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SuperDARN: Southern Hemisphere

Falkland Islands Radar (FIR) 
deployed February 2010

Ceased operations mid-
October 2011

Lowest magnetic latitude 
SuperDARN radar enabling 
unique studies:

1. Auroral electrodynamics 
during ‘extreme’ events 
(expanded polar cap)

2. Sub-auroral  electro-
dynamics

3. Mid-latitude gravity wave 
activity

4. Weddell Sea Anomaly

FIR RADAR



1. Auroral electrodynamics 
during ‘extreme’ events

Doppler velocity data from 3 
beams of the FIR from 1600 UT on 
5th 0800 UT on 6th August 2011

110 range gates enabled FIR to 
make observations from a high-
latitude auroral oval, down to the 
sub-auroal regions

This occurred during the main 
phase of a rare and recent storm 
event (DST superposed on an 
arbitrary y-axis)

Unfortunately few such events 
have occurred over the lifetime of 
FIR

DST 120 nT



2. Sub-auroral electrodynamics

Doppler velocity data from 4th August 2010 
with DMSP electron data superposed indicate 
a fast, narrow flow channel just equatorward 
of the electron precipitation boundary

[Grocott et al., JGR, 2011]
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Conjugate northern hemisphere data indicate 
that the SAID was embedded within the 
broader SAPS region, confirmed by DMSP 
drift meter data
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The event followed an interval of 
substorm activity during the early 
part of a magnetic storm

This is consistent with substorm 
injections driving polarisation electric 
fields responsible for the SAID

However, the location of the SAID 
appears to be related to the large-
scale solar wind driven dynamics

Conjugate northern hemisphere data indicate 
that the SAID was embedded within the 
broader SAPS region, confirmed by DMSP 
drift meter data



Neutral atmosphere pressure variations due to 
AGWs couple to the bottomside ionosphere, 
causing a corrugated structuring of the electron 
isodensity surfaces.  These propagate as what 
are knows as travelling ionospheric disturbances 
(TIDs) [Samson et al., 1990]

3. Mid-latitude gravity waves

TIDs are evident in radar data as variations in the 
power backscattered from the ground or sea caused 
by focussing and defocussing of the radio wave at 
its oblique reflection point in the ionosphere

AGWs will be detectable from within the half-hop 
region of the radar field of view.  This region 
coincides closely with the Antarctic Peninsular
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Fig. 1. Theoretical phase map for an ERW with a source at a range of 
2000 km and an altitude of 130 km. The observation altitude is assumed 
to be 250 km. 

In order to show that the range-time plots of the backscattered 
power can be used to determine constant phase surfaces of gravi- 
ty waves, we have computed electron densities for the gravity wave 
model given by equation (62) of the paper by Francis [1974]. Com- 
putations were made for two epochs separated by 15 min. We 
then used a modified form of the Jones and Stephenson [1975] 
three-dimensional ray-tracing program to calculate ray paths for 
propagation at various takeoff angles (Figure 2). The ray paths 
in the top panel of the figure show three regions where the rays 
are focused. The first is the usual focus near the skip distance, 
while the second and third are due to focusing of the rays that 
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Fig. 2. Ray paths of HF radar propagation through an ionosphere modu- 
lated by an ERW. Note the focusing caused by the surfaces of the elec- 
tron density minima. Top: 195 min after excitation. Bottom: 210 min after 
excitation. 
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are reflected in the ionosphere at heights and ranges correspond- 
ing to local minima in the perturbed electron densities. The ground 
ranges of the latter two sets of focused rays occur at 1300 an• 
1900 km. The density minima in the ionosphere occur at roughly 
half those distances. Focusing occurs near the local minima as a 
consequence of the concave surfaces of constant electron density 
that are presented to the incoming radar signals in these regions. 
Near density maxima, the constant electron density surfaces are 
convex, and the radar signals are defocused. When the radar waves 
are backscattered from the ground, these focused rays show up 
as enhanced intensities at the corresponding ranges. In essence, 
we can treat these regions of localized intensification as correspond- 
ing to constant-phase surfaces of the gravity wave. 

The bottom panel of Figure 2 illustrates the ray path focusing 
after an additional delay of 15 min. At that time the focusing from 
the more equatorward electron density minimum is no longer ob- 
vious since it has merged with the skip-distance focusing. The more 
poleward region is now focused at a ground distance of 1600 km, 
and a third region is forming at ranges greater than 1800 km. 

Procedure 

In order to determine the parameters of the gravity waves, the 
ranges of the observed ground scatter returns must be mapped 
to the corresponding reflection points in the ionosphere. We as- 
sume that the ionosphere is locally horizontal and determine the 
heights and geographical positions of the reflection points by us- 
ing the group delay range and angle of arrival. The assumption 
of a locally horizontal ionosphere is a good first approximation 
since the gravity waves we observe cause changes in the reflection 
height of about 3 km and have wavelengths greater than 300 km. 
When the mapping is complete, the data from each beam are in- 
terpolated over two dimensions (time and range) in order to pro- 
duce equispaced time series. The discrete Fourier transforms, 
spectral power, and cross-spectral power are computed by using 
these interpolated data. 

We have performed all computations using the logarithmic scale 
of dedbels rather than a linear scale for the backscattered power. 
We find that this approach yields far less harmonic structure in 
the spectra of the backscattered power and also facilitates com- 
parison of backscattered power spectra with spectra of other 
parameters. 

It is extremely important to obtain accurate estimates of the 
direction of propagation of the gravity waves before proceeding 
with further analyses. Crowley et al. [1987] have suggested that 
cross-spectral analyses of the time series obtained from different 
spatial locations give more accurate estimates of the wave speeds 
and azimuths of TIDs than do cross-correlation techniques. We 
have generalized the cross-spectral technique and developed a meth- 
od for computing the wavelengths and directions of propagation 
of the waves by using an adaptive beam-forming algorithm simi- 
lar to that suggested by Schmidt [1986]. The algorithm uses the 
information in the spectral density matrix, D, where the compo- 
nents of the matrix are 

Dtm= • s(r t, co)s* (rm,co) (7) 

and s(rt,co) is the Fourier transform in the frequency domain of 
the signal at position 

The algorithm we use assumes that the signal can be approxi- 
mated by the model for a pure state [Samson, 1983]. A signal 
which can be modeled as a pure state is a function of two or more 
parameters and is approximately separable in these parameters. 
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Looking over longer timescales appears to indicate an evolution in TID 
spectral characteristics associated with the changing geomagnetic 
conditions

3. Mid-latitude gravity waves



Dynamic Spectra                                                    May - December 2010

3. Mid-latitude gravity waves

Peak daily spectral power and corresponding AE and SYM-H indices for 8 
months in 2011

A seasonal variation is evident (less power in mid-winter) as well as 
spectral variability associated with geomagnetic activity 



Another interesting result appears 
if we take monthly averages of the 
backscatter power

Evidence for persistent TID 
structures exists - unlikely if they 
are related to geomagnetic activity 
since that would not occur at the 
same UT each day

Possibly related to the solar 
terminator, which can launch 
gravity waves, and would be 
relatively constant over just one 
month

Or could be related to a 
geographic feature, if effectively 
standing waves were present due 
to, e.g. winds over mountains

3. Mid-latitude gravity waves



4. Weddell Sea Anomaly (WSA)
FIR RADAR

WEDDELL SEA

The WSA is an ionospheric structure characterised 
by a larger nighttime electron density than 
daytime density.

During the summer months, FIR observed sea 
scatter at nighttime that suggested curious 
undulations of the ionosphere
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Median values in 30 bins 
of the full FIR dataset, 
hour against day.

The WSA scatter is that 
appearing in the summer, 
after sunset, seen to 
move to further ranges

The velocity of the scatter 
is characterised by large 
variability
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The width of the velocity 
distribution within each 
bin (the 90% decile - 
10% decile) provides an 
estimate of the variability

The highly variable 
intervals appear to 
coincide with high 
geomagnetic activity



31st October - 1st November 
2010

Quiet geomagnetic conditions, 
during a northward IMF interval

Modest local ground magnetic 
oscillations accompany auroral 
electric field variations of many 
100s m s-1

WSA shows only modest effect 
in range and velocity variability

Instead poleward propagating 
‘tendrils’ of enhanced power 
appear

4. Weddell Sea
Anomaly (WSA)



During its short life the F-I radar observed a wide variety of 
phenomena and showed real potential, especially towards the 
end, as geomagnetic activity had started to pick up and mid-
latitude ionospheric scatter was becoming more commonplace.  

The antennae remain at Goose Green, so hope remains that a 
new set of electronics may become available in the future so 
that the F-I radar may operate once more...

Falkland Islands Radar
15th Feb 2010 - 5th October 2011


