe quality of the fit of the data is also dependent upon time
velocity direction (see Table 1). 48% of the data points cal-of day and the latitude at which the I-o-s vectors were ob-
culated by the beam-swinging technique were in the correcserved. We compared the percentage of “true” map-potential
flow quadrant, as compared to 65% of the data calculatedrelocity vectors and beam-swung vectors which are within
by the “fitted” map-potential model and 66% of the data a cone of 45 half-width around the merged angles for dif-
points calculated by the “true” map-potential method. So al-ferent magnetic local times and magnetic latitudes (Tables 3
though there was no significant difference in the ability of and 4, Figs. 6 and 9). The results show that both the map-
the “true” and “fitted” map-potential vectors to correctly pre- potential model and the beam-swinging technique are most
dict the correct flow quadrant, the map-potential model re-successful at predicting flow angles at low latitudes. This
sulted in a significant improvement in accurately predictingis probably because ionospheric flow is more ordered at low
the flow angle of ionospheric vectors as compared with thelatitudes than at high latitudes. However, although for the
beam-swinging technique. map-potential model the quality of the fit of data did not vary

We have attempted to utilise several quality flags in or-greatly between the dawn, midday and dusk sectors, the qual-
der to remove less accurate data but without success. Wheity of the fit of the beam-swung vectors was more dependent
comparing the flow direction of the vectors calculated by theon time of day, predicting the direction of ionospheric flows
merged and beam-swung methods, we discarded all beammost accurately at low latitudes in the dawn and dusk sec-
swung velocities with a rms error of more than 150 m/s. Oftors. At these times the radars are observing L-shell aligned
the remaining vectors, 61% of the data points accurately preflow which is much more ordered than flow observed at mid-
dicted the correct flow quadrant as compared to 48% of theday or midnight. The results show that the map-potential
data points when all the flow vectors where included. So, fil-model is less dependent than the beam-swinging technique
tering the data using the rms error, results in a 13% improve-on flows being zonal in order to function well, which is
ment in the ability of the data to correctly predict the flow to be expected considering that the map-potential technique
angle of the ionospheric flow. However the proportion of uses a statistical model to make more realistic assumptions
filtered beam-swung vectors that are within the correct flowabout the plasma flow than the simple assumptions made by
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the beam-swinging technique. Both the map-potential andf less than 50 m/s was required. A third set of tightly con-
the beam-swinging techniques perform poorly in the nightstrained fits were calculated which included the extra con-
sector, showing that the unstructured flow observed at suclstraint than no I-o-s velocity anywhere in the field-of-view
high latitude is difficult to reproduce by any technique which of either of the SABRE radars exceeded 500 m/s. The study
makes assumptions about the direction of plasma flow; naoncentrated on the direction of the velocity vectors, as ve-
matter whether these assumptions involve predicting the flowocity magnitude of both the merged and the beam-swung
to be zonal or are based on using a statistical model when desectors were constrained due to sound speed limiting. 74%
termining the plasma flow pattern. of the “loosely constrained” beam-swung angles lie inside a

In this paper we have used the 1998 version of the map€one of 43 half-width around the SABRE merged velocities
potential technique. Over the past few years several changesith 82% of the tightly constrained I-o-s velocities and 84%
have been made to the map-potential technique, as described the filtered |-o-s velocity lying within a cone of 4%half-
in Shepherd and Ruohoniemi (2000). We have comparedvidth. This compares with 48% of the SuperDARN beam-
vectors derived by the map-potential and merging tech-swung vectors and 84% of the “fitted” map-potential vec-
nigues. These two techniques are very different and perfectors observed in the dawn sector withirf@hd 70 latitude.
agreement between the vectors derived by them is not exThus the SABRE filtered beam-swung vectors are as effec-
pected due to HF noise and misidentified ground scatter contive at mapping the direction of ionospheric flow as the “true”
taminating the I-o-s velocity data. The merging techniquemap-potential vectors at low latitudes in the dawn sector. We
aims to derive the best local solution while the map-potentialbelieve that SuperDARN beam-swung vectors are less suc-
technigue derives global solutions. Thus the merging tech€essful at mapping the direction of ionospheric flow than the
nigue can show sources and sinks in the flow; however thiSSABRE vectors because SABRE was a VHF radar observing
behaviour is not consistent with a potential solution. Finally, mainly low-latitude return flow in the E-region, while Su-
in this paper, the merging technique is assumed to be the mogterDARN is a HF radar observing at higher latitudes where
accurate method of deriving flow vectors from I-o0-s veloci- HF radar suffers from problems of HF noise and misidenti-
ties as the technique does not depend on a statistical modéikd ground scatter. Also beam-swinging assumes a homoge-
or make any assumptions about the direction of the plasmaeous flow along the L-shells; as SABRE has a much smaller
flow. However, the merging technique is still subject to the field-of-view than the SuperDARN radars there will be less
possible measurement errors outlined above and there is als@riation in the flow across it.
the possibility of error if the angle separating the two merged
I-0-s velocity measurements is small.

The map-potential vectors were only obtained using l-o-s& Summary
flow vectors from one of the Northern hemisphere Super-

DARN rad irs. | lity th del is best i . . "
radar pairs. In reatty the modet 1S best fun using map-potential (1998 version), L-shell “fitting” and beam-

all the available I-o-s velocities from all six pairs of North- A . L . .
ern hemisphere SuperDARN radars with the model being rurpN9ING techniques when predicting the ionospheric flow

on a case-by-case basis where parameters such as the Ord&gtors using I-0-s velocity data from the SuperDARN HF

of fit and low-latitude boundary can be adjusted for the in- radars. For the first time, quantitative information has been
dividual measurements. We would assume that, if the mappro_vide_d about t_he validity .Of the map-potenti_al te_chnique,
potential model used more I-0-s velocities when calculating\t’.vhICh bls t:eclor;ﬂrlwg the mt{:un so\l/JVrce of real-tllm(;a |rt\;‘]ortmtf]1-
the convection flow vectors, the resulting vectors would be lon about giobal convection. € can conciude that the
even more accurate. However, the authors are aware that th ap—potgntlgl model IS 3|gn|f|canFIy more successful thap the
study is only using the map-potential model in regions where eam-swinging technique at estimating both the magnitude

predicted flow vectors are most dependent on observed I-o- nd the direction of the convection flow vectors, even when

velocity as these are the regions where it is possible to obtaiﬁ € beam-swung vectors are filtered using an rms error anal-

merged flow vectors. Had we been able to perform a similarSiS: The quality of the fit is dependent on location and time

study of the map-potential vectors obtained further from theOf day, with the *fitted” and *true” map-potential vectors pre-

radar fields-of-view (and thus more dependent on the Statis_gjlctlng the direction of the flow most successfully at low lat-

tical model) the results might have been different itudes in the day sector. There is no significant difference

Yeoman et al. (1992) assessed the beam-swinging tecH-n the ability of the “true” or “fitted” map-potential vectors

nique as used to study E-region irregularity drift patterns with t(t) re”c reate th? d;_relcuont of convecttlvet;Iow vect.ct: rij bUtf tt?]e
data from the SABRE radars. The L-shell “fitted” veloci- - oc Map-potential vector re-creates the magnitude ot tne

ties were calculated under two different sets of constraints: a\lc;g(r:llloergtlve flow vectors more successfully than the *fitted
“loosely constrained” fit, where the radar data were required :
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