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HF radar, multi-pulse technique, fitacf （基礎を知りたい方は是非一読を）:
・Greenwald, R.A., K.B.Baker, R.A. Hutchins, and C. Hanuise, “An HF phased-array radar for studying 

small-scale structure in the high-latitude ionosphere”, Radio Sci., 20, 63-79, 1985.
・Baker, K.B., R.A. Greenwald, J.P. Villain, and S. Wing, “Spectral characteristics of high frequency (HF) 

backscatter from high latitude ionospheric irregularities: Preliminary analysis of statistical properties”, 
Interim Rep., RADC-TR-87-284, Rome Air Dev. Cent., Griffis Air Force Base, N.Y., 1988.
・Farley, D.T., “Multi-pulse incoherent scatter correlation function measurements”, Radio Sci., 7, 661-666,  1972. 

SuperDARN review (有用なreferences多数引用。研究分野の拡がりを知るにもお薦め度花丸◎!!!!):
・Greenwald, R.A., K.B. Baker, J.R. Dudeney, M. Pinnock, T.B. Jones, E.C. Thomas, J.-P. Villain, J.-C. 

Cerisier, C. Senior, C. Hanuise, R.D. Hunsucker, G. Sofko, J. Koehler, E. Nielsen. R. Pellinen, A.D.M. 
Walker, N. Sato and H. Yamagishi, “DARN/SUPERDARN - A Global View of the Dynamics of
High-Latitude Convection”, Space Sci. Rev., 71, 761-796, 1995. 
・Chisham, G., M. Lester, S.E. Milan, M.P. Freeman, W.A. Bristow, A. Grocott, K.A. McWilliams,  J.M. 

Ruohoniemi, T.K. Yeoman, P.L. Dyson, R.A. Greenwald, T. Kikuchi, M. Pinnock, J.P.S. Rash, N. Sato, 
G.J. Sofko, J.-P. Villain, and A.D.M. Walker, A decade of the Super Dual Auroral Radar Network 
(SuperDARN): scientific achievements, new techniques and future directions, Surv. Geophys., 28, 33-109,
doi:10.1007/s10712-007-9017-8, 2007.
・Nishitani, N., et al., Review of the accomplishments of mid-latitude Super Dual Auroral Radar Network 

(SuperDARN) HF radars, PEPS, doi:10.1186/s40645-019-0270-5, 2019.

AACGM座標系：
・Baker, K.B., and S. Wing, “A new magnetic coordinate system for conjugate studies of high latitudes”,

J. Geophys. Res., 94, 9139-9143, 1989.

merge: http://www.ion.le.ac.uk/cutlass/merge/merge.html

map_potential：
・Ruohoniemi, J.M. and K.B. Baker, “Large-scale imaging of high-latitude convection with Super Dual
Auroral Radar Network HF radar observations”, J. Geophys. Res., 103, 20797-20811, 1998.
・ http://www.ion.le.ac.uk/~gp3/map_potential.html
・ http://www.ion.le.ac.uk/~ag27/map_potential/advanced/manual.pdf 

map_potential：
・http://polaris.nipr.ac.jp/~SD/sdjapan/    ・http://vt.superdarn.org/  ….

some very basic SuperDARN references











Scientific 
objectives

1) dynamics of large scale convection
2) dynamics of meso-/small-scale convection

inc. transient phenomena
e.g., FTEs/TCVs/OCB/aurora/patches 

3) substorm/storm/sub-auroral
studies SAPS

4) reconnection/reconnection rates
5) Field Aligned Currents
6) MHD waves
7) hemispheric Conjugacy/non-CJG
7) Inner magnentosphere
8) D/E/F region irregularities (FAIs)

(radar aurora)

9) atmospheric waves
(TIDs, tides, gravity waves)

10) neutral winds
11) PMSE/MSE/PMWE…
12) Sea surface waves 13)...

0) Line-of-Sight Doppler Spectrum
1) VLOS in global 2-D in 1-2min resol.

⇒ E (in F),F, F PC , Reconnection Rate. 
⇒ MHD waves, neutral wind velocity

2) echo power
3) Doppler Spectral Width (ΔV)

decorrelation time, FAIs, regional identification

4) Dynamic Doppler. Spectrum 
multi-peaks? wave influences? –FAI/plasma insta. info

5) elevation angle (AOA) by interferometer
⇒echo height

6) Ground scatter (low VLOS and low width)
⇒(skip dist./foF2, MHD waves, TIDs, Sea state

7) MHD waves
⇒no spatial integ. (v.s. ground mag.)

8) FACs (if combined w/ other info.)
9) D/E/F region irregularities (FAIs)
10) atmospheric waves (TIDs, tides, GWs…)

11) neutral winds in MLT region
12) Sea surface waves, sea flows...
13) ...

Obtainable physical 
parameters



Recent SD related issues
• More data! (data coverage): more radars&FOVs, mid&polarDARN, Siberian, Chinese, 

& equatorial radars to SD? Radars looking over Syowa and Iceland?!

• Older radar maintenance issues: refurbishment, license, budget, man power, Halley issue!

• Hardware variability and common software issues:

• RST 4.x released, Algorithm to fit ACFs: fitacf3

• Geolocation, Interferometer, range offset issues: NR meteor, D,E-F region

• E field, Velocity validation (Why artificial FAIs & sye no underestimate?)

• More reliable space weather potential maps  (& real time product issues)

• Satellite collaboration and scheduling issues:
VAP/ERG/THEMIS/e-POP/SWARM/…

• Plasma instabilities, FAIs, heating..., global and meso-scale comparison or 
meso-scale in global context Conjugacy Long-term changes...

• Other physical parameters – I-M mapping @ ionosphere

• SD Japan activities, SD WG activities

• More papers: citation >1000/year!

• Individual radar issues… SENSU:aged Tx & antenna w/ non-flat ground plane 
and sensitivity, imaging, interference, radio authority license issue, etc…
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More data-more SD radars/FOVs?
…in near future?…

More radars are planned. Also, Equatorial radar planned (but not clear if joining SD),

S. Africa: plan only. Issues on whether Russian and Chinese ML radars can join SD?



fitacf3 – improved & much more fitted data
 fitacf3 ready & formally released, testing started.

Pwr_l

VLOS

width_l

elev.



Hardware variability and
common software issues

• Originally, SD radars had some hardware variabilities
(several institutes/univ. developed since pre-SD era)

• But all the information esp. I/F box between H/W and S/W were 
well discussed, defined and shared.

• Radar Operating Software (ROS) was common (and source shared 
with analysis software (RST)) and thus output file formats are 
common – essential key for SD to glow up and to produce many 
collaborative scientific results

• These days many individual H/W & S/W development appeared, 
2 OSes, many versions of ROS, file formats updated but kept common… 
causing maintenance issues after JHU/APL no more SD central inst.

• S/W development by younger students (soon gone to…) 
– WGs activities have become more important…

• Considerable efforts done for improve common S/W

• APL quasi real-time map display gone – efforts to be revived at VT…Just revived@ Dartmouth!



Older radar maintenance issues: 
sometimes fairly serious…

• New radars still increasing and expanding, but more 
number of older radars maintenance become harder…

• Tx/Rx Refurbishment (Ice W)

• Aged antenna (Iceland E, Syo)

• Radio authority license issue

• Budget

• Man power (inc. initial PIs retirement)
French J-P. Villain: Ice W
Australian, S.A.,… 

• Halley base (ice-shelf crack-evacuation) issue…
(but Folk Island revived…) etc.

• All information tried to be shared, discussed, helped among us.

Iceland East Feb. 2017



Velocity/E/Φ validation issues
• SuperDARN E fields (in F region) : basically in good agreement with 

other measurements (Ruohoniemi et al., 1995)

• But they seems underestimated
(at least show smaller values than other observational results)

• Very good agreement in case of E fields in artificial FAIs

• Surprisingly Syowa East data seems almost no underestimate statistically 
in spite of its location at auroral region – still unknown issue.

• Several years ago, it was recognised that it is because V or E calculated 
from SD assume ionospheric refractive index=1 that causes the issue.

• Several approaches to obtain the refractive index/ true V, E were made, 
e.g. 1) using AOA data to calc refractive index at backscattered region 
under some realistic assumption, and 2) using dual frequency operation 
to obtain refractive indices – both have merits that only SD data is 
required to solve the issue.

• But in 2), direct measurement using dual freq. obs can never provide the 
answer due to statistical uncertainty of the obs. and possible echo 
location difference due to different ray paths and temporal variation (if 
stereo mode not used) – only statistical treatment can be made using 2).

• In 1), interferometer calibration is essentially important and required.

• Apparently affect map_potential results and ΦPC – still struggled to...

PC



More reliable potential map?



Geolocation, interferometer, 
range offset issues

• Geolocation (of ionospheric backscatter): 

• Interferometer: 
important for esp. near range meteor, D,E-F region studies,
geo-locations also for choosing only F region for map_pot analysis.
refractive indices and correct Vlos and E fields measurement

・only a very limited # of radars are well calibrated
・Using meteors
・Using SD elevation angle data themselves to determine “tdiff” value

Using RTI plots to see range gap to determine range offset
・non-flat ground effect – unknown
・Tx freq and temperature dep. and long-term variation
・SD2017 workshop triggered tentative WG to solve them in relatively

short time scale – started…

• Range offset issues: several unclear problems might exist – need 
investigation again.

• Were recognised as very important – need time but will be fixed.
- also improve neutral wind measurements



Elevation Angle Task Force
- interferometer calibration
• SD workshop 2017 (June, 2017 in Italy): PI agreed to set up a TF. 

• to produce a clear proposal for how to calibrate measurements of elevation 
angles

• Methodology
• #1: Angeline Burrell’s Known Location method (e.g., heater echoes, GS)

• #2: Gareth Chisham’s Meteor Scatter method

• #3: Pasha Ponomarenko’s zero elevation scatter method (E-region echoes (300-
800km)

• #4: Simon Shepherd’s ground-sea scatter’s method (GS)

• #5: Simon’s method based on Chisham Virtual Height (VH) model

• Comparative analysis of calibration (Tdiff) estimates by different methods
• Reasonably good agreement (but scattered)

• No significant seasonal variation, …

• Proposal to how to calibrate interferometer will be given hopefully soon

• accuracy, freq. dep., other issue (range offset etc), how often cal should be 
done, … should also be clearly understood and estimated.



Reassesment
of SD near 

range echoes



Recent SD related issues
• More data! (data coverage): more radars&FOVs, mid&polarDARN, Siberian, Chinese, 

& equatorial radars to SD? Radars looking over Syowa and Iceland?!

• Older radar maintenance issues: refurbishment, license, budget, man power, Halley issue!

• Hardware variability and common software issues:

• RST 4.x released, Algorithm to fit ACFs: fitacf3

• Geolocation, Interferometer, range offset issues: NR meteor, D,E-F region

• E field, Velocity validation (Why artificial FAIs & sye no underestimate?)

• More reliable space weather potential maps  (& real time product issues)

• Satellite collaboration and scheduling issues:
VAP/ERG/THEMIS/e-POP/SWARM/…

• Higher temporal / spatial resolution? (imaging radar etc.)

• Plasma instabilities, FAIs, heating..., global and meso-scale comparison or 
meso-scale in global context Conjugacy Long-term changes...

• Other physical parameters – I-M mapping @ ionosphere

• SD Japan activities, SD WG activities

• More papers: citation >1000/year!

• Individual radar issues… SENSU:aged Tx & antenna w/ non-flat ground plane 
and sensitivity, imaging, interference, radio authority license issue, etc…



国内SD core研究機関による
共同研究契約とSD Japan Web

 SuperDARNは、国際協力と競争のバランスの上に発展。
SD宇宙天気図やSD内での日本の活動は国際的に広く認知。
引用論文数は年間1000件を越えるに至っている。

 SD日本teamのproductivityを上げる為、共同研究や情報共
有等協力体制を強化する為に、国内3PIを含む主要core 5研
究機関で共同研究契約締結(2016/10)。

 Core研究機関の協力を得てNIPRでSD Japan Webを立上げ、
定期的会合を行い、全SD dataのdatabase、QLやPotential 

map図の提供を行い、共同研究の推進に貢献。特に、あらせ
project(ERG-SC)やIUGONETと密に連携。

SD Japan @ http://polaris.nipr.ac.jp/~SD/sdjapan/




