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Super Dual Auroral Radar Network (SuperDARN)

Number of operating HF radars: 38 (24 in the northern and 14 in the southern hemi-
spheres) as of Nov 01, 2020, operated under the cooperation of about 10 countries
The radars use basically the same hardware architecture, same operation software, 

same schedule, same data format and same data analysis software, provide important 
information for the space weather / geospace dynamics studies.

Standard temporal resolution: 1-2 min
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From vt.superdarn.org website



November 2022

Conjunctions of SD with Arase in autumn 2022
• Arase covered the auroral/subauroral region on the dusk side which is

a hot spot of irregularities (= source of radar echoes)
• Submitted special time requests for running

interleaved_normalscan in support of
Arase for 4 months from Sep to Dec, 2022

• Requests were approved for ~5 days/month
• May be able to track

variations faster
than the normal
beam steering Dusk
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(so-called Arase mode)



Possible targets of special time observations
• Subauroral Polarization Stream (SAPS) – Hori et al. at poster on Sep 24

~= Subauroral Ion Drift (SAID)
• ULF waves at the auroral / subauroral latitudes

in the dusk to pre-midnight sector

Clausen et al. (2012) Yeoman et al. (2012)
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Majority of previous SuperDARN papers studied ULF 
waves during disturbed periods (Walker et al., 1992) 

Proposed waveguide mode 
disturbance triggered by SW Dp
changes 



Majority of previous SuperDARN papers studied ULF 
waves during disturbed periods (Samson et al., 1992) 

Proposed that FLR leads to 
substorm intensifications



Example of Nov 23, 2022
• IMF By/Bz, Plot: 2022 Nov 22 

12 UT – Nov 23 12 UT
• Very quiet period

–IMF Bz: ~ +2 - +3 nT
–IMG By: -3 - -4 nT
–SW velocity: 300 - 350 km/s
–SW density: 7-8 /cc
–SYM-H: ~0 nT  

4 hours

Kp 0 super quiet interval



Caterpillar-like ULF signatures on Nov 23, 2022

8 hours

November 23, 2022

Very hungry caterpillar by Eric CarleKp 0 super quiet interval



FLR signature?
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• Toroidal and poloidal mode waves were seen
in the  B & E fields of Arase

• Toroidal mode waves at Arase showed
high coherence (>0.6) with Bx at FSMI

No compressional waves

Poloidal 

Toroidal

Toroidal

Poloidal 

B & E-field from Arase
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L-o-s velocities from SD



SD
Prince 
George 
radar

SD
Saskatoon 
radar

Arase

L-o-s velocities from SD






Magnetic latitude of auroral oval was ~72°



Northward phase propagation

Eastward phase propagation

PGR

SAS Propagation direction
is unclear...

Propagation characteristics in keo/ewograms
• Northward / eastward phase propagation is obvious in the data from PGR

(anti-sunward)

① ②
③



Corresponding variation in GPS-TEC
• The detrended TEC 

showed a periodic 
oscillation with the 
same period of 
ionospheric plasma 
flow perturbations

• The amplitude of 
the TEC oscillation 
was sporadically 
magnified during 
02:00-02:20 UT

PRN14

L-o-s vel along IPP

FSI GNSS station

GPS-TEC

SD

IPP @ 300 km



Summary and our plan this autumn/winter
• Captured “caterpillar-like” ULF waves during the SD-Arase campaign

in autumn 2022 over the north American sector

• Latitudinal variation of the wave amplitude implies the existence of FLR

• Anti-sunward phase propagation seen in the 2D velocities suggests 
possible contribution of K-H instability to generate the ULF waves

• Arase detected the corresponding ULF signatures having toroidal/
poloidal components (without compressional components). Toroidal
waves are well correlated with the B-field variations on the ground

• Similar wavy feature was seen in GPS-TEC, indicating that the
caterpillar-like ULF even modulated the ionospheric electron density

• ULF observations with SD allow us to visualize the 2D evolution of
MHD waves from multiple sources in the M’sphere

• Analyses of ULF waves during “super quiet intervals” with in-situ
satellite and ground-based observations would shed light on further
understanding of the generation/propagation process of ULF waves

• Continue this effort in Oct, Nov, Dec, 2023



More caterpillars ...
• Lots of other caterpillars indeed...
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