PEM16-01 HAMERSER S EA2016EAS

Observations and Modeling of Ionospheric Disturbances Triggered by Rockets
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This study presents two-dimensional structure of disturbances wave signatures in ionospheric
electron density resulting from the rocket transit using the rate of change of the total electron
content (TEC) derived from ground-based GPS receivers around Japan and Taiwan. From the TEC maps
constructed for the recent five rocket launches around East Asia region, features of the V-shape
shock wave fronts in TEC perturbations are prominently seen. These fronts, with period of 100-600
sec, produced by the propulsive blasts of the rockets appear immediately and then propagate
perpendicular outward from the rocket trajectory with supersonic velocities between 800-1200 m/s
for both events. Following the initial shock wave feature, various disturbances waves in TEC are
seen. Twenty minutes after the rocket transits, delayed electron density perturbation waves
propagating along the bow wave direction appear with phase velocities of 880-120@ m/s. According to
the propagation character, these delayed waves may be generated by rocket exhaust plumes at earlier
rocket locations at lower altitudes. The upward propagating disturbance waves due to exhaust plumes
from lower altitude are also reconstructed by comprehensive model calculations.
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Study of dynamics of tsunami ionospheric hole from geomagnetic observation

*EA KE'. £ R BB = LB #

*Yuto Tomida', Tatsuya Kanaya', Masashi Kamogawa', Makoto Uyeshima’

1. RREZZAXZHEZEYNERR. 2. RRKAMERER
1.Department of Physics, Tokyo Gakugei University, 2.Earthquake Research Institute, The University
of Tokyo

Approximately several minutes after the occurrence of the mainshock of the M9.0 off the Pacific
coast of Tohoku Earthquake on 11 March 2011, various geo-electromagnetic phenomena was in Japan and
even in the magnetic conjugate point of Japan (i.e. Australia) through magnetic field lines as a
field align current. In this paper, we show electromagnetic phenomena after the 2011Tohoku
earthquake in the ionosphere such as tsunami ionospheric hole, seismo-field align current,
Rayleigh-wave-induced ionospheric arc current, and seimic- ionospheric ring current (SRIC). SRIC
was highly related to tsunami ionospheric hole observed by GPS-TEC.
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Smal-scale variations of ionospheric TEC observed with a hyper-dense GNSS receiver network
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GNSSEIENERNBEEE & WARE T C SIGHHEIEN STEC(Total Electron Content) & AIRFKE (PWV:
Precipitable Water Vapor)mXRFE B, 20114 (CFEMET DHI10kmEY 75 (C1-2kmfERE C7-156 DREM = RE
URAZEGNSSEER Y R D —DEBEU 2, BKEOESE(CSII D52 HIICPWWAKIS miBiNL . ZNDKFEZE(L
(F3-10mTdHh Dlze CDIEHEE2MTOPWRIENBEE LD, SEEEEDWNSZEHERELCBS. B
751 ERGNSSEZEME BU\DINBND D, 2JERWNSSZEH CIIBHBEIEERETE 3, 1FRZEMIC
LT, ZORENERZEHTCRH/ONSIERERLENEI ERBEMETTIILEALS,

KB (CRIRHRTE T SEXIEEE (QZSS: Quasi-Zenith Satellite System)(C KD 1-2kmDZERIIEREETE
BB OTECOIMENRBEE &Rz, B - BRRRUOMESEBELEOTECORBZECICERLEEZ™S M
BHSNEH O, —A. GIRESBHEBILNEC D& KET —IUEHkmOBARICTECHNE S H\C EREEE
Lize CNSREMBEEZEHDEV1ETERMAEL THIET SERIC. DRBMEX CEREINE+ITH
%, BHEBRHEZEAEFEISETILE LT, RTNet(TATMS NIZHIRIM, H KT R VeFIMBEF L IZSEIDZE A
W eo BROERR T — L TO30MREROAMIETIESEIDREL D BIFT. PIWODIRZEZERMST1.5m(cillx 5Nd &
KoM ofz, IRTMWEROARBEITDOCE CREETICIXD3ENTE N,

F—D—R I GNSSRERE. BRBNSSZERY ~D—0., O/KE. EBRESEFH. SHEICHEL

Keywords: GNSS meteorology, hyper-dense GNSS receiver netwrok , PWV (precipitable water vapor), TEC
(total electron content), ionospheric propagation delay
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Maeda and Heki. (2014)&EE&Z&E(CL, JERKELZETHRLET DEsOFERLE LT VFHCREFEEAAERUT
HdEEXR. TF, ILKKERBF(CHSDigisondePt. Arguello (lat: 34.8, lon: 239.5)T
2006~20154, 5~8HMN15~21UTICEsDEEFRRERE foEsM12MHzIA L LD HIFEEATE. RIC, BATZHEIC
Pt. ArguellofiETESRE SN B HE SHEGNSS-TECE UL TEANTE.

ZORR, LKRKELZDESZIRZ D EICHKINL, BEMNEL DB TEMUESIFENSS-TECTIEX B &M
AgEChdCEMRINE. B, HATNEEEBARERRICETERAATHD, CNEIRARY 7ER
BRLTLBEEZSNS.
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Generating mechanism of Medium-Scale Traveling Ionospheric Disturbance using a GPS network
in Alaska
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BAR DETHETIE. 7S IXNDEIRICHEFET DPSZEMENSBOSNTzT—IZAVTER LIz 2BFH
(Total Electron content; TEC) ZEDAKFXRTHR (RO EEREF30F). ZEREOEERE(THI80 kmPUF5) Z A
RBET. 0NFEDNT S AN EERUV2008FNDILER EZE(CH (T D PREEIRIE EREEEEL (Medium-Scale
Traveling Ionospheric Disturbance; MSTID) MFAHEE. TikAM. EHE. KERRROKFIMERE (CES
T DREEMEZERASHNC Uz, BRISNECNSDEBEICH(FTBIMSTIDE. HEEENBK(ICEEHITDE
3IDMINI—VICDEIT D ENTE. ZNEN. 7SXALERICH(FTILEOEM. IMCHITBIEZDR
. PS5 XALCHFTILE=OBEANSHRNAEEED, PS5 XNEIRTEXENBERBICHESE U MSTIDR ULRR
TESNORMICHEE UMSTIDIE. FAEEENDSH - ARZCCERAROKETNEEER. BARYEIY
TH IV PIEE DFBESICH(FTBMSTIDE—H L TUL\ e —AT. PSIXACEVTREDBEN S BEMHE
([CHEELTULRMSTIDE. CNFETHEBETERATN TOLVWEFHEE D, ABET(E. COMSTIDIC D)
T. FBETRENSEINTUVBIANZILICE>TERETINE SH. BRNEZERUHFHRKNZED2DD
BEHNSERETOLERERRKRT S,

FTF. BRAZMERICHUVT. SRBETEBENENRIRE(EVL Y. BEARAND TS IVEFHMECDICL
<. PBEZICLBDXBRY J +TIEFEEZEFDIRIBN NS LB ERDH DI ECT. COEBEBFEE
ZENIRIEE. ESEOBBIABNBEN LU TCIBIENS TR E, MSTIDE UTERAIINS I TICEDS
EVWSEAEANZILEERUC, COEMCE. BREERICHOTMSTIDOREEMSBIFN—HT SHERD
B PSRNEBRHEBROBRICH DI Z1—I SV RICHIIDAITHEDBRELLB LIZE S, MSTIDD
FEEMARFE—BLUTULED D E, THENDE. PSIAICHIFBMSTIDRABRNZEMNLEX N ZILTHERELTL)
BDERFEZDSVEVSERICEDTZ,

RIC. PERKDFHESRCSVT, 7—0OFFHM KL > TRKEIRMAMES N, MSTIDE L TERATND &
VWSEZRICEDE., BHBESEFBEOBILOEEZETHSROTI (Rate 0f TEC change Index). HISEENE DI
ETHDAHEM R OKpIEBEMSTIDOFEEEE & LR U e, BEENGIERE SN, MSTIDE A —O>F#HE
DERIIIRELTVEE X B,

CNSOMSTIDDRZRIEIT AL, KREVROL T L —I VY IETOBER. 341XV RhUIARY LR
NWRBOEE kmE TRLELZ, N5, WARBNDEE knTHIEINZXREIRMN. BEEBNDEE300
kmECHEL. MSTIDE L TERISNTUSAEEERSVWC EREASHCE Sz, Tle. WS DHB\DOT—XTIE
BEBECL T L —XMTELELE 2. ENEDTBHASIEIAKETHMEHKL T 5SNELZH. BB
BlCHITDBEKR (BEADTEIZE) MMSTIDORRA(CFIVT VS AIEEMEE X 5ND, SE. AKEIROMIER
ELDEULCHARBCET. BRREICHSIIBAIMSTIDOFREAN I LOEEFRE LDHESHNCITINERH DS
S,

F—DU— R EEE. GRICEREBEL. oPS
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Spectral analyses of resonance scattering of Sr and Ba for determination of thermospheric
neutral wind
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1. (FUSIC

BR(FIAAMBEHERL, ROT Y RSO FOLREBICK > TREFZFASPICH FTIRETOT 71U
OEHAIEMERBERE L TSR, 06ENMBIC /IO T —(ICTEIOT Y FRENY DLBHSLONY DLrH
V(B DHRIEHELNEERL, BE 150~400 kmOBEHMRES 14V RY J ~OERIRTONEZ. ETz,
BARIERNIC SOV FILSHZEZRBVWCEERDEHIZEBFETHD, TOFEERE L T2014F9I8 (CEF
BEERNCTSIRHEBE AU\ 2t EREBANTHONE. COmMADEEN SF/2SrdH & UBattIBEEL S DEHRH
ST IART LIVENDOERE, SreXUBaOMEREEIC DVWTIRE T .

2. AT )VEER

AERBOIRD RIVERRAIGEE LT, JILD T —TirhnizOr v LB EERITE B8+ (500
line/mm)% L > XBIEICESE U 73 XS (Nikon D700)(C KD XD RILEERILZ. St it HiERREER TS
FEEASFEESLIZETZ A XS (SONY DCR-PC101) & T 7 A NANBIDNAEEERVWTERAULIZ. NE
NOEATESNIEDHERO1UREANNESBEHRZEIDL (Interactive Data Language) SEEZEFUVVTIERL
EEGNMEY I RO 1 7ZRAVT IR MVMEOEBE S MZESGFNDER LOZEOTILICH T IEEERE
JS240r. RIC, BRIEANRE L CERBMBO/NEREREEFERAL 7ILI V(A MEEICKDArAX
DIBIRI R R IVEDHAARSHELUODHETTAXSTRELUZ. BRELIDBSNIAr IRD ~IVERH S
HECUIBEEEEEHINEL, IS5 7{bLIESr& LK UBaHIBHEL N NDEBEDMOREERELE. &
12, 271 N—ANBIHAEES TIEIEMUFROERBED XRD RVBEZERSDCEMTE, SrELEDT—5
ZERETUIZ.

3. AR RIVEBTERS L UOER

JILD T —TOOT v KRB TESNIZOHNEURD IR ~IVEERH S, BEE455 nm, 557 nm, 610 nm~
661NMDFIE X R S IVERESRUTZ. Brid KUBaFE SO EREDKE T 5455 nmd> K U553 nm& JEE (CBHR
UTlfBE AT (C K DBz, Sritt EEBRODWERS KU BHHEETD IRD LIV SRERA60 nmDFEN
ARD NVERESRTE, SIRMONEMETH 5460.7 mICAETETRIEEZISND. EHOIRD ~UKEE
BRI D ETIHERICHEEESr 460.7 nmDIIE LMD EBHRICRE TS . DNNESTOBFHSIE, Srit
DOBEOTILZ Y RRIGICEDENEZZ S5MS635 nm, 644 nm, 656 ~659 nmDE&E(Fe), T7IL=ZDL(AL),
HKU668 nm~671 nm> BEFRDF(0,) DARD LILERR L.

4, FEH

VD T —8R00 v ~EBTESNIEDHERK DKL nm, 557 mDFENLEERTE, BridLUBadX
RO RIVICARESTIN, BaMEESVICT A VMEEZNZNORLEEER TS L. TSri LBRERTE SN
[P HBURE K ODHEHEET DTN ARD RILT—5 T(3460.7 i A TEBEL - ERRLTHD
SIS KORADER CS e EBRIND.

F—DO—R: +OVFI L, HIGHEL. Z2E
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Numerical simulation of magnetic field variation associated with equatorial plasma bubble
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EBHBD TSIV, ZOEHAPMRK[E DEZRE(CL D> THRIZEINTULDZH. PHEXKEEBREATOD

MHEERERET S C EIEHBOYIEREE RIS LTIERICEETH D, REFHBRHBIICHSVTIE. 7k

BXTLYRF/TZSIVNTIVEFHENSBEERODAERG HSTONTND, TSAVNTIVICHS BN

IS IVEEOARUBENREE UZBE(IC(E. EROKRE. MEAOSFLEE (VVFL—ay) iRE

CBe®. PSECLDEFMEICRALESZERIFICEASNTUNSD, BEETlC. FTSXVNITILOE
HLASEEZ BIRAIBEEIRTHEE T L ERRE L. IHRERRBREICDOVWTHSMNIT B CEICHILTE
EoﬁE EREOHNETZBE L cEESR(CHAMP, Swarm)(CKD. TS AVNTIHEFENERT SR

. BnTEEOHBZEENERIINS CERABEIN TV D, COBIBEENIL. TS VENDRMEDER

(c_ct'thEM%&ﬁb@ﬁ&)bﬂé&M’&fﬁ%t\ TS IVNTIVOERISAD TRENSAMIISERICKLDE

BISEXAADEEICLDEDEMRINTUD, T T, BETET VN THIRERT Vv LOREEN

T CETIRTNERBESAEL. ZOERBMESIHIBEEDEGEET>E. TDR™R. SRl REEDOKIZ
ZEHABIEIN. ABNDBEERODHE. BESNTUEETIVELLKERIDCEMBESHEL Iz, 5

AVNTIVICHSHIBEEE. SABEEROBMIBEE CIRIE. ZRI T —ILNAEVES. BBE/#IZDOETILE

[CEDTERELBRELEDED

F—O—R:TFSIVNTI. BB =1L —T3 . (HAPEE
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Preliminary report of a sounding rocket experiment to elucidate electron heating in the Sq
current focus

- Observations of DC Electric field and VLF band plasma wave -
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KHABBICH VT ERHE TETIISIBRRE M ENDIEHAREE L. ZOHFOHEICFEFMER. BOEFHR
EEIFORFEL TS IVIEKRNAEL TUL D, S-310-43E00O07 v ~EE(G. SERSREEELZO

Tv ESQERIRPILICATTH LT, BRBEROBADZOHDEBELDIVBEEZHUNIT DI ENEBNTSD
Do BEICES-310-3758ETROT v ~rTRU K SEEBRMTONEMR., ABNIREROEBRDZE&RT S
CEMRTEEN Do TNUE. OT Y RKIKICKBHANBRIND CECK > THEUDIHEFNEZERRICRE
BB ERRERND—DTH D, BHRIT—INSKERICHBEF/IVIVADTEEEREIT D EFIFERE(CHE
Thd, €CTOT W FZK{ZKD\':)HH:'IE—*L%J‘D%%b\ﬁ?ﬁbtb\énﬁﬁb\b%’\%%ﬂyﬂtﬁggﬁﬁH:'l@'
CEMTBETHNIL. HEF/INIVXDFEEE VLS TED, LIZR>T. PUYTTORTZARELERODEL L
T, BHZETOBENRD D, T TS-310-USKEERAO Ty ~TIE. 77T ORI ES-310-375#E810
TwEDUZDAN Tip-to-TiplcU. HBBFNRNILADEEZ VLI THDEEEICEEDAIERBEZR LT E S,
201651 815H. A BT HEZERERIATTS-310-43#&8R0O T v bR TONZ, O v ~EETEED (C
SERROPMIOEERB LU, e, BEINICRIZHRAMSREER(CEEL Tz, BB&RRAREEFDCHULT
(& FI5EFhS67M% (BE8Tkm) (C7YFFMMBEERAL. 1% (BEI7km) (CEMERL. ERINRESA
TNz, BAISNET—9ERDE. S-310-3TE5 TRONTEHNEFDORFERIRSNEN Dz, KEXRTIE
S-310- 4B TRONIZEGT — I &ML, SOERRDEBRA N ZILDERICEBLEEBHZNDI LILOEH
BRICDVTRR B,

F—O—RBH. O7v A SqERR
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Sounding rocket experiment to clarify electron heating phenomena in the Sq current focus -
Plasma wave observation -
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In order to clarify electron heating phenomena in the center of Sq current focus in the winter
ionosphere, the sounding rocket experiment S-310-44 was launched at 21:00 UT (12:00 JST) on January
15, 2016 at Uchinoura Space Center (USC). Plasma Wave Monitor (PWM) onboard the S-210-44 was
successfully measured plasma waves in a frequency range from 300 Hz to 22 MHz along the rocket
trajectory with apex altitude of 160 km, which is also confirmed to be near the Sq current focus by
using data from magnetometer chain on the ground. The AC electric field was picked up with two
antenna elements (EFD-ANT-1 and 2), and respectively amplified by two preamplifiers (EFD-Pre-1 and
2) of the Electric Field Detector (EFD). Then, two signals were fed to two PWM inputs (PWM-HF and
PWM-VLF), respectively. The signal fed to PWM-HF was sampled at 81.92 MSPS and converted to
spectrum in a frequency range from 20 kHz to 22 MHz with 400 frequency steps. The signal to PWM-VLF
was sampled at 81.92 kSPS and converted to spectrum in a frequency range from 300 Hz to 20kHz with
400 frequency steps. These spectra were obtained every 125 msec. EFD antenna elements were stored
on the ground and deployed at altitude of 85 km. So the altitude range from 85 km to 160 km are
covered in ascent, and all altitude range below 160 km are covered in descent.

During the flight, the following phenomena were identified: (1) Harmonic emissions of lower hybrid
resonance (LHR) were found in a frequency range from several hundred Hz to several kHz. Their
frequencies changes depending on the ambient plasma density and likely on the ion compositions.
They are enhanced at altitude around 100 km in ascent but not enhanced at the same altitude in
descent. (2) Upper hybrid resonance (UHR) waves were not found in a frequency range around several
MHz. In most previous sounding rocket experiment, UHR waves were found in altitude range higher
than 200 km, and masked at altitude below 200 km by the artificial radio waves from the ground. In
this experiment, the artificial radio waves were not so intense to mask the other emissions.

The LHR waves can be generated by various energy inputs. Baker et al. [200@0] reported that LHR
emissions were found in the sounding rocket experiment, and suggested that they are caused by the
whistler waves from the thunderstorms on the ground. The enhancement of LHR only in ascent suggests
that the energy source of LHR wave is localized in narrow area in E region of the ionosphere.
Through the comparisons with data from the other instruments onboard the S-310-44 such as electron
density and temperature (FLP), DC and AC electric fields (EFD), and currents (MGF), we will be able
to discuss the energy source of the observed LHR waves in more detail.

F—O—RISAOT v S-310-4451. SqBERRPO. TSIVKENER. BECERIIERK
Keywords: The sounding rocket experiment S-310-44, Sq current focus, Plasma wave observation, Lower
hybrid resonance wave
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Preliminary report of a sounding rocket experiment to elucidate electron heating in the Sq
current focus

- Observations of thermal electron energy distribution -
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BEHE TEOSIBERRPOCIBFMEA. EFEEBAENHETZITSIVORERKRAMAFEELTULS, C
DEOSFBRKROFHERES ML, TOREXNDZXLZRATSICEETENE LT, RAOT v ~ERER
20164£1815 BHICERERABFEEBEAFMEL TITENONIZ, COESA0OT v ~(S-310-4458) (C(3E
FIRIVF -0 BFEBEBILAES (FLP) . BBt (EFD) . ISXAVKENAIES (PW

M) . BiSETRlER (MG F) FE5ENSAKSBNEEHINZ, ARKRTE. OT7 v ~OBERAKSZDO L
DTHBF L POBEABREFDICRRETE .

FLPTE BERMOAETO—TI(CEHNMTY 35EH10Hz - IRIG3V0D = A KEE (B 2kHz DU MRIE D 1E 5K
E%ab\%@2F®mﬁ&ﬁﬁ€ﬁ0ﬁ@;ttxﬁ ZFO—-TOV-TKHED 2 RIS DEEDEIRET D
B, JO—THSREEZEEBMUMNRESNNL. 2XBIRDINSBRICTRIVF—DHEHEBETHI &
NEED. FLPOESVEDDMBEIEFRERBEOAECHD. COBEMNDSHICERImMOIRTO—T
Z00v ~OERLICERBLUZ, TO—-TJI(CE+4 VOBEZHMLU. ZDHBNEFREICHHITZIEFE
TE6. AHZDBERETY VT VT&TU. 1 mUTOERI T —ILETOEFREERBIEEZEE -5 — L
AOT v ~OEBRIER. NINKZOTIL—TFHMM EICERE LU RBADST DT —I N SSqBRRDAUBEE HE
L. FI5 EIFREOHBICAV SNz, 1 B1ISAEFICT o207 v ~OFT EIFRIC(IEE & SqERRHPIDD
PERH(3#9200~300 kmTH DT,

FLPEOTYDLERE - TEEICRIHEBCEIEERL -5 DEGEETE O, BFIRILF—2mH
SEFREEZHELRECS. OT v~ EEROEET00~110 knlcH VW TEREBRE(CX L TH200 KO EFE%=
mLTULeC Db ofze BFIXRILF—DMICBALTE. BELEVI XD TILRHTIIE S FERRILR S
DEEETRI T —IMESNTUL S, BFEERBELICEL T3, EHE EEE CHEHzOBBREOBELNNE L
<. HICEBEI~10 knTERLVEREFEICSVWTRENEZ(CEAL TOW I ENERAT - SEREIN
2o HERTE>CNSOEHICEET SBTBREBNT L. BRET D,

F—DO—F SQBERR. SRHOT v~ BEFME
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Variation of equivalent current system representing geomagnetic Sq variation in the period
of 1980-2010
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1980 N 52010F F TOIERIC DLV TERBSEERITIC K DR SoEFMBEAR R EUTIRRE(ICKSH. ZNDZ
. BEREEERANZ, HIXE RICHDKEDICENBERENDRERLE UTEIXEEFEEDERER
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Keywords: geomagnetic daily variation,, equivalent current system, secular variation, solar
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Horizontal Distributions of Sprites and the Relation to Parent Lightning Discharges
Derived from JEM-GLIMS Nadir Observations
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JEM-GLIMS(ZE, EERFEHIAT—3 V(ISSNSERE - amBENERNER(TLES) DE TRERIE 201246118
(CRAtRL, 201588HICRKET Uiz, M3ERNOENE LERIEARICH LT, AET835HINEME, 699FIMDTLESDIR
HICERINU o JEM-GLIMSOMZEDR T — 5 & L UM EBREE R T —5 OERHN S, 699FINDTLESD S 5424
MX TS, S08BIMTILIRTHBDERE L. XTS5 +ERAIT—SDEMEBERICL>T, (1) 2612T
(EHVNT, XRTS1 IREREREN S nsOBERFPWELE > THREIT DI E (BEBEREIX TS

R) . (2) RS LDOEXSRERBRNDLEMETRELTUVDCE, BERASHEE D, LML
RS, XTS5 LORERMIEBIE, BEREODE—UENMUENSIZEBICEITNTHD, ZOEMREDTH
SYBE & FIHEEZENZNIZ.6 km, 13.3 km&EEDEDYBALRZ, BERENHE L —IUBNBEEESI(C
—HIBEREITDE, COBRIE, Lu et al. [IGR, 2013]DHEATHERTRINTULD EEERI TS 1 ~
(FHEENBNREFELNS30 knbINTHRLET D] EVSBERICBETD, CchlEld, (1) EREICELDT
FEENTHNINZIBEROFOEENZEETRAN 510 kmi2EZMLTUVS, EULLIE, (2) BRiAETEE
BREERRC—BIZIN, RTISAMRESEICHSNUHDRA TS REBRBICRESEBZ"E"NERINT
Wz, EVD2DNEREMERIZT B, BECIE, JEM-GLIMSICK > TEHEAINEX TS ~OERO R ERS
WEBEDEHREEFMCRITERIC, ERRENEUCIRRICDVTERT B,

F—DO—F & SEERBFRNREK. BERFEIT-—IY3 v
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Lower-thermospheric wind variations in auroral patches during the substorm recovery phase
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HWHRSSEECN T DIBIHEE - BHBOLS IRFMAINTED. BEERESIEIARNTYIEEEE U
TI 21— VIR FMBIC L DA RILT—ER. O—L VYHILLDEBEBEZENRIEINTLD, Ch
SNYIEHEBICEAT SMEREFIY I A—LDERLEVWLA VY ~EIBORKOBFNAETHD. BIEMEICE
B UZHRZEEDEV. UNUEERIEA —OSBFOR TRE LRILF—EFH DN FNBADIEFE(CAEY
L. SHBZEISEE - BE - REQLEEIICHDIEDBEZ(CEHITSICEMNMSNTULD, T TEHEAR(ZEE
HICEBL. 88 - BHBEOEAVEE (BE - BE - AR) ORXRNEHZIBEL. ZOREEEOVIEN
FRIZENE LTV,
JIWDOT—OROLVICHD T 7 ITURO—FHEt (FPI; EESS7.7nm) ZRHU A DERIFAECL>TY
JZ—LEEEOCF—O3/3vF (AP) OEBICHV—BOF TRADIRIEE D REIRZEMN T EREE THI
BNz, —EOY T L—LFHPRICER - BRINDZ TSI VIRILFT—DOIZBET(E. BEMETOHOTI
RILF—ERBFDEVE—BIICEEISNTUBINT,. COBABRIEKREVEREEX D, TTA
ETE. BLULLWRRZEFHEANSINLE I DDARYKIDVT. ZOROABGE - KB - EHBOERRIE
ERVCHRENEERET O, TOER. (1) APOBHDVIAPICEEIN A —OSBEMEVLERD (CR
REEFHBEL. IRIEEFEHRERATHN2 n/s (BMEMRSDIE) EM10DTHSD. (2) BREEXNTRESSH
RNEW (<15 mi/m) o (3) BREIA—OSZE/RED. EVSTERDD 2. CNESDT EDSEERE =
ETEBITIRIVF—HBURFAPEDICBEL TLB EHEINSD, FPITAIELzZ—0OZKE (557.7 nm) (FE
FOEDAHIRIVF—(CHEKEFELU TRABENRET D, I SICEFLEFENBEMR TS S100km{HE(C(ZEZERD
BEARENRH D, FPIRRENDCNSBEDMOREZERT S2(C. RMIETFH (EISCAT) L—45 —8IF
NEFZE . Geophysical Institute, Univ. of Alaska Fairbanks H\BEH: U Tz EBBEEIES )L (SCIM) &AL
BRI EIT O, TORR. RTEENDZELEN.5kmNZNUTTH D #20m/s(0FET B EERESE & FHN
BENZEALITHATZINDEHLLWEEZSND, BRBMAREHZINTLWCENS, BEDT 1—)UMNER
PO-—LYYBICLDIRK[IMEEEZ(CK L\ TR, TELYIEEBEIRBEATH DN, YT ~—LICHED
BKBHNS DI RILF—@XiBREs. PHEASANDIRILF—EXBEREE K DBET Szo(c. EEMEICH(F
DEME - BEILEDMAEFREEDINE LNEL,

F—O—R:F-03>. 8F. Jr7JURO-FFH5t. Y I X ~—L[OEHE
Keywords: aurora, thermosphere, Fabry-Perot interferometer, substorm recovery phase
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Test observations by a frequency-tunable resonance scattering lidar
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EBIAAZSET (. 2010 LK DOFERNDTOI T & UTEVIEESAFRER [FEiliEn S RS hECERE
b1 EHELTUD, FE - BEEAXKEAMRE (X. ZOHROYITF—VIICHNEMTSNTHID. ERHNS
BEEBEAKICLWZIXRRNZEEHE ES5XDETET. CNITICHEERRL CTSREBEL —F— - XF SRS
[CMMXT. BMEATHEICKBEDOL —F -0 5 —1LEDRBORFE - BA - BAEENHTULD, >1
S—-7OJ 0L T. 01NMEHSIBIEM T EENREN SHEBEX T (<70-80km) OREFOT 7 1)U
BHRAZEREKBLTUVBLTY—/SVYYSAI—(ICMRT. RABE E235(CEE BEBEAKICETLIT. £
NEEETCOXRIENEOEE. 7 —0OFFENCHED 1T VEZERIGZE T U KSMER D OHERZESE
E. BEE XKRPDKRAENE - (EZBEZBELZAKOEHE L 52 BNTRRAZHRIEEE.S
F—DREREENHTLD, FERCITREAZDT7LUFY YRS~ - LY —-EEETERERZHAVTCH
D, 1VI1023VI—F-DREERRETHHTSICET. BEARKEELTT68-788 nmn. FE2&E5KEE LT
384-394 DS EEBDFREDL —F =L EBDICERERD, CNICKDBEBEBIEMICSVNT. AY
D LERF (770 nm) « $KEREF (386 nm) . ALY DLrZAY (393 nm) . BFRIA Y (390-391 nm) DRFE
1A V&EE>T. BE80 kA LOXTEBE. BEFOC1 A VNEESMEEZRANET DEHETH D, 2013FELUE
[F. ERTHEBERF - 74 VESAEBRETUVEMRS, SE58RMBIHERB (20162 1MBHEFFE) TD
BIEMANDBAZBELCT. S79—IYXFLORK - XRBZETO>TLD. AFEECIE. B - AROEK
& BBRF - 74 VEBE. SIUCHHEBEREORRBRENDRERZZRT Do

F-O—F HEEELS 75— TEE - THRREEZ. BEHN. EBRF. ER14Y
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One night variation of horizontal phase velocity distribution of mesospheric gravity waves
at Syowa
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Gravity waves, generated in the lower atmosphere, can propagate to the mesosphere and the lower
thermosphere, and transport great amount of energy and momentum, and release them at various
altitude regions. Among many parameters to characterize gravity waves, horizontal phase velocity is
very important to discuss vertical propagation and where the momentum is released. Near the
mesopause region, OH and other airglow imaging has been used for investigating the horizontal
structures of gravity waves for more than two decades. Although the huge amount of the image data
has been observed at various observation sites all over the world, a time consuming manual
procedure has been used for extracting horizontal propagation characteristics from airglow data.
This causes difficulty in obtaining a global map of gravity wave characteristics in the mesopause
region. Another important fact on the mesospheric gravity wave studies is that observations over
the Antarctic region were quite rare despites a significant amount of gravity waves generated in
this region.

Matsuda et al., 2014 developed new statistical analysis method for deriving horizontal phase
velocity spectrum of gravity waves derived from airglow imaging data. It is suitable to not only
deal with a large amount of data, but also reveal temporal variation of phase velocity spectrum. In
this study, we obtained 9 horizontal phase velocity spectra every an hour at 1501-0000 on May 11
2013 at Syowa (69S, 40E). We compared these spectra with background wind using re-analysis data
(MERRA) and MF radar data, and found that effect of wind filtering by critical level could not
explain the temporal variation.

F—O—R ! XKKEOK. KQRAAX—-I VT, FHEE
Keywords: Atmospheric gravity waves, Airglow imaging, Mesosphere

©2016. Japan Geoscience Union. A1l Right Reserved. - PEM16-15 -



PEM16-16 AR ERN S EE2016E AR

EEORXSHAERET —F =AUV CHEBARRE TR DOKFELAERE X RT ~ U

DEEN : IRBEBENT T —5 & DR

Long-term variation of horizontal phase velocity spectrum of mesospheric gravity waves
observed by an airglow imager at Shigaraki : Comparison with tropospheric re-analysis data
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TEAR CTERTNAKENKSESHEZNEE - PREBANERL. PREERE CHRE U ZBRISGEESEEN
H9 35, MEINTEEFENAKRERLFFERBRES TR L. FEARICH (T IMEDEX(CKSLEEER
52%. COEBENEMREMH OAKIEHROFEXINDGEEZ. KRJEDEOKFEARRE ([CKE MKEZ
LTV, AREKICEATIMEIFBEICEZIHD. L—F—PRIMERE BV TERPUERELE
DI A= OERBITONTE M. K]HEERCTERITE SHEBEO/NEEXARE RO 10EL EDRH
[CDTZBDKFAIERE XRD SIVDERIE X TN TUEL,
ZCCHAIE. REBRZOEEMERIPT(A0IB34.8 B. EH£136.1 B) ([CHREBESINZBEBAR I AXA—I VT
D5 L (OMTI) OEXKRHNT A—I v —ORBERIT—5 (1998F1081H~2015F7826H) £HULT. K
[NE IR OKFEERE X RO MVOREBNZ{T oIz, BB¥TAE LT, Matsuda et al. (JGR, 2014) (KD
RBEINLEFEEAVZ, COFEE. 3R I—Y IZBEAVWTAEDEZRT —5 (CX LU TEEBRIICKFE
HREIRT MIVOSHBETSCENTE SN, RET—IDEMISEL TUL S,
COFNTEDEBITOBR. EXELZOXRKENROGEAAE. HFbECREA. EFdvE. #(FLAmE. 20
TE(FEAAMIICIEET ENAERL. BFRIC L SEEMEHFHEIT S ENDM D, EDDIFTEDILETS
MAEZOEAAMANEELEVNE LTENZ, T, BEBFENENT-8FE. 2-3FOREXT—ILTIA

— AR RIWBERZEL TV EEDN DI,
ZCTERRIE. BEZ2DMEREAMADZRVICEB U, BJIbE. Z2(EEfRAE. BaAMACERILARICERRE
AARANEND > TUSD, BAEAMICDOVTIE. SETknfHATEFARE . Z(FRAST (C HHEE
TJITYVRRRBRICRKDDrVYRIT 1 ILIY VO THEBEDAKKEDFEDGEARANEN D E VS HTHROER
&E—8 I S(e.q., Nakamura et al., EPS, 1999; Ejiri et al., JGR, 2003), LH'\L. FEILDIGEAMRDZEE
ZEDr VYR ID 1 ILI) VI TEFHATE LV, ZC T ElFIEAE. 2EEASTOEEAADELITKS
ENROKEDMNEDELICLDENTHDEFEL. IRBEO LERERENDEHEFTT—SERUT. ZHC
ENRBED LFRDORERHERNZ, 5. HARMBETIE. BIFEHANDEOHEMATR. Z(EFHADILE
DALF v v A¥EHRTRENDKEREICLBDBRECKID. BEFHADE. Z(EHADIL TR EFEFRMHE
Eb(uéitﬂbmjtolmitio BCE2OEIDEEARDANEDD(E. KEIEOBRDAL

NEAICKBDENTHBDIEEZRS5N D,
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Variations in the reflection height in the lower ionosphere associated with typhoons using
LF transmitter signals
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So far, several studies for gravity waves caused by typhoons have been reported, although there are
few studies for the lower ionosphere variations associated with typhoons using LF transmitter
signals. In this study, we investigate variations of the D-region height associated with a typhoon
of 11-20 June, 2012 using phase data of LF transmitter signals. There were two magnetic storms
(minimum Dst values:-51 nT on 12 June and -71 nT on 17 June) in these dates. The propagation paths
were Fukushima-Pontianak (PTK, Indonesia, 4@ kHz) and Saga-PTK (6@ kHz). We converted the phase
data to reflection heights based on Earth-ionosphere waveguide mode theory. The period of the
reflection height variations was analyzed by wavelet transform. The reference days were 23, 24, and
29 June, 2012, which were also geomagnetically quiet days. We excluded the periods of the
reflection height variations seen in these reference days from the periods during the typhoon. In
daytime during the typhoon, several solar flares were identified by the GOES X-ray flux. When the
solar flares occurred, the reflection heights were largely decreased. Only nighttime data of the
reflection height were analyzed because the duration of the gravity waves is expected to be several
hours. As a result, the common periods of the reflection height over both propagation paths were
45.3 minutes on 15 June, 2012, and 76.1 minutes on 16 June. The duration of the periods was about
50 minutes in nighttime. In the two nights, medium-scale traveling ionospheric disturbances were
not observed in the GPS-TEC data over Japan. The horizontal wavelengths were calculated from the
onset time difference of the oscillations between the two propagation paths, and difference of the
distance between the source location (the typhoon) and the two propagation paths. The horizontal
wavelengths were estimated to be 483 -662 km for the 45.3 minutes and 1222 -1346 km for the 76.1
minutes. The horizontal wavelengths were comparable or longer than previous studies.
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Development of VLF/LF field strength prediction program using wave-hop theory
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