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BHCT A — 2HEENTIBRER 7 40 T 4 v 7 DHEORFBICETF L 1.

RURE, PRIBCEREICEL, ThETOHETII ST A — 2 OHEETIRERFEE L 70-85 km
BRI 5 = DISH LT, BEORER, BRI 65 —95 km THEEAREY Bok, THICXY, UARS
PHAETH Y b5 TIMED % ¥ OFEH b OBRIOM FRIEIC MU L— X — D7 — 2 545
TELLELLND,

F7, RBECYH. KEFMIHEAT A— 2120 km BEECLAGOATORD oA, &
Bk, 22,3 km FTEOND K5 ISR -k, BHE, FRERIINT L BBEHILEIC, /% 20 km F
EICTRITI S (PR &, RUBREORIEEAMe . W2 2 BEOEICFIAL &5 r v, WUEE
7Ty 74— LEARREL TV S, COREERT S LHICRFEEE TOREEOER
HUETH Y, ROWEEES = ¥ ICHE 20 km  CBAIC % 3EAM—OL—X —TH3 MU
VX —D7F - 2FHEhTw 3,

AEDORECIR, BKBEINEAT A— 2DHEFELBANTILLBICMU L—F—DF — 2
DESVSRICEERS J v b 7 —AIKEPETHTOL 3 IR THENT 5.

2 NI A—=IHEE

T, BIEAY S Ay TIHbRTLE AT A— 2 DHEERER BN L. £ ORIES L ERES
a3 BB T 5.

4. SEESIEASERED:HICHREETE 1us. FRECI 2us BICY > 7Y v
. SN % LW 3 e ICRIRGEIC S 5 F5 2 AUBEECId 38 [, *hREETIk 10 BIFY S5 (=



t—L YD), LT, BRI NAT — 21k, BERVIIC 128 milf~bh, COBRIIT—2%
7=V IZFEIET, Fuy 7 T7—AR b %183, TOXR7 } AL 100% DEEFEHES
FEF-oTHY, TOWOFEMRB-HICZAR 2 + AL KEE, PR ¢ B T5 (A
vat—Lvv i {l53), COMDPINLERAR7 P AHDASICHIEBEINTVLS, RIS, 25 LTK
FohF oS TI—ARI b ADb ) AX VAL EHE—EYL LTHIEL, J4AX L=k
FlLAERR 7 + A RIERBR/PEREZAVC, 7Y AB-OBBIGARIL, €—/DfE, Fv 7
5—FH, A7 L AED 3 DDA A — 2 DERTTS . LLEAEHER T A— 2HEED
Fnhcds,

Z T, BREEICH LT A— 2HEERHER BB YERONTRIBH L LT, LITFICEY
32 00FAEAER bND, F1IC, REESHESER LD, ES5EL FORIESHIrHEINT
LES b, 210, PRBEOMERSCAEEORTRRLY 27— v + LB 8lkic &
5FBEFFTLES L THSE,

21 ORES 2 RT3 0IC

o fvak—Lv Vv fpoEEEAIT,
o JERIER/MEFEEICFOL TSR 3TIHEDEONIHE#8ET 3,

tVv5 2 00AERFH LA, S b DRI K.Sato[1997] IS & > T 1995 D MU L — X —x%,
JBE* + v X —vBAIF — 2iICHV b TE Y 2], BABEGEOR LIREIIh TV, [
ak—L v ORI VLTI, REIDFESRETCHIHBSUE D T F T 2FITHER
LN, BEREEIE REVBAREFIMHIEETH L LD, y—X 4 y—2crDMK
EZONBES5RT 0y o%kiwE L, FIHEICOVLTIR, chECohETik, Bslicx
<7+ A BEBSHEICERE L T EDRAERIS StV TLE, S0KE L LHET,
R DRSEID R R 7 F AR BICHDY L TRODERAR I P ADOINETDT 4v T4V 7EEIRE
YRS A—2%3KD, TDEXTIWEYL L7,

%2 OEERIC O LTI}, IRV TRAREOMENR = = —OREICER L. £ OfbiE
RERT DA vae—Ly DO EEREL L, B1 ORBREFRRT I DIy
a2 —L v DOEBERR L 25, DB,

o KA pHLDTa—LIAIHL (HRELBDNE) 23— %BUARs v ERELTENE
5 ‘

YOLSHERFERAL A, EOBRERER, ¥, X127 rOFFBEEIC OV THRIEEIABEID A
FATvEEY, BDAF AT UELY 100 5L EKRE REERRD XX P A%2BBRT 2, £5
L7ET, 27+ AED LT 10%DERERE LT, FRED 0%DEEFDT5.

3 EER

&11mw#o¢ﬁﬂ¥—9wﬁmﬁ

Z I Tk, RiEID_LIRD 3 >OHEIC L - THE S NANER IR~ 3, HifificEy 2 HEYH
VT, FF, 1997 FOFBBED R R 7 b AF — 2 % FRIT L 7=, B 15, ABOEBIDEREN D
ERTHD, Ebb, Av I 477 49 7 1 v 7 (BEIOMREE3 D). BEDRRAE 3 D COFRBRT.
BB RRHE 30 D CTOBBITOFRER T, 15 A—2EI N L EZ O N AEEHBEYRLTY
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B 1: KRB HRER S Wi-HERBOFEREL. ErodvF 4V, ﬁﬁﬁuﬁﬁﬁﬂmsﬁ)
FEREYT 2(REE1> BRAE 30 73)

%, FHHEE ok - ORI RREED 10 EORRDBIED X R 7 t A0 b HH L -, BRI
ISR A— 2 DHEESHERTO 2 EERBIIRL 52, 2TOAIKELT, BBIMC L > TE
DEERMEILRoTEY . FEEEE 30 3Tk, BEEOLERTH3 97 km FCHETET
VLIBARD 3, ZOE, L, BAREEEIEE 85 km X ) EOBECELLRLEMRELNS
., Thit, HEXZ—DRESFBIIL TOIRIEKI LI AKEVLEEILNS,

3.2 RMEF—I LD

H#h kv —&—¥ HRDI OF — 2 ORgfit S 3 TICMF L— ¥ —RUMU L — ¥ —DfiiEEe—
FeRfTbhoki 1], LA L., PHEBEERE —F k-39 A — 2#EErRER SRR b h T
Wi, HEATESICEZ hbhTuhd o7, B2k, MU L—X—t UARS/HRDI O
BlF — 2ol#o 1 flch s, BE 50-100 km FTHOPICHAIANTOIERHSHRDIICE S
Bl — 2T, £DLH»o MU L — X —TOBRIF — 2 2 SARTHVE, MU V-4 —D7F— 2%
. B2 28y I A7 49 T 4 v 7rDOF — 2, Alll2 oHEESIDHREE D CTHETL /-7 —
2TH3, hr b 1HESOF— 22 FH L, Fhd b oFHsRZEL MRS OZEAICHBETY
SEHCE L, FRITICK 5T, MU L— % —DOREHEE THE R EE ¢ 80km fHEA & 95km
fhHEZ CABICKREI N TOIETFIOH 5, £, a3 —DFFVEE 70-72 km ORPARDHE
EREMEELTLS L Bbhd, Zoftuc, BHLRIHBEIEME CAEIEBORY) BES o
77 AATHB)=HICHRDI ¥ MU L—X —DfERH 95km T { —Bi 2 »¢, RARITEE
82—83km DL T CREMAE {ELSZ L% HRDI OF — 2 BCcRRBRCE LRV I L,
Fi. MU L — X —OESESREEORT — 2 11, SHEFEES km OBMERBIREEL CTRAT
VBRI ERERHB, TORBICOLTIR, AHIEAL BRI DI TETH S,
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3.3 BEBEFZ vk 7+—LD-HDIEH

R 20 km fHEIL 1 FE%E L CREDOFOEETH h, COSBICRFRERE L., B4,
RESRICEEOEMICFIAL L5 L L SEES I » + 7 r —ARMEDO LR TVS, ZOF
% WX 45 ICR RSB BAR LZEOXFERICOLTH L (T TN HY, £
DPRTHABBIC VT, FEENT 49 T4y 7oy LEAOTELAEMU L—X—
DF — 2HFHINTOLE, 2O, F—20FBHRS b LTk, §TH Ly B L (FERO 2
WY DBEHNEZLND, TH EFENUL Y 2y b OFFOEHEDTF — 2 ICOVTEE 5-20km D
F—23FHI N, FEFEHCOLTI 1 E4B L TOEE 20km gik0 7 — 2 50FIHE N3, =
D2E) DFSICILBEL T, MU L —F —DF — 21k 7 I3V v FREBRN T — 2 CIklET
¥ hLERZEORBICHIBEI N, Eno0F— 2 Lt EAShE T, BAHRESCHEEEED
HHECHEEINS,

SE0

[1) F.Hasebe, T.Tsuda, T.Nakamura, and M.D.Burrage. Validation of HRDI MLT winds with
meteor radars. Annales Geophysicae, Vol. 15, pp. 1142-1157, 1997.

[2] Kaoru Sato. Low-frequency inertia-gravity waves in the straosphere revealed by three-week
continuous observation with MU radar. J. Geophys. Res., Vol. 24, pp. 1739-1742, 1997.
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SAREGCMICL B XRTENROMA
(R (BitE) - IREHRE (REEHMARARER) - HIWER (RKX CCSR)

1 EHS

ZHBEORBARL —F—253 04/ O FeAVEEE < OBRRAMWHRRICKLD, X
K[EHFEOB L LEEMNASMIRB > TEE. FITHBRED MU L —F —0BREAIT—
7 3EFERANERITICELD, PRETHREBRICBNTIE, FHizBbH I KERE 300
~400km, SREKE 1.5~2km OBEEHEMNEBEL TNB I &BbMho7 (e.g. Sato,
1994). COXSBRRE[ENEDO B S5 TEHERBEIAKABRICEERRBERET
EEZSNTNS (e.g. Matsuno 1982).

UL RS, iCBR S =B85 — & TIABHEENIEOBEE - BB, 3 K0T
G, 3 BEHRBESEEROICEET 2 LU VL. FRAOBRNIEIARE
SBEETNVERANTINS OHEBRZHASHIITEIETHS. BIOATFvTELT,
WA DENEREDHBERZD, KBRELREFINTHEZTR .

2 #7

2.1 ZLEKZREETI

ETFINV ORI, YRR ATRERBRADHEB AT U —2 AW, KFIZ T106 (¥ 120km),
SREIC 53 & (BREZ V) v R MIRIE LS 5, THREEOH 600m) &L 7. HEON
F A Y= 3 JIZREBENFRRAGER W, i, THERR, BEICEST2A0
SST KfR{E%E & 2.

7, HEL NIVIREL WHUKESREEEEL 7= T21L53 KBREET )V T 120 BRI
HU FEREZ G, TOFEE%E T106L53 OHMEEL T, 60 B L TEERE
2B, I5IT, £< 20 HEOMMMEZ 1 BB EICRD L THRRAIT—5 2D, €
FIVRKOEBEFIGH &, ZORIHENBELERITL -

-12 -



2.2 HEHFHIE

R EAE L HARORERENTARIIATREAKITEN OO TH o/, HEE 10km
SEE 35N, 45S I2BWNT, MEMNLBERFE D xv FRBENTHD, 60N fHEOEEY v b
ERBEL TV, £, FEBICBWTRINBEEMNLZHEENENTED, T2L EFIVOD
FEE/N 17 R (Takahashi 1996) MRk FEIN T3, N FHEFEEE S IREHTH 16kn,
PIRETH 10km ERENDIFEBEL THHERDM o,

2.3 FRSEEHEN

B 1b i3, BHEY oy MMHEDRE 34.2N TO, H3EEICBT 2 EILERS ORFRHE
BT 3. REBICHEE AN TRT 2HRBENR ST 5. BMIEERMIC
TV 20 SR, BEIE 4km BETH 5. MHERBICIIEERICHIEL 72, @& 3RITAAMN
Bh3EHINRESNS. —4, K la@EETRbhAk MU L —% — 3 AREGRAIC X
ZHILEOMMEBENERTSH 3. B<REZ I, REBE, NFHEEHE1b &R
BEOEBNTRAN TN S.

la TRAVWETF— Y IERRUBICE 2D TRL, iZEE2HSMUDBRE, XK
IOA—ARIMNVDT 49T 4 7 RBOBROHMEEITRL, 303D >ak—L b
MMEICHLT, 754 ABL -REOHEBTH S, Tk, EREUEL &
F—FITHART 2%km FEHREFEE HIT 5 T LITHRIIL & (Sato et al., 1997). KITHEN
TWARBEOBEK 20 BRIOEENT, Z0FT7 51 L NEBF—FiCLk > THH TR
ENEHOTH . FLT, KRR 5 78I L D ThiZAKFEEERN 1200km THICER
THERMEAKTH S ZEMRENL. INRIOWETHNZ GCM THRTEL0DIZ
THEVWKEEETH B, 51T, AERART MIVERRTHS &, THREBEEREE
HFRBIIL ¥ — 2 ELTRRTHED, TOEBIX GCM, MU L —¥ —RAIE HFEE
ETH3. Thbb, 20 GCMBERERZDENEDBEARELLLBIRL TSI &M
RBTEI.

2.4 EHAROSOQA—-NIVEHESH

BohF—yRIZETHREL (35GB), TNTOMRE R FRICHITT 2 DI ATHEIC
V. SRSt (BRAN) KRBEKEFENLZVOT, Bh 2B bREKFENRZNL
ZZoN3. FIT8DOOREEZRDHL THEBZMBTL, TOFHEZET N HTOES
DHEFEDOREEEEZ T
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2.4.1 [ARBARI M IIOBETIL

XY, BEBARY MVORETLERA~NE. DED, BHEEAHMEOE — 7 AR EHRIC
EDELSTHHLTNBEN, ENHTETHS. K2 THEREM 22~27km TEHL /=
BHEEARY MV OFEREERT. SEIRETHY, KNERIILSRETOBRERAE
Be®Yd. i, KOEHIT 1 ARCEAFANZET. B 1b ORETRSN-BHEEEK
HEDE -V RUOBETHRNA TR I EMNbM B, AR MIVEERBEREEL
DHEFAREMTKRE S, ENEOHEFEE L —FT 5. AiEAEENY O &R BFER
TRBIU-72E— 21172 <, AR PIVEEREL 2L TNW 3.

2.4.2 FhEo/O-/IS%H

KIZ, BT -2 L0 LELIEENREL TRIRENZRD 2 DORSITHL THF
oz,

1. MEKE s5km AT ORS (ERERS LIER)

2. B 24 BRI\ T DS (RIS EIER)

HEERAOBB T RINF I3, BE 20 EUTOESTHAREOE ELTHEALRS. X
o, JEHRBMER 30 EEHBH D 2y FOLTHREL B THEY, EBTRINF—HHIT
BALIENFMEE 2o TS, ZHITHL TREBIXIVX -, ZIFEENKRTH 3. K
TRAERD, ME0ECEZEITERCIRNE—IHDOTS. BE 20 BEL D HReE
TRYE2 5/ ER>TWAB, Zhid, Allen and Vincent (1995) Ik B34 —A RS UF
DTS TFTF—IERVEERIIBIT MBI E K< —HKL T3,

HEHHIRT Sy ) AREHEORBIFELAZ0ICEHNRRETH S, TRINF—LAE
BREOEHE, BHRT 5 v 7 A0FEIE (FNCR-THZL ED) BEHEOKEEE
HENZ—HTS. IRNVF—T 59 I RAEZHANTHI L, BREZRE, LAZEBTH S
ZEbhole. BRERDD v ERAXRTHZE, BRAH Sy bOLTRERTAT
ADE—=D ERB->TWS., Zhid, BEEENENTRNIIRS TH EEICAMEICEE
LTWBIEZRLTVWS. £, v RBERAH  zy FOBELETILERTIAT R, #
H¥RTTIATHo. Thid, FEMEREHBERL THBD, Sato (1994) I2& 3 MU L —
F—3ERDT— S AVEHABITHRRE L —FKT 3.

e, FELEETO v REBRARBERL TV, ZhiZ, ERAYMRMIIBNTEC
FETHD (K 3). FEFEFE 12km H S5 L TRRICEILIZEN > TS, FOEADI,
&S 27km THRE 50 EIZEL TW3,
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EFIVIZH SDNIZEHBENEERICBLITTHEE W B/-0IZ, Eliassen Palm 7
Sy A%HAL, TORBERDE. BRI, BRH v PO LTEHEAEHEL TW
LN, INETOWREEBHENII—BT 2D TH oM, ERMIZIL, 1/10 EXE
WNEho7. TOETFIVIZRUEENA > TWRNOTHE L HEDIRYRBOEN, 0D
EIBBNENFICLZBEHRICOEOS T, ERET vy P EBED =y FBSEEL
T3 SARIBREEN,

3 X&®

UEDFFICE D, COMEATHN ESRE GCM BERAKOENEEZRSBBL
TWABIENEREN, EHEO/ O—NVEEEZBHASMITER. Zhid, Sato et al.
(1999) EL THRXRERETH 3. S&iT, BoNTF—I0RH»EHNT, K, PRE,
BEOTNTNTERTIENEOHL WHEREZANTNS FETH 3. i, BE
RIFIZASN ZERERBHEHIC L 2 KRR HNORTFNRENEOEBELLE DL SIC
BH > TNEINZERRBZ=DIZ, HBEANLERLITRIETH 5.

SEH

Allen, S. J., and R. A. Vincent, Gravity wave activity in the lower atmosphere: seasonal
and latitudinal variations. J. Geophys. Res., 100, 1327-1350, 1995.

Sato, K., A statistical study of the structure, saturation and sources of inertio-gravity
waves in the lower stratosphere observed with the MU radar. J. Atmos. Terr. Phys.,
56, 755-774, 1994.

Sato, K., D. J. O’Sullivan and T. J. Dunkerton, Low-frequency inertia-gravity waves in
the stratosphere revealed by three-week continuous observation with the MU radar.
Geophys. Res. Lett., 24, 1739-1742, 1997.

Sato, K., T. Kumakura, and M. Takahashi, Gravity waves appearing in a high-resolution
GCM simulation. J. Atmos. Sci., 56, 1005-1018, 1999.

Takahashi, M., Simulation of the stratospheric quasi-biennial oscillation using a general

circulation model. Geophys. Res. Let., 23, 661-664, 1996.
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MU L —4 — EHXZERAIC X 5P RIB R E RSO

P SR, BE #E  ERAFESREREMREE>S-)
PSMOS BRI N —F

. ZUBIZ

MUL—%—i3. 19 8 45DREMRLUK. TR - +E - BEBAKOME 4 OB
Aunsh, KKENBELEOXRKEHOEFRRORY, [AHBILOFMBEN, higE
BHEOML DRRORABETREZ LT TERE, L0DI}. ZOEIBKRBRR
L—¥—id. BEREDKRZNENT A= 2HBEFRS L UREARIZDOWTEHS
RETHBMICNUETZIEMNTE20MEHMTH S, —FH., HEEHIZ, L—F—-¢&
R EET3, $hbs, 5145— (L—¥—L—¥—) @& L—¥—L¢0H
RICBETO7 7 VT ORMEALEZRNT S, L<ICHELKICEET ZKEM
BROKZBEREEEICHET S, ik, KKK A—T+% FPL (77 7URDOF
WBEt) REDOKRKNOZHAZERAT. BEHFMOMMHEEZBNT DM, KFE2 KT
DRILEBE T ORHLENBRTETH S, Lid->T. ZhsoBRBz@E»ED
HBIETENDORRER VAL DN A—F Z2HAMITEIRTNICHAZZ &
MAEEIZRE B, HL DAy —IVORKJBEHMEEL THMB hERERL, XK
HROBELICEOPHBREER (@ES 0—1 00 kmfHl) OHRICIEID
XOBEE - AEOHSBUNEHTH Y, EE MU L—5—DO(kRFRARATHT
DEIBNFEBRRELOKXRABRMUMNERL TE. FPWTIX. MUL—F-BLUE
EMUBAFRZR OB INTELEXRERAIOWTZOEREZE LD S,

 BYKRFRITLSAY— (NEF) EORFES

MUl —¥— X2 BROHRBINIEET 1992-19 9 34E12&3 00 kmith
ENAEFOFMIDALSTA Y —LOBTHIIL /7, Namboothiri 5[1996}i%. MU L
——DHEE— FREUCLAEAFOBE SO 7 7 NVEAEFOFMITLSAS
—2&BFMIDABEDOTO T 74 NNS, BELFRICERT SE —ORIEE R
ZRHLE, ZOBMZ. L—F—LFPUDASAY—L WS REBDIBHFETO
AOFE— KK ETHOBH &Lz 7=,

ERXTHOINPE, OHK&EKAT *+ b A—% L DOFEEFHRA

199 4%, IS5PNOFHEMNEMWI R (INPE) @ Takahashi 5. #8711
Y —RDOBHE(T + P A= ZEEMUBRFTICESRAAE, TOHXKIHI. BR
HDOH (6, 2) NRERELT. OHAGBELERBEZAET . X/
EHE#E BT, MA15—- 3 0BED8 A% 5 P RECHRETHNMTS, MU
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V=9 —HRERNE— FLORMKRANS., OH (6, 2) N2 RTRDLERIEE
EV—¥V—IZLBHMETI—DOHERERN S D LDOHMBEEHNE —HTS
Z ENREN=[Nakamura et al., 1997). £, L—F—BXUTOHXTRD=EH
6 — SEYMBREDOENBEOREB L KENRS A—FRHEICKS —HL, GETK
FAT=Nht2 000 kmBEOCREENEEMRA T I LZHALMIIL. £DE
ZOEIROE{L % iR L /=[Takahashi et al., 1998, 1999].

. A OXFERINBEMU L —Y—DFREEIIF > R—> (19 95%)

OHARKH L OFRBBMICRI UERER. (FAMARREICK 0L OXFERN
FURRHL9 SEE9 AMNS 1 2 AITMITEEMUBREIFRICRBAEN., MUL—¥—Hi
EE—REDF+ o R-VBEUMNTONE, FIEICDTWT, TSI INPEDT
4 P A—INOHKRZHDOBAZIT o/ iFM, HIEKEFBEROMA TS (Multicolor
Airglow Imager System) BXUOHEAA A—T+ (MoA 1), BEAHERSH
RFOFP 1 (77 70 ROFHIH)., KELIMNULKRZOERA A—T v, BRI
OB ZTH2EM, BNKZEIZROF PIIALSAY—NF NI LABEDEE
TOV—¥—. S Y—FABRNESRD]. ThOORETIR, RSOHELECE
HEOBBNERY 7y FTHoIMN, BIEKPIIMIUKRDOCCDAA—I v iC
Ko TAFHEEL10—50 kmBEDNA S —)IVOEHEOEIThNZ &M
FEIRETHS,

. SEEKHMIPDEXRTONRERN (199 64) —RAS CHEBRADMA
BEAMTITbh =04 v b & EBIRIIC & 5 Sporadic-E Experiment over Kyushu
(SEEK)D#ifdiz. MU L—#%—at FAI £— RTHRUINZ LFEKIC, HibKsEmee
EASIMHOBHH CCD AATEEAL. EXRBARICBNT OH KKHEDA A—
BRZET-, TOELER, BHFRIKRELENT, AREMND 100 kmBEDEB
THokMN 8ADOS Ty MIELETHRIOHAMMICEEIZS 9 RN THRA
AThh. E B FAI XHBET R\ TOMEE 8 7 k mfHEDE N OEBAMHERN
SN, FAI BiaO&ME & L& M- [Nakamura et al., 1998], 7. #6 0 0 k m
NEFBEEAZMTOA A= v TORDBR/ENLB S N/ [Taylor et al., 1998].

. OHA A=Y+ TORKEHRN (199 74) —ENEHERAOHES - EEHORER
AR D SEEK BRASAKIDERTO OH ABRDKINZZT. RASC THHATDE
BEZMAEL. BTHILER o/, HILRD OH KFAA A= % MoAl ZX—2
2. EXRTRAOHBRNZITS OH REHAMA—TJvEZMREL. 1997H1ALD
BHBRMEHD. H1FEOF—FMS5 OH REAPIZRSNBEHRONRY—>
ERFTIL. TOEMECLERFMOEREFEZASMILE. TRDE., KFE
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F18kmlULOBbDIX, TRATHEINDTBRKATIANI—EN/ibD, TN
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7. BRENEFTONaST15—8BEB (1995 —TFT—F0EH
COM. EMNAKORELE Na 71 FV—0BENINEMIZITON. BIAIANEFT
@ Na BB LT MU L—F—BHELSDE T, i O [Kobayashi et al., 1999]
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RS A=V L HPHBEREEHROHA
B B=, chit &7, (e =, RE g
(ABXEERERENRtEY 4 —)

1 ZLHIC

FHEARZE RASC Tix, 98 FEICEMABBIZERT (NIPR) & R T, KEXBRALEA A— ¥
VAT LEPASL [A1), 1998]. 984E1 AN 6 AL T, BLU. 994E2 ANLRE(12A) IKE
SETEEMUBRANFCBWTRAEERUZIToTVS, 204 A= X i3FITRERHAS
W (f=6mm F/1.4) 2O EEHIRETEBARRAEBLBE T LB T, KKBBHOKFHE
BEITRL, NEBELRRMIMETHRIZLENTES, 1 A-YY TCLELIERBEHh
SEAWITKREERED 100km LAT. BN 3 RELUTOEBTHY . ZhbOEAHEIZPMER
EFRICKE S BEBE 5L T3 [Fritts et al., 1987}, 22T, BMIZbDI=3 4 A= v DBl
F& MU V—F—TRAL =RED b BEHENPHBRAEERCE X 3EBZONWTERT S,

2 XA ATy

IDAA—T XY TRTRIANZ—DIL552EFEL, BETI3 LV BEORLZHE
BOBXBERATE S, £, NIPRIFOBEFERLBMIMR LTI, 74V F —08KiEE R
BEBHHARY bu 2—F =5 AVTBEEfTo2Z Litd b, FFORK (Na, OI) 22T
X, A AV EORKHMEHNAEZ MBI LN TE B,

LR BE % 3
OH 86km 680nm - 900nm
Na 90km 589.3nm
0, 94km 863.0nm
o) 96km 557.7nm
o) | 300km 630.0nm
HEK - 572.3nm

98 4E 1 AN b 3 A ETiTbhviz PSMOS % ¥ »R—2 T, {8 MU BRI CAETERXSTE
BF OMTI (Optical Mesosphere Thermosphere Imagers) @ 3 8D A A= ¥ L AbETH 4 ED
A A=Y % T, 4 BRAKI (OH, Na, O, OI557.7nm) % FIFFIC E{RMEE 2 4 (OH iX 30 FHRIRR)
DRI FERRT I LITRIILT., TEORIRBIOA A—V Y BETCESERBREZTV. =
IZ OH, Na, OI557.7nm KX&EXZREAIL T3,

RB.YELALRN—FUTE2HRRL, 74—V AWETE 32 FTML. BRT
LIZT7A—HROWMENRTFREE LY, ZhizkoT, ZRFhORERKBIZHBWVT, LoEhVR
T—NOEBETRATEI L3R,

3 3% FFT @&

Coble ffL [1997], 32 th (1998] #BBiCL T, |E ShEfd b ERMOICEBINT A—F %
3 5720, 3T FFT ST ORI T LT ) XA gE2BR LT,
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T&aWiedh, i Lhign,
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DI ABEFEL R, £L T, OH, Na, OI557.7nm KENXEFLEFIIZHOWT, FAZ LIZFEY
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<9 oy > _ / hP(h, $)dh (1)
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V. 1BREELFME. 4 A6 6 ARALEF M, 10 AREFMIZKELBoTNBHZ LMD,
HBFBORY IZOWTIE, PBAKOFHRIZL 74NV F—HRIZLZHbOLEZIOND, 2
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EDEHERBERIEET S, BiLFMOEY IZ-VWTIR, PRAXKHOEIEROKE SAME
BIZ BRTHEVWILZELD L, BEHEOREROKAEMENERIZEL > TRRBIZLER
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&z, X (1) OBLHAZEX T, AEEEN 4km 5 16km F TIZOWTRHROEHTL /=
HEZEIZTT, CICRE2TRLACE I RFESHIZLIGHRFAOBVVEHEY Rohi
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Larsen et al., 1998),

2. WIIMF L—& & MU L—#iZ & 5 P REE RO LU |
UNBROHERNICERB SN WF L—F OEEHTIZOVTIL, 17T, 8
YA FOMNBROT 7 rEBIX. F1RISTT (B4, 1999), 199 44
9H13HMH15BFETMU L—#LIUIIMF L—¥OWBER L-&R%
FL2BIRYT, HES80—90kmTiE, KARAIX, B<—&HLTW3, Eit
i, RERIELO—KIZROARWA, BES84 kmATBOEET, 199
4% 9H 1481 28— 1 8RTIX, (Ui, REL LIHEEILRS—HELTWS,
BOFARS BRSO P Ly R DC ROZBREL-ZOLSEE. F3X
WZRT, TORE,. BES0—92kmTiE. RV—ENRLNEZN, BE9
2 kmM ETiZ, MF L—#13. MU L — it e _RTEVWEREL T E@EH B
By ot, THOFEAE LT, MF L— ¥ OS5/ 0famE %, SETFiE
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£1 WIRUCHAMF L— ¥ OEXE#T

Parameters Yamagawa Wakkanai
Location 31.2 ° N, 1306° E 454° N, 141.7° E
Peak envelope power 50 kW 50 kW
Operating frequency 1.9550 MHz 1.9585 MHz
Half power pulse width 48 1 sec (since Sep. 12, 1996) 48 u sec
27 1 sec ( Aug. 26, 1994 - Sep.11, 1996)
Sampling interval 2km 2 km
Observation modes FCA FCA, SCA, DAE,DPE
FCA, DAE (since Sep. 13, 1998) |
Operated period since 26August 1994 since 19 September 1996

BFEIZHONWTER I, ZIEEFORFLREL FCA BITIZBIT 3 ZEBES
DA EDLEE2EXABAEOREHEICG 2 2R B%IX, £F -5 2BV,
Yamazaki et al (1999) 2 Y ¥R ST,
FHBRMOBBBEOLBBITORBER., KABRIZOWTIE, BE84—-90k
mTiL, MERZ, BEREL R LB LTV, HREROMMIX, HES 2
—92kmT1KHUAT—HLTWS, BRSO\ TiX, BHES 8 kmil
£ RKELBOBBDON, MU L—FONHEIT. BE86—92kmT,
RK4—-5HOELZBR LN, MERHMEIZBITS., ZhbLOEBIIKRK
BEHECRI CHMEOBYECENHDEBRIZLIZbDEELXI NS,

3. WIIMF v—#iz X 3 PHBFHRBA & KZBAETVHWM 3 LDl
# (1997—-1999)
1997410A»51999%46AFTORHBIZHONT, IWIMFL—#
X A3PHBEEHRABAKRELHWMI 3EFLEOLEERELE IEICLYD
7 (Kishore et al, 1999), BEHERIZSWTAB L, DEHRADNIF—iX, 2
REICIZBS —BL TV, (2) BRIShAEEHNOREED ©— 2 BEIE, #
30—40m/s T, IFERLTHD, LL, £F T, BRILE-FEERIZ, H
WMO 3EFFAVED. 1 0m/s BE/NEVVEEZRL TV (Hedin et al.,, 1996),
(3) HAEROY— 734X, BEHT70kmT, —HLTWS, (4) Ehb
HizhiI TOBROEIZ, 4 ATEFALRELTHS, EILRIZOVWTIL,
(1) FHRADAF—riF, RLEMTHS, (2) BHlLlAE o KRE
i1 2m/s T, HWM9 3EFNLDIE3m/s IZH~RTKEV, (3) EAHMEADE
WO —7BEDREIX, 80—85kmTHH, HWM9 3EFLDHE 7
kmdk D {EV,
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4. #EAMF L—4& L IW)IIMF L—# O R
1997108—-199 96 AXTon, H#ALIWIIZKITSPHE
TAHAEHROUBEREBARNIT T, RBERICOWTIE, RO X D R4tk
Roh3, (1) EoREmEALLFORAE P v NOKKEIR., AHBAT
BERUCHETHD, (2) XAFOEME V= y FOBER, WHATEBLE
ZLv, (3) #HNDLFIZS8 5 kmil LOBBHERIE. THHABZ T, Lo
TW3, (4) EfioBERE AKX, C—7BEICKERBEVWRRLNS, #AD
AMEx zy F50—70m/s i, WIDBEMEX 2y b3 0—4 0m/s T~
T20m/s bRK&EW, (5) IWIDEHMOBRME S xy FOKRKRELRDAIX, 5
AThd, LhL, #RNOEHOEME 2y PORKERDAIX. 68 —7
ATHY, IWNELYEBRATWAZ RS hot, BILAICOWTOREE, (1)
BRI, KEREBARALALND, (2) EAKKBIT3HEMOEREAOL
—J7HE20m/s X, WIDE—I3EE 10 m/s Il KEV, (3) #RNIZB
F3mEADOE— 7 REIX WO —7MELFLEELO0—20m/s ThHh
M, 199 7H8AR19994E11ADKIZ20mMsZ2I 25t bdhb,

5. MULV—#LIWIMF V—#DOEHEOLE (1996—-—1999)
19964 —1998FFTH MU L—FORKERET— FOBBIRESR L W
MF L — 7 DB BIG R % ligefigtt L7~ (Namboothiri et al, 1999), 55Kz,
HEROLBRERZTT, 2EMRAEOEFHEBHOBEMIZLITWS, BFED
RREOVxzy FeBEMEDOY =y MEREET 3HEIX. MU V—# L UJI|MF
L—#id, ZIFFL80—-85kmTHaA, WIDFR, EFRIZH~SR, 2
REWVERIIRONE MU L—FORBEROEKEIX.40—6 0m/s THY .,
LW MF L—#DOEHREDKAE3I0—-40m/siZt~x10—-—20m/s K&
VW, BEMEVzy FORKEEOHEIX, #70kmT, BERALTHS,
BRI OWTH B &, EEOBES8 0 kmizkiT3d MU L—FDOEH & EAD
B, 10—20m/s T, WIMFL—#D10—12m/s IZH_KEW,

5. ¥¢&8

MU L—#¥ ¢ HARCWIIMF L—# L OLLBBRAIERERLEZ, 32501
— X OEENL, PHRIBROHEERFHENALNE RS, MU L—FOKRE
BOBKEIX, 40—-60m/s THY, (Wi MF L—ZDFEHEAEDRKIE 3
0—40m/siZtb~, 10—20m/s K&V, HENOERBERILX7 Om/s 282 5
ZELHD, BEHOEARIZ, MUL—FITHRKEWT ERghoT, ik
BOFELEIIKRELS, FHEBLBMELRRHELRLTVWS, 4% b, #iEH
REBBAZITI ZLICLY . E4EH/EITOVWTRIFZEDDTFETH S,
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BEBARRKOMUL —FEF MO ALASA T —ICX BB
EESAE. PR E (k- 1) . PH=EE. BEHE GIK - B858)

1. iZU®HIC

AFEIIMUL—% (REBE—F) ENAETFORIAKRZEOFRITLTAY—IZLD,
5 BEE80-100km <+ D H IR - 1K D RIFFR A 2 1TV, MRIEERICK D ER T N 2kE)
BROMHER, BUKZEHSNMNITSZEZEBEL, 1993FELD HFEFAMFE LLT
AT — LIz BYIKEDFNIITLTIAYT—F145 —F1914EOE L0 BH%T->T
WBH, BWRIEOAHBIRCIHETH 5728, ERIZSKRHLU EOMUE 51 ¥ — ORIKFE S
F—INESNT-DIX. 1992F 0 5 19994FE X TOM T46MTH - /=,
MUL—¥DOREBE— R T, EICEE2RSCEAE. #dt) &S ISR DORRZ
RS HAHBESRBRICEASNTREERTRATZ S, —H. T MITLSI5—
Tl MU DL OEBEENSSMEEE (100m, 4min) TRETES. BHIEE TOHE
MRROLEIL, KKEEOEH N ERODIEICKDAIEERS,

£/, BEMEOPHRETHRETIRENTEROBEVWFT N UVLBOBINBARTHS
Sporadic Na@iZFDREICDODWTHFIHALMIZETNTW I/, MUL —¥ & D[Rk
BHREOUBRIAMNAHTH S EEZ NS,

2. 5FETD

SETOREELTIE. AREHEDTr —ZAZAYT 4 ELTXHK 1. Sporadic Nagiz
AL T, XER2icEEHoNTNS, Xkl Tid, 1993%412H15-16BDT—5 %%
12, EREOMUL—% E310kmBENEAEFOF NI TLSA Y —TRICEHBEES X
TWBZEERL, FOERFNEZRD, X2 TiX. 54 5 —TSporadic Nafg#4*
BRllENEED, MUL—FT—INSR/SNBZEFRG/NNT A—F LOMBREHHN
7oo FDFEER. Sporadic NaBRLEEE Tidwind shearBSRAL S NS HENFHWEZRL
7=.

3. SEQEH

1997 4N SIIRHEEDF NI TLRF I 793774 NI —-ZRANVWBH T &LITL DR
DF MY LS Y BB AIREIZ /> -0, KESOMFRETMU & D24k HILL E DRI
BRF—y 0B sN=0it, 1998411 B0 1HIDOATH B, SERBEICEKR G BINT—
YDEREITOTETH S,
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X, 199N SIIBHET N ILSIY—OBFEICLD, F MU DLARE O
T7ANVORENAIEEICR - T2e RLIZTA Y —ICXBBENEFRZRT. SHRIZBES
O7 71 IVOERREZTOMUL—F EDLBEITI FETH S,

iz, 2000 EQEIZMIT T, -l —HYORBICELDCart > OBAZTOITET
H5., PHERTFEERERETFEORMBRAICEK Y. Sporadic Naf§ &Sporadic E B O %
#~X, Sporadic Nafg DR DEHZTDI FETH .

ZE MK

(1) S.P.Namboothiri, T.Tsuda, M.Tsutsumi, T.Nakamura, C.Nagasawa, M.Abo :
Simultaneous observations of mesospheric gravity waves with the MU radar and a
sodium lidar, J. G. R., Vol.101, pp.4057 - 4063,1996.

(2) H.Miyagawa, T.Nakamura, T.Tsuda, M.Abo, C.Nagasawa, T.D.Kawahara,
K.Kobayashi, T.Kitahara and A.Nomura : Observations of mesospheric sporadic
sodium layers with the MU radar and sodium lidars, Earth, Planets and Space,
Vol.51, pp.785 - 797, 1999.
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1. lZUBIC

M EE80~100km O BAMMIRIT, RIEKML —¥, HWBBE S5 —. KKRHA
A=Y EOBE - HFEVE— MU EBICLABADTDONBL DIk TEL
P REBMERBEROMAICIZEIEN R THB. TOHRTH, RERPBICK 5K
VHF$EEORNBES2FALAEREL — I X 3BAIKBRICEDL S TRESE GRlE
MAER HiEE L THERTH O, MUL—FIZBII3HEE— RTIR. RERWEFA
L. Ry 75— 7 b5 EGE, SN S EERLOMGRAUNTTOIN, thOJEE
MEDLER ERZRERNBEBEENTVS,

EPEIL, UHIMUL —F DIV RER ZHEN- X T2EL, BSEAIENIZNA R
5549 VERBICEBRE/NTA—FDRENTENE S hOEBER, REFLSHKHE-
2o MUL— ¥ Oi ERFE Z2310kmMEN=NAEF TRIETE LB THo/ A,
MUL—FDEENNVADY A I EERICANERS ZEMEBTHHZ & MU
V=407 o5+ omtENy - NXBEMECERLTED, NMMAFT4 v IREIC
LTOEZERANELVWE/ AT v IV THESNATF— YU LOBRAEShANT &
MyIal—arkDRAGNERSK, ZORED, MUL—FDREEEEHBETSZ &
EHESH, MUL—F EIdMI L RERERAWENIRAY T4 v I REL—F OHSR
S &Lz,

2 NAARI T4 v IHRBL—F L AT HLDEE

REHFRICDOVTIE, NMAYT 4 v 7 HARICELEERBHRERFL., RO/
FRTIIRBE - RFOBERCWHRERANBZ &L, CWRT R F A4 9D
L — Y3 RTHEH S OF B ORELCEHEOGREMAENTRBTH D, HRAKEAUD
FODREL—FITIRAVSNTRED S 88, BHFE TS > ¥ LAEHS R EGPS
WEREAVWEBLUARAYS AT LERVWSEIEIRED, ThEERTEI, NMAFF 4
IHR (ZEANEBICRBEINFAYT 4 v I HR) TR—DORERICHLZIER
FHBBL I EICLVEGHRORENEICITAZFAAHD., ZOFROERIZKLYD.
RS MV OKESEUE RSO RER EDRBMHZTE S,

NAAZF4 v I REL—F TRENET S DI, BEOGREE, Ry 7537
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) LiXET 5. REBSLEERSOBERMZTS LENSHEZE D, HMBEENER
R&EMRBEZOBERFBMNERER LS. Ry T 527 FOREICIZEAZRESREH
W5, REKTHROLBHREBII—DBBRARMOPEIZIZ. ZEMCTFHBEHEMREL. 7>
FHEIOMBEEZRET S LiIck> THIET 5.

3. 1)) SO
REXTHEREREL T, GPSHREICKIMLAENHKEONE., HETOTFHIHICLS
HANMRAEER REII-—HROBRLOREE. FSKEFHICLAMEERZIT>THL
5, £, HENB A TFLORE 2TV, ZEFEEKIZ40~50MHzO— ., H AT
100WEEZTND, NT AT A Vv IREBL—FDOIATFLREME1IZRT,
SROPEEL T, HBEUBEDOT— 5 NEERHY., THHORERBEORN, EHB
RIFDOWMEGFEHEENDHSZ., ZN5%ET ) 7 L2000ER DXL EREZEBEICHREEED
T3, T—BBRERIREICZ 72813, MUL—YDOHEEE— RF—5 D% T>
FETH S,

HEE FPRO—EIICRERFMREEDS EEHEQC) K&DfTbhTna,
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(1) #H B, "HELV—FIZL 2 RBETRORKERDOHEH", XK, 43, 9-23, 1996.

2) FIR K, WO, RBEAE, "BUS DI LERFRNI RS T+ v IHEL—5",
BT HREEF MRS, AP99-53, 77 - 82, 1999.
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oAMR EH, I E2, hi EF], UA
HE BAR, R &—H!
(CRK - BER. 2EERRBENER, SREEK)

1 @JUBHIC

PHEREED > DAABEICREAT AL a3—13 L —% — Bragg #£ (3m) Ay — WV
DEFEHEFEIZOEICL-THELAEELZLNTWS, DHBRE{(HEDEMEE. LB
B RELRABMHICE o TERBBEHIAROB/NDAr — W HBKELZD, 3m A
r—NVORLENZFICHESTE, —F, BEOWRTIOFEREILOBHEBELICIE
F\ZHPEE T70-85km MHE TR DML 25 1 FABOERPFEET S L b EPHLPICE
nize LAL, FHBE» DL I—DMEZ ERMICHERT AR ETITDRT
WA o7z, Gage and Balsley [1980] iZ/BITEIZ O L4 FHBUAASI 5T ARSI b
MEEE LTEL, HEREEZS XA ER LI, EBROEHERfTo Tk, B4l
EHBFEESHNL OBFHELROTICPHERKEABESFELEST S 2 LT Lo THEL
Ia—-PRETALEL, BIBEELHARY P AHAEBRSLAKICERELL 2D
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V=¥ —xXa—DARY P VIESFZEFEROFERZL 0TI L 2FAL T, PHE
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Nturb = E’K Qn.(lc) (1)
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MU Radar T & SATI OH
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Xl 1. SATI Blilliz & % (a)OH (b)O, [IFEERIEAE) & MU L — ¥ — it 5 Bl
12 & DIUELEBIOE, MU L — ¥ —8lilliz & h o 7-imEEEC 9-15 K
WISy KRR T7 4 v — % Hve, 3km SRR 2 7o 72,
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SATI OH & MUR at 85-87km
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SATI O, & MUR at 91-93km
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BEBAKEA AV VIV RA5A (OMTI) OBRE

BENME - mERY - CER - TRE - PMIEE (BHBRKERBHRRBBEHN)
PR - FHEE (KRAFBEGHEREA LS 5 )
F—AR—=TT FL R hitp://stdb2.stelab.nagoya-u.ac.jp/omti/

1. Lo

BMEBA& A 2~ ¥ 7Y X7 4L (Optical Mesosphere Thermosphere Imagers, B #5 OMTI) it |
BEBAAOLEH L EFXORALBEHEFLHVCBEN T LI LEBHELT, 2HE
RKEXKBRRABEMAFRICL D FRSEMRICHEAShL, BAOFRICIT, #HHERLETF
AARATRETEHEAEOLDRIILD CCOBMBEFLEBRBICHELTILICIY, BELR
LL, BHIBBRKRZZVWE) LB EBMRALOBRBETRICLAHH CCD# 270
BHoORENDHLZ, SRENBHCCDAATERVLIEIEIY, 90kml ELOHEE
BRATEAIEMAALEELZ., BN BECEHBICIHRGET I2HWATMEICL Y., ZOEE.
KAKDOZEH - BEMIAD, REEZORTVWAIYPDIREZNICEHE POV AF Iy 7L
EBLTWVWAI NG >TEL OMTIRFOHEBBOKREFFEBLEOTBREM
UL— Y —-BABCR P TCEEBNETo>TWwWENS, ThETELE-HBBORN
FMUL— Y- BRI TLADORGBLLTHETIBEN Dol COHRETH
Shiokawa et al. [1999a]i2 b & DWW T, OMT I O L Z oMM R EMBI L2 —F 5,

2. BR&GBOMK

OMTILix777Y) - ROU—GRBIAX, EKHIAT3E, 74 b2 -3 &, Fhin
BEEF (Spectral Airglow Temperature Imager. BEFRSATI) 1 &> 62 b, 4RO LLH
28D F NI ADRDE, BBRIRT, Fh¥hopr -V Frrar€a—-% (0
S:WINDOWSO95) THEEN, Ay 7 —=2%A/4LTCT—2AF—2a2Il2h
HoTWwb, 2hOBBROBEHRVUBHERZRLIIICRT, ChLOBBREEEMUE
BFFOAY E—FLEicBEN, BMEFTo-TWwd, FBRENALIVFFRUVEREOE
HER 21277,

INHOBBIR, I3ILRTIIEHALZRETHK > TOIHEMAKALD 2 RTHH.
FOGBMTORE, BIEERBICHNTAIIENTEDL, 20X 2BBOFFNRBICL
ZREKDOBEHLBIE, HRARTHLHHOTORATDHY, Shick->T, BHE., &
BELOOKRRENEDOEHRAEL, BABORT, EHohGERBE~ORZAORFHH
Ll bl NS TWD,

777 o RO—GHEBERALOBELHER LSS BEFIALT, BELTWEIRKAD
Fo7s—Bii, BRE2FNTLIEL2EHLLTVESG, 2HOFETERNOTH %2 FH
LC7—=V %% 3k (557. 7nm, 630. Onm, 839. 9nm) FEI
FOHMNTEDL, BRUBIE, 9., EAEHRLCIIGHCCDAATERHWVWTWEDR, 7
AT —HOBERBEFEOMOEMICL>-TCCDFy 7ONEOTH (REEICL DY H—
FPOHMUHEEA) BELLIIENbh o, BERRVFIHETFLEHVAGHCCDA
ASHHVWLERTWE, ZOBHBIIE, FX11E46HXD, 557. 7Tnm, 630. 0
nmO2HERICHLTHABBRMME SN, BHOA X PECRHLT, MUV =¥ -2
JoTtBMEhBHEF— s Lo ERTLDRATWS,
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ERAATIZEHCCDAIATEHV, K&KD 2 kG54 %, ML > X%l L TH#k
@+ ENTEDL, 74N —ZHBRBRTLIHICELY, 1EDAIRXATTEODHRES
HMFTASENTEDL, BE7A P A= IZREBICAEFHETEHY, KALOHS
PHEVWHE@BECHNT 5. TH 740y — %2352 LI2E) ERIIIBIT-o-TWA,
HAT, 74 FPA—=FDFELVEKERL, ZORIEICM L Tid. Shiokawa et al. [1999b] %> M
M [1999] % ZHE 2 7w,

SHIBEFF (SATI) BAFVOI—2 KFOT V- THHBELEHET, R
HHCCDHATHHW, OH, O 0 FD Ny FEAOMADOEM L MEIZEN T 52
ElCE), FORBIUP»SZNEFROGTOMEL RO DL ENTE D, HHERDOH &
STHEENRLKRLALE, VI XZALTEMEOER CHTHE 7V -2 HRDHA
KECHB YT 5, HBTHMHEDRNCE>TCCDLEIEHET 2MEAGE) A, W7
AN — % EBRTIMEDEVICEI>TERKRROEDLDL O, HRWICHEEMTI A THE
), BVEEEHICH D HAOFR MM 2 FECFN T 2RISR b, @ LWVkE
FAZ 2 W TIE Wiensetal. [1997)% 28 X Lz v,
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F1:MuEMARA A=Y 7Y AFA (OMTI) O eBNgE, Chsolso
A, #AINo. 3, 74 A —%No. 2, No. JilddbiEtipEi@eEsElz, oo

BEFIHEEMUBNICZESN, BAEKBNZRT TV,
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4 2 »fEEMUBMricEmshizaMmRKal A—-— 7 A74H5 (OMTIL) &, £
DOBIEBGOHE Y, FLOOEEEERYIZ, 2HDa>FFNN0 R, EKIAT, K7
4 b A =% kit (SATI), 77710 - ~<a—=448 (L),
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BABRBORA

M HRIE o & D E A B R SUALRS O LI F
W3 gkt x—-vrr  DAAfye
AT LADOBNI SR HE9 O XA RS
— 10 0 k m® s [H) P& 7 8 % 5 F (630.0nm)
ODARKERELCAKEDEIZE # 200km L
LEBESZITDH, ME200
k m fif 05 0 B B8 0 K S0 13 B4 Y
W OB, BRSSO T A S35 7 (427.80m) v ; X
o R e H 8 (486.1am) A . % 3 0 F (557.7am)
WE—EOEHE T TLERH &K 100kn [FERSRNE 7] Na [5(589.1nm)
) 90km (f////////////f/f//ﬂ/////////// & ¥ & F(860.0-870.0nm)
T 5, i OH % F(720-900nm)
PYS TL
S
1 ] [Eiie L]
Zr7YSo— £xXH25 BEZ+ P SATI
AR iy
3. Br—%

M4i12199845H21—-22HICEEBICBVWCHEERES (SATI) TRLAL
OH. O: 5 FOREEBOHMMMLMmEE, 74 b2 =50 F -y EHBLIAZRT
SATIKE ST, HEOMEEI»PSLROLNZBED EBRICR LA, £<E)X¥RT
MoENEF—yThrA, MLELEZM->TWDOHDMEDHLILIZIZIZELCLD%E
LTWAIEldbhd, 72, 74 b A—4%THOGNA55T7. TnmDBEELSATI
TMOENZ0 . OMEOEANLLPTVEDIE, HWEOHETOIRESNTEY, W
ORNBAIERICEVEEILDL-DEEIZLNDL, COREART LI 2, KEABELM
ONEHELETH R CREZHACASOBBEHNVCTHIEICHELNS L) IR 27,

M5i2199843HA4HDFMOBOTAL0M3 0FICPLITT, BRI AT THDL
Nt kEkDETHDI, COLERFIOMTID3IEDHATICMAT, RBRKFEDLHD
HATHHEML, Aat4 G TChMBERARNED4 >DOFERE (BREKFOIL @ #5557,
Tnm, KEMHLEEIG6 km, BESF0::865. 0nm, 94km, T F) VA
BFNa:589. 3nm. 90km, KEESTFOH : Ki/x>F, 86 km) %[k
Wig L7 COBMMTOFEYEE»b0T DAL -k PTEL, BODEVWHHIFND
WHEERLTW A,

KELHFT3IMBEOWENCOHIZRSONE, 1 2HIREEBE2SHBERICOU LK
XNy FHET, HEICH2A>TH160m,/ s THVWT WD, N FORMMBIEH 1
00 kmTdhd, cOHBEBRBVWHBHENDO IR0 . TIRLIKRZLN, BVWEHEENOHT
EHTOlEoX) Lawv, 220HIEHEILICD U 74l A % M HEsE (small-scale row-like structure)
Tho. EOMWIH 15 kmT, HRRHTEHIZHANE>TEATW D, SOWAEIREE
tWMJPﬁw&M&m‘Mwﬁ&WOHGﬁﬁﬁﬁﬁffwésSOHHﬁKOIC%
Y ThLHD, WHAVLHMEBOWHKONHYPERNIZOT TW FhAdb~mb > TH 8
Om/’sﬁﬂbwfw&c:Jl$ﬁwaQ®OH'WimtAJJ4bﬂ&bm ZD LI 0
MTIOHBBEON AT 2MOTRELEEORGLZMBEICHE T 0L, BSICX
HRADEHOMAARZLE I IR TE L,
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Spectral Airglow Temperature Imager (May 21-22, 1998)
T T T T ] T
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:’ 225 -: M =
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R BVCHLEET (SAT Sl o N s )
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4., b

OMTI B, 77 7Y - ROU—GHE. EXIXT2H. BRI+ XA-F 1K, &
HBES (SATI) BHRBREFEEMUBRBIL, XA 2T 1465, BRXK7+ b A%
2HEIEBNAESBAEICB» N, 777 - RU—-SFHBIIFRLILIE6AD26, SAT
TRFERIELI2ADS, MOBBRERIOELIOOALPLEFNRPFPREMEEBNLIT-
TWwb, F— 73Ry b7 —2 %4 LTa¥—, EREA, 7oy P ERALF— i
WWWTAHENhTWwWBE DT, L < IiE http/stdb2.stelab.nagoya-u.ac.jpiomti’ & BB S h 72 v,
FRENOBBREMTHAT LI TELINT, FIRAE3KEDOIATEHEAOEHICS
WT, KAXMMEOEX D 2Z 5B T24E, Bl AROICHBTAIZELTERTD
B, ZDEH3%BMIE. FIRMFRONT* Yy R_—> (ER104E5HA, kiFBEBFE,
F%, MIULBRER) PHE2HRFRONT*r> - (ER1 14 8AH., lblEREN, &
. BB EF) TIiTbh, Traveling lonospheric Disturbance (TID)?D K38 GBI H 2 R
FLTWS, 19984ENSSEMODFETITLN TV S PSMOS EIBEEF & (Planetary Scale
Mesopause Observing System) b BMLTHE Y, $HEOEN - EIEXRFENOARIYHF
EhtTwa,

3 &

OMTIORHBEHTHRALZIHTFLZHVLERNNOLF 4 FICHERFORE KR,
B2 —3ie, ML HMN, AERAMAEROAFFNL., BxBBHAEROBO KLY
BHECERARLIT, 4B AFARHRREFAEROMBEANB SACIREH 2 AL
BEYERLTHETF L. EXA AT, 777 - RO—-FRBFOABILIEDLDRATY
% Visual Basic D 70 7 5 A 3R AFHME M EETEL Y S -~ KRFREDOHINRZSAD
SHADDELIEHEIRAELDTT, TIWESCERBELES,

BE XM

MiERY, ML, BT, TRE. MBRE. MFPREARI PO A-FERHVZ
BRAATRUBR 7+ PA—-YOKE, HEAH., HIP, 1999,

Shiokawa, K., Y. Katoh, M. Satoh, M. K. Ejiri, T. Ogawa, T. Nakamura, T. Tsuda, and R. H. Wiens,
Development of optical mesosphere thermosphere imagers (OMTI), Earth, Planets, and Space, 51,
887-896, 1999a.

Shiokawa, K., Y. Katoh, M. Satoh, M. K. Ejiri, and T. Ogawa, Integrating-sphere calibration of all-sky cameras
for nightglow measurements, Adv. Space Sci., in press, 1999b.

Wiens, R. H., A. Moise, S. Brown, S. Sargoytchev, R. N. Peterson, G. G. Shepherd, M. J. Lopez-Gonzalez,

J. J. Lopez-Moreno, and R. Rodrigo, SATI: A spectral airglow temperature imager, Adv. Space Sci,, 19,
677-680, 1997.
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RASCIZHI3BEREL -5 —RHE

wogz! - RRE—B - REMAE' - (AR - PHAF!
Y2 - IRk - IREER)! - BIRERS
1: FXAE™E 2: XAWHE 3: KAR )
4: =R (K) 5: EXEITHE (%)

1 BEL®HIC

FBALBEGEREFR L v 2 —Cit, MU v— X —BR0RKREE, L T, =8B (K).
EXEILE (k%) L oBFETFRIC X b 81518 v — ¥ — (Boundary Layer Radar; BLR) ®# T#8
S v — ¥ — (Lower Troposphere Radar; LTR) tFEIZh 3 TRAKOBAIZ BB L L A/p
BV — X —ORRET-oTvw3, ZBETH, ThECRAFARL TE A BLR AV
LTR icDWT#ENT 5,

2 LoAYFEREL—9—

1CLAY PSRV —¥— 1 BoNRBE2TRT., TYFFREE2mDAIRTFI T v
FFEIFEICAIGAEEEZLTEY, tho 2PV BXCERTIC LT, 3HAORAE
KHLTWS, 1 CAHETRRILTOV—X—DXEHTE2TT, KL —X—D%E%E
RAEBE Lot Fo 1357.5MHz, XEVHIL 1kW TdH 3, 191 ‘EEBKICER L, BREMUE
NP CcoORBRBRAOR, 4 Y FRUTHRAES v+ hA X EBORIAR/ICBH L, 1992 4F 11
A% oBR1EE CBBRRI £ R L T\ 3 [Hashiguchi et al., 1995, Widiyatmi et al., 1999),

#£ 1. B5/ v — X — (BLR) t T#x B — % — (LTR) OXEEETHE

L-band BLR 1&2 | L-band BLR 3 S-band BLR | LTR
EZBREK 1357.5 MHz — 3050 MHz 1357.5 MHz
SA R BERE | 4 MHz 8 MHz 10 MHz —
AEEH(¥—-2) | 1kW 1.1 kW 0.5 kW 2 kW
T vFFER, RNIRS TJz—XFTv4 — —
7 v7FHn 3.1 m? 5.9 m? 0.8 m? 16 m?
EEEY — 48 7.6° 4.1° 6.0° 4.0°
2PHEFN 25 dBi 27 dBi 26 dBi 33 dBi
3 Ta Y 0.67,1, 2 us 0.33,0.67,1,2,4 us [ 0.33,0.67, 1 us | 0.67,1, 2 us
AAZEE LR | 50,100,200 s | — 25, 50, 100 us | 50, 100, 200 us
A/D 12 bits — — 14 bits
A 2 ER L — »y —
¥ — &5 3 HEEE 5 HEEE — SO+ TYFEAL
(RIRA: 15°) (RIAA: 10°) (RKEA: 15°) | (KEA: £8)
BUsERp BRI (*) ( 0.3~2 km — 0.2~1.5 km 0.2~4.0 km
PERESY PRAE (/D) | 100 m 50 m — 100 m
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B2 ICRTERBL—F— 12 1 SREBAL, XV TREEHOLEIDTHE, IR T
TvFFi 1 E2T2ERT I, BRIBERI I rtor—ahAEEETREL LTWS,
¥l V9V P29y 2 —xa—DREE/NELTE3:H, AIRITvFFORBEICEER
R227Y)—viFEF, STV FrEBORBEIC7 z v XEBRB LTS, BRERLES
NEEBOXABRIE 1 BB EFALTHS, ARSIty F—2o L —X—%iF Y R,
g%$8H064vF$V7£ﬁEEXv$7M07$i4V¥maﬁL,ﬁﬁkﬁoﬁmt

JTtw3,

R3R7=x—XFP VAT vFF2ERALAERE L —X¥—0753, 12@D< v FT VT
FETERICEBLTEY, £y FT7v7Fotilz2HBTd - b ov—2a% 5 FAEICHE
CEXTICEHTEE, TYFF 94 Xit 2.8m, EERHIT LKW TH Y, 1 R 258
OV EFAY—BHaOM»FEmELTwE, ZET V7R 128AVTEY, ERhEAOT Y TH
516Dy FTVvFFIRBTEILIT 274 7HRXREZRALTVLS,

3 HRBRBSAYIHEABL——

BHHICBHENEWREL T30, LAY FEREV—¥X—3BRE2EIC/HNEIFI ¥ 7
BERATRER 9 £ XIC/PEUEL 2 b O 2R 4 ICRTHBRS ~v FEFEV—X—THd, BR
BRI % 3050MHz(S ¥ F)IKF 3 L TT v FF 44 Xk Imice/hBYEL, EERD
NEUEF 3 A BRERIE 50W K FTYPTwd, 7v7+iR18MOF4 X277 v57+ &M%
CEELANEEZLTVS, Ay —HORNOBDEH# 5 /=, Spano and Ghebrebrhan[1996a,
b, KXo TERENAFERALAVEAALIERITETH S, 7Y 7T L ERERL ¢
9y 7OMEICHL, ESABEBLEBEFCHRET I Lo, BAREE APNIZMBIIC
BHLBIRNETS c v hoTWV 3,

4 LRYFTFHAEL—5—

B 5 RUEEMBICRRLAEZPIO L~y FTHAHEL - X —°d 3 (HlIEe
[2000) % BM). 7 v 7344 Xit dmx4m, EEENIE 2%kW T, SAZXERELAETHED
T, REDOBEFEL — X —ICHEB L THRAURERESAEICAIEL TS, TYFFRTFICIR
BRESAWMXA R—ATvFF2EHALTEY, ThEPRICSEy rOBEBERISCL
T, E— AR EBOKXKHEAICHAIT B T L #*#TES,

5 FL®H
HABGECI NI CKERLCEAERARV— X — t THAMBEL - X —icoLuTtiEn
L, QEFFERR/ THGHEL — X — 27 I XR0RZv—F¥—t BALEIC 4 BRFAL

Fv P72 @R%TS - AR S Y [BEM, 2000, SRINLDOV—F—OEEEN
FTETHEIbOLMFEEND,

S 3k

Hashiguchi, H., S. Fukao, T. Tsuda, M. D. Yamanaka, D. L. Tobing, T. Sribimawati, S. W.
B. Harijono, and H. Wiryosumarto, Observations of the planetary boundary layer over
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equatorial Indonesia with an L-band clear-air Doppler radar: Initial results, Radio Sci., 30,
1043-1054, 1995.

Spano E. and O. Ghebrebrhan, Pulse coding techniques for ST/MST radar systems: A general
approach based on a matrix formulation, IEEE Transactions on Geoscience and Remote
Sensing, 34, 304-316, 1996a.

Spano E. and O. Ghebrebrhan, Complementary sequences with high sidelobe suppression fac-
tors for ST/MST radar applications, JEEE Transactions on Geoscience and Remote Sens-
ing, 34, 317-329, 1996b.

Spano E. and O. Ghebrebrhan, Sequences of complementary codes for the optimum decoding
" of truncated ranges and high sidelobe supression factors for ST/MST radar systems, JEEE
Transactions on Geoscience and Remote Sensing, 34, 330-345, 1996¢.

Widiyatmi, I., M. D. Yamanaka, H. Hashiguchi, S. Fukao, T. Tsuda, S. Ogino, S. W. B.
Harijono, and H. Wiryosumarto, Quasi 4 Day Mode Observed by a Boundary Layer Radar
at Serpong (6°S, 107°E) , Indonesia, J. Meteor. Soc. Japan, 77, 1177-1184, 1999.

HROER - WOEZ - LA - BERE—EB - B&H—EF - MM, FIHE L ¥ v F T it
v — X —Dba%E, ABEE, 2000.

ARIELC - SEHBR, [KEFICEF31.3GHz V4 ¥ F 7 v 7 7 4 SBRABERIE, 35S,
2000.
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AIAY LN KRB L — 4 — DA%

Y B - /O B2 - ILAE # - BB B—ER!
A —ER2 - 2
(1: FRKBRRE 2. =88R (K))

1 BU®IC

FHRA%BRBRENT LY ¥ —Cl, RERRBROIRTAES 07 7 A V2 EHRERAITEZ L
NV FERE L —% — (BLF BLR) [Hashiguchi et al.,1995a] DBASICERII L. 1902 Er b %
BwTA Y F 27 CEEBRN%IT > T 5 [Hashiguti et al.,1995b], 2D %, 7x—XF7 L
ATYFFEROL LAVFERBL -7 —R, #n2 L) ABELAEREO SNV FBR
BV—#—%BHL TZ7 [Yamamoto et al., 1998}, TTH#H L /S F THAEHEL -5 — (LT
LTR) 32 h 50 BLR ORBEREE, LTHEORELRL 22X W KEYLL ., BRIFBRET
B BB ALZV - —Tdh 2,

2 FHREDEM

$H%®EWHMRWEWV7F9x7®%%&%#ﬁ%@ﬁﬂ»ﬂﬁﬂﬂﬁﬂA$9XiA
DHBTH 5,

3 L—4—-2AF LA

LTRI7 Y5+, 727478V a— ), EXER. RUTFT—7RBEEFOHMKINS,

7y FFEicit dmxdm O 7 2 —XF .7 VA. Ty 5 F2AWTB Y, BE2m ONFKIT Y
7+ 3B % HAV7: BLR1 54 GREA Y F 2 7 @ Serpong T:E&RAP) L b, 7 7FHO
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Radar observations of small-scale atmospheric structures with
frequency radar domain interferometric imaging technique.

H. Luce, M. Yamamoto, S. Fukao
Radio Atmospheric Science Center, Kyoto University, Uji, Kyoto 611-0011, Japan.

Abstract We present high resolution observations with the MU radar using the Frequency
radar domain Interferometric Imaging (FII) technique. This technique has recently been in-
troduced for improving the ran-ge resolution capabilities of the MST radars limited by their
minimum pulse length. The Fourier based Imaging, the Capon’s me-thod and the MUSIC’s al-
gorithm have been performed with 5 equally spaced frequencies between §6.25 MHz and 46.75
MHz and with an initial range resolution of 300 m. Interesting thin echoing structures have
been tracked owing to the improved radar range resolution and some complez structures possibly

related to Kelvin Helmholtz instabilities have been detected.

1 Introduction

For improving the range resolution of the MST
radars, a multi-frequency domain interferomet-
ric technique called Frequency radar domain
Interferometric Imaging (FII) has been intro-
duced by Luce et al. (1999b) with the Fourier
and Capon’s methods and MUSIC algorithm.
This technique is an outgrowth of the dual FDI
technique to more than two frequencies. It is
very important to note that the MU radar is
not actually ideally suited for performing FII
since only two frequency synthesizers are avail-
able for dual FDI observations. A deeper dis-
cussion is given in Luce et al. (1999b) and the
reader should also refer to this paper for more
details on the technique and methods used.
Here, only the results of FII applications are
shown.

First, section 2 provides a description of the
FII-DBS experiment conducted on October 22-
23, 1999 and an analysis of the data set when
the radar is operated in Doppler mode. We
will focus our discussion on the last 2 hour ob-
servations where interesting echoing layers has
been detected between 5 and 6 km altitude.
Section 3 shows the results in FII mode for 2
adjacent radar gates corresponding to the in-
teresting data sets examined in section 2. In
particular, we stress the improvement of the

description of the echoing structures owing to
the Capon’s method since structures resem-
bling to Kevin Helmholtz billows could be de-
tected. Some indications that reinforce this hy-
pothesis could be found from the Doppler ob-
servations and are shown in section 4. Finally,
section 5 presents the conclusion of this work.

2 Experimental set-up and results in
Doppler mode.

2.1 Experimental set-up

The FII-DBS experiments were conducted be-
tween 2224 LT, 22 October 1999-0457 LT, 23
October 1999 (Figure 1). The FII experi-
ment was conducted with 4 frequency differ-
ences (500 KHz, 375 KHz, 250 KHz and 125
KHz). The 4 Af values were cycled so that
the frequencies 46.250, 46.375, 46.500, 46.625
and 46.750 MHz were used. The time acquisi-
tion of one record for each Af is about 30 s.
The radar was only operated vertically with a
range resolution of 300 meters.

The Doppler experiments were used for
horizontal wind, wind shear and aspect sensi-
tivity estimations. For this objective, the radar
beam was steered pulse to pulse in vertical and
4 oblique directions at 15 degrees off zenith to-
ward the north, east, south and west. The time
acquisition of one record is about 75 s.
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Figure 1: Depiction of the radar configuration for
the FII-Doppler experiment described in the text.

2.2 Data analysis in Doppler mode
Figure 2 shows the results of observations
from 0244 LT to 0457 LT between 5.1 km
and 7.05 km of (a) SNR in vertical inci-

dence, (b) aspect sensitivity estimated from
A)

SNR (dB) (0,0) dB
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Figure 2: (A) Contour plot of signal-to-noise ratio (dB) measured in vertical incidence in Doppler

(or Doppler Beam Swinging-DBS) mode between 0247 LT and 0457 LT from 5.1 km up to 7.05 km

altitude. (B) Contour plot of the corresponding aspect sensitivity (dB) estimated from the ratio between

the power received in vertical incidence and the power received in oblique directions (15° off zenith). (C)
Contour plot of the total wind shear (ms~'km™!) calculated over a height interval of 150 m.

02:47 03:20 03:52

the ratio of the power received in vertical
and oblique directions, the measurements in
oblique directions being interpolated at the al-
titudes of the vertical measurements, (c) to-
tal wind shear in ms~'km™! calculated by

\/(Ats/Az)2+(Av/Az)2 where Au and Av
are the variations in the zonal and meridional
components measured between 2 consecutive
gates at Az=150 m. In Figure 2a, a descend-
ing layer has first a constant apparent thick-
ness of about 200 meters which increases up to
about 600 meters at least near 0415 LT. Unfor-
tunately the measurements are not available
below 5.1 km so that we can not fully deter-
mine the apparent thickness at this time. The
layer is strongly aspect sensitive until 0315 LT
and tends to be sporadically aspect sensitive
after 0316 LT. It is striking to note that the
backscattering process becomes isotropic when
the echoing structure width grows near 0400

LT.

_B) Pv/Po (dB)

04:25

03:20 03:52

Local time
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Figure 2c indicates a maximum wind shear
from 0303 LT at 5.7 km altitude with a strong
enhancement (30 ms~2km=1) between 0352 LT
and 0410 LT near 5.5 km. The maximum wind
shear structure is associated with the down-
ward motion of the layer and is reduced af-
ter 0410 LT. It is interesting to note that the
echoing layer does not coincide with the shear
excepted in the region where the layer is grow-
ing. We also note a second wind shear maxi-
mum around 5.3 km. The thinnest part of the
echoing layer is then surrounded by two well-
defined horizontal wind shears.

3 Data analysis in FDI and FII
modes '

For this second analysis, we only use the data
collected in interferometric modes with the sole
vertical beam and a 300-m range resolution.
We first apply the FDI data processing with
Af = 0.5 MHz and we estimated the thick-
ness and position of the “FDI layer” by us-
ing the procedure described by Franke (1990).
The results for the first two gates centered at
5.25 km and 5.55 km corresponding to the po-
sition of the second and fourth gate in Doppler
mode are shown in figures 3a and 4a respec-
tively. The same analysis has been performed
from the FII processing by using the Fourier
based Imaging, the Capon’s Imaging and the
MUSIC algorithm. The results are given in
figures 3b, 3c and 3d respectively for the first
gate (5.1-5.4 km) and 4b, 4c and 4d for the
second gate (5.4-5.7 km). As already shown
from a previous data set analyzed with FII and
FDI (Luce et al.,1999b), the 4 processing meth-
ods show similar features (excepted for FDI in
some cases, see later) especially in the position
of the center of the observed structures and in
the variations in time of this position. Here, it
is particularly the case between 0247 LT and
0340 LT in Figure 4 where a clear single echo-

ing layer appears much thinner than the initial
300-m range resolution. The apparent layer is
much thicker with the Fourier based imaging
(Figure 4b) since its resolving power is not suf-
ficient. With the Capon’s imaging, the echoing
layer seems to be thinner than the FDI layer
(Figure 4c and 4a, respectively) indicating that
the vertical extent of the atmospheric structure
which produces the echoes is probably smaller
than indicated by FDI. The MUSIC algorithm
also revealed a single structure and the posi-
tions coincide very well with those obtained by
the other techniques (Figure 5d). However, be-
cause this technique is not able to estimate the
thickness of a layer, the vertical extents of the
maxima are not probably meaningful.

It is also interesting to observe that an
FDI layer is located in the first gate between
0247 LT and 0336 LT which clearly results
from phase ambiguity (Figure 4a). Because
the backscattering process is very intense in
the second gate where a thin FDI layer is ob-
served and because of the slight overlapping
of the edges of the gates, a duplication of this
layer is seen in the first adjacent gate when
FDI is used. It is worth noting that repli-
cas do not.appear with the other techniques.
This is another advantage to use FII process-
ing even with the Fourier based Imaging since
it permits us to avoid the problem of layer rep-
etition inherent to FDI. The FII processing is
more reliable because it also include smaller
frequency differences, reducing the ambiguity
in phase and then in position.

After 0340 LT, the 4 images of the bright-
ness distribution exhibit more complex echoing

structures than a single layer. It is the case in

particular between 0410 LT and 0457 LT in the
first radar gate (Figure 3) and between 0350 LT
and 0430 LT in the second one (Figure 3). Sud-
den jumps or double peaks are obtained with
the Capon’s and MUSIC’s methods.
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Figure 3: 4 images of the brightness distribution obtained at a 300-m range resolution between 5.1
and 5.4 km from 0247 LT until 0457 LT with the FDI technique (A), with the FII technique utilizing
the Fourier based imaging (B), the Capon’s imaging (C) and the MUSIC algorithm (D). The contour
plot obtained obtained with the Fourier based imaging is superimposed on the 4 images in order to
simplify the comparisons between the results of the methods. The brightness distributions have been
first normalized and then weighted by the mean SNR received during the 4 consecutive FDI experiments
shown in Figure 1. The contour plot presents the SNR values between 14 and 43 dB.
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Figure 4: Same as Figure 3 for the adjacent radar gate between 5.4 and 5.7 km.

- 79 —



Although the Fourier based Imaging can
not resolve these structures, they can also be
guessed. It is also interesting to note that, at
these times, the FDI processing fails since no
clear structure appears. As shown by Luce et
al. (1999a), this result is compatible with the
case where a few layers separated by a large dis-
tance produce the radar echoes. In such a case,
the mean position may strongly vary with time
and the thickness of the FDI structure can be
very large. This quite important distance be-
tween the layers seems to be confirmed by the
Capon’s and MUSIC’s methods. As suggested
by these methods (and not so clearly with the

A) SNR (dB) (0,0)

Fourier’s method), an echoing layer can be dis-
tinguished in the first gate from 0410 LT and
0445 LT moving down approximately between
200 and 50 m within the radar gate and a sec-
ond one from 0430 LT and 0457 LT also ex-
hibiting a descending motion between 250 and
150 m. Similar features are noted in the sec-
ond gate, and are especially well-defined with
the MUSIC’s processing. A first structure is
observed from 0350 LT and 0420 LT between
100 and 0 m within the range gate and a sec-
ond one from 0410 LT and 0430 LT between
200 and 50 m.
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Figure 5: Comparisons of the images of brightness distribution given by Capon’s imaging for the
2 adjacent radar gates displayed in Figure 4 and 5 with the contour plots shown in Figure 3 between

5.1 and 5.7 km altitude. (A) Contour plot of signal-to-noise ratio superimposed to the image given by
Capon’s imaging. (B) Same as (A) with the contour plot of aspect sensitivity. (C) Same as (A) with
the contour plot of total wind shear. With respect to Figure 2, the levels of the contour plots have been

modified for the clarity of the figure.

— 80 —



4 Other comparisons and discus-
sions

For a tentative interpretation of these results,
the images in FII mode were compared with
those obtained in Doppler mode at a 150-m
range resolution.

On the one hand, it is shown from these
comparisons that the results in FII mode are
fully compatible with the observations per-
formed in Doppler mode. This indicates that
the FII processing is at least partly reliable.
Figure 5a shows the image of brightness distri-
bution after FII processing with the Capon’s
method for the 2 adjacent gates shown in Fig-
ures 3 and 4 superimposed to the SNR con-
tour plot already shown in Figure 2 in Doppler
mode at a 150-m range resolution. First, one
observes that the expected connection of the
single layer given by FII processing around
0335 LT between the two adjacent gates cor-
rectly occurs. Second, the position of this de-
scending echoing layer corresponds very well
with the maximum of the echoing layer ob-
served in Doppler mode. These results imply
that the method used for the phase calibration
explained in Luce et al. (1999b) is correct even
if it is not very accurate.

On the other hand, it clearly appears that
the growth of the vertical extent of the echo-
ing layer at a 150-m range resolution is fully
related to the occurrence of the complex struc-
tures detected in FII mode. Figure 5b also
indicates that these complex structures are as-
sociated to an isotropic backscattering process.
The single layer is first associated to the strong
aspect sensitivity observed at the begining of
the plot and is also related to the vanishing
aspect sensitivity that occurs during the ap-
pearance of the complex FII structures. Figure
6c shows that these complex structures exactly
occur within the core of the wind shear pattern,
an important result favorable to their interpre-

tation in terms of KH billows. It is also inter-
esting to note that the wind shear becomes less
intense during the occurrence of these struc-
tures. This observation is compatible with the
effect of the turbulent viscosity (within the KH
billows) which acts against the wind variations
and then can reduce wind shears. It is also
worthwhile to observe that the thin echoing
layer is not related to a noticeable wind shear
at the radar resolution scale but is surrounded
by two wind shears.

Another information on the origin of the
complex structures seen by FII can be found
owing to the radial velocities observed in ver-
tical incidence (not shown). Rapid and intense
fluctuations are superimposed on the mean ve-
locity. These fluctuations start from 0355 LT
and reach more than 1 ms™! around 0405 LT
and then fade out. They appear into sev-
eral adjacent range gates but the height range
where they occur cannot be fully determined
because the measurements below 5.1 km, the
height of the first gate, are not available. Such
features in the vertical velocity have already
been observed by Klostermeyer and Riister
(1980) and Chilson et al. (1997) for exam-
ple during KHI events. Therefore the observed
vertical velocity fluctuations could reveal the
presence of KHI even if the phase shift of the
oscillations characteristic of KHI are very dif-
ficult to detect in the present incomplete data
set. Assuming that there is no undersampling,
the period of these fluctuations is about 3-5
minutes which is similar to the 4 min-period of
the case presented by Klostermeyer and Riister
(1980) in the same altitude range.

5 Conclusions

In the present paper, applications of the FII
technique recently developed by Luce et al.
(1999b) have been shown. It was applied with
5 frequencies between 46.25 and 46.75 MH:z
during 6.5 hours interlaced with a classical
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Doppler observational mode. For the first time,
to our knowledge, comparisons between the
Doppler, FDI and FII observations have been
presented. We found good agreements between
the images of the reflectivity and brightness
distribution obtained from the different tech-
niques and methods indicating that the FII
technique works well and the phase calibra-
tion is relevant even if it could be improved. It
was also shown that the FII technique is more
robust than the classical dual FDI technique
since it gives more accurate representation of
the existing structures (even with the Fourier
based Imaging) when complex structures are
embedded within the range gate. Moreover,
the problem of layer replicas inherent to the
phase ambiguity in adjacent gates is avoided
with the FII technique whatever the process-
ing method may be.

During the last sequence of the FII exper-
iment, we found more complex echoing struc-
tures than a single apparent layer as already
found with the same processing methods by
Luce et al. (1999b). Whatever the ori-
gin of these structures may be, these results
prove the high potentialities of the HR meth-
ods for studying the detailed structure of re-
fractive index fluctuations and therefore tur-
bulence within the lower atmosphere. In this
paper, a tentative interpretation of these struc-
tures has been proposed since we found indica-
tions from the measurements in Doppler mode
which support the hypothesis of KH billows. :
1) the complex structures which look like cat’s
eye structures are embedded within the core
of a wind shear 2) the wind shear slightly de-

cay during the occurrence of these structures 3)
they are associated to isotropic echoes which is
characteristic of the isotropic scattering by tur-
bulent billows 4) they are also associated to in-
tense and rapid fluctuations of vertical velocity.
A more complete description of the phenomena
would be needed for a complete interpretation
of the structures seen by FII. Moreover, some
new experiments will be needed with a better
time resolution, more adapted to the studies
of atmospheric structures like KH instabilities.
It is also expected that a more suitable radar
equipment permitting to perform truly FII ex-
periments by transmitting all the frequencies
pulse to pulse could lead to a better descrip-
tion of the observed phenomena.
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# 1: TRMM/MU FREHF — & — 5%

No. Date TRMM Apex MU Observation Rainfall Rate Data
(JST) (JST) (mm/hr)  Status

1 23-APR-98 23:55:29 23:51:03-23:58:22 0.3-0.7 A
2  11-MAY-98 15:03:19 14:58:23-15:06:30 0.5-1.0 A
3 09-JUN-98 23:42:13 23:32:35-23:48:00 1.8-2.8 A
4 16-Jul-98  06:19:28 06:13:24-06:27:21 1.7-2.1 A
5 29-Jul-98  21:28:23 21:23:38-21:34:11 7.7-11.6 A
6 21-Sep-98  17:37:08 17:33:02-17:41:57 0.1-1.1 A
7  07-Oct-98  09:32:52 09:27:07-09:37:40 1.1-1.5 B
8 07-Oct-98  11:09:18 11:06:51-11:15:46 1.1-1.8 A
9 16-Oct-98  06:42:15 06:39:55-06:46:25 1.6-3.7 A
10 24-Oct-98 01:52:03 01:08:33-02:35:18 0.4-0.7 B
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MU-RainGuage Rain Intensity Plot
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Orbit determination of meteoroids
using the MU radar
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1 Introduction

A substantial maximum of the Leonids meteors was observed worldwide on November 18,
1998, and also in 1999. The very large impinging velocity of 72 km/s, which is close to the
maximum relative velocity of two bodies encountering in the solar system, is a serious potential
hazard for the space environment. In order to make a precise prediction of the possible damage
due to this meteor shower, it is important to study the statistics of the orbit of meteors. Radar
observations of meteors has an advantage of a much higher sensitivity over optical observations,
but the orbit determination has been a difficult task because of the high speed of the target.

We have developed a special observation scheme of this event for the MU (Middle and
Upper atmosphere) radar of Japan, which is a powerful VHF Doppler radar equipped with an
active phased array antenna of 100m size. The technique is basically the same as that used
to monitor space debris, but modified to detect meteors with much higher velocity. Here we
describe the technique and some preliminary results obtained during the observation made on
November 18, 1998.

2 MU radar observation of space debris and meteors

Radar observation is the most practical way of studying the space debris environment on the
low-earth orbit as far as the objects of larger than 1 cm are concerned[1].

The MU (middle and upper atmosphere) radar of Japan is originally designed to observe
backscattering from turbulent fluctuations in the refractive index of the atmosphere[2], and thus
has the lowest frequency (46.5 MHz) among all radars used for debris observation. Since the
radar backscattering cross-section (RCS) is proportional to the 6th power of size for objects
smaller than the radar wavelength, it is dis-advantageous to employ a wavelength of as long as
6.4 m in detecting small objects. However, the reduced RCS of small debris is compensated
for by the large antenna aperture and the high output power, so that the radar has shown com-
parable sensitivity in space debris detection to those employed by US SPACECOM for routine
monitoring of space debris[3].
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In observations of meteors, on the other hand, a lower frequency has the advantage of higher
sensitivity because the echo is due to scattering and reflection from the ionized plasma created
around the meteors by the friction between the surrounding atmosphere at the height of about
100 km. When a meteor impinge the atmosphere, a column of such ionization remains after
the trace of the meteor, usually for a fraction of a second. Meteor radar is a type of radar
designed to detect strong specular reflection from such ionized trails produced when the line-
of-sight direction is perpendicular to the trail. It is also possible to observe the scattering from
the plasma around the meteor itself if the sensitivity of the radar is sufficiently high, as is the
case for the MU radar. This type of echoes are called meteor head echoes in contrast to the trail
echoes. While the analysis of trail echoes provide the information mainly on the atmosphere,
those of head echoes give more direct information on the meteor itself[4].

3 Determination of directions

The antenna beam of the MU radar has a one-way half-power width of 3.7°, and can be pointed
to any desired direction within a coverage of 30° from the zenith in a switching time of 10 usec.
It is therefore possible to observe the passage of an object with multiple beams. We developed
a special debris observation mode with which the antenna beam is switched alternately from
pulse to pulse among 8 directions arranged closely around the zenith. Accurate instantaneous
direction of the object is determined by comparing the echo intensity from different beams
knowing each beam pattern.

During the observation of Leonids meteors, the antenna beam was switched alternately
among 8 directions at the inter- pulse period of 5.12ms around the expected radiant of the
Leonids meteors. Six 15-min observations were made during the 6-hour period while the ele-
vation of the radiant is above 60°. The left panel of Fig. 1 shows a plan view of the 8 beams.
Instantaneous direction of a meteor thus determined from 3 adjacent pulses are plotted on the
figure. Solid and dashed circles roughly indicate the coverage of each beam.

If a target is located within 3° from the center of the center beam, the ratio of the echo
power between the two adjacent beams falls within the range of +18 dB, whose value gives the
relative location of the target between the beam centers. The accuracy of determined direction
is estimated to be about 0.13° for the case of satellites with sufficiently large cross section. -

4 Determination of range and doppler velocity

In order to detect weak meteor head echoes at a range of about 100 km, it is necessary to use
a long pulse of more than 100usec, which has a narrow bandwidth of less than 10 kHz. The
pulse width used in this observation is 256usec, whose bandwidth is 4 kHz. On the contrary,
the large Doppler shift of 22 kHz corresponding to the impinging velocity of 72 km/sec does
not allow the integration over the entire pulse width. We thus sample the received signal at a
rate of 8 usec, take a series of 32 samples corresponding to the pulse width starting from each
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Figure 1: Example of orbit determination. Angular position (left) and the variation of echo
power (top right), Doppler velocity (middle right), and height(bottom right) versus time after

detection.
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Figure 2: Example of a meteor echo after Doppler pulse compression. Echo power is plotted
versus height and Doppler velocity.

sample, and then take its Fourier transform of each series to obtain a Doppler power spectrum
of the echo at that range sample. Fig. 2 shows an example of the meteor echo thus processed
versus the Doppler velocity and the range. As is shown in the figure, a sharp peak is found at
a frequency bin which matches to the velocity of the meteor. This process is equivalent to use
32 receivers of 4 kHz bandwidth with staggered center frequency at 4 kHz interval, and thus is
called Doppler pulse compression hereafter.

The precise velocity is determined by interpolating between the three adjacent bins around
the peak using the shape of the sinc weight function. Along the range direction, a triangular
response, which is the auto-correlation function of the rectangular pulse, can be seen. The echo
power and the range of the meteor is determined from the height and the location of the peak
of this triangular shape by fitting the theoretical shape of the auto-correlation function.

5 Preliminary results

About 4,000 head echoes from the meteors were observed with sufficient intensity during this
period. In order to determine the direction by using the method as described above, however, it
is necessary to detect the same meteor over at least three consecutive pulses. About 530 cases
satisfied this condition, for which the location can be determined for at least one pulse cycle
consisting of 8 pulses. If the instantaneous position can be determined for two or more pulse
cycles, the velocity vector can be determined. We have so far successfully determined the orbit
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for about 230 events, although the analysis program is still under way of improvement. The
points plotted in Fig. 1 are the example of such determination. Three right panels in the figure
shows the variation of echo power, Doppler velocity, and the height, respectively. This example
is one of the strongest meteors, and was observed over 7 pulse cycles. The decay of Doppler
velocity in time indicates the deceleration due to atmospheric drag.

Fig. 3 and Fig. 4 show the distribution of the direction and the magnitude of the velocity
vector, respectively. The direction is plotted versus the azimuth and zenith angle relative to
the radiant of the Leonids. As is clearly shown in Fig. 3, the observed meteors shows a large
spreading of about 18° in their direction. Part of the scatter is due to the error in determining
the instantaneous location of the meteor caused by the fluctuations of the echo power during
the three adjacent pulse period. The magnitude of this error is computed from the deviation of
the locations from a straight line for the cases where the same meteor was observed for three or
more pulse cycles, and its standard deviation is estimated to be about 9°. A substantially larger
scatter than this error seem to suggest that the very weak meteors detected by the MU radar
are dominated by sporadic meteors rather than the group meteors associated with the Leonids
storm. It gives an important information on the brightness distribution of the Leonids meteors.

6 Summary

We developed an observation scheme to detect weak head echoes of very fast meteors associ-
ated with Leonids meteor storm, and to determine their orbit. The direction was determined
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by making use of the fast beam steerability of the MU radar, and the range and velocity was
estimated using the Doppler pulse compression. In order to reduce the error in determining the
direction, a mono-pulse capability was added to the observation scheme by separately recording
the received signals from three subsets of the antenna array. It was applied to the observation
on November 18, 1999, although the analysis of the data has just been started.
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250 TCH 3, o2, BRF—YIEEHTOLRVWSEOIRE. HHRNBD-FED
EOSRMMHEKREREIPEDTCTEVWFETERIBRULEERMELERZEH, BEOHNE
BRUCVMHEKEEZEEE T, EENRNTA =920 R<THRLISREEFRELS D
EHRELWY (RIXBAFITRADAZFRE) o

T, OB EOERORBERECEAMNITIL, HENASA—SV2HSTZLE
CCETORBRELUTEO»THERID L, BALREONEREEUADNAIA - 2
FELTNHEBEROARHET I LY —RABEDOLISIEHEIONZ Y, 2REBHELH
B3¢, MHEEBXBETOREHEIBVWLEEWIALBRWERNEAIZhZ =8
COFERHFLEBELLEZT IRV,

BT, RIDHERZHREELIC, GEODNUBRIEBOH TR ABE>TWNED, 20
HMHRBTCHEI2ANT VP OEERADPRES>TVWRVWEWSHEZERLT, B/
TRBELLIMENGA-I R ISVPURLANTF P VRERELT, TOMER
H(x, ¥, z) REEL, HERS (x, v, z2) 2#EThE. GRNEr 75

PyREBRLTHRAHEETEIbDLHF R,
OB, RBBEALODVWTRZORBEEL 1 /ocnBiES52, HERIOREE
22T/ sBELThERYREESTETHI LI, RETRTRRER L,

BH/INEHHRLCLINBEEROHE
R TATEERBFRUESS, FUEDHERCLI2NEREERS XAAFTRNZF
BERAWT, AVFOPUyPHEBEREEENNIA S LLT, 2, HBRSEZBEZEL,
BEBAOHOHEZEHH Iz,

}4 HEBEYHEREER (V72875070 ERE)

@® 7-11 {12:29:10.031) [ @ 7-12 (12:34:62.401) | ® T7-13 (12:41:46.721)

AW MU®REM &t (i M U # 5 il 3 ¥ i MU 35 # |
a_(km) 7290. 383 7285. 677 7290. 701 72175. 137 7289. 826
e 0.0014 0.0017 0.0014 0.0032 0.0014 "
i (deg) 98. 992 98. 803 98. 991 99, 127 98. 991 =
Q (deg) 261. 379 261. 255 262. 358 262, 472 263. 337 -
w (deg) 103. 429 135. 536 101. 826 155. 055 106. 785 o
M (deg) 289. 680 257. 600 290. 163 237. 137 288. 267
¢ (deg) 33. 109 33.136 31. 989 32.192 35. 052

@11-28 (01:21:40.471) | @11-29 (01:27:45.761) | ®11-30 (01:33:45. 971)
a (km) 7289. 210 7187. 710 7289. 210 7328. 090 7289. 120 7261, 450
e 0.0014 0.0182 0.0014 0. 0062 0.0014 0. 0042
i (deg) 99. 130 97. 990 99. 130 98. 930 99. 130 99. 310
Q (deg) 38. 910 39. 660 39. 900 40. 030 40. 890 40. 750
w (deg) 67.580 286. 280 67. 390 170. 230 66. 680 291. 030
M (deg) 74. 470 217. 370 74. 650 332. 340 75. 060 211. 110
¢ (deg) 142. 050 143. 650 142. 040 142. 570 141. 740 142. 140

K4DH, QDO TVF—ARXHABRDO 1 0HEEDT Y DALLIHERTHY, F
Bifih, COBEDTF— S WMBATERAENNERELLORENBELVWILERLT

W3,

grRoodrbd 3,

—128 -

—%. OQOO@OHELRIHL TRERIMLEBELBRNEIRKRIEBSRTEHED,

HLOOREREEBHTHEORWERIBOLELZY, 1HKONAEFRAC+ARER




. RE2HEC 1HHORAULEREZAVWIHEBEBAR T3 L, 1HEDO®
EMEZE2HAOBRAT -V L LINERETC7 v 7T — b 3B LERELTHD L,
ChIZEDVBOMIPERZABUTERT OB ONAE (HENBRZE BV TR,
ARICUBEZOANTF P HEEBEITOE) &

£5 2HMF— YL IAMEUERTER GSMUEER)

7-11 (12:29:10.081) | 11-28 (01:21:40.471) | 11-29 (01:27:45.761)

E#@ |MUpzM| EZ6@ |[MUpzM| &6@ |MUREM
a (km) | 7290.383 | 7290.349 | 7289.210 | 7289.180 | 7289.210 | 7289.190
e 0.0014 0. 0016 0.0013 0.0012 0.0014 0. 0027
i (deg) 93. 992 98. 829 99. 130 98. 930 99. 130 98. 930
Q (deg) 261.379 261.272 38. 910 39. 070 39. 900 40. 040
w (deg) 103, 429 106. 246 67. 580 222, 870 67. 390 228. 380
M (deg) | 289.680 | 286.872 74.470 | 279.520 74,650 | 274, 180
¢ {deg) 33. 109 .33. 118 142. 050 142. 390 142. 040 142. 560

£5D5HETIM., 2EHMNOF—9¥bhid, TONHEREADKHEEINASD
ADREMEKLBLT, HEHRYAKE2EROKRHNEBR T Z2-2HDOL—LARBRITF
BEZERTILVWSHNOTFT TR, 2<BEBORVREMTHIZLdBbDP 3.

. RBRERD S ORBHIA

SADHRRT., TTETRREPERBEBRIIRRUANC, HEEV-FTERTS
LVWSHHTORRT, SBORR, XTI, WRNRNASDADF 7V OMHEBAS>
AT 2B TILET, ZONBBPOFRUTCEIRERRPIALZUTERY,

(MUV—-YEHOHHBIHICWA T 2 KB AIH
MUL—FBREBLEELSKE, 2 PPRBPOARLARAUAOLV—-YTHZIED, T7
VRB TR, FHBREMEWY (46MH2) ZLICE>TEHEAMEADPNORADDL
— ¥ AFARLKEBLTREVWCSLEFTUBALOKRERHFNTHEI DL LR
BLTWE, LPL, SA0ERLEL>TRANKEZOMOBODPOHNIH D, D,
FO—BUBHBEBIIVF7IBRBAALEBLTHABLRTAENATELRWHIETS
Aok, SZBART S,

MUV—YE 7957477 x—XFPVv—FR2BRALEPYTFTHDIRD, 20
P—LAEBIBRALROOELIORBRVWBFHN Y —F AR THZ2, TOYV—FEE—A
BB 7O VS AR ES>T7S VR EDETHAETYH—FCERRAERF>TEWBE N,
RBCRZOY—-FV o I DPESOXREERATHI LD, SSOBHERCHBLTL —
T T2HAMEPEDTHVWVHFRAZLEE D6 TN,

FINVHEBUEFTHOTCVWEHEOMUL—-YORAEYF—FLLE, Y—F ¥y Vo—EY
I EIDBDOOV—LAE2BRBIEIRACLTCHHOT,. CD8ODE—LOEZTVEBED
FHCEDLDETIrFS v LTV IR, BEZ7S52AH8L (ChERFOHAH
LTBLCLETED) RALE—LEHEBEOEGTIFACBHITTWRBELSH S,
LU, SO0, br8—Ld—FhHRALPSHNOFACE—LAY—FhimeHh
2D RALI9BEOA VY —NNVDEBET, COLHSRIORATINNZAD24H
MIh, KABOL Yy —N"NIBW1IH4BELRo>TLE2 E,

ZZT. MUL—¥YDES5SCE—L2FORELEAALOHNOFRANEITLZDI ]
AMBLTILESAIRDWCR.,. V—A7x—3I> Yoy 72 RBETLT,. NAS
DA -S> TIFLroBELERABVWETY, —FAHBIKE>WTRSBLIIBANT
ZHENDH B,

)BMB|RrY—FHHEICMT 2 RBHIE

BADF 7V 2B8RUTHIETTRLE, RADF7YERR, RBII2LE2VAT A
OF—&GLLIHBESTAIE, E—LABRTCEILASTEETFT7VERATILS
ReSHMRSELRITAE(CDLES3RFER. FTVOEEAHRBVCEALTNWS)
TR, 72z2—XF7PL—ORARZEDP LTV —AZEAGEHEY —-—F T3 LAY
THd., BL, 2EREY —FTR3LRB3EVAVPBRITIRVWVEVWSEAANREABAL
MNBT2=E.,. CITRABNAS141 DY —FEEI 2N,

ANA4A54 VDY —FLik, 2H. WEBEZEEY —FF3LEHEKLTVES
(UFs ZAALASA VY —FLEKRTE) . COHFERSIE, 2RREKLBLTHE TS
D—DY—FHFKLBd2EH, Y41 OMBEODVWTIEAREL UBETEZILEILND,
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. AAA4S1 9 —-FEFAE, VB LRBAROYEKIC>VWT R, hoBk
FHERPUAE., BHNCR L2 THRUELELITLIY (BB, U—LEBHEHEBICAO
SUL, BUEVL—ADPR-TELLELRV—ABILLMADEIZ-oTLESHAY
HMiRTERVWY, WERBET AV -LNERABEXIAIBRETH IS, PSIVRA770
WOEMBRATEDBREZAIAISAVHFELHDI VS EISRF—X2B\WT., MR
BREDyr—ZXTCafee FEATELN) O, FTVRVOBBLERKELHABTES.

BL, COBE,. ZVF D0 ECOBBRBOIRACHIRBTCHIET I L
K230, ZUBHBHEREL T3 L2BHNSA Y LERTE (AOSKD
A5V bV OHMBATI500~2000kmfBEE) i, EBLE, COBELRAOR
ROED, AA4FAVOREBFLLTMAR210~15° BELTILEIHSS,

X ZAA4724 9 —F2F5L. MULV—FDLS52MAGB0° LEUDPY—FT
ERVWLV—-FEHRBLT, REMESHAT—IVRPYPID (H5) .

E—ALAY—FHBEIXEAZhEL3I0° TH>TdH, AA14S514p0MA30° &,
XHA3O® CTHRRAFABLEFLVWELID A LEBZHATH . =, BASFHMUMA
TH., FvZ7S5EBPEXHAMELLEBLTAREVWEMALBITIZFYy 7557 -9 H2(E
AERABLA A4 —FR, FTTVBACEBLALEY—LAY—FHELEIOHO
32, X. BRA7—V0RIKLBLTY., T~8ERELBAUTGETCH2-0. NEREH
BEORDPLSRTLEBNRY —-FHETH D,

COMEERFTIFE2HPDELS5IC, NORADDHAT B3 7x—XFPlL—L—¥FItiX,
MUV—¥% A4 7OXRA7 T F2FEAEICHLTEZTTRBELTIRIMARZELT 2
EIRIERBIhTWRILODH 2,

. BHEEAADASA VY —FRITSIEDDPIFL T 7Ix—XFPL—L—¥D
Y47 LT MUV—-YDESREFEPZ T FH TR, BEEALIRESYVE
VANPIF 477z —-XFPL—V—¥YORBALEIORS,

4. ¥r ¥
UECRAREEZBROBRBRIIDVWTE LD S,
AERE, BEF7VL LT IIMOS-1b, ZHAVWTMUL—-¥YTRBAUZFV., 20O
MERERRUBUERGOFRULCRFRERDB O L=,
BRRBEBIUTORYTCH .

(NARRICED, 1 2200BEOBAT—% (AZ/EL/RNG) TRALRLILK
HEINBREMEBIENTEE (REDHBL, BO2DPO/)ONIEZEBLE) &

)2EMOTR2/)SR (1922 0HEE) TFRMEL RNV TENASDARHREME
BERVWREAIEONE,

BEr—2LEBVWT, NASDAEZHRREMEOMBAZFI2~3kmUATHIEHF
TVOYMRAIZHRECR-o-TE, MEFTRICKBLIHRLRERRES2VHDOLH
A6h3%.

(INASDAYRFLAHBAORBMELT, RAZA 7ORWARANBRTERL, &
MARRTRERZI c—XFPL—P T ORI, BEYIRY—FHEORY (XH1 5
AVY—FF) . RCARBROGAERLEX ETFoh 3,

B % XK

(BB : MUL—FPEHERRBMHES NASD A B EH (1995)

RIEB MUL—FREHERR (FO1) RBEHMEY NASDAKH##E (1995)

BHS, #F - MUL-YUEHEZER (Z202) RESREM NASDARBHES (1996)

(4 EW, &2, kfh, KE: MUL— YL L2 MEORE (2) TFEMAEER
&4 (1989-No. 394)

(B)&H&E : ATHEOHIE NASDA(1979)
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MUL—¥—ICX5BAERKNOTYEY

ATEAS—ER (SREEEX) ., H. Alvarez, J. Aparici, J. May (F1) k%)
P.Reich (¥ 2 X735 7 %)

MIL—¥—DRXORKEEIZ. 77547 - 7214 XR - 7L ELTE—LLEMEERMIZE
ETEZRILHD, COBMEEML T, Mz THRAFRBHOY Y EL Y 2T - 7=, EIHAR
121985-19904E K X 1996-19984E TH 5. FHEPUTI~ISOE—LAAFMERE LT, 0. 4~lnstEic
VDEARNSBMUTEZ LK, IBTHEVWEHEOEOT— Y 2REBTE R L -7/, BHE
EfToTHBLWASHEYT 1V EMRBDONE, ML —F—0BE. TYT L IREMMTY
537 —ADPIINKEINEAATHREBHENTVNS, T—AROBERAGSRICE> TEHT
520, TOREEMICKDTIVT T 1 o EWREDY (1 D EHORKERBERICEZ>TY
3H0EBbN3, MIL—¥—EBAOFY YT L—al - YAFLERERERV, L —F—
VAFAIIRABEOT O FFIRMELTSYT > IRH D, Cho 28BbIcF v ) TL—2a
BRI ERERLEARTETH D, LMo T, BRAOBBIRENN Y Y T L—2arzl
DESTFTI™THH=.

EFokDBRTHIN. 1982EMNSFIREIBNTNIL—F— L AREOEHABRDOT L
1 ZBAOTHM TEATFRBEOT v E o INBEH SN TN —5—THRITE 3 0k
S ETTHIN, ENRIETFVDOT LA THHRMBS OBOBEAUNTETH o/, FUDH
HUTRYLIF—R /A XICEXBFr U TL—2a3arBTbhTWEDT, FUDF—FE2ANT
RS TMIL—F—DF—F XU TL—3a s NIk,

BREFBOXBOLEENDZ-DIZ, BETESZ T 2E3CEMAEDRVELBTILNE
MHof. TOXSREFIFVTHRAKTHD. FUOBHMNET LOIZBRBIED S 104
ESBLEIVYEDZ ETHB, TLT, HLBRTF—IBRERATFVUOFEEROT Yy T
1997ICTER L 7=, 19TEMSMIL—F —DTF— 7 OBERNEFBINICA-S k. £7. RElF—%
DOLTRLHEDENS/ZI1I8ELADT— Y ERATRNEZITo =, KBS TFUDTF—HE
HELAEETS, BLEELL—BLTWE, BE3DOTHIZRVIENIL —F—0F 1 > B &R
RUTY 1 CEMBREEELTRD, ZOEMBEEKERVWTHOFRROT—YDF+ )T L— 1
CEITOW. FrUTL—2a EBTOBRT. MIL—5—046. 5MIzDF— % 245Mz D F— 4
IKEBLE. 2512, 1998EIADF— I THRRT BT itk D, BEMICHAR T NEOF—4
ty h2EBk, BRT—F+Ey NIy TERD ) ONIBREHREINTWBETYIRATSS UK
RAAICESN, RA—D 7RSIz y D shi-, Bla~1dicREBETOT Y
TERT. £, FCBFEETOTY TERT,

45MHz E WS RERTORAICERERN D2, CORBEETIEHBTRANORMBN R OHEMN
MWEL, Fi=, BRIBRBEFENVWTIRWVWOT Y 7obn B2 TRAITE SN
5TH3, FUKRETHERINEFHEROT Yy TEML—F—To< shi-dt (RO Yy T2
CiHF 3D &, 45MHz TRRDOMISEDT v FTHAMERTE S, HaslaniE (1982) 12 & 3408MHz TOT v
TRRERYIAT S IVARFTOIO6NDDH B, 1420z TORy TERETE I EICKD
BBECFERETFOSMIIONTOFLVHEBAGEShIbOEHMFINS.

&% 3k

Alvarez, H., J. Aparici, J. May, and F. Olmos, A 45-MHz continuum survey of the southern hemisphere,
Astron. Astrophys. Suppl., 124, 315-328, 1997.

Maeda, K., H. Alvarez, J. Aparici, J. May, and P. Reich, A 45-MHz continuum survey of the northern
hemisphere, Astron. Astrophys. Suppl., 140, 145-154, 1999,
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KARTICHITS1.36Hz 914 >~ KT 7 7 4 SHRAUBRFETE
AREC (IRTHRURSEIKMNZ) - BEBE (KRTFRBBRETFERR)

1. FUBHIC

1970 £4H0 5 1980 ERFIEE TR IS BERAKOWMAICHA TN TV /= UHF-VHF
L—¥—i3. T0% (T4 R7O0T7745 (FO7743)) 5701350, MNFBENRE
 TAHERRIOENFERELTRSBRZICBDOND L DI/, 1990 ERITABZ LB
EOBRFIREHIEI O 74 S2RARBICMO AN BEFLZHEDE. REBERKT
(NOAA)E 30 B0/ 7742 KEHPHEBICEBL TRHRMEL /= Wind Profiler
Demonstration Network iZ B 5 N3 R B EBR(INOAA, 199X T D TH D . METII NOAA
RZOBR@EEBHICEALTWS, £/, I3—0Ov/NicBiF3 COST74 KU COSTT76 DiF
B, Cho D23 #HREM T, iENIRTOT7 71 SERBAORERANBEDI L%
FEEE3 (EC,1994),

BAEPNTII 1983 FORBEAZEMU L—F—ORE (Fukao et al., 1985) mwa LT,
KE - BEBRICHERATOD 7 71 SHEASH, BEZTOEII108Z2BA TS, [BTT
13 1988 FEIZKRWIFEFTIC 400MHz 707 74 SR EH L. 1994~96 EiTiT MBHLBRID
DDKWHERZ IEMEML . EBINCHAT 2 D0HEEITDVWTRNEMA /=, TDHE,.
FLVWENESE (RySS5—L—¥—- 707715 - ACARS * GPS - IR EH > ¥—)
DF—F ZHBETFRICMORAD I EOHEZBERZ DY LAEPHMEETINICL D EHFRR
2TV BKOFEIIHIMDSTHAS EEBORET—Y 2B WHESRETIZITHENICRON
BEVNSEEANS, TOT7 A SOBAZBRBRETHIE2EE L, 25 LEHEICHED
%, [B&FRAF212@BRT 0771 SBMAEZHET I Tur ) bEREEEE.

2. [IRFOTO7 74 SRAUBIBETE

FBLIEOLSIC, BEXRT 7 I 7T T\
BEN 18 ¥R TITAY T e 1.3GHz Wind Profilers (planned) y & J
CEABBES SRR ERL oo Radiosonde Stations ?\
THED, INSHFBOEEM ’ :
RAIZWM O DENE IZHEYY 300~
350km T&H 3. HAETIIH
BOLRGECHBORIZE-
TAVATYr—IVDERCES
NERL. BEDOLSICKER
HEH LTS, TNSDES
EHEBICERELTFRITS 2D
i BERRRERENREL
EREDS VAV FRENE |7
EdTRA+THLTHB LT
BHoWTH D, DD -

ZRNICELERBERNBOH 130 140 150E
$£1H0 BAOS SHY FRUALHERORARFIIN 7 0774581

)

40N
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ERRDONTHY., FICAV AT —IVES2BYTIRETREBOBRB N S5 DERIE W,

ST CREEFREFNELT, 2REFI BFHE 55km) EEKETIN (@ 20km)
EZRERAL TW3 BEETIVIIAFMEO¥A~ 2 ARERORIEHERSFRLTWS
M, BB TFHIRICK2BANS 100km BEOKEREEF DAV Ay —VRRITH L TIETF
RIEEAHEN, LOLEM - BRI LEAVRT—IVERIIEDBOTRETHIEMIL
AWETHIDT. SSFHHEORETFHETNOHEANRD SN TS, ZDH, BEISL
FFid 10km OB FHRIBZ B DAV EBETNORRERZ2T>THE D, TOEFIIL 2001 4EIC
FRBHEZRBTHSFETH S,

AVEFIOBAZRNEES0DICI. EHRVHENICBEEORNT—5 2 9MEE
LTHETHS, ZOXD,. IFTI7T07715720F 2T RB IS5 0P/ F2RES
Bk, CORBBAORBICL-> T, BEOS AV TFTEHABLEEGDES E. Fi5#4 150km O
BFHERO &S E R RENERT 3.

3. BBOLHRENE

RABEOHMNSEAS L, KAOHREBRAICEDBBE L7007 74 SOBAHEEKIT. MHHEH
DIFFLBERUETES 400MHz #HTH 3 LBbNs, 1997 £0 ITU-R O WRC-97 iIcBWT
TOT7 745U TON-FAEEHFIT 46-68MHz. 420-450MHz. 904-928MHz.
1270-1295MHz. 1300-1375MHz T®H o7/, L L. BRLTIREFETRENEFICLD.
1300-1375MHz DA MEFBNICERTTELBEZHE TH 3. ChEELBHELT. KB2FRE
1.3GHz 707 71 7 2BBBIBRAT I L2007, COBREE#HOTOT7 71513 THR
BL—%—) LbREN3 LB, MIEBBIXIRMED S BER kn FTIBEShTHO.
F[RTICESTIE, BABEDOEINIOREREOTOT 71 SOERTH -7,

L LIEE OB FEMOMES, HFICBFROM%ERLEESLABIZBIT3/IVAERERD
EHRERD AN, ESIEBHRAZHMMTIREILS> T, SERBITZI 07715 Tid. £
FIZIIHESkm £T. EXEORBOBRVEEIIIHESC~Tkm ¥ TOREZNETZZL%E
BREL TS, 1.3GHz 707 71 SOBRKOFRIMER TH D, S SITRBICHELBHIER
ARV E (ETORBESHT8m WHRE) . FHODPBWOMEIZE > TIRIFRHET
H5.

4. 0774 SHRAUBEER

BRI, FEPOTOT7 71 SBUATH D, 24 BLZAERTICERT . BRIKEMN
ERTHIAMME, ADORPEIFICHVRERESICETEIEDITLEBER>TWS (=
EUBRBEREEZBEAIEETHY ., BRROICBEEOTRENH D), SHEEMMNNS NS
B, FEALEDTOT 74 SREREBOYMANICREBTE 3,

70774 SIEATERERINS, AORER 1 22558 LTiTbh, BBHSH
FRICL->T 107 F5E - 1| RERIOESENGHEINS. ThoRARFEREREZRFTY
FSNVRREGEZEH L TIHMILCEROIRTETACRBINI2TRERBBISESH. B
BYA FeoRBREOSBEERNTOI/ . ARICLIBRF = v 7 22137-#%IZ. BUFR
ERAOBRICEREINTERRTODEHERICEEEI NS,

BAT— Y REETHRODMBEEL L THAIN, FTH 1 B4EEZEIND AVEEETI
OIEE L TEZNICFHAIND ZENFHEINS, HICIOAVEBFRICBNTIE. 2002
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FEENS ARTEEFFHE S AT LADBRASNSZENRAZTNTHEH. o707 71 SO
B S BB T — 28, BETFROFER LICEHZRIET3 EMEE N TS, BUFR #I3E
AT TR, GTSIZL> TEBMICHEREEINETFETH S,

5. 70774 SHADHE

1.3GHz 707 74 2B HEBEORRN S 57-9,. 1 H2EGEREACBAZ{T-oTWSL
— 4 CORFLEEBVERVDE BER -BFELESTAVRAY—IEBELOTFRIFT—4ELT
BEHTHS. KITRTHDEF. ZNz2ETT2REFROBSEROERTH 5.

1997 £ 7 A 28~29 H. HiKIRILHZPLETHUEETIIEESE 10 SOEBICEBHRNK
MERD, FEHETIE 2 HEIC 172mm OFKRAGEHE N~ FE2Rald. RET7H29H0
~03 K (JST) D7 AF ZIZLHZHMBRMETH 0. HAEIERIZ 20mm LA OSBRI EH
Thd, B2HEbIE 28 HIROXRTHRERMT—& ICHZMMHEEL T, 15~18 BilD
MEZRBERPOAVEEET N TTFRLERTH 5. ZOFTIALBEROMMIE TR T
Bpotce =7, W2Mcl3B2R b LR UHEFETIZISH A, 28 HI ~15 MOBKEE(E
MBI 1.3GH 707 74 5 (ERE/N&HT) ORTF—4 %2, T—¥ELOF#ETRIET
WICHAANHERTH 5. BHRIBOSEITER L D HIEL KHINMN, HAROKTORE
WD IEL<@EBahk, Zhid. HRROELEIZBTS, FTR~PEOMEREFNICED
72D KRB DWCR DRI, BIEET VIRV AEFNERETH S EBEDNS,

747F702743%

,.\l
4

mm .~ 36§

(a)REOLHE RAM) . (b) EFOBREMBT -40HIzLS () BEFEOBRIMIIF 7077450
MEFHRER, T—REBMU- Il PSR,

B2H 04 RTOT7 74 SDTF - HREFROBER LICEBT 26 1998FE7 829 BOKB~
3ROMRICEHTS IHHMBOMAUEL HEFHROBRELEHR L.

REHDARELE, FHEIZ RS 2RO 90% UL EAEE S5 km LFORICEF LTV,
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The MUTSI project (May 2000): An original radar-balloon ex-
periment

H. Luce, S. Fukao, M. Yamamoto
Radio Atmospheric Science Center, Kyoto University, Uji, Kyoto 611-0011, Japan.
C. Sidi, F. Dalaudier,
Service d’Aéronomie, Paris VI University, Vérri¢re le Buisson, Cedex France.
M. Crochet and C. Hanuise.
Laboratoire de Sondages Electromagnétiques de 1'Environnement Terrestre, Université de
Toulon et du Var, CNRS, La Garde, France.

Abstract The MUTSI (MU radar Temperature sheets and Interferometry) project is the
result of a cooperation between RASC (Radio Atmospheric Science Center, Kyoto, Japan),
LSEET (Laboratoire de Sondages Electromagnetiques de I’Environnement Terrestre, Toulon,
France), and SA (Service d’Aeronomie, Paris, France). It will consist in launching 10 small
‘capsphere-type’ balloons equipped with instrumented borne gondolas near the MU radar site
(Shigaraki, Japan, 34.85°N, 136.1(° E). This original radar-balloon experiment aims to improve
our knowledge in physics of radar measurements in different observational modes (Doppler Beam
Swinging -DBS-, Frequency Domain Interferometry -FDI-, Frequency redar domain Interfero-
metric Imaging -FII- and Spatial Domain Interferometry -SDI-). and to get information on the
temperature field in the stratified lower aimosphere at small scales and their relationships with
dynamics at larger scales. The measurement campaign will be carried out on May 10-31, 2000.

1 Introduction

During the MUTSI campaign, “capsphere-
type” balloon borne instrumented gondolas
will first provide PTU (pressure, temperature
and humidity) and GPS (Global Positioning
System) wind measurements owing to Viisila
RS80 radiosondes (Figure 1). The upwind-
oriented gondolas will also provide temper-
ature profiles along the gondola path with
four high-resolution (about 2 mK of accuracy)
fast response platinum cold wire thermometers
(time constant less than 10 ms, sampling fre-
quency > 50 Hz) similar to those presented by
Dalaudier et al. (1994). Figure 2 shows the
main components of the instrumented gondo-
las and Figure 3 presents an exemple of 4 high-
resolution temperature profiles obtained dur-
ing a campaign in France (1998). It is expected
to obtain a vertical resolution of the order of
10 cm depending upon the balloon vertical as-
cent velocities. The MU radar, operating dur-

ing the balloon flights, will provide wind, re-
flectivity and other parameters within different
radar configurations. Owing to this campaign,
totally original and complementary data sets
will be collected for studies of atmosphere and
radar physics.

If weather conditions are favourable (i.e. no
rain, no strong wind at the ground and assum-
ing that the jet-stream -wind in altitude- is not
two large), two instrumented balloons could be
launched during the night between 0:00 am and
5:00 am. The night time is used for safety rea-
sons and airline regulations. This is not a con-
straint since we need to avoid the insolation
of the temperature sensors and during this pe-
riod, the radar measurements are not affected
by interferences from airplanes. Between 5 and
10 observation nights will be needed for the
complete balloon campaign.

We first introduce the scientific context of
the MUTSI project in section 2. In section 3,
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we present the different radar configurations
intended to be used during the balloon flights
and some radar operational sequences. Finally,
the expected outcomes are given in section 4.
More details on the balloon equipment, scien-
tific context and objectives, and radar config-
urations can be found in Luce et al. (1999a).

2 Scientific context of the MUTSI
campaign.

Comparisons between classical temperature
and humidity measurements by meteorologi-
cal balloons with radar reflectivity measure-
ments revealed the relationship between the
static stability and the intensity of the radar
vertical echoes (e.g., Tsuda et al., 1986). How-
ever, these comparisons have not resolved the
problem of the nature of the anisotropic struc-
tures producing aspect sensitivity. Indeed,
the classical vertical resolution of balloon mea-
surements is not sufficient compared to the
Bragg scale (about 3 meters). An origi-
nal high-resolution (about 20 cm) tempera-
ture measurement technique by instrumented
balloons developed by Service d’Aeronomie
(CNRS) permitted to identify thin stable lay-
ers (temperature sheets) in the temperature
field of the free atmosphere up to 24 km at
least (Dalaudier et al., 1994). The tempera-
ture sheets are typically 5-10 meter thick and
present strong temperature increases generally
without overturning (local inversions of poten-
tial temperature). They coexist at the same
scales with “more classical” random turbulent-
type fluctuations and both of them contribute
to an energetic point of view to the 1D temper-
ature fluctuation spectra at the same scales.
From these high resolution temperature
profiles, vertical profiles of echo power have
been reconstructed based on the partial reflec-
tion mechanism on temperature sheets consid-
ered as specular reflectors. The comparison
between the observed profiles and the recon-
structed ones at a 600 meter range resolution

Figure 1: The “capsphere-type” balloon devel-
oped by SA and CNES (Centre National d’Etudes
spatiales) (Barat and Villaeys, 1998).
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proved that these structures are responsible
for the main part of the echo power in ver-
tical incidence (Luce et al., 1995). This re-
sult also revealed that a very small fraction of
the resolution volume significantly contributes
to the radar backscattering. In radar physics,
the knowledge of this property is fundamen-
tal since thin specular reflectors can produce
severe biases in the estimations of meso-scale
winds by DBS or SA techniques. It is also im-
portant for a better understanding of the ver-
tical transport of energy, materials and aerosol
within the free and stratified atmosphere. It is
likely that these structures act again the trans-
port of materials contrary to turbulence and
that their effects at small scales contribute to
the phenomena observed at meso-scales such as
the stable restratification after tropopause foli-
ations for example. A better description of the
atmospheric structures at small scales, temper-
ature sheets and turbulent structures (layers,
patches, ...), i8 then needed.

HR temperature sensors
.,j'_"\v.-.-,p,._.... e

Vane,

Electronic equipment

RS80G Vaisala Sonde

Figure 2: The main components of the instru-
mented borne gondola

An attempt has been performed ow-
ing to the radar interferometric techniques.
The (dual) Frequency Domain Interferometry

(FDI) technique, which is similar in the princi-
ple to the Space Domain Interferometry (SDI)
technique, has been developed for palliating
the problem of the limited range resolution of
the MST radars (Kudeki and Stitt, 1987). This
mode permits to detect stratified echo layers
of typically 100 meter thick in the lower at-
mosphere. Then, by height-time observations
of these layers, some of their properties like
horizontal extent, lifetime, vertical displace-
ments due to synoptic scale motions may be
described. Thus, the FDI technique presents
exciting potentialities for dynamic studies of
the lower atmosphere, but a clear interpre-
tation of the layered structures identified by
this technique must be made in light of com-
parisons with in situ high resolution measure-
ments. Indeed, the FDI results are ambiguous
since it uses only 2 frequencies. Recently, an
outgrowth of this technique, the FII technique,
has been proposed by Luce et al., (1999b) and
Palmer et al. (1999) and consists in transmit-
ting more than 2 frequencies and using high
resolution processing methods. During the
MUTSI campaign, most MST radar techniques
will be used for comparisons of the results with
balloon observations.

3 Radar configurations and opera-
tional program

Because the number of balloons (10) is “lim-
ited” and the radar configurations are multi-
ple, it seems preferable to interlace the differ-
ent radar observational modes for most exper-
iments in spite of the loss of temporal continu-
ity of the measurements. This technical abil-
ity of the MU radar will reduce the number
of configurations and increase the number of
cases for comparisons with balloon measure-
ments within a given observational mode. The
different observational modes are indicated in
table 1.

1) Several balloons (two or three) will be
launched during the standard (GRATMAC)
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observations performed each month by RASC figurations” (SPC) will alternate with the BC
for interpreting the radar data in this classical configuration as shown in Figure 3. They will
configuration (STC configuration). This con- be used for particular scientific purposes. The
figuration will permit to use the large amount radar parameters are chosen such that we can
of data collected during the previous years obtain, as far as possible, a good detectability
(from 1986) for further studies in addition in the lower stratosphere with the maximum
to the data sets collected during the balloon altitude range. This objective can be reached
flights. to the detriment of the simultaneity of the mea-
surements in the different directions and then
iniionboamins - to the detriment of the quality of the wind esti-
~ o ieeifs mations in DBS mode used in standard config-
% i uration. However, the use of the SA technique
.. L. simultaneously with the DBS technique could
‘4 permit to reduce this drawback since the FCA
% (Full Correlation Analysis) and SDI (Space Do-
i main Interferometry) can be applied for hori-
- zontal and vertical wind estimations.

-4 Expected outcomes

4.1 Structure of the dynamic fields
in a stable atmosphere.

With its maximal range resolution (150 m),
MU radar will provide wind, reflectivity and
. Doppler width profiles every minute and up to
20-25 km. Combined with the high-resolution
‘|- observations by balloon, these measurements
| can provide information about the spatial and
temporal morphology of turbulent blobs or lay-
ers and stable sheets and their connection with
- o e —r——~""" the meso-scale dynamics. The measurements
o wmmpacsetidpdileiaokend oL during the standard observations STC could
Fi . also permit to collect information about the
.gure 3.. Example ?f t?mperature proﬁles. ob- dynamical (and maybe meteorologic al) condi-
ta}med dumfg a campaign 1n France.(199.8) with 4 tions leading to temperature sheet generation
high-resolution sensors. The approximative record in the troposphere and the lower stratosphere.
length (botton,' of tlfe panel) corresponds to a range Moreover, the relative position of turbulent
of 200 meters in altitude. layers and divergence zones of the momentum
2) The other balloons will be used during a fluxes estimated from radar data sets will per-
“basic configuration” BC (a simultaneous DBS mit to verify the classical hypothesis of the re-
and Spatial Interferometry -SI- mode), ensur- lationship between turbulent layers and inter-
ing a good detectability. “SPecific radar con- nal gravity wave breakings.
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Configuration used for the BC configuration

*BC: Basic Confi
** SPC: SPecific Configurations

Scheduled moded spces { BC* } SPC*s { BC*
Tacg for the standard DBS observations
(Nech V)*IPP (Neoh 0)* IPP (Nech 0)* IPP (Neoh O) * IPP (Neoh 0) * 1PP |
¥ - i ———iy p— ' —
: : [ : | ; [ - !
Oblique 3
(..m:-) (..:-u |-:u B :..'ms t-zsz 5 (~2°13.1=2621) p.zou 1-151-1

%%%%%

Rl R2 R} R4

Tranemined beam patiern

Figure 4 Configuration used for the basic DBS/SI observations of the MUTSI campaign. The beams

are oriented with zenith angles of 15°

and with azimuth angles of a, a + 90, « + 180, a + 270. The

parameter a can differ from each experiment and will depend on the direction of the maximum wind
velocity. It will be chosen just before the beginning of each balloon experiment. Although not shown,
each pulse represents a complementary coded (16 moment) sequence of two pulses. “Ncoh V” and “Ncoh
0" is the number of vertical and oblique coherent integrations respectively and “Nincoh” is the number

of incoherent integrations.

Owing to the angular flexibility of the MU
radar, the aspect sensitivity (angular varia-
tions of power with the zenith angle) associated
to the anisotropy of the refractive index fluc-
tuation field can be described with accuracy.
The observations could be compared with the
reality of the temperature fluctuation field ob-
served by balloon. If aspect sensitivity is also
observed in a range gate without temperature
sheets, the estimation of the anisotropy of the
3D temperature fluctuation spectrum becomes
possible, at least at the Bragg radar wavelength
(about 3 meters). Thanks to the temporal con-
tinuity of the measurements, especially in FDI
and FII observational modes and and accord-

ing to the interpretation of the layers observed

by these techniques (see below), information

about the horizontal extent, life time and ver-

tical displacement of these structures could be

obtained.

4.2 ST radar measurement physics
in DBS mode.

Similar studies to that performed by Luce et al.
(1995) are proposed with data sets collected by
MU radar. The main study will consist in test-
ing the models used with more complete radar
data sets especially in the lower stratosphere.
The comparisons will be performed with a bet-
ter range resolution (150 meters instead of 600
meters and 2250 meters).
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| Config ] Technique ‘ Tacq for 1 cycle” |
STC DBS : (5 directions) 58.9 8

BC DBS + SA: (5 directions, 4 channels) 2 min 118

SPC1 FDI (1 Af) + SA: (Vertical, 4 channels) 524 8

SPC2 | FDI/DBS zenithal scanning (16 directions) | 32.7 s

SPC3 | DBS Horizontal scanning (32 directions) 58.9 8/3 min 55 s
SPC4 | FII (3 Af) + SA: (vertical, 4 channels) 2 min 37 8

Table 1: List of the proposed radar configurations. “STC” is the standard (GRATMAC)
observations. “BC” is the basic configuration that will be used during each balloon flight
interlaced with specific configurations “SPC” (see figure 5).

1: pre-observations
2: operational observations BC and SPC
B: Balloon flight. L Balloon launch period N

*: The hours are only indicative

Figure 5: Radar measurement sequences. One or two balloons will be launched according to the
meteorological conditions. “Pre-observations” will be performed before each experiment for testing the
radar configurations.
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The comparisons are intended to prove the
efficiency of two models used for the recon-
struction of the radar power profiles in vertical
and oblique directions sufficiently far from the
zenith (Luce et al., 1996, 1997). It would also
be interesting to establish other physical mod-
els compatible with the phenomena observed at
intermediate angles, easily accessible with the
MU radar. The relative contributions of dif-
fuse (or quasi-specular) reflection from rough
or corrugated thin layers (Tsuda et al., 1997)
and scattering from anisotropic turbulence will
be studied in light of high resolution balloon
measurements.

4.3 Interpretation of the “FDI and

FII layers”.

The main objective of the studies in FDI and
FII modes will be the interpretation of the FDI
and FII layers in vertical incidence. The FDI
layers are typically 100 meter thick whereas
the typical depth of a temperature sheet is 10
meters. The multiplicity of sheets within the
radar range gate could explain this apparent
disagreement. This interpretation can not dis-
card other interpretations as the distortion of
the stable layers for example. The FII tech-
nique also permitted to exhibit thinner layers
than the FDI layers and sometimes much com-
plex structures than a single layer (Luce et al.,
1999b, 2000). The radar-balloon comparisons
will have the specific objective to try to inter-
prete the observations in frequency interfero-
metric modes.
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CLASSIFICATION OF PRECIPITATING CLOUDS
IN EQUATORIAL INDONESIA
BASED ON BOUNDARY LAYER RADAR OBSERVATIONS

Findy Renggono, H. Hashiguchi, S. Fukao (RASC, Kyoto University)
Sri Woro B.H., Tien.S, Mahally K. (BPPT, Indonesia)
Harjono D.(LAPAN, Indonesia) , Sri Diharto (BMG, Indonesia)

Abstract

From the radar spectrum parameter: reflectivity, Doppler velocity and spectral width,
observed by L-band boundary layer radar during the rainy time, we determined the
type of the precipitating cloud based on their vertical structure. This method has
been applied to analyze data acquired from BLR observation in Serpong and
Bukittinggi in order to study the precipitating cloud systems over both places. For
data inter-comparison, we use the surface rain gauge data and also conducted

rawinsonde observation near the radar site during the campaign.

Key words : precipitation, cloud, radar

1. Introduction

The equatorial atmosphere over Indonesia
seems to play an important role upon global
change of the earth’s atmosphere. The world's
most active convective clouds are generated
in this region, and they are inducing directly
the global circulation. In order to observe the
phenomena in the lower troposphere of the
atmosphere over Indonesia, Radio
Atmospheric Science Center (RASC), Kyoto
University of Japan installed two L-band
boundary layer radars (BLRs). One is in
Serpong (6.4°S, 106.7°E) operated since
November 1992, and the other is in Bukittinggi
(0.2°S, 100.3°E) operated since August 1998.

In this study, we used the data from these
radars to classify the precipitating clouds
based on their vertical structure.

2. Data and analysis method

The data used in this study are 56 months
of Serpong-BLR observation, 14 months of
Bukittinggi-BLR observation and surface
rainfall monitored by a rain gauge. We also
launched rawinsonde near the radar site every
3 or 6 hours during one-week campaign and
used the IR data from GMS satellite for data
inter-comparison.

2.1 Boundary Layer Radar Observation

The BLR which is installed in Serpong and
Bukittinggi operate at a frequency of 1357.5
MHz with peak power of 1 kW. It is design to
be able to measure the winds in the lower
troposphere including the planetary boundary
layer (PBL) from 600 m to 3.0 km with the time
and height resolutions of 1 min and 100 m,
respectively (Hashiguchi et al., 1995a,b). The
difference between Serpong- and Bukittinggi-
BLRs is the antenna. The Serpong-BLR uses
three fixed-position of parabolic antennas,
while Bukittinggi-BLR uses one parabolic
antenna which can be steered to the three
different directions in order to estimate the
three components of the wind velocity vector.
The specification of these BLRs is listed in
Table 1.

Radar System Monostatic pulse Doppler Radar

Operating freq. 1357.5 MHz

Bandwidth 4 MHz

Peak power 1kW

Pulse length 0.67,1.0,20 s

IPP 50, 100, 200 us

Antenna Parabolic antenna (diameter: 2m)

Beam width 7.6°

Antenna gain 25d8

Beam directions {Azimuth, Zenith) =
{0°,0°),(0°,15°),(80°,15°)

Range resolution 100 m

Time resolution ~1 min

Table 1. The specification of Boundary Layer

Radar
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Bukittinggi, October 4, 1998

Height

18 19 20 21
Local Time

Figure 1. Time-height cross section of the radar reflectivity averaged every 10 min during the

rain.

Although these BLRs are designed to
measure the winds in clear air, but the earlier
studies showed that these L-band BLR can
also be used to detect the hydrometeors up to
the height of 6.4 km. An example of the
echo intensity derived from BLR observation
during the rain is shown in Figure 1. This
figure shows the echoes from the convective
and stratiform clouds. During this time of
observation, total 10 mm of rain was detected
by the surface rain gauge.

2.2 Classification of precipitating cloud

To classify the precipitating clouds
observed by the BLR, it is needed to select the
data which have high reflectivity near the
surface assuming the scattering is only from
rain  drops.  Thirty-minutes  averaged
reflectivity, Doppler velocity, and spectral width
derived from vertical-pointing beam were
calculated to determine the precipitating cloud
type. From the vertical structure of the
precipitating clouds, we classified each profiles
into 4 types of clouds, i.e. stratiform cloud,
convective cloud, mixed stratiform-convective
cloud and shallow convective cloud, using the
algorithm developed by Williams et al. [1995].
This algorithm is based on the presence of
melting layer, and the presence of turbulence
or hydrometeors above the melting layer.

3. Result of campaign in Bukittinggi

Campaign observation in Bukittinggi has
been conducted on September 30 to October
7, 1998. During the campaign, we launched
rawinsonde every 6 hours. The classification
of the precipitating cloud which is observed by

the BLR is shown in Figure 2. This figure plots
the precipitating cloud's type for every 30-min.
According to this result, the radar reflectivity
shown in Figure 1 can be defined as the
occurrence of deep convective cloud followed
by the stratiform cloud as we can see it in
Figure 2 for October, 4 between 15:00 to
21:00.

OStratform OMied St'Crw  ACorvective [0 Shallow Crv

21 ;m ......................

8004 - - - - - - - o EE

15:00 O

Local Time

9:00

6:00

0o

3.00 A
O

0:00 ye - A
929 930 101 102 108 104 105 106 107
Date

Figure 2. The precipitating cloud's occurrence
during the campaign. The dark shaded square is for
the stratiform cloud and the dark shaded triangle is
for deep convective cloud. The white square and
circle are for mixed stratiform/convective and
shallow convective, respectively.
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Figure 3. SkewT/LogP diagram of upper-air sounding launched on October 4, 1998 at 12:00 LT

(left panel) and at 18:00 LT (right panel).

The upper-air sounding result for that day
which launched near the radar site at 12:00
and 18:00 are shown in Figure 3. The total
energy available for convection (CAPE) is
represented by the darkly shaded area. From
the sounding before the occurrence of deep
convective cloud (left panel), it is found that
the positive area of CAPE exists from 845 hPa
up to more than 200 hPa. During the
occurrence of stratiform cloud, which is shown
in the right panel, the moisture profile shows
nearly saturated condition at 600 hPa to 450
hPa.

4. Diurnal and Annual variations

Using the same method, we evaluated
almost 5 years data of the Serpong-BLR and
one year data of Bukittinggi-BLR. Figure 4
shows the diurnal and annual variations of
cloud's occurrence in Serpong and Bukittinggi.
The annual variation in Serpong (upper-right)
shows that the percentage of cloud's
occurrence in dry season and rainy season is
different. During rainy season (DJFM), the
occurrence of stratiform cloud is generally
dominant and reaches the peak in January-
February, which is also the peak of rainy
season in Java. The deep convective cloud is
seem to be more frequent during dry season
(MJJAS) rather than stratiform cloud. The
annual variation in Bukittinggi (lower-right)
shows that the rain pattern in this region is
different from that in Serpong. The blank data
here means that no data available during that
time.

From the diurnal variation (upper-left and
lower-left panels), we found that almost all the
precipitating clouds has occurred in the
afternoon but the peak of the stratiform cloud
and convective cloud's occurrence are not the
same. The peak of stratiform cloud's
occurrence comes after the convective's,
which corresponds to the development of the
cloud.

Percantage of occurrence

Percentage of occurmenca

Figure 4. The percentage of the cloud's occurrence
observed by the boundary layer radar. In the left
panel is for the diurnal variation and the right panel
is for the annual variation. The upper panel is the
result from BLR Serpong observation between
November 1992 and December 1998, and the lower
panel is from BLR Bukittinggi observation between
August 1998 and February 1999. Stratiform, mixed
stratiform/convective, deep convective and shallow
convective cloud are shown by the dark shaded bar
to the light shaded bar, respectively.
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5. Concluding Remarks

The L-band boundary layer radar is
sensitive to fluctuations in the radar refractive
index or turbulence in clear air as well as the
presence of hydrometeors. Because of the
ability of the boundary layer radar in Serpong
and Bukittinggi to do continuous observation
with the good resclution of time and height, we
can observe the precipitating cloud systems
over Indonesia to study the effect of monscon
or ENSO in this area.
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Mon Jun 8 22:39:49-22:40:20 1998, RHI
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Interference filier

Sun-shading food Field sop

Table. 1 Details of the calculati

Aerosol complex refractive index —
m=m-ki 1.50-0.01i

Object ns
[Optical system]
Observation angle 0.0 - 160.0 degree
Used of the scattering angle 3.0 - 30.0 degree
(3.0,4.0,5.0,7.0, 10.0, 15.0, 20.0, 25.0, 30.0)
Volume size distribution of the aerosol particles in the radius interval
0.02-10.0 pm

Ground albedo 0.1 for each channel

Fig. | Geometry of the sky radiometer system

Lidar (Mie lidar: 532 nm) &, KIfif 30 FE, dbim& ol HICL —H—% [} T, HRELSREE L RIEHE
HEEIZ DWW TR D 4 #8317 - 720 Infrared Camera & Degital Camera &, HHIZL—H—&
FCHMODZEIZDOWT, Lidar BEDEXRLLZTWANE=I N Y IFTHLOICHERZITT2 20
Infrared Camera (X, ¥ 74§ % {7V>, Degital Camera |3, 5§05 & 122+ ) §ki# % 1T - 72 MU radar
& Millimeter Wave Radar (3, ] (2 [H]RE | Rt 2 17 - 72,

3. MU radar & O [RREHI

Afa], #$1%T MU radar & D3CFEBN %47 - 7205, 5&E7% 055 MM OB & ik IS E R OB
IR H Y, Fho, BB OWTY, BEHPIICECHEDILEHEAE (. BEIIOVWTO
B, ALK L» o7, LEL, FOHTEH, HFREOBIZENEH L L) LHFH-12DT
ZFOFMTEEFRIZDO VT, 2 Z T3, Sky radiometer & MU radar D#EH A KITRT

Fig2 12, 1999 4£ 9 H 19 HD 11 B 5 16 B F T Sky radiometer & MU radar DFRHIFERTH 5,
EDRIZ, Sky radiometer 2*SF b7z, EENXDHD LY 27+ MEEZHWTEHELZ 500 nm DL
7OV IVONFERIES (DAOT500), Eq.(1) 12 & D {67 H0KF TE-> TitsE% L7z 500 nm @
I7OSNVONEMEE (AODS00) &4 > 7 A bu—AaiE# (ALFA) DR TH A, Fig2 DHA
FOE TORIZ, #RFN MU radar 251556172, 2 km 7°6 7 km ¥ TOI I —#fE L SGEAD
ERTHDH, 12 BHEE 15 B 30 907 EiZid, =70V VONAMES b KW EEZ/RLTWY
BH, HEXPOROOSNLHENE SRS L, EEMIZZT OV VORFENREIFEmL ko2
Bl a7z LTWVAHLD, KBICL L EDVE - TWADDREINS, Figl |, Fig2 Tz70V)L
OHFWMESH—FH L & (12 B 07 ) &@veE (14 B 13 7)) ORBRESREZRLIZLO
Thh, ~HEWE &id, BFEMFEEHT 0.17 T, REBEED 101 THH, —FE\ & 3id, 7D
[EX4% 095 T, REHED 032 THAH, BFAMESHEL 251220 T, REBBEEFENENH T
L, KRTOBAPEELTWA I Db, [ LI, KRRESAORRN L b 2RI
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AOT500 & ALFA

MU/Shigaraki 1999.9.19 ok B
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Fig. 2 Relationship between Sky radiometer and MU radar results at September19,1999 in Shigaraki
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HRBHIMI TR HTFHRRETE, I, 2 pm D EOH FOYMKIHBRETE L, SN LR,
I7A/NVORMMLI-Z L, REFORBIIEOEEFEINTOAWEMNH S Z LHTRHE
Ehs,

Volume size distribution

10° MU[!Shlgarak! 1‘999!.9.19' ey
-4: - 2:07 :
10 —— (4L e e

dV/dinr (cm’/cnf)

0.01 0.1 | 10
radius (Um)

Fig. 3 Volume size distribution from sky radiometer, September 19, 1999 in Shigaraki.

4. FlH4BORE

Fig2 D& 12, MU radar DSFEAHGH & ERTIFHO L 12, 79V VOXEHE SHEN
FRIATRENTVAA, 7OV NORENESHEINMfEN, BT o/ VORRIZOWTIE,
L%DBETHL, £FTHEALORETIE, A, BEOEILIC L 5 EFHFEOEHIRON
TETVAEY, LHVFEBICA TV LENH S,

AEIOBBE PRI, KERED D, BEEVOLAEOMBYEM L REAIGEL 2Rz 7O/
DBPETH S LR oLt BEIRTFTHYBHLRIEVERAD, REIDOFHEIH
FTarZEMNKEV, 2L LEHBIEIT) ZLid, MU radar, 3 VL — %% Lidar O & HITKA
DEEREON DD L2 Sky radiometer D & ) 12, RFHE S LR ESH O LHE AL E
bEBILT, 43T, ELoh—FLdbdblholzZ Lt RFERNCHEMICRT I LAITE
ALy, SHOBRIMIFELIV,
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ERTRUS N BBEPHERKS1FI IR -PSMOS F+ > R— -

BHSF - AREE - )Xk — - Ef— GEESL SR
FIETRER (4 B A% KR HERBRIZWIZTAT)
HARE - PHEF IBAEBEERENE L 5—)

1998 £ 1 AICEREPLIERINAEN PSMOS F v o R—IZEWT, B - F
BHEBOPHERZY 1 IV ZEHMRUT MU L—F EXEBBORIBBRADTON:, &
HETREOPOFEELEWRFHTOLEXY T 7 /) RO—Fi#itE MU L—FHEE— K
EDOPHEBMOERLEETI. 1 A 24, 28, 31 BD 3 FIZDWT. VAD BZ2HNWT
BONAKEROHN - HIERAIITEE T N—FKZRLE. ELAKERD 2RO E
L—FOUEEITI L, BEFRDOY7—NEETHEE. RRABEQCABIIMIET S
2D0E—UM FPI OKEFRIZROSNBZEMH-/z. CHIKERATRABOL—2
NEEHAIZEB L THWBZEERLTWAIEEMEMNS S,

HE

AEPHEONERKY 1 FI U AT EN S ZOFEAD, TlEEN S PEREAD
BEHEGRBIC XA I RN X —QREEX D LTHER/NTA—ITH . BENXERTD
MBLEEBROE L WRE, EEEBMEFOMEIZKD, SOKHEFHIRETIO
FEBOPHERRIC DOV TONBRIHEETED LD IR TEL,

- MEEAL FfEl, SHRMICITNAThEENDY, MELRBICHEAL TH
T3 L THHBBLUZOEREZMT I EAMHE S, L& XD EZHRAIE
WHEE O REMWIRRENSRETHONDS —F, BEFENGSHLL, XEPAR
REOEEBERTDENIEM LD, RIBHEANITOMENREHERLT DI,
INFTHZ ORIFBIAITHONTE, (e.g., Hays et al.,1970; Hernandez et al., 1975;
Wickwar et al., 1984; Haerendel et al.1996)

AWMROEEIL. 1998 F 1~ 2 AICHRIRERTORBAE MU L—FBRFTE .01
fTb/ERN PSMOS F ¢ > R— BV TH SN BEREMEFO T 7 7Y RO—F
#at (LIF. CRLFPD) & MU L—4Hi2E— RIZ X3 THABRPHEEDOLETH S,
WEEMREPTH o7 CRLFPIICE > Tid, BBONT+—I > ADHRL L THET
HB. £, XPHBNOEMTHSEFD 2 R/ MOHELERIIL —FTIRBIZS 0F
HERHET LMK,

B R USRI OB E

PSMOS F v o R—CIIHBAE AEHBRE. HELSHARLRENSML 199 84
1~ 2 AOHAMBNT, HEXREMUBRNFZDOE LBES I OB ERML 7,
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ZDF v R—2IZ2MUJ CRLFPI R RMBLULXE2ED T 7 7Y RO—F it

M572% (Ishii et al, 1997). Y170 v V35— 2EATE L T2HERMKEI%E

F5C&niks, ZDFy o R—2TH. £XEIZ 557.71m,630.0nm (K1 FREE 5

73 33 B). MXAEX 557.70m,843.0nm (FFHIARAE 11 73) OB ZT- ., SEIIEEX

B FPI @ OI557.7nm D7 U P4 A—T %, SN R LEO-H0DES 2 fx EHaWFHE

SRE 1L 06 B E L THRITET 2.

MU L—¥—0DOHREE— RT3, HMEORIFICKH TS EiED Doppler shift ZHET S

L THE 75~100kmOPHEZBHRAITEZ 3, SEIAVWETF— Y IIEESRIE 1k m,FF

M RRE3 0 P THSN TS,

CITHRONET—IDORAETIICYUED., UTIERTVLDOMDOERTHRIF IOV I A

DHBRZETHI.

1) fitting DHEZEM ETHLDIINTA—-F %3l (E—-r@a. E—-JufE. 7Y >
JIR) NS48 GIEITINA THERME) Ui,

2) fitting OFEBERDBIZHID FFT ICKDBAL—T T EITV, B> /1 XD E
%\ /= (e.g., Hays and Roble, 1971).

3) JUPOEHREL—Y—F—IMSHELBREROBELT .

4) VAD i (Sato[1988)) % @K ¥ Ti#if L. BH# O LM i 2187-. TDH il Burnside
et al.[1981)iT & > 7=,

R

1) E#EOHRAE, fik 2 ook
hr—AAYF4LLUT9841H24H,. 28H, 31 HO3ANDEKEREZEL~3ITxR
T, BR2ZEH CRLFPI BlluhSsHEEIhAEE. & % FEN MU L—¥-8aH
SiEE I N/-B#ETHS. CRLFPI BHIDS 5HAKII—BAM, KBIHE2EBOTY >
UMSHEELEDBDTH S, MU L—F—8BEITR. F. KiITHhEhHEE 93,9597km
TOKFEBAEERT,

SEMEARE LT, BitRSOHBERVWTEREL—EZRLTVWS, 1A24B80%AE
ATIZ2 28NS 243 0 NI KREL — V- DORREOMICERRENALNS,
AT 93km BEDEEEBW—BERT., FILKRDTIE. 2 2015 2 6T, 93~
97km FEHEICRK 50m/s FEED S 7 —AH D T &AM 5., CRLFPI O#RIIZD7—
DO ERIITDHIZE> TS, £/22 6 LA 7—MNE <25 DTN, CRLFPI
DERTOREL/NE <723,

1A28HTIZ. MU L—¥—D#RIX25K3 00 ETTRELRABOLT7T—NHBT L
RY. ZOBM#OEARSD T2 95km LLET MU & FPI oE#ICEW—BNESH
ZDICx U THILRS Tid 93km T—HT 3. 27 H{HEOEILEIIE BB VWERT.

1 A3 18T FNUSAOHAICLEXT CRLFPI O#RICEFRMOLEMAAKE (2 4B
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3 0 AR OBEILERE). THIREARAEBREN/NENEDOBRRREDAIHEYE
MHB, MU L—F—OfERN S BHD Y 7 — i3 HHERNS WHRSND, 2 6 BT
BERENDDLMILEE LT CRLFPI & MU L—5—0D#RIZBW—8%2RT,

2) BEmoOH#

CRLFPI TiR—DOBHIE N7V o JIcD0WTHUEAIIHL 2 4 HOREELHNESH
%, ZHIZHLUT FFT 205 KRETORFPERLTRRILICED. BohizERED
ZRISHENESNS (Burnside et al., 1981), ZOEED 2 KM E MU L —5—T#H
ShiBEMmEzHBELE. R43E0—HTHS. BRMMIIE1 A 248 00:37:12~
02:25:45JST TH 3. FNEFNORLIHEM N 2 DOREDA LEOXREIN FPI THSHhi-
. EFTO3R/DOXRY MIVIZ MU L—¥—THoN/BMERT (XY MVOYA1 X,
FPI & MU L—¥—T—¥L TWwixl), #&. #RUKIEIZTHEN 93,95,97km GETD
B %R .

MU L—¥—QEA D EBEEDTM S 02:34:22JST ETHEMICH L T—hH D T MM 5,
L Uiz 00:37:12JST ICBH GRS - - BIRASEE & M S B EIC (RTI
FEDIZ) L TW3, CRLFPI OBEMIIZIE—HREMNERICHENSHE,. EENEE
kLT3,

R

FPI 3ZBMHEBNZT S -0ICBNI N2 AERTREOMBIIES WL, LML
ALEHECO Sy M EoBflNh S, SEENZ{T>7/ 0I557.7nm DREABEE—I X
92-97km TH 3 Z &ML (e.g., Shepherd et al., 1995). 4E® CRLFPI & MU L —%
—iRET— RBANICE2BEEHNBNW—BERLEZER, COREERS,
RAFEIEHMICED L TWAHEENRS D, FIAEEXE FPI BHNTRISHED
BRASTON TSNS 2., BMEKOFEIEPTIETEOLSIRFINRDONS
AfEEIEY, 2, 1A24BOBEATIC25K3 00 FTRES 72 EHTS
BMESND, CTHRBEAOE—VBENLTCEHTIHAEZ R TWSAREENH S,
CRLFPI BAITRDSN-AHORARIZ. 77U POBNWTHERENRSHZ, &
OBHBRERATH 245, FSHOATHSEENS S A EENEL., FEZBR LR
VRS LEND S,

L

1998 £ 1 AICEREPOICEBEI N/IERN PSMOS F+ > R—iZHBWT, HEE - T
HABMOPHEKRLZY M FI 7 AEMRIZ MU L—F LT 7 7)RO—F#% (FPD) DR
BREMNTON:. SE 93-97km OKEEE FPI © OI557.7nm BMOKEEIL. bk
SORMT) P EBNTERMIZHORW—FERLE.
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Doy980124 Zonal Wind (Black:FPI, Green:93km,Blue:95km,Red:97km with MUR)
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X3

Day980131 Zonal Wind (Block:FPI, Green:93km,Blue:95km,Red:97km with MUR)
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WD ORERICHU G 2> THRY» blAER T 2R FrEAlc hTtvusorRteh3,
—% . TRICEAIX LT3 TEC £8)3d FAI ¥ FEICILla s RIRICHU 3 BEREE L b -
TIEMT 28R F2XRoNTE D | IED TEC EB 2R >UHICO LENTFAIFHELTWVS
YOS NEBRA D - 2, SniE TID iS5 PHERSPEE S, FAIOEREFEFLTHB L
WS AJEEMER TR LT3, 5121997 4 7 A 14 H 00:15~00:58 DREIOFIZFRT, D
pi-cit FAL XSRS O VeI~ H R 20k L 0 87 58 S RBRBRBRA DI OFBEICHT L
THY , TEC EBIC R 6o 2 FEAREE L BRI/ NE L AR TEN S, 461CBd4 E[E5
CRLAE19974E6 A 11 B & 7 A 13 HD FAIl OREIEEAHMBI %3, 6 A 11 BIC FAI 28
Fra—%pb 7THI3HOZa— IR R IBREF--TVEZ LS H 3,
ZDkHTA13 HO XS ICEEB¥ICHEA 3:BOBEREO FAI & TID OV EhE R >#FR
DFAl ERAY | TID OBEED/NE EFGEBETER I N TLIDTRAVLAHEEXLND,

5. FLH

APFZECIE. 1997~1999 4D FAI ¢ GPS TEAlZ N3 TID Wi %:fT-%, D
3. TID (X7 (20 R~ 4 Ff) 1K< BN, ROXRESBZHBIEHL TS Z L H8
Lhichhot, EHLICTIDEE FAI AR LARISES RO FAI B L 2d - %H
ICRBPLEESEMMRON, £/, FAIl OFRIEE L TID oFRBEEDEHKIC O VT
PSR, BEMOBOEERE D FAI # TID OB FEEDOK & OEY X Y =flFmEICat
LTERHFDEFEEDOAROARBMONH TR B RoN 2R o, #O TID #
EFBEARICHES ABESER O T FAl O&ERICHS L TO A TFREE R S N, —
H. BEHRDOBOBEEO FALICDLTiE, TID OKREEE L ARELEEE - v
%< . Thod FAl PBERNICZOERD FAI L IZR R 2EERB2F->Tw 30 TR
LwhtEzxbhB,

SE 3K

Saito, A., S. Fukao and S. Miyazaki, High resolution mapping of TEC perturbations with
the GSI GPS network over Japan., J. Geophys. Res., 25, 3079-3082, 1998.
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MU L—F—%hibed5ERBE SRS LXaS5) T 187

A &, R &—RR
(RE|BRFEREEENT L 5 —)

1 [FC®HIc

EREEICA L2 IRBENBRA V¥ 2T Y T 1 (Field-Aligned Irregularity = FAI) X, BEX
RERRA— o FHICBWTHRICEERAR TH > T, L—F—BHEHBD LT 5N
FEL TR TS, Zhizxf LT, PRESOEME FAL I W TikbE Y ERL
HEBTRDOATRRD 2T, ZOLIRKRROT, Hxid1986 FOBMEEmEL LT,
MU L—4—D7 7T E—LEHRENGRICERI®D 2 LICE > T, EjE E 8%
RUFEEIPLOMNA L FaF YT 4 =a—08RICRI L T&E, flxdF#Ekc
BT, ZRRA T —ABE~EE km iZRE (7Y 2—4 (J8)) LA TS5 FAI=
a—DRMEEEZRA L. kK, BEFEECA—o T~ THE (#Hd) THD
EINTWEPRERIZBEW T, ER2 FAIBEET S Z L #H 502 L= [Fukao et al.,
1991), —J5. E f3K FAT{ZBE L Tid, 1989 iz MU L — 4 —{Z K 210 &R - BES
fREEBB A EhE L, HEFWY < 2— (Quasi-periodic Echo)y & [##E= 22— (Continuous
Echo)) L& - ERREVERER L7 [Yamamoto et al., 1991], Zh b PHEE
DEHE FALIZR O 5K & 28803, KRBEWITEV R - ZB R 7 — 1L O EIigE %
AT ZETH-T, PHERREBHRAKOMEERD FALERICKE<EELTWHWA D
EERLTVBEZZLLNTVS, A#ETIE, EFS FAl T a—ItNAEZEK->T, MU
V—F—%Le L TINE CRER SN TEHELEET 5,

2 ¥R#fTIO—¢CESEIO—DIREN

MU v—#—|z & 5 EREE E fRiK FAI BllllicBVWTik, 77 e —a%ilt~XKIE
i 50~60° DG M~ THIRBMABRICER I D LIZE-T, VL—F—KERED¥SH
B2m)DAT—NADAVFE2TF ) T4 HLORFT 2—OBRAIAAIREL 25,

Yamamoto et al. [1991] ® Yamamoto et al. [1992] 237R LIz X 512, HFR - BBED AR
RED E ik FATBllic k2L, FAl=a—X EfEEEDOR &% & A HEOMEHIZS
<BEbhd, £, 2a—OHBRBAEREFIZLAFIL RV I L HREERTVS,
05 HEICHHEHS O 4T 10 BEE TORMEHICRbI 2 = 2 —i%, RAEFEMN 90~
100 km T » TRMBICHERENICR b S Z &5, M= 22— (Continuous Echo) )
Eaftirbh, EHx a—MEETkE < 42y [Ogawa et al.,, 1995, —F, RiRBICHIX
nadxza—i, Efca—IC_RTon a2 —MEORKESEBD TRE VL LIz, BHHE -
BEEEBAREVEVIHEERFS, O a—3EIZ 100~130 km OFHEZRNL, <
I —FREEHS 5~15 OB CENTZZ &b, MEFM T 2 — (Quasi-periodic Echo)]
L&fFT b,

H#ERYP= 2 —i%, HZ<DHFE, BRI —2HNZBWTma—DHBR L ORIE/F & &
HiZb—F—iCMP> TESWTLK BBV ERT, MU L—F—DE L —LE
AR CFHHBRG, /- MU L—F =L 32— A8H8RTHBHBR,I -, F0
AKFEAGEE, LT SEBIZHRIZ 10~20 km ORIFE TH4 LA E~BE R E O F A Eig
THHLDNRENZ &N A > TE - [Yamamoto et al., 1994, EFM = a—ORE X, =
NODHHENL, ETHDICEBMORKENRICLD2ARSF 47 E (BEs) BoOEE
ERCL > TERENS LFHA I [Woodman et al., 1991], Es BOKE RBELEHIC L
BBERORENREHEIN T & /= [Tsunoda et al., 1994), EEE, 744/ V57 & MU
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L— & —DRFRRFICE > T, Esf@ L EFH = 2 —DHERERNEID N TVD, —
5, EfEra—¢ BEs B ORBERRE SO TREENRERN/BOLN TS [Ogawa et
al., 1998),

3 BEFTORAMUIODCI b

3.1 MU L—4—¢T#RE VHF L—45—Ic & 5B RRA

TEREE E U FAI BRI LTIt BEETIZWWL 20087 e Yz PP ERS
NTE, TO—2H 1993 F5~7 AIzE I hi- MU v—4&— L a]fiftl VHF L —4&'—
kA2 BRERHITH S, FAl 260 a—RE LN 3 FMRABRIIXT 2 AEKESE
B2, MU L—F =6 OB HISIRITEH T EZ2DO & EE 100 km {E 2 EIEHEIC
BB EICHIBEND, 2T MU L—F—DHZHAVWTEIELFROKEHEELZ TS
IRV HEIAEE S, 2T oBRERIICIBWVTIE, KE SRI HEEFAERTO FAR
(Frequency Agile Radar) [Tsunoda et al., 1995] %, B 1 IZ7RT & 5 MU L—#—0dt
F#) 40 km (2B A RBRRA LERSBATIZERE LAk 43.72 MHz @ VHF L—4# —
ELTHRW, MU L—#— L ORIBSENC X > THEAM 2—0 3Kk THEDHTELZR
N :

B2iZ1993 % 6 A 4 BiZ MU L—# — ¢ aliBl VHF L — ¥ — TRl X /- FAI —
a—REDIFRE - BMESHETRT, B TEROMU L—4F—BRAKRZ. ThFhEK 1o
E—AFB IRV SIZBWWTHONEFERTHY, 21 B~22 BF 10 SiZiEV - a—528
HEN T3, K2 0LEBIORT AR VHF L—# — O/ RICH PRI R o—»8
B, #lxiE 268 10 SEIZBN ST a—FRiE MU L—F—iZBW\W T HRIFAICB N
T L FOREIBESTEREZ LD TE@->TWA I Ehb, AT a—OEmEIIR 1
@ FAR BlHIff% & MU L—F—8RoE— A 9 2L FMICIEV E#RSh, MU L—
F—D% E— ABHIRCTHHERIC X 2 HER R 2 E ST 3RAENE LN/ [Yamamoto
et al., 1997],

3.2 SEEK (Sporadic-FE Experiment over Kyushu) v > ~RX—>

Bl ¥ . ~— SEEK (Sporadic- E Experiment over Kyushu) X, P8 E ik FAI
DIRFEVEFALNZTSEMT 1996 £ 7 A~9 ADHMICEREhic, FHBEFEFO
25y MRl L ED L—4 —RUEFBAZHASDE-REBRTH D, SEEK 2K
WL, BRBRAZHET OFEHAENAEREBFHERBAFT L8R 7y b 2#
BALETOND L L DI, TOARTEL O EERNTTRDNI T [Fukao et al., 1998],
X 3 (Z SEEK MEHE Sz i@t "y, 2 #o@Bflo s~ b S310-25, -26 &
Wiz, ThEh 8 A 26 A 23:00 (JST ; LATHE), 8 A 21 H 0:30 (CZHA HIZIFHER
Hranzirh B b, $310-25 SH#OBAEBIIER. EFEERVEFREOERER
ETHY, —HS310-26 FHiL, ERLEFEEOEBREEZITI L L HIZTMA (MY
AFNT I =7 A; Trimethyl Aluminate) BHHZ X 2 PHERKBOED BRI Z1T2 > 7,
SEEK Ot EBRITIX, i d#E L L CFHRARFEAETBTHE 7
B 5+5512 FAR 2 3% U [Tsunoda et al., 1998a], = v MEHI & REKO FAl=a—% Y
TVEAL L TE=ZY—FTHIETRRIA IV ITORERTo 7, ERREFHZ MU V—
HF—BLOEBO Chung-Li L—F—IZ L5882 EHkE Lz, BEEAEERSHIEATILI
XFEBWTE, TAA /o 7Fic X5 BB EFEESIR & MF (Medium-Frequency)
L—&—iZ X BEE 60 ~ 100 km OPHEREBRRAZER L 7=, & HIZHZ#H, K. W
N, ERIZBOTIE, KREXA A —Dr Iz E o TCRKEHBBER AT, Wz
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WTRREZ 77V - Re—FTHHHC L 5 FHERKERE L IBE OSBRI % EHE L /- [Fukao
et al., 1998],

SEEK BB ROFER. T 28O sy ML - THAISHBEFEE 07 7 4
W& FART7—4 L OB L, Es BETHEBEDORKEHE L FAI — 2 — 5B DR KR
BRL —¥T 5 Z L BALMZE NI [Yamamoto Mas. et al., 1998), F 7= $S310-26 £4
TEBENTPHERIEET 0 7 7 4 VOBRFERITITEOVEEO 7 HBRNS, Zh
X THRICE D Es BOEREE ST DR LR > TV [Larsen et al., 1998, —F.
2Dy FTERERJOFETERBIN-ZBRENTIX, £H6H 10mV/m i
ADRERBACHFESALMIZ SN Z ENEMTH B [Pfaff et al., 1998; Nakamura
M. et al., 1998], —f&iZ FAl =a—0Rd Fy 75 —#EEiX, FAI #EYHTERCLS
Ex BFY 7 FEEIDEVEERTWS, £EZTHE4IZRT L 2, S310-25 S TH
FEN/-BER L FEIHZ FAR CBRISNZFAl 2 a—DFY Ky 77 —EEOLE 2 1T-
Too T Z TIIHIERBESS BIZDW T B =5x 10 nT LEETH I LIZL- T, ERME
1 mV/m# Ex BNY 7 M 20 ms-UCxtST 5 & LIMELHBE LT 5, BRE
FAlZa—DEHY R v 75 —HERERICDIZ>TEH L TWA A, MEFEOKERRr—
NOEEHHFE 100~115 km QAT I K —ET 5 Z L A LM &7z [Yamamoto et
al., 1998],

SEEK Blillid, P#REE E S FAI OIS L H10 TH G A2 LIt RTED TERIR
VY, S310-25 SHOERBMA 1L, FAI ABICERO TREZ B L 558V BERBFE
THILERLEN, —FH, EFADPOTRENTVWELIREBOREZREELERE
RETHZELIXTERD-T, ERRIENEOEHRFEMIZEA L TiX. SEEK #iFFIiZ(E
FEMU BRI CEBENZREA A =T BHINS, ERAYPza—h oI DHE
M & Ei & s, dbdeu LIERE E RO EHE 0B8R /R &2 TS [Nakamura T.
et al., 1998], ELIZPFHRK T 07 7 A4 MR LN BE S 71X KH (Kelvin-Helmholtz)
FREFBIERITRICENH D Th o7 [Larsen et al., 1998],

4 FEOH

EMEE E §88 FAI ORI 2 —ix, MU L—4F—Blillic k> TRRAEh, ko~
XS RBAF v - EBLTREBICEOUENRALNIZINTE R, RETIIER
M= 2 —DRFRITOBEEE LTI BB, 4~ F, XESIZE W T HEEBAO2ERH
Bt Eh T3, BRI a—0RAL LTk, YO 5bREEHEICL S EsBOBE
EREFARBBIN TSN, SEEK IZL>TH i FRCERAT AT -T2
VY, ##iZ SEEK BHIRER A b E SN MEIE, 10 mV/m 282 558V HEERORE
& KHAREEDBERL I 2BOVBESTOFEETHD, Z0IHLIBEROERICHL
TiX, BiL. Tsunoda [1998] NREEABUTHI - T IRIRD Es BEEEEX D LIZX > TH
LS 3LVIEFAZEREL TV A4, Larsen [1999) 48 KH AEEIZ &L » TERM =
A—BERTIEOREBIIILD TS, —F, BEM a—0REHENPHERED
TRV —EBEBIET S LV O FEifH & S [Tsunoda et al., 1998b], T 6DAERE
FLOH LWBIREREERT L7010, HEMY 22— a VEICKOREEOLE
LEZBN, BLAITOBHEMBL TV D, E—KIC, MU L—F—TiIR—HRO
REFBI 2GS 5 2 ERFAHETH DM, REFEPIZIIEHE MU BRIFTIC THRERE
77 5—b—F—BEROTFETHY. ZhiHAWTEF#EE FAl ORMBRNEE
RBL., ZRLDEFEVICOVTE HICHEATEHAMNTREILRZ S b LMiF IS,

— 243 -



34

33

LATITUDE(deg.)
o
b

(7]
-

30

LBL LR

29 |||1|l|1||||1nl|l||]|||||||||-

129 130 131 132 133 134 135
LONGITUDE(deg.)

X 3: 1996 4 8 A (ZFHE S 7= SEEK ¥ v o _— B0 EiiESE, Bflle > v k $310-25
B R U15310-26 SHEOELE &, TS FAR B3I v — A5 M % B ~DBRESTRT,

Electric Field (mV/m)

-20 -10 0 10 20
130 [ T T T T T T
120 |
~ [ A
E 110 "‘;
v - —
2 100f —i;__
= 100 |- —
S - —_———
< X .
%0 -
80 ! 1 ) | 1 1 TSRS S | i $ _
-400 =200 0 200 400

Doppler Velocity (m/s)
X 4: #Bflle v b S310-25 SHIC L A BR (M) & FARICE B FAl = a—DEH K

o
75 —EE (W) OB, ENMELEEDT — 21T, HERBIE B = 5 x 10! nT 2{KE
L. ExB FU 7 bolEZBWTHEER TV S,

- 244 -



SEXH

Fukao, S., M. C. Kelley, T. Shirakawa, T. Takami, M. Yamamoto, T. Tsuda, and S. Kato,
‘Turbulent Upwelling of the Mid-Latitude Ionosphere: 1. Observational Results by
the MU Radar, J. Geophys. Res., 96, 3725-3746, 1991.

Fukao, S., M. Yamamoto, R. T. Tsunoda, H. Hayakawa, and T. Mukai, The SEEK
(Sporadic-E Experiment over Kyushu) campaign: An overview, Geophys. Res.
Lett., 25, 1761-1764, 1998.

Larsen, M. F., S. Fukao, M. Yamamoto, R. T. Tsunoda, K. Igarashi, and T. Ono, The
SEEK chemical release experiment: Observed neutral wind profile in a region of
sporadic E, Geophys. Res. Lett., 25, 1789-1792, 1998.

Larsen, M. F., A shear instability seeding mechanism for quasi-periodic radar echoes,
submitted to J. Geophys. Res., 1999.

Nakamura, M., H. Noda, I. Yoshikawa, N. Iwagami, M. Yamamoto, and S. Fukao, DC
electric field measurement in the SEEK campaign, Geophys. Res. Lett., 25, 1777
1780, 1998. ‘

Nakamura, T., T. Tsuda, H. Miyagawa, Y. Matsushita, H. Fukunishi, Y. Takahashi, and
Y. Yamada, Propagation directions of gravity wave patterns observed in OH CCD
images during the SEEK campaign, Geophys. Res. Lett., 25, 1793-1796, 1998.

Ogawa, T., M. Yamamoto, and S. Fukao, MU radar observations of turbulence and
movement of mid-latitude sporadic E irregularities, J. Geophys. Res., 100, 12173~
12188, 1995.

Ogawa, T., N. Sekito, K. Nozaki, and M. Yamamoto, Height comparison of midlatitude
E region field-aligned irregularities and sporadic-E layer, Geophys. Res. Lett., 25,
18131816, 1998.

Pfaff, R. F., M. Yamamoto, and P. Marionni, Electric field measurements within a
sporadic-E layer, Geophys. Res. Lett., 25, 1769-1772, 1998.

Tsunoda, R. T., S. Fukao, and M. Yamamoto, On the Origin of Quasi-Periodic Radar
Backscatter from Mid-Latitude Soradic E, Radio Sci., 29, 349-365, 1994.

Tsunoda, R. T., R. C. Linvingston, J. J. Buonocore, and A. V. McKinley, The frequency-
agile radar:A multi-functional approach to remote sensing of the ionosphere, Radio
Sei., 30, 1623-1643, 1995.

Tsunoda, R. T., On polarized frontal structures, type-1 and quasi-periodic echoes in
midlatitude sporadic F, Geophys. Res. Lett., 25, 2641-2644, 1998.

Tsunoda, R. T., S. Fukao, M. Yamamoto, and T. Hamasaki, First 24.5-MHz radar
measurements of quasi-periodic backscatter from field-aligned irregularities in mid-
latitude sporadic E, Geophys. Res. Lett., 25, 1765-1768, 1998a.

— 245 -



Tsunoda, R. T., M. Yamamoto, K. Igarashi, K. Hocke, and S. Fukao, Quasi-periodic
radar echoes from midlatitude sporadic-E and role of the 5-day planetary wave,
Geophys. Res. Lett., 25, 951-954, 1998b.

Woodman, R. F, M. Yamamoto, and S. Fukao, Gravity Wave Modulation of Gradient
Drift Instabilities in Mid-Latitude Sporadic-E Irregularities, Geophys. Res. Lett.,
18, 1197-1200, 1991.

Yamamoto, M., S. Fukao, T. Tsuda, S. Kato, and R. F. Woocdman, Mid-Latitude E-
Region Field-Aligned Irregularities Observed with the MU Radar, J. Geophys. Res.,
96, 15943-15949, 1991.

Yamamoto, M., S. Fukao, T. Ogawa, T. Tsuda, and S. Kato, A Morphological Study on
Mid-Latitude E-Region Field-Aligned Irregularities Observed with the MU Radar,
J. Atmos. Terr. Phys., 54, 769-777, 1992.

Yamamoto, M., N. Komoda, S. Fukao, R. T. Tsunoda, T. Ogawa, and T. Tsuda, Spatial
Structure of the E-Region Field-Aligned Irregularities Revealed by the MU Radar,
Radio Sci., 29, 337-347, 1994.

Yamamoto, M., S. Fukao, R. T. Tsunoda, K. Igarashi, and T. Ogawa, Preliminary results
from joint measurements of E-region field aligned irregularities using the MU radar
and the frequency agile radar, J. Atmos. Solar-Terr. Phys., 59, 1655-1663, 1997.

Yamamoto, M., T. Itsuki, T. Kishimoto, R. T. Tsunoda, R. F. Pfaff, and S. Fukao,
Comparison of E-region electric fields observed with a sounding rocket and a Doppler
radar in the SEEK campaign, Geophys. Res. Lett., 25, 1773-1776, 1998.

Yamamoto, Mas., T. Ono, H. Oya, R. T. Tsunoda, M. F. Larsen, S. Fukao, and M.
Yamamoto, Structures of sporadic-E observed with and impedance probe during
the SEEK campaign — Comparisons with neutral-wind and radar-echo observations,
Geophys. Res. Lett., 25, 1781-1784, 1998.

— 246 —



MU V—¥—/FMCW V=¥ —/TAF )T/ RIKIZLD
K% Es J§ FAI O RIRFBLEIR R

MEBET, BFRFEE, WiE B'. THAES'. Hfx', Lx #&°, t—KE°
(‘4K STE ., “@&H. "RABEE. ‘BHEH)

HE: INEMoOARSF+vZ7E (Bs) Bt ) mBHRBFEERRAUME (FAD) »bo
V—H—xa— Es BOBAFA—FRUVKKEHEOBELXHALNIZTEHD, 1999 E8 R Y
IT MU L—#¥— ({B%). FMCW v—4¥— (BL), 74 F/ /7 (BE). THRBAKI LR
FEBROMTL EBR)ERAVWEEN2Tok, BEEOLD OMTIENIXTRTRTHo LN, UTO
LHOBRBOMOFWMEMNR Oho T,

(1) FAI OR4E + #HWMEFOBBIX. Es 25 A—F D foEs ¥ Es TR, F0ETH S
foEs-fbEs D & FERICIVVEENRSH D, ZOZ LIX, Bs ACFEETIHEFEEMICHREL 2@
FEEARIZE > THWIS I XRAEERBELTWH I LEFHET S,

Q) HEPHOREEN (QP) =a—0HBAFHE (100-130 km) X Es OIBE (103-113 km) & —&
LARWA, 2a—ARKEELHEOREI Es BEICIIE—&ETS, ThonZ ihdb, BFEO QP
Ta-RAETAEBRNTILENRD S, RRERM»LHERN SIS Es & FAIl OZMBELRR
+ 3. ‘ ,

(3) 0200 JST ULECik, MU a2 —FE (< 100 km)& Es BE (115-120 km) 1T KE BB,
IOTa—X100km L TORVEs RFER L E L OB, BIEIXRV,

4) PHEOHRB = a— (TR L T. QP BIClHFMlio~ 3 —A 80- 100 km FETCRR I,
foEs DA LBEENRH YV F 5 MR, FLVLWRERFRHATHS,

1. LB

Yamamoto et al. (199D1X, MU L — ¥ —»H T 5 @65H - TMaREXAVWTES Es Bic
HEIA—F—Rr—NORBENRETEETHRRME (field-aligned irregularities: FAI) D
MRBRET W, b—F—a— TR BRE»ORHEITHITT 100120 km HEIZS5-10 7DR
WCTHRT 3 "HEAME" (quasi-periodic: QP) &, B H#EIZ 90-100 km % HE (- HIR ¥ 5 "l
" (continuous) D 2FMBEIC K TEXZ L E2MODTHLMII L, HETREIX. ML
EHhilza—@ERL—F—ES< (Thbb, 2a—@BEXTRTS) QP =a—0DERT
Hh3d, MU BRILLEI»S, 2a—0OFEBER Ny 77 —#HENBMA - ZHAMICKESEHT
AERBITmbNTWE (eg, Riggin et al, 1986), L L, L—¥—DKM - ZEMFENE
Mofel-DFDEEBIITAHATH o712, MU THEBROND THLMIZRY QP a—LtMmA &
e, MU X 2 98LHLIRE, QP = 2 —j2 ¥ Y &+ (Haldoupis and Schlegel, 1993) . &% (Pan
and Tsunoda, 1998) . *[E (Hysell and Burcham, 1999: Tsunoda et al., 1999) ., - > F (Choud-
hary and Mahajan, 1999), ~*/'— (Chau and Woodman, 1999) R DE TR A L AR2»»>T
WaH, QP =a—BEORMELRENA (MU OFEIER) NTRUBECENRZIZK
FLTWD LI TCHB,

Woodman et al. (1991) iX Yamamoto et al. (1991) 24 3 QP =2 —DBAZREWRAT S
EFNERBLE, BHFACEHRTHIREIENEN Es REZERXENICELEEDLL. &
HMENEZEZEEOETBO—BABENBIZK I ERETD L, BMEFMIZENR -7 FAI R{EL
hae L, £z, ZRICEAMEh S & 574 FAl OFEME (100120 km) 2HHAT 3729
i, Es DRHEFMICBHEBEET S L L, Tsunoda (1994) T ZDEFALEZHRL., HHE
BEL Es LW EIDPEERBOFELZEBL, —2D Es BAEHEOLDIIHEFRICKE
< (215 km) EZEMICELTIIT., EEIABIBIZADRLL THLRBEFRAICIEA -/ FAI
NESGRDZE L, DPEEENEETSHL FAl 075 A= BMNTIERIcHMICRB Z LM
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100 -

Altitude (km)
L

50+ IF
FMCW
lonosonde ' Sounder
0 T T h T T T re 1 é " T i
50 0 50 100
South Shigaraki Sabae North

Horizontal Distance (km)

1. @ o#sE,

FREINEN, ZOZ & MU BRMIEH Lz (e.g, Ogawa et al., 1995). X 512, Ogawa et al.
(1998) iZ MU LERFMCW o v ¥ L ORBEAUER» S . QP = a—|[Zf# > T Es 2 +5 km
OFBMELEMEZZITTWDBZEEZROTR, Zoffiix QP =a— O EFA (100-120 km) #*
BT L0 TNz, Lizhi->T, Woodman et al. (1991) <° Tsunoda et al. (1994)
D QP ETNERIAET H72DIZ, ELARIBRANEHRH I TV,

2. BB

QP =a—0EAEZFEAH=H, 199948 A 16 H— 19 BORE% ML A H#% £ T MU-FAI
B 2R o RRE=F 208, BELMIE=600m TiTo7z, BHlloHEKXELH 1 27T, Bl
TIEMUDS E—ALZKFEAICER L7 (eg, Ogawa et al, 1995), HiZiZE—AF S 3
(GhEEMdEmx, M4 39°) ORELFRT., Z0r—AiE, 80464 130 km 2 5 @0
BT 0 £28 100 km @ CTHIERBE DM EEZ L CTH Y, 90-120 km @ED FAI ##ib 25 Z
EMTEDH, FAL IZHED Es OMBEZELZEEMNT S0, LT OB LGS HMFK
DEIZ FMCW L—4— (o4 FCS) #%E L, 3¢ 45 MHzOBEEEKEZ 1 g
KOV EHXTHBAZTo (BESME=1km), ZhiIMxT, FEOTA A/ /T TI15
FEICTAFT /77 LE2MBLE, E6IT, KAEAFEE FAI LoBEFRZES D, EE MU
YA MHD THREBRKRA A=Y XAT A (OMTI) ] (Shiokawa et al., 1999) # Hu»
T 8595 km BEOKRKXOBRULFEIER L2, EMOERBEDOLD, REBRNSLEKD
HET—HIIRBETEdot,

3. BIEER

3.1. MU L—#—

BRI 3 HICDIL > TITo7A, v Es BB LAZ8A 16 HOEMIZOWVWTOHZFELY
T2 E{To7-, B 2IZ¥— A 3O range-time-intensity (RTI) v v FZ2#8iF5, L —
F—E—LDEHIZH > 7 range Z W EICHBEE LN AR ORI TH D, 2010 JST 122884
Ta—RNEND S, 2130 JST F TrHMEINAR QP = a— DM %A LT3, 2200-2300 JST
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Range (km)

=6V —

(az,ze)=(0,51)

200 |-
180 —
160 |—
140 |—
B 1 L L 1 1 1 80
20:00 22:00 24:00 02:00 04:00 06:00
Local Time
2. 199948 A 16 A 1900 JST — 17 A 0745 JST [Z¥dkm & v— 24 (E—AFK 5 3) CEEllEh/ZMU L—F—x o
—®ORTI 7avy b, LrPlZxtiSTaMmEERLGREHIZ REN TV S,

140 ¢ : : : Sz:.bao . Augi.:st 16 -'17, 199‘9 . . ‘ _

E 3.0 MHz 100 kHz/s 0 ~— 1 dB K " =

130 " 'y ' £=

S 1 ' i: ' R

120 'y ; ' ’ '\d 2 I i

% ol et : N i

- - ? vyl I' ' [ =

£ 110 [ ‘h\r"l,\ - i -

‘ﬁ l - " W ] - s l" ] I —

; 1] I . 1 1] E

= b'{ ! 'H " ' 3

100 - . ) ! =

= i : ' a ' ' =

90 E L1 1 £ = g 1 Y . 1 L ; : =

20 29 0 2 4 6 8

LT (hour)

3. 199948 A 16 A 2000 JST — 17 H 0720 JST Iz FMCW H# 7% (8%iT) T &Sih7/=3 MHz BEORHETE, &
EHMIZKE L IER =T —Z I3l FiBic L 5,



T QP za—DRF—VitbEVBRATRVE, QP OREERE L TW5, 0000-0040 JST
Trxa—NHBALLBE, HMEXFIV—LEtBbh3 - P RO —BNHABLTW
b, 0510-0640 JST oM\ = a—RNHBA L%, 95 km LA TFiZ 0630 JST H» bR D =
a—REELTWS, BERHx o—31 0730 JST I2RAKIE L, FAAN 1-10 ED QP Il
Foxa—p90-100 km WA ICHBE L TWB, L—F—iX 0745 JSTiIZHIk Lz, TEROBEAT
X, SIHOMERza—IHE V) HEBLVORYETETHSHH (Yamamoto et al., 1991; Ogawa
et al, 1995), SEMHT MFHAAFICH 100 km FELLTIZ QP a—NHFEET S ZLNRRAS
hie, ZCORDFAIZa—OHBEELOBLUTOLICRS,

D QPx==a— Iz 2T, BAMiL5-204%r. HBAMERLITHKAT 100-130 km (H S5\ ixENLL
E). 2010-2040 JSTIcK T E QP =2 —R¥ —  DHRBEEIT— 90~ 100 m/s ThHhH, R
. QPO FAIREE2RoFTEHICKEBHLiceToL, TOFMERH 120m/s L 72V | Es
OFEREEE (~ 100 ms) IZIZE—&KT S (#R),

2 MFOTa—IZHoNWT, HROWMERHa—iZMAT, o PHF QP xa—] AR
oOMhofe, L= —EikDid, ZTOxa—RNNoFE TCHEWVZONTIFRHA,

3 iz TRLEAVWZ —NEET S EE X 2015 JST » 108 km 526 2040 JST @
113 km ~5 km E&., #D#%i¥ semi-diurnal DA TP o< D LBEEZ T (~ 05 mhs),
0730 JST TiX 93 km YU Ficde» T3,

3.2. FMCW o v ¥

BITOFMCW 4 v % (FCS) 33 MHz & 45 MHz PEEBAEZOBE %> 1 48281
B U¥EZELE, ZRICiIE, ¥ 3MHzIZoWT, 1.5 BT 2925 5 3.075 MHz ¥ C/&
LWL, EHE (MELSME= 1 km) OOREHRELZRDS, Thx R2EHVELT
BMAL, 3 48 DML ERENLCOZBEHRMELRDS, RIZ, ZOF—FrbRKXZ(E
MEAXRD, TORE2ED: 1 dBUADKHENRBE->TELBELRDD, RO15MT
245 MHziCHOWTRBEOBELZITI. TOXIICLTEROERARFREMSEOHEDN Es
OBELLTRED, ZOFETIIfoEs X3 MHzUTOHE W EsizRHTE v, FkDE
B B&EIL Ogawa et al. (1998) THLAHWLREN, 4O FYORBEFTIIMELTH- =, §EH
MU L—¥—BARDETIBRELTOT, FAI L Es BEDEBLENRTERICARS,

BRT—F 2 LR, 4.5 MHzZ I2OWTIIKELN M B BR AT — ¥ TiIXARVWD T,
ZIZTik3 MHz 57— 4 DA %A T3, M3FORFRELFT, R, BHoRERT 1S
TRD 14t no data THEN, BRI TH4LD, 1pMoF—s % 25Mp0F—42 &L
TREFELTHD, BETBRLOEBTCRHABENREHMMENR > Ty, foEs RES TR
FHRLVEZALH IR, REKBAURTbALZI B3, RIS ELEE2 LDEBIPLERD
TLENEWTE S,

(1) 2000 JST (=B BIBARE L 7= FCS X FAI B+ 5 2015 JST £ TOM. FFHMICKELKE
B3 HEGEZBRLTWS, Thbb, Es BREEODOD, Es UALLORHZHRAL
TwW3,

(2) 2015 JSTIZHEWFAI M HB LR CRESNGEMBELRE Y, BREHLTNWS, T4
bbb, RLMWFAI = a—NHEET S HEIX 2015 JST @ 108 km A 5 2040 JST @ 113 km ~
5km EFLTWAN B1#HDQ@), TNRICEMICHELTE HEY 103 km 525 118 km
~NE10kmEALTWS, 0%, FAI = a2—2KELMVVE X 0040 JSSTE TV ET
BELTWAA, ZhICERICERLT Es BELTRLTWS, ZoM, FAI ARWEMFT
X, foEs 33 MHz fHEE TRV LADICRHGEN LA LY (2125-2145 JST), foEs A3
3 MHz L FiICR2 o fo 7o ORI AR VIRIEAM B 4E L TWS (2300-0000 JST) .,

(3) 0200 JST FHEICH VT 130 km A ELDOHEEMH D 3 MHz REMNEED, FhilE FCS
NEREHTT S 0720 JST £ T. 115120 km & EIZBEMICKHENREFEELTWVS, L,
TORKEEHEL FAIRELIX 1530 km OMEENRH D, - T, B4 HED Es & {EHED FAI
WHBOBFAERDB Z LIXTER (Ogawaet al.,, 1998), LA2L. 0040 JST F THESEL T

- 250 -



Shigaraki foEs, fbEs and foEs-fbEs August 16-17, 1999

14
—e—foEs --#--fbEs -a- foEs—fbEs

) N
" YAy
AT -

R N i (M
St sthl A M 1y
y : . .

]
1
t
; \ . : noo B 1Y
H A/ B % e A L P
:A-.\F ! fod \ ¥l el Nl
LT

Frequency (MHz)

0 8-8-5 T r I '-' -0
20 22 0 2 4 6 :}
(hours)

4. 199948 H 16 H 1900 JST — 17 B 0900 JSTD{EET A F/ 77 L0856
hi- foEs. fbEs R 1* foEs-fbEs OMZE, BRET - Tro%ELE, 2 MHz T
® foEs & bEs DFABR D IXA7RTH D,

Wi Es @ foEs BN Z OEFLIET3 MHz L TIZ TR, FCS TZ D FH\Es ZHRHT
Ehahole, ZRICHZIOBWES XBELRLAICTIFRNL HEE LT, 0500 JST LARE
DEBEOUBH L a— L F QP a—DRAEALR>TWD, EWNHERAIXTE S,

33. BETA X/ /ST

BETAF /) TTIEGBICBONDTAF /) V760065 H L 7= foBs, fbEs RUH
#F#DE N (= foEs-bEs) DREMELAZRAICITT, (EHRLEHITITAEILIZ 130 km BERTW5H D
T . H2,3,42MELETIR. EsOBFIALBHEZE T ENLETHDH (#R). foEs
2R3 MHz #8BX TWABHIZIZEAKRLTFCS 3 MHz K4 (H3) AHALTWAZ &
HHAABTHD, RIZ, MU = a—ORBAERMH & "foEs" AN 2RMHFICITMABENDH 5 A3,
foEs ® LA YT Lbza—2&biv, —FH, MU =a—ORARMH L "bEs" M8Mm3
HEEMMICIL foEs DEES IV b X WHEXHEIN, RixY Es DLEARIMSFL L= a— %4
blawv, REIC A & RTIE (H2) 2T 5, 2025 50T (FAI B8EW) 25K
FTHE, ma—0HBAKMEL A 05 MHz 2B 2 3BMEIZERL2IC—KT S, ULED
WEMSUTORNREHRTE S,

(1) =z2— (FAI) ORLE - EBiTfoEs®hEs LV b FDE (A) LEHBBEFELTWS,

(2) 2025 yOBEMFNIZ, Es OBLBHRIVERME THY . BEHEEIT 90110 m/s Th
BLLEBNT S, ZOFEEIXERD QP-FAl OfR & HE (~ 120 mhk) & X< —&T 5,

B) EsthicBFBEOBENXDHI L, DEsHEsHTOEREFEEL., foEs PR LBVWEF
BEERTLiIIAONATNSE, A RF¥uThnWItid, EFEEOTHABENER @A
MATKERBAIICOEETSI L 2E%RTHIN, A=0XBHAROHDOHEELTEK®RT5, L
7o T, bhbhoBBERIZ, FAl ORE - HBICBAESFMOARIIMAT, BVWEF
EEBOULARNARBEAFAOARIRENICHETHI Z L 2HMITBRLTNS,

(4) 0700 JST LARRIZ Es OEENR~ 60 m/s iCHE L& T3¢ HF QP2 —DRE L bEs
DRALADWMNR TS, Zhix, HHECALLORRBERSIZLETRBRTIMN, =
a—HEL EsGEIX10-15kmBERAVE>TWS,
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__North

E5.Bs &L QP =a—0FERA L 2% FAI OLMEEOHAR, HMIIARAXSHE,

4. F Lokt

g Bs oo FAL IS L EFHE AR (V Ne) KB5S 5 gradient-drift L7 7 A<
A& (GDI) THEbh 5, EBHENE AV, BFFY 7 MEENFELB XD & twostream
REERBET AN, 20 L52FEZED TH THS (Schlegel and Haldoupis, 1994), i
EDOERITIE mVim LT T, 2 oHEMOMTCRRELSERTIZ LiITRVWOT, ARHT
D FAI OF4A - HROFEIZV Ne liohd EELBNS, LiEd-T, M2 0KEPANICHND
FAI O LB » ZMZB 0 EFIZYV Ne O - ZMEHTHSHEE LD, bhbh O
BURE 1L FAI OARR « HIkE M EBRBHICHEFBL TS ZLEEZHLNIILTWVS, ZDOI L
X, Es OFICEHBEFHERBMOICHFEL, TRICHEIKTE - EH LMDV Ne 8 GDI O
ERICHEFRICEECAZLATLTWVWS, Es BEERA#oO KA ENIZ X 5 wind shear T
T BEBbRAN, Bs RNy FRIEGET I EBEFEEHNORBIZ L 322 TR,
SR HSEHEEOKGKEAME. ELIEL5MZ7Z wind shear I & 5 shear A& E (Larsen et
al, 1998) BFEEICR->TWBAHEMEIH D, SEOBP TIZEREOLZDIT 95 km (T3HOK
DRDOBRNRTE o7, B¥D MUTFAL ¢ KEALEH L DREBERPGMENDE ¥
FR/BLNRBME LW,

0100 JST LART DO REMHFIZDVT, 3 MHz-FCS TSI L7z Es @ M 13 FAL = 2 —JREEA e K
ol bmEL L —¥T S, L, Es OmMELE/LHEE (103-113 km) & QP = = — i i
BH (100-130 km) &ix—EH LW, - T, Es MELELZOLON QP =a—0#EEEIC
%35 &35 Woodman et al. (1991) & Tsunoda et al. (1994) OEF VT RE LBLET
HhBH, bhbhoOBRIX, QP = —N@4 HIZECHEEIE Es MEEFETERL, o7
a2 (HlxiE. Es POSBES NELEICvy B 7EN5) HMBIVWTNEZ L ZRML
TWa,

4EO MU, FCS RUOT A 47V TFOMMFERSEIZ, HPiio QP =2 —0R &R D
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FAI RO Es OZEMHEOHARZE 5 IR T, Es BEOEEIEMMIICEIT> TV REE
HEE L 100110 km ThHY (F3), RSIRT L5 LERHELZR-/LEE~ 100 m/s THIZ
BELTWS (M2, 4), EsPiZiX 10-40 km OB TRy FRIZEBBERMH Y. Zhic
5V Ne LARMES (RITE, EBsOBEREBEHZ2ER/L TEME) 1LY FAIVRRET S,
FALiZV Ne BB bAE VWEs N TRET IO T, T b0z a—BERKERIZ2S (H2),
EEERBEO—WTRELEBOEEE (Ep) 3EABRIZK->TEs OEM (< 130 km)
ey By 7E8nsN, FIIRTRAEDY Ne REETEZOT, Ep BETHFME ThhiX
GDI BRAET 3, BENERZZIBEYVY Ne TR L., Do-HBER LERET 2D T FATLIIH
{723, 50D %5 7% FAI #i (ERIBHEAELLTITHA5) B Es L—HBRBECBHT
niE, BEE L bic FAL i MU L—¥F—i2ES<K (Thbd, GEXTNB) OT, 20D
5% QP =a—REF—URBLIB I EIRD, ZOETNVETIE. Es OmEELE QP
Ta—ORELIZEFRERY, EEROIBEERATH D,

0200 JST UAROBM# Cik, Es@MERXFAIFEL Y S 1530 km &\, ZhiTLlaio&R
& —E+ 23 (Ogawa et al, 1998), WA —N 100 km U TIZHEANZ—2>DOHEHAL LT, 3
MHz-FCS CREETERWVWE 5> 2FB W Es (foBs < 3 MHz) BEFHEFEEL T FAI k-
roeRBELZONSE (ZDEsiZ 0100 JSTUREIDO Es o< D L{EBEICTRELTEZLEHD
THAH9). ZRUSCPHEKNRBEELTWVWEZ L HE 26052 (Gurevich et al., 1997) .
BEO MU B8 REBR) KLsd, V—F—bt—LrRlBHBRLEAFA»LEETIS L
Ta—@FRHENRRLS 20T, PHILKTRFATELRY, 77X pHfIAER I v 7
NLUEBARKETHD, BEHN FAIOAERRIIERE L THTH S,

AH%ED 90-100 km FBEICBENAHMEDO QP =2 — & bEs DA L IXBIMEANHY £ 5758, #
LWHRBMHKRAHTH S, BRERMOQP LIZRRIFRE2BEILERH S,

FRIZHBNT, FAIIZb 20 GD REETHRAT S & L, Kk, PHEANEES LH
LWAREERHAEE Eh (Kagan and Kelley, 1998, 1999), T DRIENRHEA TV 5 (Kagan et
al., 1999), FAI OB ORI MUFMCW L—F —RT7 A4/ /TR Es 7
S X=DBHEZT TR REREPLPHRAOBRR L EFICIT) ZERLBIZR->TETND,

8% 3
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AN v 27’7 =—L—¢—ERAWET7 XY AEBRE
IZBTREHBERRA L¥T ) T 1 DEH

1L B/ZE. Roland T. Tsunoda?. LA fifl, R E—Ep!

R A EERRE ey 2 —
2GSRI International

1. LI

AR E JiRIC B4 SRR A v &' 2 5 ¥ 7 4 (field-aligned irregularities : BUT FAI) i&, MU
L—X—BHlick>oTHOLAMCINALS IS, KEIFHRORL S 2@8Boxa—, HIL AEMRIC
ELEE 90~130 km DEVWREICHNIE: L HE R0 &S MR- a—) L8 5ICHRE 90~100
km OROEREICHN SRR L CHFETIERD MHiiE-=—) KT hTVL3,

—F T STHIRBANIC 31T 3 FAISfIClE c h ol 2 — i@l h T b > 7o 2¢, 1998
EFFIC, TAV N, BV T 4A=TFTHR 2 Y7 3 —F iKHOCE R FAIBHIF + v — R
X, 2OER, PIoTT ¥ THIBRUN CHREL MR = — 2RI Wi (Tsunoda et al.,1999).
o, HHEEH» CHWERE 2 — OSBRI RE S L TE ) | BENL = — IThRERICIRE
BIDTHBE L MHLRPICINDDH S,

1999 £ 7 AB 6 8 ALK T, H2EHD EFRFAIBHI¥ v+ v X—YRHRXEZ Y7 4—F T
EHix i, SEOEHAITIE, EL—FX—ICLB3R ¥ V7 +—F COBBEOHRIEL FRHC, SR X
F 4y 2EBRIAERLE, 2T, 28D L—FX—TREHlE Wi FAI = 2 —DRFEVICOVT
ﬂ%—;—éo

2. BAFE

1 @RS AHED#IE] ¥ BRIOEEARS 2 — 2 27T, BHICIXFE LBEOTRHEYN » 75—
L— & — (Frequency-Agile Radar; FAR) #* 2 B 1, EH /b (X4 v 7 x—F) L XBERY
AL (Fv¥vE V) CEhBARRE N, 54 T SEROAKRT v 7 F BB S hiEREL
fFor, SEEMAY A+ Tk, BECEBBIN L 1EROAKT v7FC, 44+ roiSEEI LA
AZREZR LI, TV 4 b ICik GPS FioEBESRERLREL . REFAFAMICHLTHE

Disposition of two radars Observation Parameters
Main site Remote receiving site
C Observation Period July 23 - Aug. 31, 1999 Aug. 17 - Aug. 26, 1999
— Stanford, CA Pleasanton, CA
\ Califomia / Location Lat.: 37.40° Long.: 237.83° || Lat.: 37.68° Long.: 238.12°
M-Lat.: 42.87 M-Lat.: 43.22
Antenna 4-clement Yagi x 8 3-element Yagi X 1
/ \ Azimuth Angle 45° (30° from magnetic north)
" | Zenith Angle 69° (at 100 km altitude)
[ Radar Frequency 24.5 MHz
%Pleasanion (remote recelving site)| | Peak Power 8 kW
ord (main site) Subpulse Width 20us Receiver Only
o Inter Pulse Period 10.0 ms
Pulse Compression 13 bit Barker code
| _RangiResolution 3.0 km
i - Iri To 119
H

X 1: SRAAHEOHR & BRIOEE AT A -4, L—F OB EH LIS L RTRT,
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