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Abstract

Variance of wind estimates in conditions
of anisotropic scattering are obtained for
the Spaced Antenna (SA) Full Correlation
Analysis (FCA) method of Holloway et al.
[1997] and Doviak et al. [1996]. Variance
of Gaussian parameters is calculated from
results in Zhang et al. [2003], and the stan-
dard theory of propagation of errors used
to calculate wind variance. Results com-
pared favourably with published simulation
results. Calculated variances are include ar-
bitrary baseline orientation, and although
the analysis is carried out assuming circu-
lar antennas, with receiver antennas equi-
distant from the central transmitting an-
tenna phase center, the latter restriction
does not affect the variance of horizontal
wind estimates. The variance is identical
for the Briggs method of FCA analysis.

*Radio Science Center for Space and Atmo-
sphere, Kyoto University, Uji 611-0011, Japan

t(Corresponding Author)
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1 Introduction

In VHF-band the most common methods of
radar wind profiling are by Doppler Beam
Swinging (DBS) and the SA technique. The
latter, using spaced receivers, most com-
monly employs FCA to obtain atmospheric
parameters such as wind speeds. The
method devised by Briggs [1984] is widely
applied, but a different and physically more
method is also available, by Holloway et al.
[1997] and Doviak et al. [1996].

Both methods can be used to analyse data
in anisotropic conditions. However, sim-
plifications are often made to the case of
isotropic scattering, and furthermore, anal-
yses of variance of measurements have been
limited to simulations and analytical con-
siderations of along-baseline winds [Tahara
and Yamamoto, 1997; Kawano et al., 2003,
Zhang et al., 2003).

In this paper we present estimated wind
variance for general anisotropic scattering,
under which conditions orientation of the
baselines to the wind, as well as the ori-
entation of the correlation ellipse, becomes
important.



We assume a central transmitting an-
tenna, and equi-distant but not co-linear
receiver antennas. Magnitude of cross-
correlations p;; of received signals at spaced
receiver antennas ¢ and j are assumed to
be Gaussian in the region where fitting is
carried out. We then describe the vari-
ance of the wind estimates in terms of
the Gaussian parameters 7)) (lag at cross-
correlation peak), 7;; = —In {pi;(7)} (neg-
ative logarithm of cross-correlation peak),
and 7, (Gaussian half-width), based on work
published by Zhang et al. [2003].

Figure 1: MU Radar antenna diagram

The analytical equations relate the phys-
ical quantities oy (fluctuation of vertical
wind, or assumed isotropic turbulence in-
tensity), correlation lengths pr and py
of the refractive index irregularities, wind
components v, and vy, and the radar an-
tenna and baseline parameters. Figure 1
shows the arrangement of antennas and
baselines, while Figure 2 shows the rela-

tionship between the different axis systems
referring to the ground and the scattering
layer.

Figure 2: The axes used for antenna base-
lines, wind and refractive index irregularity
correlation ellipse.

We compare results of our equations
to simulated results published by Kawano
et al. [2003], and find good agreement.

1.1 Variance of Gaussian Pa-
rameters

Using the work of Zhang et al. [2003] the
following equations describe the variance of
the Gaussian parameters. Mj is the num-
ber of independent points, defined in Zhang
et al. [2003)].

1 1

) = 2 (7)Y _
(1)
3 72
Varird = 76 ®



Var [r,g"i N=

AM; P?j (T,S"))

For calculations of variance of the correla-
tion lengths p; and p, only the magnitude
of the zero-lag cross-correlation coefficients
are required, and the equation describing
the variance of this parameter is

1
Var|pi;(0)] = 3, [1 +2p7;(0)—
(i)}
™ 3
4p7;(0) exp ( 472) +p5(0)p5($N) | . ()
[

Figure 3 shows how the variance of the
Gaussian parameters depends on p;;(7;7) , 7.
and M.

2 Variance of FCA Pa-
rameters

Using the standard theory of error prop-
agation, and the method in Zhang et al.
[2003] is is possible to obtain expressions for
the variance of correlation lengths and wind
components, after solving Equations (5) for
the cartesian wind components v, and v,
over two baselines and dividing the result
2AATHTIY + 2H Ay

by 2:
Uz
Yy
2BAyijTi(ij) + 2HASL‘,'jTi(ij)
2BAy;r® 4+ 2H Az P
_ | AAzE + BAyE + 2HAz; Ay;; (5)
= | AAz} + BAyA + 2H Az Ay

2AA:I:,~j'r,~(ij ) +2H Ayijri(ij)

Time resolution 175.1s
IPP 400 us
Data points 256
Coherent Integrations 38
Incoherent Integrations 9

Table 1: Observation time used for compar-
ison with simulations

The factors A, B and H are each 1/4 the
size of those in Holloway et al. [1997] Since
the three Gaussian parameters uniquely and
independently fix the correlation function,
it is reasonable to suppose that their er-
rors too are independent, and hence the co-
variance terms negligible. This is borne out
by simulations along one baseline at NOAA
by D. Doviak and G.F. Zhang (private cor-
respondence).

Figure 3 shows Gaussian parameter vari-
ance. Also shown is normalized variance of
along-baseline wind speed for different ra-
tios of 77 /7.. Theoretical error for this sim-
ple case is the same for FCA methods of
Briggs and Holloway et al., when a Gaussian
function is fitted to the real correlation data
and parameters derived from that. Table 1
shows the observation time (final resolution)
of data used to compare to published sim-
ulations. In Figure 4 the variance of wind
speed is shown as a function of the base-
line to ground diffraction pattern, where the
latter is the Gaussian half-width of the pat-
tern. In Figure 5 the effect of wind speed
on the variance, for isotropic scattering, is
shown. The results from Figures 4 and 5
are in good agreement with simulation re-
sults by Kawano et al. [2003].
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Figure 3: Variance of Gaussian parameters,
and along-baseline wind in the isotropic

case.

In the upper and middle figures,

7,=0.008s, 7,=0.0522s, n=—In{pi2(7,)}o
In the lower figure the ratio of 7, to 7, varies
from 1:1 (solid line), 1:2, 1:4 to 1:8.

_23_

0 Q.5

1.0 20 25 3.0

1.5
B/t,

Figure 4: Variance of wind (fixed at 30m/s)
as function of isotropic diffraction pattern
scale £, to baseline length By (fixed at

Tos varies from 0.05s (upmost
curve), 0.1s, 0.2s ...0.8s.
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Figure 5: Effect of wind speed on variance.
To.5 varies 0.05s (upmost curve), 0.1s, 0.2s
...1.0s, 2.0s, 4.0s. £,=50m, B;=50m.

3 Conclusions

We presented analytical solutions to the
variance of wind estimates using FCA-
based SA techniques. The results hold for
anisotropic conditions and are derived from
the FCA analysis method of Holloway et al.
[1997] and Doviak et al. [1996]. In compar-
ison with simulations, the results showed
good agreement. It is expected that ana-
lytical solutions to the variance will enable
suitable baselines for accurate parameter es-
timation to be chosen post-data collection in
experiments where many receiver antennas
are available, such as will be the case with
the MU radar from mid-2004.
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BRFBEKEOEMIZRERE & T OMMARE

g 48, —F ®=?, W k%, #B e—m’
1 KIREEK, 2: R0 547, 3 fF KRR 7074 7. 47K RASC

1. BL®IC

B4 6-7 BIZRPEHEN 5 BERHITMT T Meiyu-Baiu BRSBTS, LIZLIZEH®
T XFANBBHEBHT 2. EEHTIAFLAOKRML, KETRAROMNE AT
LERL,FThMILEAEREE TBE TS &0 2 TROEWERE E W< DM DRV TR
NEED. TOLSRE/EORIE, ZOMTOHEEHRDOENFRTRE - RETHER
EIZBI{E T B (e.g. Akiyama 1984; Akiyama 1989; Ninomiya and Akiyama 1971, 1972).

CDESIRBIAFLAOBREICMHET S MU L—¥—itL3BA0SEBEREMREEZHE
RBITE, MU L—¥— &2 @83 2BJEOR 7O T 71 NV ORMELE,ETOMED
HEHtterRe UHEMEE LTROESLEND S, 2OR, EJEMNHEMA evolution
ERTHEICE, MU L—¥—0—itSBUTHESEBEEEZITERTES. LAL,
FhHHEMS evolution ZRTHE, AAEEFORIERLT 2 KEKEDRE, HMBEE
BRELFBFERILE DAY TV Y, HENERBIATFANNDOLTHE - LEEEL & —X—
THIELZWESRETR, —HARZT TRELEMEZERTIOETELL., £C
T, AR CRE[BHT - 2RV THBELEZEOREBRO—HERL, TORD
BESEOHERIELZEE L MU L—¥—8RIF7—% OBRTERICOVWTHRET 5.

2. EREDREBRE

1991 4£ 7 A 36 RicH T ) 7590 A —JVOKFER r—)) 2,000-3,000 kmHESE A
PEIKENSEERAEEETEZBHLE (R 1) . 2O, siE$EL0XAEHR O
12, IRY 7 EFHR—Y BT cut-off low AL, KPHEEICIIHBEICH/HIE
HERNICHHLE. ZOLSBRARBBRBOP T, SHEE NS ITHIMEHFEF Xy
BEOSEHEEMNSBHL, Fhid XU T D cut-off low DEFERICIR > TH T LANEEK
BRI 7LERE 120° fHETRAELE. 20%, LS 7(RER N I 7NIRBLAMNS
MR LEREL .

10 78 3 H 12UTC & 5 A OUTC Oith L T, EXEIZREMBN) & MiEERT A,
FOMOMMTIRMESE ISR EARERLAZ. 4 HOUTCIZIE, 38 12UTCIKA 5N
EESELCDOMBFIZAVYHES AT LAMCS)ICEEL LERECINER SN, Thid
MCS Ofgiic fknRE L. 5 B OUTC Icid L1 i3# 0 identity 2%\, L2372 /7
Fy P AT —NWEREDAL AT LTI,

Rz, 72 ) 75 o Ay — IV EKEORAHREE &SR ORAE-HEKTE ZE 2 iZR
+T. FTROEREZM oL, L2, MCSIZxEL, LAOEMERR SEEENS 7, NEB



BEh57, MCS KMET 5. £L T, LAETROBELOMGIIFRME EHITHELLE. 4
HOUTCIZIE, MCSITHEL = RARTH B EA T BONHERBITZOTICMEL, 0
BETIREL F 57— THEHNHN - BENB SN S,
ZOEIREKEOHEMRRBIINELE MU L—¥—BRIOBILE & MEFORM - %
BELERICRT. ROXHFENIBEOZMBHICRENI 2720, BRIIIERI»SE
BICRRUZ.TORKER, HiLATRESERRICHE L ML EIKEGR S SNT,
A& BRI W BELICAHR L2 BREBRNA 50 5. HER TIX, MEELICHEL
e LRBERMBRI N, £/, MCS AOH - LEOMTAIBLHMIE L = EORmEKS
AFLH, MUYA P THERRINLESOHY OFF—% CHREBAERRL —¥—F—
FizkoTHBEN:.

3. ¥&®

SEEBLEYT Y ) IFy 7 25— ) BEKED evolution 13, EKE L1 5 L2 AD
replacement & L THERIF SN, €OPTHANCESTEE LTEMICH< BENA SN,
HENCH< JELIZ, MCS A0 RO T AR core DT TREL Tz, BRNZHE < HWELIZ,
SENFFTHEHRULRERNS 7O TREELEETHLTREBLE. LKLY, &
SEQCHATREBBEINBIR LEEFRREORANBERL L TRHSIB. £/, MU
L—¥—BRRER, SESEO RS W/ &R, BEHE T EN mEH IS
L-HitEZE{ EMEROREBEZHS ML k.

SGROVLIRIOT 7L IRy M= IREBHRIZE ST, 2OLSBRHMRESE
DFEBBEOREMBEORALZMHFTS.

SR

Akiyama T., 1984: A Medium-scale Cloud Cluster in a Baiu Front Part I: Evolution Process and
Fine structure. J. Meteor. Soc. Japan, 62, 485-504,

Akiyama T., 1989: Large, synoptic and mesoscale variations of the Baiu front during July 1982. Part
I: Cloud features. J. Meteor. Soc. Japan, 617, 57-81.

Ninomiya, K. and T. Akiyama, 1971: The Development of the Medium-scale Disturbance in the Baiu
Front. J. Meteor. Soc. Japan, 49, 663-677.

Ninomiya, K. and T. Akiyama, 1972: Medium-scale Echo Clusters in the Baiu Front as Revealed by
Multi-radar Composite Maps (Part I). J. Meteor. Soc. Japan, 50, 558-569.
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BREL— —8ICED <BHaitEED
AV RT—IVBELICEAT BHR RV
i (S BT B EmElAEEEN
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F4E FolG 2 - 1l Ko

- GeE B - B0 B2
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(1. MFKAR, 2. FAREZEEHK. 3. FORSGC.
4. KEREMA. 5. JAXA/EORC. 6. K&H)

1. 3ICHIC

1998 & 0 5 EM, EH HlERUIUMNME Z
i & L-RHHIERI (X-BAIU) 2Thh
7o RBKFEHERHERFEHRA L S F—Tid,
AREEK L HETELESRES (1999,
2002 £E) RO LERE (2000~2002 ) IZBIS
BL—%— (BLR) ZREL. BEMOK 14
AR, SEgEiET-o, ZOREITE DM,
BHEBDXNRERyTI—L—F—ILD
BIH0 (1999, 2001. 2002 4F) ® GPSY > FD
BRI (EBET: 1999, 2001, 2002 4; B
SRTHE: 2000 ). &N - BREMEHAR
KERBTOS AV O FHIBEROM. i
ZREN, T70V TR [STRIUR
CEARNBRLEbITDORE, B1ICES
?Ofirft. BLR - DR ZEBMZRT, 2002 &
id, BB - JIPNZL N>R BLR. ESRENC
SN K BLR AfFREIN. &S - JIRAIKCX
NRR v S5—L—F—MNEEIh/,

Z OBHITIE., MRARAO LR T—
JOBIZBBT BT T <, ANEERIc
BUNSBRREKFLBRTSZ LAENT
Hol-, WHAESRTIE., ZoOFENBERED
BHEBIC A D TRECTHALSIROBEHEEAN S
BesL, HENEVWESOILETHIHED
BRI ERICKDBAKEEZERL. TORKE
HERBICHIND Z & THRIREKE 2K
T35, ZMETEIOBK#HEDIE, BEZ
BffE T HHREKE (LR, BEF 12L&
IER) IZDWT, BLRF—FOf, XN R
Ry7S5—L—%—(DR)T—%. [KBETHRHE
L—¥—F—% BERIAKENT—SEAL
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W 30 28, (c)14 [ 30 7 ICE G THERE
N7z GPS YV > F OURNL (S4R), MR
(SR, BRI 2R (— RSHBR) O EY
o7y A,

WTFNORFZ S . G 4 km LR TIERE
WBARLE THHH LR ENE N, R
ST A Al E 17z 1999 4E Tl (Teshi-
ba et al., 2002). i FRIZEBEHN 95% %
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iR -1BE O 7 7 OV ROKEROEE 7 O
77 AL D, BBE (B 600 m) iI2DWT
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M4 IR/ BTR¥EL — 5 —OBEHEE S
MThs

T
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4. ER S HEFRSNEE

EAE. X-BAIU BlBITHRSNHEREL
T, V4RO T 7145 LEDMOEIRE
MAShETHRBTSIET TR, 7142k
o7y A5EERERELTHETO L
KEOGETRBHATE > AV AT =)V
ELONBEEZFHICRINT 2 &N TES
KD o, Elel V4R TUT (4T
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5% % OEBAHNE TOREERT T <.
FTOEBTOBORETH S, LidisT, Z
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MNEIREZEETH S,

4B E#EME TOMHRERRE LT, 2004
EEEDNE . EEH BRI IER (Baiu ob-
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radars in Kinki area; BIND-Kinki) 217> T
WLFETH D, FEMUBEFOMU L—
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THRE N-IREKHE (R 1) Icon
T, 28D L/)N>K BLR RU'S /N K BLR.
XNCERR T 5— L —5—%%BAWTHENR
U758, 8T 1N TEEHMIZKER
DT7—NRLN, COIT7—IERKEAT
R ENTNWBREKENRERLI-BOTIE
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WOXE - EAEE - bhB— - BINHAE - BEH GUK - BXPD, WO’z GlK - HZEEEE
¥5-), BBRER(BOAIIZa—V v D)

1. BLB®IC

ZOMEIE, MEMICBITAIRMBANTE, KRERFBICHBT2EROMMBBITONT, TOKREEZE
B OERBZZEZANELTVS,

BEMTICHL TR, EXEEETRBELATRBEBILZBUL AFAZES, £k, AoMRME
LT, EEEXPMICENVRAETORKERBILREZEUREICLOBPLEGREBRDS,

2. ERERETRRL/PARREE

.1 ESEEmMOPRBPEELICONT

ZZTH, 2000 4E 10 B8NS 9 HICMITEAERE TREL ZHRABRKEIEL (AVRAF—I)lonR
MBEATFL)DRFZEFL-ERERRE, COBRICXDVBEREATRHMPMAREREMN 53N,
FEAFSEE T 1 BRI 56mm OFEFAXBRUI N BRFICBVWTEKEOHMICHEEL 2B L WhRKR
BEICOWTHEHFEFHNEL, SAQOHLORERICEERFHTS .

2.2 |KRRT—IDORH

BEBZRE3L, EREOLLSTRA EBIAMHEEOBWEBEZCORBMICHRAEL TN I &4
M5, BLEAREGE (V) HEEL S, ZORJIECHMICHBLUEE (HBK 100kn 28E) LBbh3
ANRT IR (Bizao<R) OREHNHY, E@RMAFOBEXBNZEHBL THWHZ &M SB. FLL
R2&, 8HOM (AAEMER) THEMBME, 21 BICAMIEE, 98 9N 21 BFIIMITHENME
NOIERBENEBIHL TS, £, NS OFRIKEZF v > 2K D PRBEILMANOERER
DWMANSH BT EMNPMD, NCEP (2KBETFHL ) BRFTFT—IICLOBUBRZITI &, BEX
EILL3 TROBENHFEL, RABETHREOHBANNHEPBICTRL, PRRABILORKE YT
U UTWBERFNIMNNXS,

—%, HETOKRKREEICHL TR, K/FOHBLRRBEN X7 L AMeDAS IZ& i L TORERIR, B
ORTENS, BEBEZBBILFOPLELTEKEHXODEOFHENMNR SIS, O EKSKBRAAUNMS, B
BEBAOPLIIELOLZEALEEEDN SN, EXTORRKIIOO ITRENS 18K, 19EM5 19
B0 2EIBAHIN (ZOZO0RFEEEZAHLETRREFELERIEITS), ik, ISHIIBTISZSY
FYOTFRAUTR, NEBPEBICARLERREE LSEENR NS,

2.3 (EETOMV—¥-1H

EROLS ICPRRELOFLRIEROILZFBLAEEEDN, W L-Y-BAOKR (B1) T,
BRgroho (188EE) AEBTSMIMEFHD, BBKRIILFDORMNHEPHTHEL TWS, X
7o, BE#HODLTHMNHEFA TR TR (@M /s BEICET S), TOMBETRREESE
LT LR (BK n/s BE)NRS5N 5.

2.4 ERERMOTRUPEICHTSIELD

SEOPHEBBLOREFRR L L TRROIENEASND. Thbb, ERELADNHA, BREND
5 LEHWHESE, REBETHEROMBUAPRBEIORE Ly TY /LI ETHS, HER
BT, PREEEEDLE LABESKEHOBDBERFRENABRNE N, WU L—F—-TORRHFOME
BICHES BOBOEEMRUI N, LBEFARITHBL THL LARSRAS O,



B1 M L—F—IX0BRUESNAERE (RY FVTRT) LREEE @/s) (BHEBRTRT) O
Fey i 75 BE BT T 1.

3. XEAHRBICHITSEROBEHEE

3.1 AEHAB/EAKOBEEMBICONT

BEREELGTRICHBRESE (coherent structure) NEEL, ELhDERELFBDRICKERFSZRL
THBIENEBARREKBERICKDESNTWS (Kline et al., 1967; Corino and Brodkey, 1969
2E), BRABEFDPICBBLLBHBENECZYD, TOXAT— Vb3 FETH5, A@NMGo &L T,
BEEE < OEEHRME, HihAHMic@hzfFotll, 7T—FRILRBHRNOBME, BEICAN>TO
BEFEDRA AL —F (sweep) REMNFEITFSN B,

WROERDELLBNERVA /I NZBIIBIZDHDTHoh, BROKSKHRBIIERICKERL
A/ NAEER>THD, BUTRARELILFREMNEE LT, RAMB (gust front) (Hayashi, 1992),
HIAT# (microfront) (Gao et al., 1989) EMEENBZHEMERENTNVWS,
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Turbulent diffusivity in free atmosphere based on the MU radar observation
Tetsuo Fukui', Hiromasa Ueda”, Mitsuaki Horiguchi™, Junichi Furumoto®® and Satoshi Iwai’*

"'Disaster Privention Research Institute, Kyoto University, Japan
“Radio Science Center for Space and Atmosphere, Kyoto University, Japan

Abstract: Direct measurement of eddy diffusivity for momentum K,, in the upper troposphere and in the lower stratosphere under
clear air conditions was made by the MU radar, and dependence of K, on the stratification was examined. K, ranged in the order of
10ms™ in the upper troposphere and decreased gradually in the siratosphere down to one order or more at 20km level. Using the
observed values of turbulent Kinetic encrgy & and €, K, was estimated by the algebraic stress model (Uno, Ueda and Wakamatsu,
1989). This model showed the best fit with the direet measurement of K,,. Direct measurement of eddy diffusivity for heat K, by
continuous measurement of temperature by RASS was also attempted. K, also agreed well in the upper troposphere with that
cestimated by the algebraic stress model and that eslimated from half-power half width of the radar Doppler velocity spectrum and
turbulence energy dissipation rate (Hocking, 1985; Fukao et al., 1986, 1994). Assuming the eddy diffusivity K, in neutral stability
condition as K,=0.0023U,, 0 where U,,. is the gradient wind speed and & the boundary layer thickness, the stability dependence
was examined for the ratio K,/ K. It was proportional to Ri"' in the range of Ri~10 and well represented by the empirical formula
K./ K,,=(I+I5Ri)'l presented in the previous paper (Ueda et al.,, 1981). Thus, it is concluded that the algebraic stress model be
applicable to predict the eddy diffusivity and its stability dependence even in the clear free atmosphere above the planetary boundary

layer once the & and € values were observed or predicied from &- and € -equations.
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3.1 Hocking’ Method
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3.3 Algebraic Stress Model
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DIAECE E D 43 fRGE (100m, dmin) TRIETE 5, MAEEHETORBREOLEIL, KAHE
DEMIHRDHZ LIV AMEL 2D,

F 72, BARGHE O PHE CHIZE T 2R TRIEOHANT R Y U AFOMINIRS T 5 Sporadic
Na [@L# DRKIZ SN THHA BN ENTWRW=H, MU L—& & O RIRFBLIIGE 5 & o LR
MRERTHD EEZLND,

2. [RIRHET — & O bl

FBICIEM 8 REHILA LD MU & T4 ¥ —DRIFFBRT — 2 BB 6 N7= DX, 1992 Finb 2003 4F
3AETOMTELBTH -7z, £z, BEORIFRFBRAAHELNIDITE~E6 B TH D, K112, 1997
FEPUBEDT ) AT A X —OBUF v — 27T,
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LEBRBDO—KE2TFRT, 2055, @& LRSS W L—F LORMBERT—#BE 6N
-WETH 5,

#1 FhYOATALY—D 20 REELLEOBRBEGBIA T L BRI PO—5

Begin End Period(H] Day
98.02.10 20:14| - |98.02.11 17:27] 21.2 1
98.11.1

99.01.03 18:06
00 |
00.12.14 23: A,
01.01.04 16:34{ - |01.01.05 :
01.10.12 16:20] - [01.10.16
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02.11.05 : 02.11.07 1
02.11.18 13:49| - {02.11.20 21:54 56.1 2
2
;

36.1 1

02.11.28 12:06 - |02.11.30 16:57| 52.9
02.12.13 19:41] - [02.12.15 5:12| 33.5
Total 845.0 32

B 2 i2ERFEUME LT, 98/11/19-21 ® MU L—FRE—FICX3E (L : HER, & : 7
R) 254 ¥ -2t BF MY LABEOERHE (F) OLBERETRT, FrVVABEDOE
57— Z12i% 8-16 RO EMD /Y FRRT7 4 AF =BT T3, BE. 7 rY OLE
ELBoORELNT, BMEESTAITHITERVN, YELICHLREREBN 12 BEOEHNRRS
h3, thoRBERFITL, RICEELFEPIRRONIFEI I A Y—ICLECAMOEHNRRS
s,
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Simultaneous measurements of the mesopause region with
Sodium lidars and MU radar

{EMKREFELFER
O 4t 7. #Z&E—, ARER, NERE, FERL, FHEEL

T. Kitahara, K. Sugimoto, F. Kobayashi, T. D. Kawahara, Y. Saito, and A. Nomura
Faculty of Engineering, Shinshu University.

LIz

B2 i3, S 80km~110km (IZH A BB FIFICHEET ST b Y U ARFGIZ 589nm
DL—F—HHL, EBKIAZFALTITAF—BMET-o-TWS, TOHRIKES
PoT MY LARTFEEOSESHZ RS, HELEZES Z LTk 0T £21T-
TW3, ThE CHRERELMTOARREMU L—-FBRFNICT NI OLTA 5 —%
BEL, 47— MU L—FIZ LB ERBMEITVT — Z DB EIT> TE 2 V2,

L LA, MU L—FBAIFICER L THDT NI LGS X~V AT L+
TAREL, BE—HELSINOLIWTF—FEMBIENTETVRY, ZThix, L—
W —DEF PR HBEOMMIZ X D AERDIEVCHABERSHEEICEZY, L—¥F
—HEELTEBE T LN TERN SO THD, 5EH., F4 F—T AT LOKER
BEITV, AT LIBNTRERRIEE e o7, —F., 2003 £ 9 A LIEMKET
BHICBRBINETA VI 2BMUBEFHTOHEEIN, T MY U LARFROEE
Wz, BECBRMBLAREL o, BE, EREEWFO2HETOF MY v AKFR
BRzED TS, SERTAMIOL LTEREEFOTAS F—DRIZL D 2 A
FIRFER 21T > 7=, EOBEPBERITHOWTHRET D,

BE AT . = o=
BlY AT A Table | AT ALDIRTG A—4

B AT LD/NT A —5% Table Sigaraki Nagano

1R Y, EFL5DTF A4 F— AF A
HIEERIC22D YAG L —¥—%H

Laser Flash lump pumped Nd:YAG lascr —

Wavelength 589nm -
VT 1064nm, 1319nm % RS, Output energy 4m)/pulse 30mJ/pulse
R/ RERATHEKO 589nm Pulsc late 10Hz -
ER/T05, BABRMRIIFELCTH Line width 3.3pm 0.1pm
Do LML, 22OV AT AIZBWT Telescope diameter 800mm 500mm
V—HF—HHAMELE 4md, B IF 30md Optical band width 1.0nm -
EENRREWVWED, HIREK. s Field of view Imrad 2mrad
AREE. PR TARRED R A —FIZB Detection Range-gated photo counts -
TEWVWEDHD, £, EHOT A ¥— Height resolution 192m 9%6m
AT LMIBEBRNMNOEL o TV Time resolution 2min 6min

Do
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SEFH L R TITbh 7 A4 #—[EREENE, 200349 H30RA & 10H 2 HD 2
e T, BHFEED S B, 9 A 30 HOBEH % Fig.1 12734, ZOIE, F&EIIC
BIFAFT MY OARTFEENSHEEEICBITS 180T NY 7 ARTFHEEOVHEEE
LBl&. 2O FHMTHKIL TS LiIcky, HIE2HEIZLTW5, £, &E
HEne 1.8km. BRI 1E1C 15 43® Smoothing #17-> T\ 5, fREHETHE, 22
DFEEEHMA L PBHE L2 LTS, HEXEHOE— 2134 3H TR L £ 11km
ETFREXICEHL, FOMMBBIREESLA>TWNHI MG, £ 280km BENT-REFLE
MTIHERIC IS P EIFEMmZHIOZ-eBZ2x015, SEETA X —BROLDORR
B LM, MU L— R0 B SR o 7 — 2 Ambh i & 5103 LW EENE
BOREHT B AIREE 2D

-1.20E +0

— .D0E -1

_-‘E .D0E -1

g -3.00E -1

£ 0.00E +0

r<= .DO0E -1
.DO0E -1
0O0E -1
.20E +0

E

& Nagano

o

)

=

=

Local Time
Fig.1 7 b YU o LEEOKMBFEL S O A (200349 A 30 H)
SHDTIE

BIE (ERTOTA F =Mz 1, 10 EFREE O W E CHE BN 21T > TV 5,
A h Bl X Hix MU L—Z Mt o Blilkgss & oEBMNEZT> T, —F, REFHT
IR T A #— 2 AT APBEEFRMICENAZIT-oTRY, A% oLREBRAICHBML
T, FEELUBICIE, FITADOEMERDTA F—V AT LAEMIR L., EMKF

ICRBEPDOTA Y= AT L MU L—FITEWEFTICBRT 5 FETHEEZED TV D,
ﬁ%kmﬂﬁthmﬁfhkmﬂ\mm%iﬂﬁﬁwmﬁiéoitﬁﬁﬁﬂﬁﬂ%
BRGA T =V AT A THDHID, FlnR T A= R MT 2 A TE D, REGHT
LB IIMEPTH D,

ZE ik
1) Kobayashi et al., Earth Planets Space, 51, 731-739,1999.

2) Miyagawa et al., Earth Planets Space, 51, 785-797,1999.
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B LEH(ERREXE) . #HILFECRL)
ZRAEZE(CRL), /MUE—ER(ISAS). H# £ 5] (RASC)

WAVEZ2000 ® B #IlE
ih EERAKEEREOYMEERHREZDOLLNT
&R DIEARIZEDS o1
Q1. Loz B ldfe ?
(ZHRILF—RD O #EEL TR —A YL DMN?)
Q2. th E=AAIZDREE"?

*

Waves in Airglow Structures Experiment 2000

WAVE2000
FroR—2DIERR
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BB Es MOER « HFFICH 5T AEEENFEOREICONT
EHBT AR PHET (5K RASC) SHHEI (FEH) /AUE—E (FHB)

B
Oy hERIZE>THRONEBTFEEORMETOT 7 ANVDSEABRNIA—FEZRMO - L BUSNLET
FERVBERFEEOMEANHAICIIAZEBICLS EEDNSEENE SN, INSOFEMEZED H LN
EENROME - KV, HiESERE, 0 - KPP UaEEZRELE. Fo, TN5Z2F Y7 -MFL—
5« MU L—¥ CRM#FICRA L 2P EREE B T5 I8tk > T, 20Z4MEERLE.

1. o4y hEREEE

ERlo4 v b S-310-29 S#d 2000 4£ 1 A 10 H 05:50 JST. EEESFHZEMBRFT (135.45E, 31.156N)
MSERIZENT $TE EWF&A 77° (MA) TRESN BTFFEREZNSAH U /227 - 70—7(Oyama
and Hirao, 1976)T. E#[7 FHHEEIL3E #ELHE(Kita et al., 1995) T, O4 v b EHEF « FRERSLIZEE 80 km
fHEN S B EERE 180 km FTOTF—F 220G Lz, THEEBIZEE 100km fHiETFr 72 KHL, Fv 78
ZL—FThro5vr29a2LI&nhEROREDHT> 7~ (Koizumi et al, 2002). [R5 #ERFR

(130.62E, 31.20N) ®MF L —# (Murayama et al., 2000) R UMEEMUEHIFF (136.06E, 34.51N) OMU L —
4 (Fukao et al., 1986a,b) TH i E O 21T - 1.

2. FEERFR

K 1-3icEon-@ERzrd, R IFEFEE, K2IIBERTHEEOHE 707 71 )b (Iwagami et al.,
2002) T, WINHIFIEFRMAH~1/4 HEREOMBEZTEHEESINR SN S, ETEEMEIZIIMEEE 160 km ff
EICEBERMBENR SN S, LREF - THEFTOBEOHMMEOEWIZ, Fizodsy MIBOREICLS, M 3
P:t.%%— 7+ MFL—% MUL—#FTENFNBRAZN-PHEAT, EICE/AR. AICEiltE%E, #HTMF L —
Y. BRTFr 7, BBTMUL—FIZE->THESWEEREZENETNERZLTWS, B AMERZ, F+ 75
H—MF L—%HH~200 km, F+ 7HHHA—-MUL —FH~600 km TH D, RHESFEEITTHLEN. MF L
—% :7km, MUL—#":1km, F+7 :160m &> TW5,

N — ——
ascent - descent-

-
W
o

]
=
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(=]

altitude [km]
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PSR VAT TN A (N TR SRARY TV THH) CRLAT TPREr Setlr ot "
0 1 2 3 0 1 2 3
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B I ETFEEOMETOT 71 )b,
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disturbed —m—m——.
1 0 0 dascent
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2 BEFTEEOBEOT 71 ),
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L —-5}:4:' ] 3:PERTOT 7N, ERNKE
o] B BEMBHAREESTHE. K
ey ] W - ARIZENEN MF L%, Fv
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. BETH 5. Fr 7 RHAN»SOEL—
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3. EOBENRIA—FOHE

FITRRZEBD, FXTRHREHDBEIEINEAREICH L TKPEENFEBICRENVRERNHETSH S LHR
SN, NEMAEEERA A ONEEHEEL D BRINMTRNEFASNS, K> TI1FONEABEEX S
BRICIIIHEENEETE, 14> OHHE R 7 h#EER

! (rUcosI +VcosIsinl)= D, ——+ (1)
1+r n; oz
THRIND, 22T,V EREEE BREEE. r=v, /Q, (v, (14 -hENTFHEREER. Q, :
1A DT v A uFEEK) [2BBRA. D, i3 MSISE-90 EF NN SHE LA A > OEBMAK, n 314>
FETHD. ERETRAZNPENREENTUDEEISNIDOT, 14 BB, ERTFEEN, IBLWET
3, FTHEMR (B 125 km S\ F) TiR1<rMROUDOOT, R (1) ENB-HIIEHTES, T0LdC
UTHEREU 28HT 5. r, D, MSISE-9 EFNOMERVTHELX,

HHLAREREEE 4 107, EPORRRIBHENE. OLXRENTFNAMFL—YBLUF v 7
Lo TRRUENARAEATSH S, L0, BHINARERRF v 71tk > TR NATNIZERITENET
HBENI T ENDND Fi LITHRRAEEBOMF L—YONEHRIEIR Tkm THHO T HHEER 10 km
BEOEMEZRAZ LML, BRELTEOTSNBESHENERLTNSEFASND, . HHLE
A%

80

1 0n,

w= 2

U = Ae®“ ) expilw,t —m (z - 2o, )]+ Bexpilw,t —m,(z — 25, )]+ C (2)
EVWDHTRBRA-RT4 v FEBBZEIZES T, BHI WP EABSIHLOREBEE 22/m) W 10 km. RE
VIFEE 90 km fHET 30 me 1 BETHH ZLMFX 2, .

e, 1FOF) 7 MEEREABEOREMEEEL D E<RUNIARS T+ v JEBOL S REE
P—2 2R THIEMTERNEVSHBHN S, DEAEEEIT 10-20me! BETH D . HHBIER L U ATHE
Ei32000km B\ ETHBEHZ5ND. CHIZEEK~2x10"Hz (Affi~12h) ORAKICHYT 3,

———r——Tr
- colculoted
x chaff

o MF rador

110
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90
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~50 0 §0
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4 BFEETOT7 7N SHBEUARER (). MF L—-% (O) &
UF+r 7 (X) RE->THRRIENLERER,

Fie, TTTIREBEIZOVWTHRRZVY, BRRTEEHRBGELOE—VBEDOTH (~A/4) 5, T
DEREBHEOEBRFAIZEAIETHIEMETE S,
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4. MU L —% 881 & ot

WET. BRFEFEERVCETFEEORMBBRICT S Ui &8 A 5 h SRR HBEROKFE EA 2000 km
PETHBEHMINZIENS, Oy MTEETFHALD 600 km @i MU L—FIZE BT HRGHD
BHOBHNRRONZIITTHD, MEFTo k. MU L—YHEBE— RICLBPHARASEEZRS ITRY, H
A (L) ELA (F) &b, HEKE~26km BEOSRTS 1 BPYARS TS, ZOKRICHU THEN
CRiE6—16 km DN RNRAT 4 NI EHUALBRER6ITRT. TOENSIIMEKE~10 km, FEifi~14
Fﬁ’C‘Erﬁ] %g&*ﬂ?ﬁ?%ﬁﬁi&ﬁﬁﬁ?% ZEMbhB. ROy y MREERMNSBSNLEAENT A—
& ERVW—HERTY,
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6: MU L—¥BHEIOZBRIZN RE 15 kmDN RRXA 74 NP EHBLE
HO (20004 1 H9H—-108). O% v LI BEB0LT ICITS EiFoshi:,

5. &k

BEDESiIZ, 04y FMEEITESNZETFEEO 7T INORAFy a3y bhh s, BEHEDONS R
—HEENTEIFEEMATHEMNTE, £ PRAKEE FICHEHEO ML —Y— LB 5BRATEE
728) 2EMRICEANTAZEICED, EHEOEBHFREHETEIENTER, TNSOFEIR. SBORKE
HEBITOHERIND L 2HET 5,

- 108 -



A EE

ENRZEDDICYD, MF L—¥F—F 2R L T LI L BERESMAFTONLREN L, F+r757—%
;‘:#Ef;_lg_’c EZERREREREDNRET S A FHAZAAFOr v P RBBFESAIOL D REN

2% Xk

Iwagami, N., T. Shibaki, T. Suzuki, Y. Yamada, H. Ohnishi, Y. Takahashi, H. Yamamoto, H. Sekiguchi, K. Mori, Y. Sano, M.
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AR - 220 - M BRI R IR B ¥ v > R —> (MTEC) Tl 1=
L RN OB M BEL L

N4+ #%i& !, Nanan Balan?, 4 853, UK #3, iFE &—HL S
AHE ER R O I fik s KR HE—

ICRL, 2Sheffield Univ., 3 3{K RASC, 1 2K STE

1. XCHIC

T . 2B PUEAROHEERAOBHELEEL. MU L -V~ X THO TS - 25 -
o B E ) b %% 2 #ilI(MTEC: Mesosphere-Thermosphere-Experiments for Coupling Study) {7
b, SOF v r~— iz 2000 € 10 A (). 2001 £ 3 A ). 2001 £ 7 A(E). 2001 4 12
AN 4E,. Z2hERG 1EBMEMU L— ¥ -0 ISEEBRIABIICEbETERSINL, 20
5%, 20014E 3 B 24 HA 5 4 A 2 Bizhr TiFbh /BB & 1 5EV ISR EL A RE L. MU
L—¥—, I MF L — % —, E80O%FH 25, AEXL1LH 1000 590 GPS ZERF(TEC BIDH
CORBEBEEBHEL, Shoo@ill7— 2 ZFHAL T, LBRADOMBLAEILCEIZ2>VWTH

~To
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MTEC Blill¥ v+ > R— >V Tix,. MU L—%—13 ISHHIE— FEHREBNE— FEREICY I #Z
THHNET9. ISEBHT— FIZeooME 1Ly b L, 2O IS EFHHNE FAEETHEEBRNQ
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T =time delay.  Re: real part, Im: imaginary part of auto-correlation function) THEE 3
A0, FOHERZEIX. Emor estimation: Ver ({BL. Verr=(A /4 7 /7 )Aim/Re),
Aim=Pn/4~ (Nincoh), Pn: cosmic noise intensity, Nincoh: number of incoherent integration) T
Rb 5,

COHEREL /o — A RHMBERIBILEEE CHIKpHBERELELEL
ZAH5 RIEFRT LI %2, ARZKpEKFHUEOHDIZ LEBAWALMNIZRo T, &
DT Eix, MBERBILCEY, 2o—0BCHBEEKZOERN /NS R2BZ L
ERLTOVENR, Thh, EFEEORDIZLBZLON, H50iE, ERLH
LY, BFEEOY— I REMT 22020 B ITSEDICR, &
DM BLETH D,
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o, SEIOMAE»S, MIMICEY ., HEEBREOXRE SRV RELT
LOERHBRZ ENbhrole, 2O ENL HERZORREEH NI LT,
ZRELE (HB3WVIEEM) Bz (BT IiIcRE) F—FE2R/RHFTF L2,
MEREZ2 T XLERHBZLEHRERIELNTE,
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1 BHAEEVREHEEMO Kp BEEFE, BHEERSICH LTI, HiRa L) 5
TRERZIOERITIAZD, IMVmBLT ey bLTHD, =7 —/3—}%, "standard error"
¥rT,
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[ L i ERE GPS SRAME L MU L —¥ —2 A L 7= P RS GRS ERaL oM

M w0, RE -0l 0 BEDLFE ERR], @1 sth2]
I aRial3], R B—i6(3]

B HBARZEKBIRRBIT AT [1), R K ERE R ET 7R 2]
RBRFHEERAEME L § (3]

[+ itk H AEAICH 1000 &0 2 i GPS ZEME2RE L. ERHHNL2T-oT\W53. 2O GPS Sl
@h o, HELZEDLEFE(Total Electron Content : TEC)Z &R - ZRIAMMEETHI L HFTCED. B
BFET. TO TEC F—¥ 2HWVWS Z LT &> THHABRGIHRYETHEEHL Medium-scale Traveling
Ionospheric Disturbance : MSTID)OWEMITHONT &z, ThE TOMEIMED> S, EETIIX MSTID &
BEREARICERT 2 0% L. —AHPTIXMSTID BZHERAXICERT 2 30H% L. BHOKENE
TN 250 m/s CHAH L HHELLIRR>TNWD, iz, HEREXMIFRINEZFZRREMU L%
—lz & >T. MSTID OBHILITDONRNTER,. MUL—¥—i&, E—LEHEEBRICEBITEY, RRBE—
ASAOETFEE2ARICHNT I LI TCEMUL—F—LE2ERTI2BETFEREDOGCIRERLI S
EWTCE B,

KK T, KESHICEIRELDLEHED TEC 8 5h% GPS flilfe. BTEEEDORESH
HE5ND MU L—¥—0RKEEAIT—% 28\, EFEEEDHOTEHMEZILOPCTICLRENLT
%, TZCik. GPS #A L MU L —¥ —DRSHAIT -y dE o5 hi=. 2000 &£ 1 H 10 HOHPIZBIT S
MSTID iZBW T 217 o =0 AR TIE MSTID OKEMGEEBE OIS TS0, & GPS #E L 254
Bl h 3 TEC ORERFID S 60 AROBBFIIEE LI ZLicL> T, TECOEHRAZMOE L
o B5Ni TEC 83, HE-SERN2ELERFEHEEE (250km 2E) 2B UBICHFETS
¥ L. GPS SilroBoni=27— 9 A3 itk > T TEC EBOKEZRITAHH 2B 1. HERE
OBRUAEL. KEAORRLIHBRIC X>THRBEN = TEC £BHORKM - THEHHF—BTHL5ICHEL

=, ZOREERE. 2001 4 1 A 10 HOHH(1000-1700JST), TEC ZEENTID)M GRS hiz. ZOMZER 1R
To 5104648 36 &, HAE 136.5 B 5ALAR 34 B, HAE 137 iR 2 0V &, TEC Z8ho iRl -RefimR 2
ERLEDODHEI2 THB, chk b, 20 MSTID OKFEHELZEH LR, ¥ 300 km THh. FHIX
25 TH>Tc F LCHBEEAMIC 200 m/s THEMBLTWB I e hbhol. ZORMP L AFLHEELZHNWT,
KGEHBROAHEIRA L 0 BH UNBEREIX 230kn TH D, I THRBE LT 40m/s QLR E)ZHW
o THiE. BABERHORXIIBITIZ2HPOLHEETH S, COB., MU L—¥—ickbh, REA20E
CHEAERILLD 4 AAICC— L2 EET3BFEEHRAEZT > Tz KMKE TR, COF—FE2ANVT, KMl
HEREES A FABRSEOBTEETO 7 74 NVT—F 2ER L=, /. GPS Sl CEHAIE 7= MSTID
YRAUENES 23 OBFEELZHERMOMTH. MU L—F—CELhLEETEET—7 55 25 2HO
BOENEELSKCLiIcky, BFEEOEBES 2 L, 2hZ2RI3ICRT. TOKR. MHERGE
12K 230 m/s TR 2 MSTID ASEHI& h . 2 ik GPS HEE CHINX hiz MSTID OAEREE.
ERAARIc—-BLTW3, k. EFEEO707 74 VX DAEBEEI 240 km &R 5h. GPS-TEC
F_ s RABABOFMFEGRREANCEHEINWIRBEREL —B L=, WIC. Hooke EFNVEFEAL
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T MSTID OIRBRIE T2 720 FNZFNMEMH U= EIZAKFERE (300 km), ACEAAHERE (200 m/s), #HiH
W (240km)TH %, GPS B THNZ N 7= MSTID @ ATEC #E#fE% 0.3 [TECUIC#H b, Hooke €F
WV ECREARRG RO HERSHREEZ 9. 5 m/s IZ L7zRf. GPS 83l & Hooke €7 )@ ATEC Hr#fiti Hs—
Bz, COZ s, SEEME Nz MSTID (& ¥R SURKEH 9. 5 m/s D HHERGICE b k& hizen
ADs

PLEMRS, TOARY MIHIT2BEO MSTID O =R ehEH S I b, & 5127 04 p R E F7 i
LB DTHAHHEDREEI NI,

#205:00IST_OL/10,2001, 41rc.

X1 :20014 1H 10 HIZE# /= MSTID
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ARNA A =T v —IC & B PRREHRIETREREL D
B AR

KIF HE—. BN Fgk, N AE
(ET B AN Kb ERERIERIZEHT)
W I, KB v
(REKFEREBEZETER)

1 &S

WHER F B BWTETHEEHPER T 2B R & LTRA OGNS, (R EHEEEEL
(Traveling Ionospheric Disturbance; TID) {22V Tl kA 6% OB R UHEMfTHI
T&7 iz, BEEsHOhFEMALA/VYYF HF Fv 75— L—¥%—_  HF L —¥—,
ISL—%—, ALHREOWHKE BV 28 FEBNE) 2L ), Z<{oBllAfTbhTnb
[Hunsucker, 1982, Hocke and Schlegel, 1996}, Hines [1960] LAk, TID d KA HEH P I L 50
PERADIREMPFEA L ZEZ G TE/:, WM F#IR TR, PHERAOREIC X > THEBRR
R AENZ DR ST D (P EE OB AR OEE = Wl OBI A OHBHE),
it>T, WHEARSUEL, RAEHWIZE DPERGIRBIO b L —H—EARDIEHTE, HHEX
SAD4EE) (TID) 283 % 2 & C. kR /3B b O RKIRTJE DRI TOITE 12

LA L. e, diE R mlic gl & s Bl TID(Medium-Scale TID; MSTID) &, it
RDOKRLAEDENFEE T H2EZ S TIIHEMITELVZ ENRHBIN TV 5 [Miller et al.,
1997; Kelley and Miller, 1997, Shiokawa et al. [2003] {3, {§% T 630nm K5 LD 4 Kki{%

. Geomagnetic
Equator |

B L: L S o & ”}\}\xUL?V AT OB (%4, B L HEM)o Renner Springs Dk & 42
K7 A7 DBEFFORELIT L 154 x & T, Renner Springs %0 % /))& Jif ¢ fl\To
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PATHERIC L BB & % i L. MSTID 12 X 2 A5 2 E) & B O HEE A
Hoha I iR, BllSNAKENREDIZ., AL OHERICOUBEEED>THD,
KGR ORERTIHALRM AT, BWAHEECREANEESNR LN, 20K
Rk, FEROBSEER (KEL) OZEARY—IZL Y SEEHHFOL Hh, EL07EE
B2 L D KRERERARI > TNBILERLTVS, ZDX I, EHIEEO MSTID O
EFSRIIEBELTWE EELONLBIEREIE LR TS, EEO MSTID A¥ERIZL -
THOL N ETBHLS, BIEBIRHABICIHE > TRM:EEE TEb A0, BMFEIRTRE
1> MSTID 2l s h 5 & FHEND, KIFETIX, D MSTID OREFAILZEZFANL L0,
AAEF—RAPFIYTILBVTERIATILLBARR]EOBMN 1T

2 &Ml

RS R E AL ORI REEZH O ST 5720, § 3 B FRONT(F-region Radio
and Optical measurement of Nighttime TID) % v »~X— Y Bl#llA<2003 £ 5 A 26 H-6 H 7 H
Tz, ZOF v _— ik, AL RBEASREOBRFRIZH HEE (34.9°N, 136.1°E)
¥ Renner Springs(18.3°S, 133.8°E) IC&KKKEN A 7 2 RE L. REAKOBNEIT o7z, W
RSBV T. FREC 5.5 5 OB A EE T 630nm KRN ERKER % 157 (B HIFH X 165
#)o MBI AOMEE £KH AT OBFEE 1R, EP, Renner Springs DHLE K UERH
1B % WIS - TR BRI U720 b &8 TR, Renner Springs NDREFIXED
fiBid, EEOTY 50km OHLETH Y. Renner Springs DEXH A 7 ORF OB ZO
KEDDVEBOH AT ORFIZEL B, 62T, MSTID (2 & % 630.0nm KFGHE DRI
TR BNHICHSPICT B EDMEEE 25,

3 #HR

[ 2a |2 2003 4E 6 A 1 H A BHCE 2 CEM & 7z 630nm KEAEDKFEZRITH 0 & HBLERE
ZTTETo SO, KA % 250km & KE Lo 4 OROPLid, BEOMEICH
W4z, FOEEE., KEEREHED 1 BREOBEITY 25 0RE (FROEISTT5EHE)
7T, MAs. MSTID 2k 5, dblihSHEILOU AR E b ORRREBH R H @I
FERLTWD I LA 5h b, K2bi2, REEZNC Renner Springs 1235V THRMl & 7172 630mn X
HHROKEZRITHA % T ¥ (%4 DEOHLLME, Renner Springs DB ICHLT ). BFHL
[EE%0 L= Renner Springs {238\ T 4 MSTID #¥8ll S L T\ 72 Z & A%7%* %, Renner Springs
Tk, KEXLEHOREIIFEA»SHEIZOVTE Y., ERAMIRILEmME TH 5,

{2%5 & Renner Springs TEIll & K2 KEREH O B BEOREIRMEZ 5720, Ren-
ner Springs CHEIHll & N7 KERLE % RD MU > TIBEFRCHF LD D EH 2¢ 1R T,
%4 ORIR LR - B0, 2 lRLEbDERUTHS, H2a & 2c &2l
BB &, KEREHOEEAMINZ KL TWB I LA GhD, Tz, TMEDOEBHRE S
+ 40% L IHTEL VI E LGP b, 52, MEOEMEEOMGRE MBS A0,
%28 & 2 DHADKEAXEGEERZONDER 2 127 T . M 2d DK 4 DERDOTEHF-5131E
GRS N2 KSR (R 2a) TH Y. 1534 d Renner Springs THEIH & v RAEHE
% EROBALBEICBELL0 (H2) THbd, MEDKALEBHOMHHIIEIZ—HK
LTWBIEDGhD, i, KREORKA (RD) Fildz 85 f R TS B3R T
b, KEAXHFRA (B LTwAE I EERLTEY, F-—-#h# TSN ZRLmERIC B
T, REXPFEMHTEHLTWEIEE2XKLTWD,

€ 2a U 2 WWRLEZAOEZROLETHALELE (A SIE ) IS5|W/ICEKLEOKR
SREBOREMEEN 3 IRT, #Eid, BE»S5OHT. kRFOPETDHZ. BE
(2. 2000-2200LT (1100-1300UT) D, &> T ALDARRT -7 idELA TRV, H
Foah LT 40% % M 2 B KR IO AHT 2300LT(1400UT) G, #A A% 2230LT(1330UT) &
92330LT(1430UT) BB % L% % 5l L 7zo RIS, BROBMARBATEHFRIIN LT 40%%

-127-



(a) Shigaraki

-, 1332U7T 5
%
38 o8
g
g 96 i
b o
= 34 4
o
= _.' 8
32 5 I
i
30 : i 2 : T ISR O 21 NS s
132 134 136 138 140 182 134 136 138 140 182 134 136 138 140
Long. (deg.) Long. (dep.) Long. (deg.)
(b) Renner Springs
1332UT 402UT 1482UT, 2
14 W“ e a5 i \ THEEE g vg
=}
-16 - -18 83
= 2
@ g
T 18 18 of
3 20 --20 S &
=4 o
-22 . -22 - k.
: ' "i % : N 3 : : o
‘ RYT, e P e : ; -
130 132 134 136 138 130 132 134 136 138 130 132 134 136 138
Long. (deg.) Long. (deg.) Long. (deg.)
(¢) Conjugate of Renner Springs
1332UT 1408U[ &
o ' TR} 1w
BTy g
=
=]
3 )
= 8
= =
a -
2 o?
3 (=]
&
, o
as T e ' T ' L
132 134 136 138 140 132 134 136 138 140 132 134 136 138 140
Long. (deg.) Long. (deg.) Long. (deg.)
(d) Shigaraki and Conjugate of Renner Springs
133201 .
mg
38 D;
~ E
= 36 E
i) o?
S 34
=
L ! &
32-_
30 - : o \" I : 3 h \ -I(. T : ccu
132 134 136 138 140 132 134 136 138 140 132 134 136 138 140

Long. (deg.) Long. (deg.) Long. (deg.)
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A 03011111 RKETEDKT Rt fic REAAFEEEEE 250km & LT, HEHEERTRT, K
SOCIETRIE D 1 RE R S5 DAL G L, WO K& ST 528G Z KOS T
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(a) SW-NE Cross-Section 630nm

A Shigaraki
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X 3: 2003 46 H 1 H 2300LT 5% 2 H 0300LT (. (a) {Z%5 & UF (b)Renner Springs Tl
X417z 630nm KEOGEE) (1 B 206 D7) ORER-#i#E2t, (b) (X, Renner Springs
AL MR L b o, #idhiE, X 2a RO 2c DE{EOLET (29.9°N, 131.1°E) » 64 L
(39.9°N, 141.1°E) # & SEH 2B 25RO E 2 5 OfiEE% /)3 (LR GTAE).

Bz A KELEOHAK, BUAHEBLTWAI ENyhb, FDHKIZ, EH 6L KAALTHILIH
L2LDOOEFHOKERINEL L 2TWD, fito T, KAKEHDO K E S b AL ETED R
NTWBEI ENTh b,

(Z8125 55U A% MU L — # — [Fukao et al., 1985a,b] 12 & - THIM S N7 FHILORF
M- s 24 0 ERICRT, 200346 H 1 HAM., MU L—%—I12X > TR 1
V— A FHEBINE 16 ¥ — A0 F #EIRHE I SABIEE OB 2 UERL TTT> 720 K
WFgE Tz, KIEH N OE - BRS04 & Be 40 5 TRl L, #AtdE S 2 8MT 5
=912 15 T OBEIER % 1T > 720 B TERN S N KRB ER) & T 5 &, REOEFE LI
OFABE (0005LT) 121d F FEHED S < o KEUBIIE O KKF (0035LT) 1213 F BUSGEEE A
{LPRINP s B 5 /AT I

630nm KE G, F b ofEA 4> (0F) EBEES T (0y) LOHBREIZL > TEKR SN
FEEESTFAA Y (OF) PETFEHEETHILICL > TRLET S0 TORNIMEE (Tsaonm) 1E. K
ATEINS [Sobral et al.. 1993

0.756f(* D)k3[0,][0]

Ii: nm — P 1z
o0 / I+ (ka[Na] + ks[O3] + kele] + k7[O])/A1p
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75\ MU L — % — 2 X 200 -8 1Bl H\’a’rfbf/}cbtﬁhi D H/hS v, AT REOGIE G
2O EOMIN N E TORBLAGFEIZE DN L 2 EHODEEZ HND,

4 EE

UG LN E F i’vﬂ’f fii% Pedersen SR IZHH L T b 728, MSTID (2 &
2 NANDOLTIE K Pedersen SERDZEM LR L AL ENTE S, 5 IIRT LI,
Pedersen 3048 (3,) OZEMANY -B3d 5 & & HHBIEACIHIN & B (J) 2N Tw b & il

=130=



14+ Q‘”UT

PR T S T s Illll'l

E g - H| =
- s o
i [ | =
38 - H] S
. 1| =
s ] MR
! ] )
%0 36 7 i
o 1 o
_Ei, 34
- ! B
P |
3
o
ji
30 I...I — l.'.f'.l‘;m?"lll‘ T e L
132 134 136 138 140
Long. (deg.)

4 5: 630nm AXOGZES) (X o iik; 1402UT(2302LT) IG5 CTHIl S hiz b @) &l
A Pedersen WL (J) RO EREY; (Ep) & Ok GEL < 1E, AXEH),

O MAENE & PO 72 Oy (E,) 25 Lb o S ORGUEETIINE D 7S &, Shiokawa
et al. [2003] I2& T tamllufsn*cwzu F U Pedersen fEHEE . FPHERSURE U 2L 5
UxB(B (2 figddh) & il B & 12 o*cifmzao 2003 46 JJ 1 H QXA PAT IS 2 TR S h
7P KA (U) L;t iiifﬁﬁé‘f% D, UlCL 2 ERIZHINETH B, =D, KEE5N
GfIE DM HIE, D F 1) Pedersen S C?){llb\pﬂl’&'("i ALt & o EERE 2 bitd,
WO X0 1d, ExB FY 7 RIZLD F Wi 79 X< % LB 0, FOFMT
ERGIEAIRIE LA T B0 MU L — & — 2 & 20 RN & OB, 6. REALTR M
BEDRTKIFICIE F S K% L)IL.J_JIIH«'L WANEIZIE F SUREENEWZ EHH L
WXl otze Ez, WHHIIBEEIZ o TR O F #ifZb ). FERICEXB FU 7 M
SoTTIX<% LHICEHM L, KEEELHRIEZ WD S8 5, iE> T, 630nm KA ELE)H*
MEER TRt 2 EERX 6N b,

5 &

FRONT-3 ¥ & > _— YW 2003 4 6 J 1 HALM, A& H TH HEH L Renner
‘31)1111;,% BT, K&EY 212X > TRHKEIZ MSTID %ﬁ%iiliﬁé: W L7z DR
PN B R Jk<?>f@&i<ut”“r‘lf MSTID 0)/}\ AR DS BTy 1) L ut SEYD T S
&t IJJovb eotce 72 MU L ==L BT HEOEESH LB EIT) I LI
L0 KREOBLTNAVEHEE 7 X“*W)';'j!"" B2 L AL DTHLZ EEFHONMIILE, Thb
OFEYLE ., KD MSTID DAL BES DR S e B/ LTWA I 2R ML T,

=131~



SE

(1]

[2]

[3]

[4]

[7]

(8]

[9]

Hunsucker, R. D., Atmospheric gravity waves generated in the high-latitude ionosphere:
A review, J. Atmos. Terr. Phys., 20, 293-315, 1982.

Hocke, K. and K. Schlegel, A review of atmospheric gravity waves and travelling iono-
spheric disturbances: 1982-1995, Ann. Geophysicae, 14, 14,917-14,940, 1996.

Hines, C. O., Internal atmospheric gravity waves at ionospheric heights, Can. J. Phys., 38,
1441-1481, 1960.

Miller C. A., W. E. Swartz, M. C. Kelley, M. Mendillo, D. Nottingham, J. Scali, and B.
Reinisch, Electrodynamics of midlatitude spread F, 1. Observations of unstable, gravity
wave-induced ionospheric electric fields at tropical latitudes, J. Geophys. Res., 102, 11,521~
11,532, 1997.

Kelley, M. C., and C. A. Miller, Electrodynamics of midlatitude spread F 3. Electrody-
namic waves? A new look at the role of electric field in thermospheric wave dynamics, J.
Geophys. Res., 102, 11,539-11,547, 1997.

Shiokawa, K., Y. Otsuka, C. Thara, T. Ogawa, and F. J. Rich, Ground and satellite ob-
servations of nighttime medium-scale traveling ionospheric disturbance at midlatitude, J.
Geophys. Res., 108(A4), 1145, doi:10.1029/2002J A009639, 2003.

Fukao, S., T. Sato, T. Tsuda, S. Kato, K. Wakasugi, and T. Makihira, The MU radar with
an active phased array system, 1, Antenna and power amplifiers, Radio Sci., 20, 1155-1168,
1985a.

Fukao, S., T. Tsuda, T. Sato, S. Kato, K. Wakasugi, and T. Makihira, The MU radar with
an active phased array system, 2, Inhouse equipment, Radio Sci., 20, 1169-1176, 1985b.

Sobral, J. H. A., H. Takahashi, M. A. Abdu, P. Muralikrishna, Y. Sahai, C. J. Zamlutti,
E. R. de Paula, and P.P. Batista, Determination of the quenching rate of the O('D) by
O(®*D) from rocket-borne optical (630 nm) and electron density data, J. Geophys. Res., 98,
7791-7798, 1993.

-132-



SEEK-2 &£ MU L— 4 —{Z XA EHEA L X2T VT 4 D

WA @, ®2 B—BR, il B&, Ak A (REXFEEZEERFEHIEEF—)
B B FHEEMIER). R T. Tsunoda (SRI International)

LI CBHIZ

RRAEHFEBEREREE F— Tk, MU L—F—%28D ¢ LESRANC L > T, P&
EROERB A L ¥ 25 Y 7 1 (Field-Aligned Irregularity = FADDIRZEWEZ A ST L, HE3%E,
BESRERCA — THICH S THE [§#2) THBELEShTWiEPEERICBWVTD,
ERRFAIDBFEETALEHALNILTE, PREEBIKO FALIZ, ARFT 4 v 7E
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i 2oy v MERI L EEREZAAS DR, PEE E Rk FAI O£ BRI 5
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4.,

MU L —#—8Hl, 8% 2 B SEEK BRlx v _X—2, HEBI Ia21L—2 3 VORE
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QP 1. —) A EEEMIHEIIRET I ZEXH MR, T, SE LML Y, QP
-0 RIS FHREICOULITHIROMAEEZ LTBD, ZOHEXEHHFEICERL
TWAIENEOI L >Twb, —F, MU L — ¥ —HEIFPRIICERE S -8B RESKK
A A= T v — Lo THMASRROBUAIFTORTEL, CORRMA—TVx—I12&oT, #&
£ 630nm O KFNIERE OEBHIENRT 5 EE SR EL (Traveling Ionospheric Disturbances;
TID) 2352 LA T& B, ShETOBRMDS, EHiR FAL & FERS, $HETID 3EF
BRNCHS L, Lo dWBENMISERT S 2 EMFHLMIIL > T A, FAI OREBEOERITE
BillBbDOTHBEERONR, TOBRHRMHIMIE > TF HMIbED S, —F, FHHO
TID i, 79 AvREED—HMTH5 Perkins FRENRATHD LEL LN TS,

2 HABR

FAI DG O MIT A DI MU L= ¥ — ¥ — A% HH-30° 56 33° (dbh & BeitE
0) OB 5 HHERET 5% Y — ABM% 2002 4E 8 H 6 HEMIfF»72. S O&KE, 6 H 22:20-7
H 2:30 JST (288% % QP 3-8l s h/z. 20 QP =2 — 3B HIE AT 100m/s TP
(HHE200° ) ICIERL T, F7:, MUL—¥—DEE—LATEHMNERE Fvy 79 —FHEE H
T, BHBELFEANTOT7AYO R 7 MEER7 bLvEko/f £7, E—-a%EELTY
S HURA (PN 100kin) T/ X~ @ FY 7 FHPENEMEN - THhD EBGELL. 2
DEE, BE-LARHEWIIHMYTHE7:0, LED2E—LOF 77— P VLY TF
X2 N7 bERY FASEKRES, SR 5 E— ATOBME T 20BN EEEHWT
BOBLBE RS, TOHBEIZL RO SN TT X< ) 7 bR 40m/s TR & (H
f7320°) Th-re, 72, FHEFALIZOWTOHRHBEO HiETTI A F1) 7 M kb1,
Z O 110m/s TIMH & (S 312° ) Th 72, S5, FRM A=Y v —1lL>THE
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300km FEEE T & (417 200° ) 129HHEAT 80 m/s Tt 5 F S P HE TID A5 = fuze.
COHBFETID (2 X 4 630nm KGOS S EEEBNITF OIS LT 30-50% Tdh - 7=,

3 EE

3, EFUE FAL & F R TID AUZFE CHEETRI CAMICER L TWAI E26, liEDSE
HREHR IS DWW THEZ{T- 7. F i TID OE/PHEF S0 -> TE 4l o358 L 74
B, EFIBFAI P ZoTWAHIE LA (K1)

06-AUG-2002 22'02 - 07-AUG-2002 00:01 (iemyb5)
Echo Power 130 fieem, 1 (W) 630nm Airgrow Perturbation
’ ~30. 53) 02— 6 13:38:33

.". QP echoes

.
.

.23
Local Time (hour)

MU radar

(4 1: %4 L7 E #id FAL & F 485 TID @ o8k

ZZTC, TID OELHIBIZE LT A EEZ SN GBEEICODVWTEFORML ) 21772, A
KNOFKIEAE L, F H#UROMS Pedersen #EHR(ZLHIT 5.

REKFENIEEE, 2% ) Pedersen S IZEMAY 24T S L &, F R BHHATHND
EWHOMHME LW T LI BELPE LD, FHRPOERIIPHEAUICLAUXB LR
WEIZLoTilitvd, KBHWIMS, s EARSUEE U 12, MU BRIFAICS 548 5RASFO7 7
T ARu = @RS XD R 250km fFAT T 110 m/s( A 140° ) THAHZ EHEMls i, 0
PPEARLEGE U & D, UXBIZL2EHL4.5 mV/m(F740° ) EkdS5 R/, FHEHE (22
Wi, BN 7 - 2 A e oo, MU L—¥—TEillsh7:, ERIZBITA F
WOFF) 7 FEEELED 1.0 mV/m(HE350° ) 2 L. Shbsoffis L UF630nm K05
HfIE ORI A R OMEONIAAT L 2 L2 L D, F #il TID 2B A A i o 45
BUESHE 2.3-5.4 mV/m(lif 20° ) THH I EARD S,

KNEGTE R O DRI C UL AL g & oo a7 U s, SHEO RN &5 E X B
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X D77 X% LM EZEDT. OO KEANELHIEIZRY TS, ZUd TID OERIZE
WA RELEH AR L TR EW) 22T 5, ZOLEBHIRIIEICIH > TE #ildii(zbo
TWhHEEZLNL, ZITERHIIOVTMU L—¥—THMllSN/-EFHFAIOF v 77—
JEL DROSNLEG E DR H T/, ERURO T I X~ FY 7 F#ERR 40m/s THLH I &En
L, FOWHOKE SEFHETLE 1.9mV/m( KL 50° ) Th-o7o, 72 F HUUIDWTH [k
DN EITH L ZAERBOKE SIE52mV/m CTHo72. TRHEOEOMELR 2187, =
O L D&% L 9 IS RERN Sz Efh - F ao Gzt gvw—Hx Loy, 2o
Z &M, E UK FAL & F #0800 TID O4K, {Zl L TligE o f EZ 2@ &2 LTwd
EEZLND,

F-region
N,up | Polarization
Electric field
2.3-54mV/m
F-MSTID

1.9 mV/m
&8 .. E-region
. Electric field

E

2200 - 2400 JST
B

X

[4 2: Bl S A7e E fibid X O F s o8
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MU L— ¥ —{ERE QP = 22— & P RTE S

MIEE, KEgHE—, NFHISEH, BTk (4K STE &)
A #F (5K RASC)

1. XU

HEEMOART T 4 v 7 EF (Es) 1245 A =2— (QPE) # MU v —4%—T%)
HTHR (Yamamoto et al., 1991) XN TLLK, QPE ORHBERCERBNICE T S8k~ 23
#NTTbI T &7=2(Ogawa et al., 2002 R G E DT DB E L), QPE DAERRIRD F L \CIX
PR L ERBOKRKENE (AGW) BE<Hlb-oTW3LBbh3, ZhbDhiEagis
EREEE D ICIIR--RETO QPE, PHERA, AGW ORIFFBERNRRAIRTHDA, E
BUIE R Tlhatrolz, M4xit, MU L—¥—TCHNlEN: QP ~a—»@H L Y b{EEHE

(100km LATF) (CHB LRz, EROATERKE - BRERKEA ATV AT A

(OMTI) # MV THEE 96km (i O PR L BHEORISERNICHND THRIH L7, O
B, %o 0ORkHAIFENRONoT,

2. BRLER

2002 tEEH M- EH X 7= SEEK-2 ¥ v v R— 18N T 37 MU L—F—0D 5 &E—
LEEo- E G FAI o@fU% 2002 46 8 A 5 BOKILIT-7=. 5 E—ADH{LfA L RXAA
i% beam1=(-30,53), beam2=(-15,51), beam3=(0,51), beam4=(14,53), beam5=(32,58) C,
£ E— AL LR 100km THIERBEHBM L ERZL T3, YHIIKRRICE T, ERI5R
BEh T3 OMTI ? OI-557.Tnm &KW A 7 TREKA A—VF—5 (WM ARRE=¥ 5
43) 5. OI-557.7nm FPI CtH{ERT— & (I A8E=1 17 53) MRIRICIBCE L,

2.1 FAL, K&k, PHROLLE

MU LV —#—0 § £ —LTH LN a—MAE (RTD) ORHEELEZER LISRYT, ZOHE
EiILvrOC, MGTARENEOHKBTH S, E—Llloza—thitl QP striation O
MELENLHEEINZ T a—ROMEIXROMNY THD : 2050LT T TRELHAE, %
FLLABRIX 0030LT ¥ THINN & ,0100LT LARRIIR A &, =2 —D Fy /7 —HET— 7L,
BELEA (FAD) B & 2% 0030LT LA TIIMAIZ THHZ LEFRLTEY, Thid=a—Ko
Bh&E & —BLTW3, i, LMEEHEAN TRIE SN P BOEE ORI b, Es DB E AW
METholZ ENMBENRTWVWS (Filf, FM3), 16RO ER FAI OBRFITIT. HEPA
O a—RITIE I SHE~OBIMM—RATH D2, K 1ickiF 5 0100LT LAFTO = 33—
BOBBIIN RV BERLOTHD, IHICHETREIL =a—DREHEN 0k THS
TLTHY EETAA /) VFLTLIDIERMBTESE, ZhICKY, RA—MAE (96km
i) 123347 B FAL, 557. Tnm K&, 657. Tnm FPI (chi¢/R) MIDEEHEAFTREICZ 25,
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MU Echo Power
¥ \J k

b

August 5 - 6, 2002
T T T T 130 Beam 1

Th2o 25678%
‘110
100
%0

-P?D Beam 2

120 S R

1110
100
a0

80
1130 geam 3

1120 {82559

110 E

130 Beom 4
. 120 8% 2Y"
1110
. 100
a0

RS it

) . . B0 ;

. s s - T T 130 ranrgﬁn
J120 (35

. 4110 fllzs

N " Vi 4 3065

it i - 24 o

etV R

wpt R T e Y R 00 I
Y L P 6
0 7 2 o

L i A 11
20 21 22

23
LT (hour)

1 20024E8 HH BICMI L—#—dD 5 £ —ATEAl &N T2 > o — 3R O
2. HMPhoOEB (557, Tnm KEOEOHEXTRE) LR (KKAEBEOELHE)
BE2OEZH 2y FLTZHD,

T a—REORFHIZ(L & 557, Tnm K& ERE ORI E{L X HELRT 5720, HL—F
— E— LDV 96km ZiHIE 5 AUCIS 1T B KOG R 2 KT KEOEHEIRN HRdIZ, %
DGR ZE 2 OREIRT, KREKOEOMEAIRE (BALIX Rayleigh) 23FEHT, 1 MROBMH)
PR Z B T2 RGOSR 2 B TRl 7218 (%) PR T/RENTVWS, 557, Tnm il
BEITRERIT-F- (0] 00 3 BT 5, 2 ARDHER TART 2030LT 25 2300LT i & £ T
PN R EOEHREE 23 i KT/ 200R 1E EIML TW A A, ZHIUZ[0] 23 KT 1. 26 (S8 L 7=
TLERRMEL TS, AT REE, KREMERFKIZAR BH42S beaml () 226
beam5 (HIfl]) ~#)560m/s THBEIL TWAHZ L THY, ZhiFb—F—xa—ikoBilhm
(1) 2RCETHD, —H, BRI —7 0B H 507 L DI KEOEMEE L £ 1092 DO
WE % 55> T 5~20 5y DS TLEH L TV B,

2 DEMMAN LICHBENTVWD, bL—F —xa— L R&EHEE & DL 5, (1) FAT
FEED LR (TER) 45 & REOERERRN (Bd) 52 L., (2) QP — a—[qo
AL & REEEB WD Z & DR — B+ 5 Z L 8505,
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Shigaraki  557.7 am  August 5-6, 2002 Shigeraki  557.7nm FPI  August 56, 2002

T 1 7 v 7 ¥ Vb ety

y
400; Abs. ;10 ?50- ]
M— 0 E i
2w- N l - - 1
. Vi Laaka (IBA S0 s el D EE LR
LT L | s e Fringe |
0= T = = 3 sq Eastvard ! geero Ouler Fringe
400% ] b I S R S S i
3 T T T 7 7 |i L I i
e -5 % 3
g ¢ g E I { :
™ 0 - o o i 2
E c ; 1
a o E r ' i
§ 400 2 3 | i
£ 3 -50r 3
szm‘ (o) 75. ;
R 2% |
: 0 i ]
40t 8 3a ]
] £ S| ]
200F § r-1s 3
b g [
: X ‘
0E T VS )
E ! /\ r,— Atbxde: Bk kn .0 E‘é‘,m
2008 S 4 3 :
YA Ve~ o ® i
% A 2 0 1 2 % ?

2
LT (hour)

2 (%) 2002 4E 8 A 5 RIIC{ERTEA &Iz 557, Tnm KKOETRE OMAHE (K
#) L zzm'w (W) BELQEIEXBM) . () AT 557. Tom FPT CHlE
Ehi-ieRA,

X 2 DALz 557. Tnm FPI THREBIE iz 96km BEFHEOTHENRRIN TS, 2EKDHE
BM ORI T, BEOERE 50m/s LT THMIZER, BE, . HEA~CERELLLTWS,
hbizl—4—x a—EOBHP Rt MROBE L IZIF—BL TWa,

2.2 FyFZ7—RAR7 b

LS —CHESRS Ky 7T —HER V, =———+ Yy, TEzBNE, ZT
1+ B 1+y

T, E! b—#—bE—AICHXTIEE, B: HKRESR, V,: L—F—t—AVOphiEE
EE, y=vV,l 6o Ty, VITETFAFY) -PEHREER. ¢, (¢)38EF (14
V) oA 7o o REKTHS. WITHE 100kn T 0.1, 95kn T 0.6, 90km T 4.0 T
»H5B, T, V12 100km LLETIZTEXB FY 7 M3EEE, 90km LA T Cri L EEE 2% L
KRBMN, ZOMOBEETIXE & VB TL B, 2029:2LT 2B DI Fy P T — AR
rADLyY (B BZRIICRT, 2B, L UoARERR 600m Thd, MEE 96kn
(T IZTFES 5+60m/s DBBEIL FPI CHRIE S M & 30-40n/s DEICHIGT B H D LB
bhad, £, BE 9lkn {FITICIEES B 120m/s DFEV Ky 75 —HEIRFTH R &
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2029:42 LT August 5, 2002 Beam § (sz, 20)=({32, 58)
i i 1 " i 1 i i i i i i

1s

Noise Levael
28.0 dB

Max Fower
70.0dB

F105  sKRr(as)
a0

?
g L.
100 o
g sas
= 542
> ®wo
4317
ms
-0 12
280
L as
200

Doppler Velocity (m/s)

B3 200248 H 5[ 2029:42LT i bh/-W Lb—4—xza—n K
DT TF—=ARY hF A

ERTOLDOLEEZZ LN, B, BIRBIC OMTI-FPI TZ O X 5 e RFi e A & #
352 LIIRFHETH S,

4 3 THBKD B UL, FHE 100km LA F O T 22808 L o P IC B4 Skm (FREES
MICHY 2km) DJEMAIRMEZFFOZ & THDH  GELWERITIZIIRE O /I MU L—&—
QP = o —(TfE D S ) 2Bz L), ZOMIEILEN 5~10 H THELZBVEL TE
V. M2 DEMIZE BN 5~20 5O KANEEBICH G L TWD, DL 5z, FAL £ K&K
JEDRIN R ZIZIERIC LS G L TWB & F 25,

Bo

557.7 nm Airglow Neutral Wind

w Shinaraki E

B4 3R R 2 R 5 72 D o HEIE,
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3. FeHmritin

ARl OB R 2 HAICE 4 1I2/°/F, FAL, 557. Tnm KEFEOMIE KR O E A 100km fF
D Es iR THISEITN, Es BAEIX KKK ¢ LA Ui, SAMAKRKEREIC
X 9 FAL & REOCIZAEE - ZMZTZ L TWe, BEOREEZLUTICE LD S,

1) @& 96km {0 QP-FAI, 557. 7nm K FIERE B O h R o fa — i HE o RIRFB AN
AHTHRIH LT, QP = —H3 100km LA FIZHERT A Z LIIFERICHETHD L L, K
KAXOBIIIRKEADOERGBBE LW L2ERTH L., SEOBARINIMARL
TH D,

2) 0030LT LAR( FAL 3T & (BB L7, FAI @i %% 557, Tnm KB OBHIoH 1%
BEbL-BT 5, ZoM&id, #EMLMLENTVWS FAI o (LR LER) &
IS THY, Es FALKD L REEOW = & 231 L T 28H (Cosgroves and Tsunoda,
2002) R I a2 b—¥ 3 (Cosgroves and Tsunoda, 2003) DFERILEH CE R\,

3) FAL HEED MM « R ELIIRENEBEDOEN L L IS HEL TV, ZDZ
(X, Es DRUE & 72 5 LR S 7O MK - FEFNVELICEBH L. TR (ERE) &
BEEABENFEZ TME (LAE) CEEL-b0LELONDN, EHL2BMNL
BTHB,

4) FAT 2ZUizix. #BEE 100km LLF TR 5~10 oiiE L . SMEMEE=2kn, J&M=5
AREOHERMENBENRFEEL M, BIFISHET 5 KK LTHHEME N,

5) FALDO Fy 77 —@iEN b, FEE 9lkm f4iT1IZ 100 m/s 2B A 2 MERAMBET S &
Noymotz (FPI TIIRIHARAEE),

6) L& 3)~5) L, EMTHICBWTHHRKL S 7 A LOBWEENFEETII L
T B,

L%, RFROBAUFAEZHABRTR = a—ll{b3 77 XvLhERK L DK ERY
OMNMIT DI ERLETH D,

B R
Cosgroves and Tsunoda, Geophys. Res. Lett., 29, 11, 2002.
Cosgroves and Tsunoda, J. Geophys. Res., 108(A7), 1283, doi:10.1029/2002JA009728, 2003.
Ogawa et al., J. Geophys. Res., 107(A10), 1275, doi:10.1029/2001JA900176, 2002.
Yamamoto et al., J. Geophys. Res., 69, 15943, 1991.
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MU L— & —QP = a— 2§ 5 5B EE
— Ry T =AY MR R —

MIEE., KBEE— (AKX STEBF). IuA #F (LK RASC)

1. IXCHIZ

HEEBMORRST 4+ v 7 ER (Bs) 1> TRET DLV —F—xza—DBEIILITL
IR 5 7=, #AWYI L —F—x 22— (QPE) LFFIN TV S (Yamamoto et al.,
1991), BUFHNC/2 5 EIL, Es ONEBIZFEET 3 5~20kn R 7 —/VDEFHLE (Ne) DFHE
NEMBETA-HDTHBILELOND (Ogawa et al., 2002), Ne DEBRHEDORE & L
T, BEZS2OREXRH D, — 2RI HEROBECTHEIREALER->TRET S
Kelvin-Helmholtz REHE (KHI) 2L ¥, EsPIC Ne DEBEEN TE B L W IZ|THD (e.g.,
Bernhaldt, 2002), b 9 —-2i3, MM OREEIZUENIFS Es BABHIRHET CREREI
Y, kB -BEFMICHEmERED Ne BRIBENHALCERTIEVIRTHD
(Cosgroves and Tsunoda, 2002, 2003), (& A YO QPEIFHEICBEITAZ LAHSNT
B0, EFEOBCITIMAN IV, LAML, QPE (Bs) REICBEIT2BELHY I,
N TMU U— & —{EFEE QP ma— L P ERKE) 28R, ZOHFER Es FEEH CTHHA
T A5 LIIEETH B,

Ede b KEx-FRICTH 272 Ne DBREMEIZE-> T x-FRICHEER (E) »HR4L
5k, BFREXB FYV 7 M5, BFFY 7 FRREIECTExXB OFA%ERL
(e.g., Yokoyama et al., 2004), ZD L o274 FY 7 FOFENRBREMNICETETENIZ,
TROBYMENIEF TEDZLIZRB, LML, V—F—BRAIFET»SELLOWNRLY

BUIMIHETTE RV, Eo, FERMFETIAERELH S,

ABEROBAMIL, QPE IZfolz, LEBDOLILRETFFY 7 MBFETEINE I EMW L
— B ESWTRETAZ L THD, ZOEDIZ, Bohizza—D Ry 77—2
R7 MNEFELIBHIT 5,

2. BBEHER

2002 SEBIMIC ERE S 7 SEEK-2 v o _R—iZB8MT B, MU L—F—D 12 ¥ —4
Z{E-7= E b FAL OBL80% 20024 7 H 31 BO&KIZ, /=5 E—A8H% 8 A 5 ADKIZ
FER L7 (BEFOBEANZSOWTIZ, MBEO/NIL M L— 5 —{E@EE QP = a— L PR
E12BROZ L), EMYAIEIL600m TH D, 12 E—ABRADOHD 4 £— L (beam5~bema8)
DIl & KA L beamb=(-9, 51), beamb=(-2,51), beam7=(4, 51), beam8=(10,52), 5t
— LMD FHL A & KTEAIX beaml=(-30,53) , beam2=(-15,51) , beam3=(0,51) .
beamd=(14, 53), beam5=(32, 58) T B, HE—.b L LAEEH 100kn THIERRE M EBATL
THY. EFFAl OBIICE L TW3,
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Echo Pewer July 31, 2002
=7 = 130

n - : 120 Baam S
110 iaz.zng-
100 -8,581
130
120 peama

e el .- e

g2

acopaiEs s

g 200F £ Beam 7
1e0f &5
: Boam B
B53e"

2240 | peal Time 2260

Beam 6 2238:61 LT 2238:36 LT 224Q:22 LT 224106 LT 2241:80LT 2242:34LT

180-150 o©
Velacity (m/s)

1 20024E7 H 31 BEIZW v —F—TRMEhi- (L) > a—EEORMEIL,
(*h) beam6 L 2238:51-2242:34LT WD Fy 75 —-ZA_2 rv, (F) BLKL.
2251:27-2255:07LTHIDO Ko 75— AT b,

2.1 #AF1 (200247 8 31 H)

7 A 31 A 2230-2300LT iZ 4 E— AT Ohcza—HMEDO L V-BFHEREZE 1 O LR
IZRT (Vo DI AEmENAE DR, 10~15 0AME K> PE IR E—LANGHE
v—Afd o TRMTOEER 140m/s THBEIL7- C REEHOEEIIIN LY LBV,
Zo0 Es BT L T 2 —IRIXiEE 100k & ENLATIZ2ME L THEL, fiiFOTa—
FAEEIIIEE TV, Zo0D QP a—BERIFICBIT A, (RREM & D) Beanb LD K v 75
—ZARI PVOBEECEZR 1 OPETIFT, ZhODENL, L PHEOPREBT,
FELADO Ry 75 —HEICBVWTIZODARY pAE—2 (" FTAE—-2") &FOZ
b, FTNE—7 ORENESBMEL THB eBohd, B, E (A) Oy 77
—I3fKEL(E (Ne ® irregularities) ML —#F—h b3 GE3<) EBE LTSI L
2R, £, Fy 7o —#EIXHE 100kn LLETIXEXBEFFY 7 biz% LV (ERY
—LICHARER).
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Electron Density Upral‘d

Doppler Spectrum  Enhancement

\
12 \K :
B 3
10
i S
8
=L\
AN
3
\/\'-f\x
Gate 1
VAN W——I——b
- +
Doppler Velocity S

MU Bea™

K2 E1OFBRERATIHNE, Wi hmoE-it (RE) 2&ir Ne 1§
MR L —F —E— Al Ao BRSNS, L V7B D Ry T
=AY hF A, PREEODRALY T TN E— 7 20,

AR MARFT TN =T RO EiL, L—F—E—LNIZ” toward” &” away” @
AHEREFRBFET D L 2R T D (—SiDLOBFHROBEII o INVE—7 2 Ff
D), BRFEREZBRIAT AR E K 2 12T 5, L—4F—0 beamb (b — L AR AS 2. 3°)
IR EMNTEY, ZOE =L fliliiix L > Y 165km (#HE 105km) 1233V T 6. Tkm |
Y95, ALTE-FE R AICEEDND Ne BUINAFIS IR - TARiE ) & & B & O 170 (5F)
DHHIIZFEET S (Bernhaldt, 2002; Cosgroves and Tsunoda, 2003; Yokoyama et al.,
2004), ZOWBHWEICIBMLTL—F—E—ANICA-TL AL, LYy IHF— ER 1~
12 ONOPRABEED S — b Tl K2DEKO LS T TN E—2 2o Ny 7T —AN
7 bV TE D, ZOYEA, Ne HINFONIZ L —F — b — Al L 0 b = L S
Thd FOBAEIIELR), K20k 574, ZERIICMANL LTz Ne BINGH L—F —E—
AERe RIS E, LIRS LRI L QPE BB END Z LItk b,

2.2 fBIE 2 (2002428 A 5 H)

8 A 5 AR DBMBNRERZ K 37T, MO/EES B —ATHLRT a—RED LY P (i
) —HEHIZE T, 90km DIAKFIEXRFF S QP = a3 —IE~BE L 7=, Beam5 T
2038:59-2041:40LT O Wi bz Fy 77— AR bALO@EELLEZTRT,
2039:28-2041: 11LT O], FMIERTE < R BICORTHML TV IED Ky 7T — b — 2 2%
RADKFy FF5—E—2IZBY, ZOE—27ffUdmEL L LI LTWS, Fy 7 F—



E— 27 DEMNLGA~DRMR Y ¥ o 7ORKILESE 99%n (HHWVME, LY 180km) %BL
IZLTHEFRFY 7 bOmENRBEITRET-0, LidExz< v,

Echo Power  August 5, 2002 - Baam 5 (az. z0)=(32, 58)
B ~ 200850-2035:14 LT  2035:28-2038431 LT 203557-204012L7

-200 . 200 -200 G -200 0 200
Velacity (mis) Velocity (m/s) Valocity {m/s)
2040.27- 204042 LT 204DS6-2041:11LT 204125-204140LT
o™i ‘:-".::_;‘.:“ : T

= BeamS (RLre)-(258) |
2010 2040 2080
Local Time

- 200 a 200 -200 J 00 200 0 : -
Valocty (mis) Velocity (mis) Velocity (mia)

3 200248 H 5 AICW L—#—TH#l &h /- (k) = o5 ORI 21k,
(H)beam5 L0 2038:59-2041:40LT D K w7 F—A <7 kb,

Elaciron Dansity
Enhancement

Dopplar Spectrum
5 —1[
S
5 .-.‘ n
4 - 10
| 4 ) "E 3 . 9
N_
2 _i\
] -
Gam 1 7 .
- e N
e "~

Dappi;r v-a!ncuy

4 HM30FREHRPT LA, BV moE-i (KE) & Ne 10
R L —F—bE—AlICAoT=EEICHFEINS, EL oy —hNoBias Ky 73
—ART FF L, =6 E8DMWTALY PLOE— 7 BIENLAICHIET S,
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X 3 oM Z R SR Z K 4 (28T 5, BT RIZETS Ne {4 OREIZ
idEm & L igmE OB Tk (KE) BFET D, ZOHEBEICBEH L TlEREnEOL—4
—E—LPICA-TL B¢, HRPEDLYPH— P TRy T F—ART b AOE—I RN
RERENORERAISHIET D22 LBWFTE S, ZDHAE, Ne WMFFOBEIZL—F —
E—AEE D BEWI ERLETHD (FEOBEITE, B2 0L E—2ILe5
TENTREND), W4 IZRTE D% Ne IIELRW DBIEELTHFEL, Ihbhv
—H—E—LAERA EHYIA L, B 3ITRENTWA L ST, AL LTV QPE A3
IndT Litied,

2.3 QP == o —lk N O PRI i

[% 3 tH D beamb (ZF VT, #HHEE 90-100km (81T B 2028-2035LT D QP =zt — DN I
INAT— N D 2 =BG EN TN D, 2028:43LTICEBITD Ky 7 F—AR7 b A Z[H
51T 5, ZORMNG, LTV HOBEN 2~5km ($HIEIE R T 1~2km) O INIOOHE
WHRRAD, L—F—E—ALOKEMN 58°, WEEND E—LMEN 4.5°, L Pofifhk
23 600m CThdH I LaBWMT DL, ZOWMEDFEBAKFEDHNEREI SIS D H AT
EFTHEIcLD, EIREAAR,

2028:43 LT August 5, 2002
T S MY TRl WA S T

202843 - 202858 LT
August 5, 2002
Boam 5 (sz. zo)=(32, 58)

Boam 5 (az zo)=(32, 58)
TSR A i T iy Y P 1 11

HLE A YIR DA IRA] (4
l“' ‘. .'I

Neoisa Level

-0 28048

200 ’ o Max Power
bl “ 70.0 0B

LY

I8
8
Altitude (km)

SNR (a8)

100
B
1

1505

542
48.0
43.7
335
332

28.0

5 200248 A 5 A 2028:43LT I b Ny ST —AXR7 R T A,

X 6 RSN TWVWD L2 VIR OMHMREE 2SN 28R E2 M 6 1237, Kicid, Es
D Ne BIINBRIC ARG U 72 K & 220 BE e irregularities (FAD)BEDSTE(E L, Z 0 FAT N
[T A = LS 2~Bkm O /NBIEE FAT B3 75 L TWO B IR0l TV B, = o/ b
FAL SR DAERRIZIX 24y, THEE (AGW) AHE L TWADTHA D,

3. FLHLiltin

—154 -



South North
[k o

X6 [X5 0> FAT i 2 W 28X, 5928 < Es PIZ K& 72 FAT Rk
BAFEL, ZOHREMONS R FATHEERS TR TWD, T/ &7 FAT #iEY
A (AGW) THERREh S,

HEHMOM L—F—E G FALBRICHON o a—D Ry 75 —2ART 2RI
FRAT L 7 I il ) Th B,

) PEROBFRLYIalb—rarhb TFHENEPBER L ZTNIMES>BEFFY 7 b
K- 2 WL Al D Z M43 )8 TRBAICEFE S =, LaL, 2Ok 5 enEEs (6
T RUZF) B4EREN5EFE KHL HD WL Es BHOAREE) 2458 5HNT 52
LiIxTERY, WERE L, 2 EAITRT IRy —R I ES,

2) PEEMLMOENT VA QP = a—IRPICITE S IT/NEED QP — 2 —4#i (MR —
NV 2~5km) BNEEINTVWAEZEZHDTHLNTI L, ZOZ T, xR Fr— -
JEAID AGW 23 FAT OARRICE L TWA Z L &2 5R-Ed 5,

3) Uk X BB RE, o —alE OKE@mAN 2.3°, FEE@HN 4.5°) L@ v
ToIRRRE (600m) ZFFOMU L— X —TOHZARETH D, KEL—LENREL DL, K2
4 Lo [HbigiE) 20T 52 LIIARMRETH Y, T, ERITFEHOROT-HIZ
Ko 7G5 —AR7 MDD TNE—7 2T A L LRETH S,

2% ik
Bernhaldt, J. Atmos. Solar-Terr. Phys., 64, 1487, 2002.
Cosgroves and Tsunoda, Geophys. Res. Lett., 29, 11, 2002.
Cosgroves and Tsunoda, J. Geophys. Res., 108(A7), 1283, doi:10.1029/2002JA009728, 2003.
Ogawa et al., J. Geophys. Res., 107(A10), 1275, doi:10.1029/2001JA900176, 2002.
Yamamoto et al., J. Geophys. Res., 69, 15,943-15,949, 1991.
Yokoyama et al., J. Geophys. Res., in press, 2004.

=165=



MU LV—¥—Z2 B BEEE FAI D8 F v v 2 VT ¥

g
WEREATTFLAT
WA @, AA HEA
HERFHEHBBEREL v ¥ —

1 HREEHN

HhREEME EFIRICE3RBNIR T I X=4
L¥27 YT 4(FA) . BN AR I F4v 7 E
BicftoTRET S I LFIoh TV 5, 1991 FRIS
Yamamoto et al. (1991) IZ & > THRRE Z h /1R
(QP) X2 —i%. Range-Time-Intensity (RTI) & ¢
HEALHROMEERL., T2 —HKEH5~10 57
RAMcEBERHIET,

QP T a—L¥ LD & 5 LR EMN LIRS F
ETB3DDIC2UTRINE TR 2DDEFH
REBENTE, BUEEHLEET VIR 22T 5,
—20k, E; BRADTE—MGEIC & b BR Stk
BT & DBNRICIR> TRREFHEIEL, 20
£ LY — - DBRAGINCBUT 5 L
£-TQP X 2 -V ES B L) b T
$ %, (Maruyama et al., 2000; Ogawa et al., 2002)
358 T 2 L —2 a3~ (Yokoyama et al., 2003a,b)
XY E, BADOTRE—HEC & b Ak &
., BHMICIB> TAREFIRAIBIRE NS 5 2 LAt
mENRTVS, =K T, FEEFURIE E, BRI S
0T, DM LRI T B ELAHIAR
DIEMY 2H > Lick b, QP OBHRMRLH R
Effoh 3 & § 38 (Hysell and Burcham, 2000) %
HEL T3, HEE. Clemson Radar % fv>7- i
(Hysell and Burcham, 2000). Chung-Li Radar %}l
V372l (Wan and Chu, 2001) T2 i —EFE%
RELNOL—F—E—LZHY)> T RLEFIE
PRI TS, £, 2002 FFicfrbis: SEEK-
2BHF v A=V izKiF 5 L — ¥~ (Saito et
al,, 2004) Tit, L —%—DHIR L EHBDITR SR

kDL a—DHUMIZE>THELL vy OMR
DRIZE Y, IBIF-EBEERL L6 KBS
THERLEFIEM R LOBEELEEDHLT
WA RSt

Lil, chsoBficHuwonlL—¥—izse
TMU L= —ICEREHATH D E—LEDIA,
E— A MU L= —i2BWwT, FEEFIR
DM OKEAFRNDIEHD T, BA i EEE 30 km
UEicbH3 QP 2 a— DRSS SATE 25
EIyhRAWTIREY, COMEHSHICTED,
SEEK-2 ¥ v v R— it BWTHHEhBIEMU L —
Y=L MBRENLTHAE 277471 —
%'— (Lower Thermosphere Profiler Radar; LTPR)
EMUL—%—LtEHWT QP 3 —DRFBTEH
BaEfF -1,

2 A&

HEDOMUL—F—L RFAIBVTIE, ZEF~
YEANEDBAICBRONT W B O TUHBNEZFS
o7 v 7 rROERAFEMNR O N, FicSERE
HNokv—%—g A=Yy 7Rl %155 Lo
BoTwl, APFETR, kO MU L —F—> R
FLERGT82DREF v+ v 2 A E2FH>HMEIR
B AT LEMELE,

BLICRT LIS, MUV—F =L ATFLDET
vi+ir oD IF E% (WLRBE 5 MHz) % PC
IS L 72 AD BHE— F 2RV THERET 5,
F=REMAB:, 7vFLLVFTART7LLSY
ZiiL7: LTy 7)) v TR 1.04usec TF—F %
IR U 72, ARRER > o — {2443 100 Hz LIT DIty

—-156-



1// - MUR system
Byt
/ﬁ5+ RER.

Toggee (MUR IPI)
ADC [: e

Ext Clock (Sync with MUR)
c %

E1: MULV—%—8F+ 2N BRARIMSMS A5 4
DS

HIRICHETET 278, CO#EIC L > TS 2
I tidhwn, BEnF—2id9E&Y 77
Tk DR EZRT, BFr /2N TEIINRT—
ARV MV, EF ¥ RANEAD 7T ARRY P LD
HBHxhz, 2B, 7)o SHREZREL.
FLBYLET Y FIALYTRA74NVI2BIRTSHZ
Lickbh, MU V—¥—DAROBIBIERA~ENT 5
ZELAHETH B,

3 &

20034 7H1 7-18HD 2Mich i b, R
AT LRBEMLIMUL—%—¢ LTPRICK 3 QP
I a—QRETFHHENEZfi>, WL—7—D§
BRI A=FERIIRT, MU L—F—Ti3 2l
EFHOWTEE L. B2k T s 2w TR{E21r>
7o LTPR T, £7 v FFE2HWTGEEL, 6 4
D7 vFrEMWTRB 2ok, MUL—¥—L
LTPR O#EBE — LAz ZHFh, -10° XF-9.4°
(Bder B3R O AREIE) L L,

2003ETH1I7TH, ISAD 2HOBMDI S, 7
A 18 A® 2301JST & 7 F1 19 Fl 0007JST ixH ¥
T, ljiv—F—Tra—slishr, ljL—5—
DX 3—EE (R4 MR 3) 12, Bo i orsEHst
10-15 km 2 & ¥ b, BN 2820 LT
27 <. BN QP 2o —0RE 22 b0 Tk
drot, UL, hEukds LTHROMEEL A
s (B4, L v ¥ 17dkm fHE, 2320JST ), <
0o 220 RTIRIE, Ly INfRiEn%E (MU L—
#—: 600 m. LTPR: 1.5km) 12X 3 %13H5HD

MUR LTPR
I15P2:4 46.5 MHz 31.57 MHz
R 1 1 MW 20 kW
E— AL -10° -9.4°
2RV R B 4 ps 10 ps
Z:R SYTNIULR 16-bit
AaVIYV AT
IPP 4 ms 4 ms
RECHH 8 6

21 B8RRI A—-H

D, IS E APV Y - BHEERL, O
Kz FitEiotEEz VTRV RV DD, L—
F—MHDKMN, BEOKN, RBEHRDOBVIZHID
H6F, AL AEEFIRZBHL T 52 L 28
¥¢3, 22T, chH6D2ODORIZEWT, LV
SHICOTh A7y PRGN B, Zhid
fIMZE A7 LADEERMORIEFRICL S HD
ThHEEEZIOND,

RiZ, MUL—Y—D8HDILAHDT—F %
HMoT Tt fiot, Ta—0FEKMBLL Y
Jick b 3xuMcza—DENREXINS, R
R LI—DIRTHGERES RS, 22—D
RO N AILIZEMU L= —DE— AR
HWLTED, BARICHI &z a2—DR34 bR
o,

—7 LTPR OF3LRRF Cig, 2a—ofEosn
£l MU L — & — ISR TIERIC IR WIS A A3
Tw: (6), chOxa—DFHhiDIEHD ik LTPR
DA — 208 (10°) 2RESHEATHS I LD
M3, THOx =34z, SEEK-2 B{Hl¥ v _—
YCBWTLTPRIC K - THRllE N 22— DBk
A EBBIL T35, SRIMUL—F—itk»
TR I Nz a—DREWI & 13— L v, JE
Wik (Bl RTI X% %4 MU L—#%—& LTPR
Dxra—H, 2NFNOTFHHTF—I2RHV2 LR
ot 2EnhiE R TARTHATSH 5,

-157-




¥ 5 MU L—4%—TFEitTtRDZ-xa—DfED
B 2: MU L—%"—® 8 F v ¥ 2L FHIHRIIC - KPS (). RO E— AL AR L 7Bl
T IR fti (b), MKIDFARLEE E—LDW%E, BRIz L—
Y — DR L REDBRDITL T B MR,

X 3: 2003 4F 7 J1 18 HO X 2 — il (MU L —4%"—,
F3 )

LTPR Shigaraki-N July I8, 2003
Signal-to-Noise Ratio

: R
' |
| jmg
g 1l 4
% SR Em.g
3 i I
o nl i -:_.n(: f:
LR 1N 4 6: LTPR @ x 2 —OFHM 54, KihofEom
- (2 10° T K%, AFIZEE 100 km TL —

Isr

5 — DB L BB T B H %R T,

X 4: 2003 7 7 /1 18 H® = 2 — i (LTPR)

= 108~



4 FEHESBROEE

SEOHE T, MU L—4%—& LTPR Z2HW T
MEEENE E FUR FAI ORI TN 215> 7.
MU L—=#—izBWTid, fIMREL A7 o2/
T, 91D 8 F v v A AT E -7, 2003
78 18 HOWRICH L — ¥ —T FAI o — R X
Nz, TOXI—3HBALE QP 2 a—Tlihd -
745, WL — ¥ —TRo X a—HEED RTI K.
VUSHREDXEICE BEREBVLTEMLELD
Thot, L L., BTtz TRE
LEzxa—EMEHS iz, WL —F—ick->TKE
CRL250TCHo1, MUL—F—Tit, xa—
DAHIZTEBE—LHICBONTE Y, 2o
TRARICIRS L eahbRons, —# LTPR
Tit. Alcmc 300 B EichiahEwfiilichz-
TXa—-MaH LT, ZEEBL - RTIRHR
RAEHNPAHEZ OO I—HrSEONZDDOMR
RIZSDLEIATEHTH 3,

SEIZEMZ TBHBTOERDOAEZRL 7258,
MUL—%—D8F v 2 LBREDOHHEENL
A XR= TR ETT, X a—OZEHIE % I
T2, LTPRIZEBWT H 4 A= v VRRHTIZT
HETH 20T, Fkic -G E2 <. MU
V—=F—DbDEHBL v, £/, SEBAHNEN
RXa—RRENEQP LI—tRFALVHDT
Hot:, MEF v 2NEHHMU L—F—DiEA
HREE LCRlBEE &5 MU L — ¥ —3({LBR X 7
LEHOTSE L AROBIEZ QP ta—ic L T
fivs, QP 2 a—DEREHL CHS T L 12V,

SE

Hysell, D. L. and J. D. Burcham, The 30-MHz
radar interferometer studies of midlatitude E re-
gion irreguralities, J. Geophys. Res., 105, 12797
12812, 2000.

Maruyama, T., S. Fukao, and M. Yamamoto,
A possible mechanism for echo striation genera-

tion of radar backscatter from midlatitude spo-
radic E, Radio Sci., 35, 1155-1164, 2000.

Ogawa T., O. Takahashi, Y. Otsuka, K.
Nozaki, M. Yamamoto, and K. Kita, Simul-
taneous middle and upper atmosphere radar and
ionospheric sounder observations of midlatitude
E region irregularities and sporadic E layer, J.
Geophys. Res., 107, SIA 3-1, 2002

Saito, S., M. Marumoto, M. Yamamoto and
R. T. Tsunoda, Radar observations of field-
aligned plasma irregularities in the SEEK-2 cam-
paign, to be submitted to Ann. Geopys., 2004.

Yamamoto, M., S. Fukao, R. F. Woodman,
T. Ogawa, T. Tsuda, and S. Kato, Mid-
latitude E region field-aligned irregularities ob-
served with the MU radar, J. Geophys. Res., 96,
15943-15949, 1991.

Wan, C.-H. and Y.-H. Chu, nterferometry in-
vestigations of blob-like sporadic E plasma irreg-
ularity using the Chung-Li VHF radar, J. Atmos.
Solar-Terr. Phys., 63, 123-133, 2001

Yokoyama, T., M. Yamamoto, and S. Fukao,
Computer simulation of polarization electric
fields as a source of midlatitude field-aligned ir-
regularities, J. Geophys. Res., 108, SIA 2-1,
2003.

Yokoyama, T., M. Yamamoto, S. Fukao, and
R. B. Cosgrove, 3-D simulation on generation
of polarization electric field in the midlatitude
E-region ionosphere, J. Geophys. Res., in press,
2003b.

- 159 -



Parameter Estimation of Meteors from Radar Head Echoes Combined with
Optical Observations

T. Sato (Kyoto University), S. Tsutsumi (NTT Data Co.), T. Nakamura (Kyoto University), and
M. Nishio (The University of Tokushima)

1 Introduction

Meteor events were studied mostly from viewpoints of
space science and geoscience in the past. Recently, how-
ever, collisions of meteors with spacecraft have been recog-
nized as a more practical issue of space environment prob-
lem since the Leonid meteor shower in 1998.

Compared to artificial space debris, which is the most
typical source of threat in the space, majority of meteors
have several orders of smaller mass. However, the velocity
of fast meteors is almost one order higher than that of arti-
ficial objects in the low earth orbit. The associated kinetic
energy of such meteors is thus about two orders larger than
the artificial objects of equal mass. Since individual meteor
event is unpredictable, statistical study is required to make
quantitative assessment of possible impacts, whose key pa-
rameters are the mass and velocity.

While the velocity can be directly measured with radar
observations, mass is more difficult to estimate. Meteor
events have been extensively studied with optical observa-
tions. The absolute visual magnitude M of a meteor is re-
lated to the optical radiation I, which is called luminosity,
in the wavelength of 450570 nm by (Opik, 1958)

M=68-25logl . (1)

As I is considered to be proportional to loss rate of kinetic
energy, it can be expressed as (Whipple, 1938; Opik, 1955)

I= —1702%

PR TR @
where m,, is the mass of the meteor body, T is a coefficient
called luminous efficiency, and v is the velocity. From these
equations, the initial mass of the meteor before entering the
atmosphere is estimated by integrating the mass loss rate as

to
me = 20—2T—1102.72—0.4ﬂfdt ,
~00

G)

where ¢, is the time when the metcor vanishes.

The luminous efficiency r is the most difficult parame-
ter to determine, and various empirical formulae have been
proposed (Verniani and Hawkins, 1964; Ayers et al., 1970;
Ceplecha et al., 1998). We call the mass estimated by this
method as “optical mass” in this paper.

An alternate method of estimating the mass of a meteor
body is to use its deceleration due to atmospheric drag. The
atmospheric drag force is given by (Bronshten, 1983)

md%’:- = —I‘Spv2 s

where mq is the mass of a meteor body (hereafter referred
to as “dynamical mass” in contrast to the optical mass), T

S

is the drag coefficient, S is the head cross section, and p is
the atmospheric density. The drag coefficient is set to 1 for
altitude of above about 90 km, where the mean free path
between atmospheric molecules is usually much larger than
the size of the meteor body. Assuming a spherical shape for
the meteor body, the dynamical mass is expressed as

Aa I\3 pa vs
. d_v) 3’
po ( ai

where A is the shape factor, which is =/ (37)%/° = 1.21
for a sphere, and py is the density of the meteor body. If we
give the density parameters, we can estimate the dynamical
mass based on v and dv/dt derived from radar observations.
Mathews et al. (2001) assumed po = 3 x 10%kg/m®, and
used MSISE-90 atmospheric model for g in estimating the
mass from Arecibo radar data.

We have developed a high-sensitivity combined radar-
optical system consisting of the MU radar, which is a high-
power VHF Doppler radar, and an ICCD video camera for
the purpose of studying velocity and mass distributions of
faint meteors (Sato et al,, 2000; Nishimura et al., 2001). By
combining the visual magnitude by the video camera with
the velocity and orbit data obtained by the radar, we can es-
timate the optical mass. As our precise radar measurements
also provide the deceleration due to atmospheric drag, it
is possible to estimate the dynamical mass simultancously.
Here we present the result of these estimates, and compare
the two methods. In order to cope with a large discrepancy
found between the two estimates, we develop an empirical
model which takes the effect of emitted gas during abla-
tion process into account. Finally, we propose an empirical
formula that gives the mass estimates which agree with the
optical mass using only the radar data.

)

my =

2 Radar Observations

The radar observation is made with the MU (Middle and
Upper Atmosphere) radar of Kyoto University. It is a large
atmospheric radar with a flexible active phased array an-
tenna consisting of 475 Yagi-Uda antennas (Fukao et al,,
1985a,b). Its main parameters are summarized in Table 1.
The antenna array consists of 25 groups of hexagonal
sub-array with 19 crossed 3-element Yagi antennas. A
transmit/receive module is connected to each Yagi antenna.
On reception, RF signal of 46.5 MHz is converted to IF
of 5 MHz at each module, and the output of 19 modules
are combined at each group. Combined IF signals from 25
groups are sent to the control building, divided for 4 receiver
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Table 1: Basic parameter of the MU radar.

Parameter Value
Location Shigaraki, Shiga, Japan
(34.85°N, 136.10°E)
Radar system monostatic pulse radar
Operational frequency  46.5 MHz
Antenna circular array of 475 crossed Yagi's
aperture 8330 m? (103 m in diameter)
beam width 3.6° (one way)
steerability steering is completed in each IPP
beam directions 1657; 0°-30° off zenith angle
polarizations linear and circular
Transmitter 475 solid state amplificrs
peak power 1 MW (maximum)
average power 50 kW (duty ratio 5%) (maximum)
bandwidth 1.65 MHz (maximum)
(pulse width: 1-512 us variable)
Range resolution 150 m

channels. Each receiver can select and combine output from
25 groups at an arbitrary selection.

In order to detect weak meteor head echoes at a range
of about 100 km, it is advantageous to use a long pulse of
more than 100us, which has a narrow bandwidth of less
than 10 kHz. The pulse width used in this observation is
256us, whose bandwidth is 4 kHz. On the contrary, the
large Doppler shift of 22 kHz corresponding to the imping-
ing velocity of 72 km/s does not allow the integration over
the entire pulse width. We thus sample the received sig-
nal at a rate of 8 us, take a series of 32 samples corre-
sponding to the pulse width starting from each sample, and
then take its Fourier transform of each series to obtain a
Doppler power spectrum of the echo at that range sample
(Sato et al., 2000). This process is equivalent to use 32 re-
ceivers of 4 kHz bandwidth with staggered center frequen-
cies at 4 kHz interval, and thus is called Doppler pulse com-
pression. Fig. 1 schematically shows the principle and data
flow of this procedure. The pulses are transmitted at a fixed
interval of 5.12 ms, using the maximum duty cycle of 5%
of the transmitter.

In this study, we employed a radio interferometry for a
precise orbit determinations of meteors with the MU radar
(Nishimura et al., 2001). By making use of 4 output chan-
nels available for the MU radar, we configured the radio
interferometry with 4 sets of sub-arrays, each of which con-
sists of 7 antenna groups. The transmission is made using
the entire array with half-power beamwidth of 3.7°, while
the receiving sub-array has the beamwidth of 8.0°. Figure
2 shows the shapes of the sub-arrays. The centers of the
sub-arrays A, B and C constitute an equilateral triangle and
the center of the sub-array D is located at the center of the
triangle. The distance of A, B and C is 34.0 m, and that of
D and other three is 19.6 m.

Directions of targets are calculated from phase differ-
ences of echoes between two sub-amrays and the bascline
length which corresponds to the length between the centers

(m) N
60 v v v
w0}
20
Wo
-20

-40

-60 -40 -20 20 40

wno

Figure 2: Configuration of sub-arrays. Thin solid lines sep-
arate 25 antenna groups, and black hexagons indicate the
center of gravity of each sub-array.

of the two sub-arrays. A two-dimensional determination
of directions requires at least two independent phase differ-
ences which are calculated from three independent receiver
outputs. We use the outputs of sub-arrays A, B and C for
this purpose.

3 Optical Observations

We developed a high-sensitive video camera system with
an image intensified CCD (ICCD) for simultaneous meteor
observations with the MU radar (Nishimura et al., 2001).
In contrast to conventional optical observations of meteors,
our radar field of view is limited to about an angle of 6 ° due
to the beamwidth of the MU radar. On the other hand, a
very high sensitivity of the MU radar requires that optical
observations also have a sensitivity as high as possible. We
thus designed our system to achieve sensitivity by limiting
the field of view to about 10°.

The camera system consists of a primary lens for 35 mm
size camera, ICCD camera unitand video recorder of NTSC
signal. In the ICCD camera unit (C5909-12, Hamamatsu),
two stages of MCP (Micro Channel Plate) intensifies an im-
age collected by the primary lens and then it is transfered
to the CCD chip through a tapering fiber with a reduction
ratio of 2:1. The photocathode of GaAs is sensitive to a
wavelength between 370 and 920 nm, with an image size of
12.8 mm x 9.6 mm. Comparing with a conventional system
with a single image intensifier used in the previous coopera-
tive observations with the MU radar (Fujiwara et al., 1998),
its sensitivity is improved by two orders of magnitudes. A
small distortion (less than 1 %) with a fiber coupling enables
accurate measurement of meteor directions relative to the
background stars. Comparisons between tracks of meteors
observed by both the radar and the vidco systems therefore
provide a measure for the absolute accuracy of directions
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Doppler Frequency

Figure 1: Principle of Doppler pulse compression.

Table 2: Observation date and number of detected meteors.

YearMonth Day Time Period Number
(JST) (min)

2000 5 28 00:03-03:25 80 1

2001 5 12/13 22:24-01:30 84 3

2001 5 13/14 23:30-04:05 106 4

2001 11 21  01:16-05:59 262 26

2002 8 14 01:06-03:37 74 10

determined by the radar, which is about 0.5°. In our cur-
rent experiment, we utilized a primary lens of f=85 mm and
F=1.4 (Nikkor), which produces the field of view of 7.5° x
5.7° in the ICCD camera unit.

In order to synchronize the video data with the radar
within an accuracy of the frame interval of 1/30 sec, the
clock data generated by a GPS receiver is inserted into each
frame of the video output. The timing of the radar is also
controlled with a GPS receiver.

4 Results

We have tried several experiments for simultaneous obser-
vations with the instruments described in previous sections.
While the radar observations can be made automatically,
optical measurements are naturally limited by weather con-
ditions. Table 2 summarizes the date and number of de-
tected meteors of successful collaborative observations with
the radar and the video camera.

The radar observations are alternately switched between
the head echo mode and the trail echo mode, which mea-
sures the background wind velocity using coherent echoes
from the meteor trails. Thus only parts of the observation
time indicated by “period” in the table are devoted to the
head echo observations. The total number of meteors ob-
served by the MU radar during the entire period with at least
20 pulse samples (=102.4 ms) detected with SNR of more
than 15dB is 1357 cases. However, rather few cases among
these are also detected by the video camera for the same
time and direction, mainly due to lower sensitivity of the

video camera to faint meteors. The “number” in the table
shows these events with simultaneous observations. None
of these cases has the source direction identified as known
group meteors, so that they are regarded as sporadic mete-
ors.

As the instantaneous position of each meteor is deter-
mined by the interferometry technique, the received echo
power can be compensated for the antenna gain reduction
from its peak value at the center of the beam. The data
points are climinated from further analysis when this com-
pensation is larger than 20 dB.

By combining the direction and the range determined for
each pulse, the trajectory of the meteor can be deduced. It
is fitted to a straight line assuming that the direction of the
meteor does not change while traversing the radar beam.
The instantaneous velocity and the deceleration along this
line is computed by projecting the radial velocity and its
first derivative, respectively, determined from the Doppler
shift of the echo. In order to reduce random errors in the
estimated Doppler shift, the radial velocity for each data
point is determined by fitting a second order polynomial to
n/2 data points centered at that point weighted by the echo
power, where n is the number of data points that satisfies the
condition mentioned above. The first derivative of the radial
velocity is also determined by this fitting, and a moving av-
erage of 7 adjacent points (=35.8 ms) is taken to adjust to
the time resolution of 33.3 ms of the video data.

Fig. 3 shows the relation of the radar echo power and
the absolute visual magnitude from the video observations.
Each symbol represents the value deduced from a frame of
the video data and the radar data averaged for the same pe-
riod. The echo power is expressed in terms of an arbitrary
scale after compensations for the antenna gain reduction
and for the range dependence by normalizing to the value
at a range of 100 km. The background noise level is around
50dB in this scale. As there is no absolute calibration for the
MU radar, we did not try to present the echo power in terms
of the radar cross section. The solid line is a linear regres-
sion for the radar echo power in a logarithmic scale with the
absolute magnitude of the optical data, and is expressed as

P=—56M+129.3 (6)
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Figure 3: Relation of the radar echo power and the absolute
visual magnitude for simultaneous observations. The solid
and the dotted lines show linear regression of the current
data, and that for Nishimura et al. (2001), respectively.

where P is the echo power in dB.

The dashed line is a similar regression line given by
Nishimura et al. (2001), but for 28 meteor events using the
peak echo power and the peak visual magnitude for each
event, because no precise synchronization at a frame rate
was available at that time. Their line is given by

P=-36M+1134 . @)
The slightly steeper slope of the current fitting is mainly
due to a bright event with the echo power above 105dB, and
may not be statistically significant.

The correlation between the two parameters is apparently
poorer than the previous comparison based on the peak val-
ues. It should be noted that an especially large variation of
the echo power ranging from 70dB to 100dB exists for a
rather limited range of the visual magnitude of 6.7 to 8.0.

We investigated the reason of this large scatter by exam-
ining the temporal variation of each meteor event. Fig. 4
shows a typical example of the time history of meteor
events. While the visual magnitude varies smoothly in time,
an abrupt decrease of about 15-20dB is found at around
95 ms. It should be noted that all of the echo power data
after this drop are still more than 20dB higher than the
noise level, and thus significant. Similar decrease in the
range of 10-20dB was found in 21 cases out of 44 observed
cases (Nishio et al., 2002). As those cases without such
decrease include at least several cases with short durations,
with which it is difficult to judge such tendency, the occur-
rence provability is higher than half.

One of plausible mechanisms for such an abrupt decrease
in the radar echo power is the transition from overdense to
underdense echoes. If the maximum electron density of the
plasma surrounding a meteor body is higher than the criti-
cal plasma density, a total reflection occurs at a point where
the radar frequency matches the plasma frequency. In the
process of ablation, it is expected that the maximum elec-
tron density around the meteor body decreases after most
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Figure 4: An example of the temporal variation of the radar
echo power and the absolute visual magnitude.

of the meteor body is ablated, so that a transition from total
reflection to scattering by individual electrons should occur.

It has been argued that the total reflection cannot take
place for a sphere smaller than the radar wavelength be-
cause the plasma is a poorly conducting medium whose
skin depth is comparable to the wavelength. However, from
Maxwell’s equation and the equation of motion, it can be
readily derived that the net effect of the plasma is expressed
in terms of the effective dielectric constant (Collin, 1985),
which is given by

—F ®)

where w is the angular frequency of the radar, wp is the
plasma frequency, and v is the collision frequency. As
the effect of collision can be neglected for our case of in-
terest, the plasma surrounding a meteor body should not
be considered as a conductive medium, but as a dielectric
one. In this case, reflection occurs at the outer boundary
regardless of its size. Another question is that whether the
plasma can be expressed in terms of macroscopic parame-
ters such as the dielectric constant. For the situation where
the plasma frequency is equal to the radar frequency of
46.5 MHz, the mean distance between electrons is on the
order of 10™° m. We can thus safely regard the plasma as
a continuous medium for the size of the order of the wave-
length.

If we assume a spherical plasma whose radius 7 is suf-
ficiently smaller than the radar wavelength A, its scattering
cross section in the overdense region o, is expressed as

1447578
Ty — T -

&)
For the underdense case the scattering cross section of a
uniform sphere with a constant electron density is given by

(10)

4 ;
cu = (s7r°N)2o, ,
3
where N is the electron density, and ¢, = 1.0 x 10~ *%m?
is the scattering cross section of an electron.
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When the transition from the overdense to the underdense
plasmas takes place, the plasma frequency should be equal
to the radar frequency. With the corresponding critical elec-
tron density of N = 2.7 x 10'3m =3, the ratio of the echo
power associated with the transition is given by

To _ 8172
7. MN2g,

Although this model of constant electron density is appar-
ently too much simplified for a quantitative estimate, the
predicted difference of the echo power is in good agreement
with our observation, which shows a difference of 10-20dB.

This result suggests that a care must be taken in compar-
ing the radar echo power with the visual magnitude because
the echo power shows a difference of more than 10dB de-
pending on the regime of scattering. It will be safe to con-
sider only those cases with a clear drop of the echo power,
and select the points before the drop.

~19.9(=13.0dB) .  (11)

5 A Comparison of Mass Estimates

Based on the data described in the previous section we can
estimate the optical mass using Eq. 3, and also the dynami-
cal mass using Eq. 5. While Eq. 3 gives the initial mass be-
fore the meteor body enters the atmosphere, instantancous
mass can be estimated by changing the start point of the
integration to the given time.

In order to apply Eq. 3, it is required that the vanishing
point is within the ficld of view of the video camera. Also,
in some cases radar data are not available at the vanishing
point because the radar has a narrower field of view than the
video camera. Among 44 events shown in Table 2, 21 cases
are found suitable for the mass estimate from this aspect.
Three cases are further rejected because the deceleration is
smaller than that expected from the random error of the ve-
locity estimates. Two other cases are rejected because of
a large discrepancy between the direction of arrival by the
radar and the video camera, which is probably due to too
small number of data points in the optical observation. As a
result, we succeeded to estimate the mass via the two meth-
ods for 16 meteor events.

For the value of the luminous efficiency 7 in Eq. 3, we
use an expression

(12)

where 7o = 10~1°, which is a simplified form of that pro-
posed by Verniani and Hawkins (1964). The significance of
this formula will be discussed later.

Fig. 5 compares the height variation of the optical and
the dynamical mass estimates for thesc 16 cascs. The hor-
izontal axis is drawn from right to left in order to indicate
the time progression rightward. The necessary parameters
other than the observed ones are the same as those shown in
the introduction, except that atmospheric density p is taken
from CIRA 1986 model, which takes the scasonal and lati-
tudinal variations into account.

The optical mass estimates fall in the range of 10~*-
10~% kg, and naturally decrease as height decreases. On

T =Tov ,

the other hand, the dynamical mass estimates range between
10-7-10"!2 kg. The average difference of the two mass es-
timates is 57.9 dB, or 6.1 x 10° times. The dynamical mass
also shows a strange behavior of increasing with decreasing
height for almost all cases. Apparently there is no physi-
cal explanation for such tendency. Here we investigate the
possible explanations for these discrepancics.

We first examine the accuracy of observed values. The
direction of each observed point is calibrated by the video
data, which is further calibrated by background stars, and
has an accuracy of less than 0.03°. The accuracy of range
is evaluated by the residual of the polynomial fitting to be
less than 200 m, although the possibility of an offset error
cannot be excluded. The accuracy of velocity is also exam-
ined by Nishimunra et al. (2001) to be about 200 mv/s. These
errors are negligible in assessing the discrepancy of orders.

A much larger error is expected to arise from the esti-
mate of the deceleration rate, considering that the dynami-
cal mass is proportional to its cube. As shown in the previ-
ous section, the deceleration is computed by locally fitting
second order polynomials to the time series of velocity. For
a typical case of using 20 points (=100 ms) in the fitting,
the expected random error in the deceleration is 1.5 km/s?.
It is not necessarily small compared to the observed decel-
eration, whose typical value at the height of 110 km is 5-
10 km/s2, but it does not affect the order of mass estimate
below this height.

As for the optical observations, the largest error of the
observed parameters is in the luminosity. Its accuracy can
be estimated by comparing the observed luminosity of the
known stars with the star catalog, and the standard deviation
of our observations is found to be 0.6 magnitude on average.
Its contribution to the error in estimating the optical mass
using Eq. 3 is 74% for a typical meteor of 8 magnitude with
60 kmys.

We have seen that the errors in our observations can-
not explain the large discrepancy existing in Fig. 5. It is
thus necessary to examine the models and the values of the
model parameters. Clearly, the only parameter of question
in deriving the optical mass is the luminous efficiency
since all of the difficulty is concentrated into this single pa-
rameter. Despite an intensive studies, it is still not a well
understood parameter (Veriani and Hawkins, 1964; Ayers
et al., 1970; Ceplecha et al., 1998). While the values de-
termined from artificial meteors are limited to low velocity
cascs, other estimates are based on observations of large
fireballs.

There has been no reliable estimates of T appropriate for
our current casc of fast and faint meteors. It is thus possible
to take an option of attributing the observed discrepancy
to this parameter. In this case, we may conclude that the
luminous efficiency is 6.1 x 10° times higher than the values
given by Eq. 12. Although there is no concrete reason to
exclude it, we need to carefully examine other possibilities.
We examine the model used to derive the dynamical mass
in the next section as one of possible explanations.
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Figure 5: Height variations of the optical mass (Ieft panel) and the dynamical mass (right panel).

6 An Empirical Model Based on the
Effective Radius

In estimating the dynamical mass, it has been assumed that
only the meteor body receives the atmospheric drag. How-
ever, in the process of ablation, the meteor body emits its
constituents as a gas. In the vicinity of a meteor body, where
the gas density is sufficiently high, it is expected that the
collisions between the background atmospheric molecules
and the gas molecules further affect the meteor body as a
drag force. Here we consider a simple model in which the
meteor body and the emitted gas molecules surrounding the
body are considered as a solid sphere which reccives the
atmospheric drag force. By rcplacing S in Eq, 4 with the
cross section of this sphere, the estimate of the dynamical
mass mq substantially increases.

The effect of the atmospheric drag on a sphere with ra-
dius ry is classified in terms of Knudsen number K, =
1/2ro, where ! is the mean free path of the gas molecules.
The range K, > 10 is called free-molecular regime,
in which the body experiences collisions with single
molecules, but collisions between molecules may be ne-
glected. At a height of 90 km, the mean free path of the
atmospheric molecules is about a few cm. So if we only
consider the solid meteor body, we can safely assume the
free-molccular regime above this height for ro < imm,
which was the basis of assuming I' = 1 in Eq. 4.

On the other hand, the mean free path of the evaporated
molecules from the meteor body relative to the impinging
molecules in a frame moving with the body is given by
(Bronshten, 1983)

V25,

I, =1 )
v

(13)

where T, is the thermal velocity of the evaporated
molecules, and v is velocity of the meteor body. Assum-
ing the boiling point of silicon, # = 1.5 km/s. Thus for
v of several tens kmys, it is no more valid to assume the

free-molecular regime for the evaporated gas.
For the thermal flow at the surface of an evaporating
body, we have (Bronshten, 1983)

B+Ci -2 05108T (14)

T
2Qm. N
p= Avd

log(@m )

(15)

where @ is the latent heat at temperature T, m, is the mass
of an evaporated molecule, N is the number of evaporated
molecules per unit area, and A is the heat-transfer coeffi-
cient, which can be assumed to be unity for a small object.
Parameters B, C), and C’ are the constants for the saturated
vapor pressure, and is 7.09, 10.95, and 15500K, respec-
tively, for stony meteors. For a given height, p taken from
CIRA model is used to determine 7" numerically with this
equation. The thermal velocity of the evaporated molecules
is determined from this temperature.

As the mean free path is inversely proportional to the den-
sity, it becomes considerably smaller in the emitted gas near
the meteor body. Assuming that the evaporating material is
silicon, whose density and the thermal velocity is ps; and
vs;, respectively, the mean free path I is rewritten as

.= ._‘/__2_& . (16)
(psi + p)v

If the Knudsen number K, around the meteor body is
sufficiently small, the gas around the body can be regarded
to receive atmospheric drag together with the body. From
Eq. 16, ps; is computed for a given KX,. On the other hand,
if we assume that all of the mass loss in a duration ¢ spreads
to fill a sphere centered at the body, we have

_[fdm
T

psi = =
gﬂ(vsit)a

dt
an
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For a short duration in which the emitted molecule reaches
to the surface of the sphere, we can assume that

tdm
o dt

dm

dtzqt—

t. (18)

The radius of this sphere is thus expressed as

(19)

rd = vsit =
§1fvsn05i

Considering the radius of the meteor body, the effective ra-
dius is given by

re = (r> +10%)3 . (20)
By using Egs. 16, 19, and 20, we can determine r. for a
given K, and then estimate the modified dynamical mass
by substitating S = #r.? into Eq. 4. We call this mass as
the effective dynamical mass hereafter.

Since this estimate is based on crude assumptions such
as uniform sphere filled with gas, etc., we do not intend to
give a quantitative estimate based on our model. Instead
we try to match the effective dynamical mass to the optical
mass. We adjust X, so that the two estimates agree for each
case, and examine the value of K,,. Qut of the 16 cases,
K, thus determined falls into the slip-flow regime, where
107! > K, > 1073, for 15 cases. The average value is
0.0041, which is close to the boundary to the continuous-
flow regime. In this region, collisions between molecules
are important, although the gas may not be fully regarded
as a fluid. It is therefore consistent with our assumption
that the gas receives the atmospheric drag together with the
body itself.

It should be also noted that the idea of the effective ra-
dius remains valid even though the values of K, may sig-
nificantly vary by changing the model we consider, because
what we match is the magnitude of drag force, which is di-
rectly linked to the radius of the body that receives the drag.

Fig. 6 compares various radii for a typical case. The ra-
dius denoted as “RCS” is that for a plasma sphere computed
from the radar scattering cross section assuming the over-
dense echo. As no calibration is made for the RCS, it may
include an error of a few dB. Other symbols denote the ef-
fective radius r., the radius of the meteor body rp estimated
from the optical mass and the dynamical mass, respectively,
in the descending order of magnitude. The effective radius
is about one order larger than the radius of the body, and
several tens of times smaller than that of the plasma sphere,
which seems to be a reasonable order.

While the average difference between the two mass cs-
timates can be adjusted by introducing the effective radius,
the problem of increasing dynamical mass with decreasing
height could not be solved. The dominating factor that af-
fects the temporal variation is the dm/dt term. Among the
controlling parameters of this term, only the luminous ef-
ficiency may have a room for adjustment. We computed
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Figure 6: Example of the height variations of various radii.
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instantaneous values of 7g in Eq. 12 so that the two mass
estimates agree.

Fig. 7 shows 7o thus computed for 15 cases which fell
into the slip-flow regime of K,,. The dashed line shows a
linear regression for log 7o, which suggests that the lumi-
nous efficiency increases as the height decreases. However,
the result clearly shows that it is not a simple function of
height, and further study is needed to represent ro by phys-
ical parameters.

7 Mass Estimate Based on the Radar
Data Alone

We have tried to match the optical and dynamical masses by
adjusting the effective radius in computing the dynamical
mass. As the number of simultaneous radar-optical obser-
vations that enables us to apply this method is quite limited,
itis useful if we can get similar estimate from the radar data
alone. In this section we propose a method to represent the
optical mass by using the radar data.

After correcting for the effective radius, the density of the
meteor body including the surrounding gas is given by

3m,

pe - '171'7":3 )

@n
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which we call the effective density. If this effective den-
sity can be determined without using the data of the optical
observations, we can estimate the mass that matches the op-
tical observations using Eq. 5 by replacing po with p..

We try to represent p. by a linear combination of m ob-
served parameters p; (( = 1, - - -, m) by the radar. The esti-
mated value is thus expressed as

logp, = a0 + Z api . 22)

i=1

We take logarithm of the density because its dynamic range
is large. The actual parameters used are velocity v, deceler-
ation dv/dt, altitude z, descending rate dz/dt, echo power
(in dB unit) P, and its decay rate d P/dt, so that m = 6.

The optimum set of coefficients a; is given by minimiz-
ing the variance between the estimated and the observed
values

n

e? = (log pe — logp.)? . (23)
This problem is readily solved by a linear least squares fit-
ting. We chose 15 cases discussed above, and selected the
total of n = 407 data points that have the echo power
of more than 80dB, which roughly corresponds to SNR of
30dB. The best fit equation is given in terms of the normal-
ized parameters by their average values, which are indicated
by the asterisk, as

logp, = 12.7-10.92" - 2.36P* + 1.90v* 24)
dz* dv” dpP*
+0.837a—t - 0.27837 + 0.0078:“— .

Each coefficient indicates the relative contribution of the pa-
rameter to the estimate, and is listed by its descending order.

Naturally the altitude has the dominant contribution, and
the echo power and the velocity follows with negative and
positive contributions, respectively. The residual variance
of the ratio (p./7,) is 2.1dB, which indicates that this es-
timates gives a fairly good approximation. The mean val-
ues of the parameters are z = 102.8 km, P = 90.6dB,
v =65.6 km/s, dz/dt = —55.5 km/s, dv/dt = 13.7 km/s?,
and dP/dt = —93.3dB/s.

In this type of multi-variate fitting, increasing the num-
ber of parameters m usually results in decreasing the ac-
curacy of determined parameters. The optimum number of
parameters to be used in the fitting is often evaluated by the
Akaike’s information criteria (AIC) (Akaike, 1974). Ac-
cording to this method, the optimum number of parameters
is that gives the minimum value of AIC defined by

AIC = nlne* +2m . (25)
We computed the variance ¢? by changing the number of
terms in Eq. 24, and found that the minimum AIC is ob-
tained with all of the 6 terms, which means that all terms
have significant contribution to the fitting.

Fig. 8 compares an example of the estimated mass (aster-
isks) with the optical mass (plus symbols) as a function of
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Figure 8: Example of the optical mass and the effective dy-
namical mass determined from the radar data as a function
of altitude.
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Figure 9: Distribution of the estimated initial mass of 637
radio meteors.

altitnde. As the mass is inversely proportional to the square
of density, it is expected that the random error of the esti-
mate is about 4.2 dB, which is confirmed by this figure.

We applied Eq. 24 to 637 meteor events, which showed
the echo power of more than 80dB, observed by the MU
radar during the period shown in Table 2. Fig. 9 shows
the distribution of the initial mass. It is found that 70%
of events falls in the range of 0.1-1 mg. The maximum
and minimum mass is about 1 g and 0.01 mg, respectively,
which correspond to a range of radius of 4 mm to 0.1 mm,
assuming stony meteors with density of 3 x 103kg/m3.

Fig. 10 shows the distribution of the estimated initial
mass and velocity. The tendency of decreasing mass with
increasing velocity seems to reflect the fact that the sensitiv-
ity of the system is higher for meteors with higher velocity
that gives a higher energy for a given mass.

8 Summary

We presented results of simultaneous meteor observations
of the head echoes with a high-sensitivity VHF radar and
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Figure 10: Distribution of the initial velocity and mass.

an ICCD video camera. Among 44 cases of meteor events
which are observed by the two systems simultaneously, 16
cases are examined in details for which the both instruments
tracked the meteor until it vanishes.

The optical mass estimated mainly from the luminosity
data by the video camera and the dynamical mass estimated
from the deceleration data by the radar showed a difference
0f57.9 dB on the average. We investigated the reason of this
large discrepancy, and proposed a simple model which takes
into account the effect of atmospheric drag due to emitted
gas around the meteor body in terms of the effective radius
of the gas.

We adjusted the model so that the two estimates agree,
and confirmed that the Knudsen number that gives agree-
ment falls into the values of the slip-flow regime. This re-
sult supports the importance of collisions between the gas
molecules with those of the background atmosphere,

Finally, we tried to represent the effective density deter-
mined with the model by a linear combination of the pa-
rameters of the radar observations, such as height, velocity,
echo power, and their derivatives with time. This empirical
expression gives the way to estimate the mass that matches
to the optical mass using the radar data alone. It is applied
to 637 meteor events, and the basic statistics are derived.
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— (46.5MHz) T ® MURO, 4:10-4:15JST O R 11

X &
~y Fra—%F—F, 17420 o1z, t LA LE—F GRERE—F) T
5o
b, REDBHRBANOAZYLRE 28T >WIT5)
#] &
c ERABANILI, MPBMTLAENBRNT I 5,
e | B2 4o |BABRNITE 5,
-
c /JAZXUYUUBZBHEMNPHELCBMNICXBEY o 5,
e A E S TVABHBNEFT TIE, BXOREOREHOHE ST X
AN 5
5. MURO ¥ HRO .
MURO: R AFHFEETBRAMNETARL v 7 —FR MUBRAATEEDOER
(46.5MHz) % #|H L 7= B O & H 8RN
HRO:EH T X DX LM FRTEARXS JAAYDB(REZE:WMNAFK)EFZ D E —
2 %R (53.750MHz) ¥ #1 A L 2 E 0 & AN
2 OODORAEEER > TOMITHKELILLAMREDERBRAOER
2002 3 L L BKE B o MURO ¥ HRO O # ) #l
v .‘ lllllll 8 v 20 ZIHJST
L s e ]
zuo: :z:;::;:: Nov. 1522, 2002 ]
T 150~ *
£ [ ]
g 7
E’ 100l . 3
= : 4 _:90« %
S0 7 60 :_E:f
:,”' “\ 30 i:
eJ, T\.*
2380
Solar longitude(eq. 2000.0)
} SN 10dBEL LD BER T o — 2%
' Eﬁ”mz‘i@ﬂhmﬁﬂl *-K 0 Tmm==s Radiant Elevation of Leonids
WHAOH TR, S THIERATT
Bl 2002F 11 A OMBMMIZ LD 1 MM ) R o —8&,
e fg;?g:g;{:?ﬁ;{;f 2T MR 2 7 7IAVDB(IRE  MIAR) ©v—o BE(53.750MHz) % F)H
O Kﬂkﬁtiﬁgﬂﬁﬂ#ﬁxt ¥ 2 —{RRMUMRF L D 2B (6. 50MHz) O MY 2 FIA L - RO WHBB(MURO)
MBS : JRORESINEE. MK WAL
(2003 5 6 A ISFT - 7= TV [l 8 48 M)
| . BMAES (BUO > LERERH) O TV FEEHA
EHB :20035F 6 A 78, 8B, 9B 3:00-4:00 JST
BHEH - T\ 5 8 MAF @ 2:55-17:05 JST
BRI BERATIAESH (LS R, &)
HERAEXE (P8, 1)
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BRERER “ BV OLEREHR " ORR

Origin of Daytime Meteor Shower of Arietids

BIESHTRY (F = = EMEXRICEHIERT) |, Wl — (B XRXR)
PAETE (XK - RASC), £, WEAHFE] (UK - i)
KEA (JAXA/ISAS), IWAEAT (MAMLIEK « - AV RT L)
KK (REFEEY), WREHRE (HRX - REM¥)

LHBR, BRI, ZARGR, SREE, B (HAHEEMRS)

1 HRE - BERELBXHK

MR LI, B mm > O cm BEOEAL (# X k) 2, iz 10km &V 5 BET, B
EMZEMPOHRRRICRATIBRICAE LD 75 Av8l4 (RIEUHES 1) THA. HRSF X<
X, MEAKLICHERATICETENIFF - HT-OINFREHE S THIK DR, HERBHNZH -
THRESNAEMEO®FRELBEEZRE Lo, AHETHEMNT S MU L—F—FKR8NTH
3. HEOBIEHEITH 100km ORERE (P, 3H) C, B/h0F R FEAIL0.1mm, ERiZL
T1ug(l/1000mg) BETHS. HEOP TCHLRHICRKERHER/PIRETHD b DO LR LT
K. BEHEMBEHINEZY R MY, BHERE~EADETIMTR2NBTHT R « bV EFRE
NBEBEWY R FOF a2—7 %808 LIZBRT 5. BRBEMHEOMNE~MITEL AN - LA, &
BEE Vo L X CHEED LRSS, BEMITH L CREEE O CIER > T <. A
HEZ 1L TORMEY, JUlO LOBRFIC LIRS X PBFETEF A b A MU —LEHRT
5. TOFAP A MY —aE, BEEORRE ZMELL, HEHRTIERKEREZ L1267
PIAEHBEEENCROND “SJTHIEEN DX R b « X b Y —A4, 600~2000 sERNCIGRE &
NILEZLNRTEY, WERESR FOBEHEND, FOFEEKII/EE Phacthon L REEHhTW
5. BRENARAOHEBHCH L TikiZ, HEOHE (HHNR) 2 ERIBIHThE, RoroTuwni
W, BWREEICEDh B REDIHBRAES EHEIDTHD. ERHEMLSIEEITHEY X b -
ARV —Ahid, EERIEBBRLOWETH 1 FERBECTA M —ARBKBLTLEY (Ul Rh
2<7%2Y), LIXPHERFI L LToRBOHBEREICA D (PLikFMiz L3 HEROHER). Zhb
DWEF A MIBERE L LTE LTHEABMENS. BERRS R M, BOICHEXT X b~
LT3 LEXOANTS. MERPLEFHTICHFET 5 10~70% D F R bE, 5V oBEEHO
FXARTCHDEEZLNRTWS.

2 HB#

“BO-D CMEHEERE (Arietids)” X, 426 H 8 HAiICHBEIIIT 1 Bl 372 9 12 50-100 A0 H8
BEBINTVWIKHERTH D2, BECEDT 5002 ERNNILIZLA YEL, T0OF
REBHLPIZER TV, i, 6 A “BUO> CEHERE (Arietids)” 1%, 1 HD “LEAEHE
W8 (Quadrantids)”, 7 H O “HBFH M § iR (Southern 8§ -Aquarids)”, 12 AD “Z ¥
W8 (Ursids)” L36iZ, 1 DOBXKE (= v 7 KAV EE (P/Machholz)) 25 43E L= #AMERET
HHTLIWRRENRTWEYE, ThoDBMERSZ b - 2 M) —LAOHBRBRIZMU TITRMBITH
% (P. B. Babadzhanov and Yu. V. Obrubov, 1991; B. A. Mclntosh, 1989; J. Jones and W. Jones,
1993; Ohtsuka et al., 2003). U4 LEGE, 20034E 3 HICER i/ B 2003EH, 3, Wi
ED—E»b, LEATEKEBORRKML R Shi (P. Jenniskens, 2003). A#FETix, BN
BB TH S Arietids DEREZHONICT S HY T, Arietids OHE (BHA) £HMICTHRS.

! S. Abe ; (e-mail) avell@asu.cas.cz
251 65 Ondrejov, Czech Republic, Astronomical Institute Academy of Sciences of the Czech Republic,
Department of Interplanetary Matter, Group on Mecteor Physics
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3 A
Arietids D%, MU L—# (45.6MHz) ® F—F « ¥ — A2 X 5 F#dEE— F (HREE—F)

&, HFME—AIZL DA~y Fra— . — FTCfFRok. HEREE— F10iT, HEOHBRRA,
Ji, SMIESEUEL, ~y Foa— .- F—Fhbi, ERBERKBEOT—FBMBSND. ZIT
IR EE— FTO Arietids DEBIERITOWTRY. ¥/, Arietids QN A7 2 5011 3 BiTH 5
WM E S ETO 1 IRV, HEFIDRVREFEAMLTETHHOT, L—FENL
A7 LT, HAEBLIFEILNGEI LD TV RRERAI LT, ShE CoRWKER,L, HHETHNY
&N 3 Arietid FERBEDO FHRNFHEEIL 93km, FRIN S HHHELEIL 39km/s TH Y (F. G. Davies
and F. S. Greenhow; 1950; Browne et al., 1956), A@#lix, MU L —¥ O{REAE— FE o728l
BBz E LTV 5.

o BB ; 20034E 6 H 6 B (/)12 B~9 H (H)12 K (JST)

o Bllle—F ; ~y Fxa— (K 00-15, 30-45 43), MM (fiElF 15-30, 45-00 43)

o QIMAC; (N=3 K, Be=17 13027, THH=10 W (PP ELE 80 1)

e Arietids O FAUETEEN ; 2003 4E 6 H 8 H 15 B¢ (JST)

o Arietids O TN A ; o = 49°,6 = +24° (SKIYMET ¥t L — % — (McBeath, 2000))

o {#B TV ; Lm= 8.5 mag, FOV=19° x 12°, Lm= 10.5 mag, FOV=3.4° x 2.5°

o EA4 TV ; Lm= 8.5 mag, FOV=17°circle

o LI\ TV ; Lin= 10.0 mag, FOV=7°circle, Lm= 8.0 mag, FOV=16.9°circle

mag; magnitude, Lm; limiting magnitude, FOV; field of view

4 #7

4.1 IO—® Hourly Rate, BESH, 22X
Hourly Rate of Echoes during 6-9th June, 2003

4000
™
|

3000

Hourly Rate of Echoes
2000
T
|

1000
T

e | | EWD T N | e | laa s | e | I

12" 18" 8%0" 06" 12" 18" 9%0" 06" 12"

A (]

18" 7%0" os"

60"12"
Time (June 6—9 JST)
1. 1R OB = —ORFHZ L
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X114z, 15 %A Tirbh, HiREE— F AL EN T 2 —0R MLz R 3. BalodEr
RF—F DHPLETBMREABELC TV, Fie, =T 3HHRFEEZRT. W7 ROXES
[f]) 1o 3 —ASHYN3 B BAEFA O B AR R oh 54, 6 ATHD10K~, 6 A8AM 11 K~
16 B (JST) EICHERED & BHOAZBMAHED X DN TWS. HEEEABOATWATI—D
By I Ty 7THE, ma—ERERT L8, R E BDhSRABRERICBRESND T M
bbb, IKEEREE, ZEEFHBENEKICR o1 LITHD L TW L REORFER (1/e 1272 HIFH)
DML LTRSS ( D(m2/s) = BBMEEN /32 /72 /W28 ). PEBAREAE T & or 2 —i3,
HHICHR e a—Th Y, MEEEOFEVIILOMREIL 2%,

Height Distribution during 7—9th June, 2003

PR SR W0 W W SN S WY WAT SN S SN WY WY SRS FSSNNY ST S T SN NS AN SR S

800

600

Number of Echoes
400

200

60 70 80 90 100 110 120

Height [km]

X 2. YT =2 —om S A
X2 ik, KEREAELA TS a—D5H, Arietids OEH A F o TV D RFHIHF (3-17 I 5

EHE) &R AATEA T B REIIEE (0-3 1, 17-24 1 ; BB D) O a—OREN 2 M~T. Eik
& D= a— DM, T2 —ORBHIH TR Y I L T2 B~ T R LTS & R85
5. ZHUE, Arietids HRICE A THY, Arietids D MU L—4 (45.6MHz) TOFEHRAST
ElE, 92 -93 km{HEICE— 2 D LHEfllEn 5. ik, Jodrell Bank Tl &7z 93 km &
V9 Browne et al.(1956) OfEHR & —8T 5.

All Sky Map of June 6-9, 2003
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3 1%, @i Ehiem a— (39070 18) ORKEREFEK T, BEIIRE o(deg), HElIIZIRAE 0(deg)
BET. a—ATyynT A REIFH L, TaA—ORCESAZPDE LEXANER (PECED
2-3(3) Rohdh, ZhiEXKEOHBFIRCa—DRRANREL, 2F Y [ Uil % Fouie
Dra—%FTHDTHD. ZhbOWEIERIBOxT 2 —OERZRMFZET-ITED, OB
OEMN SN L 725, £, EEEERHBLRTWARNWT I —, KO TEWER L. REOHLE
(@ =60°48 = —30°% 46 > 75° 72 &) I ¥ 5= 3—i%, FAI(Field Arraigned Irregularity) %, AR
S5F 42 E-F Rl YOUMEBL THHIHNREZLND.

4.2 @HRATv S

LLF, #EEE— K e bhizma—M5, J.D. Morton and J.Jones(1982) O F3TH#iH L 7= ifi
RO A~ v 7%, 2003 4F Arietids (2B LTI, AR - TV AT, ik
FBEMBELATWHREOxT 22— (12383 ) ZEHFICHVTVS.

Radiant Point of Perseids (12-15 Aug 1991) Radiant Point of Geminids (10-15 Dec 1891)
L 1 i 1 i 1 L 1 L i i L s

- 78 53

- 68 - 43

f* -}

DEC

- 23

B4 1991 4E~LE 7 RBEHCIEE () » 5o ZHEHRILRE (45)

X 41F, FEWRETHD 8 HD vty AEWHERE (KK ; A4 7 b« &y bVERE) & 12 1
D ZnTe ZEEFIRRE (R NBR 7 7= b V) DR A~ v 7T, 191 FEICBRIS b DO THS.
ZDAEDA) 7 A PEFEREY, REREDRIFHIEORRIC HATAIHELZ RE, MU OB EDS i
Rz k& <UL b (IAUC 5342; J. Watanabe and T. Nakamura, 1992). *tHE#EE 59km/s &
WO~ Y ZAEFIRRETIE, TUF—F UV ATa—ONA b - =Y 7RO, B IXHH
e o IO NEVDOIER, T OETAERSHIN L CTEN SR~y 2D DT ENTEL.
—J7, *HHEEAS 35km /s & BO ST DHETTRERE, EHARRLEHING WIREO -2 TH 5.
HWHF R b« A DY —A%HT 557 ZHERBEOBRN AT, #H -ty RERERCETRE
{IEBATWBIZ EDBN5.

Radiant Point of Arietids (8-9 Jun 1981) Radiant Point of Arietids (6-8 Jun 2003)
L A L L ! M L

63 53 43 33 23 63 53 43 33 23
A

R A R.
% 5. 1991 4F (/) & 2003 4 (&) BOD NI (Arietids) DLl
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X5 1%, 1991 4E & 2003 4EIC B S 7= Arietids DEEN A~ v 7 TH 5. EHADOE— 7 BHIAR
BTHHEE, FRET10EELS Bp-oTWA., ZbohiEit, HTESA AL - X M) —LOHELEIED,
HZR - AP)—LPOHEDERIZHIGT S L bh 5.

Radiant Point of Arietids (6—9 Jun 2003)

39

34

29

DEC.

24

. : 4 Y
93 48 43 38 33
R. A,
6. MU L— 46 8H] Uiz 2003 43505 CHEHLEE (Arictids) Bl & TV B0 Mo

W s~ 7 ORERNE, FBIME (BH N~ Y T ROBRRE o, K O) IKET D20, £7, K
5(41) DIRIEH K~ v 7T & uis, IMEDORELZITo. AHlE, 33° < a <53°,19° < 4§ < 39°
ORGP THIMI A - %, 2 BRI T 121 0 Y OPIHEOMAGOE 2 FITLTWD. Rl Shr-iis
ROE—Z7 (&M 612 @HITHRL, X1ICEMEZET 5. RILE DM %Z Weight & LTiEL,
Weight A REVIEY, HEALE LTORENG LEMBWT. £z, LR TV EU»LIE, FHICH 2
2O Arietids & Mbh SR BH S iz (Ueda et al., in this issue). TV BHIOFREEZ X 6 iz

IR ) ‘
# 1. R S o s A5

Group No. «(deg) 6&(deg) Weight

1 43.4 28.7 55
1 44.0 26.8 26
1 44.1 26.5 9
1 42.8 27.0 9
1 43.3 28.3 6
1 42.9 27.3 1
1 42.9 20.8 1
1 43.6 29.2 1
1 44.3 27.1 1
1 44.2 27.0 1
2 46.4 35.0 7
2 45.8 34.8 2
3 48.6 21.8 2
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5 £

X5 DE@EHR=y 7LD, a=434°6 = 28.7° fHiTIZ Arietids DHBRBEHABFETHZ LS
S5, ZoOix, SKIiYMET i@ L —4—0Dfl, o = 49°,6 = +24° (McBeath, 2000) & 3872 3.
LA, SKIMET OfflBlks %, 1991 4E® Arietids DM AIZEV. —F, MU L—FhbRE-
7oA, TVHRUNORHREROMEHRMLORESLELE LB LTWEEFEXS. TVHN
FRIT, V=D bRE ST BNASHESMEIENICTFET 2000, BHADOREY— 7 LEA0
- L AR LTS, TV HINEN AR R - =EHEOWIT F OBt oFIIcxt L T,
MU L—# TR bz a—DEL ZREITHE. TVEAUDOY L TARPRNDTCIE-EY LD
LiZE A%, MU & TV OENAMEOXER E LTI, MU & TV OZBIBSMA o8, iR
HAR e R P Y—LPOMBEDONIZEBRLTWAAEEDELOND. Fiz, Arietids O A,
FEEFNH 7 BE, FF I DHBREDLEN D ZF-TVH L HICRAHMN, EHAPICIE “H”
BoOECHBRRERR OIS, TVBIOREERIE, TEZO “H” E0ERR ELICER-TWS. =
OIEH RO EMEEL, 1991 4E Arietids Tit, X LIZHMBIZRONS. Th b OEN A OFEHIM
DEEH2 D, Arietids DF A b« A MY — APz, KEL 2ODHEZHFTHIF A PEXFHET S
kit B, &biz, W5 o#EhICiE, 37— OBHANBHERTWS., Ehfhd szl
TR 2 DD, HBUNT Arietids I TH 3 O TBE A CIRHEMrcE 2028, Bl&EiEEE
BB LT, ZhoDENABENR LD L S RBEEEERTOMMLV. BOO UEHERREDT, &
KETCHAIRBORPREMNERT, LEATERENR L LEHELRBIAREER L TV 5 AiEiEss
RRERTWS. WMROMMMES, TORERLER~ N, BHERFPTHD Arietids DEE
RIEORERLHMEREOEL I Y OMBERERNRB ORI L BHFEINRE. 4%IT, BohlEfRL
Tsutsumi et al.(1994) DFiEHN SR F B RHHGEEE 2 L O 5, BREBEECOS X Mlli%Z Y =
T L—BP LT, Arietids DRERELR LicHhAizu.

6 F&H

e 2003 SEF VD UMEHE I BE (Arietids) DIEEHIAEB S i,

o Arietids Dt I —DEHFEIL, 92- 93 km ThH>.

o (MR OIS H RN % WTREIC LTz,
Arietids D LM AL, 42.9° < a < 44.3°,26.5° < § < 29.8° EREH I
Arietids @ L— 4 & O [RIRHBLEIH 7 THH TRRZ Lie.
MU L—FhbRESHAN AL TV HIERIE, BW—BExRLE
1991 42 & 2003 £ED Arietids f#ft /AL, KERE{EBEROND.
Arietids D EMHRICI, FRBBERR OGNS,

Arietids D FEHEM AGLRIZIK, RO 2 >OWEHRABEETS.
a=46.4°6 = 35.0°, a =48.6°,6 = 21.8°

e a = 165.5%48 = 56.8°, a = 267.3%,8 = 55.4° {24 AR IERIT 2 MO RN KBFE
T 5.
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FEAS L —5— DS AT AE
WOz - ERE—R - iAfE! - BEEE ! - PAfEE] !
WWAEZ ! - T2 KEBERKS - BEHE?®
( 1: 5K RASC 2: HKIE#R 3: =ZEE (&) )

1 [IU®IC

TSRO THRIC A > R 322 7HHERREEMEEN 2 EAEFERIE, SEEBAHIR BT
HIERTARIAFEROBEFE ESONTH O, [URETHICTHEHERBEIZRZLTNS, RA
VOARGGE T - P 0h 2 ks BE I B AT BETR AR IE KRS L — ' — (Equatorial Atmosphere Radar;
EAR)(H1) Z%EL. 1R I 7 HMMEEAT N IMOTF5 4 >F (0.20°S, 100.32°E, #E
£ 865 m) IZE%HE L. 2001 4 6 A M SEGEEAZTT > TWS [Fukao et al., 2003],

2 FEARL—F— (EAR) YRFA

EARZ. 560 D 3 HTFNA\KRT > FFN5K5. ERE 110m OBAET > 577 L 12
ALTW3, TNETNDT > T FHIVNUDOFEEZERZE (TR) EY a— MK > TEHEN S,
TO547+ TJxz—ART7LAZ2BRL T3, TREZ2a—I)VANOBHBZHETSHI LT
POVAREGE (FK 1 #ENC 5000 @) OE—LEEZEBEL TS, & 1IZ EAR OXEET
ERY. EZEEEKIL 47.0MHz T, E— 27X EFHE 100kW THS. EAR BEIZ, 7>
37 LA (ANT). #£2{E%#@E (TRX). £HEFERE (SMD). F5UBERE (SP). KA E
B (HC) Mok E b, 2L EAROT Oy I 5 A7 5 h%RY. SMD TO—RZE#HS
N7z RF FEMEREIN, TRX THBIOAZE, ANT hoZEMICHENEINS, KATHELS
NEBIXANT TRESN., TRX THES N/, SMD IZE5N 5, 51X SMD THRIK
N, TIINVEEIIEREN, SPIZESNS, SP TUBIN/EFEENHC IZESNS,

2.1 7Y5+7 L4 (ANT)

K 3IC7 > TFDIAKBEREZRT, AKT > FHEKATRTE DT, —8 4.5m DIE=F
HORTFELEICEBRBINTVWS, ZOEBBIZXD, RKEA30 FTEDOHRICE—LZEEL

B 1: FRERR L —F— DI,
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% 1: FEAK L —%— (EAR) ¥ A F LD EEHT,

Item -~ ~ Specification

Location: 0.20°S, 100.32°E, 865 m above sea level

Geomagnetic latitude and longitude: 10.63°S, 171.93°E

Radar system: Monostatic pulse Doppler radar

Operating frequency: 47.0 MHz

Antenna: Quasi-circular antenna array of 560 three-
element Yagi antennas

Aperture: 110 m in diameter

Beam width: 3.4° (half power width; one way)

Beam direction in azimuth: 0-360° in 0.1° steps

Beam zenith angle: 0-30° in 0.1° steps (no grating lobe)

Gain: 33 dBi

Transmitter

Peak power: 100 kW (sum of all TR modules)

Average power: 5 kW (max; sum of all TR modules)

Number of TR modules: 560 units (same as Yagi antennas)

Single TR module’s power: 180 W/unit

Pulse width: 0.5-256 us

IPP: 200 ps-10 ms (variable in 200 us steps)

Receiver

Type: Single super heterodyne

Noise figure: 5 dB (TR modules)

Pulse compression: Barker, complementary and Spano codes (1 to 16
bits)

Subpulse width: 0.5, 1.0, 2.0, 4.0, 8.0, 16.0 us (variable)

Dynamic range: 70 dB

A/D converter: 14 bits

Number of range gates: 256 (max.)
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THTV—F 42 70—THRECEN, PUVIRR4UIRTE I, EB5HERE2EFIZTS
D, 2 DHTTLAXRFEINTNS, TNEFNDOHT T L 3B ILRD 8 @ERNT, 24
BOT7UTFFERZEE S a—IMhSRRENS, BRABOT LV MEBEEE2ERT S0, FHit
MO SBWDHT 7L AL 21~23 BDT > FTFEERET -l EAN 5.,

2.2 RB{EEE (TRX)

EZEER (TRX) Q70w 25 (775 LERSIRY, TRXIEZT V7 > 7 (Pre-amp).
SRAEARE (DCU). 24 BOES DCU. 560 &O TR £V a— I SMKEN3, TR £
Ta—-RENENBAKT—AZRD SN, 7O TFFR—INVOERICWOFiFohTNS,

EEFFIZIZ. SMD 5@ RF 8513 Pre-amp THME I N/, BN - E5 DCU T 560 I
LZnElEh 3. 560 HEEOENENDEST L NI —5dBm(0.3mW) T, TR € a—I)T
52.5dBm(180W) £ THBE N5,

ZEMIZIZ, TNThOT7 > 5T TREINEZEBR. TREZ2—-IVHNOE/ 1 X7
THEESIN, 560 D TR EZ 2a—IMS5DEFIIEAN - BS DCU T1 DIZEKRENB, &5
{Z. Pre-amp THEI N/, SMD IZESNSB, TREZ2—IVAD 5 v MNEHERIINHE%Z
11.25° AF v 7 TR TE, EZETNTNTRERMES 7 2RHET 5,

BABNICREINTNSENDCU I, 5% 24 78 - 8T 5MIZ. S DCU IZDC

. Array Antenna (ANT) 560 Yagis #8243 w24 A
%gr?@ coe _H#24 BER eee _#2 vy °°*° ¢y
TR TR TR
1] modules modules modules Outdoor
|l [ | [ 11 [ 1 [ 11 1]
Divider and Combiner r Divider and Combiner YY) | Divider and Combiner
[#1 | #2 | #24 X
Divider and Combiner
+ Transmitter and Receiver (TRX)
Y
Frequency |+ %I?ALH(Z » Frequency
Conversion Conversion
/ COHO T Indoor
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Fine structure of Westerly Wind Burst observed
by the Equatorial Atmosphere Radar (EAR)
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OFRERFMESN TV, EROSHES 28 H-29
A T3 B A o xS B OFE R 0E D #EE 10
km F TIZET 2900 R & BRI E 7.
F/z, HAM OBV TS ISR IC R E L T
W7z,

S#%IX EAR O#ENT— ZHV, WitiEics
VI3 LR FRFROERAZIHEZTD FETHS.
T, PRENSOIEHBEDOERIZIDOWVWTHEISHIZ
r—AAY T4 %D, £, OAE—HOEEBNE
BBy —A, BAMONTIESHET S —AF
12D & K& E & XiiE R & ORYEZE & S ITEEREICHE
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REASL —8—ICE%
B R RO AR B

lid Hzl iz R B0 gzl s & JE B
s K2

LR EZHEBRA MR 5 —
2. KSR /HRER 7O T 47

1 [IC®HIC

BRI RO KB BS & B IBEAIBRIC 4 S RIEE R L TROERTH 5, £D
7. BB HEE, S REBICAINTRAT2EELRERTHO . REEENHREM
TOKZIM (Stratosphere-Troposphere Exchange; STE) i BWTHEELRBRBIEE-L
TW3 [Holton et al., 1995]. BEBIZHNTHTEED S RFEICHESIN I RKAF DM
BB B & REE O BBREE T d 2 BN R/E (Tropical Tropopause Layer;
TTL) ATO A%, (L%, BROEREBIZEDREEIN SN, ZOHBRIIOVTIIRA
DEWAMNE, VHF HFOKRBKRF L —¥ —id B R EFRIC B 3 3 RTeE#ER 5N
RV —¥ —BEEROEEERAT - OELFHEEZ GV RHRU EESFHETEHRARTRET
» Y [e.g., Rottger, 1980; Gage, 1990]. D7 VHF #HO KB KK L —F — 13 ##Hxtii
BREATOERECILRORUGELHEZMS2FRALENEERTH 5, BHKEERIC
BT, BHICKEREEKSZT (National Oceanic and Atmospheric Administration;
NOAA) ZXB VHF#DU 1R 707714 5—% v b 7—r%RAWBRINRTIZbh
TZE7 (Gage et al., 1991], LML, TNHDOTARTOT 7 A4 5—D5RREH 1km
THY. BEGMERY km O#EFHTREAE (Tropical Tropopause Layer; TTL) D8Hlizid
KO EENRE (BE mUT) OBRANKLETH 3.

R AK L —% — (Equatorial Atomsphere Radar; EAR) 131> R X 7HEAT S M
(0.2°S, 100.32°E, #34k 865m) 2 RE =N 7= VHF # (47MHz) D KBIASKL —¥ —TH 0.
BRKE—7 MM 100kW(EBKEYH /1 5kW), 7T FHET7 547 - 7xz—XR .7
VAR TH D 560 EDNAKRT > TFHAEENIOMOT >FFHEICEEENTWS,
EAR I3 TTL % & OF B 1.5-20km OO B#E 3 B3R5I L —F — Bk o ¥
B Ee (81 3m) A —)V OELTRERBEZE B K 150m D FE D REER S TNT 1 ¥ ORI AREE
THRHUTTEETH D [Fukao et al., 2003}, TTL HEBAD BES LU ELFREDFE - BE
HEERETERNRETH S, FHRETIE, TTLIZBT S EAROINETORAURE
ZihR3,

2 BHEMNAREFEEREICHEITSHFETIVE D ROBRK

113 2001 4E 11 A 10-30 BIZ B3 5 EAR OdtRIEE — A TR SN/ AR Y MV
DR EIEEMEREZRY, LREE —LARXEFmMED 10°05mEERML TH0, E—L4
TO—RZVIRBS7—TO—R D7 OBEBIBRNTNS, ARY MIVIBIZELTRT
BERTBRELS, EARODLV—F —EEIEH6m THDED. ZOFBFDART M
P8l 3m (L —¥ —D ¥ E) A r— )V OEROBELHO I HEEET. 11 H19-20 8
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WNT. MEBEREEENSK %kn LRETZEEHIC. HE 15-17km OBKTARY
FIVEESHAL TS, ZOARY FIVIBOHKIZRIREIC 23 HETREL T35, M
f112-16 H. & 15.5-17 km QB TEEL 7= AR VgL 0.46£0.12 m s~ Th o
fo. E/-MME 1923 . AU BE@ETEYL 72 AT IV 0.55£0.19 m s~ TdH
D, 08-12ms ! DTD2O¥—r&F->TW3, Zhid, ERBEINRERESEL
EHCESTARMCIIFRACH S FEBRTZIEERLTVS,

QI TAYVTRANC L VF/BESNIZBME EARICEVEBSNERGROT /7
1) — ORI ENEKERT. NFREFEEHFOSRMBIL 13 HLIETAHICBET 548,
MBEREA19 BIZ EHICEBL LB T AHAABRIZ T, 19-23 Bz TELTRHEE
NMAL THABETIRBMZONEAERIIIECN ER>TNS, ZORSHEFRIC, &
B 15.5-18 km iZBWTHHKN 13 AOREROEHN RSN 5, ZOEHI, 11-24HD
Wi, BE1TkmICBVWTHRICEETHS. EitAICEAEREBROEHNRRS AN
ZE, EESOHYUOTTHASNEREIILFRBROZHN A, HHEEEBEDE
BOMAABER T IIVE S EOBRNS FRIEh 2 HBRE -7 5 (RRLREZW) Z
EMS, COBRMI3 HOEHIFETNE D KTHBIEEZSNS, 19 NS 23 AIZ
NI TOERBEOHAIZZORBE/IVE D EOBBRTREI > T3, FOLH, &
NS DEFBEDOHMAIT. FEZINVYE > EOMEAD THEREIT W RBBASH N HiE
REMEICEHEINZEICLDELEEEZONS, ZOFAKRIT. REFIVE Y
FIZ & BB B AR O FEEA QR EN B HE R B LT OERERIC K Z
RBEBERIETIEEZRLTNS,

3 HENRBERELEICBITES 7 —FRE

B9 32 2001 4 11 RIC BT 2HER,. REHMO LTI —MEL (ZEPT), RERDHE
7=, VFr—F Y E(R) DRMEER{LERT . ZEPIIRAEE —LAICBITST
J—REICHTBEMEL —LADOLI—RELTEBRL 2. RIBIZHV/TOREL
EARDAEBRLDBEHL 2, SOV TR L3 B/MBETESRL B R ES
B (x EH) 5 EH) 1km OFIFIC BN T, REGERNIC 0.025-0.1ms™! O LR FNBAENT
W3 (E 3(a)). EICIRIBVAEFERATSEIIEHRENBAL B SBELE —HL
THY., ZORMZHIFETIVE > EIZ K O EEEZT TS [Fujivara et al., 2003].
AMEL—LADOTI—REIX ERFNBREINTVIEBETHNELE —LOT I —HE
EHEL TKREW (K 3(b)). £, LRBVBENSNZ2EEICBOTIIEORMZOH
B 7 — (10-50 ms~'km~ ) IZENWE BN BEIC/NE <D (H 3(c)). BICiREN
MELEORES 7 3EARORES 7 — L L TEHL 523 KESTHok. R
WRFAIZEDHES 7—NBRASIhIFEICBWTIE, RIBIZEAEEIZOSLLTTH S
(B2 3(d)). X 4122001 11 HORMTEYL B EREEZEELLZBEOH
EE, FEER., REERS7—ORBESDT7 7 1IIVERY. 11 A6-9H. 11 AR 19-23
BOF—ZIMHEARSENRETIVE CEOBEILVFEVRECEBL TWBE
B, B4IBTBEENSIEBRNTNDS, K4 KD HEERRSEREDOHRES 7 —MNK
EVNFBRED S E 1km OFEFITBNT, HE 300m TRAK0.069ms™ ! DRKEZ%
fO EAFMBERICESN S,

INETOFREICBIZBENLY. VAFHDOL —¥ —iC X 20ERBRITIIHAN
TP xy PKHRAIZBNTREN LRFH W TRESBRAIENTNWS [e.g., Fukao et al.,
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1991). Muschinski [1996] (LA F M96 & 3%82) X EF N & AVEHEL D, Th5D LR
9% (‘FEEDE) A% Kelvin-Helmholtz Instability (EAF KHI) 234589 5 billow (KH billow)
PWREREERZANTIORZTHBHEERLUE. B 51 MISHRBL TN OEEE
2R, KHINREL TWaHEER2L —F —0EHAL T3 HE. L —¥Y—0Ld1—§
i3 KH billow DEBIZ L DL, L —¥—E—LOfERARIZ. Ta—BOAEKGFHE
ET7 U FFE—LNY—2 D convolution I DREIN B8, HEE —LDOETHR
EMAmMbENEII—BORBCLVEZ. TOERKEROR v 75 —RaMHE
E—ATBRAINZR vy S—FEIIRN Y, BEKFERIINERL D HEHELE
DRESZFHFDOLD., REE—LATEAUZNZR v 75 —EEIIHTHKEREDOBNA
ADOHBIBEY — LAOHEZNDTH (0.1°BE) THoTHHOMERE LLEL 55K
EIERY, BEE—LAZHAVEREROHEEICREIREBERETIEERS,

ERENBRASh 2 MBEERE» S5 1km OFEGRIZBNT RIXIFIERIT 0.5 24
TTH5 (K 3(d). ZDEIE KHINRET HHERHF (0.25 LLF) KD/AE0H, Zh
V& KHI OGRS 10 2 BED AT —)IVTH Y [e.g., Chilson et al., 1997]. KEEDF
e (1 KR ATHIC KHINRET 3D TIRANI &, £ KHIO2TOS 17
YA IIWZBNT Rild 0.25 AT &72 201 TRV [Fritts and Rastogi, 1985) 728, Ri
W KHIZAREL THWTH 025 LICARSZEEZI OGNS, 2, BRIV EAR
DB KK 53 fRHE (85s) DK EEZEAWVWTEHEL /2 RIGEKIZ0255UTER->THO,
NS EERINETZOFEMBAIZBNT KHINEGERICREL TWB EEZIS NS,
M IZLBDETFNERAVWTHERZTR S EER. KERORNABIZEL 2 AN OME
I LAKEERD, TOKRZZIIIHEAED 45%-BRBETH -z, TDOD., BRIZH
7= LRBRICIBAKEBOBRNAADERENRHZDDEEA SN S, £, BRLUABWVHE
tOMPE —LEZAWHEROHEICBVTOHHERIZZOERKRT LR ERH->TH
D, TOKREZ0.02-0.03ms™! BETH-o/k, TOLDBAUINZELREO—HIIHE
DRI THAHIHEESH D, BEHREREE L TORNERDKRESIZONTIRGTHRSE
SIZRHETRSLEND B,

EREASEREN BRI BT ZEPLIREE S > TH 0 (8 3(b)). T OEIZERS
E—LDILI—RENEMEL—LDOLI—BELLBEL TRKENWIELERLTNS,
ZEPINBRASN TWAEE TR RERD S 77— ERETH S, MIGIZLZLEmMED
E S 7 —IZ BT KH billow IZEEME Z TRICHEE . £2AERMZ KH billow O E
ATBBNCIEHN 10°TH 5. EAR DAEMEE —AKEMA 10°TH 0, 1Z1F KH billow
DEZALITTERT 5 FMICE—LZERAL T3, £0kD, BAEOE —AIXKH
billow IZ& 5 10N I —FASKMEOE — LA L HBL TR DEMWI O —58EE%:
ZETHELEEAONS, H6IKEAVWETZI—BEMME —AMOZI—BEOREGHD
HARZERT, £k, RENZ KHIOFGEX S —)V % Ikm(MNBEBEREL D LT Ric0.5
L2 5@EE) EUEBE. M6 DR (7) ZANNIEREZNZAKER T —IVIiZ# 6km 2E
EZEZI5N 5,

S5, KHINREAEL TWHAEEXD EAOEEIZBWT ZEPI OFE L RKE RO H
E7—IZBWAIEANRSN S, ZhSIRBRIINE RBKEN G IZHMMDST
REL T3S, Tsuda et al. [1997a,b] ® Worthington et al. [1999] I3 FRE TORAIL
RIZXD, BEEHBEICESHEEORES 7 —MMANWEZI—FeEOHT I L 28R
BNCRLTHY . REHICHET 2 EAR TERREISNARERORES 7 —& ZEPI1 O3t
OV THRRBRIBEENBEORZENREZ SN S,
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4 F&O

FHETIE, CRETOTTLIZBIT S EAROSERUFEREL T, BENFBEAELE
BT BHRETIE D EANBEBAELEEOAMBEOMKICIFLET AL, FLEN
HERORES 7 —NEETAHETIE KHINMENICRETZIEERLE. S5
KHI OFEEIZ S REHERINOEBIZIOVWTIRRE, ES5ICBEITIEAR. 524V
F. BEFINERFOTF—IREZAVT. HHBTETHEIN S < ORI X
RBREOREPBECSZA2EBIIDERITEEDTNS, SEIIEARZS TROR
WEBIRUCBESRECHEROERZRIT —4 % A\, TTL BB TORECELROE
FIREEEBHZHESNIL TWhEEN,
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Convections Associated with Intraseasonal Variations
over Sumatera, Indonesia
Observed with the Equatorial Atmosphere Radar

Tri Handoko Seto, Masayuki K. Yamamoto. Hiroyuki Hashiguchi,
and Shoichiro Fukao
Radio Science Center for Space and Atmosphere - Kyoto University

1 Introduction

The equatorial atmosphere over Indonesia plays an important role upon global
change of the earth’s atmosphere. The Equatorial Atmosphere Radar (EAR), in-
stalled near Bukittinggi, West Sumatera, Indonesia (0.20°S, 100.32°E), can observe
three-dimensional winds in the whole troposphere and the lower stratosphere (2-
20 km), with high time and height resolutions of ~90 sec and 150 m, respectively
(Fukao et al., 2003). The EAR has been operated continuously since July 2001.

2 Intraseasonal variations over Sumatera

Intraseasonal variation (ISV) is well established as the dominant mode of tropical
convective anomalies in the atmosphere. It is characterized by eastward-propagating
tropical convection and circulation anomalies with a period between 30 and 60 days
(e.g. Madden and Julian, 1994; Rui and Wang, 1990). Enhanced convections are
almost continuously generated over Indian Ocean and propagate eastward as ISV
(figure 1). Some ISVs decay over Sumatera.

30-60 day pass filtered
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Figure 1: Near-equatorial anomalously low Tgg (2.5°S — 2.5°N) in the ISV frequency
band (30-60 days).
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Many studies have shown that super cloud clusters (SCCs) correlated with ISV
develop over the Indian Ocean, and then propagate eastward (e.g. Matthews, 2000).
Convective activities over Sumatera are significantly influenced by ISV, since Su-
matera is located at the eastern edge of the Indian Ocean. Renggono et al. (2001)
have shown that diurnal variations of convective activity are prominent in Sumatera.
Murata et al. (2002) have shown that precipitations tend to occur when low-level
(1-3 km) weak westerlies are observed at Sumatera. However, there are no studies
which treat the relation between ISV and convective activities over Sumatera, based
on observations throughout the whole troposphere.

3 A case study in June 2002

Period 1 Period 2 Period 3
———
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01 06 11 16 21 26

June 2002

Figure 2: Time-longitude plot of Tz averaged over 0.3°S-0.1°S in June 2002. Hor-
izontal solid line indicates the longitude of the radar site (100.32°E).

In June 2002, an ISV event was observed over the Indian and western Pacific
Ocean. Figure 2 shows the time-longitude plot of Tgg averaged over 0.1°S — 0.3°S
during June 2002. Eastward-propagating SCCs appear over the Indian Ocean (~75—
85°E) during 1-7 June 2002. Then SCCs propagate eastward, then pass over the
radar site (100.32°E) during 11-16 June 2002. Based on the existence of SCCs
relative to the radar site, we divide the observational period into 3 periods:

e Period 1 (June 1-10): SCCs exist in the west side of Sumatera (SCCs are
generated over the Indian Ocean and propagate eastward),

e Period 2 (June 11-16): SCCs exist over Sumatera,

e Period 3 (June 17-30): SCCs exist in the east side of Sumatera.

There are two negative peaks of low surface pressure during June 2002 (figure
3). This first negative peak on 9 June precedes the center of first SCC which reaches

=200-



the radar site on 11 June. The second negative peak on 15 June precedes the arrival
of the center of the second SCC that reaches the radar site on 16 June. Hendon
and Salby (1994) also have shown that surface convergence precedes the center of
enhanced convections in the structure of ISV, and our result agree with theirs.

As an index of convective activities, we introduce the variance of vertical wind
(VVW), which is computed using the vertical wind obtained from the EAR. Vertical
wind generally fluctuates within very short periods (< 10 min). However, it would
be a good indicator for convections throughout the whole troposphere, because its
variance must be large if convective activities are strong.

Period 1 Period 2 _ Period 3
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o o |l|l 1 “'l _1
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Figure 3: Surface pressure anomaly in June 2002.
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Figure 4: Time-altitude plot of VVW in June 2002.
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Figure 4 shows the time-altitude plot of daily VVW in June 2002. In Period 1,
large VVW (> 0.07 m?s™2) is observed at 2-16 km altitude. On the other hand,
large VVW is observed at 7-16 km altitude while small VVW (< 0.03 m2s72) is
observed at 2-7 km altitude in the beginning of Period 2 (11 June), when the center
of first SCC reaches the radar site. At the end of Period 2 (15-16 June), typical
VVW (0.03-0.07 m?s~2) is observed at 2-16 km altitude. In the beginning of Period
3, moderate VVW is observed at 2-4 km altitude, but VVW is small above 4 km
altitude. This result shows that convective activities do not reach the level above 4
km. It is consistent with very little rainfall observed during Period 3.

4 Conclusion

(a)
10 km
SCCs
2 km+ ! A @
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H S <>
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Figure 5: Schematic diagram of the influence of ISV on convective activity over
Sumatera.

Figure 5 shows the schematic diagram of convective activity over Sumatera by
ISV. Figure 5a represents the convection system during Period 1. In Period 1, low-
level zonal wind is easterly or weak westerly. Low pressure, high humidity, and high
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solar radiation are observed at the surface. These conditions cause the generation
of deep convections over Sumatera. Figure 5b represents the convection system
during Period 2. Although high cloud-top clouds are observed over the radar site,
no significant convective activity exists over Sumatera. Convective clouds develop on
the east side of the radar site, propagate westward and stratiform clouds are observed
over the radar site. Rainfall over Sumatera occurs by stratiform clouds which are
dominant in this period. That is why precipitations on 11 June 2002 are dominated
by stratiform precipitating clouds. Convections at the end of Period 2 (14-16 June)
are moderate because surface convergence moves to the east of Sumatera. Figure
5¢ represents convection system during Period 3. Convections over Sumatera are
suppressed. High surface pressure enlarges surface divergence at the radar site.
Cloud activities are weak under those conditions.
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1. LI

FBERRL—%— (EAR) I3EE LTHER 20km ZOFRERREOHFELBRT5
VAT LELTEIENTYWS [Fukaoet al, 2003). Z & {EH 1T 100kW, 77 7B
ORI 110m TH5. EARIIIMU L—¥—LRLT 7T 477 =—X K7 LA FRIEH
AENTBY ZOYAT LARRIIFIKT, EHEOBGERT— FRRALAREL R-o T
D, AL Z OBREAE VT 2002 FEIZHEE - FofREig 7T X< /37 L (Equatorial Plasma
Bubble) ®RBEIZH>WTHRLS.

2. EAR Dz =—7 2R USAE

BERARHEFC, £& LTHRM, VHF#H~L#HL—&—THRHAAZL v FF (ESF)
Vb E— Ly MEELm 2 =B BREND 2 EXHD. ZhITIRHIRA VX2 T
U5+ (FAD ICBET D HLOT, K7 T X+/37 L (Equatorial Plasma Bubble) &
MEIEN2BFEESFLLETLAARER (ST 0) OBBLHRBICERERD
[Woodman and LaHoz, 1976]). BEBERE— FZHWAH L ZDO FAI OBRINAIGEE 225,

75 X2 AT NOEEMIITFOREIC FAI A%#E L TV 3([Tsunoda and Towle,
197912 &6 i FL—H S LTATABFARGA TS, L LR L—¥—@#
TIRE—LFEPEEETH Y, EMEL EERET 5 Z LIZE#ETH o712, —iRIZ ESF/
TIX2R_TIARENOCR~BIHMTI20E2EAEL—LTRBIL, BOND [HFR] - &E)
{ed RGN - &8 BICHEAF X TEMBESEEINRL TV, LA LYAR, &
WO LVREMICII ZOBERERIIRUEEZRLS. —F, BET 5% 28830 E
LB ZENRETHD. ZORDINETATLVOERBRII+HIERRINRVWEE
Thol-. EARIZIE— L ETLZ N ABVIELEBIITAD N ESFIT T X2 R_"T LD
ZEREE & Do TRV ARE CERIIT 2 Z L 20TRE T, AR ORISR 5
ANFoND Z EAMFENA TV,

3. EAR D =—7 /pthEBRfir g

EAR (2% ESFI7 I X< T AERIIEA > FROT — 44 OREH TIIMHTOH
DTHD. A4 FRUTRELIZMmERE L TN, NEZMEK L CRESBROHEK CHEN
HMEMAROIERE SRTWD. > TINOMEMRICL > TREEB bR HIERIC
FEENTVAIETTHS. B SNAXKABAAKII LT ~MEH, TO—MITEMEE T
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FELTT 7 Aw /AT INDFE (seed) (TRDHEVHIEZXFNHD. - TEAR TlEIhE
TS —F—BRNRED LN TET A Y IR, FORER LITEBST-T VO
B ONDHOTIZRVWhEMFERTND

7=, EAR 73 dip latitude 9 10 FEITAZ{E LTV A Z &b, BEOBREEXREZEZIAALT
R END T T A NRNTARBRFHENOREN - ClIE I R2 50, BkbbE 25
Thd., F-PHRED FAL L OBEZHRL L Cba=—/ Ri@BlcHDEF>TLV.

4. RN I5 ik

AR CIEK 1 (F) IR 11 FRICE—L08 M bhTnad. KEEITE— A0 00
N & AT D (]9 200km~500km) Th 5. R () (CHEERE (2K
lCc—F) TSR TWAE—A6, 12, 13 O - HERHEA R L TWA. E—L6D
KIEMIT 24 FECTHD. UTIZARTE 2 RO 3 X ZohkRiNe FAI O#&ETHHH, H
PHESE S RENBRICID > THRFEZ B TRAEERE TR TR EEZISA TV

[Otsuka et al., Private communication].
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[4 1 : (Left) Beam directions with beam number and corresponding azimuth angle.
Beam 6 is directed due south. Thick lines indicate the altitude range where some
direction within the EAR half-power beam width achieves perpendicularity with the
magnetic field direction. The five horizontal lines (100 km to 500 km) indicate the
altitudes at which perpendicularity is achieved. (Right) Altitude versus surface distance
from the EAR for Beams 6, 12, and 13, all pointed due south, with zenith angles of
24.0° (the corresponding altitude range is 100 to 600 km), 30.5° (550 to 1000 km), and
38" (750 to 1150 km), respectively. The three thin curves indicate the boresights for
Beam 6, 12 and 13, and the thick lines indicate the altitude ranges over which

perpendicularity is achieved.
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2 : Fan-shaped azimuth-altitude sector maps of SNR for backscatter from FAI
observed between 2000 and 2104 LT on October 20, 2002. Note that local time (LT) at
the EAR is seven hours ahead of universal time. The ordinate and abscissa are the
meridional and zonal distances from the EAR along the Earth's surface. Panels are
displayed every 7 min in time from top left to bottom right. The arc-like structure seen
in the contours is caused by coloring them tangential to the radar beam direction. The
triangular--shaped regions that extend from 100 km to 500 km altitude are caused by

intense radio interference.
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[4 3 : Same as Figure 2 except for the period 1933 to 2000 LT on October 13, 2002.

5. MWBUARTFR

[ 2 L4 R 4 BB U 7o 2 7 L ARl 5 B AR A WER S0 AR TE 140 B THIO THER T
LOTHDHETTTHE). ZOLHRFHITIET T X 3T )OK B ERHER STk
D Lk oomE - HPERREEZS A L 7 ARIRD AR Y N2,

EROBB EF U< EAR THE L O FAl =a—[IHEHICBR NS, PITIEHICEH
FE 850km # 25 b LH D, ZHIIBEAARE 1 TlE 1200-1300km D& EIZET D H D
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Thbh.

7T R ST ARG E LOBBEBE TR THEAL, MERICHEVEDRAEEIALT
LEHAERLTITL . 2 6OBEARMOENEN EAR OHE £ CHI#ET 5 &= a—21Zh0
W, NTNARENLRA~ABHTOEICE~LRL T Z &g shsd. X312
LRFOBRERTHEN, RN ERZTa—ThobONBENLERA~BET 2% Lo
%9 20 Syl T o —58AE A 40dB LA LEE K, BEAMBRICEE L MEAES 20 {5l HIEKRT S 2
ENREZ BN TUVWS [Fukaoet al, 2004]. L/ L kO ~OIEKIZED Hiview, i
175 A AT AOERRRIZHRDD DO EZEXONSHOBNLBLETHS.

FBAURICE - TRHICHIBIC LA T AR ETAHZ NS A, (43 L RRICHAE
I RN T A Z 295 LS ST D [Fukao et al., 2003].

B4 ix etk & FTHICRl= 2 —3g B U T 2961 CTh 5. R
Foxza—IRAENBEIZL > THEISNRZLDLEEZELZ NS HORNPLETHD
[Hysell et al., 1990]. ZH GBI A ETICHLRE IR TV L THEIN, TO Ny
FAR DO ZEMIEENME 2 SN T-DIEFD T TH 5 [Fukao et al., 2004].
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4 : ATI plot for backscatter from the FAI observed in Beam 6 (to the south) from 1900
to 2300 LT on October 21, 2002. The thick solid curve shows the solar terminator.
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EAR I =— 2 2 2T AR T 2 E TIC VWSR2 AFRE CERBEN BRI TE 5.
MZTHRIE L TR LARBEBBAM A FRUTRICEBISATRY, 77 X740
PRI IE DD L ANARKENKICE B —F 1 > V(seedingiTH L TH LV R A
BonsbolPigins.
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