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(Scandinavian Twin Auroral Radar Experiment)
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Ant. beams: fan beam by 16 log-periodic phased-array ant,

e UTa oo i iae e e e ™, beam directions: 16 (3.3 deg. beam width each) (=> ~50deg, FOV)
T 105 kV PSP AR R e 1 pulse length: 300 usee (45km) (108, 200 usec possible, no palse coding)
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(min, lag=24msec, ~H msee / sequence)
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818 D SuperDARN multi-pulse
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SuperDARNER ;| [ HE
A ] A Multi-Pulse #2512 2 5 ACF(Doppler A~ 2 kL )it il
A% ] Multi-PulseiZ: [D.T. Farley, 1972]

unequally spaced multi pulse ACF method
|Farley, 1972) |
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signals from all different ranges
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@IE! fitacf
Time: 05:48:40 Beam: 13 Freq: 12.4 MHz

Caution: ACFs are fitted assuming each spectrum has a single peak
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SuperDARN pulse sequence and sampling points Real i 5 g
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BATHONSERER:

iqdata:
sampled raw 1'Q values..
CF:

raw ACF (consaructed from main army 1Q
samples) to deduce physical params
XCF:

raw XCF between main array and

main and interf. Rx 1Q samples) to deduce
AOA elevation angle

Power: y
echo power (SNR) [dB
l_.xmbIZI:“ﬁ sigma fi ll ,
VEL(Vlos):
Line of sight Doppler velocity[m/s]
Spectral width:
spectral width [m/s)
elev,
AOA clevation angle#4ckn i) [deg)
noise:
noise level [A/D units”2
determined during Rx only mode
(various) errors:
estimated emor for each fisted p:rvnrlcn

normal scan/ fast scan

normal_scan
beam sequence

2 ___,—'-A—.xnl- ‘“H

0,1,2,3,4,56,7,89,10, 11,12, 13, 14,15

beam ntegration time - intt = 7 seconds
| beam scan = 7 sec/beam < 16 beams/scan = 112 sect o
global convection : every 2 min
each beam sampling period : 2 min

in case of another Common Time program,

“fast_scan™:
ntt = 3 sec
global conyection: every | min

cach beam sampling period: 2min

std. multi-pulse params.

(mppul=Tor8 etc.)
frang=180km
rsep=45km

(i.e., txpl=smsep=300us)
nrang=70 or 75 (or even larger)
intt=7 sec (normalscan) or

3 sec (fast_scan: current std.)

beam seq: 0,1,2.3,...,14,15 or

15,14,13,....,1,0
beam scan: 2min or Imin

interferometer RX output (costracted from
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SuperDARN scheduling

3fJE Dcategoryl 23T HILS,
Common Time(CT):
“4xradar S JEAE Mllmode TR, A D50%LA 1.
JEARNIZ, PlEcontact? |-, it THIEZ S,
normal scan, JT#Tld, fast scan/fast sound mode,
g, (7o% STTHHEL TV ) THEMISHi £ LD
Jeeil @il (themisscan mode)%, CTH:TIEMEL TV %D,
Special Time(ST):
radar? VR B 90 A 2555 2mode TR,
H?20%LL T,
L UEMRIEBLEEEE A I datafil A Opriority
Discretionary Time(DT):
# P1OD ik B TR nl HEAS 01 ], )
1~$ L — & — L DHE RV — ¥ —{R5Fb
ld?catcgo?ﬁ HD30%LL T,
SEMARIL, %Pl datafdi H Opriority 17,
*2r A il ETIZSD scheduling WGIZ i &2 FRA-HEHH L |
SD scheduling WG73SD PI Group? 7 g8 4 T
14 H il £ Clzschedule e iE, e/ MR YLALIE, 207,
*stereo radar® 354, chBId, radar{#47PIoD [ H1 % ik,
*CT/ST/DTiZ, cpid (program ID) TXH|TE5H (EEIEELLAT).



some very basic SuperDARN references

HF radar, multi-pulse technique, fitacf (E@zmvi-vFizRE—F%):

-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 (% fereferences%%%3| Fl, BB OILAEMBICL BEDEEAON):

-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.

AACGMEEIE X :

-Baker, K.B., and S. Wing, “A new magnetic coordinate system for conjugate studies of high latitudes”,
J. Geophys. Res., 94, 9139-9143, 1989.

MEerge.: 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/ ....




statistical global convection model dynamics of global convection
cspecia!l g‘hen IMF Bz, By drastically changes

®¢lobal convection pattern
(spherical harmonic fit) o T o R "( UL iy 17
classified by IMF condition T o M N ®-12:56:IMF Bz=0
stable condition
4 cell pattern (@ 12:46
3 cell pattern @ 12:52
®12:56: abrupt Bz<0
change happened!
®-2min later aft Bz

®[MF Bz=0 (NBz), |By|~0: "
dayside high lat.: 2 cell reverse N
convections (sunward flow)
form 4 call pattern together “

1 [/ 2 - O : i Y ‘ W Lt '
with lower lat 2 cell b, T et , L e e ‘ ::: change: .
®Bz<0 :2 cell pattern, Gide e e G 2 reconfiguration from
130000 UL o5 Tt ® MY 120600 UL T T WY 00

Bz>0 pattern to Bz<0
pattern within 2-4 min.
®-10 min later:
enhance & strengthen
Bz<0 pattern

larger @p

®2 cell pattern dawn-dusk
asynmetry : reverse for reverse
By sign

Chisham, et al., Surv. in Geophys., 2007

dynamics of FTEs related to IMF changes meso-&small— scale convection dynamics
meso- & small- scale regions dynamics: FTEs ®FTEs (Flux Transfer Events)

July 15, 1997

nightside conpvectipn dynamics
®TCVs (Traveling Convection Vortices) related to substofr

21 #en 2008 FNI000 TAICE

. . (l '&\.\}l ! A\‘S'
®SAPS (sub-auroral polarization stream) i I =
AN, =

PJs (polarization jets)

SAIDs (sub-auroral ion drifts), \ ) ey
SARAS, L T

AWFCs (auroral westward flow cha cls)— —————————

r-!t} 7S A

REEREREAN]
LA e yene

®substorm related convection transients

®storm time related phenomena (SED, ...)

PALE CRoaarmeapreanc iy sie (")
. .

i
BEEEE RN
| ad Apwmans

LI
Transient phenomena S A %
g L e Region identiﬁcation 7 Grocott et al., Ann. Geophys., 2005
5 ") “H el (I-M mapping)

M A Especially during storm/substorms
§ ik il comparison with MHD simulation..
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deduction of global FAC system

®From Polar UVI image auroral
luminosity, particles

200000 m/s  precipitation into ionosphere

can be inferred, which can then
be combined with model for
photo-ionization etc and
Pedersen, Hall conductivity (X,
I, at whole polar region can

be deduced. (possible problems on
reliability at low luminosity regions)
®By combining the deduced
£ & SD 2-D global E fileds, J,
can be obtained and FAC, J, can
then be inferred (by V= 1 )).
.u};:a(rcd).-"down(bluc) ward FAC,
woem & X, (contour)

*  @cxtensive validation with

ot e satellite magnetometer data ete
Bristow and Lummerzheim, JGR, 2001 rcquicd

i%ﬂﬂﬂIti(ﬂl#ﬂﬂ@ﬁ'b‘dominam’t‘VZlid‘é(. UxVIZ L HFACOEE THELASL,
ZIZ, aurora;Z RS EBVIAKEL VXVALFACOF@EIEEETHL DM S,

“arishere

arttees

~0.24

“argnere

Sosthers

estimate of Reconnection Rate

——y—
.

ed

Open 7 ; R R ]
OCB__sg\amm.\ V , - w5y v
’ T P

Closed di ———

OCBRUOCBOBE .,
BHREL. SWBHhOHE,

OCBEEXADMRHELLT ..
MEHMB-Y - METh SMEFIE. .

dF/ —BuV.5
_AL. BxV -di
V=V, ~Voes

Testing Reconnection theories
@®antiparallel reconnection hypothesis

places where antiparallel happen K N AT 4

®component reconnection hypothesis omr VDo o1 ~"—°"s‘ 74 ;" i
subsolar point e IR
high sheath B strength & sheath flow stagnate ~h o7 izt -

Baker et al., JGR, 1997

i k et gl., Ann. Geophys., 2003,
C El;h"f.f. et al. AN, et(‘)o?l'n"si Zilo-lb
Coloman of ol 16°D "001

SWB/OCB/FTE/Reconnection

Spectral Width Boundary(SWB) as proxy of OCB?

®Doppler Spectral Width sharply
changes around Convection Flow
Reversal (polar: higher width)
®(Can Spectral Width Boundary
(SWB) be a proxy of OCB
(open/closed field line boundary)?

Hosokawa et al, Ann. Geophys., 2003

st Ovwzoss Second Dwwrpoas Thirg Owecpoms
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A Hosokawa: ¢f ala Ann. Geaphyss, 2003

MHD waves with SuperDARN

Depoier wosaity 1 TIGEH Baam 534, 21EAZ000 jerissnd)

owse

Spectros

-

®Pc3~Pc5 detectable w/ SD
@®ULF waves also found in
ground scatter echoes

®ionospheric heater visualizes
natural ULF waves

®waves with different period/m-
number between S-N beam
(Finland) & E-W beam (Iceland
East) simultancously co-exist
®but low-m low freq waves only
observed at ground mag. data.

. ®low-m & low-freq wave: basic
FLR (field line resonance).
high-m & high-freq wave: 2"
harmonics of low-freq wave,
triggered by high energy
particles in ring current inside

magnetosphere
Panomarenko et al.. GRI. 2003
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studies on E-region FAIs

Eastwards electrojet

@HF

Villale ot o, JGR, 1987, 1990, Hansise of al, Aan. Gesphyy, |
St-Mawsice of al, JGR, 1994, Miks

Geoplivs, 2004, and so o0
®Re-classification of E region
FAls in HF band.

®Not only type I&II, but also
more types (not rare) identified

®Some has Vlos sense
opposite to ExB drift direction

O®FAI generation mechanism

®found high aspect angle echoes
from E-region FAIs (HAIR) @HF
HAIR

®Found in nearest ranges in clectrojets

®\Very large aspect angle ~30deg

® Aspect sensitivity is 0.5~1 db/deg
(normally ~10dB/deg)

[Robinson & Schlegel, Ann. Geophys.,
St-Maurice ct al., 200x, etc]

studies on mesosphere/D-region echoes

®Meteor echoes [Hall et al., JGR, 1997]
®PMSE [Ogawa, et al., GRL, 2002, Ann. Geophys., 2003]
@3 assoc. w/ energetic particle precip. CNA & pulsating aurora
[Milan et al., Ann. Geophys., 2001, 2008]
spectral width: <20mvs very low (<< E regaon ~100m's)
=related to ambipolar diffusion?

=precipitation spatial scale ~34~ 10m if coherent??

or partial reflection due to enough high density gradient??

Radar
oltitude

height: 80-100km, Vlos<100m/s,
1A}

non-aspect sensitive again! a~25"

Al —sky
cc"’mra

Riometer
obsor p' on

Radar

.
echo wdth S

itan and Levter, Adv. Space Res,
1999, Vidaa and Lester, Ann Geophys., 200105, Mian ¢t al, Asa

®Generation mechanism proposed but not clear v
2000,

F -region FAIs with heater & SD

A S S

viewing nrcas
1,0
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studles on echoes ass.w/ aurora
SD2008]

®PsA [Hosokawa et al.,

3 minutes

backscatter



Atmospheric waves - ground scatters BTt Tae BT R0\ K RN TSR e ity
TIDs tldes gravity waves,
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° first-ever
| precise neutral
- wind altitude F
= | profile obtained :
= | at Syowa radar
]
-0 ‘1 -~ RN w:t.’u DIy 252 (CHi MR —
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ARV o0 l s J | _:r—p é: /:
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- S Y | =
;I At \ i 'ﬁ,', SuperDARN radar firstly | co.icanun oo nonmsmen i manziocrss
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Sea scatter (sea surface wave) (TMS application)

¥ celand p 0 nly

*  Limited area - fine comparison bétween 2
pomts but large datly/seasonil/secure
vanation.

High Doppler Resolution Summary Plot of Unique Parameters * ST Fhoupalan. palr awd

lceland East - Sva
Co dicnmc GB, fuuluu:s in Svarbard |

®SuperDARN as ocean nnd hongsha ¥ PR
radar : "Ground Scatter" N K’n‘}"ap?“m° MSTASMF radar, Lidar
can be sea scatter Bul no SD radars so far whose FO
c&,u}‘ over Qvu\mlt.ulxl {’c\,laml c\:jnt!’cls)
thou mﬁ on fegland gover v
®Bragg scatter at sea lv.clngml'l — many optical simulancous
- s . SR researciies,
- surfa(,L:t:y surfac; sea . How:'\:r’.ﬂ Sll[)his still gmuwlng‘...
wav wavi celand will be cov
- " e_s SES SRIERCE WavE radars possibly (hopefulll;x S00N ("0!7"]
£ velocity etc can be «  Many ,mlcnnal research targets including
R . . auroral, subauroral and inner
3 investigated magnetospheric studics
é I, (proposal by Simon bhqahcni USA)
@

," ®Very low Doppler Vel
requires higher resolution AT ra
« Doppler spectra. Raw 1Q & ‘& s ‘k
. time series analysis method A | £ Bl - e
¢ |} (TMS) can be applied R | g‘

Courtesy of A Kadokura

- ' v _{ Counesy of S. Shepherd

Utiversel T (hosrs) n
1 - S Greenwood, et al., SD2007&2008 Statan FOV|[&i>10.0) In Geomagneatic Map on 20150101.000000UT)




SuperDARN Pyt
Obtainable physmal

Scientific
objectives

1) aynamics of large scale convection
2) aynamics ot 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 COnj Ugacy/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)...

“lPk

parameters

0) Line-of-Sight Doppler Spectrum
1) V| os In global 2-D in 1-2min resol.
- = E (inF),®, ® .-, Reconnection Rate.
= MHD waves, neutral wind velocity
2) echo power
3) Doppler Spectral Width (AV)

decorrelation time, FAIs, regional identification

4) Dynamic Doppler. Spectrum

multi-peaks? wave influences? —FAl/plasma insta. info

5) elevation angle (AOA) by interferometer

=echo height .
6) Ground scatter (low Vo5 and low width)
= (skip dist./foF,, 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 (tips, tides, GWs...)
11) neutral winds in MLT region
12% Sea surface waves, sea flows...

13) ...




| 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 FAls & sye no underestimate?)
lable space weather potential maps (& real time product issues)

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

Plagma instabilities, FAIs, heating..., global and meso-scale comparison or

dore papers: citation >1000/year!

bdividual radar 1ssues... SENSU:aged Tx & antenna w/ non-flat ground plane
and\sensitivity, imaging, interference, radio authority license i1ssue, etc...



I\/Iore data-more SD radars/FOVs’>

...INn near future?.. Nl

B H-1 H=|- “

Northern Hemns h

N21

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?
I Hieh-latitude B Mid-latitude T Polar cap



fltacf3 — Improved & much more fltted data

= fitacf3 ready & formally released, testing started
FITACF27 beam = 07, {=10.7 MHz _ FITACF30
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Hardware variability and
common software Issues

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

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

e Radar Operating Software (ROS) was common
with analysis software (RST)) and thus output file formats are $ o
commaoan — 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. |

W development by younger students (soon gone to...)
WGs activities have become more important...

nsiderable efforts done for improve common S/W
* ARN quasi real-time map display gone — Just revived@ Dartmouthl




| Older radar maintenance issues:

sometimes fairly serious...
* New radars still increasing and expanding, but more
umber of older radars maintenance become harder...

X/Rx Refurbishment (Ice W)
Aged antenna (lceland E, Syo)
Radio authority license issue

an power (inc. initial Pls retlrement)
French J-P. Villain: Ice W
Australian, S.A.,...

lley base (ice-shelf crack-evacuation) issue...
t Folk Island revived...) etc.

formation tried to be shared, discussed, helped among us.




| Velocity/E/®_ validation issues

« SuperDARN E fieldslgn F region) : basicall){3 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 1onospheric 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
pcation difference due to different ray paths and temporal variation %f
Stereo mode not used) — only statistical treatment can be made using.2).

. 1), interferometer calibration is essentially important and required.
- Apparently affect map_potential results and [ 98| | RS T{Ve[o] [lo RTo W




More reliable potential map?

AR global high-temporal resolution
ic potential map (in quasi real time) T Raadia .
¥'s dream — came true. .. s : | Madel Parameter Description

ot Table 1. List of Regression Model Parameters

nch succeeded

. MR SML SuperMAG auroral AL index
: glanm‘a at early SD workshop, not small - il S SupetAG aurotal AU index
number of participants claimed that they can not belifve B . : :
the results! because there are so wide arca where no $at SML_s SML for sunlit locations

are available;-| ‘ SMU_s SMU for sunlit locations
= But it became gradually accepted and as number of SML_d SML for dark locations
radars increased, very much widely used for sRace . swud SMU for datk locations
weather science and making new models ete though
underestimated E issues etc were identified SMVROG, SVMIROG, SMRTZ, and SMR1S SuperMAG partiol ting current Indices
Used in many scientific (and/or applied) researches cited ot e XA el Nl LU Wt
in many areas / papers, indeed. .. \ ASYI-H and ASYI-D AGA asymmetsic ting current Indices
. qudiors
(normally careful use of maps fitted with enough real data)il.., =l Solat zenith angle Solar zenith angle (degrees)
Ily believe the results? Very much distortéd . PC Polar cap magnetic index
and jump one time step to next, etc. . . 7T7 stt
Mumber of problems on current method: By S X -k A ' < 3
- Cll.l'.l‘:ﬁl method need tg put mpodel deta the gaps (no nj) area ( c : .
to ena L: us to Epﬁﬂ'l@:‘ﬁ. p-:np Imnuoulca‘ Ifi‘lllIl;IEﬂ]E‘ll}'!il!i ?&?H"r{]‘
- Used driver model: classified by IMF magnitude and clock angles
= IMeANIng 1t assumes causa ].l')‘:(.'
- IMF variapion @ L1 propagate to Earth as a plane wave (W/o struching)
= Interal Mmagnetospheric processes are excluded (igoved)
- No dejay biw IMF ‘cause® & any effecisiresnlls on the system
- Statgk of the system are uniquely charncterized by IMMF
= No/mformation inchided related to history of b=1 system (iEnored)
- Thne delayresponse — unknown, possbly location dependent — ignored. . .
. Basic ction fit:
Cogrdinate. sys G ril al
b e Rt e ey

Boundary conditions are nmnecessarily restrictive (H-=h boundary)

There is angther way 1o apply statistical regression methods

Sl T 4 =jerioy, N Lt gl B 3
L=l ITT'?ITm [ground inagnetfomefel data, JC. K, Z0]

B e e . E‘E“é'éﬁﬁs 't-.'?.%#ﬁ“ﬁ%%éﬁ'%%E%%ﬁ‘él#ﬁ‘ﬁﬁ%ﬁi;"Eﬁ-‘.{ﬁ?_“d
CH (Priticipal Component Regresion) method.

Drivery of linear models: avojd _d!ctlhcu]tle.ﬂ. with us u& SW data
doosgs fom a set 1 ?EHE“C 1ces solar zenith mt‘gle‘}_
=0 Ty to con L3 1CEs Gaslg ofthogona elgenvectors)
b S11L STH(II&HI'.‘}a Co [ Ak e O, E .
S0 wiltly Y sw . P 1. energy cuug.tllng Tane. etc. ..
OovErTIn a1 10T T erilcfe - 110 SUCC 55!# R .
Bs) aﬁr_ru rovide uniform gri coverage w/o aftempting to discern causal
gpnships.

rocess fills in q‘ﬁiatia] data gaps -> enable SCHA to obtain global maps. -=
ed with obs data wlg'ével Eand a% ment, | L. .
| Sl;jlﬁitlsi ;ﬂr‘ NOSEe A arecomparable to original statistical uncerainty — Means

This o can applied g maki ew S ma otentigl! The very sinpoth and
:faa - L*‘ Aable D‘-‘-tE‘lltll:]:.’E] I 5 Al teclnp-o‘lFalllcvcﬁlﬁcn R‘i‘t:.h géua aj_'_-:rc:c'.:ncr;rw}tﬁ measured
tH e shown — greal result!

TheWhifns to combine SuperMAG, SuperDARN and AMPERE (=70 Iridium satellite (¢) 0320 UT
for 11eas1.1ren1|ent§r) to obtain global ionospheric conductance map — key to
unde agd the real MT EGI]F'I]‘IE. Figure §. Sequence of maps of the hoewontadl components of the groamd muagnetomeler data foe CHN - 0330 LT,
B i . } . . 28 October 2001, The sed armoves show the mpat data from SupertMALG, wide the geeen anows ase rom the sphercal
SuperliAR r?urgemml map will be revised at some point using this new novel way cap basis functson fit
forward) . \? It will affect inanv scientific researches and eventhe data interpretation.



| 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

eteors
- Using’SD elevation angle data themselves to determine “tdiff” value
Ing RTI plots to see range gap to determine range offset
-flat ground effect — unknown
- TX freg and temperature dep. and long-term variation

D2017 workshop triggered tentative WG to.solve them-in relatively
ghort time scale — started. .

Hange offset Issues: several unclear problems might exrst - need e
nvestigation again. o I

Jere recognised as very important — need ti [RsN F"‘“ be fixed.
also improve neutral wind measurements




Elevation Angle Task Force
-Interferometer calibration

o/ SD workshop 2017 (June, 2017 in Italy): Pl agreed to set up a TF.

to produce a clear proposal for how to calibrate measurements of. elevatlon
angles wﬁ e
Methodology

#1: Angeline Burrell’s Known Location method (e.g., heater@t;lﬁ é GS)

» #2: Gareth Chisham’s Meteor Scatter method WA A A
. Pasha Ponomarenko’s zero elevation scatter method (E- reglon echoes (300-

m, . S ~ ,.
i -.“t 2

Reasonably good agreement (but scattered)
No significant seasonal variation, . E




1B e B 2 ZF T 20— (Polar Mesospheric Summer Echoes)

PMSE obs w/ SD

T L eimo®<. +m | Near range echoes

Reassessment of SD

EAESEDRES

HTROM-=-& ' early pm,

@1 population of near range echoes seen around summer noon (not meteors):
arcn oo HBEEHTWS, | :
OSDTHLEH LI has average height >~100km (results from interferometer calibration).
our maPs of T10 9500 OSTTETODSe TN Oof BEAETANLE SChoes, o 3 DARN opes N ; . “
PRI o by iy~ iyt o s v i it e - . @ Ogawa ct al 2002 reported Syowa and other radars detected PMSE in the
MSEs The cosear have vals o g 9 MMz axd 0 2% foo other freqacos T cron s, r
D e e e s e I, BRI EDM same condition meaning height ~<90km.

Uslou

JGR Space Physics
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© Manrioo, LM, & Nitatars, N
J00) On e otgn of heogect
g EPURTY segiats seen ty 117
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TIEEAE) PRIE

. hEk E THRLIE '+ Near Range Echoes (NREs): r<500

;ﬁa)ﬁﬁﬁ)l:tﬂﬁo i km. Ponomarenko et al [2016]
- =EE|- g + Statistics/morphology for range
@ #390km & < gate 1 for 5 radars world wide

By 5. 19HEERIC : Unexpected occurrence peak at

KELOREIEE "+ Three populations found duri
oI B EE L (I B | the single 15-km pulses dgy?

Meteor trails

EHEEELTNVD | - Midday summer (h,~100 km) : _!,, o

particular in summer

BUCN, 200 MO0 T, =0 M

h,~100 km

ERE\ENTEY. E |

e T e o et MW DK... @ Reassesment of SD/SENSU near range echoes is important & required!
* Interferometer calibration (to be established in SD community very soon)
*Comparison with PMSE with VHF radar at Syowa, NH SD NREs...

On the Origin of Far-Aspect Angle Irregularity Regions
Seen by HF Radars at 100-km Altitude FAIR

-1 St -Manricet23D and N, Nishitant® J.P. St-Maurice and Nishitani, JGR, 2020
matituty of Sgmn and Atmenphens Yol svermny iof Senhatcbarwan, Sekaurn, Wmas Sewan Catads “inmwsrs
for 5p arth Extpunmental Beweanh, Nagoys Unleeesty, Sogoyn. Zpes, "Prysics sod Avtmooary, Weaar

uvessiny, Loadm, Ontario, Cansds

AbStract A specus summaer midday population of echees has been repoeted by high-froquency (HF)
radars at ranges less than 300 km. These echoes come from a narmow altitude reglon near 100 km. Thelr

spoctral widih indicates that they decay a1 4 rase controlled by ambipobar difusion, We Eabed the echo .
rogons i “Tar-uspect anghe \rregulanty roglons™ try comtrast with “high-spect anglo irrogulanity reglons™ N 0 phys |ca|
(HAIR) docamented in the past, fiofh types are from structures that decay alter an inltial growth phase. We . .
show that each type decays at a rate controlled by the altitade where i is produced. The large aspoct angles Connecllon ‘N"

and decaying process come from & monotonic aspect angle iecresse due 10 wesk altitude dependonce of PM S ES ata "')
the “elgentrequency.” HATR schoss are produced by the decay of atherwise standand 5-toglon

latser arc the result of 2 Gradient Drift Instahility in the bottoenside of the E-reglon where the verzical LIV
) ! e variation be

density gradients can sometitnes bo so strony that  less than 10 mV/m northward electric fivdd & shio (o _ *
destabilize 10-m structuns in the alieenoon sectoe. Owing to staller dip angles, the Gradiont Dl exp ]alned )

[evogatasities. Hawever, HATR echoes are tswially not far-aspect anghe rrgubarity regons because the How can yearly f S D

Trazalility roguiresnent is smaller st midiatitudes although 1t stifl needs 4 combinad sectron drift and S l' o Toa 0
ecastward neutrad wind contribution of the ceder of 100 m/s. With narthwasd slectric fiolds of 210 3 mV)/m, olar v dn‘“ 10on:

the mint 4 wind req 0t i of the ordec of %0 m/s ( not H/W issue?

FAIR NOT by meteors, E echoes, PMSEs and atmospheric turbalance!

FAIR created by GDI at the bottom side of ionosphere

GDI triggered in summer noon to afternoon sector by combination of
1. steep vertical density gradients (due to sunlit condition),

2. Northward E >~10mV/m, and 3. Eastward neutral winds.

)

range ec

ear
hoes



Recent SD related 1ssues

More data! Sdata coverage): more radars&FOVs, mid&polarDARN, Siberian, Chinese,
& equatorial radars to SD? Radars looking over Syowa and Iceland?!

~ Older radar maintenance I1SSUES: 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 FAls & sye no underestimate?)
More reliable space weather potential maps (& real time product issues)

Satellitecollaboration and scheduling issues:
VAP/ERG/THEMIS/e-POP/SWARM/...

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

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

Ofther physical parameters — 1-M mapping @ ionosphere
Japan activities, SD WG activities
ore papers: citation >1000/year!

ividual radar issues... SENSU:aged Tx & antenna w/ non-flat ground plane
and sensitivity, imaging, interference, radio authority license issue, etc...
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IR FEERI & SD Japan Web
= SuperDARNIX., EEEH 1 EBESF DT AD EITHE,

SDFEHRKRXLSDNTO B ARDIEEN L E BRI A FRE,
5| e SCEUIEE R 1000428 2 AITE - TVNB,

= SD H A& team®productivity? _EiF 52 . FLEIFFELCBRIE
BEm G ZRIL 5812, ERN3PIZETeEE core 5HF
Zus% B T 3L R 7R R ARG (2016/10),

%1%35031%%7772?5 TNIPRTSD Japan Web% 37 _Eif .
E%1TVN, 2SD dataddatabase. QL°Potential

OD% L2ATV, LRI ROHEEICERR, FFic, HoH
project(ERG-SC)RCIUGONET &85 1T H#,
SD Japan @ http://polaris.nipr.ac.jp/~SD/sdjapan/
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