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14 radars 7 radars

SuperDARN: Super Dual Auroral Radar Network



14 radars 7 radars

SuperDARN: New NERC funded radar in the Falklands



Figure 3.3  A schematic of possible propagation modes and regions from which backscatter 

can occur.  Ranges and altitudes are approximate and depend on ionospheric conditions.  

Three rays are illustrated: A E-region mode; B F-region mode (producing both near and far 

range backscatter); C a ray that penetrates the ionosphere (from Milan et al., 1997).
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• Backscatter can be received:

  - from both the E and F regions
  - from the ground, via oblique reflection from the 
    ionosphere (groundscatter)
  - from far ranges, via multiple hop paths (ionosphere-
    ground-ionosphere)

HF propagation modes and backscatter regions

• Coherent scatter (Bragg scatter) 
from field-aligned irregularities

• Radar wave vector must be 
orthogonal to the magnetic field

• HF rays refract in the ionosphere 
and thus achieve orthogonality at F-
region heights even at high latitudes



SuperDARN measured parameters

12 MLT

18
 M

LT

VELOCITY

12 MLT

18
 M

LT

12 MLT

18
 M

LT

WIDTHPOWER

   Villain et al., 1996

Real and imaginary part of an ACF                       Doppler spectrum from FFT of the ACF

The radar transmits a seven pulse multipulse sequence from which a 17 lag 
complex autocorrelation function (ACF) of the returned signal is obtained.
The FFT of the ACF gives the Doppler spectrum



SuperDARN measured parameters

Field-of-view
   16 beams of 75 - 120 range gates, 15 - 45 km 
   gate length, max. range ~ 3500 km, area ~5×106 km2

   ~3 - 7 s beam scan time giving 1 - 2 min full scan time

Advantages
   Large area covered; high time resolution

Disadvantages
   Line-of-sight velocity only; backscatter not ubiquitous



Range Spatial Resolution
In its standard mode a SuperDARN radar 

operates with 45 km range gates

In myopic mode it operates with 15 km range gates giving a 
smaller overall field-of-view but higher spatial resolution



Time series analysis
Range Time Velocity: The time variability of velocity 
measurements within a single beam can be inspected



Time series analysis
Range Time Velocity: The time variability of velocity 
measurements within a single beam can be inspected

Range gate velocity profile:  A time series of the velocity 
measured at a single location can also be extracted
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High Temporal Resolution

For a standard 1 min scan each 
of the 16 beams have a dwell 

time of 3 s
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High Temporal Resolution

For a standard 1 min scan each 
of the 16 beams have a dwell 

time of 3 s

If a single beam is fixed then 
the temporal resolution of 

that beam will be 3 s

If the radar is ‘stereo’ then 
one channel can camp on a 

single beam whilst the other 
performs a full scan, resulting 

in data such as this



Developed by APL

Combine sparse l-o-s
velocities to give estimate

of instantaneous, global
potential pattern 

The SuperDARN "map-potential" technique
(Ruohoniemi and Baker, 1998)
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Based on a technique used to determine ionospheric equivalent currents from ground 
magnetometer data (Amm and Viljanen, 1999)

Involves fitting to a series of local ‘poles’, the locations of which can be placed freely 
such that they are most suitable with respect to the density of the measurements

Results in more local detail as well as better preserving the l-o-s velocity magnitudes 
than the global fitting technique

Spherical Elementary Current Systems (SECS)
(Amm et al., 2009)



Joint space- and ground-based studies

SuperDARN velocity data can be used 
to relate in-situ magnetospheric 
observations to the macro-scale and 
global-scale convection

By mapping down the magnetic field 
magnetospheric observations can be 
directly compared with ionospheric 
observations

244 S. E. Haaland et al.: High-latitude plasma convection from Cluster EDI measurements
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Fig. 4. Illustration of the mapping procedure. The measured convection velocity at location x(m)
0 is converted

into a spatial vector d(m) by multiplying with a scaling factor. The endpoints of this vector, x(m)
0 and x(m)

1

are then mapped into the ionosphere, based upon the Tsyganenko T2001 model, where the corresponding

ionospheric convection velocity is then obtained from the mapped vector d(i). The scales are exaggerated for

clarity.
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Fig. 4. Illustration of the mapping procedure. The measured con-

vection velocity at location x
(m)
0

is converted into a spatial vector

d(m) by multiplying with a scaling factor. The endpoints of this

vector, x
(m)
0

and x
(m)
1

are then mapped into the ionosphere, based

upon the Tsyganenko T2001 model, where the corresponding iono-

spheric convection velocity is then obtained from the mapped vector

d(i). The scales are exaggerated for clarity.

of 50 km was found to be a reasonable compromise between

uncertainties and distortion in the mapping.

The mapped vectors are binned and averaged in 784 bins

with 2◦ width in latitude and variable longitudinal width such
that the bin area is constant, "5×104 km2, projected to the
Earth’s surface. Depending on the intended use, we use ei-

ther Solar Magnetospheric (SM) or Altitude Adjusted Cor-

rected Geomagnetic (AACGM) coordinates (e.g., Weimer,

2005, Appendix A). Mapped vectors with magnitude larger

than 5 km s−1are removed before averaging, because they
can safely be considered as outliers. To avoid contamina-

tion from measurements obtained outside the magnetopause,

only measurements at least 2RE earthward (along the Earth-

Spacecraft line) of the Shue et al. (1997) model magne-

topause are retained.

3.4 Convection velocity maps

Figure 5 shows the output of this procedure, separately for

the Northern and Southern Hemispheres, based on the full

data set, i.e., without IMF direction sorting. The two maps

at the top show the convection velocities above 58◦ latitude
in (non-rotating) solar-magnetic (SM) coordinates. The two-

cell pattern is evident, and so is the effect of co-rotation at

low latitudes, enhancing the convection on the dawn side, but

reducing it on the dusk side. The velocity vectors are color

coded with the number of samples per bin, demonstrating the

excellent coverage of both hemispheres, particularly at high

latitudes. A minimum of three samples per bin was required

for these maps.

The figure also shows the coverage during Northern Hemi-

sphere summer and winter. Due to the Cluster orbit preces-

sion, the coverage at latitudes below about 74◦ is correlated
with season, which might affect the statistics at low latitudes.

By the same token our data set is not suited for the study of

seasonal effects, except near the central polar cap.

By sorting the Northern Hemisphere velocity data accord-

ing to the IMF clock-angle, one obtains the maps shown in

Fig. 6. The color of the vectors indicates the number of

mapped EDI vectors used to calculate the average. While

the full dataset shown in the top left of Fig. 5 has now been

divided into 8 subsets, the coverage is still quite good: above

74◦ latitude, almost all grid points are filled and some of the
grid points contain several hundred individual mapped EDI

vectors. At lower latitudes, the coverage is sparser, and some

of the grid points have less than three measurements or none

at all. Since on average the IMF is oriented along the Parker

spiral in the GSE-XY plane, the coverage is highest for IMF

sectors 2 and 6, corresponding to By+ and By−, respectively,
and lowest for sectors 0 (pure northward IMF, Bz+) and 4

(pure southward IMF, Bz−), as was already evident from the
lower panel of Fig. 1.

Figure 6 shows some of the well-known patterns, in par-

ticular the anti-sunward convection across the central polar

cap, return flows at lower latitudes, and the skewing of the

convection caused by IMF By (sectors 2 and 6), but other

features are difficult to discern from this format.

3.5 Electric potentials

The most useful representation of the global convection re-

sults is in terms of the electric potential distribution, !. The

potential is related to the convection through the relation:

E = −V× B = −∇! (1)

In this paper, we have applied a technique similar to that

used for mapping the SuperDARN HF radar observations

into global convection maps as described in Ruohoniemi and

Baker (1998), which was later refined in a paper by Shep-

herd and Ruohoniemi (2000). In contrast to the SuperDARN

scheme with their one dimensional line-of-sight measure-

ments at the majority of the grid points, the mapped EDI drift

velocities are available as full vectors. Only grid points con-

taining more than three mapped EDI drift vectors are consid-

ered.

The mapped and averaged drift vector pattern is fitted to

an electric potential,!, by minimizing the quantity χ2 given

by

χ2 =
N∑

i=1
| Ei + ∇! |2 (2)

where the electric field vector Ei , obtained as averages of

the cross products between the mapped convection vectors

Ann. Geophys., 25, 239–253, 2007 www.ann-geophys.net/25/239/2007/

Cluster CIS



SuperDARN comparison with DMSP drift vector measurements

Imber, 2008

12 MLT 12 MLT

SuperDARN Map Potential convection patterns with DMSP overpasses showing 
the cross track ion drift overlaid

DMSP reveals flow structure on smaller spatial scales than SuperDARN, but the 
radars provides the global context not evident in the spacecraft data

SuperDARN map is 2 min snapshot, DMSP track covers ~20 mins

DMSP altitude is ~900 km vs. ~250 km for SuperDARN scatter



SuperDARN comparison with DMSP drift vector measurements

Gillies et al., 2009

SuperDARN l-o-s velocity versus 
DMSP cross-track ion drift

Best fit suggests that DMSP 
measures slightly higher 
velocities

Overall correlation is very good 
(R=0.92)

Discrepancies my be caused by 
differences in the spatial / 
temporal ambiguity in 
measurements made by moving 
spacecraft - Swarm may 
overcome this



SuperDARN comparison with DMSP drift vector measurements

Gillies et al., 2009

SuperDARN l-o-s velocity versus 
DMSP cross-track ion drift

Best fit suggests that DMSP 
measures slightly higher 
velocities

Overall correlation is very good 
(R=0.92)

Discrepancies my be caused by 
differences in the spatial / 
temporal ambiguity in 
measurements made by moving 
spacecraft - Swarm may 
overcome this



SuperDARN gives us:

•The ability to image the global convection pattern allowing remote sensing
of the state and dynamics of the magnetosphere and magnetotail, in real time

•A means to validate electric field variations over the lower part of the spatial 
and temporal frequency spectrum, including on the spacecraft separation scale 
of 150 km

•The ability to distinguish between spatial variations in the field at a give time, 
and temporal variations at a given location

For a more comprehensive review of SuperDARN results and capabilities see 
the recent review paper by Chisham et al. in Surveys in Geophysics (2007).



PolarDARN

Overlooking the 
geomagnetic pole,
filling in a pre-existing
gap and enabling the 
dynamics of the polar cap
to be better understood

StormDARN

For studying radiation 
belt physics and active 
times when the polar 
cap has expanded to 
lower latitudes

SiberDARN

Four new radars in Siberia
to complete northern 
hemisphere coverage and
provide fully global
monitoring

The Future of SuperDARN


