F3470 E£HFEURODL

211
MUL—F —FERI[L—F—
RO L

FRp294F9A7H - 8H

REPKFEFEMER






X U » IZ

B A THE 3BT ICALE 9D MU b — & —%, 524 FI O REFN 59 45 & 2 L [EF I
filts, INER R OEICE S £ O R E BT D, Rk 16 FEIEA S MU
L——BREEE S AT A TlE, b—F—A A= ZTEBINAREIZ R 570 &, FICHER
T b EER KARK[ L —F—D—2 L LTUEREZHIT VD, W L—F¥—(F, EX -
BT FH - BE IR RKOFEES TH D IEEE(Institute of Electrical and
Electronics Engineers) &1 ¥V IEEE = A /LA b —AZFRE &L, F2AIN 100 HFEFEa L
Tﬁt_@ XINTE T EREFEFR~YANVA N—VICHEE SN, AE 3 AIZITFENT

BIZED MU b— & —@E B AT &) PS4, EZEHE2=y M Eo—
EREHCE, ZEEENM E LT,

— . A KRR T HFEG A~ b7 MOFREE FICALET 2 0RE KA L — 42— (BAR) IX
Rk 12 FRERICTER L7 RERRBIIA L — & — T, s KA 7B %@Bm&4/
R 3 7 #2252 8 1 (LAPAN) & O [ENE IS X 0 REEGEL AN T STV b, SRk 13~
18 LI IEHE S VB - FEEREIRITSE [RIERE LTRSS (CPEA) | IZ8W T, ZDH
Bkl & UCHIA &4, Rk 17 AEEED 6 EAR J ONE 0 B R 0 2[RRI A2 BAA L7z, Y4
W HERELFEFIHIC O L TR0 | O8I X 2 LFRFIH N EFEEE 0K 3 Hl% 5
@T%éoiﬁ\ﬁﬂﬁ%fi\fﬁﬁWV~ﬁ MU L— & = E e - EkseE b3
DR PREM b—F — (EMU) ZBEE R LT D, B AR 5% O 24k 0 KBS % 5 - K
AW ICETEIC BT 5~ A2 — 77 T RKEUFSERTE ) (v A& —7F 2 2014 - 2017)
O R FEFH N EMU &2 L3RR D —> &35 [ REGHIERRAE SR DA FE AT
(HEHEBIEARR) PBRE SN, £, GBI FE O — K~ v 7 2014 ITRE I NS, 7%
AN br— R~ w7 2017 BTSN,

ALE S HITIE, B 15 B MST L—& —U—7 > g v OB HERSL) | T 0 [E S A HUF 22 ¢
BAfE <4172, 18th EISCAT Symposium(F:fg: [ENZARHUAFZERT) & PHE S, MU —27 2 a v
TR Y T NT 46 o NEEdER (N, FBRERE 31 1) KO8T DR A & —FERNPAT
Dil, MU L—F — « JRERKQ L — X — D EREIZHONTH L OBERN TN, #H
IZiX, V=2 v a v IBIMOSNE A 29 4 HME 5 MU BLHIFT 2 R Uz,

AFE9HTH-8HIZ, FERFFIET ¥ /S AIZEBWTH 11 [BIMU L—& — - JRiE KA
L—H— R U T AR LTz, EFERIHICE D E SN RDIED, KBS
— = TR EEE T B HFIEA R, FHEZ DWW T 23 HEOMFZERENH 0 | IR RS TH
iz,

gk 29 49 H

FERR A AT PRI SR
MU L —& —/FRERR L — & —2EEELFERFARTMEZES
ZEER WA fi



H &

MU L —& — - JRiE KRR —% —2E[EBEILEFRI OB oo 1
HLIAET 4 11152 (UK RISH)
DX INVAIER BT DEWNFE —JALS2015 BUHIRE R — oo 5

FRAE — - (155 B JAMSTEC) - ¥ H i — (& #5 K/JAMSTEC) - Ardhi A. Arbain( KX
AORI/BPPT,Indonesia) + Sopia Lestari( A /" /" /L > K /BPPT,Indonesia) * Reni
Sulistyowati*Fadli Syamsudin(BPPT, Indonesia)

AERIKIEER I T DEEEY BB K T LD HANE v evmeemeemermeenmenee e 7
FREFIEML « ([P K2 BR1E—(JAMSTEC) - IAARTE (JAMSTEC * & # K)

ENEIR B HI A S DL — B A S T T B BB v eeevenee e 10
I H K22 AMSTEC) - B ILTA(UK. CSEAS) - KAE (R RCUSS) - /K B A4 (M Bk
- 5K CSEAS)

TRIET A — I IBI ST — MK IR IR BE BB =7 = )L O E A S EAR $hE.

}E‘@Jﬁtiﬁ ................................................................................................. 13
BRI PR EL - 52 FH 28R - RSB (E LX)

/NI \FTZEREE MU L —4 — CBIAIS N LR = R — T R O g e 16

& 1 3% 2 (A K RISH) - Hubert Luce(Toulon X, {A) « Lakshmi Kantha * Dale
Lawrence(Colorado K,k)+Richard Wilson(LATMOS, {4 )« HE FU A « KPR IE 2B (UK

RISH)

MU L —& —ZEEETE 7T 4T 7792 =P AT LOBAFE oo 22
DR E 5T 1 AT Z - LA - T304 (UK RISH)

MU L —& —Z 2 ZAR_R— 27 TR - $E HE BT AFSE e 25

L e B - S Ak« SE PR - (L1122 (0XK RISH)

Development of Software-Defined Multi-Channel Receiver System for the Equatorial

Atmosphere Radar (EAR) .............................................................................. 29
Nor Azlan Bin Mohd Aris - Hiroyuki Hashiguchi *Mamoru Yamamoto(:{ X RISH)

EMU(HRE MUY — 2 —ZFR O ZRPRLT DU T wereeeerrereereeeneiansetai s 33
LA « 46 11 15 2 G K RISH) 38 P& (L K RISH/ROIS)

R BT B R DOFFZE I E D T RE e eeeeeee e 36
IR (U R AL B %)

ﬁﬁjﬁfﬂy Ku %ﬁ}ilﬁl;@@p&ﬂﬁ{ﬂﬁy{n@@g%@wzob VT e 39

AT 2R 2 « PE A8 - SE4E R I (KPR 8 K)
MRR BHNZFE ST TAR R RO — & SR - & /TR O T8 36 L ORI RL

f%@ Eg{;ﬁ ................................................................................................. 45
KITHRE - TEHEEBEEGRK)
ELF-VLF #7 8 eHARE ZIE DW= B R B IS 31T 2 BRI B O BB S IR E O REAG -+ 51

R 52 = (e TR) - il = A (AER)



55 IX Wi 2T AJ0901 I FFRBR KU E BRI DR D RER RS AT L ) O EE - 55
Ve R (RO BR) « SEHE L (R HUATT ) « P2 R = R R BE R ) » FPR e =] (R HHOATT ) - 785 R
R RBEER) « & )1 n L (Rt « P8 AR =] (aattiit) - o B 1E 50 CRORBEER ) - A A RS
CONTALEY)
LZE B L — 4 (SSR E—F S) 1 OFLN AR EBLINIE RO FF R IO T - 58
HIREZ 2 DB BREC R - T E A (ENRI) » d A% — (L K RISH)

GEONET |ZH:5< 3 YR TC BB T2 T 7 4 DFR R e eeeeeemneemneeeie e 62
KB 3 « [LIAAET (R RISH) * 7 e 5= (FRBIEATLIEAIT ) - 75 A HE ) Gt

VT INEA LEBENEY 57 40— MU L —& — T BB S LD MGE oo 66
TR (BB AT » IUARET (UK RISH) « 75 R IE HI| CrORER)

i b —= BN LD PR RS 427 14D H BRAT FHEDBISE e 69

B AAE D - I AR (K RISH) * Kornyanat Hozumi (NICT)
Study of travelling ionospheric disturbances in the European and Japanese longitudinal
sectors with Kharkiv incoherent scatter and MU radars =« -+« crverrrerereeneereeneeeeneeee. 72
Sergii Panasenko(Institute of Ionosphere,44 K ISEE) - Yuichi Otsuka(44 KX ISEE)-
Mamoru Yamamoto(j X RISH)+Igor F. Domnin(Institute of Ionosphere)

Bk S-520-27 SHEIC LD BB T — F DI v 76
7o == [UARRT (K RISH) - A Y E B 1L N7 oK) - I FR ELCRYEKR)

Local HF radio propagation SIMUIALOr -« +««««+++rresserrensrrmenmtiiiiiiitii 79
Kornyanat Hozumi (NICT)

UV E = Fe—a B O 4 BT A2V ZRED BT e 82
LA (UK RISH)

B ol —rar RERRQL —& — BN LA T T A< T v EREEOHEE - 86
Ff 111 #& 72 (NICT) » S. Tulasi Ram+K. K. Ajith(IIG,India) * [ A< (35X K RISH) - K.
Niranjan(Andhra Univ., India)






MU b —&— - JRIERS L — & — 2 [E [ERR L ERH O BLR

WA - FE g2
(R R AEAFFE T IERT)

1. LI

MU b —& —|L 1984 FED RS WM 6, F2IREKRK L — 4 —(EAR)H 2005 470> 5 22[FH
(EEHIEFRFIHICHE L, < O R ZARH L TE 2, YU R2 2 HFEAMHAEZES %
AR L, SEEOBFESC L — X —E O ZIT > TE 2, 2012 4 6 HICHEERZH
H LT MU L—F—/FRERR L — & —2EEFRLEFRFAGTEMAZES 2/ L. 2012 4F 12
ARG BHFEFRIHZ/E— Lz, Agd ik, EEFHOBURIZ OV THRET 5,

2. MU L—&—

MU L —# — X R E T ERIT I LE T A g - ek O T ERKEHAH VHF 4
KL —H—ThV ., @EE 1~25km OXikE - TEEERE. &E 60~90 km O F [ [E & Y
& FE 100~500 km O BB SEI OBHIN A EECTH D, MU L — X — DI KOKHIL, 7> 7
TR IED T 7o/ B R (BEF475 ) @Bk &icky, 1
22500 Bl & W9 EHCL— X —E— A FRAEEZ DT ENARETH Y, £72, 25 @0
TTVvAT T HZREILTHERTAZELAMETH LA TH D, 29 LIV AT A
EEtDT=D, KRR L —4—L& LTCOREIIHA 4-5 FH TIEH Db DD, BIFE% 30 4
AT A B T b BSEE R KRR L — X —D—o L U TR AR T\ 5, 2003 4
FEIZIE TMU b— —8lsR b 27 A DNEAIN, L—F—A A= T 8O
REm B BTz, 2016 4R RICITRTFRE G EMARENZ LY MU L—& — S & EE
R AT L) DEANSINTZ, EREHHT=y M, T TR BLOT 7 FFEEms —
TND—ERN R I, AR 23 A _E(Bl1E) L7z,

F3 MU BLHIFTIZ MU L—& — L BREHIT 5 S £ S R RKBUAEE OBTR 7 ¢ — L
RELTHIEHINTBY, 213, MU L— —2 I TX 22V EE 2km DL O JRHE %
WET D= OICBR SN T L — &% —ATR)RC LV AT v T v 4 v Ry 77 A
Z(LQ-DIE. KB TOEE 33 WFTOWEH YA v R 7747 L TEHSN TV,
MU L — & — DR 2 BHT— ROT — X (3R — L= ETHERAB STV, (MU
L — & —7R— L ~X— http://www.rish.kyoto-u.ac.jp/mu/),

MU L —X—Z RGO T 75 4T+ 72— AR T LA FROKKL—X—] & LT,
2014 4F 11 AIZIBEE v A /LA f—NIRESINTZ, ZhuE, &R - E1 - HH - BEDE
DM KD T 5 IEEE 73, IEEE O3B BT A BB 1ot L CRRE+ 52 E T,
PIESINDTZOITIE 25 FELL I THOF CE K FHMIi 2521 TEX 72 &0 5 SEERMET
H5, £-. ETIHREEFRNAIL 100 AHFEZFLE L THICARE L, & HEsE %
BDVANVA = UICHRE SN, JHUT, AESATE, EE, BEEIFORRICKE ¥
Bh 5 2 TR OFEELZRE L E I REE OB OREL L BERERY RS L3t
W RO 100 4E AT TR 5 Fog 2 kd 2 3 IRIROMFEE CHATE I 2 ORI Z {5 2 5
ZEEHEMBE LTV,

3. RERRLV—F—

JRIE K& L — 4 —(Equatorial Atmosphere Radar; EAR)IZ, JE## 47MHz, 3 &1 /\ K7 >
77560 A B SN D EEK 110 m DIEHIET > 777 LA Zffi 27 A > RT3t
FIEOA= b7 BHEERIALE ST 2 A~ b T M= b 23202 2000 4EEERISTER L 72 KA
DRZBPWAL —F —Th 5, KEEIZ, NMOEZFEEY 2 —ADBETOINKT T F O

_1_



B2 bN=T 7T 47T 2—RART LA E &> TEBY FEEH T 100 kW,
T T e A RTEA 30 ELUNOFEBTABICRE L, FESNVABICEXDLZ &
NTE, REHRICRESINL TS RAL—F —0h TR EMERELZ B > T\ b, EAR 1%
AV RR U THUZEFHIT(LAPAN) & OFEHE/#ED § & CTlEE TR, 2001 4 7 A

5 BEF CEMEGEIN & il T & 7=, EAR BT — X% D 10 0 W EITAR— 2 _—Y BT
BN ENTW5, (EAR R— L ~2—7 http://www.rish.kyoto-u.ac.jp/ear/),

EAR X MU L — & —|ZH_TEEH TN 1/10 TH Y, HEESCEHERE O IS B 21T
WIHRERRE L TCWD, 7, ZETF ¥ IVF 1 HOALTH D7, ZERFEROA A —
DUTBRINTE WY, BEERTH MU L—&—28-> T35, FERKKTHRAELE
REBENN EH ML, EERKOER 22 bS58k 70 &, RROREE « EB) O fEH]
LY gD D7, MU L—F—LRISEOKE - BiEx A3 5 [RIEMU L — X —
(EMU)| O MR ER L TW5DH, 20 EMU & FERIED —> & 2 KApFZeHE [k
B HNER RS A IR ORFFE RS | (RFE  HEHEE) X ARFERRFEDO~A X —T T
2014 + 2017 DOE S KBGO —> & U TEIR Sz, ARBFZEHEIL, & 51 SCERA
Ao — K<y 7204 ICHBESNZN, ZHETICTPEILICITIEL R o 72, AE A
SNTa— K<y 72017 I3RS M BIRE SN o T,

4. EFEFIFHOBMELBEE TOHY

MU L —&—%, 7T HEm KO RKBHIARE L — 2 —TH Y, &2 km DX
B 5, @ 400 km O & fE RSU(EME - EREERE) ISV T2 D RKDER), KGR 2 BLHI
%, 1984 FO5ERLISR, REZLFEFIHICHi S, BEEDHEY, [85., KPE, B
BT L5, FHWE R SRR S IChl 52 < OEEZ EIFTnd, K1IZZHETO
FL[EF HREE OHERS 2 R R L — 2 — 3L FEIFH OB L & bioRd, £z, K2 (1
MU L — & — ORI OHER 2 777, 2017 4F 2~4 AZ1E MU L — & — &R EBH > 27
DO DT, EF B 2R IE L=, 2016 FEEICIE, F v 23— 2 (W) 8L RS
& L. Bi#C Kantha Fft# @ [Shigaraki UAV Radar Experiment (ShUREX 2016)] % . 1%
IR O [EERERRKKR L —F—%y MU — 7 AR 2 %5 L7, BT —%
D 5 HAEREG NSOV TIBNEZE HIZ, ZOMOBRNZ O TX 1 FEE2m LT — 2 %
(T — 2 _—24LFF ] o—&E L CHEFEFHFICEL TS,

= MURHBTHA m MUR{#HE W MUR&EAR(E FI)ETHA m MURKEAR([E F1) 1% H#A
= MUR&EAR(EIFE)BTHE m MUR&EAR(EIFE) % HF m EAR(E ) BT EA = EAR([E 1)1 HA
EAR(EIFE)RITAA = EAR([EIFF) £ H#A

120

= W O M~ 00 O O A ~nN oo W)W~ 00 O O A oot w00 0 O A N N WO
O 0 0 W W W O O O & v O & O O O O 9O 0O 9 O 0 9 0 Q9 = o A oA A o -
GOy Oy Oy Oy Oy Oy O O O Oy O Oy O O O O O ©O O O O O O O O O O OO O O o O O
L B B I B O O B o B o T B R R B TR B ¥ [ o I I e A o B X [ B N [ B S I S SN R o S B B = |
= 7% H- [ =M A %
.MU L—% TRIE KRR L — & —2[E [E R A [FR] O B E A5 O SR AR



B ASEEERL aTHEFESN w—fEEE md el

2500

1500

500
0 I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
= v W ™~ 000 QO — N m ST N WM~ QO = M SN0 ~0 00 = N Mmoo N W
00 0 00 0000 0 OOy OOy Oy Oy OO OOy O o oo oo o0 A A A A A A -
g O v Oy Oy &y Oy v Oy Oy OOy OO OO O O OO O O QO OO0 OO OO OO O
Lo B I I B B R O I I B I B I B B Y o B o I o I o I S . B . B . B ' B o A o I o B o I ¥ R o B o B o |
X 2. MU L — & —2[F|[E B3 [ ] FH O BRI O 448 DO HER,

—7J7. EAR X, ABFFERTO EE R MEIMLE & LT, ERNAOIFZEE & OHFERFZEIC X -
THFEIORIEZHEHET D L0 ) RE R ZH - TV D RIFFICA v RR U7 B X OVET
HENCBIT AR ORS E LT, #HE - B3I T —000MMA b EEESNS, EAR 1T
m%ﬁfﬁ% II%AHN%%%#LtOmm@>ﬁﬂ%_owfi BR 4 24 1) D g
MNHLLTFD X ) 7 AHT 237 T & 7=, (1) EAR O 4:[EF| A BHNENALE T D
ZEMNBRIRIC T2E] TEER) BMPAER L &5 2 J: (2) FIIS%J KEHEIZ DU
T, YW 24EMIT, FAIAFEZFRIE LTHARLEOAS & RRUTHHIZIRE L CRtA L, ik
19 FFFED b AR 70 R EFE PR L ER Ak & L CEET 522, (3) 4 Hﬁ%i%ﬁamk
L. M40 6 ORI OERIIERNHET 5 Z L% Th D, £7-, EAR JLFEFIHIC
IMR%@%N%?%%@@@uEMV%%FA®%%®%@#%%\Tﬁb%ﬁ%%ﬁkh
TORAbEEND, EBEOBRFEICOWTIL, EAR OFMEEZEZE L, SEEZ W O»n
DI N—=THFTTCATr Y 2a—NT 55K ->TWb, £-TFEHOFTHRHIZBWT,
EAR ¥ CORE(HARAFIFIZOWTITHAND, 42 KX T AFEFIZHOWNTIEA
N7 ENRE)Z 3 LT\ 5,

MU L — X —KORERR L —F —IZ Lo THONET — I3, R@@@Timyiﬁb
T EE KR EREE O 2R Xy hU—27 8] - 98] (http://www.iugonet.org/)(Z
T, AZT—H « T—ERX=ZAPREfE S, ETfTY 7 b7 =7 UDAS | i@ﬁﬁﬁ l
7oy hTELIEREELEEINTWAS, MU L—F— - RERRQL—F—DF —F _N— 2
OEEMENRTRD B, éflﬁn%imm&nﬂ ICSU(E &R #45#%) 0 WDS(H R
T — & AT K)D Regular Member ([ZF8E S L7z, MU L—& — K RERKQ L — 4 — D4
] [ B L [RIR A 2 A & CIEFR %%Lf%f%@\A&iMUV%ﬁ—-ﬁﬁkﬁv—
H—aOREREL— X — %y NI — 22 L ARER @ttt O LIS LA,

5.MST L—&—U—27 ¥ a v 7 OB
B 1SEIMST L—&—U—27 2 3 v 7(IEXAFR: 15th International Workshop on Technical
and Scientific Aspects of MST Radar)?3, 5 H 26~31 H (ZH FCER S 1 O [E SEARHUAF T 12

_3_



WTBHE ST, KT —27 2 a v I3 RE v — 2 — BT A 5SR-S HFIc >\ T, BF5E
RFEDFHEF 2L NER - BAKHRTHZ 2B E LT, & 1R 1983 12K E TR
S, E D% 2~3 FEICHE TR SN TE 7, 5§ 4 [B1% 1988 FFIC AR R 1 & Jg BB i T
gt v Z—E AL 4 TRE TR S TLUR, ANE 29 .50 O HARTOR
HTH D,

ZIKU 7 a7k, R 10 B PNCAFEET D MST/IS L — & —(ZBR D 5e 8 28—

2T OME—DEBERETH Y, BEMREZ T TR, "— Ry =7 G5B RET

%Eahif%%iw\~?”é EMFFEO—DOTH A, BIBIELD, U—2T T a v 7 TH O #ipH
IS L—& —IT L 2 EHEEMFEIC bILR S TER Y | AN 18th EISCAT symposmm(az{ﬁs.
j@fﬂﬁ%ﬁﬁ)&{#{%‘éb\ WU—7 v ay VR LATEH1ISO®Yy v ary (N, 6O
DOEFE Yy a ) 2T, 146 o sk (N, BEEEE 314 KO8T HORA X —
WRMTONT, ZMEFEIT 19 yE»OF 1824 (EHH 1204, BN 624) ThH ., Sk
BHIEE 84 ([HA: 66, [EN 18) Thote, MU —2 T a v IR T ANIBIT S, HE
&% DSINF % Fiek LTz,

FTatyT—L LT, V=27 vay7EHAGA 1 ENWEREMU BT MU L—&
—DREYT —ZBME L, 294 (T X THENOSINE ST, £7-. 6 H 2 HIZHEEITS
SNL Ty /= Craig Heinselman EISCAT(WRINFEFEGEL L — & —) R Fi R 6 2052 MU £l
WP 2 Heih LT,



Lightning Characteristics over the Greater Jakarta, Indonesia
— Short Report of JALS2015 Observation—

Shuichi Mori!(morishu@jamstec.go.jp), Peiming Wu'!, Hamada Jun-Ichi!-2,
Ardhi A. Arbain3#, Sopia Lestari?, Reni Sulistyowai*?, and Fadli Syamsudin3
(1) JAMSTEC. (2) Tokyo Metropolitan Univ.. (3) BPPT, (4) AORI/Tokyo Univ., (5) Melbourne Univ.

1. Introduction

+ Lightning frequency over Indonesian Maritime Continent (IMC) is quite 1

high (Petersen and Rutledge 2001, Christian et al. 2003, Takayabu
2006, etc).

+ In particular, Bogor (south of Jakarta) had 322 days of
lightning in one year (Guinness Book in 1988).

+ Lightning causes serious damage on nature and society
over the IMC; forest fore, power outage, inrush/surge
currents on many kinds of electronics.

+ Clarify lightning climatology and meso-scale characte-
ristics of lightning (thunderstorm) over the IMC, in
particular over Jakarta where social damage is quite serious.

2. Data and Methodology

+ Spatial and temporal variation of lightning around Jakarta are
presented based on BMKG (Indonesian Agency for Meteorology,
Climatology, and Geophysics) operational surface (SYNOP) and
satellite (TRMM/LIS) observations.

+ Diurnal, intraseasonal, and interannual variations of lightning and their
relation to topography, namely elevation and/or proximity to coastline,
were analyzed over Jakarta and the whole Indonesian region.

+ Meso-scale structure and regional variations of lightning and rainfall
were analyzed during a campaign observation during 05-18 February
2015 over Jakarta by using a dual-polarimetric radar (DPR) and
intensive soundings incl. HYdrometeor Video Sondes (HYVISs).

3. Seasonal March and Variation with MJO Phase

+ All station has 13 years observation data, except for Jakarta
observatory (12 years) and Tj. Priok (11 years). Lightning frequency
affected much by local conditions, e.g. topography, proximity to sea.

Seasonal March

+ Stations at higher elevation (mountainous region) has frequency
peaks in November and April. Whereas, those at low elevation
(coastal region) have peaks in November, February and April.
Lightning events are more frequent over inland than coastal region.

+ The highest frequency of lightning events is occurred just before and
after the peak of rainy season (boreal winter) over inland region.
Meanwhile, coastal region has the most frequent lightning during the
peak of rainy season probably affected by Cross Equatorial Monsoon
Surge (Hattori et al. 2011).

Variation with MJO Phase

+ Lightning frequency increases much while active MJO occurred over
Indian Ocean (phase 3), and it gradually decreases during the period
MJQO’s passing over the IMC (Phase 4 and 5) followed by a 2nd peak
at Phase 7, which is consistent with results of Morita et al. (2006).

3. Preliminary Results: Campaign Observation in 2015

+ Lightning were frequently occurred in the afternoon to evening (night
to early morning) over land (coastal sea) region as expected.

+ Lightning over land migrated from inland (mountainous side) to
coastal region from afternoon to evening (sunset time). Whereas,
those over coastal sea showed broad extent throughout the night.

+ Rainfall peaks followed the lightning events with a few hours, however,
quantitative relation between them has not been cleared, yet.

+ Whereas, diurnal variation (DV) of lightning activity was much active a
few days prior to the date of rainfall DV was maximum (figures not
shown). It is also an open question should be investigated in next step.

4. Future Work

+ The study should be extended into the whole Indonesian region to
clarify the lightning climatology over the IMC (see supplement figures).

+ Satellite (OTD and LIS/TRMM) and ground based remote sensing
(WWLLN, GLD360, etc.) data should be examined more in detail.

+ Future study in particular to examine DP radar data obtained during
the campaign observation in 2015 should be continued.
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Fig. 1 Left panel: Annual distribution
of total lightning activity during May 1995
to 21 March 2000 observed by Optical
Transient Detector (OTD) equipped with h
Micro Lab-1 satellite (Christian et al. 2003).
Right panel: Lightning frequency over west
Jawa Island, Indonesia, observed with surface VLF receiver network. (Hidayat and Ishii
1998).
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Fig. 3 Seasonal march of
lightning frequency (lines) and
monthly rainfall (bars) around
Jakarta as depicted in Fig. 1.
Stations for lightning
frequency are divided into
three categories by their site
elevation:

Above 50 m (red, 2 stations)
50— 10 m (yellow, 3 stations)
Bellow 10 m (blue, 3 stations)
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Fig. 4 Variation of lightning
frequency (lines) at each
station and rainfall (bars) with
MJO active phase based on
Real Time Multivariate MJO
Index. They are depicted as
anomaly value:
Lightning Freq. Anomaly (%)
= (Lightning Freq. at each
MJO Phase — Averaged
Freq. during all MJO
phases ) x100

Lightning Event Frequency Anomaly during MJO Active Phases
(2000 - 2012)

-

' Indian Ocean

MC

Western Pacific

Portable

X-band DFR.

-5
[CoREwrR

Soundings with
HYVIS

YV
.g;
B

| Fig. 5 Observation network over Jakarta during
campaign observation in February 2015 (top left
panel). Climatological view of diurnal variation of
w | | | lightning flash rate observed with LIS/TRMM
"* (colors) and GSMaP rainfall (lines) over the
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region over the west Jawa Island. Day to day
| variations of surface rainfall and lightning reports
during the campaign period (bottom left panel).




Supplementary Figures

Diurnal Variation of Lightning and Precipitation and their Seasonal March
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Seasonal variation affected the number of thunderstorm occurrences, but the daily pattern is affected much by diurnal cycle. The location has
significant effect to the thunderstorm diurnal variation

Spatial Distribution of Lightning Report and Its Seasonal March
(Krigging interpolation of 96 SYNOP stations in Indonesia)

Lightning Frequency (percent/month) GSMaP Precipitation (mm/month) Lightning Frequency (percent/month) GSMaP Precipitation (mm/month)
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Seasonal march affected the thunderstorm occurrence over Indonesian maritime continent. Highest thunderstorm frequency observed in
April and November, which were the transition between wet and dry season.

Spatial Distribution of Lightning Anomaly Variation with MJO phases
(Krigging interpolation of 96 SYNOP stations in Indonesia)
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(Mirror image take from Mor

Positive anomaly (Increase of lightning frequency) mostly observed during MJO phase 3 (eastern Indian ocean) and phase 7 (eastern Pacific Ocean).
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Ocean Coastlin

= Previous studies estimated the global water budget between the ocean and the land by
separating Earth into two regions (ocean and land), and provided a basic view of global
water circulation: Evaporation is greater than precipitation over the ocean, and vice

{ versa over the land, and the consequent imbalance is compensated for by the

atmospheric water vapor transport from the ocean to the land and by river runoff from

 FHGTELS 1 the land to the ocean (Fig. 1a)24%. The basic understanding obtained from this classical

H “two-region” concept has not changed since the first global estimates were obtained by

assembling the data for precipitation, evaporation, and runoff over the globe4, although

-40 i recent studies now estimate the global ocean-land water pud%et from global

atmospheric objective analyses utilizing water budget relationships67

Water Vapor Transport

Latitude (°N)

n* (S 3"5 [+ 6 39# Bﬁ* -ﬁﬂ How much is the precipitation amount over

Zonal mean precipitation ) - the tl‘Opical CoaStal region?
Precipitation as a function of distance from the coastline

1400
— Maximum at
< 1200 the coastline
€
£
-
§ 1000
Raintall rate (men day™') :g
« Previous studies: Ocean and land § 800
« “Coastal region": Significant amount of precipitation £ U
= So far, several regional studies investigated typical coastal precipitation, : " o Land: 14 %
but no research has quantified precipitation in “coastal regions" over the 600 region: 34 %
whole tropics.
g —2000 —=1000 o} 1000
« In this study 5 > " i 3
1) How mzuch is the precipitation amount over the tropical coastal istance from the coastline (km)
How & 1 Ogino et al., 2016 (JC)

2) How is the ocean-land circulation in fropics?



Ocean

Coastal Land
region

» Re-examine the ocean-land water circulation taking
into account tropical coastal precipitation

i3 RRD D O EE

» Elevation data: GLOBE
(The Global Land One-
km Base Elevation;
Hastings et al. 1999)

o 30s X 30s (original) — 4
min X 4 min

» Defined

o Coastline
o Distance from the

80 90 100 110 120 130

JRA-55 data cell

r BER = KA RS T,

. (7-Q)is equal to the outflux of the water vapor
from the area in each DFC bin both to the smaller
DFC bin and to the larger DFC bin (Qpgc) (according
to the two-dimensional Gauss's theorem).

» By taking the summation of (Qpgc) from the minimum
DFC bin (the far edge of the ocean) to every DFC,
we obtained the landward water vapor transport,
T;. as a function of DFC.

coastline (DFC) for each

T—%3
T —_—
« JRA-55 column integrated water vapor flux @
o climatological mean for 30 years from 1981 to 2010

» Divergence 6 at each grid

- 1 (@ N aQq,cosq))

V.Qzacosq) ar dp
* Precipitation P diagnosed in the JRA-55 model

» Evaporation E estimated from the water budget
relation

_

V.-=E-P Trenberth et al. (2007)

2%

FC variationof V - Q, P,
and E
Divide the JRA-55 grid cells intfo every-50-km DFC

bins
« Calculated the surface integrals of ¥ - § in each

DFC bin: area-integrated v - @ (referred to as
(7 - @) as a function of DFC

« (V- @)) was further divided by the total area of the
grid cells in each DFC bin: area-averaged value

V-0
« P and E were obtained with the same manner
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Basic Study for Quantitative Tephra Estimation
in Sakurajima Volcano

Sakurajima X-MP radar (14 km from the vent)
Schematic image of time series change 23 January 2015 case (Oishi & lida et al.,
of volcanic tephra detected by radar 2016) 13
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Kelut (Kelud) Volcano
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Java Island of Indonesia
Eruption : 13 February
2014

The inertial plume ejected
material up to 26 km in the
tropical stratosphere, but

' most of the plume remained
at 19-20 km ovey the
tropopause.
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One-pass CALIOP data around

tropopause region has not enough
sensitivity.
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Kelut aerosol clouds moved towards the east
along the equator. We can see decrease of
peak aerosol concentration with the lapse of
time.
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1. IIC®HIZ

REELIEIL, PE =X — OB 5O T EK T, et 2 Efil s fa iz &
EFTHRRTHHY ORI EERRE TH L, ST R F—IHBER « (X, 8Lk
DFEAR 72735 A—42THY VHF #f MST L —& — BN B3R D HZEMNTEDH(Weinstock,
1981; Hocking, 1983, 1985, 1986, 1999; Fukao et al., 1994; Hocking and Hamza, 1997,
Nastrom and Eaton, 1997), MST L —4 —{%, EIZH B KK OELIRERE T 5728, €D
FT ML EMERRT DL T —RLZENAEDELIR DR E T FE DN TWD (BRI,
Fukao et al., 1994; Kurosaki et al., 1996; Nastrom and Eaton, 1997), ZD X372 5L D% A .
SLIRIR D e K YA KL, B ELITR DM AT — Wl X > TEFRSNH (B A 1X Weinstock,
1981), L' —% —F — XML EL /N T A—2 % RO BT D RIO £/ E X, Kolmogorov-
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ShUREX(Shigaraki, UAV-Radar Experiment)¥ > ~~—>73, 2015~2017 40 6 H /5
2 MU BT T Mi S 417~ (Kantha et al., 2017), K= AR M A/ NRUT 22k (UAV) 28 MU
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Small Airborne Measurement Systems (SAMS)&ERET AL, /N (M EHE 1m), #E5:(700g). 1K
T ANHKI$1,000), FFFIHIFTRE, GPS (285 HARERAT Wl RE& W D KA +F > Tu D (Lawrence
and Balsley, 2013; Balsley et al., 2013), AAf5ETik, ShAUREX2016 (233 T, MU L —4
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2.2 UAV VAT A
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TH| iR THERES 2 515 Bungee )23V, HREIXVW VDWW ARIAR 20T,
UAV L FEOROBEITER LAN 128> TfThiv, Yo K4 tr—Icks 1Hz &
VIV T =DM, GPS IZEANEE#RRE UAV OFRITIREEICEE 57 —4%2U7T L
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IZEELIBRBA TS, UAV IZIE H B S TR, MU L — — T2 TR T
TAHINCTO T uT T LENTZ, AFFETIEL, F-ETICRESNZT — 2 DI ZHi 45,
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DEVELOPMENT OF SOFTWARE-DEFINED
MULTI-CHANNEL RECEIVER SYSTEM
FOR THE EQUATORIAL ATMOSPHERE

RADAR (EAR)

Nor AZLAN Bin Mohd Aris,
Hiroyuki Hashiguchi, and Mamoru Yamamoto

(Research Institute for Sustainable Humanosphere
Kyoto University)

(RISH),

J

EQUATORIAL
ATMOSPHERE RADAR
(EAR)

The Equatorial Atmosphere Radar (EAR)
is a VHF Doppler radar operating at 47
MHz with an active phased-array antenna
system and located at Kototabang, West

Sumatra, Indonesia (0.20S, 100.32E, 865
m above sea level).

The details regarding the system design
and its specifications are well elaborated
by Fukao et al. [Radio Sci., 2003]".

KEY CONTRIBUTIONS OF THE EAR MULTI-
CHANNEL RECEIVER

Continuously obtain
Radio Acoustic
Sounding System
(RASS) echoes through
adaptive beam-
steering.

Enabling Spaced-
Antenna method

ADVANTAGES OF
MULTI-CHANNEL
RECEIVER

QSignals collection from multiple
channels.

QAllows the implementation of
several technique for
observations improvement.

QPotential benefit for high
quality and high resolution
data.

QSoftware-defined radio —
GNU Radio and USRP N210
series, enable flexibility in the
processing of the signals, and
lower development cost.
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Development of adaptive-beam steering — to
continuously obtain RASS echoes.

It is difficult to correct background winds due
to weak turbulence echoes in TTL.

- Development of SA method

DEVELOPMENT OF SPACED-ANTENNA (SA) METHOD

To improve the maximum observable height for horizontal wind and temperature.

SEadne B

—

Bragg scattering << Partial reflection

Q To implement SA method to EAR, we
develop multi-channel system of EAR.

Q Using multi-channel receivers, we can also
observe the detail structures in the lower
troposphere  using  spatial  imaging
technique.




EXAMPLES FROM PREVIOUS RESEARCHES

Yu and Palmer Yeary et al. Szlachetko and et al.
(2001)? utilized (2008)° Lewandowski (2014)°
Itipl. i i Juced multi- (2012) implemented
and multiple- channel receiver presented a digital receiver
frequency for development on software defined using USRP2 that
atmospheric the phased array radio multi- able to performs
radar imaging antenna at the channel receiver range imaging
technique. National using USRP for (RIM) and
Weather Radar the experimental oversampling
Testbed (NWRT) FM based passive (OS) capabilities
in Norman, radar by in the 1.3 GHz
Oklahoma which applying master- RIM wind profiler
enable multi- slave mode to the radar (WPR).
function USRP devices.
capabilities of
the radar.

‘ DIGITAL RECEIVER SPECIFICATIONS

Table 1: Digital receiver specifications

Center Frequency 47 MHz
Bandwidth 4 MHz
Sampling rate 10 MS/s

O This is a direct conversion type (homodyne) which avoid
complexity due to the advantages of software-defined radio.

O It uses pulse compression technique to enhance signal to noise
ratio and range resolution.

HARDWARE AND SOFTWARE SETUP

UA personal computer is connected to USRP N210 devices
through Gigabit Ethernet (GbE).

QThe computer specifications are as follow:

Table 2: Personal computer specifications

Operating system Ubuntu 16.04.1 LTS
Memory 16373 MB
Processor 12 x Intel® Core™ i7-3930K

CPU@3.2GHz
OS type 64-bit
Disk Space 967.5 GB

UNIVERSAL SOFTWARE RADIO PERIPHERAL N210 (USRP N210)

Table 3: USRP2 specifications

USRP N210 SPECIFICATIONS

Motherboard N210r4
Firmware version 12.4
FPGA version 11.1

QUSRP N210 series is a hardware platform capable to sample
data up to 250 MHz through its daughterboard BasicRX.

U Multiple USRPs are able to be synchronized using 1 pulse per
second (1 PPS) input.

1. A stable source of a digital clock
have to be used for synchronous
sampling in all USRP receivers for

M U |_T | P LE coherent operation.

USRP 2. We are using Ettus Research
OctoClock as a solution for multi-

D EVI CES channel synchronization.

3. It includes the internal source of
GPS Disciplined Oscillator
(GPSDO).

CURRENT CONFIGURATIONS OF
SYNCHRONIZED MULTI-USRP

[USRP #1 } [USRP #2] [ [USRP #N] [ 4;':\;_'1 ]
I T I l

!

10 MHz 1 PPS

OctoClock (GPSDO)




GNU Ragi =
dmbqu h‘ and %%“"

GNU Radio

installed as
flow graph

a graphical tool for

Companion (GRC) version 37,1021
under the following snvironces,

UHD] linux; GNU C++ version 5.4.0 20160609;
fzoodil 05800; UHD_3.11.0.git-94-g59640dcd

control
USRP Hardware Driver (UHD) is required to

the USRP devices

Installation

developme™!

flowgre

Ofg':t(n:e cadar receive’

mdhlene"r“k::;ughc -

GNU RADIO

UHD - C/Cs»

UHD
COMPONENTS

Hardware  Interfaces

Host Based USRP

Complex waveform at 47.2 MHz

Complex waveform at 47.4 MHz

Histogram GUI
of the phase
difference

GRC
Flowgraph
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1. USRP2/N210 device is
synchronized using 10 MHz
reference clock and 1 PPS for the
development of the multi-channel
receiver.

SUMMARY |

The signal processing is carried
out using GNU Radio.

3. We have yet to test the
synchronous signal processing
using GNU Radio.
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FEITFIVTY '

Equatorial fountain

Plasma Fountain: Energy
exchange by dynamical and
electro-magneto-dynamical
coupling processes and
perturbations of electron
density

Fountain of the Middle

Atmosphere: upward

transport of tropospheric air

through the equatorial

S+E tropopause and global

(Q)77X779%F7 distribution by the general
——— circulation

Driving Force of Fountain:

Generation, propagation and

dissipation of atmospheric

waves and production of
turbulence

Origin of Fountain Materials:

Emission of materials from

land and ocean surface and

transport and mixing in the

Tropopause 3 \ troposphere

Geor
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SCJ Masterpla 201442017 / MEXT Roadmap 2014 Project

Radiation
Max at
equator

® Title: “Study of Coupling
Processes in the Solar-
Terrestrial System”

® |eader: Prof. T. Tsuda

® Institutions: RISH, NIPR,
ISEE, Kyush iv.

Equator: Develop

Energy from Sun
Radiation
Particls

Particls
Max at
polar
region

Magpetospifere Equatorial MU Radar

/ (EMU) at the EAR site

loflosphere Pota egion=—De elop

osphere </ EISCAT_ D radar in
% Atmos. heating 2~ E u rope
G Aurora 3. Global: Deploy global
l, 25l heating network of airglow
; ¢ imager and
(PANSY) EMU EISCAT_3D magnetometer.

New giant radars

MU radar (Shigaraki, Japan)
(Completed in 1984, Multi-purpose MST/IS radar)

IEEE awarded milestone to
Kyoto Univ. and Mitsubishi
Electric Co. for MU radar as first
MST radar with 2D active-
phased array antenna system.
(Award in May 2015)

Frequency: 46.5MHz, Output power: 1MW
Antenna: 103m ® (475 crossed Yagis)

X Inter-university Upper Atmosphere Global Observation
NETwork (IUGONET) (2009 -)

PROBLEM: Various kind,
huge amount of data

SOLUTION: Create a Promote new types of

metadata database for upper atmospheric
research by analysis of
multi-disciplinary data

finally to other Earth and
planetary science fields

spread over institutes

Create a metadata database
of upper atmospheric data
for cross-search

I3 T

{8Bmmmd strengthen

allaoration
among UNNBEities

o
ME¥pand this system to

Virtual Information Center *

}ﬁuppﬂ atmospheric sci. g\
; ( (

Kyoto Univ.
WDS for Geomag., Kyoto Un

Kwasan & Hida —
Observarories,
~ Kyoto Univ. Develop an integrated

y data analysis tool to
5 handle data from the
——

PPARC,
Tohoku Univ.

IUGONET institutes

National Institute
of Polar Research

The Equatorial Atmosphere Radar (EAR)
(Established in 2001)

Antenna View : 560 Yagi-antenna arrays (110m diameter)
Peak Power: 100 kW =

=
=

7B

o < "_-.. =
| Installed at Kototabang, Sumatra " ﬁ

(0.298, 100.122E) e h;r?:é_

TR: transmitter and receiver




The Equatorial Atmosphere Radar (EAR)
(Established in 2001)

Antenna View : 560 Yagi-antenna arrays (110m diameter)
Peak Power: 100 kW ==

EMUT. 7Y7FFOXBEL (EEH160m) CRBEFHIOBEX (500
KW)IC&Y, EAREHBUTI0EM ERES B ELET, Eie. 19KX55
BOYTPLAERAVEL—S—AX—S VI RABTRERYET.

EMUDO7 53 ERE

Antenna position of the EMU

EMU®DBETT specitications of the EMU

®#® A Configuration

)RR TIWARY TF=L=—
Monostatic pulse Doppler radar
®=0FRE  Center Frequency

47MHz

Antenna

Configuretion
RAL7LAIRFERIAT 7 F1045%
A quast-citoulr ar‘ay consisiting of ‘045
crossed Yai antennas irh 3 slements
Aperture

#16000n About 16000
Boam directions
FIRESOELIADERH A
Aurary ditesion withis a ze1ith angle of 37

Transmitter
# M Configuration

EHREREED 210468
1045 solid-state TR modules

SBICHITETY T EE N OO covew nimmum
Antenna position of each group B Polarization
 sunon. 2014 MR Circular polarization
e S 1 —
I " K = 015 - The large-sized antenna array of 160-m diameter and 500 kW peak output & 2 EH Recsiver
| Installed at Kototabang; Sumatré:u“ power enables the EMU to have 10-limes higher sensitivity than the EAR. G S
(0.20S, 100.32E) Jan  Feb Mor Apr May Jun Jul Au Sep  Oct Nov Dec For radar imaging measurements, the 1045 Yagi elements can be divided 5.8 ok f sl b ekn
. " ] Continuous operation sine 2001 into 55 sub-arrays, each of which is composed of 19 Yagi elements.
PANSY (Program of the Antarctic Syowa MST/IS Radar) EMURSR @& B
Schematic diagram of the EMU
NIPR + Univ. of Tokyo e 7Y% e

EISCAT:-SMmEad#)

-
The system construction was completed.
PANSY is now working with full power.

BIBE=4Y>4 Control and Monitor

GPSEEH
GRS receiver
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BEE® F-saE

Obsarvation
control

Sina
orocessire.

Bt ERRE
Data processing unit Demodulator unit  G4ch

LA
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=

-
Egliléa:!n» TR Moduls
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F—SERE )

Yy -ty

7548 Antenna Group No-1
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- 520 TRModule
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7748 Antenna Group No.S5
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The EMU comprises antenna and TR Module unit, data
Multi-channel digital signal

unit,
brings out the full measurement capability of the EMU.

unit, and unit.

Comparison of MU Radar, EAR, and PANSY

MU radar EAR PANSY
Photo ‘
Lon, Lat 34.85N, 136.11E 0.20S, 100.32E 69.008, 39.59E
Numbeed 475 560 1045
UL ERCHISE 25ch 55ch
Ant 8.300 m? 500 m> 0,000 m?
ape:tnu:: (1031 d?arlnneter) (1 109r’n d(l)a‘lnneter) (168 m gialtrrlleter)
TX module 22kW 200 W 500 W
output
Peak output 1 MW 100 kW 500 kW
power
Antenna
aperture X
Output power 1.0 (standard) 12
(Relative number

proportional to the
radar sensitivity)

ks

Existing
Equatorial Atmosphere
Radar

RN Ll L . /

EMU will be next to EAR

-Equatorial MU Radar
(EMU) will be installed next
to the existing Equatorial
Atmosphere Radar (EAR) at
Kototabang, West Sumatra.

=EMU will be operated
under collaboration with
LAPAN based on success of
RISH-LAPAN collaboration
on the EAR.

=Detailed local survey was
conducted in March 2012.
Now design and installation
plan of the EMU is precise
and complete. We are ready
to realize the new radar as
soon as the funding would
decided.




New observations with EMU

— Troposphere and lower stratosphere
« Good data up to ~20km height.

— Mesosphere experiment
« 60-80km height, daytime echoes
« Atmospheric tides and gravity waves

— IS (incoherent scatter) experiment

« lonosphere plasma density, drift, and temperature
measurement.

— Radar interferometry with multi-channel receivers

< Radar imaging observations. Multi
channel RX

« Meteor-echo observations.

Summary (1)

* EMU project status
— The radar can be installed within one year after funding.
« Radar design is almost fixed.

« Detailed design improvements are underway. (Yagi antenna
construction, Clutter mitigation, etc)

« Location is next to EAR (West Sumatra, Indonesia)
* Preparation tasks
— Visited RISTEK Minister of Indonesia for 2 times.
— LAPAN was officially allocated as counterpart for EMU.
— RISH-LAPAN Lol signed in 2014.

« Location is secured by LAPAN. Construction permission is already
obtained after environment assessment process.

< 15th Anniversary of EAR will be held in Jakarta on August 4, 2016
(at RISTEK auditorium).

— Project paper; Tsuda et al. (2016) Radio Science

15 anniversary of EAR
Ceremony/Symposium at Jakarta, Indonesia
August 4, 2016

)

INTERNATIONAL SYMPOSIUM

Ve ESHEEUATORTICA MO PHERERADAR (EAR)

Jakarta, August 492016

Summary (2)
s EEMDDITE
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15th International Workshop on

Technical and Scientific Aspects of
MST Radar (MST15/iMST2)

May 27-31, 2017
NIPR, Tokyo, Japan
http://iwww.rish.kyoto-u.ac.jp/mst15/
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JpGU-AGU joint meeting (Makuhari, May 20-25, 2017)
18th EISCAT symposium (NIPR, May 26-30, 2017)
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* GNSS tomography is a powerful technique to reconstruct 3-D
ionospheric density profiles from total electron content
(TEC)measurements.

GNSS tomography

UZIWVIALEHBNETS71—D
MUL — 5 —3E TS aELEAIC & BHREE

I*Susumu Saito, 2Mamoru Yamamoto and 3Akinori Saito
!Electronic Navigation Research Institute, Japan
2Research Institute of Sustainable Humanosphere, Kyoto University,
Japan

3Department of Science, Kyoto University, Japan

..}- GPS sutellite §}

20200 km,

3-D density profile

30 35 40
Latitude[degree]

* Objectives: Make 3-D ionospheric density profiles available by
tomography in real-time

1 BNEMUL—¥— - FEAKL—F—Y Y RIYTL, Fi, 201749888 2

GNSS network over ]apan

p/,)/: =
/\/ ! .,f"

Real-tlme data collection from 200
selected GEONET stations

‘GEONET stations (1200+) E’ %
wll

ﬁ
ENRI
(g

J(7) = ||T + Abeqbe —

FNEMUL—Y— - FEARL—F -2V RIT L, TR, 201759880

3-D tomography

TEC of i-th 800 Cn‘nstra‘irft Par.ametzr
satellite N 7
/
TEC, = Y ln i T /
s=1 «’ ="
N B o =lf S
< 3 ‘Tight constraint
= > lijni 2 -
=t 3 Loose constraint
w TEC H Tight constraint
vector  Electron density Constraint term —<
T = Afi  vector N o . % : ade
Geomet Wi = C; i(n; —n, 0 Consirain Puameter 0,000
Matrlxry Z Z (= i) Constraint parameter depends on
i=14=1 locations (calculated based on
NeQuick model)
Hyper parameter
Cost function Least-square term Constraint term

AR||2 4 N||[Wit + Wheqbe||?

Boundary conditions

* ENRI collects real-time measurement data from 200 selected

GEONET stations.

= Utilize for real-time monitoring of 3-D ionospheric structures

Constrained least-square solution
i = (ATA+ AWTW) ™ (AT (T+Ab( ~b¢) +)\WTW~bc)

For details, see Seemara et al. [JGR, 2014], Chen et al. [EPS, 2016], and Saito et al.
[NAVIGATION, in press].

*

3 BNEMUL—Y— - REARL—F—Y Y RIVL, Fik, 2017F988H 4

Real-time tomography system

(200
stations)

GSI | ENRI
-—
| Every 15 min
GEONET | !

|
i
3-D tomography ‘ 3
i
i

v
: !
Realtime data H TEC estimaton
1Hz receiving !
! L : ry
' r -
B i
H |
; !
; !
; !

Every 1 Hour
* System
- Linux Workstation (4-core 3.5GHz Xeon processor,
32GBRAM)

- Software written in Python

* Performance
- ~6 min for whole process

5 BNEMUL—Y— - REAKRL—F—Y Y RITLA, Fik, 2017F9A8H 6

FIEMUL—¥— - REAKL—Y—Y VIRITL, Fik, 201759A80

FIEMUL—Y— « INERRL—Y—Y VIRV L, Fi8, 201759A8H



ENRI Realtime tomography results
Meridional cross-section (136°E) Latitudinal cross-section (35°N)
L3, Dwe2016.03-17.05.30
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Incoherent scatter measurements
u* Electrons in the ionosphere oscillate due to
oscillating electric field of radar wave

- Oscillating electrons re-emit radio wave e

Electron oscillation
due to radar wave

- ) e

at the same frequency with Doppler shift Radar wav/e" 5

* Echo power is proportional to electron

density (plus a function of electron and ion jSCa‘;e'ed
wave
temperature)
- In nighttime (Te/Ti ~1), echo power is
proportional to electron density
* Incoherent scatter is very weak
- Long integration (time and range) is
necessary.

Gi(r1)
471'7%
neV

1+ 4k2\5) (1 + T, /T; + 4k2)%)

oo xnV (Te/T; ~ 1,kAp < 1)

Acz(r2) 2
41rr§

Echo power Pr(r) = oo(x) - P; -

0o X
(

©

PR
ENR
(g

IS Analysis

x=0 o0 o e
* Mono-static observation 022
TE=Ty =T E>
TLE
Vo r? P =Cﬁ+anse
1 4
— — . 2
i=1
Raw Power Noise subtracted Range All beam
1200
_1000
£
< 800
3
2 600, Noise Sea clutter |
= :
<
400 e L !
<+—— F-region <+—— F-region
200 A !
olClutter Y
0.4 ° 0.4 .0 1.0
Power [arbitrary unit]
1 FINEMUL—¥— « REAKL—F—YVRITL, Fik, 201759A8H

BNEMUL—¥— « REAKL—F—Y Y RIT L, Fik, 2017469A80
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% MU radar incoherent scatter observation

* Observation period

Altitude [km]

Validation by ionosonde (NmF2)
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NmPF2 are in good agreement with ionosondes except for edges

of the tomography volume. => What about shape of Ne profile?
FNEMUL—F— - FREXKL—F—2ViRI T4, FiA, 2017F9H8H

MUR IS observation

Frequency: 47.0 MHz
Peak power: | MW
Antenna diameter: |08m
Mode: single-pulse power profile
(power only, no temperature and drift
measurements)

Number of ranges: 256
Height range: 82-1234 km
Range resolution: 4.5 km
Integration period: 60 min
Number of beams: 4

(Az: 85, 175,265, 355° EI: 70°)

10,12, 13 May 2016
(IS data quality on
11 May 2016 was not good.)

BNEMUL—Y— - FERKL—F—2 VRI VL, Fi, 2017F9A8H

MUR IS results (1)

MUR 10 May 2016

1200°

1000 Sea clutter echoes?

800

Es irregularity echos

23LT

Power [arbitrary unit]

BNEMUL—Y— - FERKL—F—2 YRI VL, Fih, 2017F9H8H
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| MUR IS results (2) ENRI Results
| g —— MUR
10 May 2016 Tomography
600 — ‘
14 s 16LT
MUR 10 May 2016 T |
: § |
$ \
|
K]
< |
| =
600 0 0)
r T 1o Assumption:
T Py o (T./Ti ~ 1)
L. E' *MUR electron densities have not
14LT 17LT 2 g L been calibrated with ionosonde foF2.
H] = e | =Only profile shapes and height
F-
Power [arbitrary unit] roo £BR i z & ! should be compared.

BIEMUL—Y— - FEARL—F -2V RIVA, FiR, 201759880 14

1
Electron Density [/10'' m™] &= |GMUL —4— - FEASL—5— UKD A, T4, 201759080 16

A,

E

NRI

Summary

-

* Real-time 3-D ionospheric tomography system over Japan has
been developed.
- Every I5min with about 6 min latency
- NmF2 in good agreement with ionosonde measurements
* Tomography results are validated with MUR IS observations
Temporal variation of NmF2 values followed that of MUR IS
peak density.
- Peak heights as well as topside and bottomside profiles were in
agreement with MUR measurements

* Next steps
- More data comparison in different local times, seasons, etc.

- Comparison with MUR IS data with temperature
measurements

Acknowledgment:This work is supported by JSPS Grant-in-Aid for Challenging Exploratory Research JP26630182.
FIEMUL—Y— - FEAKL—F -2 VRII L, Fik, 20175988H

1
Electron Density [/10'' m™]

* Good agreement in peak heights as well as topside and
bottomside profiles between MUR IS and tomography results

BHEMUL—Y— - RERKL—Y—2 ViRV L, Fig, 201759080

More results: 13 May 2016
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Study of travelling ionospheric
disturbances in European and Japanese
longitudinal sectors with Kharkiv
incoherent scatter and MU radars

Sergii Panasenko®2, Yuichi OtsukaZ,
Mamoru Yamamoto3, Igor F. Domnin?t

Outline

1. Introduction

. Facilities, software and database

. TIDs during quiet conditions

. TIDs during solar eclipse

. TIDs during high power radio transmission
. TIDs observed with MU radar

. Joint observation campaign

0 N N L BN

. Summary

Introduction

Traveling ionospheric disturbances (TIDs) play a key role in
~ dynamic coupling between different ionospheric regions and are one of the
[ £ important sources of ionospheric variability. Most of TIDs is thought to be
the manifestations of acoustic-gravity waves (AGWSs) at the ionospheric
heights but electromagnetic forces and electromagnetic coupling between E-
and F-regions are responsible in many cases for TID generation, especially
during the nighttime.

Despite the long-term investigations of TIDs with satellite and
ground-based facilities and the considerable progress made in understanding
their origins and characteristics, we have still uncertainties about TID
generation and propagation on a global scale and their relationship to high
energy natural and artificial processes. It should be noted that AGW/TID
processes not only transport energy and momentum but also provide
important information about disturbance source. AGWs/TIDs affect satellite
orbits, operation of communication and navigation systems, geolocation
accuracy, etc. So the efforts should be made to mitigate such negative
influence. Finally, AGW/TID momentum and energy depositions are often
comparable with those from regular dynamic processes such as winds and
tides. It needs to be taken into consideration in global and regional modeling
the dynamics and electrodynamics of the atmosphere and ionosphere.

Location of Institute of lonosphere

Institute of lonosphere, Kharkiv, Ukraine

49.6N,36.3E
A=453

http://iion.org.ua | mesit e mn mailins oy

Kharkiv incoherent scatter (IS) radar

|‘ l f—




Main characteristics of the radar

Antenna dish diameter
Half-power beam width
Effective aperture

Carrier frequency

Peak pulse power
Average power

Pulse repetition frequency
Polarization

Noise temperature

100 m for zenith directed antenna
25 m for fully steerable antenna

1.3° for zenith directed antenna
5.1° for fully steerable antenna

3700 m? for zenith directed antenna
290 m? for fully steerable antenna

158 MHz
3.6 MW
100 kW
244 Hz

Circular and linear

Software

Results

Uimified Processing of the Results af
Incoherent Scatfer Experiments

Software suite UPRISE

Optimal methods embedded in the
UPRISE suite yielded a number of new
and unique results (including reliable data
about spatial and temporal variations in |
the densities and fractions of hydrogen

receiver 120 K and helium ions) and observe subtle : 5 .-f"-.._,“'-\“__‘-"-

SYSiEE 470 — 980 K variations in the parameters of geospace - £ ?

Y plasma, previously unavailable for study. e =

Altitude range 100 — 1000 km
Database
MION  Institute of lonosphere Database
ey e i ki g 3

http://database.
iion.org.ua Dot chained s athe soueces

_ Cantral Euraps Regional Tonospheric Madel (CERTM TION)

Output data

)

Input data

MU radar

MU Radar (Middle and Upper Atmosphere Radar)

located at Shigaraki Mikabsdbatory, Shiga, Japan

p' AT T R R
[msase - Researam inwstote for Suslminabie Humardsphere

349N, 136.1 E

A=249




TIDs under magnetically quiet conditions

) A (nm

g »

-1 ) » LT l 4 - ] T

Wave disturbances in ion temperature (a), electron temperature (b) and
electron density (c) filtered in the period range of 40 — 80 minutes as well as
signal-to-noise ratio (d) during the experiment conducted on November 23,
2012. The sloped dash lines show the moment of solar terminators moving at
given height.

TID characteristics

Parameter Vernal Summer utumnal | Winter
g equi solstice eq solstice

Prevailing periods (min) 40-80 40 - 80 40 - 80 40— 80

Relative amplitudes in IS 0.05-0.15 0.03-0.1 0.05-0.1  0.08-0.2

- power variations

Relative amplitudes in 0.02-0.06 0.04-0.08 0.01-0.05 0.05-0.15
plasma temperature

variations
Durations (periods) 2-3 3 2-3 2-5

The prevailing TIDs are demonstrated to have the periods of 40 — 80 min.
The relative amplitudes of TIDs in electron density which are approximately
proportional to the IS power at the observed heights always exceed the relative
amplitudes of TIDs in plasma temperatures. The values of these amplitudes were
larger near the winter solstice. The duration of the TIDs was also the highest in the
winter season and get the lowest values near the summer solstice.

For both observational periods, most of the constant phase lines
substantially curve toward increasing time at lower altitudes. Their tilt indicates the
downward phase progression, and therefore the vertical phase velocity of TIDs to
be directed downward. It confirms the interpretation of TIDs in terms of
manifestation of AGWs propagating from below.

Joint observations of TIDs with Kharkiv
and Millstone Hill IS radars

Kharkiv Millstone Hill

Results  of  spectral
analysis performed for
temporal variations of
(a) electron density, (b)
ion temperature and (c)
electron  temperature
using  (left column)
Kharkiv and  (right
column) Millstone Hill
data at the height of
260 km for June 22,
2016. White arrows
depict the times of
local  sunrise  and
sunset terminator
passage at  ground
level.

TIDs during the solar eclipse of 20 March 2015

Altitude-time-intensity

plot of 40 — 80 min
bandpass filtered
relative fluctuations of|
incoherent scatter power
for March 19, 2015 (left
column) and March 20,
2015 (right column).
Vertical lines indicate
the times when partial
solar  eclipse  over

a b ¢ d Kharkiv started, reached

ik ikt ikt ikt maximum and ended.
- _. - - - Height profiles of (a) — relative
by amplitude, (b) — time lags at
‘; & - - which cross  correlation s
el = el maximum with respect to the

time series at reference height

- - of 200 km (dotes) together with
least-squares  parabola fitting
™ ™ (line), and estimated (c) —
- . nms Vertical phase velocity, (d) —

'y "y o = vertical wavelength.

TIDs during the operation of EISCAT Heater

5,

H gl sl A AR
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= = 1508 [0 [ 0:00 500 i ] [y 1508 [

Relative fluctuations of (a) electron density, (b)
electron temperature and (c) ion temperature
filtered in 40 — 80 min band, at different
altitudes on November 22, 2012. The shadow
strips indicate heater-on times. The solid lines
mark the times of sunrise and sunset terminator
moving in the atmosphere above the Kharkiv
incoherent scatter radar location.

TIDs observed with MU radar

ORAH 1999

Contour of the ionospheric electron density detected

by the incoherent scatter observation of the MU radar

between 2200 on August 8 and 0200 on August 9,

1999 JST. Blue line shows the F-region peak altitude.

The perturbation component of total electron content

nearby the MU radar site detected with GEONET is

represented by red line and its scale is displayed on

the right-hand side of the plot.

Saito A. et al. Observations of travelling ionospheric disturbances and 3-m
scale irregularities in the nighttime F-region ionosphere with the MU radar
and GPS network. Earth, Planets and Space. V. 54. Pp. 31 —44. 2002.

Alrssbe flmi]

Time-altitude plot of the gravity wave
propagation vectors for 0800-1600 LT on
November 15 , 1990, (up, down, right, and left
arrows represent north, south, east, and west,
respectively). The data have been filtered to pass
only waves with periods between 70 and 90 min.
‘Wave speed is proportional to arrow length.
Shading represents the degree of time series
correlation between beams. The solid line across

u:-l‘";n- " B the plot is the altitude of the F layer peak

Oliver W. L. et al. A climatology of F region gravity wave propagation over the middle and upper]
atmosphere radar. Journal of Geophysical Research. V. 102, No A7. Pp. 14,499 — 14,512. 1997.




Research Institute for Sustainable Humanosphere (RISH), Kyoto University

Collaborative Research based on
the MU Radar and Equatorial Atmosphere Radar (EAR)

Project:
Coordinated observations of light ions and TIDs with
Shigaraki MU and Kharkiv IS radars

PIL: Dr. Sergii Panasenko,
Contact person in RISH: Prof. Mamoru Yamamoto

Millstone Hill

Kharkiv Shigaraki

Midlatitude chain of IS radars

Incoherent Scatter Radars
T - __:g‘r_,__:_:—_-i? = T
qﬁ,_\n R
:’1‘2{:;&“ L 2
0°N v \»&"; 3 b .
30°H
0
30°5
&0°S -

Latitude difference: A@,,, =15° Longitude difference: A4, =152°

Summary

1. Travelling ionospheric disturbances represent important dynamical process of
energy and momentum transfer. They provide important information about
disturbance source and strongly affect satellites, navigation and communication
systems. Incoherent scatter radars enable simultaneous TID study in many
ionospheric parameters.

2. We presented the information about Institute of Ionosphere, its location, facility,
software, database and main results concerning such ionospheric parameters as
electron density, plasma temperatures and ion composition. The location of MU
radar is also shown.

3. The results of traveling ionospheric disturbance study using Kharkiv incoherent
scatter and MU radars are demonstrated. We detected and estimated the
characteristics of TIDs in quiet conditions as well caused by natural (solar
eclipse) and artificial (high power radio waves) sources.

4. Conduction of joint measuring campaigns with midlatitude IS radar chain will
enable the progress in understanding TID generation, propagation and
dissipation, examine different hypothesis about association of TIDs with their
sources and improve global and regional models of dynamics and
electrodynamics of the atmosphere and the ionosphere.

Thank you for attention
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lonosphere.

~ ’ “Abnormality of radio wave propagation r@
ng ‘ sun due to space weather phenomenon”

Local HF radio propagation XR{\\E{/\ *Saialite ten
N

Satellite Systems
simulator N\

/] (GPS/GNSS) &%
> Communication/ & v "
\ Broadcasting Satellites 0%

3

tdnosphere

Kornyanat Hozumi (kukkai@nict.go.jp),

* Anomalous propagation Propagationdelay
#* { \

AN
N

National Institute of Information and Communications Technology (NICT), Japan & Scintillation

FM/Community radios

Satelliteoperation

g
Navigation

The 11th Symposium on MU Radar
and Equatorial Atmosphere Radar

'{’9/; Introduction ”6’9/’?

e HF band is official used for emergency and disasters relief
operation by International Amateur Radio Union (IARU), and
Japan Amateur Radio League (JARL).

* The emergency traffic was kelp active in the frequencies of
3.525 MHz, 7.030 MHz, 7.043 MHz, and 7.075 MHz.

+ Those frequencies are normally affected from day-to-day Radlo propagatlon SImUIator
bottom structure variation of the Earth ionosphere, where is
influenced by both space weather activity and lower
atmosphere.
* To ensure reliable use of precise information of radio
propagation and space weather (in particular ionosphere),
sustainable development of both radio propagation
simulation and observation is mandatory. . .

‘The 11th Symposium on MU Radar ‘The 11th Symposium on MU Radar
and Equatorial Atmosphere Radar and Equatorial Atmosphere Radar

Aﬁ-IF-TEP: HF Trans-Equatorial Propagation Aﬁ Problems and challenges

“Example of ionospheric data that is difficult for users to understand” “Abnormality of radio wave propagation due to space weather phenomenon”
TEP between Japan and Australia is an excellent means to observe the « Various space weathers cause unreachable, intensity fluctuation, abnormal
plasma bubble over the ocean that is penetrating Japan. route propagation, propagation delay etc.
HE Transequatorial it 204 181007 «  Its evaluation and analysis are difficult.

Propagation Experiment Erom T T T oo

- BCL:
Tsunoda et al,, 2016] |

Difficult to interpret.
Too professional.
Meaning?
Impact?

Aviation and marine radio
Disaster prevention radio, FM
broadcasting

o Shortwave communication

o Observation satellites (SAR,

o

lonospheric data

g

Azimuth angle (degree)
8

Latitude, deg

120 »
sunset effect <110 -1 - 7 =
L - S el < etc) .
uT , o Satellite operation,
Shepparon & S/cientist's aspect Users’ aspect: navigation, positioning
o P R T S Y 0: thereisa structure. Provide data after Amateur radio, etc.
) Lm‘ 180E That structure !s m(?vmg ina appropriate > di : imul
ongitude, deg. counterclockwise direction. (> Radio Propagation Simulator)

evaluation and/or
interpretation.

Numerical model A bridge to link

research to operation —

[Maruyama and Kawamura, AG, 2006] v |t would be plasma bubble that
is propagating eastward.




"(’/ﬁPopular propagation model: VOACAP

VOACAP: Voice of America Coverage Analysis Program
nug 2015 Minisun Angle=

0.100 degrees
AZIMUTHS. N L KM
31

3 s ERT
XR 230 12000
ROR 2030
5 Me_wots
30 100%
— MUF B 90%
80%
70%
N
z 4 60%
=
>
g 50%
g ¢
g ’ 40%
TR 217k, 5106 i, 35 * £
R Local nighttime 30%
Vear: (305 7] Mont: 2sgun
s izt
Remember these values 20%
ot VOACA 114 Onine ks ot e
‘correct SSN values. Therefore DO NOT set any 0
Vs o SN, s you wan b xperimen.

Aoryourao otrod e ayaf v
T, ot o TAB oy oo ENTER 10 12 14 16 18 20 22 24
Time (UTC)

www.voacap.com

@Example coverage area map for short wave

Japan (35.58N, 136.68E), Aug. 11 UTC, 27.100 MHz, 1.20 kW, SSN 51, Mode: SSB
TX Ant: [voaant/isotrope.ant ], RX Ants: [voaant/3el15m.ant ]

| + VOACAP shows a capability in RF propagation prediction in global scale.
- VOACAP has never been evaluated over Southeast Asia, for example.
- There is no option to input the local ionospheric information!
- How reliable is the ionospheric model that is'used by VOACAP?

0%

www.voacap.com

%7 Tx: Elevation angle = 80

g0 //’ T
£150 -
Bo<
Reconstruct profile > ='"——
1 2 3 4 5 6
Frequency (MHz)
Tx, E1=80 9
0 3MHz mp_ 3hOPS q(\
F 0| 0 180
FRAVAYA N
s 270

round distanc fom

W

a0 am
Ground distance (km)

10 hops

Reflection height
depends on the
plasma frequency

100

Height (km)

<000 800 600 400 -
‘Ground distance (km)

200 0 -

Il(@ Example of coverage area map input

174wl Vertical
578 w Vertical
3/2 w Vertical D 25
Dipole @ 10M (3310 — -
Dipole @ 15M (50ft) Year: (2025 SSN:
Dipole @ 20M (650 Month:  [Augst ¢
Dipole @ 25M (8210 -
Dipole @ 30M (99f0) Time UTC: (11 ¢ ) Remember these values
Dipole @ 40M (132f)
Dipole @ 60M (198f) [~ Transmitter Site ¥
3¢l Yagi @ 10M (33f1) -
QTH: (025 Japan -
Name: Japan (tocaic]
3-¢l Yagi @ 25M (82ft) N o
3-¢l Yagi @ 30M (39f0) Latitude: 35.5800 [-90..90] i Ledmerscn
3-l Yagi @ 40M (13210 e —— 041 new Zeahnd
S Yoo @ coM (12810 Longinde: 1366800 [-180..180] m—
5-l Yagi @ 10M (33f1) TX antenna: [ 1satrope ~ 042 Al Olbourne)
-~ 043 Ausraia Gy
= 04 Vugosns

= | Great-ircle path: 047 D

- 0485wt i
S-el Yagi @ 40M (132f0) Current point: [ Set as default | aBesety] 019 plearcls
5-el Yagi @ 60M (198ft) v

8-¢l Yagi @ 10M (33f0)
8-¢l Yagi @ 15M (50f0)

Receiver Sif
RX antenna: 3-el Yagi @ 15M (50ft) J No Es

[ Run the predictiont

WWw.voacap.com

8-¢l Yagi @ 60M (198ft)
Isotrope. —

7 Model concept

Reproduces the 3D electron density structure using GNSS tomography and
GAIA model, and simulate radio wave propagation using 3D ray tracing. The
simulation result is compared with observational result for evaluation.
3D ionospheric data

( Local: )
GNSS tomography
- u
Global:

7 * Accurate position of plasma bubble
Validates with * Time and location of occurrence of GPS lock-off,
observational availability of radio wave, available frequency
result. band for communication can be provided to users.

/'(459 Model evaluation

(Shepparton-Oarai)

= profileionogramiike = rayplot.
ot
-

o
o 1)
H .
ol 1
oo
100 4
o B

P S S % @ @ 0 o 0 ™ % e
Parameter setting Results

Take off angle: 20 degree
Tx frequency: 10 MHz
Critical frequency: 12 MHz
HmF2: 350 km
E layer: off

Reflection height: ~250 km

Number of hop: 5 hops

Calculated arival angle: ~17.16 degree

Tx-Rx great circle distance: 8,096 km

Simulated propagation distance: 8,510.57 km

Calculated propagation distance*: 8,473.2 km
* For a path in vacuum in which the wave velocity ___

of RF signal equals to the speed of light (c).

Tx: Shepparto'r;
(36:39S 145.40 E)
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Evaluation campaign
(Planed to be held in winter 2017)

The 11th Symposium on MU Radar
and Equatorial Atmosphere Radar

@GNU-Radio-based digital receiver

Near Tx (Nagara)
GPS IPPS (Timing Marker)
Receiver USRP1 Contrdl
&
LFRX Data

HF Radio Wave —
Preamplifier
Waveform

Near lonosonde (Wakkanai, Kokubunji, Yamagawa, Okinawa) Comparison
GPS IPPS (Timing Marker)

Receiver USRP1 ‘m
&
LFRX Data

HF Radio Wave -
Preamplifier

“Observational setup diagram of HF-START evaluation campaign.”

The 11th Symposium on MU Radar
and Equatorial Atmosphere Radar

4

N7 \What have been done and what next?

[Done]

* Basic part of the radio propagation
simulator

* Design of an evaluation campaign

[Doing]
* Hardware preparations for
evaluation campaign
— Designs and assembles circuit
interfaces and others.
* Software design for USRP
« Try to employs Raspberry Pi and small GPS module as NTP server.

[Next]
* Develops data post-processing for wave form comparison.
* Evaluate the simulator during the campaign. (Real-time challenge)—

GPS module 4
& interfaee

The 11th Symposium on MU Radar
and Equatorial Atmosphere Radar

nic?

Ideas on Evaluation Campaign

* Develops GNU-Radio-based digital receiver for HF band.

* Propagation distance can be estimated by the time-lag
information that is retrieved from waveform comparison
between two Rx stations, which are receiving the same signal.

* Deploys NICT (and Kyoto Univ.) ionosonde for h'E and h'F
parameters, which correspond to the reflection height of a
signal with the same group delay.

e This allows retrieving a precise description of the local
ionospheric profile, which is important for interpretation of
the HF propagation distance.

Note 1: | planed to used HF wave transmitted from radio NIKKEI in Nagara.
Note 2: Radio NIKKEI (35227'54"'N, 140212'17"E)

The 11th Symposium on MU Radar
and Equatorial Atmosphere Radar

L4 Time-lag technique

lonosphere
o Wakkanai
T Rx2
Waveform
Conjparke Kokubunji
Nagara
i .Yamagawa
Time-lag = Propagation Distance
“The time-lag technique to retrieve oOkinawa
propagation distance from multi stations.”

Table 1 Planned HF Links

“Location of Tx (dark blue circle), planned
Rx stations for the campaign (red circle),
and NICT ionosonde stations (red circle).
The light blue strips show the possible
radio path of each radio link.”

Link 1 2 3 4

™ Nagara | Nagara | Nagara Nagara

Rx Wakkanai | Kokubunji | Yamagawa | Okinawa

Distance | 1,086 km 71km 1,008 km 1,504 km

The 11th Symposium on MU Radar
and Equatorial Atmosphere Radar
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F3/C and C/NOFS used for beacon experiment

C/NOFS
GRBR network in SE-Asia & Pacific

FORMOSAT-3/COSMIC
2D tomography over Japan

Fly within .
Shigaraki +/-13 deg. 20
(MU radar site)

MROEN EHBE—-T>EE
EHEUKD3M LB ZE-OVFEOEDD L7133,
FELE — OB (OIS U8RI X5 ADBFE.

20184 400 MHz
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T 20184 150 MHz ~ CUBESAT
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(BT — N RSS-S0, F—IS)
- VI RDIT7 S AT LNDHE, FEDRE.

sauacoms
P )

" TBEXEE

r

Low-latitude ionosphere
Bubble or Equatorial Spread-F (ESF)

I
[ [
_Gecmagnelic field
] P
e — 1000 km

lonosophere|

[ [4]
\,‘/\_g?fz,\w % 100km

Development of plasma bubbles

Meridional structure of plasma bubbles

it 3 meters

comarca Vertical Bockscatter o
March 21,1978

— Rayleigh-Taylor instability
is the mechanism.

— ESF occurs mainly near F-
region sunset over the
magnetic equator.

— VHF radar is very useful of
observing bubble (ESF).

LEO satellite beacon and GRBR

® VHF(150MHz)/UHF(400MHz) beacon signals from LEO satellite
are used for ionospheric TEC measurement for long time.

® GRBR (GNU Radio Beacon Receiver) was developed with GNU
Radio and USRP-1 board at cost of 2000-3000 USD/system.

® Network of about 30 GRBRs already exist over Japan, southeast
Asia, Pacific, etc., and used for studies.

400-1000 km height

Satellite 1 pass duration = 10-15min

Shortest
path

Receiver on the

C/NOFS study: LSWS (Large-Scale Wave Structure)
and bubble occurrence
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Overall concept of observation & study
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