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Abstract. Global convection mapping using line-of-sight et al., 1999; Neudegg et al., 2000) of the ionospheric convec-
Doppler velocity data from the Super Dual Auroral Radar tion pattern.

Network (SuperDARN) is now an accepted method ofimag- SuperDARN is a network of coherent scatter HF radars
ing high-latitude ionospheric convection. This mapping pro- (Greenwald et al., 1995) which measure backscatter from
cess requires that the flow measured by the radars is deield-aligned decametre scale ionospheric irregularities. The
fined solely by the convection electric field. This is generally radars transmit HF signals which are refracted toward the
only true of radar backscatter from the ionospheric F-regionhorizontal as they enter ionospheric regions with higher elec-
We investigate the extent to which the E-region and groundron concentrations. If these regions contain irregularities,
backscatter in the SuperDARN data set may be misidentithen the radar signals are backscattered when the HF sig-
fied as F-region backscatter, and assess the contamination gl wave vector is perpendicular to the magnetic field (i.e.
global convection maps which results from the addition of perpendicular to the irregularities). In the high-latitude iono-
this non-F-region backscatter. We present examples whicBphere, these irregularities are often present (Tsunoda, 1988).
highlight the importance of identifying this contamination, At F-region altitudes, they move with the background plasma
especially with regard to the mesoscale structure in the congrift (Villain et al., 1985; Ruohoniemi et al., 1987; Eglitis
vection maps. et al., 1998; Davies et al., 1999) and thus provide informa-

Key words. lonosphere (plasma convection) — Radio sci- tion about large-scale convection and related processes in the

ence (radio wave propagation; instruments and techniques)r@dar field of view. The SuperDARN radars are, therefore,
a very good diagnostic tool for studies of magnetosphere-

ionosphere coupling.

Each SuperDARN radar consists of a main array of 16
log-periodic antennae, which both transmit and receive HF
signals, and which provide echo location in the horizontal

Measurements of plasma convection in the high-latitude | M  the rad | | interf i
ionosphere provide an insight into processes which affecf'@n€. Many ol In€ radars aiso employ an Interierometer ar-

the dynamics of the large-scale magnetospheric convectio a); of 4 antthennaet_wnlh reclelvef capabllllt%/t?]nly, ';‘ ordethho
electric field (e.g. dayside and nightside reconnection, an etermine the vertical angie of arrival of the echoes. €
viscous processes on the magnetopause). Hence, studyi dars transmit signals at a fixed frequency in the range of

high-latitude convection is an important way of probing the —20MHz, and from the return signals an estimate of the

nature of the solar wind magnetosphere-ionosphere interac\farlatlon in backscatter power, line-of-sight Doppler veloc-

tion. Global convection mapping using data from the Super!ty (Vios), and speciral widthAv) in the radar field of view

Dual Auroral Radar Network (SuperDARN), as pioneered by:cS dg”;’?fj (ST\;T €.g. fo;]kerSEt al'blAsgS ordBartr;]es etal, |1998
Ruohoniemi and Baker (1998), is fast becoming a signifi- or ef.a||ds). ¢ any o h'eh ulper f fra t;lrs etlye ?yera?—
cant tool for imaging high-latitude ionospheric convection. ping Tields of view, which aiso aflow for the estimation o

This method has been used to study the large-scale global nél_namt_)iguous field-perpenqiculafl(mri_zpntal) veloci.ty vee
ture of convection (Amm et al., 1999: Shepherd et al., 1999_tors (via the “merge” technique) (Cerisier and Senior, 1994).

Shepherd and Ruohoniemi, 2000), and it is increasingly be_However, although the SuperDARN radars typically have

ing used to study local, mesoscale variations (Yeoman et aI.gOOd backscatter rates, the extent of overlapping backscatter
i is often limited. To fully utilise all the available data, other

2000; Huang et al., 2000), and transient features (Greenwalhs . : . )
techniques are often employed to image ionospheric convec-

Correspondence tds. Chisham (G.Chisham@bas.ac.uk) tion on a large scale. One such technique is SuperDARN

1 Introduction
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Fig. 1. Schematic diagram representing the typical propagation modes of SuperDARN HF radar signals backscattéegd-fregion
irregularities,(b) E-region iregularities, an¢t) the ground.

global convection mapping. on the combined gridded velocity data and the best fit deter-
SuperDARN global convection maps are produced by fit-mined by a least-squares method. The fitting is dependent on
ting line-of-sight velocity data from the SuperDARN radars two user-selected parameters; (1) the order of the spherical
to an expansion of an electrostatic potential function ex-harmonic fit, and (2) the spatial extent over which the fit is
pressed in terms of spherical harmonics. The mapping techperformed (i.e. the latitudinal and local time extent of the
nique consists of two distinct stages: (1) the gridding of theconvection zone). Mesoscale {0 km) features of the con-
line-of-sight velocity data, and (2) the least-squares fittingvection are reproduced better by higher order fits and thus the
of the gridded data. The gridding process represents preprd,mcertainty of the fit is reduced. However, high order fits are
cessing of the data into a form that is more conducive to thgmore computationally intensive. Changing the spatial extent
fitting. First, line-of-sight velocity data flagged by the raw of the fit can change the global nature of the solution, but
data processing as ground backscatter (i.e. non-ionospheri@rely has a significant effect on mesoscale variations. The
echoes, typically those for which both,s| < 30m/s and  solution provides an estimate of the convection electric field
Av < 35m/s) are removed. The remaining line-of-sight across the polar regions of the ionosphere and can be used to
velocity data are spatially and temporally median filtered tostudy its large-scale characteristics (e.g. the cross-polar cap
remove noise from the data set and increase the statisticglotential Shepherd and Ruohoniemi, 2000) or its mesoscale
reliability of the data. These data are then mapped onto afieatures (e.g. flow vortices, convection reversal boundaries).
equal area geomagnetic coordinate grid (see Ruohoniemi an@mall-scale £10° km) features are typically blurred by the
Baker, 1998 for full details). The gridded velocity data are spatial and temporal averaging process and hence, this tech-
assigned a weighting that depends on the velocity uncertaintpique is generally not suitable for small-scale studies.
within the grid cell; a grid cell with a high velocity uncer-  Global convection mapping is proving an important tech-
tainty will be given a low weighting. The gridded velocity nique for imaging high-latitude ionospheric convection.
data from all the available SuperDARN radars in the re|evantHowever, as with all convection studies, problems can arise
hemisphere are then combined. In order to constrain the san the mapping process since not all of the backscatter mea-
lution effectively in the regions where little or no data are sured by the SuperDARN radars arises from F-region irregu-
available, the data are augmented by velocity vectors fromarities moving under the influence of the convection electric
a statistical model (typically that of Ruohoniemi and Green-field. The HF radar signals can be backscattered from ir-
wald, 1996). The choice of statistical model is usually basedregularities in the ionospheric E-region or from the ground
on the prevailing IMF conditions and generally has little in- (after reflection by the ionosphere), and it is not always a
fluence on the solution in the regions where good data existrivial task to determine the exact source of the backscat-
(Shepherd and Ruohoniemi, 2000). ter. The SuperDARN data set can also, on occasion, contain
In the next stage of the analysis, the fitting is performedsignificant noise or interference. The characteristics and lo-
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cation of SuperDARN backscatter are dependent on many Figure 1c describes the propagation modes where the
factors, including the seasonal and diurnal changes in théransmitted signal backscatters from the ground due to the
E- and F-region electron concentrations, and the signal freroughness of the Earth or ocean surface. The two modes
quencies employed (Villain et al., 1984; Milan et al., 1997b; shown represent 1 hop propagation paths, the first refract-
Ruohoniemi and Greenwald, 1997). Figure 1 presents ang in the E-region, the second in the F-region. Ground
schematic diagram illustrating some of the typical propaga-backscatter is often easily identified in the radar data sets
tion modes which result in HF backscatter. Figure la de-since it typically has a near-zero velocity and a low spec-
scribes the propagation modes where the signal backscatral width. The SuperDARN raw data processing flags all
ters from irregularities in the ionospheric F-region. The two data points suspected of being ground backscatter (those for
modes shown represe%ﬂhop and % hop propagation paths. which |V,,s] < 30m/s andAv < 35m/s) so that they can
Further multiple hop modes §2hop, % hop, etc.) are possi- be easily removed in convection studies. However, prob-
ble but contribute little to most data sets due to increasing siglems can arise when the measured backscattered signal rep-
nal attenuation over longer propagation paths. For F-regiorfésents a combination of several sources, e.g. a mixture of
backscatter the measured line-of-sight velocity relates excluground and ionospheric backscatter from different propaga-

sively to theE x B drift of the ionospheric plasma under the tion modes. The SuperDARN raw data processing assumes
influence of the convection electric field. that the backscattered signal consists of a single source and

Fi 1bd ibes th i d here the si hence, multiple sources can lead to erroneous values of ve-
| |gun|e( ttescrlf es the prCJng%a lon n;r? esw er: e E'qbcity and spectral width. Barthes et al. (1998) discuss this
nal backscatlers trom irreguiarities in the ijonospheric “possibility in detail and have shown that a combination of

region. T_he two mod_es_ shown represé_rfhop and % hop ground backscatter (withv,; ~ 0 and lowAwv) and iono-
propagation paths, similar to the F-region examples; hence

. $pheric backscatt ith hi d highA b
E-region backscatter can be observed at both near and f eric backscatter (wi Ighi, and high Av) can be

: isidentified as ionospheric backscatter with low velocity
ranges. The bulk of the E-region backscatter can be clas(N0 m/s) but high spectral width. These data would not be
sified into two types (I and Il), which relate to the instabil-

; . : . S -, _identified as ground backscatter by the raw data processing
ity mechanism responsible for the ionospheric irregularities

. ; ) and hence, represent a possible source of contamination in
from which the signal has scattered (Fejer and Kelley, 1980; b P

DARN global ti .
Haldoupis, 1989). In the F-region, both the ion and elec—SUper global convection maps

tron distributi der the infl fih " It is important in convection studies to identify what mea-
ron distributions move under the influence orthe conveclion . yants describe the motion of plasma moving exclusively
electric field. However, the higher ion-neutral collision fre-

i the E . that the i irai {L‘Lnder the influence of the convection electric field and assess
guency in the t-region means that Ihe 10ns are constraineg, , impact of those measurements which do not (e.g. noise,

to the neut_ral flow speed. The _result_mg differential flow be- interference, and the ground and type | E-region backscatter
tween the ions and electrons gives rise to the two-stream (o

: . biscussed above). Discriminating between the sources of re-
Fa(ley—Bunemgn) instability (F"?‘“ey’ 1963; Buneman, 1963)'gions of backscatter can be a difficult process. Interferomet-
which results in the observation of type | Doppler spec-

) : ric measurements allow for the determination of the eleva-
tra in the backscattered signal. Type | spectra are chara

terised by a | iral width and 2 Dopol locity whi hct"lon angle of arrival of the backscattered signal (Milan et al.,
terised by a low spectralwidih and a Loppler velocity whic 1997a; Ande et al., 1998). Measurements of the elevation
is constrained to be near the local ion-acoustic spégd,

(Cs ~350-400 m/s at 110km altitude). The Doppler veloc angle allow for the estimation of the altitude of the scattering
5 ~390- . -

) ; . _Irregularities and can help to distinguish between ground, E-
ity of this type | backscatter underestimates the plasma drlftand F-region backscatter. However, interpretation of eleva-
velocity (Nielsen and Schlegel, 1983) and hence, can intro '

d . . " tudies. Tvpe Il Dopol tion angle information requires caution: (1) Elevation angle
i uce maccu:al;:y 'E cor:;/ecf lon SEU \es. Type | O_F_p er Spe;C'measurements can often be highly ambiguous due to the mul-
ra represent backscaller from E-region rregulanties createg, o of gitferent radio wave propagation modes which can

by the gradient-drift instability (Ossakow and Chaturvedi,

1679 dth t id : timate of th exist under different ionospheric conditions; (2) Without ac-
.) an ese Spectra provide a frue estimate of the Corg, o1e ionospheric models, the elevation angle information
vection flow speed.

can only be used assuming direct (line-of-sight) ray paths.
The ranges at whic% hop E- and F-region backscatter The ray tracing work of Villain et al. (1984) showed that,

can be received are conditioned by the vertical radiation patin reality, a variety of propagation modes are possible for a
tern of the transmitting antennae. This pattern has a peak ajiven set of transmission characteristics. The resulting ambi-
an elevation angle above the horizontabdf5-30 (depend-  guity can lead to an erroneous determination of propagation
ing on the HF signal frequency). The lack of high elevation paths and scattering altitudes; (3) Good quality interferome-
angle rays (e.g. above45°) means that under most con- ter measurements are not always achieved due to the lower
ditions, it is difficult to receive% hop F-region backscatter gain of the interferometer array. These issues highlight the
at ranges less than600 km. Below this range, all echoes fact that interferometer data alone cannot always be used to
are typically% hop E-region backscatter. Similarly, the lack resolve ground, E- and F-region backscatter. This paper will
of low elevation angle rays (e.g. below?)0neans that un- discuss methods of estimating backscatter origin.

der most conditions, it is difficult to receiv%e hop E-region Once contaminating backscatter has been identified, one
backscatter at ranges abov€00 km. approach is to remove it completely from the data set. The
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to produce more reliable estimates of the convection electric
field via SuperDARN global convection mapping.

2 Statistical backscatter distributions

In order to evaluate potential sources of backscatter con-
tamination, we have determined statistical distributions of
backscatter measured by beams in some of the Northern
Hemisphere radars. A year’s worth of data (from 1998)
was employed to determine the typical backscatter distri-
butions for selected beams from four of the radars. Fig-
ure 2 illustrates the fields of view of these radars (Goose
Bay (G), Iceland West (W), Finland (F), and Iceland East
(E)). The bold lines represent contours of constant latitude in
the AACGM coordinate system. Both zonal and meridional
pointing beams were studied. Only data from SuperDARN
common mode intervals were used in the compilation of the
database to provide some consistency between the radar ob-
servations. In the common mode, each radar measures in
16 beam directions, with each beam consisting of 75 range
Fig. 2. Fields of view of four of the Northern Hemisphere Super- gates with a pulse length of 3QGs (giving 45 km range res-
DARN radars (Goose Bay (G), Iceland West (W), Finland (F), and o|ution) and a lag to first range of 12Q0s (180 km), giv-
Iceland East (E)). The shaded beams represent Goose_Bay bean‘h/ilg a far range limit o~~3500 km. Data flagged as ground
(Green) and Iceland East beam 13 (Yellow). The bold lines repreq,, i seatter by the SuperDARN raw data processing were re-
sentlines of constant AACGM latitude (values as shown). moved during the compilation of the database, as were data
with a velocity error>200 m/s (these are defaults employed

. . ) . by the global convection mapping technique). Only two ex-
global convection mapping technique deals very well with 55164 of the resulting backscatter distributions will be pre-
noise and interference in the data; this is removed (or givelsanted here (from the SuperDARN radars at Iceland East
a very low weighting) by the median filtering in the gridding (CUTLASS Iceland) and Goose Bay). However, these ob-

process. The technique also deals fairly well with groundgeatigng highlight the important features which were char-
backscatter. All ground backscatter flagged by the Super taristic of all the radars.

DARN raw data processing is removed. As discussed above,
this flagging is often inadequate and ground backscatter cap Example zonal beam
remain, especially that which results from a combination of

propagation modes. However, the mapping process also alug|and East beam 13 points eastward and is approximately
lows for the removal of all backscatter with an absolute line-| _gpe aligned {65°- 68 AACGM latitude), representing
of-sight velocity below a chosen value (the default velocity is 4 good example of a zonal beam (shown as a shaded yellow
35 m/s), to remove any remaining ground backscatter whichyeam in Fig. 2). Figure 3a presents the occurrence distri-
has been erroneously flagged as ionospheric backscatter. W tion of velocity measurements from this beam, as well as
will discuss the effectiveness of the default processing lategye gistribution in range gate-velocity space, for all of 1998.
in this paper. At present, the global convection mapping techq; this figure and following figures of this type, the velocity
nique has no way of dealing with any contaminating E-region ¢ rrence distribution is plotted on a logarithmic scale and
backscatter. the occurrence contours in the range gate-velocity distribu-
We should also highlight that these problems are not exclution are also on a logarithmic scale. Negative line-of-sight
sive to the global convection mapping technique, but applyvelocities represent flow away from the radar, whereas pos-
to all SuperDARN convection studies. This backscatter con4tive line-of-sight velocities represent flow toward the radar.
tamination is also a potential problem when determining con-The velocity distribution in Fig. 3a displays a peak at zero,
vection velocity vectors in regions of overlapping backscatteralthough a series of other peaks are clearly visible in the
from two radars using the “merge” technique. Understand-data (at approximately-1350,—1150,—850, —700, —450,
ing the nature of the backscatter in these studies is obviouslys0, 700, 850, 1150, and 1350 m/s). Figure 3b presents the
important for a correct interpretation of the data. same Iceland East beam 13 velocity distribution but here, the
The purpose of this paper is twofold: first, to determine contour map displays the distribution in magnetic local time-
the extent of E-region and ground backscatter contaminatiovelocity space. A close study of Figs. 3a and 3b reveals that a
in SuperDARN data, and second, to determine an efficienhumber of distinct backscatter distributions characterise this
way to remove this backscatter on a routine basis in ordebeam. First, the largest distribution of points are centred
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Fig. 3. Line-of-sight velocity distributions from Iceland East beam 13 for the whole of 1998. Additionally showa)ahe distribution in
range gate-velocity space, aig) the distribution in magnetic local time-velocity space. Positive line-of-sight velocities represent the flow
toward the radar, whereas negative line-of-sight velocities represent the flow away from the radar.

around zero at low to mid-ranges. This distribution is evi- represent type | E-region backscatter that is constrained to
dent at almost all magnetic local times and most likely repre-be close to the ion-acoustic speed. These peaks are con-
sents the observation of near-corotation flows in the E- and Ffined predominantly to the afternoon and evening sectors
regions. At far ranges, the distribution around zero becomeg~12:00-24:00 MLT) and are also characterised by low spec-
much narrower and is highly symmetric about zero, whichtral widths (not shown). The extent of type | E-region
is suggestive of a ground backscatter distribution. Changbackscatter in the Iceland East data set, in both near and far
ing the resolution on the contour plots (not shown) showsrange backscatter, has been highlighted previously by Mi-
that this ground backscatter distribution is also significant atlan et al. (1997b), and Milan and Lester (1998). There are
lower ranges on top of the low velocity distribution. This also a number of other discrete velocity peaks-at- 700,
suggests that the SuperDARN raw data processing has n@50, 1150, and 1350 m/s which occur at similar ranges and
been successful in identifying all the ground backscatter inmagnetic local times as the type | backscatter. These peaks
the data set. However, the bulk of the ground backscattemay represent signal interference which manifests itself at
distribution that remains appears to occur ¥, < 35m/s,  discrete velocities, although it is also possible that they have
which means that it is removed by default in the gridding a physical ionospheric origin. They may represent the rarely
stage of the global convection mapping process. observed type IV E-region backscatter (Fejer et al., 1984),
Second, there is a large distribution of backscatter with lowwhich has been shown to occur at discrete velocity peaks
velocities <700 m/s) at low ranges. This distribution most above the ion-acoustic speed (Haldoupis et al., 1991, 1993).
likely represents return flows in the twin cell convection pat- The origin of this type IV backscatter is still a matter of de-
tern. The distribution has a peak in the dusk sectdr§:00—  bate (Farley et al., 1991; St.-Maurice et al., 1994; Prikryl
24:00 MLT), which corresponds to observations of the dusk-ét al., 1995). Whatever the source is of these peaks in the
side return flow in the global convection system. There is adistribution, this backscatter is unlikely to result from irreg-
smaller peak in the dawn secter23:00-06:00 MLT), which  ularities moving solely under the influence of the convection
corresponds to the dawnside return flow. This is ionospheriglectric field and hence, forms another potential source of
backscatter which is related to the convection electric field. contamination in global convection maps. We should also
Third, there are a series of peaks in the distribution at dis-comment that very little of the backscatter at ranges further

crete velocities, most evident at far ranges. These peaks odhan range gate 40, in Fig. 3a, appears convection related,
cur most strongly, at all ranges, for velocities£400 m/s. but rather it appears to be predominalty ground and E-region
The sharp, discrete nature of these peaks suggest that th&@ckscatter. This was also the case for other zonally-directed



18 G. Chisham and M. Pinnock: Contamination of SuperDARN convection maps

beams. determine a method to optimise its removal, and to allow the
production of more reliable global convection maps.
2.2 Example meridional beam

Goose Bay beam 4 points poleward and represents a good 8- Assessing the impact of backscatter contamination —
ample of a meridional beam (shown as a shaded green beam 3 case study
in Fig. 2). Figure 4a presents the velocity distribution for
this beam, as well as the distribution in range gate-velocityOn 11 February 1998, four of the Northern Hemisphere Su-
space, for the whole of 1998. As with the zonal beam, theperDARN radars (those shown in Fig. 2) observed backscat-
distribution displays a clear peak at zero. However, this dis-ter during an interval where the interplanetary magnetic field
tribution displays no other obvious occurrence maxima; aB, component was constantly negative, whilse thecom-
shoulder in the distribution at low negative velocities repre- ponent was close to zero. Figure 5 presents line-of-sight ve-
sents the only other significant feature. Figure 4b present$ocity data from sample beams from each of these four radars
the same Goose Bay beam 4 velocity distribution but herepn this day illustrating the typical extent of the backscatter
the contour map represents the distribution in magnetic locameasured. In Fig. 5, the grey regions represent areas where
time-velocity space. What is immediately clear from Figs. 4athe data have been flagged as ground backscatter by the Su-
and 4b is that this meridional beam example shows no obviperDARN raw data processing algorithm. Although there are
ous signs of the far range E-region backscatter prevalent irxtensive regions identified as ground backscatter during this
the Iceland East beam 13 statistics, i.e. there are no discref@terval, there are also large regions which are identified as
velocity peaks at or above the ion-acoustic speed. This isonospheric backscatter. The vertical dotted lines in Fig. 5
most likely due to differences in the propagation of the radardelineate the interval 13:00-14:16 UT, which corresponds to
signal due to the different look directions of these beamsthe B, < 0 interval discussed above. It is this interval which
However, it may not solely be a result of the beam geome-<forms our case study. At this time, the Goose Bay/Iceland
try; the Iceland East and Goose Bay radars typically operiwest radar pair were observing the noon sector and the Fin-
ate in different frequency ranges (10.1-10.7 MHz and 13.04and/Iceland East (CUTLASS) radar pair were observing the
13.4/14.3-14.8 MHz, respectively). The lower frequenciesafternoon/dusk sector.
of the Iceland East signal may make it more conducive to the
measurement of E-region backscatter. 3.1 Noon sector

The bulk of the distribution in Figs. 4a and 4b represents
observations of the twin-cell convection flow. At low ranges Figure 5a presentg,; data from Goose Bay beam 4. Most
(low-latitudes) where the convection flow is weaker, the ve-of these data are identified as ionospheric backscatter, al-
locity distribution is narrower. At mid to far ranges, the dis- though there is a band of backscatter at ranges2f00 km
tribution is wider. Figure 4b confirms that these stronger(~range gate 40) which is partially identified as ground
flows relate predominantly to poleward flows in the noon sec-backscatter. The very low velocities of the “ionospheric”
tor and equatorward flows in the midnight sector, as expectedbackscatter in this same region are suggestive of a misiden-
during intervals of southward interplanetary magnetic fieldtification of this backscatter. A similar scenario exists in
(during which most backscatter is observed). On top of thisFigs. 5b, 5¢c and 5d. There are clear regions of ionospheric
distribution there exists a sharper, highly symmetric peak,backscatter, characterised by large velocities, but also large
very close to zero, which most likely represents unflaggedregions identified as ground backscatter interspersed with
ground backscatter. Most of this ground backscatter occuréow velocity “ionospheric” backscatter. These data sets are
on the dayside (09:00-20:00 MLT) and as with the groundvery typical for the Northern Hemisphere radars. We sug-
backscatter observed by Iceland East beam 13, the bulk ofest that this low velocity backscatter almost certainly rep-
this backscatter occurs féf,; < 35m/s. resents ground backscatter, possibly with an artificially en-

Similar statistics to those shown in Figs. 3 and 4 were com-hanced spectral width, resulting from a combination of prop-
piled for other beams from the SuperDARN radars in order toagation modes (Barthes et al., 1998). We can confirm our
identify the possible sources of contamination in the differ- hypothesis by studying the range gate-velocity distributions
ent radars. Very low velocity echoes, suggestive of groundand elevation angle information for this interval.
backscatter, were evident in all of the distributions (both Figure 6a presents the velocity distribution of data from
in the zonal and meridional beams), but predominantly forall beams of the Goose Bay radar during the interval 13:00—
Vies < 35ml/s. Discrete velocity peaks, suggestive of type14:16 UT, as well as a map of the distribution in range gate-
| E-region backscatter, were evident in beams with a greatewelocity space. Figure 6b presents the distribution in eleva-
zonal component (the multiple discrete velocity peaks, weregtion angle-range gate space, as well as a representation of the
only obvious in the Iceland East zonal beams). Having iden-average velocity measured in each cell of the distribution.
tified the existence of potentially contaminating backscatterElevation angle estimates cannot be made for all backscatter
in the SuperDARN data set, we need a method to identifymeasurements and these are assigned an elevation angle of
this backscatter in specific event data sets and to assess hagro. The large band of samples at zero in Fig. 6b illustrates
it is processed by the mapping technique. We also needed tthe extent to which elevation angle estimations could not be
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Fig. 4. Line-of-sight velocity distributions from Goose Bay beam 4 for the whole of 1998. Additionally show@)tiee distribution in
range gate-velocity space, a(ig the distribution in magnetic local time-velocity space. Positive line-of-sight velocities represent the flow
toward the radar, whereas negative line-of-sight velocities represent the flow away from the radar.

made. Although the velocity distribution in Fig. 6a appears backscatter, suggesting that these modes have similar prop-
continuous, the two-dimensional maps clearly show the oc-agation paths. The range of this distribution is located be-
currence of four distinct distributions in the data set. Thetween the two regions of ionospheric backscatter, at double
solid orange lines in Fig. 6b approximately delineate the fourthe range of th% hop F-region backscatter, suggesting that
distributions. it represents a region of ground backscatter. This distribution
First, there exists a small distribution at very low ranges,a|50 represents the region of backscatter partially identified
with low velocities and low elevation angles. This distribu- & ground backscatter in Fig. 5a. We can, therefore, state
tion appears to represent type Il E-region backscatter. Thigvith some confidence that this distribution represents ground
E-region backscatter moves only under the influence of thdrackscatter which has not been identified as such during the
convection electric field and does not, therefore, represent W data processing, and hence, is a potential source of con-
potential source of contamination in the global convectiont@mination to the convection maps. There is no obvious sign
maps. Second, a large distribution of points extends fronf type | E-region backscatter in the Goose Bay data.
low negative velocities at low ranges, to higher negative ve- In order to produce reliable convection maps for this inter-
locities at mid-ranges. This distribution represents the largeval, we need to assess how this region of ground backscat-
region of F-region ionospheric backscatter, evident at low toter affects the convection mapping. First, we need to deter-
mid-ranges in Fig. 5a. The large spread of this distributionmine the effect that the gridding process (the preprocessing
in range gate-elevation angle space most likely results fronbefore the least-squares fit) has on the velocity distribution.
the multitude of propagation modes which may exist dur- Figure 7a shows in a format similar to the lower panel of
ing this interval due to spatial and temporal changes in theFig. 6a, the velocity distribution for this interval after default
ionospheric density distribution and the combination of 16 gridding of the data. The equivalent ground range (in km)
beam look directions. Third, a small distribution of measure-represents the distance from the radar site to the centre of the
ments exists at far ranges with high negative velocities. Thigelevant grid cell (see Ruohoniemi and Baker, 1998 for de-
region relates to the small regions of sporadic ionospheridails of the grid cell geometry). The two panels show the oc-
backscatter seen at far ranges in Fig. 5a, and probably repreurrence distribution in range-velocity space (as in Fig. 6a),
sents % hop F-region backscatter. Finally, a distribution at and the associated average velocity error in each cell of the
mid-ranges occurs exclusively at low velocities and is highly distribution. It is the velocity error which determines the
symmetric about the zero velocity. This distribution displays weighting of the measurement in a particular grid cell. It
similar elevation angles to the F-region and multiple hopis clear (despite the change in range resolution) that the grid-
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(between~75° and 83 latitude), is interspersed with low ve-
locity backscatter which relates to the misidentified ground
backscatter distribution highlighted in Fig. 6. Figure 8b

presents the gridded velocity data and illustrates the effect
of the default preprocessing within the gridding process,
namely the median filtering and the removal of all backscat-
ter with|V;,s| < 35m/s. The gridded velocity data, as shown
in Fig. 8b, encompass data from three consecutive scans of
the sort shown in Fig. 8a. The gridding process removes all
the noise from the data set and smoothes the data consid-
erably. Although the default processing removes some of
the ground backscatter, a large percentage remains (between
Fig. 5. Line-of-sight velocity measurements for the interval 12:00— N7_50 and 853 Iatltude)_. Figure 8c pre_sents the _grldded_ve-
15:00 UT on 11 February, 1998. The data are fi@nGoose Bay locity data, after velocity-range gate filtering, using the filter
Beam 4,(b) Iceland West Beam 9c) Iceland East Beam 4, and described in Fig. 6. In this case, all the ground backscatter
(d) Finland Beam 6. The grey regions represent data flagged agt mid-ranges (between75° and 83 latitude) is removed.
ground backscatter by the SuperDARN raw data processing algoFigures 8d, 8e and 8f present the same figures for the Iceland
rithm. Positive line-of-sight velocities represent the flow toward the West radar at this time. Velocity-range gate filters for this
radar, whereas negative line-of-sight velocities represent the flowradar have been chosen by examining the associated range
away from the radar. gate-velocity space and elevation angle distributions for the
Iceland West radar (not shown). By comparing Figs. 8d and
8e, it is clear that the default processing removes some of
ded data (Fig. 7a) match closely the line-of-sight velocity in- the ground backscatter evident in Fig. 8d; the addition of the
put (Fig. 6a). It is also clear that the gridding process hasyelocity-range gate filtering in Fig. 8f does make some dif-
effectively removed much of the noise in the distribution. ference to the gridded data.
Although largely reduced, the ground backscatter distribu- \We now examine how the differences between the default
tion still remains {~1700-2300 km equivalent ground range), processing (as shown in Figs. 8b and 8e) and the velocity-
and most important, it is characterised by a low velocity er-range gate filtering (as shown in Figs. 8c and 8f) affect
ror which implies that it will have a significant weighting in the convection map determined for this interval. Figure 9
the fitting process. This ground backscatter will, therefore,presents noon-sector views of the global convection map for
significantly contaminate the resulting convection map. this interval (14:00-14:02 UT) in geomagnetic coordinates,
Our problem is to find the most efficient method of re- using (a) the default processing, and (b) the velocity-range
moving the contaminating ground backscatter distribution.gate filtering. These convection maps have been produced
By increasing the minimum absolute velocity filter set- using a high order fit (order 11) to accentuate mesoscale fea-
ting to ~100m/s in the gridding process, all the observedtures of the map. The solid (dashed), red lines in this figure
ground backscatter distribution would be removed. How-represent the equipotential contours of the global convection
ever, this would also remove a large section of the iono-electric field solution in the afternoon (morning) convection
spheric backscatter distribution evident at lower ranges. Acell. The bold, black dashed line represents the location of
more efficient solution is to use a velocity-range gate fil- magnetic local noon. The magnitude of the velocity vectors
ter to remove all the backscatter within a selected region ofis illustrated by the colour bar. Although much of the solu-
range gate-velocity space. The orange rectangle in Fig. 6&on is very similar in the two cases, the unidentified ground
illustrates the extent of such a filter that contains only thebackscatter distribution (evident betweetv6°> and ~83°
ground backscatter distribution. Applying this filter to the latitude in Fig. 9a) significantly affects the convection map.
data appears to be the optimum way of removing the un-The ground backscatter has produced a spurious mesoscale
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Fig. 6. (a) Line-of-sight velocity distribution from all beams of the Goose Bay radar for the interval 13:00-14:16 UT on 11 February 1998,

as well as the distribution in range gate-velocity space. The orange rectangle represents the extent of the velocity-range gate filter appliec
to these data to remove contaminating ground backscglieOccurrence distribution for the same interval in range gate-elevation angle
space, as well as the average line-of-sight velocity measured in each distribution cell.
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Fig. 7. Gridded velocity distribution from the Goose Bay radar for the interval 13:00-14:16 UT on 11 February 199&ajtieglefault
processing, anfb) velocity-range gate filtering. Also shown is the average velocity error measured in each distribution cell.
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Fig. 8. Line-of-sight velocity map in geomagnetic coordinates for a single scan interval on 11 February 1998, (14:00-14:02 @J) for:
Goose Bay — the grey region represents data identified as ground backscatter by the raw data pr(ieGsioge Bay — gridded velocity

data using default processing@:) Goose Bay — gridded velocity data using velocity-range gate filte(afiglceland West — the grey region
represents data identified as ground backscatter by the raw data procésdoajand West — gridded velocity data using default processing.

(f) Iceland West — gridded velocity data using velocity-range gate filtering. The bold dashed lines represent the location of magnetic local
noon.
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Fig. 9. Comparison of global convection map features in the noon sector in geomagnetic coordinates for the interval 14:00-14:02 UT on
11 February 1998, representi(a) default processing, an) velocity-range gate filtering. The arrows represent the flow determined from

the global convection mapping solution at grid points where data were entered. The solid (dashed), red lines represent equipotentials of the
estimated convection electric field for the afternoon (morning) convection cell. The bold, dashed line represents the location of magnetic
local noon.
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‘ ] 3.2 Dusk sector

] Figure 11a presents the velocity distribution for all beams
1 from the Iceland East radar for the same interval as discussed
above (13:00-14:16 UT), as well as a map of the distribu-
tion in range gate-velocity space. Figure 11b presents the
distribution in elevation angle-range gate space, as well as a
representation of the average velocity measured in each dis-
tribution cell. The backscatter distribution for this radar is
. more complicated (and noisier) than that for the Goose Bay
1 radar during this interval (as shown in Figs. 6a and 6b). The
A B R elevation angle information in particular is highly complex
0 20 40 60 80 100 and open to a number of interpretations; there appears to be
Magnetic Longitude significant overlap of propagation modes in elevation angle-
) o o range gate space. However, as with the Goose Bay data, a
Fig. 10. Longitudinal (MLT) variation of the zonal component of -, mper of distinct distributions can be identified in the data

thg convection electric field atj?.&'geom.agnetlc I{itltude deterj and these are approximately delineated by the solid orange
mined from the global convection mapping technique for the in- lines in Fig. 11b

terval 14:00-14:02 UT on 11 February 1998. The dotted line repre-" "~ 2 e .
sents the variation obtained from using the default processing (as in First, similar to the Goose Bay distribution, but extending

Figure 9a), whereas the solid line represents the variation obtaine@Cross a larger number of range gates, is a large, low ve-
from using velocity-range gate filtering (as in Fig. 9b). locity distribution symmetric about zero, coincident with the

large region identified predominantly as ground backscatter
in Fig. 5¢c. As with the Goose Bay data, this almost certainly

feature (almost a null point in the convection flow), which represents contaminating ground backscatter and can be re-
severely distorts the equipotential contours of the electricmoved effectively by applying the velocity-range gate filter
field. Null points have been observed to occur naturally inwhich is shown as an orange rectangle in Fig. 11a. The over-
legitimate observations of the ionospheric convection flowlap of propagation modes means that the average velocity in
(Morelli et al., 1995) and hence, the correct identification of this region of elevation angle-range gate space is not always
mesoscale features, such as that shown in our example, is afs low as that expected from a ground backscatter distribu-
crucial importance. tion. Second, at far ranges, is a harrow velocity distribution

The contaminating backscatter is also affecting the solucentred at~ —400 m/s. This backscatter distribution resem-
tion at lower latitudes. Figure 10 presents the zonal compobles the type | E-region backscatter which is constrained to
nent of the convection electric field (equivalent to the merid-the ion-acoustic speed, as shown in Fig. 3a, and is clearly
ional component of the convection flow) at 73&geomag- a multiple-hop propagation mode. The lack of convection
netic latitude, determined from the solutions of the global associated backscatter at far ranges in Fig. 3a would appear
convection mapping displayed in Figs. 9a and 9b. The dottedo support this interpretation. Hence, this may also repre-
line represents the solution shown in Fig. 9a which includessent a potential source of contamination to the global con-
the region of ground backscatter, and the solid line reprevection maps. However, there is also the possibility that this
sents the solution shown in Fig. 9b where this contaminatingoackscatter is convection related. Interestingly, also at far
backscatter has been removed by velocity-range gate filterranges are small, discrete velocity distributions=860 m/s
ing. The bold vertical line in Fig. 10 represents the location and +400 m/s which resemble the discrete velocity peaks pre-
of magnetic local noon at this time. The dotted line in Fig. 10 sented in Fig. 3a. We cannot be completely confident that any
shows a clear drop in the zonal electric field close to noon,of these data at these far ranges are solely convection related,
related to the spurious null region in the flow, giving the il- and hence, one option is to remove @ll; data beyond a se-
lusion that the zonal electric field in the noon sector is con-lected range gate (as shown by the horizontal orange line in
centrated in two peaks on either side of noon. The solid lineFig. 11a). We will assess the advantages and disadvantages
shows that once this contamination is removed, this featuref removing this “suspected” E-region backscatter later in
is largely reduced, and that the zonal electric field is approx-this section. Third, at low to mid-ranges, a distribution exists
imately constant across magnetic local noon. extending from low to high velocities. The extent of this dis-

Although this contaminating backscatter appears to havdribution and its location in elevation angle-range gate space
significantly altered the features at the mesoscale level, largesuggests that it represents ionospheric F-region backscatter.
scale characteristics of the solution, such as the cross-poldfinally, at low ranges, there is a low velocity distribution
cap potential (67 kV and 70 kV for Figs. 9a and 9b, respec-which appears to represent type Il E-region backscatter.
tively), are relatively unchanged. However, this may simply  As with the noon-sector case, it is important to assess the
be a result of model data dominating the global solution wheneffect of the gridding process on the velocity distribution.
the global data coverage is not extensive in both convectiorFigure 12a shows (in the same format as Fig. 7a) the ve-
cells. locity distribution from the Iceland East radar after default
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Fig. 11. (a)Line-of-sight velocity distribution from all beams of the Iceland East radar for the interval 13:00-14:16 UT on 11 February 1998,

as well as the distribution in range gate-velocity space. The orange rectangle represents the extent of the velocity-range gate filter applied tc
these data to remove contaminating ground backscatter. The horizontal orange line represents the range gate above which all data have be
removed to eliminate possible contaminating E-region backscéije©ccurrence distribution for the same interval in range gate elevation

angle space, as well as the average velocity measured in each distribution cell.
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Fig. 13. Line-of-sight velocity map in geomagnetic coordinates for a single scan interval on 11 February 1998, (13:32-13:34 (dY) for:
Iceland East - the grey region represents data identified as ground backscatter by the raw data prindssiagd East - gridded velocity
data using default processingc) Iceland East - gridded velocity data using velocity-range gate filter{dy.Finland - the grey region
represents data identified as ground backscatter by the raw data procésghHigland - gridded velocity data using default processiifig.
Finland - gridded velocity data using velocity-range gate filtering. The bold, dashed lines represent the location of 15:00 MLT.

gridding of the velocity data. The distribution still appears ter by the raw data processing. However, the default process-
quite noisy, even after the median filtering of the data withining applied by the gridding process removes much of this
the gridding process. However, much of the “noisy” part of ground backscatter, as shown in Fig. 13b. However, a small
the distribution, where the occurrence rates are low, is charamount of ground backscatter remains at low to mid-ranges
acterised by a large velocity error. This data will be signif- (~75-79 latitude). Figure 13c shows the result of applying
icantly down-weighted in the fitting process and will, there- the two velocity-range gate filters illustrated in Fig. 11a. The
fore, have a minimal impact on the resulting convection map.application of one of these filters has completely removed
However, it is clear from Fig. 12a that much of the ground the region of ground backscatter at low to mid-ranges. The
backscatter distribution remains after the default processingother filter has resulted in the removal of the large region of
as does the suspected region of type | E-region backscattdrackscatter at far ranges. This region of backscatter is the
at far ranges. This region is characterised by a low velocitymultiple-hop backscatter suspected of being type | E-region
error and hence, will have a significant weighting in the fit- backscatter in Fig. 11. Figures 13d, 13e and 13f present the
ting process. Figure 12b illustrates the effect of applying thesame figures for the Finland radar at this time. In this case,
two range gate-velocity filters shown in Fig. 11a. The poten-the default processing (Fig. 13e) removes the bulk of the
tial contaminating backscatter distributions have been largelyground backscatter evident in Fig. 13d. The velocity-range
removed from the gridded velocity data set. gate filters (Fig. 13f) remove little other backscatter.

In Fig. 13, we present a single scan comparison of the grid- We need to assess the affect of this contamination on the
ded velocity data as determined using the default processing;onvection maps and hence, we compare the default con-
and after applying the two velocity-range gate filters. Thevection map with that determined after the removal of the
figure presents two-dimensiong},; maps from the Iceland ground backscatter only, and that determined after the re-
East and Finland radars for the interval 13:32—-13:34 UT. Themoval of both the ground and suspected E-region backscat-
breakdown of this figure is exactly the same as that used foter. Figure 14 presents a dusk sector view of the global con-
the Goose Bay and Iceland West maps shown in Fig. 8, exvection map for this interval using (a) the default processing
cept that the bold dashed line now represents 15:00 MLT(as shown in Figs. 13b and 13e), (b) the ground backscatter
Figure 13a shows a large distribution of very low velocity velocity-range gate filter only, and (c) both velocity-range
backscatter which has not been identified as ground backscagrate filters (as shown in Figs. 13c and 13f). This figure has
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Fig. 14. Comparison of global convection map features in the dusk sector in geomagnetic coordinates for the interval 13:32-13:34 UT on
11 February 1998, representifa) default processingb) velocity-range gate filtering to remove ground backscatter(@neklocity-range

gate filtering to remove both ground and far-range E-region backscatter. The arrows represent the flow determined from the global convection
mapping solution at grid points where data were entered. The solid (dashed), red lines represent equipotentials of the estimated convectior
electric field for the afternoon (morning) convection cell. The bold, dashed line represents the location of 15:00 MLT.

the same format as Fig. 9; the bold dashed line representder various assumptions in Fig. 14, again have little effect on
the location of 15:00 MLT. The convection maps shown in the global cross-polar cap potential (76 kV, 77 kV, and 77 kV
Figs. 14a and 14b are very similar, and the removal of thefor Figs. 14a, 14b and 14c, respectively).
ground backscatter has not made a significant difference.
However, it is obvious that there are significant differences
between these maps and that shown in Fig. 14c. The re4 Summary
moval of the far range backscatter, suspected of being type
| E-region backscatter, from the Iceland East data has radAlthough contamination from non-F-region backscatter does
ically changed the morphology of the afternoon convectionnot usually have a significant effect on the global character-
cell, both in its shape and position. Most significantly, the istics of ionospheric convection determined using the Super-
centre of the afternoon convection cell has moved fren2° DARN global convection mapping method (e.g. the magni-
to ~8C° in latitude. However, it must be stressed that the tude of the cross-polar cap potential), we have shown that
regions of the convection pattern where data have been ret can greatly affect mesoscale features of the solution e.g.
moved represent an unreliable solution since they are condithe structure of flow vortices, convection reversal boundaries,
tioned only by model velocity vectors. The solution can only and flow transients. Hence, it is crucially important when us-
be considered wholly reliable where good data exist. ing SuperDARN global convection mapping in the study of
mesoscale features of this sort, to identify the extent of possi-
In order to assess the relative reliability of these convec-ble contaminating backscatter in the data set and understand
tion maps, we have studied data from a DMSP-F13 North-its influence on the electric field solution. Failure to do so
ern Hemisphere pass (M. R. Hairston, private communica-could result in the identification of spurious convection fea-
tion) at~13:30 UT, which clearly places the convection re- tures and lead to misinterpretation of the data.
versal boundary at ?2geomagnetic latitude at 16:30 MLT. The global convection mapping default gridding process
This matches the convection scenario presented in Fig. 14bbemoves much of the ground backscatter recorded by the
before the removal of the suspected E-region backscatteradars, but can still leave a significant percentage, which
We conclude from this analysis that although the velocity can result in spurious mesoscale variations in the convection
of the E-region backscatter is not solely convection relatedmaps. At present, the gridding process does not attempt to
this backscatter does accurately constrain the flow directiomemove type | E-region backscatter, which we have shown is
within the polar cap where there is little other data, and it prevalent in zonal-pointing SuperDARN radar beams (nor-
allows us to reliably set the convection reversal boundarymally under the auroral oval). Although, as we have shown,
This part of the solution should still be viewed with cau- removing this E-region backscatter may not always result in
tion however; although the overall direction of the vectors a more accurate convection map. Inspection of the distri-
in this region may be reliable, the magnitude of these vec-bution of data in range gate-velocity space and range gate-
tors may be significantly underestimated due to the limitingelevation angle space can highlight potential contaminating
of the velocity of the type | E-region backscatter to near thebackscatter distributions. The application of a series of suit-
ion-acoustic speed. It should also be noted that the signifiable velocity-range gate filters during the gridding process
cant mesoscale changes in the convection pattern shown ugan remove any unwanted backscatter. This solution is also
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applicable to the determination of convection velocity vec- Fejer, B. G. and Kelley, M. C.: lonospheric irregularities, Rev. Geo-
tors using the “merge” technique; the “merge” default mini-  phys. Space Phys., 18, 401-454, 1980.
mum velocity of 25 m/s is insufficient to remove all ground Fejer, B. G., Reed, R. W., Farley, D. T., Swartz, W. E., and Kel-
backscatter, resulting in the possibility of erroneous merged '€y, M. C.: lon cyclotron waves as a possible source of resonant
vectors. Although velocity-range gate filtering represents an_ auroral radar echoes, J. Geophys. Res., 89, 187-194, 1984.
adequate solution to these problems, in the long-term a mor&€'eeMWald, R- A., Baker, K. B., Dudeney, J. R, Pinnock, M., Jones,
objective and automatic solution which combines velocity. T. B., Thomas, E. C., Villain, J.-P., Cerisier, J.-C., Senior, C.,
) . . .7’ Hanuise, C., Hunsucker, R. D., Sofko, G., Koehler, J., Nielsen,
speg:tral width, range gate, and elevation angle information is E., Pellinen, R., Walker, A. D. M., Sato, N., and Yamagishi,
desirable. H.: DARN/SuperDARN: A global view of the dynamics of high-
latitude convection, Space Sci. Rev., 71, 761-796, 1995.
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