
Comparison Of Ionospheric Azimuthal 
Pc5 Plasma Oscillations With 

Geomagnetic Pulsations On The Ground 
And In Geostationary Orbit 

Kaori Sakaguchi*, T. Nagatsuma, T. Ogawa
NICT, Japan, 

T. Obara
JAXA, Japan

 
O. Troshichev
 AARI, Russia

SuperDARN workshop @Hanover, NH, USA, May 31 - June 4, 2011
2011年6月3日金曜日



ULF/Pc5 Wave
Pc5 pulsation [Jacob et al., 1963]

playing an important role in transport and 
acceleration of energetic electrons in the 
Earth’s outer radiation belt via drift 
resonance interaction [Elkington et al., 2003]

regular and continuous 
magnetic field variations 
with periods of 150-600 s

[Rostoker et al., 1998]

electron flux increase 
after a few days 

following Pc5 power 
enhances
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SuperDARN Observations Of Pc5 Waves

but were not included in the above statistics due to their
multi-peak nature.

3. Discussion and Conclusions

[14] The above results prompt a cardinal re-evaluation of
SuperDARN radar operations, since it is clear that these
radars can be used to routinely monitor ULF waves in the
ionosphere. The improved spatial resolution and extensive
field of view of radars compared to magnetometers opens
new opportunities for studying ULF wave behavior and the
resultant effects on the ionospheric plasma.
[15] The fact that the ULF waves are readily detected in

ground scatter echoes is not surprising. This mode is
sensitive to vertical ionospheric motions, which have a
strong field-aligned component. The interaction of the

ground scatter component with the ionosphere is identical
to that for vertical Doppler sounding, used for ULF wave
diagnostics [e.g., Wright et al., 1997; Marshall and Menk,
1999], while radars have the advantage of covering larger
areas of ionosphere due to oblique propagation. It is
important to remember that the indicated range of ground
scatter signals is approximately twice larger than the real
distance to the reflection point in the ionosphere.
[16] Furthermore, in evaluating FD, the SuperDARN

FITACF procedure fits analytic functions to experimental
ACFs. This process has advantage over conventional Fou-
rier analysis only when the signal has a single dominant
frequency component, and for signals with multi-peak or
broad spectra its effectiveness decreases. Ground scatter
fulfills these requirements much better than the ionospheric
scatter. By its nature - oblique propagation to and from the

Figure 2. Doppler velocity variations in beam 14 for 0600–1400 UT on February 21, 2000. Range-time cells with no
valid data have diagonal shading. The top panel shows unmodified data obtained via FITACF procedure. The middle panel
shows the same data but with an artificially saturated amplitude scale (±10 m/s). The bottom panel results from removing an
autoregressive smoothing trend (window size 600 s) from the data and using the saturated amplitude scale.
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vicinity of the skip zone - sea/ground scatter has narrow
spectral width in contrast to the relatively broad spectra
from ionospheric scatter. Also, ground scatter exhibits a
regular daily appearance, associated with reflection from a
regular ionospheric layer, compared to the more sporadic
ionospheric component.
[17] The range over which wave signatures are observed

depends on the geometry of the HF path, the state of the
ionosphere, e.g., presence of tilts or irregularities, aspect
scatter conditions, and the spatial scale size of the ULF
disturbance. Often identical wave features are observed in
TIGER ground and ionospheric scatter 10! or more apart in
latitude (Figure 2). These waves are unlikely to be local
field line resonances. Conversely, it may be possible to
observe both modes from overlapping regions of the iono-
sphere. This allows the full 3-component perturbation
vector to be obtained.
[18] We have observed 4 distinct types of ULF wave

signatures. The most common is a low wavenumber Pc5
wave with high coherence over large distances. About 46%
of the radar events have no ground magnetometer counter-
part, indicating that many events may be high wavenumber
Pc5 events with spatial coherence scale smaller than the
separation between MQI and the ionospheric target region.
We have also observed bandlimited daytime Pc3–4 pulsa-
tions, which most probably represent upstream waves, and
narrowband nighttime Pc4 oscillations that may be signa-

tures of local field line resonances. Properties of these
signals will be explored in further papers.
[19] Importantly, the technique described in this paper

has proven equally effective for identifying ULF waves in
common mode (ts = 120 s) radar data as well.
[20] In summary, this study has focused on the identifi-

cation of ULF wave signatures in SuperDARN velocity
data, with the following new results:
[21] . The detection of low velocity wave-like variations

in SuperDARN data is greatly improved by removing low-
frequency trends and using a compressed dynamic range.
[22] . Applying this technique to 43 days of data revealed

an abundance of wave signatures in the mHz range. These
are observed for 4–5 hrs/day on average.
[23] . The sea/ground scatter component is particularly

useful for monitoring these waves, accounting for about
60% of the observed events.
[24] . Over half of all the waves were also observed by a

ground magnetometer and were coherent over large areas.
[25] . Other wave-like features observed in the iono-

sphere are likely associated with different types of ULF
wave sources and modes.
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Figure 3. Time series (top panel) and power spectra (bottom
panel) for Doppler velocity variations in TIGER echoes (gray
line) and Macquarie Island magnetometer (black lines) for
0900–1000 UT on February 21, 2000. Radar data for beam
14 were averaged over gates 24–35 (see Figure 1).
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Ponomarenko et al., 2003

54% of the TIGAR radar oscillations were accompanied by 
similar spectral maxima in the MQI magnetometer data.
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The King Salmon HF radar observation of Pc5 wave
with an azimuthal beam 3

HF radar observation of
Pc5 wave: dVD = dE x B0
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Ionospheric Pc5 Oscillation

2 hours, ~19-22 MLT

Pc5

2 mHz

beam 3
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Pc5

18 MLT

20 MLT

22 MLT

magnetic 
north 
pole

80º AACGM

70º AACGM

λ=4000 km
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Gate Distribution
• total observation time with 

1-min sampling in 2007: 2896 
hours/year ~ 30%

• Fourier analysis every 64 min 
based on 5-gate averaged 
time-series 

• analyzed interval:      
maximum at gates 25-29

• Pc5 occurrence rate: 
maximum at gates 15-19 
(600 -1300 km)

Statistical study in 2007

2011年6月3日金曜日



Local Time Distribution Of
Ionospheric Pc5 Occurrence Rate

high occurrence rate
~40% at pre midnight

Statistical study in 2007
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Ionospheric Pc5 Power And 
Solar Wind Parameters Etc

Vsw

Psw

AE

Dst
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COMPARISON WITH 
MAGNETIC FIELD VARIATIONS
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Pc5 Event ①

only three ionospheric Pc5 events 
showed similar waveform 
variations with concurrent 
magnetic field pulsations

rare case
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Pc5 Event ②

no agreement among waveform from 
radar, satellite, and ground, but some 

show similar spectra each others 

typical case
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Pc5 Spectral Power Comparisons

positive Pc5 power correlation between radar and satellite observations

ETS8 vs HF radar

dB [nT] 
~ 0.01 x dVD [m/s]

fit line

geostationary and ionospheric
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Pc5 Spectral Power Comparisons
ground magnetic field variation induced by Hall currents 
due to Pc5 electric fields + several assumptions　☞

good agreements on integrated Pc5 wave powers 
between ground and ionosphere 

ground and ionospheric
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Summary And Discussion ①
‣ Occurrence rate of Pc5 Doppler oscillations (probably toroidal mode) 

obtained from the King Salmon HF radar is maximum at pre midnight 
(40%/echos)

‣ Ionospheric Pc5 power showed no relation with solar wind velocity and 
dynamic pressure, Dst index, nor AE index.

Source of ionospheric Pc5

● Kelvin-Helmholtz instability: flank regions of magnetosphere,  VSW

● Solar wind dynamic pressure: magnetopause, Pdyn, SW

● drift/drift-bounce instability: ring current region, storm/substorm?
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Summary And Discussion ②
• Pc5 spectral powers among a radar, a satellite, and ground 

observations show positive correlations each others, 
whereas it is rare to observe similar waveform variations 
among them.

Problem is .... that dayside (especially, morning side) Pc5 
geomagnetic pulsations were not detected by the radar 
observations.

Local time distribution of Pc5 power obtained 
from HF radar show different features from 
magnetic field observations

need to investigate m number in future study 
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Thank you 
ありがとうございました
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NO ionospheric oscillation during large Pc5 geomagnetic pulsation

ground scatter?

ionospheric scatter?
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時計回り 時計回り

地上磁場

衛星磁場

衛星 地上

3378 WALKER ET AL.' AURORAL RADAR OBSERVATIONS OF PULSATIONS 

TABLE 1. Events Occurring During Local (Magnetic) Afternoon 
in 1977 

Start Finish No. of 
Event (to 5 min), (to 5 min), Complete 
No. Day Date UT UT Cycles 

1 31 Jan. 31, 1977 1040 1130 7 
2 33 Feb. 2, 1977 1235 1255 4 
3 69 March 10, 1977 1210 1225 3 
4 70 March 11, 1977 1255 1330 5 
5 187 July 6, 1977 1230 1250 3 
6 187 July 6, 1977 1525 1540 3 
7 303 Oct. 30, 1977 1320 1615 40 
8 337 Dec. 3, 1977 1200 1225 4 
9 346 Dec. 12, 1977 1300 1400 11 

Similar results have been reported by Unwin and Knox [1971], 
who also had access to the data of Blevis and his co-workers. 
Both of these features will be explained in the present paper. 

OBSERVATIONS 

The Stare System 
The Stare radar system is a significant advancement over the 

radars used in the previous studies. It consists of two pulsed 
bistatic radars located at Malvik, Norway, and Hankasalmi, 
Finland. The radars are operated at 140.0 and 143.8 MHz, 
respectively. 

Each of these radars consists of a relatively broad beam 
transmitting antenna, a multiple, narrow beam, phased array 
receiving antenna, and a shipping container holding the trans- 
mitter, receivers, and on-line processing equipment. Under 
normal operating conditions the radars measure simultane- 
ously the intensity and mean Doppler velocity of radar auroral 
irregularities at 50 different ranges along eight different receiv- 
ing lobes. These measurements are typically made with a tem- 
poral resolution of 20 or 60 s. However, temporal integrations 
as short as 1 s are possible. A complete description of Stare has 
been given by Greenwald et al. [1978]. 

A map of Scandinavia showing the eight most often used 
receiving lobes of each radar is given in Figure 1. One can see 

that there is a large common area in which the receiving lobes 
from the two radars overlap. At any point within this over- 
lapping region, two components of the Doppler velocity are 
measured. Since these measurements are made in the plane 
perpendicular to the magnetic field, they can be combined to 
yield the E region electron drift velocities and ionospheric 
electric fields. This procedure involves the assumptions 

-- -I'ol cos 
and 

Vo -• E X B/B 2 

where V is the observed Doppler velocity, Vo is the mean 
irregularity drift velocity, and a is the angle between Vo and 
the radar wave vector. One can see that the irregularity drift 
velocity is approximately equal to the velocity of the electrons 
in the E region, which is the same as the plasma drift velocity 
in the F region. The assumptions used in the Stare analysis 
have been supported by recent experimental studies. Ecklund 
et al. [1977] have found that radar auroral drift velocities are 
approximately equal to F region plasma drift velocities. Fur- 
thermore, Cahill et al. [1978] have reported agreement between 
electric fields derived from the Stare data and electric fields 
obtained from rocket-borne double probes. 

The data presentations below are based almost entirely on 
the Stare irregularity drift and electric field analyses. As a 
result, there is little similarity between it and previous RTI- 
based radar auroral pulsation studies. It will be seen that 
radars of the Stare type provide a powerful new diagnostic 
technique for geomagnetic pulsation phenomena. 
The Magnetometer Data 

The magnetic records used in this study were obtained from 
the high-resolution Rb vapor magnetometers deployed by the 
Institute of Geological Sciences as part of the United King- 
dom ground-based program for the IMS. The instruments 
record the northeast and northwest components of the hori- 
zontal field and Z digitally on cassette tape [Stuart, 1971]. The 
components are sampled every 2.5 s, and timing is controlled 
by a crystal clock and maintained within 0.1 s of absolute time. 
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Fig. 3. Mean. irregularity velocity in the geographic longitude range 18.5ø-20.5 ø •r event 1 as a function of geographic 

latitude (vertical axis) and universal time (horizontal axis). 

Walker et al., 1979

VHF radar observations of Pc5
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