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X - TE5ERE
FIVEY « SVATRVY REER ORI
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VEBTERE, PHREKFAEFBVIRT, * Université du Sud-Toulon Var

1. XL¥ic

ENE Y o A ARV REE (Kelvin-Helmholtz instability; KHI) 3R EME K
KPOWEAKTEFE (clear air turbulence; CAT) D H- L LHERLODDOVEDTHD
(e.g., Browning and Watkins, 1970), KHI (X KK DEBEAE S 7 DMV TAEM X
n, BeHEE ETICREGLBEICT S, FLAFETRAX—FHEBRLURKRBRNERICH
WA 5 2% (e.g., Shapiro, 1980; Gavrilov et al., 2006),

KHI OERART A 7H A I NMBIIERERLa LV Ea—F v Ialb—ailihil
<MRHENTWD, VFr—FY U8 Ri= N/S? (7272 L N id Brunt Vaisala IRBEK ; S ik
KEROSHEAE) 28 0.25 LITOLE &, KEFBHEENIENIIARLZEL Y, K # (K
billow) A4EREND, THICL D EUCMERE (roll) KXV HRERFRELRY., &
BT T 5, RERBRIPICHBICEN SN BERBIZZOFA 7 VOB
ThHLHILRKBEDOERTHELENTWS, KH AL —F—THAT I L, =ax—MET
BITLRERRKEVWETIRTHELS 29, LHEREBEAE TR TIINESRB LN
monhTnd, LIELIEERLNBL—F—xa—0 “S” FREEIT—RIZH (braids) &
ADMEF vV - TA (cat’ s eye) 72 & LRI A,

ChETHAMORFES DD, EMxHEE - THARGET KH BEEX - REMITD R
hote (e.g., ERAh, 2009; Luce et al., 2008, 2009), AEFFETIXVHF Hr MU L —4& —
(REPUA TS 4EET; 34.85° N, 136.10° E) IZPEEER R (Range IMaging : RIM, 3\
i% Frequency domain Interferometric Imaging: FII) %M UL CTxHiil & T kG <&l
S hiBwplic oW THET 5, URBINSAEIIERObDIZ L THEEICMELTY
% (ec.g., Fukao, 2007), KHL DT A 7% A 7N, BHAMOBRTLRVERER TV
W BAHHI W THR LB,

2. MU V—&'—/ BERERRIRIC & DA

MU L — & — D@ EBAE— FOR LV RESAERIT 150m THD, —KF, JhiZmi
WAkt FII) #@AT5 & L9 BOEEIMREOME (brightness ; T 2 —iEIZEY)
AN Z 6N, SEO FIT @ TIE, #8 1 Mz POBELK 5 AE A2/ R HICHH
ZTEEL, FNENZEINESICHELY (Capon) 74 NF—%F e LH W% B/IMET
% (e.g., Hassenpflug et al., 2008), ZODHETIXV AT 47X bNHE T
TR ET ABISR 7 A V5 — L 725 (IRR - i, 2005), KR V—#—IZKiTH FII
DOFBEIIBEICHER SN TS (Palmer et al., 1999; Luce et al., 2001),

AFRO - DICEERE % v > ~2— > [TANUKI (Turbulent Atmosphere observatioNs
Using a Ka-band radar and other Imaging radars)J) A3ERE &i, 2008 4F 10~11 AiH
HTIRIEL y AEE S iz,



3. WBFER
3.1 BRAY72 KHI DX

TANUKI &+ > _— Tz b7z KHI OEFI B R, o7V o ZERBRIZVTh
L6 THD, M1 EXIT 20084 11 B 10 B OFHTHEIEE 6.2 km T2 $BYA 72 KH 53
RBHNTWD, ZORERTASTIL 24 n/s/km & KEhoT-, 1212LT~1231LT |21TF
EIFE3 1 4r 36 FbD KH 453 11 A 55 (RPR), KH HE OB KR 1,000 m, 7K
TR FIH 4 knm TH D, ZOE FIITEMERAEFEET S, WHOMELIZSE TN T, KK
DM MR E SN TWA Z EBRMEEIND, —HZDOFHD 3.0~5.2 km O EKITSS
BN B L TS, TANUKI ¥4 o _R—2THRZONT=Z < O KH #id, Ri kiR
< 0.25 (ZHTVY, & HITHHE - IRE - ZIEoBEE W D B Ae g8 B L 40l & 9712, R &
EHICHIKL T Z &M TH 5,
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[¥] 1 (Top) Height-time cross-section of radar reflectivity between 2.0 km and 9.0 km from 1000 LT to
1400 LT. (Center) The expanded view corresponding to the inset in the top panel. (Bottom) The
corresponding vertical velocity. The thick contours indicate the 34-dB reflectivity level. The thin contours

show w=0 ms™".



KH 3 ASBL TN D & ZAELH (W) TRV (4~9 km) TIRIEOK & ZRHEHE
DOEE %> TS (2 OHFITIRIRKIRIEE3 n/s), £7=FOAAHA KH D LT T 90°
BipoTWADLIBEDORE LS TS (e.g., Klostermeyer and Ruster, 1980; Chilson
et al., 1997; Luce et al., 2008, 2009), Howard and Maslowe (1973){Z XAUIZNLAHZEL
RiIZEFEL. 90° 1XRi 230.25 IZEVW & &AL B,

3.2 KH i Fe1E & M

B 2 IR 1.6 km F{HICB O A= KHIB (vortex) D3 - HMAR (GF 1~ 5B
ort, L—F—KHE (FREREFR) T TOBRTHRE E— L mICEFE LR
VY, SO EBEEICE | BB KH R AR SRR S MRS L T\
Z5N5, H2 BB TACERA KH il TER Sh, Z£OHOHS 3 BEM TR 400 m Ofhic
LTV D, PITIIRIC R T L —F —RERB/ NS, §4~5BRIcid L k<
AR & 220 . 0052LT (I ZBEES R E N TWA, LinL 2D X 572 KHT OF
i RO BEMABONADIE M L—F—TIHENTH S, O KH ifhidH 20 m/s/km
ORI Tt > T30 . bl T I T, BEHMICERL TW D 2 EDBHEND L
nTWa, it (FXTF) obFmTEEEnsilEds (roll) LHET 5, LBEMI

Trme (L7)

11-40V-2008 Radar refectiity (¢B) - Capon(90°10°)

d )b :..,:' A
i Do { ).
0033 0041 44 D056
Tema LT}

[ 2 (Top) Height-time section of radar reflectivity between 1.245 km and 5.0 km from 0020
LT to 0105 LT showing several KH rounded billows around the altitude of 1.5 km. (Center)
Same as the top panel for the East beam. (Bottom) The corresponding height-time section of
vertical velocity W. The contour shows the 46-dB reflectivity level.



3.3 FELft¥ (Turbulent plume)

X 3 EENISMEL E— LD L— ¥ — R 27T, @ 16.6~17.0 km T, 2330LT fHiF D
915 5rfH], bulied KH i (466 800 m) M HMD, —J7, wlE 12.6~13.6 km (Z 9 BERILL
EbFRiT 2R ET S, TOMLE 16,2 kn £ TIHHEBEN L —F—KHZEO/NXVE
TdH VY, 1930LT B{7H>5 0300LT B F THigE L TV 5,

ERTZILEE 13,5 0FOMORHMEED Lz, T8 0% L F o= BEnFREEIIC
BnsZeThHs (RHPE), ZhEEOEHER—HRAT EOERRHE~MEALTY
DX ICHAD, KHEEERAY | T WS EEAE T2 <, wWhiE 18] (plume) O LS
RIGIRES S & TH D, R FIZAIETHMEMRN TH D, WOIREDL ZIREOREICET
2% LTV %, 2358LT IO S A2 ELITIAO PVEICIZE 5 202 ERJHE (W0) & TR (W
<0) MFEL., idEE (roll) AHETWADTIEAV N EEZLNS,

{52 MU SBUET 2> S HCER GIBRE 3 |k - PERINORB) iz 6PS Vo F ol
T e B X S 1 E 12,65 km T, @5 13, 4~14. 8 km B TR (nearly neutral
layer; NNL) L 72oTU % Z L AVHE L TU D, NNL O F Y5y TIIZEEEIZHBANIE S /2
BUCARLIE THHA, L TR EETh o=, ELEROSHITZ OMIEL FJE L
7R, Z OIS AR KHL O T A 7Y A 2 LTI STV, [ 3 T 0300LT 8
WCELTRTR 23R L 72 IS/ 14, 0~15.0 km ORI UL AN TWS, ZoZ b
225 ST KHT 23 3L RN & L 5 25 I i BRI OGS 2 R L TV D L D e E X B
DAEGHRNILETHD
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[ 3 (Top) Height-time section of radar reflectivity between 12 km and 18 km from 1900
LT on 06 November 2008 to 0400 LT on 07 Nov 2008. (Center) An expanded view between
12.0 km and 15.0 km from 2325 LT to 0030 LT and the reflectivity contour level of 13 dB.
The black line in the top and center panels is for the balloon trajectory. (Bottom) The
corresponding height-time section of vertical wind (W).

4. ¥

50 MHz #f MU L—& — 2 L— & —RRIEEER L TH)H TR O o AREREBLRIH RS
b, RZ oM KHL IZWTFh LFEBMICIZZNE TMCY L—F—R X - L —F—T
BERBRE L B ICH O b OB L /- g% LT 5 (e.g., Atlasetal.,
1970; Gossard, 1990; Browning, 1971), L2>L#DOHHLiZ, BEXEE n TKEERRIX
1500~3000 m & EFREV, =T DHEMIIRE 30 HLUTTHS,

ABRCHH S H . KT S5 - THREESOH S w585 - BEICEHE
MINCTFTET A LD TRV &, WNT Case 2 ZER< TR YT _TD KH kA, Wik - RS -
TR VO IR REAREZ WS IS, TOEEMME L HIHEHBELTWSZ LT
HBH, HTRIHM0.25 LN B LELIIBARLENEL T, BURI BRIZESZ
EILLVFERRKHIICE TRBLTWRWI L ZRIETEL0THS,

& HITELHEH (turbulent plume) A3, HEPIIFOM ETRR I, Zhik KHI O
KW, EEEDEET COREREROLIELSRA TS 3bon L S5iIzBELbNhD, L
ML N EFERTTAI2E. ZORHIHEDNZ KH EOiE T & - - BRI E2 T L ER
»H59,
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LOLRBRBL, AOL—F—31 30T, WThLEEL TEEABRTX 55 EMGEITE
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REBEBCTT TN ZNEREEESZENTEE,

PLEOATBHFEIC LV | HERIZEETH 100 fEEREm LA RIA F 4, B EE bkm £ TOHE
BIASAIRE & 7o 7=, 4 IC T L — 4 — #2779 [Hashiguchi et al. 2004], 7
vFF YA Rl Am x 4m, 255 E— 27 81 2kW T, Spano and Ghebrebrhan ®OfF 5 % v
T= 7V AJEREIC K 0 XETEE S 4008 ZEHR L TWB, ToTHEFHIZS By hOBH
AT AEZEF 2 NERTEH LT . E—AEZEEOKRERIZMITHAZ LN TE S,

TEHE L — 7 — 2R L W KRETHERNCY s v F7Fe 774 7—Xy
N — 7 %8+ 2B A2 HED TN, ZOFRy FT—213 [BHINKRERS AT A B
B WINDAS (Wind Profiler Network and Data Acquisition System)| &£\ biv, EPEH
HSALICK Y, FOMRL—4—& LT TFEHHE LV — 2 —08H 7z, WINDAS (X 2001
FEIZ25 B TARAF— ML, 2003
I 6 BB S, BAE 31
Mo CHElgE R T T W
5, EESHOMBENT — 71X
AIFIZED B, B2 DKRR
TFTHEBICHHEIN TV D,
WINDAS c-: X 8T — 4 DlF]
LIz k0, BRIy Ze fich . <l St
gﬁmaaw¢wu*wmi¢, @m{%%w@MﬁL“ﬁénfwéLn/bTﬁ%m%v
7= L EbhTUV5 [Ishihara —#— (ZZEERER) & OBFIFZE)
et al., 2006],




5. LAY R L —&—2 54 (LQ-7)

ZO®RL/NVUL—F—DBEEHETTEY, FIZIEFESKOL I 7, LTR1 SH L 0 i%E
A2/ NS LT, O aRA MO E R4 7774 5—(1Q-T %, FELEL
& DIEIFFEIC LV BFE L TV
A, B 80cm DIV R~ T Ly
AT T % 1208 Lk 7
TT 4T 72—ART LA HR
DV—F—T, TvTFF+H A X
1K) 2. 6m & R L — &
— XV IV, £
NZEMHM> LOICHEFHH L%
JERLT, FZEREE™mD
5287, ﬂﬁwhﬁlml“
B L RSO BIIMEGE A4 Ly X5 ERMUBBIBTICRIE S T D Le-T (EACESR T3

B, FEKETIE, 2001 4 (BR) & OBIFIDER)

v R TImMEH A~ T = b 2302 VHF fikiE KK — [Fukao et al., 2003]
f@ﬂt¢ﬁﬁmzﬂ0khaofﬂLMKT,ﬂ%@MVZTAM%m@77V®
HARIMAU (Hydrometeorological Array for ISV-Monsoon Automonitoring) 7' & = 7 k (ME{E

WFZEBH A IIP RERBICE - T, L7 3 %, BALGH V= 2 U BOR T4 7T
T ATV EOF R, 2a—F=TEOIOETHIET ZIZERE L, K LOxy
kD — 27 @Ml %17 > TV 5 [Yamanaka et al., 2008],

6. Bbhiz

FEARKRISH CINETICHBE L TELEREL—F— L THAMKE L — & — 2o\ TR
Lize folbid, @ fRGEZ M EXEA7-0, LQ-7T WA A= VB0 e &
ZIToTWAD [FRAEM; Whih, AL, F/z. 2004 FEEHHEZEEOMREIZ X v Bl
ZEILELTWEALR U RREOBLR 1 BHICH LT, NIRIFI T TFHIEEOEEMHEAL,
T D% LQ-7 DESAF 1 /bl e OME S B E L AN 2D Z LT, A1 HICBNEE
BH L 7=,

B 3R

Carter D. A., K. S. Gage, W. L. Ecklund, W. M, Angevine, P. E. Johnston, A. C. Riddle, J. Wilson and C. R.
Williams, Developments in UHF lower tropospheric wind profiling at NOAA's Aeronomy Laboratory,
Radio Sci., 30, 977-1001, 1995,

Ecklund, W. L., D. A. Carter, and B. B. Balsley, A UHF wind profiler for the boundary layer: Brief description
and initial results, J. Atmos. Oceanic Technol., 5, 432-441, 1988.

RRE— - BEEY, [PBLRIOV—F—VE— b7, REHRFEEHTIHERES, 491pp,
2005.

Fukao, S., H. Hashiguchi, M. Yamamoto, T. Tsuda, T. Nakamura, M.K. Yamamoto, T. Sato, M. Hagio, and Y.
Yabugaki, Equatorial Atmosphere Radar (EAR): System description and first results, Radio Sci., 38, 1053,
doi:10.1029/2002RS002767, 2003.

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

Hashiguchi, H., S. Fukao, Y. Moritani, T. Wakayama, and S. Watanabe, A lower troposphere radar: 1.3-GHz
active phased-array type wind profiler with RASS, J. Meteor: Soc. Japan, 82, 915-931, 2004.

Ishihara, M., Y. Kato, T. Abo, K. Kobayashi, and Y. Izumikawa, Characteristics and performance of the



operational wind profiler network of the Japan Meteorological Agency,J. Meteor. Soc. Japan, 84,
1085-1096, 2006.

Miyashita, H., H. Ohmine, K. Nishizawa, S. Makino, and S. Urasaki, Electromagnetically coupled coaxial
dipole array antenna, /EEE Trans. Antennas Propagat., 47, 1716-1726, 1999.

Ohno, Y., Land and sea breezes observed by a 1357 MHz wind profiler, Proceedings of the Seventh Workshop
on Technical and Scientific Aspects of MST Radar, South Carolina, November 7-11, 1995, 323-326, 1995.
Spano, E. and O. Ghebrebrhan, Pulse coding techniques for ST/MST radar systems: A general approach based

on a matrix formulation, /EEE Transactions on Geoscience and Remote Sensing, 34, 304-316, 1996a.

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

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

Tsuda, T., S. Fukao, M. Yamamoto, T. Nakamura, M. D. Yamanaka, T. Adachi, H. Hashiguchi, N. Fujioka, M.
Tsutsumi, S. Kato, S. W. B. Harijono, T. Sribimawati, B. P. Sitorus, R. B. Yahya, M. Karmini, F. Renggono,
B. L. Parapat, W. Djojonegoro, P. Mardio, N. Adikusumah, H. T. Endi, and H. Wiryosumarto, A preliminary
report on observations of equatorial atmosphere dynamics in Indonesia with radars and radiosondes, J.
Meteor. Soc. Japan, 73, 393-406, 1995.

Widiyatmi, I., M. D. Yamanaka, H. Hashiguchi, S. Fukao, T. Tsuda, S. Ogino, S. W. B. Harijono, and H.
Wiryosumarto, Quasi 4 Day Mode Observed by a Boundary Layer Radar at Serpong (6S, 107E) ,
Indonesia, J. Meteor. Soc. Japan, 17, 1177-1184, 1999,

Woodman, R.F.,, High altitude-resolution stratospheric measurements with the Arecibo 2380-MHz radar,
Radio Sci., 15, 423-430, 1980.

Yamamoto, M.K., H. Hashiguchi, S. Fukao, Y. Shibano, and K. Imai, Development of a transportable 3-GHz
wind profiler for wind and precipitation studies, J. Meteor. Soc. Japan, 80, 273-283, 2002.

Yamanaka, M.D., H. Hashiguchi, S. Mori, P. Wu, F. Syamsudin, T. Manik, Hamada J.-1., M.K. Yamamoto, M.
Kawashima, Y. Fujiyoshi, N. Sakurai, M. Ohi, R. Shirooka, M. Katsumata, Y. Shibagaki, T. Shimomai,
Erlansyah, W. Setiawan, B. Tejasukmana, Y.S. Djajadihardja, and J.T. Anggadiredja, HARIMAU
Radar-Profiler Network over the Indonesian Maritime Continent: A GEOSS Early Achievement for
Hydrological Cycle and Disaster Prevention, J. Disaster Res., 3, 78-88, 2008.



kﬁﬁﬁ@ﬁﬂmb‘“4x—y/7
D477 745 —DRH

CEROHN! - /OEZ! -

EYisrAR

WARZ ! - HELRM! -
BTk hEEAS -

o LAt -
ARG S - S635{EBA 4 - H.Luce®

(1: HREEN 2 ERKETL (BK) 3: XKW 4 KERE#EK 5 {LY—BYK)

1 EC&IC

KEHDOMBR DO, Wfickdd
DL AKELFRICE S HLEUC X A HRBK
&<, EBEORES I RFREICB N THEL
LR ORI ERTE TV, K&AL—F—
. RRELGEISORELZI—2E T 5 C
L. FER - 2RSS BRRIRTRE TH S R T
AFELHOBHIEEE L UTEOICH S D, 1k
D ARREICRRD B o Tz, B—DEEE. B
—DRET VT ERAVZEED/IVAL—
H—Tid, BEEEDRREEIX/ VVART, /S
FREEIRT V5 F ¥ —LIRTHEZ NS,

MU L—&—T{&. 2003 fEEIC [BEF+ >
IVFIRNVZEVRAT L) BNBATHh, 5%
EBREEEVIVEZI NS, 7T K8,
BOSEESERAMICETLUTERIETES X
Sl L—F—EZEDORKEFHLI—E
DL % 3 ReA A=Y >V T (g{k)
TR ENAEEE L0721, 2. LAL MU
L—H—RBAKBDL—H—ThHB-, ¥%
EDOYIY B X ICHENID D, B 2km LT
ZBHTERVEWSREEZRATWS,

MU L—&— CEIRIAT e 8B 2km LLTF
DTERKICEBIT ZEFD 3 KichsEz SRl
AL A ZHMELT. L—F— L%
DORXET L I—REDZEM % 3 KTA
A—=T VT (BYE) RlgEIe A A= T U1
¥ F7Fa7 7 A4 5— (Imaging Wind Profiler;
IWP) DBIHEZIT> T3,

2 RIRESAST S ORRE

RENZL VIA ATV TOFHICAB
BT bt (FDI) % [3) M5 %, FDI k&

&, BEBORLZEBOXREHZRFL.
iz % ERAEBTRONIRERFSHONL
HEZLLIEL—F—DEE/WARX DM
MBS REERRZFETH S, LVIA
A=T VT ETS I-HIERE (ORI
1357.5MHz I LT, 0, £250kHz, +500kHz
D5 A EZEBEZERES LR () &
HEBARLENVEIANVIT VAT VT TE
ERWINY 0 Y R Ta 7 7 45— GBW
LQ7. #1)icfFmLiz, ZDi%. Capon i [4]
WX BEEOMBHEZTT> T

#1. LQ7 DFHEHET

G T 1357.5 MHz
7VTrF TIT7F147
TJz—XR7L—
B O: 3.5 m*
¥ — LIE: 6
KIEA: 14.2 &
EER:
¥— %58 2800 W
EEXEE: 980 W (st K)
7V ATE: 0.67, 1.0, 1.33,
2.0, 4.0 us
IPP: 50, 80, 100, 120,
150, 200 us
TZiEE:
NF: 1.5 dB
TALFIwv?d
Lo 60 dB L E
F— A RS HER:
7V A BH8: (1), 2, 4, 8,
16 Ev b (IREFS)
FFT B2k 64, 128, 256, 512

20094E 9 A 14 HOEE MU Bllfric I %
1 BBERAZRK 11C. FDI SRR ZE 2
ISR BRS A—2IZ/7UVAE DR U



fdl 65us. Tb—L > bS48, FFT si%k
512, 3JAE & Uizo K1 Tld/i#REDS 150m
LD, BDZE#HZIA SN TV, X
2 Tl L > PV fREE (150m) NOELIROZ ) %
MM IRZ BT ENTET,

SiN(dB)

& 2000 1

<
15!‘.0-'

|DOD|-

o B ii‘!"lil‘i

ueon 0900 1000 11:00 1200 1300 1400 1500 1600
094 0914 0904 09/t4 (B4 0BAM4 0BN4 0BMA 08414

Local Time

Xl 1: 2009 4F9 H 14 HIC 3475 1 8% FDI 7%
Lo S/N it

Brightness

0800 0900 1000 1100 1200 1300 1400 1500 1800
0o/e 0ANM4 0904 0944 02114 0BId 004 094 0914

Local Time

Xl 2: 200949 A 14 HIC 317 5% 3 @ik FDIL %
D OO T O —aR R R s B2 L

3 KR

MU L—&— & O EREEINC & © /KFED
M 21T 72, TREED 1 EIREIIC X /KT
JRD Mgk R 2K 3 1T d . MedbE IS FH R (A
0.99, MIFFEFROMEZ0.79 £72D, LQ7IE MU
L—&— & Ll U TR 20%@ K5 Hil & 75> 7=,
JiP Rl AHRBEE 0.98, B1Z 0.94 &5 D, 1RIF
—B L7z, TORERIEHEILD E— LKTEA D
KENWEEZ D EBENTHS,

WS KIS FDI R C/ACERD Ll 21T 7,
FHIAENE 2009 9 10 A 31 H 13K ~17KEE |

(a)

MURadar Velocity{m/s)
o

Regres ssen L J

60 40 20 0 20 0 60
LQ7 Velocity(m/s)

(b)

MURadar Velocity(m/s)
o

i / B
L 4 Regressin Lewe
T - — IR i1 2T i
-60

-40 -20 0 20 40 60
LQ7 Velocity(m/s)

X 3: 200010 H7TH 16K ~8 H 12FfICH
% LQ7 & MU L—&—00D (a) Fdt/E & (b)
BRPG B D Pl

20094 11 H3 H 12 ~14 K TH B, 1173
HIZ351) % LQT D FDI QL% 0D o4 SRR e
fEZE b2 X 412k, S/N—10dB OB
2.5km, S/N—15dB DHHRAH 3.7km TH >
7z LQT Tl& 2.5km LU F T 15m/s, 2.5km
M5 3.7km TH 0m/s. 3.7km LLETAHIZ
ik Eolc, Thid2.5km L F TR T I—
A TWBH, 2.5km M5 3.7km TE I v
R—DWHTANYT FILOE— 7 {iidMiEiE
Om/s L7 1leDTHB, £z, 3.7km L E
T/ A XDHTHB1c8h, AT FIVDi
KEN T VAL Z>TledTHB, TDT
EMS LQTIES/N-10dB L L2 BT E, I



KTz & 5134 3.5km, 2135 2km BB &K
ZTOBMITEZmEL %%, FDI UM Fi%D
MU L—4&— ¢ OpgdbE S R 2K 5 ISR
9, mbEE RO LS R eI IE 2
7o 7z, FDI ZLPEFGIEFHEIME 0.95, 51 0.91
&xo7z, FDILPR%IZAHEEfE 0.96. 151Z 0.95
&5 FDIAFERG# TIRIE—E U 7R DM
5Nz,

5000 = .. y = 20
4500 | e 1%
4000 | (RS "
E | 5 B2
E 1500 | 5,-‘
= 0 &
2 2000 2
- 5 B
< 250 | =
2 f -10
2000 A5

a S ’ |
1500 | — _— .20
1200 1215 12N “JS 1300 1315 133 1345 400
103 1103 103 1103 1103 113 11DE 113 e
Local Time

X 4: 2009 4E 11 H 3 HICHBT 5 LQT7T D 3 Ji
I FDI & D di pyJalRs ] e i 2 b

MURadar Velocity(m/s)
o

== bl
20 15 10 5 0 5 10 15 20

LQ7 Velocity(m/s)

4 KUBFREDOERA

LQ7 ® FDI £— K T FER&X DBz
1TV, KRR OREDRFZIRA ST L
W Uiz BIISS A—=2137VA# DK
LR 65ps. ab—L > FRIE48, FFT 5
¥512, 38, ©—LEsCRTE. HbmL)
& Lize Ka#Hfi FMCW L—&— (EL—4—)

20
15 :
:‘é‘ 10 ':1'. .'
£ Ry,
: i
5 3 3
g of >
| 7
§ -5 # ’
© gl
2 0 /f
8-"-'/ : 10431
.15 s 1w
P Rigressaon Line
.20 L2
20 15 10 5 0 ] 10 15 20
LQ7 Velocity(m/s)

: LQ7 & MU L—Z—00 (a) ifi 5 77 R HE
(130111 ) & (b) E57fRAE (30m) D FgI LR LLEHS
H

& [EIFFCGEA LT D, EORF2ZHEA Tz, &
L—Z—DFEHTEL2ITRT, LQ7T &E
L— A — ORGSR ZR 6, TICRT, &
X OfHRE LQT DS /N— 18dBL,U_0)ﬂ!ﬁUiT35
D, HZEH 5 @R 1.8km ORI AT
JEORIE 2R L TV, JERkId Kafii FMCW
L—Z—0DL—FZ—RHHT -5 ~10dBz D
fipich b, EOMHEEEZ/RL TS, TOH
1 9 BEED S 16 BFEIC U THEIREA B
iz, BREO Fid 9 BEICEEER 1km
IcH b, 14BEFE THFTH 1.7km I X TH
LTz, BEFEIE 15 BF 30 U E Trigz i
LA, ZOE FELTOLERFOIBIINE
Niz, i 9REMSERIE N/, FHEKH

JiElE 1.4km TH o Tz 12 RFEH S ETFE DFE
> TEEGE R U, BECHIE LB
RIEOFGEEEXIIE L Tz, 1315
ST ENE ST 5 T a—h il &
WEFHESLTI—ICIHS KO IR L Lk
iz, 9BFEN S 12 FfEHITHI T 1.5km
iKW T a—A Rl iz, BEREIFIE—
BLTWz, IKERICDOWTIE, BiEOT
O—H RO EE TR 3m/s OILPHETH D |

BRI AFEE T B I DN TR O R AMIL
KLUTWo Tz, BERET Tl 12 IR 30 7 6iH



5 14 KfB{E TH 10m/s DETZH, ZhLst

OIFHITIER 5m/s TH 5. JEMIE 14 FFEE (b)

TALTEED 5 HRARIE L T =S, 14 BELL

BRIILTER L 2o fe, BRRBERENIRZZ =

BRI 10m/s DILRA TH-Tz0 BIFED o | g
EicH D, iiﬂﬁ%ﬁ@ﬁ?%b”&h‘f':b%ﬁ%ﬁ gnw L g
T —ETH S, 1.8km L EFENEL, £ 2
¥ 3m/s OITERTH YD, BAEET B0, | g
%Iﬁf@ﬁitﬁﬂ)ﬁlf%ofco C@Tu’_&bfy‘?— ?5005 % e % T i u‘w R

KX>TEMELEEZIONS,

%2 Kafif FWCW L—&—DFEFHET

:00
09/25 00/25 0925 09/25 0925 0925 0825 0925 0925

Local Time

X 6: 200949 F 25 HICHF % (a)LQT I K

ol fﬁ ,ﬁj; B e BREYE (b) BL—H—Ic X BEDT I
3MHz/40.96s F v — T5%(E JEERFTI 22 b
L > oy RhE: 50m
ST 100MHz
FFT /8 4096
Y — L5 N (a)
(a)

Altitude(m)
g

x
[y
o

02800 0900 1000 1100 1200 1300 1400 1500 16:00
09/25 09/25 09/25 09/25 0225 0925 0925 09/25 09725

Local Time

Brightness

Velocity(m/s)

0200 0900 10:00 11:00 1200 1300 14:00 1500 18:00
0925 09/25 0925 09/25 09/25 0025 0925 0925 09725

Local Time

g

5 L&
MU L—&—TRBTE W ARKIERE

Altitude(m)

§ 3

3
Direction(deqree)

2RO FERZRDA A=V TEIZITS T 750 LRI e .
00 1000 1100 1200 1300 1400 1500 1600
0825 0925 09125 09/25 0925 09/25 0925 0925 09725

EEEME LT, LQTOMBIC X3 AGER
BEIAL Y OA A=V s R 70Ty
A4 I—DMFE L., OIS & R HEE
DFEFIT DNV TRz, FDIEEHAWSC &
TREBE M RRED ) E L, SEHEARE (150m) L

Local Time

X 7: 200049 H 25 HICHBIFS LQTIck S
(a) KR & (b) JRmDIRF] 5 E 2



TOHWTZa—[@RIEZ 5 T LA Kz, MU
L—&— L OKERDLLBTld, FDIAGRL
&I AROEmER LTz, LQT7iXS/N-10dB
LULEAEITE, TO—DFNELTHH2.5km
¥ CHTEETH %,

LQ7 ® FDI £— R TTFEAK 2 #s &l
L. KEBERBOREDHRTEIEZABC LI
B LTz, ARICEL—A—38@ALTHED.
TBEEE L KFIERBORER BN LT
HREMESNI,

5%, BHERIZITS C L TARKERED
ELFORGE R, D S E TOERNH
MM LRFEE NS,

BiEs

AW AAREMIRAS R
BRWAERB) A A—IVF o4V FSO
T 74 S—OBRIC K 5 FTRAKELHOBM
HEEOMZE) K& R—-FEhiz,

Ka # FMCW L—&—3 38Rl EE §%
B SRR Nkt
WDI=HDANTLRER - BBICEET 25 5RI0F
%) Ick DRARE NI,

BE R

[1] G. Hassenpflug, M. Yamamoto, H. Luce,
and S. Fukao. Description and demon-
stration of the new middle and upper at-
mosphere radar imaging system:1-d, 2-
d, and 3-d imaging of troposphere and
stratosphere. Radio Science, Vol. 43, DOI:
10.1029/2006RS003603, 2008.

[2] H. Luce, G. Hassenpflug, M. Yamamoto,
and S. Fukao. High-resolution vertical
imaging of the troposphere and lower
stratosphere using the new MU radar sys-
tem. Ann. Geophys., Vol. 24, pp. 791-805,
2006.

(3] R.D.Palmer, T.Y. Yu, and P. B. Chilson.
Range imaging using frequency diversity.
Radio Science, Vol. 34, No. 6, pp. 1485
1496, Dec 1999.

[4] R. D. Palmer, S. Gopalam, and T. Y. Yu.
Coherent radar imaging using Caopn’s
method. Radio Science, Vol. 33, No. 6,
pp. 1585-1598, 1998.



GNU Radio EFHL‘TU?*( k77745 —H

MABRVET- ! - MEOREZ - LuATE !

S¥t3E 2

AR - ZREshNT ! - EERE' -

« BT RO - SR

(1: FREFM 2: FREL () 3: [EW 4. KREEK)

1 (ZC&IC

KR OWRK T DEREIL, MFRICX3 L
DL KSELFRICHE S HEEUC K B3 ELK
<, BKEBDOHEZ S THRMIcBWTHE
BB ORI EEATE RV, KR L—F—
i, K&EFAISOBE. Za—28fd 3
& B - RIS ESIBIINTRE TH B KT
KEEROBINEERE & UTBLICH BN, 1Ek
LRI RRREIC RN Do 7=, B—DFE. B
—DZET VT FERAVBEHED/INIVAL—
H—Tid, HHEEDIRAE IV RRT, =5
RREEZ 7 v Y —LIETHEE NS,

MU L—Z—Tld, 2003 EFEIC [BZF+ >
FIWVTIZWVZEY AT L] BDEAEN, 1552
EREREZEY DB RS, TV T &L
HDZEESEPRAMICEITL TR TES X
3k, L—F—EZEOXRKE LT a—
DR % 3 ReA A—T >V 57 (BH&1E)
TR LMAgELEo (1, 2o LAL MU
L—H—d KDL —Z—TH 318, E%
EOYI D EXICRRENLHI D, BE 2km AT
EEMITE RV EWS BRRA TV,

MU L— & —CBIRIATRE L & BE 2 km L
TOTRAKICHIBEHD 3 KekEz sl
AL $3C L ZEBNE LT, WALV
LYRAT Fr1EERWINES 2+ VBT
a77A45— (QEFRLQ7. £ 1) OHRICK
D, L—&— FZEOAKEF L a—5HEDOZ%E/H
D% 3 RITA A=V T (ML) TThERR A
A—=T U4 R0 77 A 5— (Imaging
Wind Profiler; IWP) DRFZ{T> TV %, &
W TClE. IWP ZHWTEFv U RIIVZER
AJREL . SDI IC X A= REREDHE DT
KRBTV VZEBOBEZITT>TWV S,

#1. LQ7 OFEHET

FLO B AL 1357.5 MHz
TVTF: TO5747
Z1—XK7L—
B 3.5 m?
Y— LiE: 6 &
KIEf: 142 8
E{EH:
¥—kE8h: 2800 W
TEEET/N: 980 W (I5tK)
73V AgE: 0.67, 1.0, 1.33,
2.0, 4.0 us
IPP: 50, 80, 100, 120,
150, 200 us
Z(EH:
NF: 1.5 dB
Iy
L. 60 dB LA L
F— R B EIE:
7V A EHE: (1), 2, 4, 8,
16 € b (IEfF=)
FFT 5% 64, 128, 256, 512




2 TIURIRERORRE

IWP THBO7 v 7F 2L, 25
v U RIVREZRAREICT B T-DICRET Y X
W2 ERZHFEPTHZ, TOU > FT0
T 7A47—M7TT2IVZERIE. GNU Radio
(http://gnuradio.org/) ZHWTHFEZTT>T
Wao

2.1 GNU Radio lc2WT

GNU Radio (&, VY7 bD x 7tz Ex
B DEAMIC KT % = DR FIREE % 1
237 —DFEY—ILFy b TH B, 2
HENTVWBIA T EHHN—FI LT

(USRP[3], USRP2) ZR\5 Z & T, FAH
JERR OS2 LU A SIS T T e hvn]
AETH B,

2.2 USRP2 DAXNvY Y
USRP2 IZLAFD & 5 kit 2t > T 5.
e Gigabit Ethernet Interface T PC & k¢
e 2 D0 100 MS/s 14-bit A/D converter
e 2 DM 400 MS/s 16-bit D/A converter
o XIERHEZ: Digital Down Converter

SWEMEFIC K B D 728D A ST

o NESZA LA 2ty H AT

3 LQ7 &ETFIVRIVREHRE
UL TE
3.1 LQ7 TIRIVZEDIER

1CIWP AT LDTav Y9 ZALTH

T L7ZRY ., BHEOLQT Y AT LIz B RK
WEEREERVWESIC, T KD IF E

5 (130 MHz) Z 2 7B L. 7Y 2IVZER

ICHL D ATRERRIC LTV, 79 X2)V2EH
l&. Gigabit Ethernet Interface T PC & ##i
ENTHEY, BELET—2%Z/Vry ML
TPC ICikfE9 %, PC T, ZIEL7N
7w IS REIR TR 2T B, K
2TV RIVRERE PC DTy s 54
7T LR,

@ PEARSL [/ Hra -
5

- .

.

iz .

Data processing & Control System

h
Lot Ll 1] 1)
Bt

i
Kesall  [Fl—(—(D
saznsnr o ff

\
Signal Processing Sy

—[FomEua
: .
.

130MHz

H
Z[Foonmun

X 1: IWP Y RA7LD7ay 7 XAT 5

MH:

.
| 1 JOMH2 IF A__l:%,‘___( | B Y——
|.—

[ 100MHE | 30M H

"‘* Sn

USRP2

USRP, Uriversal Software Radio Peripheral
CiC Caw mn r egrator Comb
FIR Fir | Impulse Response

X 2: FURINVZEKEPC LOTayw sy
AT 75 I



3.2 LQ7THEDIT7LVREBIC
&BT V2 IVEBDRER

FIYRINVREBE L THWTWS USRP2
. BEDT7 7 —LY 2 TREBETSHI LIC
K ONEES LRIANTTRETH B, 77— L
Jx7REEL, USRP2 DRE Iy 7%
NERASMES (LQ7 D 100 MHz EHH¥E(ES) T
oy ULk, Chickyh, EROTFI2NVE
Bz U827 5 BRI R EN]
HElC o 7=,

3.3 FTIRIREBOT—2EE

FIANZEKE UTHIAL TV USRP2
B, M3D&37—28EEZE Dy b
% PC fCREIET %, BALARRVT LI,
USRP2 HIC$H B 32 bit DAV VX TH B,
2A LAZ>7iE USRP2 AT 100 MHz (10
ns) ThUYV 7y FEhd, AfEHME MY
H—=I1VAEBANT R ETORYEY MY
3T LHAEET. IWP TR hERWTEA
IR ERT B,

SCLRYSD
o

74 Qetammomwse 3N |

3: USRP2 DT —# 58

3.4 LQ7 DOXE/NIVAICERELT:
E8DRME

B 41 LQ7 DR/ UVAICAM L 12E5D
REFEERT, TYXNVRZERICIZ, LQT
OREEIVIVAICEIAL 7 P U AWV AR AT
Th3, TYANVZERRATE. EBBHLTH
S5IRTODF—2DIy MR PCITEREL
FITVBEITHS, PCRITIE. BITH-
7er’ry RORALRZY TS R H—
WADANZRIB L, BEET—FIET 2R
79 %, E@5ic MY H—UVADASIGR%E

WIS .
M-
(USRR2ILA )

(WUSRP2CAN)

9. LQ7 I3 FDI &ifll21T-> T\ 57=80i%(E
TAREBNENT B, SEIE. ak—L Y
R X R OB (65 us X 48 X 3) Tk
KRV AW AETF Y ZIVREBC AL,

a@inz.--m T e

el
-
-
2

ll('r vk
USRP2 —_—t
F\ Time

Range{Height)

-

B 4: LQ7 DREE/VVAICEM LI2EEDR
EVatia

‘4! mﬁ

Time

- -
- -
-’

...........

-
- -
"""
P -

-
______
-----
LLLLLL

9.3msec

5. b U H—=rUVAD A SR

4 SR
4.1 FEBRO/IVNVAERES

B{ET A bz LQ7 hEDEEHEEZ
EL. EERO/IWAERESEZITo 2, 18
BEEND, HBL Y IEIREHBEIRE
KB TLHHRTE, FYXIVZERNE
SV AR LI585 DREMEL < 8ifE
LTW3EEZILNS,



4.2 2BDTFIVZIVREKEFERL
18R

2 BDTIRIVRERIC) 77 LY AES
ZANUTHGL, EWIcAENS LY
A7V AL X BFEEAZTTV, 2 BDT V2V
ZEBZMEH LBl 2T/, 2 BDOTY
ZINVEZEBICIE,. BLT Y TFHhoDESE
27U TANI LT, | 6(a) lcT I 2IVEZE
1 S HOBINRER. X 6(b) 7Y 2IVZE
#2 BHOBNERE RS, BHIFEENDS,
ZEBEMNEORFMZB S OMENFE T T
HBT NG, 2 BDT YR IVZEBIER.
FHEALTH{ELTW3 EEZBNS,

—_—
[
—

Range[m]
ERERE

Power

WO s b0 BOOoO

Time (IPP Number)

X 6: 7 RIVZER (a)] BHKRT (b)2 H5H
DB R

5 F&&

PREARSICHT BELIRD 3 ek 2 Bl
5T LZHNELUTIWP OFEZIT->T

B, TOREAERLE, £2F v U 2IVEZE
EUREICT B 120 DF Y R IVZEROMSE%R
7. LQT OEE/ VAL ES 252
. LQTHh50) 77 LY AEFICX D [EHA.
2 BDT I 2V Z G ERAE S B, B8
RS S ZEROMEZERZT> T2 &
%X, 7THOUSRP2 2R LEM. 75w
2 —BRZE % EOMEIC(ESEE (4], SDI I &
B2ERA A=YV T OEERTTS TET
H5,

%!l

¥

AWIZEE BAERILE RAUFECeliBh<e:
JAE (B) A A=Y Y5 94 KO
774 Z—DRRIC X % FERAELHOBM
MFHEOMZE] KDY R—FENiz,

S5 3R

(1] H. Luce, G. Hassenpflug, M. Yamamoto,
and S. Fukao.
imaging of the troposphere and lower

High-resolution vertical

stratosphere using the new MU radar sys-
tem. Annales Geophysicae, No. 24, 791
805, 2006.

2] G. Hassenpflug, M. Yamamoto, H. Luce,
and S. Fukao.
stration of the new middle and upper

Description and demon-

atmosphere radar imaging system:1-D,
2-D, and 3-D imaging of troposphere and

Radio Science, Vol. 43,
doi:10.1029/2006RS003603,

stratosphere.
RS2013,
2008.

(3] M. Yamamoto. Digital beacon receiver for
ionospheric TEC measurement developed
with GNU Radio. FEarth Planets Space,
Vol. 60, e21-e24, 2008.



[4] K. Kamio, K. Nishimura, and T. Sato
Adaptive sidelobe control for clutter rejec-
tion of atmospheric radars Annales Geo-
physicae, Vol. 22, 4005-4012, 2004.



S5 MU BURIFTALEICH 1T 2 E R -k - REBREORE T

*HOOHEE Y A 2 AFN ihz 2 B 2
VEE KRR 2= b
2 R A AFE AT

1, [FC&HIC

KREEEREIT A S A 100 m £ CTOEMBIRG L@ 1 ~2 km £ TORSM &IN5 @
LAY, IR RO R B EET T AT, KA = R F—3H#R D HFRREROE
ThREIZEZ N5, E-EERBIZZO LZORAREICH L T=R2AXF - R 2% L, BEM
ESITEZEOHRARICEEZRIZLTEY, KREREOMEZMAZ LITLY Ay —VORER
KEFBE2HD FCHLEETHD. ZNETONFETIE, Swll(1988)28 7 AV »FlH b EKEC
BN AE— A CORGHERE O H2LHEE S LT HOMIE & B o ARi% TRKEEREDIRNL
T T ANPKELLLBIT A LR Lz, £O%, %7 «—N BT 2 FiETERAMTDh
THEY (REIZH 1982 ; HHBIZH 1996 ; HEEHIED 2005), O 7 4 — KT &+ m OB
20— R LF TR DB A R E LR S M oilig B AT TwWd (FREIEN
2004). L7A>L7ed 62 U —@RICIAEMRBET — 2 2850088 L <K E—REREESDZ
Biedot-. AR TIREARZ —MELZS Z L NAHER 1.3GHz VA KT u 774 7 %8
BEFEAZ L THE 1~2 km TTORKBEREOEMBINZIT) ZENENTHS. AFEDOT 14—
WEELT, 13GHz VA > RFa 7 74 ZBZTT 5 BREINE > T AESH MU BlFT 28 A7
Z OBFTELEALH S IS AIEN Y, FEE~FE~TEH IIRRINIE L TE Y, KRR
TORGERBOBUNAZITHOICITE L= ThsEELLND.

2, MAFE

H1ICRTEHIC1IHAOEIN 2m OYA v R7 a7 74 T A HfiCx LT 59 BEGR S & TRAEE
RR@cB T s a—28R L. POEEET 1375.6MHz, E— A @KL — —ifiox L THE
MmO E—h L L—F—micx L TRADFR~TNEN 14 EEHW-E—ADH 5 E— A &R L
T EIT~ 7. Bl F A—2—% ipp: 100us, 7SVAE : 1y, 2b—L Y M ¥C: 16, FFT
#:512 T 8bit DNV AEFHEEIToTWA., £127 T v ¥ —T7 =V AOFNEEZTFMT57-DI27 T v
B—T 2 AERRBLEREL LRVWEED 2 OEBREZITo .

B 1 94y F7u7745%2B#SE-REERBOBRN. VA F7o 774 7 HmEmiIeL
T 59 EFFSHETW5.



3, R

77w =72 ARELRVWES (M2E) fEE—L%21Z 00, T XTOE—L250D Ky 7
7 —HEIRTEORIEN 2% LTH Y, EiElE (1000m U L) Clir Iy #—xa—L iz
—Z AT DI ENTE DA, TEEE (1000m Kil) TRELAKTa—2 KT 5 = LA TERN. —F,
7797 —T7x AWM A FICRELEES (M2H) 3277 v —T7 =V ABRBENGRITHASTF
v 77 —HEDEBYBMR N TEY, WHES T e ORilicB Ty s v ¥ —xza— L EHE
Ta—ZRHTLHIENTES. £ 2 HOKEE—LZERL ©—ATlE 1000~2000m {31c 40dB
Z FRIZSEGE 2 —BFEELTW AR, AT b0l 2 —0OMER LR 5 2 BT
7

KIAEEMU BIFTICERE SN TWAHRLCE M EEH 5m) IS FFa 774 54 %E L8
o BHA (QOEZL) LBWTERET A Y RFe 774 2B S8TENT A 2 L BRETH
LRz RBICEHTAIIBITLZUA Y F7urr A4 5 OBHTRERELZRT. Az k- THE
AIEAEICERH OB EFABICBWTYS Y FTa 774 5 2 HiifinH 60~80 BEHIT THERT 2 - &
MAHETHD Z ENRW NIRRT,

(m/s)
2B E—LHMD Ry FT—H#E 75 v —7x  ARMEONEE (F£K:20104E 1 H 9 H 2222JST)
LU T E—Tx ARG EH5E (BX:2010 41 A 9 H 2350JST).

-{mis} -



ESH/EFAILKITDVA Y F7a 77 4 ZEAMBRTEAE (L& 5m O H0LTRIREE
RWTHALA 10 & SHRIHE) . TRITEM TEEAE LT

4, ER

YA R T =Tz ANRBMGE, 77 v ¥ —xa—RERYEKza—¢ 7Ty Fy—xa
—HXUFTBENBLND, 7T —T 2 ABEARAEREARTa— 2T v F—xa—*[XH
THIENTEI., ZOZEnouAr F7aT7 74 7 2B EE8NE2T 854, 4 FHmizy
T =Tz RAEBRBTHIENRETHDIEEZILNS. ZhET, VA R u774 5 28
SREBE, 77 v —2a— L > THRT a2 —DOBIBARTTETH D & E X LN TOFBAHEH
b7 798 —T7x A% EFRHAT S L THREBBMNETH D Z EBPELMT o7 LLEDZ
ENLREBERFOmMABINC VA FTa 774 BT THHLELLNS.

5, ¥&¥

AMRTIIVA L R 774 F% 59 BHEFHSIETREERBOEOBMNEZITI Z LBTETHD
ZEERTIENTERE. 7799 —Tx2 0 AREVWYE, 75 v Z—xa—RER5-0EKxa—
&0 7 98— a—DEINIRHETHIN, 77 v F—T 2 ABEFEIHAIL7 T v F—xa—DIRN
DEzmzoh, lifca—t 7794 —xa—%EKYNFH N TEE. E-, FEMU BTy
A 77745 %FFHAIC 60~80 EBHIETHRNTEXIZLERTILMNTEXE. KERTIT
Bif A% 59 HRETITo NS RITA 2AETHEBRZITO & L b, KXEFE~DISHZRM LK
SERBodimN emdBlilly BfETTETHS.



BER
PEEREE, W TFfoth, BREHE : 3 kaEElar—L Y Ry F5—F4 F it A RKEBERBOWRK
hoal{k. XK, 652, 3-4, 2005.

MREERE, SEREBLE, TTRMETE @ b/ FHKICK T 2 HEEE RHE & £ OWMKREMREN. Bull. For. &
For. Prod. Res. Inst., 318 79-102, 1982.

AEMHE, BPEE, E)NN—B, S0SE, /NFENS CAPS2002, 2003 ZINA /83— @ KERF—AD

REABNELEFOAL L R_RF 2 —BEEH7e o7 MEAEDER (CAPS2002, 2003) —. &KX -
KEFES 2004 EMERKRESEGH, 17, 226-227, 2004

Stull, R.B. 1988: An introduction to boundary layer meteorology. Kluwer Academic
Publishers, Dordrecht, 666p.

MR, KA 3, FabE—, milE—  BEH oY 22 95 BT A REERAERN. mEKE
B S BF S RTAE S, 39 B-2, 285-299, 1996.



ERYA MZBITAHFMKIBREFEIZONT

Research Programs for Forest Hydrological Observation in Shigaraki Site

1

% 5%, GE EK'

Nobuhiro EBISU', Keiji TAKASE'

SRR R
Faculty of Agriculture, Ehime University

1. [XLBIC

BHIIRDO KK KBROFEIL, BARBFFOKFIRBBES, Ba0K BBRBIICE A 2B EEHRNATE
LTEbdTRELABETHS, &6, MREBLOMYETHRAHICRRBROJUERTORDL L HITR
D, HBICHKIEZBILRBEORNIAL L TORARLET, BRIE, 2 OHRKYAS FTHESEESHLTY
%, ARFFEIR. BEMBIORKIERLE LT, REXRFEAFERIIR =y bOY 4 PRBIIIFR (KK :
FBMRERKFET, PILR—R) kv RBERFEFBFRAFROEEMUBNBEZL (B-1) ICFRIC
HHATBARBIERE L, FHRHEOKRK - K - REBROBY - T CTHRRBMY A b GLATKE
EHREBIE, B-2) . FERBKMY A F L ORBHRET D,

Bio, HMARBHOFRIEEOARE, BK, ZBHLRRINZEBAT 5 2 Lic k> T, AIREMEHS
DTl EZ ALK TSH 2 HIEMR L BRLIEMA, HRBEOT FHELEBRIEL. S 6113, ZEBLER
HOBBROHFHOBRORRAZIT S, 7=, FEMUBNF»LORKIIK EZED T A F—FHAIZ L -
T, BHRFAROKRGFER~OXBEMATIZEOHROEHE LTS,

2. HARihERIUBEOBRR

RERFIIT, (FEMUBRIFT AR OSREEEHMHANICERR TS (F-3) . HEEIX24.5haD FRIKHTIE T,
EEMUBAFRD S ERICHLSkmD & ZAICMET D, RBUFUIRAOMARR, BRETEHIS B REHAT
HY ., RBRIEKIEADICIIRFE, &/ FOATHABEREL TS, FIENICHT 2RBEAL. OFAEHC
X AHREN & Bk & AHREN (-4, BREKMY A Fof) | OFMHKRBN S v— (85 &#40m
~45miBEE) ICXAMNEER (MBRARTORJS v—of], K-5) . —BILREEZEDIZTIFv IR
BR(E-6), OBMKOEWNERERIEEDO - DOKARREN (FBRRY 1 LoF, ®-7) THd, LKEHKD
KIXARBHOKRBINT., ATHOR¥, b/ XHORBRIMEOHED ECHEICHETHD, Hic, 77
HESOEERELIEMRIT. BENOERLBHICE - TRESELT IO, BHRKBROFHHSEIZS 2
BRBRELOTERICBATEY, TOMBEIZ, KEAORKEETRICHET SMEEEBFEL, &
HRFFOKTIERBEL M A2 Licd, o, BMOHRBKRREBRLT 5 Z & . HRAOKFERE
BBELUVEADOMRBOBAIZ SN D, BRICHIT 2 ZEMLRBONIIL, MREBBLOFREE ENSZ
LR BOVRMNBOBAROERZHMIZ TS, E5IZ, OMAELHEL TEbH TREWVWHFREZ OB
DEBFRBROGIIL. BHEIOOEMOERLAREPSITOVTRY, TNLOHERELEEAINAT
WRWIZ ENRE WD, FOFRMEIIH Y, FOHITL . AWMEHE THRAAIE L, HoMicTES
BIXBELFET S,

3. HEOH#TRR

BE, RBRERORKEOHBRIZHFEL-RIETHS, @ik AR, FHKIHFEOHRE. 2042
EOMBlIzh- T ALEND D, TOBAIL., 10ERY CIENRFRRABELELT S, Kl
OB TR, YA FMEBOFEROBIFTIE D T W BRWRENRB, T, KEELIRRICHE
LTWBERMS 7—8# (777 ZR8HD 12, 10 £ L 20 ERECHAICIZRANRAB[OMEFTRTE X
RENEBRRPLBECIRD, 5%, WHEKICHEZED TV TFETHS,



-2 @fdA b (20— @JHEL0 7 F#)

| - ST TRy ROk A =
-3 A N RO (BRERAMSA R E-5  EERRSITORNS 7 —

-7 AP RS ) (SRR UL A, EERR) H-6 77 vz 2@ O gEEE
(M FE R & H,0/CO, ARG
B RV A RS ORE TR FAEFBN T OEREE 2L U, 2L OANOERMAZ -, ZZ0@tE»
KLET,



MU L — & — L #E X ER O FEFSEF RIZOWNT

Bl Rz SE EW
(RIRERBIERE)

1. IZC®IZ

JRHE 10GHz LA LD~ A 7 o ili#ie I Y B % AV 2 2B {E RIS, IR RCIEH
BHEL WO FIERH D LOOBRREORBRAROEBEEZITIRT VW EVIHBERAH D, <
A7 2RERLI Y EHOHBREERICH LT, BLRELREBLEZ50EABETH
D, E£& LT LFFEEORBBERLOME BV CTEHERROBEFMSERH TRSERR &
NTW3, AP TIIE SIZHIROMECHBEAREOEHN N 6O FRICE X 5 EEE
T 570, BREGHBFOFRELFORRZOSAMICET L THRAHREDO KK OED
ICOWTHRT 21T 5, MREEROBRMAMENKE LCit, SHAMHIVIIHEMTREL
SNEOBZDBHOTAN—T A BET OB, ZhbOFITFIR OB T & &%
BEREERHY, MUL—F =283 LZORRORBEUSKEFTATH S,
TR0 S TRIRBICBWTOHRBEOZE L AEN Y EiZRT LN
HY, ZNEIXFEB S FL—a v EREER, FICESEEENA TREFORBSIRMHIC
IXRERBRRRICEN LERHCERVWHARTHS, ZOHBOHBEHEOMTE L »FL—=3
YIIMU L—#— 0O KRG EL = 2 — L FIRRIC KRR P OELHRBARER TAE LB BE L STy
D0, FREZOFEIGHIIZEA LR, GLAHE L oML £/ LM Eh TV
Vo ATFETIIEN S OMEEREFELIWERTZ L LI, MUL—F—DXTE - EXTH
Moza—RU—lbOBRICbHERAL, Yo FL—ardDF AR —IF 4 ZENFEL L
TARFEEERREMOHBPAREOTAELAE L AT O THET 5,

2. BIESGE
AFETECHN-MU L—F—BNF— & 1%, @8E 5 EMERThh T3 05 T &8
RIEERERNT — % Thd, EEMUBMFTICHERE(BS)DZEKE 1 AEL., 1
BEBIZBS 7F v Rk (11. 84CHz) DZEV L A8EE L TR LT, MiBY v FL—=3
YIREBERH LRI HEREORMTRELAANEGTIRATH Y. TOREFERBILE
BEPLETHDBETHD, TITANMETIIBSZE LA LT 1L HFEEDCEY
DIBHEREERDDZLICE STy FL—va v OEMIREEZ BB L, ELTIOERH
BREZFSBICZONDIMU L —F—HERER 2 — U — L BT 5Z &Ic kD, 5l
RERFNICHE D KERELRBEL: D2 1T 72, T REO L THENC X 0 34T 5 %K
HEAFOMIZ, KEROBEFRAO S TIZE D BEETHRREEFKOKBLRRDILERD
5, ZO=HEREFHILKEREDCHEIL 1 RHBREMU L — ¥ — 0 R HiE O HERTAREE F
BIL THEREMOXELZBREL TETITo 7,

—F., FEBESMNCELTIX. MU L—¥—BRAT (BEERTET) & RREXIE K
(OECU, KBRAFEEIIT) Oz, FEKFAEFEMFER RISH, REFFRHTEBELICLBS



TUTFEFREBIETHE, EMESH 20~50kn fEh /- 3 ABHIC & 3 FEO@ERF HRLH A
A N—TTF 4 BHEE FHATROBBFMPMU L—F—I2 L 3 LEBRAOS & DLk
DTS, o, FREERIERED T, EBOARFOEFEES (MR & KRES
WEREFSBREFOMICHOBSZEHMERE L, BRENLVEV 4~ 8kn DFEHATHOY A b
FANR—TT AR ETRIL TS, ELITEFERINES TR, —oORKHET 7
FIZH L TAKREREFEIZ 1 ~5mBEHMBT 7B L THREL., BSCS (HBET
B)EREY | PEETERZE L, 2 LTENLOBOMEBEREESHETIZ LICE-
T YrFL—va il B4 L5EMEMICNTAEMA 4 =T 4 DR EZTN TN
m RO K IEREL S MR L CTEE Lz,

3. HIEHER

B FL—a MZONTIREORERBFICMU L—# —IZ L 2 HEE#EE DA
KEL RV ZI—RU—HLWRTIHEN, FLLT7258AICBIT3EFOMUL—¥
—BAFTICIT 5 B STHKNES TBE 5 FMICEEMR I TV 5, FRFIIERNICE
MO % ORI (12— 16LT) %<, Ta—_RU—OBEEIL 2—4kn OLLBEUERENZ <,
RAZRBESBOARE THOBHFREDN, ok 2xtittilkic L 2EE »F v
— aVDREICKESFESLTWAZEEZRLTWA (FER, A1)l 2006), T, BAEHE
REDORIBIEINR Y /NI RBZHLOOHRFB L FL— a MIHFELSMI B W O RAE
TENR, 2OLEOMUL—F—HERFICIIRY BX>T-ELIRRLNT, L LAKEMH
JEAKEROEE 7 % 20—40 m/s/km BEFE THKITIEREHY, ZOXOIRI U FL—
¥ a VIR TR K YT ARREHICERE T B ERMEELTE A RE Th D WREMEA TR E s
(. @) 2006, {FiE 2007),

Wiz, HEBEOSSBANZE L TiX, 0ECU, RISH, B3XUMUE T 2003 4 & v B ¥FR
BICER UBRT — 2 ORI ZED TR OEBEE &L l@FmoHEE % 200 FlLL Eichi:
STV, B A MFANR—T 4 S5 13 2 BHEOEBECHR ST, MO@EEF I LEE
XHFMICHD2REREEBELEDTHD Z LIRENT Maekawa et al. 2008a), FE7-{K
[UEIZE ) B - BBHTROBAE. ThLORROFEBAEMEHEIX, ThEhofifgicE
B2 HMOMEIZIFE—H L, BHICRERRV—F —T A FRAEOHRNOF A R"— T 4
DERBENRFEABTRTETHD Z i nhol, FLTIRAMNLENRFRAO 2 FH%®
HREZ LICEY. kD 2 BRICEKITS ITU-R FREE Y bEFREC L 2 RRIHIEmSR
DK 60% E TR TE 3 Z LR ahi (hi)llfth 2008b, Maekawa et al. 2008c),

X 1 I EEHBNTE ORRTHRIC L 5 (2) Fil@E@EEE & (b)di@FmEMUL—4—
BANC X 28 3-4km (Z354) HAEBEEE & DS E . 2003~2007 FOMICHE LN 10
BIOBRERERBIZHAS L RT, E L MIZdEmEZ 0° & L FKHEY OAETRET,
K1 (a) & W @HFEOFEEDMIZ L VHEENRE S HLOOMU L—F —HEHED 5 A 5n/s BEKX
ERMEERL, ZOEIMUL—F—DBAUEGEL & HIZRIMRT DEMICH DD T, Bl
BEICIR > TEEISRBE S THREETH I LARENE, —F. K1 G)OFmbEEDORMIC
SVHBEARRLNZN, #RLLRBREMUL—F—REDFRDOFHES/PNEVHEEZTRL,



BoED LETRRRFEEY CEET 5 HARH B, AR INOOERNSWERIBIICZEG X
DB, SORKHLKAETITETH S,

(a) 2003-2007 & (b) 2003-2007 £
3 180 ry
~ 30 v 160 K 3
— g —
- P § &' =,
g B g e
€ 5 ——7/ & 2 P
. . . ol K - -
° 0 S 10 15 0 25 30 ’ o 20 40 ] 80 100 120
MUL B3~ smDAR(m/s) MU LEZR(3~4km) DEALE (deg)

®1: MUL—#—BHEI L5 KERE S BTRRICHE D (o) FIGEEEE & (b) B O st Hil,

AR MIZHIZEHEE (OECU, BRI T, LA S 2D B SZET v 7 T 2 Anik
foxt LTAKEE BEHAICEA— bLVOBEREZRT TR LZBEIISWVWT, Y rFlL—Y
a N2 LB L AAEBOZMEBREOMBEEL 1T - TV 5, 1995 EEHOPWIOREIZIS VT,
IS OEMEMIEKOBRRELEEBEMICbIoTMU L—¥—Z L3 KA - EXET 2
— T —Le L e LR, KEEREREITR S a2 — U — L L IEEOHBRH S DT L
SRE AR Icz a— R L L ADHEBEE R TEH, ERFO/BENTEATVD
(Shibagaki 1997), & ®k Zih b OHHMIMERE FRBIGREA 1/e & 72 2 BREE) £ 10 ERJIZ DT
S>TBSERZHVTHAER, TRICIKEREMN CTHBEBOZRIRY RVLOD,
AFB|TIIKEF [ O FHEEH PN LIABEEEREAN 1.5 (FREMKT 2 Z EBHLNITR-
7o ZOREZ, #IRD X 5 CEFISTAHEEER, £FIIBREELTKS ThEh &R
RI-DIAELBZHBLEZOND (FHE 2007), K 213 1999~2002 EDOMIZAZEIZBWT,
HEHICKE - BMEFAIZT T T% 1 mTHOBBHIY T, BSBEEE LV NVOZERFFERM
FEERE LT2ERIZSOWT, EBDREMICH T2 4 EROFHEEZRLIZLDOTH D,

48] 2005 SEEEDEENHAFIIHMT T Ku #H (126Hz #F) D C SEEE2BHDOT 7T TX
(E£1T» TRIBRISKEREF M OEMBEGREROFHELZFHEL T, MU L—F—HHAliC
BT a—RU— L ELITHE L HEEITo-DTELICHE TS, K31% N-STARa ({I]
£449.5° ) O 126Hz WEHIZ L AEFETOI U FL— a vy OERMEBREONERRETH
., KELEESFMTOERIIEFL Y LAFIZRROMKRTIZ BN E, FLEAFIC
BT AEFFEOHBMEEMOZERILIBETSHY, KI2OBS (1 41.4° ) DFEITH~ST
RRX/PEVDORRERTHY ., ZHIIHEMARESB I EBEHELTWE LBbhb, =
CCHE4IC, MUL—F—BBIICL2@EE2-4km BTz a—RU—lk%x, £AOTH
REEBRRE— FETOY Uy FL—a Y RAERBEHIZOWTEH LR E 2005—2007
FEORIChE>TRT, H4LVEFLAFEOTa—NRU—kDOERBHALNTHY., v
F L— 3 U RABROMREERT & BREELTOZMEEDOR VA, DX 5 RAKEEEME
BEROFHMRERF AL THBEORRATH S Z L BHHBITREATLE VRS,



Neyagowa, Osaka: 1999-2002 Neyagawa, Osaka: 2005

Space correlation of the BS signal Space correlation of the CS signal
1.0 |' .’ 7 T T T T T T 1.0 ! T T T T T T T T
' i ' . | i .. .
. Q--i----i-- ... Horizontal |seprotion_ | R { SO Horizontal :separofion_|
R ! : : } ;:‘:3 gpring; Hor. \ 1 ; , @~-@ Summer
N ! , ! Jummer ¢ ' ! ! @ ==0 Autumn
TN T e e Avtamn T g T e Wit T
L NN e L { N\ | _i.Verticdl sdparation |
| Vertical seporation : ' B——@ Summer
c N - &0 Spring, Ver., c : [ O® Autumn
<3 v * Summer | < e T WA Wity T
° i Autumn | = : s
® 0.5 -+-- a—a-Wintert -~ = © 0.5 --t---1--—- RS SRR e <o
s i P s i L |
CE N o |7 T
H I ' A ' '
- ! e i- R L T R - B SEERT R
T ‘ o ' oo
oo \ Lo oo ' o
T SR R R T
' ' v : : ! : ' !
S SRS I . ]
0.0 H H H i 1 i i 2 ) 0.0 X H : i f i i ] i
0 5 10 0 5 10
Distance (m) Distance (m)

X2. BSEMRE LV NVOEMMBEEE K3, CSEERE L~ OZHMEBREK

MU, Shiga, 2005-2007
Ratio of vertical to off—vertical echo

—
(=)
o

IEI T T | T T I T T I T T
'_-E_. - e
0 : ]
5 .
« 5.0 -]
[ 2]
= - o
o]
Q. - -
-g . B
ﬁ 0-0 I I | 1 1 | 1 ] | 1 1

3 6 9 12

Month
K4, rFL—a PREERFIZBITAMU L—F—x a— U — L OELED

4. BbYiC

A 7o ) EHFREEERUCBIT 2RFARECH KB v FL— a O
ZRETHZHDOMUL—F—BRIGIZHWT, BIEOHERRICESEHMELITo, B
FMECE L L LBRAOERRY A ML =T I L DR ERTED & SR A
R 2RBZ e 2R ULE, E-0iBy o FL—a c@ LT, AKEEEEREEEE
FEICE S FA N T A PROERPBED ECTHHERNHEE XD Z L 2B,

BEHR

. wiIlL {8% Y K. B-1-17. &Rk, 2006.

FHiEsk. KIEKMERFEELRT, 2007.

Maekawa et al., JEICE Tran. Commun. Vol. E91-B, No.6, pp.1812-1818, Jun. 2008a.
AN, {S2%E#, A - P2008-42, Jtk. 2008b.

Maekawa et al., Proc. ISAP2008, Taipei, Taiwan, Oct. 2008c.

Shibagaki,Y., Ph.D.Thesis, Osaka Electro- Commun.Univ., 1997.



1.

XI\UR, Kan\vRFL—5 2R -BR-ZEHAZEEOHE

BE —FL R g Wl ML ER e PR EAC
(1 EHBUBWLATLERSH 2. ARFAEH)
XLHIZ

S[RAZROBRL. L—FEBZELOHRALBRAUERICLY B 2T —3BEREZTLBELT
HhTWS, HOL—F L ERARRICKIBRIBORELXMD LTERBICHERLFERTHY.
[ARFARFEPRBBELIIATRE - BHICAT 3L 4MHMERWUCSEPA) JIZELTEH, 514
—P X I\VR KU Ka 13V R W RURL—5 AL :=RIBRANITHATIND, ChiThZE
BOLDL—F4o T &> TRKDEMERL . RELIZKFARRO-HIZITHOATLEIMRT
$HB. ECTCO—TAVTBHEODE=ASRI YT —F 4T HBROFEETI=HIZ. X 1IVER
THL—% R U FMCW # Ka 1\ FL—4ZRRLI-:OTEORELZRET S, F2OL—T1T
OBABROMIZE ., HEEFHED=HIZ MU L—FLOLBSTHWV-BRER{8bE TN
%

HMREFREEN

KEBAETI2EHOLDICERICEETHIN, ROON-FHATITS-HRAIM.
BROHBRAINIIGEEN DS PLTELRAT—4ETMT 50, N CHFRERIET BRI
RRMNTABIEEBHDUVEDLLTHRRET 1=,

BERBEFED Ka U FL—FXEEFLL T KA (Magnetron) ZERBL TS, Z{ERAE
A 100kW THDH'. Fapid 1,000 B ELHL RG], RURRZETHB121X50=0TaRk
Bhbhd, GESEGZETIL1HALTRRTILENDBY . Ka AU FOITTRAVEERIZE
HTH3) T CRIBICREMBAZTEL T H-HITEEFIC 2 FEHEMOFGRADHSETT
BEMWNZEZRABL. RBOE=4) G ICBLEL—=Y AT LAZHREL EBRMEBMISH
16,000 BFZBL T DA MERED L IL L TERP THS.

F-Z207O77AWHSRBRRAICEZTAERADE=S)L T D=8, FIER+T um OEHIHhSHL
BRICATTHEICRERBFTHSD Ka \UFORRBERELT=.,

XIS RREL—H (L E—LEXKEFRAANERTHILICL>TEHEBRRFORYTS—ARI
SLERMBTEELIIEED X 18U FRyTS5—L—HEBWE LTz X U FOT T RbA TR
L—=RGEDBELHLIENS, LLERN/MIBTCREICHMRTES, SEIEFYTSI—ARIIS LA
EMBTEIRMUL—F LS EEAVETHMILTRRET 1=,

£1 [RL—FDOEBEYE

R4% | BEMGER) ((RRE) | RAXSR A e
5.3GHz (5.7cm) i 355] 200km 2

X 8.5GHz (3.2cm) i, B8 60km F2HE

Ka 35GHz( 8.6mm) BULER.BE. 8. BHTF 30km F2EE

LA)—$lClE, A BELe D /' O:RFEFOME L.BREOER)



3. EE#ME
3.1 FMCW & Ka NURL—H %8

ZHhBERELESLEZBETHALTEY . EPBRANODOREDDICLF—LENSET
N3, ZhG R ILRELSELRBIZITS FMCW AR THA=0. ZIERLZERD 2 ZHD
EHRBERT TV, FLEERINSREROEYAAHEH LT H-OEERZPREZER
ZHREOMEERBIATERL TS, EEBE LV RENITHBREZERT S0, %
NERZEFRBOBETICRELTNS, ESLBEEXESLEHE/A—YFIILaVE2L—ET
Waish, BAHCREBLEEDBERET—TIILTEHLTLS, FMCW & Ka /AURL—5¥E
DHNEERE 1 I27RT,

Eh N (B3 IRk i
CGR{EED. REMEMR)

3,500(W) x 1,500(D) x 2.260(H) (mm) & :375kg |

1. FMCW ! Ka NURL—AEB O SR

VHF # T FMCW ZHZETL), 20 VHF (5% Ka N\URIZE#L, BAEEZTUVEERZES

BHILHREFRICEETS. HRICHMEL-ETEEREFR(TWTAZEAVWT ZEEAE

100W EBEED FMCW BRI —4F LU TR DERBL TS, EERITEGE OMELAIZL-

TRHESNE-BRERETLTTTRIET D, RIEREZEMTHEIBLI-E., VHF HIZE#BLT

ESNEERIEY, EEREEELI-E. A/D EBRETVEDHR FFT 2172 TS, FMCW & Ka
NURL—SORBHERER 2 12 FEETER 1ITTT .

#=1. FMCWEKa A\ RL—4 FEiET

EIHEEEN 35.25GHz
ZRREE 1.2m
%ﬁf:g Zh';?w %« msmmmr—j»-,%
EIERA T00W _@
AR R R 15,000 i
SRS R Som T | [ ro 2D
FyTo5—& R +10m/s (R0 T

B 2. FMCW %! Ka /\>RFL—4 ) B i =



32 XN\URKTAL—7%E
X NURKAL—F [ZREEE. FyTS5—EEITMATRY TS—ARIIS ATF—2 OGN T
B AR AL —4 TH D, RIAFBOMICFBH/ N\URILICTHBEZELSE T PPHRAZTS
ZELAHETH S, RIEARABEEPRICERBO I F—LEZRYMFTT. BRERUBEENI D
REEH VTS, EZERITEHHROEERNICIHLTSY., BRICRESh-ES0EEE
D PC & —TIITESHT D X NUFRBEL—FEBOSNERER 3 (27T,

1,325(W) x 1,325(D) % 2058(H) (mm) FE{&:160kg

B3 X/N\UFXRTAL—FEBEONR
RTARAVEREEEL. ERE—ERBDNFRSTUTFHEY 9.7GHz D/LRIEEEEIE
5. R{ERIX VHF H0 IF EF 1TSSz, A/D T, FFT NEEh, REFEE. FvT5
—EE, BEBRURYTIS—ARIINS LT —=ENN—RTFARI~NRBHEEND. X AUFXTAL
—S DOEIBHRER 412, EBHETER 2 I2RT,

ERRER
BN SHS)
Gois)
ERES
(R o 7=FaL—3 - Usv% | ZOUFToF [ FBPF
#2. FMCWEIKa/S\URL—4 FEHT [Z7972941%] :ﬁﬁﬁbﬂ
IKTRE®Y
EIEEER 9.77GHz =% ,J—\w:-m»
ZhRE 1.2mo
it'ﬁfé ';Lgfe RADEEE(PO)
EERH 2bkw { AoEm | FriT | RERE o EEas
i K SR BE EE 30,000m (o131
lﬁﬁzﬁﬁﬁ%’ﬁ‘é 60m ]
FodS—&E +9m/s (AC100V 1.5KVA) | A Spad

4. X NURKIEL—4 O R E



BARER

AL—FBFEICAIBRERVAIREOMEARTHEASN. EEEXBHMRTEZIHEBR
TREMICHBATOATVNS, ThUAOHRITER RO MU BAIFFICTRRAZTL. T2
DEMEFEZITOTVS AL—F FFEIT/NET, BRI BRIV LHRIGTESELD
FED DAV IETERT HEAAHET, RAH. BAIFEETORMITHEREETHS.
ZF HBRTORERZZRS IZRY,

®5 L—4®%EBERSE(EFMCW & Ka /AU RFL—4 BXN\URXAL—H)
41 FMCW & Ka /\URL—Z O#LAIH] (2008 2 A 9 H)
X6 [ HBR TERAISh =K RE (ce cloud) DELRIBHI TH S, HEHIZF X, HEMICSEZ T
¥, L2 3.5km~4.2km [Z[Z-15dBz FRE D REFAE DO EZTRRAL TS, 47T 8 B 5 7 ~8 BF 25
SOFHBIT—FT. COEEH EIZIZBEKITEMN ST, TREOBULFEEIX-35dBz LLTFTD /4 X8
BERLTWS, Ka NV RL—F [FAA—TEBICE—MEBS D IQ{ESEFFT LIz hEREHELTL
b, BB TAERELTRIEELF YIS —EEERTTHIENTES,

Ay temsn 1000 1500 032000
e S

6. FMOW & Ka SoFL—S QA (£ BABLZOEORT AH REBEOH
RS N E )



Distance(km)

RE e S I N o e
12:45.00 ™ 13:15:00 "% [3,45:00 "“F0 14:15:00 “®* 14:45:00 > 15:15:00 "°* 15:45:00 == 16:15:00 =¥ 16:45:00 "™ [dBz]
B 7. RS54 OB ERmEmE

7 (ZEB® 12:45~17:00 12817280 BH) CTHEEHICER, Kt EERY . Ta—REN
BRICEBEEZ T, BE 2kmfHEICEEVDRSTEEDOBENMRASHh TS, COF 1 BFfEERIC

(X EICEENEYIESD . TORKREBIZERF DN,
14 BBREDO—REJE. LE—LIZEATL TV -A . RAFGAENBERTESA TS, DK
SICLR—AICHE B EBRAUCEEN HADT, TRAVETH D,
42 X NUFXTAL—F OHERIB

2007 ££ 12 B 23 BICHBR THRBISN-BHIZR 8 IR T, HBAICEZ . HBMITHEEZTRT
COERF TIERSEE 20dBz FREDBREHNHBISh TEY. 4 BLEBICIEEE Skm (TEMD
BRAIO—H 1 EISELTLADMNALNTINVS,

B 9 TRy TS5—ARGIS ADBESHERT  BBICK YT 5 —RE. MBICHEZRY . L
LCERLEORRBREBHONIEENEE 1km LT TORYTS—REDELERITAREDIE
MELTIRALN TS,

5000 3 X0 resstrammi
oy 87 Tooo B s N anz
! [ ) RS 6 b e 0 . - L - 0
=" . 57 R ST e 2
é 5000 ‘ EE - 5000 2 i .Es, . v_-. x;
E 000 o 10 E 4000 - ol 4;! L .'." o 2
o - 3 -9 * - 33 \ T = E;
‘® 000 1 4 @ 3x0 it o 3
T 50(.(). Y T 2000 $= g u'i‘!-‘ ;;a;,.; * 3 = _.E
b ' -1% - S oy 20 iRt Tl a0
1600 *“%‘% n\ - ¥ ';_— XS 3 .
< I MY B oot 2O :
3 4 5 € -G -4 -2 0 2 4 6 -
Time [JST) Doppier Velocity imvs) (04 J5T)
Signal intensily
—t i\‘ g — — ﬂ-
8 mATsEEORMSENER 9. FydS5—ARIFSLDOEESHE

4.3 REIEFHUAOH
2009 £E 10 BIZHERIED MU L—AHRIFFICHE LT FMCW & Ka /N RL—& & X N RXRTEL
—F DRBHFRANEFARO—BRELTITON=,

2009 £ 10 B 25 BD Y A &Y 26 [THITTHEKEN MU L—FIRAIFFLEZZRIBLI-, TDOED
FMCW & Ka \URL—H EX NURKRIAL—F . TN T DO REFAE LRy TS5 —REDRAER
£E10 RUR 11277 MEICEZ . MBICEEERT. REME, FyT7S5—EEICELTLE
HE-HLTLWADA LMD,



2009/10/26 9GR 0L 026 FICW
- v

NEREER

-8 FEBEREE

§

02:00 o010 02:20 02:30 02:40

K10 RSSEOHENSENER(EH: X /\URXEL—4ESEFMCW & Ka /A RL—4)

2009/10/26 9GR 0091026 MACW

o EEEEBEE

02:00 010 0220 02:30 0x40 0250 01.00

11 FudS5—EE0BREENER (LM X N\URFXIEL—4HE:FMCW R Ka/soRL—4)
5. F&¥H
TATIRE-BRRICAT 58 AR UCSEPA) JISBVLWTENF. BK. BEE24—7VYMILTS
FIRICEKDRAA B, FMCW & Ka NURL—4 X AURKIAL—4 OB T —anNERS
NTETWS, TR BHLVERICHE ITHHFOREN®, RIFEEDBLAHobOIEGE
RRICEVWTHRBLRREKFEENRONDLE | SRBEL—F ICLHBAOEMMERTHR
Elial=,
SH.HRAWMREZELTHERBRORBRETL., SYVEEEHOBWNT—2%2RHTHELDIC,
REETE—ICRRAR~NOERETULZLN,
6. SEXHK. Hit
1) 2008 FEHERAARAT[RES C303 FMCW & Ka-band L—4 DRFE XE B (ZZEHF
BOATL) BR HRL(GRT) . PE HA(RR
2) 2008 FEHFFAARI[RESR P103 XN\URRU Ka N\URL—F—ZAWN = —T42 0 F5
ZOFE PE HA(RZH).HRE HH(RERH) . KR #Z(ZFERIFWRTL)
3) {EEICHITH9GHz #H-35GHz HL—F DFMAIER FHR LK HZ (FHKP)
ATLOREICHT=Y. TAORBAESTICZERETIHERECH HTEETEL-RHBREER.
R[RTREVIZMEFTBROBRESLICR(RHEOELTRLET.



HAEEERAL—HICEIBBRBEBNRA R 2T 1 v ) BAERARER

NIF ik, €L 36, 28 ER, P BIL
T BLBE RN

1. [ZCHIC

KBV —FT2RROBERZUETIHENRFEDO—DIZ, NARAET 4 v 78BN
Hb, BEOXRERZER =Y 7THERD LIOXHECHRBLTY 2 KKBEBORELR
BBENR, ZOBEaRMOrDPRIXEREBEABTTILERSHDHZ &, E—RICEE
FBTAOICBBOBEEEAVCAINERHI LR ER AT LAHEADRNEERD,
RARET 4 v 7T, 1 BOXIER & EAZRM A ZEEM BT T 2 IITEEH 3
EBTEX3YD, aX MOATHEABRKORATHLHATH S, HEIFRLLEN/—T5H
EDTRL—FTHRA L Ky 77— BENMMENRTETWS, "L RAFT 4 v 7 8EH
DFENRELTHIE, ZEREMLTZ LR ARLLITBVWTRRERO 2 kTi#E%
BHLHTE, ZhLDOTF— Y IIBIETHRETNDANEIE LTHEBICHD 2GR E
RBZENRMHIND,

L, TRETRBV—FIZBWTAS A2 T 4 v 7BAIBIEL AWSBNBIZEST
WARWVDIZIZW L DIOFERBRH B, —RIZSAA R E2T 4 v 7BATCIBAY 7 %K<
BABIZDIZE—ADEWRETTFHE2FALTEY, FIBOATRAITHZEMC, 5
W= a2 —D 8Ty A Fa—7ORNWAZRNREKREB LD, "M RET 420
BRAITEHEONSBEDFEEIC SO WTIE, YA Fu—70RNAZOBEAN» S INE
THLOHRBRENTVB[1-7], ¥4 Fe—70RNARBRBE L TWAHRHET
BFERW DD BB IN TV S H3(8,5-6] EAMIZIRIVAL I E U TV B F—# 1THIBRT
BLRRVOBRBRRTH D, BoE. BEICEEOICEREEAE L WS FETYHA Ko
— 7 DRIAARZMET DFENPBRENTWAEN([9), 31 Fa—TIhL0ORNARED
HORERT B FEIZOV TR RN Eh TV ARV,

REROT VT T EEET T F RIS E— LA TRITLERY A Fo—T DA
HIEMAONBEB, ZOBET T FBRRESBBET TR, B ) 728+ 57
DIEETTFHERPMILTRET VT T HUVRB I EILENEL, 2 X FOFTHFFIT
»HB, KR TIE, ERDORARIT 4 v 7BV ONRTERLL I RE—LBOE
FETTTERG, PO ERIMSEL 2, RB3L{E X FMTHA Fu—
TORNAREZERIVD L IRASARET 4 v 7B 2T LORRE BT,

B SV TIX. PRI A T IS5 A E 3K 5.84 GHz (B &R 5.6 cm)® kiR
BERL—F LT COBRAZAELTR Y. TN E CHABIENOMERRZEEIToTET
W35, AFETIZ COBRA &, COBRA DBFTAWRBARARET 4 v 78R AT LD



—EREEICIRRET T HERHWTH AT LORMEITI.

2. HARTLOBRE

BRBZEVATLATHVWDOL, R LASO L —LMEOEWZET VT T ThH B,
BEETTVA2E8MTEIL2E2D, ELIZ, BHEOT VAT 7TF TRIEFHERE
EEERBEIILTIV—FT 4 S a—TORELZMNT O8N —RAER, SEIOV AT
LATHBATI/Vv—T 47— %L, TNEHBMICAVWS, 2 XEEFR
WA 10 EREIZTA L., EFHBEEEDRED AL vy E—L L0 HITDZMICHVE—
©MIV—F 47— )BEEEFIZEREIND, ZOHNWE—LDR, 4 Fa—Thb
DRNALEERT BOLEYE 25, BEOE—LRRAKIHRE NS ZHEEESR
REEOT—ThHODEERA->TET—REMEN, BREOZA I IBahoTWH
NEHABRANOZEFRENREO =T LD a—EE CRAINRFETH D, -,
BE—LAIENEFNRRERLRLZFMICHB 72O ENTET THIRWEIEE b /R—3 2 Z L AiefiE
EH, EBITIVINE—ALTA—I V7T DBRE#HWAZ L THEE—LAMDZERYL
M5B EAEREE 2D,

SEIOFEERTIE, COBRA MBYUYICFHICHAINIERBAL RET 4 v 7ZEY
AFLDTVTF 4 BEFERTHLEEZEZXTWS, UBEOYIal—va ryTRIOT
vFFEAV, £t COBRA 41 FOLREEENXEBKE., £226423.9 km
N - B# o NICT ppESNHIEFR L F—UUATRRE ¥ ) TCRETIZ L%
BET D,

3. YRalL—vavisR
SEMERZMELTWS COBRA RN A R ETF 4w VB AT LOZET 7+
HIEOFMNAEROT T 138 — 2" 1IET, RI2iE, o774 K2R WT

0 \ ! ¢
E‘,}\; -0 \/\ s ?L D e —
; _20 N j é _20 -
g AN $ L
o -30 e — s =30 et preveeeees {‘ 3
£ ; £ AR ‘
N ' 3 i
-50 1. LA —so L] AL i K
-90 -60 =30 O 30 60 90 -90 -80 =30 O 3 60 90
Angle olong beam—scon dircction {deg.) Angle along becm—scan direction {deg.)
K1 AEOERRTHNSZ L EEL K2 R1O7vFF4RKEMNTT LA
Tv% COBRA #ERBINARE T 4 v 7 EEWLIERDERT T NI - D
BRI AT LAOZIET T FHEDT FIGEF R 10 B&. #9 56 cm),

TFRE—=,



T LA B LIESEDOERT T 32— OFI(#1$ 4, FFHM 10 ER)THD, M
Ve — 7 AEERBFCER SR TWAD Z LRG0 5, EFREHPLT L, Fu—THoR
DL 720 FBFHREZILT S & o—7 O Z TOL (FARFIZHIC 222 TWL) Z &
272 %,

3.1. ERERToTFH1RE—2

X3 LK AIZEZRRLIZT T3 8= OflErt, B 3BERBMALRIT 4y
JHEMT T F 1 AR)OFIT, K4 BRHBBASA 28T 4 v 78T T T 4R, FAH
W10 R)OHITH S, Mtbo R BZERTH2EME Y ¥ —, T H%ERTHS COBRA
#A + %577, COBRA Mo6DXEE—LADHLAE 315 E, Bt #—0ZET 7
FTOHNATI0EE LTWD, FRICEIT 281X, T & REZELAETIHHHO—HTH
%5, Fl—#HEOF LT, ZEERLPLOBEELSRH SN TZER~AZBREREMNREL & 742
10— LI REEN, RATHZENTERY, A Fa—ThbDkhiA#%Z
B S D012k, ZoR—HMLETHRED HUNPLDO = a—EEZ VMRS
PR L 25, FROFEHEEZR 5 1277, SO IERR(E 3), EAH SRR 4)
YT 5, RRBIC AT AT, A VE—LEHEOY A Fa—T Rk AT LY
H 10dB UL EEL 25 TEBY, ¥4 Fu—760RIAHDERA SIS,

Distance from receiver (km)

receiving pattern <dB)
50 1 S bttt S —o
45
-20
—~ 40
£
= 35 -
i . -40
3 30
£ 25 -60
g
= 20
$ -80
5 15
S o
-100
5
0 ~ -120
-25-20-15-10-5 0 S5 10 15 20 25 -25-20-15-10 -5 0 5 10 15 20 25
Distance from receiver (km) Distance from receiver (km)
X 8. PERBASA AYT 4 v 7B AT L & 4. BENAL ZAZT 4 v 7B AT L
HEDOZAET T INET DREZART v BT HREZART T 38— Of, #
TF G —= D, 4, FFHE 10 Pz,



Distance from receiver (km)

Cross section

Trons—receiving pottern (dB)

—— WEBRATL
— HALATFL B

20 30 40 50 60

VAT Lh'RLTWD,

3.2. REESHE

70

80

90 100 110 120 130 140 150

Theto (degree)

B 5. AT T G = OFFM iR, ERSSRE, SRR

—HRIZZ =30 dB OS> TWALERE LIz & EDZEFEHFRED Y Iab—Ta
UEEREE 6 LR TICRT, K6 BRI, T PSR  RT AGETH 4, FTRIF 10
BEE)DHITHD, EHLEDHAEL, EE/SVAEL2us THELTWS, BB 2T A
FEEOREFABTRERD SV —T 4 v 7 u—T RESHREDMT & L THN DM,
DBF IC Lo Ter—=T7{ifi 2 ¢ b4 Z & NA[HER 72, DBF LB ZIC 0 — 7 DR O A&
WHTZLETRTOL IR a—REEGH Z ENTE S,

50
45

40 1

35

30

25

0

Distance from receiver {(km)

-25-20-15-10 -5 0 5 10 15 20 25

Received power (Z=30dB) (dEm)

—-40

-90

-100

=110

[ 6. fERBINAL ZAET 4 v 7B AT A
(BAEOZET T HIcBT 5%EE 55
BE, Z=30dB ®—4fke i 2B E Uiz dl 5,

Distance from receiver (km)

Received power (Z=30dB) (dBm)

50 : -40
451

-50
40
35 L -60
i -70
251
- -80
15 -90
101

-100
0 ~110

-25-20-15-10 -5 0 5 10 15 20 25
Distance from receiver (km)

B 7. RBINARET 4 7B AT L

I D ZAE(E i (DBF LB %),

Z=30dB O —tR7x i 2 AE U735, &+

Hoa, FARR 10 B,



EERHEHS-SERORTAEYB LTDLE, RIRFT Ly IZETHEPD2H
HBRFED Ky 75 —HERINGOND, RERORRFAPHZLELETING 2
SOEBRD DG 2 RTTEEEZMEET 20, MERLS 2RBFHZRDHHDITIXID B
IZ DWW T IR SR TEET B[5] B 6 LB 7 Tit, ZDO%RMFE LT40°<B<150°% 77
TV TOHREFRRLTND,

6 LRTxH~_DL, ZERDEFTRIEETHENUEL AT LLY LES2-T
WAINRVLRLNZN, 20OMIFEAEDTY 7 CHERMI AT AL THRY Y
AT ADOZEEEREOHFBRHE RoTWHRI B ND, WBBMI AT ATIET T T
RHBAVTWA D, FIBE2ESILENTELINLTHD, ARBIV AT ATORIER
EEOZEESHENETIX. TOXY 7T TREL—LNBHEBERL I LM< R>TLE
T ENFRTH D,

4. F&&

WRDNRARET 4 vy 7BROBRATHI VA No—7hb0RBNAREERT 5728
2, BATT U FTH2BICEBL, VWEROIV—F 4o 7a0—T%FfRATH5VRT A
ERBLE, YOa—ThoDREEENIHRMTREINTIZENFARETHY, LT
CEINE—B T —I VT eANE L TEE—AMOEREEDB I L bAREL 2D,

S, &by Ial—yarEiltd, AXIEVA Fa—T2008RNAARBREETS
CHESNABIM: LW FADBEOZEETHRIREEXHHE LT, 44 Fo—F =
—HEDOHREERRLIFETH D, £, REFREERODICKEROBRELED TV
%3, ETH 4 BTFOT VAT U TFIoDEFEH 2 1L TE SRERLHIEL. AW
133k COBRA m»H DR EL BME L ¥ —TRIT AW TOEIAEREZITOTFETH S,

BER

[1] Wurman, J., S. Heckman, and D. Boccippio, 1993: A bistatic multiple-Doppler network. J. Appl.
Meteor., 32, 1802-1814.

[2] Wurman, J., 1994: Vector winds from a single-transmitter bistatic dual-Doppler radar network.
Bull, Amer. Meteor. Soc., 75, 983-994.

[3] Protat, A., and I Zawadzki, 1999: A variational method for realtime retrieval of
three-dimensional wind field from multiple-Doppler bistatic radar network data. J. Atmos.
Oceanic Technol., 16, 432-449.

[4] Takaya, Y., and M. Nakazato, 2002: Error estimation of the synthesized two-dimensional
horizontal velocity in a bistatic Doppler radar system. J. Atmos. Oceanic Technol., 19, 74-79.

[5] Satoh, S., and J. Wurman, 2003: Accuracy of wind field observed by a bistatic Doppler radar
network. J. Atmos. Oceanic Technol.,20, 1077-1091.



[6] Friedrich, K., and M. Hagen, 2004a: Wind synthesis and quality control of
multiple-Doppler-derived horizontal wind fields. J. Appl. Meteor., 43, 38-57.

[7] Friedrich, K., and M. Hagen, 2004b: Evaluation of wind vectors measured by a bistatic Doppler
radar network. J. Atmos. Oceanic Technol., 21, 1840-1854.

[8] de Elia, R., and 1. Zawadzki, 2000: Sidelobe contamination in bistatic radars. J. Atmos. Oceanic
Technol., 17, 1313-1329.

[9] Chong, M., N. Lamrani, and M. Hagen, 2008: A variational correction method as an alternative
to forced rejection of sidelobe-contaminated bistatic Doppler measurements. J. Atmos. Oceanic

Technol., 25, 1939-1954.



AV RR I T7ICBT 3 TERRE K E
~94 RO T7 7452y VIV B BRENT— 2O~
FEAREAD L, FEOvE e L, UAREZ Y, AR L K2, FiE—2,
Fadli Syamsudin®, Timbul Manik?
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1 HRER

A ¥ BRI 7 HERRRG RO L MR TrEFREREIC 4 5 BEINEII KSR
BROBIFORAN ZR-L T3, TOHUEONTIEENICKE A2 RIETHRENF
HANZEEITH 5, MHFAME LOEMTHICIIFIAZIICH S THYREIC BT 2mE%Z
ZFEES (Nitta et al., 1992) , TODX S ITHBEKRRE BIC B 2 TEBHHTEATFEIZR
SKEMBEERERL Lo TL M. ZTORZEMMICERE LT —2 & UTHEEICED
NTVWBONEEENT— 2 TH B, FEENOHEBRICBEWTENT— 22 REEh
BN, WEFEKECED 2 BERKRAIEEARR EOPEEICLTETSH D, FIATHA
5000 km IZBLEA Y FRITILBWT T IV U TFTRUDERITDODN TV 2 HIRIL 12
AT LAV, TORDICEBRNT— 2 DEENE S ENFREND, 2005 FEL D
Fofeuyz ) bTHB THERENS AT LB TS O THREL—X—X v
FT— 288 (Yamanaka et al., 2008) TIXBEAELICBWTAR FSEI M ZINY
K HBBHFOFEARTR L —F— (100.32 E,0.20 S) ICMATHEIOAVI VXV BOR
Y7477 (0.00 S,10937 E), AV VENDIT K (12492 E,1.55 N) . T T7ED
ZHZETHBET S (136.10 E,1.18 S) &FRELICHE X Z 1000km BEICT 4 VKT
07747 (WPR) OBRlXY bT7—JZHBRLE (B 1), ARKTIET O WPR#HHI
2 FI—I DT — 2R EBRNKERET— 2 LT 5T Lic kb, BEFBKTR
HT— 2 ERERNCTET 2 L2ENLT S,

Seto et al. (2009) {3, A< bS B M ZNVILHBFEAK L —F—D 700hPa EH %
National Center for Environmental Prediction (NCEP)/National Center for Atmospheric
Research (NCAR) Reanalysis 1 (L{F. R1) OKFEAETF R (100 E,0 N) iZBiF B7KkFE
L LT BRZITO> TV D, T AN, BHERBEICHIT Z[REMELCEOTHY
HNBRBENT—2E R1 7213 T, HIZXIE NCEP/Development of Endrgy (DOE)
Atmospheric Model Intercomparison Project (AMIP)-2 reanalysis (LA, R2) Z& EAVHW
BNTWB, TDizd. AMETR NS DERGNT— 2 LFEONGH L Lz,

2 AT 2 RUBRFE

2.1 EHR#ERT—2

Rl IKEBRE TR 2— (NCEP) LAEATMFEYZ— (NCAR) HHFERHRE
L7=HBRNT— 2 T, 1957 ELSIRERKEDZ E TOTF— 2RISR EFNTE NG
BRRD. B 25 TRtThTW3,



R2IEKREBRE TR > 2 — LKRET RNV F—EWHFEIFR U7 E BT 7— % T, 1979
ENLBIEICES ETOT— 2 DIRHEIZEMIREZ N TN 6 B, MERE 25 TRt
nNTs,

Japan Meteorological Agency Climate Data Assimilation System (JCDAS) i HAS%( 5
7 & RRENWIRFAHHE THIFE L I2BEBT7— 2 T, 1979 £ 5 2004 FE X TR
"% Japanese 25 year Reanalysis (JRA-25) ZHRIEICES FZTHIRLIZEDTH 5, K
ZEMDREREE NN 6 B, WMERE 1.25 TRItTNh TS,

European Center for Medium Range Weather Forecasts (ECMWF) Re-Analysis-Interim
(ERA-Interim) {& ECMWF OB ) —XORFIR TH %, 1989 ENSREICES X
TOT—2HRMEESRETN TN 6 R, MEEE 15 TRHUTNhTVS,

ARE TR NS DZBENT— 2D 700hPa 35 & U 850hPa DK F-EE 7T — 2 % Lk
WHe L=,

2.2 HRHTFT—2

RYTF4TF+F R E7 7D WPRIZ1357.5 MHz GER TN TE D, ThFh 2007
F£2H22H, 20084E9 A 18 H. 20074 3 A 11 QICERET 7T L TLUK., #EEBHlEZTT-
T3, BREREDREETZNFNh60R), 100 m THB, TP RANVILHBFBERRL—
A —1% 2001 FE & D 47.0 MHz THA TN T3 (Fukao et al., 2003), BFRISAE 7 RAEE T
NFNWOR, 150 m TH B, AWETIETH S 4 D0 WPR D 2007 EH S 2008 EDT—
2ERW=,

WPR ¢ BB T — 2 DL TR ONIZRHEN EOBEOKERKOT AN BHRD
DEFED DB T=DICA Y BRI THFERRERUZ DM (90 -150 E. 10 S-10 N) Ti1d
NTWB7THETOS VAV U FF— R BB T — 2 2 UTc (KE#) . Seto et
al. (2009) i3 > KR TICBIF 35 U4V FEHIH 2006 ELSREIML TW3 T L &2k
RT3 F-HAEMIE T 2006 F£H S 2008 EDT— X ZHAN Tz,

2.3 MIFFE

BB T— 2 3BT A FOREY OKEBTFRT—2EHWEZ, WPRT—XIIR
RS2 S DICKEBEARICTEE L lZRW, Thbb,. REARIC
DWTIENREERD 3 BERIATH S 3 BR%E T 6 BFRITFEH L., BEAMIC OV T 700
(850) hPa XL Tid 2.8-3.5 (1.2-1.8) km DF— R ZEEG{L LIz liZ A iz, FiEAK
L—&—0 850 hPald 7F—ZhE 5NV EE TH A 1-DICLBONRHI LERE, €75
D 700 hPa & F— X DFENBNT=DIC T N B LHBEOHRD SRz, TORR. Lhig
IKAWAETF =2ty FRZENFTNAHEICH LT 2 LAV D 8§ F—2t1y s b 2
F—&ty hEBROEEH6 T2ty b TH B, BRI T—Z LBIF— 22T 3
ik 25— &ty OIS, BGEROERER (HE LY, SSICERROZ
NFhORICHWL TEFESY S OEMOERFEEZRH Lz, £/, ThoxY I
WTEIHNTIL, 6 T—2ty M KB HBEROEEL LTHWE,



3 fEER

FFWPR F— D E OREAHBIRER L TV A RHENDBT-DICBEODSIXY
VFF— R Y R Tol, AR, RF4TF, F K E77OWPRIFIhEQ
BREODSIAVUTYHA FTHB/K > (100.35 E,0.88 S). 7F >/ (110.37 E, 1.48 N),
<+ R (124.94 E,1.53 N). Biak (136.12 E,1.18 S) DS IX VU FTF—2 LB LT,
RYF 4T FETF 0850 hPa BED B RZHI & LT 2R,

SHEEME - AL L & AARHMREDS 0.7 LI E L IEHICBWEERE, A L b EERNICK
BERAZELTWA L E X%, BIREROBEEIHRAAD 1.07 THSDICH L Tt
MN115TH D, ELROBEEARBRAICERTOR 1 holihfEL &> T3,

1D F— 2ty FEBOTRENERER LITRY, BERHNF YU R TR -
AR & & HEMRED 0.7 U L EWMEZ DL OO, EIREHOMEE SRIEAA 1.03 &L
FIF1IGEV DI LTREILRIE 1.22 & 28I EDOEDRELC TN S, 2D &hH WPR
HARIEARERZRZL TV ADICN L THILEII RS REN RN LW R B,

31IC 4 DDEBURMNT 850 hPa AR T — X B RV T4 75D WPR F—Z & LB L
T RERT, WINLIHBEREMN 08U ELEFHVVERTRLTED. KIC ERA-Interim {3
0.88 LBRELEVVEERL TV, EHEFEZEL 1.19 LT ERA-Interim AR E /N E
VMEZERL TV, BEIREROEZER2EZRS LVThE 1 KD/NENEERLTVS,

fiDF—%2 by F THARIEREE 2 3ICRT, BRI LHEBREN S NTHE
0.8 EEEWMERRLTHED., BB T— 2 XERMNICAKBIERE X ERHRTETWS
WX 3, FHC ERA-Interim 3R EVHEBIFRR L BB /N E WIEEREEZDEZRL TV,
— A THMHNIFE L AREROHEEZITORERNT1I XO/NEWERERLTH
D. R1£R2H0.85 KO EULMEERLTWADICH L Tz LT JCDAS & ERA-Interim
1208 XD/NEWVEERLTVD, ThBDT EH D 4 DOKERT— 2 IIHARDER
EAENE D b 1~ 2HRBENEVRIEEZR > TV 3HEENH S LWV R 5,

EBREHEER T — 2 BRAX O &/NEWIRIBZFE DL VI BN L DREDKER
F=NEFEOONERENZ EOICEBBTERER T — 225V U FF—2 LB L
2o 1 EDSUFVYFHEEAT—ZDRIBIIABBIBORBLIZFFFLNEWVZ S,
700hPa TlZ. HAHTFE L 7-EIFEROMEIE R1550.88, R2H%0.89, JCDAS AH10.85.
ERA-Interim A% 0.90 T& 0. 850hPa il BT EAFEY L /-ERIEHOME £ Rl
H10.88. R240.89. JCDAS #%0.83. ERA-Interim »'0.85 TH -7z (K&, ThdD
T &5 700 hPa850 hPa & & HFARADIRIEN B X b 1~2 BRI EREThTWS
ERBEAREOLWERICDE>TWB WL 3, /-, BB T— 2% WPR LLL
B LBEICR 5Nz JCDAS & ERA-Interim DHFERADIREAS L O /hE L ERE NS MM
RS VFVUFF—2 L DIBICBOTIIBERCRL,

4 F&&

NCEP/NCAR Reanalysis, NCEP/DOE AMIP-2 Reanalysis. JCDAS XU ERA-Interim
DIKPEET— 2% WPRRUZ AV VTR Y V9= F—2 e i Liz, 42D
BT — 23 \Fhd WPRERI & OMEAAN K. & <IZ ERA-Interim A& &V
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# 1. SUAFYV T WPR ERERT— X OLEBHRER,

F—& F—28 | HEGRE | BdtEE | #\E %]y
Kototabang 700hPa 868 0.88 1.87 1.00 0.08
Pontianak 700hPa 1079 0.83 2.17 1.07 0.37
Manado 700hPa 136 0.96 1.01 0.95 0.17
Pontianak 850hPa 1144 0.72 2.03 1.07 0.38
Manado 850hPa 134 0.94 1.10 0.95 0.08
Biak 850hPa 645 0.89 1.87 0.99 0.09
HBHIT T 0.82 1.94 1.03 0.00

7 2: WPR L BB ERE T — 2 OB R, HIERSCEREERTRT,

FERE{REL R (R
F—X F—&# | R1 | R2 | JCDAS | ERA ;| R1 | R2 | JCDAS | ERA
Kototabang 700hPa | 2077 [0.86|0.86| 087 | 0.86 |1.79(1.82| 164 | 1.77
Pontianak 700hPa 2166 |0.85/0.86{ 0.89 | 090 |1.86|1.82| 154 | 1.45
Manado 700hPa 208 |087|084| 089 |093 (173|194 150 | 1.24
Pontianak 850hPa 2345 |081(081| 0.84 | 088 |1.60|1.64| 141 | 1.19
Manado 850hPa 299 1080(0.77| 082 | 091 [1.83]|197( 177 | 118
Biak 850hPa 1946 |0.81|079| 080 | 093 |235]244| 239 | 1.42
HAFT 0.83/083| 085 | 089 (188191 1.72 | 1.43
# 3: WPR L ZBURI R T — X DL R, EREROMEE LYIF%2RY,
fEZ Yk
F—& F—2% | R1 | R2 [ JCDAS | ERA| Rl R2 | JCDAS | ERA
Kototabang 700hPa | 2077 [0.75(080| 064 | 067 | 1.79| 1.82 | 164 | 1.77
Pontianak 700hPa 2166 |0.87|088| 081 | 085 | 1.86 | 1.82 | 154 | 1.45
Manado 700hPa 208 |085(089| 072 | 086 | 1.73| 1.94 | 150 | 1.24
Pontianak 850hPa 2345 |096[1.00| 08 | 079 | 160{ 164 | 141 | 1.19
Manado 850hPa 209 |082(0.82| 085 |[0.76| 183| 197 | 177 | 1.18
Biak 850hPa 1946 |082|080| 081 | 082 | 235| 244 | 239 | 1.42
BRI 085|087 | 079 | 0.78 | 042| 0.38 0.84 | 0.01




Ponticnaok 850 hPo WPR and rodiosonde

(a) Zonol wind
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{b) Meridional wind
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Pontiongk 850 hPa zonal wind

(a) R1 and WPR
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MU L—&—8EZF v VA A=V FIC &k B EBEANH
HIEE DT
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BFAUETISEAERE

1 BmEER

HEM (QP) Ta—i. E iR T5 X~
ALFa2S5UF ¢ (FAD K& B L—H—1 20—
SR TR RIS E R D BT £ DT, Range-
Time-Intensity (RTI) [K_E TR LK ORGEZ
/RS (Yamamoto et al., 1991), QP ZI—{ZDWT
3. BEDWIFKT Es B/ Sy FIRMGEICES T &,
HEARICERTI2BERZSN AT H R EH
BIEATETVS, UL, FOERAAZXL
KDOWTEWL O DEBMHRRENTNBEDD
HBRIBON TV, QP TI—DERAH=X
LERALMITBI=HIIE, QP Ta—%5| &R
T FAI OZEME 2 SHCIURT 2 08D H 5,

—7%. PR F i BV TR PR
HB TR (MSTID) LWEh 3k Al
RESLA - A ROBEm 2R B, MiEAMIC(E
W3 LS TED, MSTIDICHES FATICK
3L—4d—Ta—-HERE 2555 % 5 (Fukao et
al., 1991), MSTID OFLBRIC DV TiE. Perkins
75 XIFREE (7) (< & O ILtG-d U A MO 2 RF
DT LHRENTVSH, Perkins FLE CIIHER
PFRT 3. EfESHATE N R EDOMBARNE
HEhTwa,

AT, E. FHRBOARLEHKNHEEICEL
BVAFARERERERREETVNBZDTRE RN E
DEZINRENEEEIARTVWS (e.g. Cosgrove and
Tsunoda, 2004).

ARARTIE, MU L—X—ZHNBEF v /2
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The neutral wind effect of Weddell Sea Anomaly (WSA) in the ionosphere
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It is well known that in the ionosphere, the daytime electron density is larger than
the nighttime. But some studies found that in the southern hemisphere Weddell Sea
region, the nighttime electron density is larger than the daytime. This anomaly is
called as Weddell Sea Anomaly (WSA). The WSA was first reported more than five
decades ago by an ionosonde located near the Antarctica Peninsula. The originally
thought localized anomalous ionospheric structure is later found to extend over a
much wider area spans between the South America and Antarctica toward the Central
Pacific region by satellite observations in recent years, while the associated

three-dimensional structure is revealed more recently.
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According previous studies, the WSA may be caused by the downward diffusion of
the plasmasphere flux, equatorward neutral wind, and longer time of plasma
production by photoionization. The upper figure is the sketch showed the possible
mechanisms of the Weddell Sea Anomaly. Through the theoretical modeling
performed (SAMI2 model) in this study, the neutral wind effect is identified as the

major driver for the WSA formation.
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1. LB

BB, S EREREEL (Traveling Ionospheric Disturbance; TID) & & iXi 5 HEHE
B7S A~BEOEDNHD I ENERNLHONTIEY (Hocke and Schlegel, 1996), 1960
RS ZOBBIIREEHAEICL Z2PFERKOBRHARETH S L EZX LT/ (Hines,
1960; Hooke, 1968), MU L —#—IZ L2 EFEEBAICL>TH, BMEPEEHRITD TID
OBINRIHILTVWDB, MU b—F—%, 77T 47 + 724 XF-TbA « VAT L%EKH
LTHY, E—L0EBEEERAETHY, o IS L—F -l RV EAFRRRUSER S L
TW3, £ SRR TIX, EFEEORHBMNED L ZEHER % X3 L TR TR L 2V,
EHBEOBEMRAROERETIEX D ENTEZ WL, ZNRETO W L—F—HAlick- T,
F EFEEOEMAER T A HRMEEZ 2L, TOFEBKREANETHRALEDS LM
HE XN TV (Fukao et al., 1993; Oliver et al., 1994), L L. L&D GPS Z{EHHE
RERKERD A FICL B2 END, BWHENIK T H2HHE TIDMSTID) ik, RRE MK
FTIERANRTE T, BREAENRERICL > TERENTVELEEILND L IILR-TE
7= (Kelley and Miller, 1997), & &iZ, FEEDIFIEA S, MSTID OAERKEITA S & &M &
TIRRBLEZLNA X 527> T & 7= (Kotake et al., 2007),

2. BAIRUEE
2.1 GPS £ T &8 - T HeBHAEMT
AAICIZE LR IC L VSR E SN2 1000 K528 X 5 GPS ZEHWE FOMEEOBNMEH

HB, ZOF—#%AVTLETF K (Total Electron Content; TEC)ZHEH L, TEC ORRFIN L 1

MBI E % 2% L3IV i- TEC BB A OAKEZRTAHR Z1ER LTz, ZR5rAFREILAEE 0.15°

XHREE 0,150, FeARREIZ 30 B TH B, ZORE MW T 2002 FiZ BARLZETHAE L/ MSTID

MR L F OB (B, KEEE, A, KA REEHE, RIE) 8L L, #Hat

MR E4T o7, T OFEER. MSTID OFEAEMSE & G S, Bl & /= MSTID % B, %R,

A BRSO 3HICHETAZ ENTEBZ EMNHLMIL o, ZhEho MSTID Ok

ERERREERLEEEREZLUTIIIRT,

1) B9 0 MSTID i34 < B4E L, BRFAICERL TV, 77 X<idPERKICL VRS
Bizis->THrahsd, KKEHDESEH GRS 50, KREHEIC LS PHERXORT O
HERERFEIRRENESLEFMERTIBE LY bRELARY, I X-EBEHEEDHOIRE
MRKEL 2B, 2O EHREERT 5 MSTID A< BR&En5 LALL Y BHho MSTID
RAKEHRICEVERERTWA EEZXONS, AP O MSTID OREAZ2FZE 1 £
P
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2) %o MSTID 3EICZ < RAEL, BMHEICERT BN H- 72, BEBEICENT, 75X~
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DL B 2D XD, HESIIRPICE T D MSTID DA RIC HE AR HEE 2 R LTWn5,
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MEhTWHEEZOLNS, BiRLZL D IC, M EHRT 2 KRENKICH~RT, sk
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WX R ERIRWEFFZ 2T E e b2, L, BHHEBHCKXRIBEEZESKKEH RS
EDLIITESNDNTRBAOMETSH S, U LOFR LY, AR RUH HiZ#EO MSTID
WCHKREKEAE, PO MSTID OARRITIXEHBEFRLTWAEEXONS,

2.2 BRMICH T itk ERE B EL

212, 1990 4E 11 A 156 BITMU L— & —Z L A0 —F 10 7 7 A VERITE b8BT
BEZSWIZ DU TJEIY 80 23 DRRSy 2t L7z b 0 &R, WHE 200~400 km (AT T 4 Fa 4
TOE— AbMTHﬁ®%%%E®ﬁk%mmﬁMénTmh ZEN DO & & b IR
HEEICTAD L WO RFENRRON D, Z ORI IIRKIE SIS X - THER S5 ERRS
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1997),
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53 fRAE 5 4y TR L, SRS E2RET 572012 15 HOBEI TS 21T o712, (58Tl
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B OH OB R E TORE[FEIZL DWW LH B EEZLNS,

3. $&®
ABFFENCIBNT, MU L— 5 — 0T [P IS H & 7 USRS PR R PEEE L (MSTID) 1
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DOFERIL, B MSTID DRI S REL N HERERZ R L TWVWD ZEERELTWS



Electron Density
1-JUN-2003 23:34 — 2-JUN-2003 02:569

500

Altitude (km)
g &
o
(=] (=]
il

0
[=
(=]
a Loveasssaalonississ

[9)]
o

L
T

3
;
]

L
T

)
o
1

Intensity (Rayleigh)
8
1
1

-
o

uuuuuuuuuuuuuuuuuuuu

Local t.l.tg: (hour%%
B4: (k) 200346 A 1 H 2300LT 726 2 H 0300LT (2, MU L—# =k > THEHflch
F=EBFEEORE - SEZE, MPo% ML, FRlEFEEkKmEZRT, (F)M v
— = MR SN RKRKA A— T ¥ —IC Lo TEH &7z 630nm KEOEOFE KT
JEGHAR) & MU L—F —C X BETHEBINT — % 2 BV TR U 7= 3E5REE CRH) O
M2k,

03

B 3R

Fukao, S., Y. Yamamoto, W. L. Oliver, T. Takami, M.D. Yamanaka, M. Yamamoto, T. Nakamura,
and T. Tsuda, Middle and upper atmosphere radar observations of ionospheric horizontal
gradients produced by gravity waves, J. Geophys. Res., 98, 9443-9451, 1993.

Hines, C. 0., Internal atmospheric gravity waves at ionospheric heights, Can. J. Phys., 38,
1441-1481, 1960,

Hocke, K., and K. Schlegel, A review of atmospheric gravity waves and traveling ionospheric
disturbances: 1982-1995, Ann. Geophys., 14, 14,917-14, 940, 1996.

Hooke, W. H., lonospheric irregularities produced by internal atmospheric gravity waves,
J. Atoms. Terr. Phys., 38, 1441-1481, 1968.

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

Kotake, N., Y. Otsuka, T. Tsugawa, T. Ogawa, and A. Saito, Statistical study of medium-scale

traveling ionospheric disturbances observed with the GPS networks in Southern California,



Earth Planets Space, 59, 95-102, 2007.

Oliver, W., S. Fukao, Y. Yamamoto, T. Takami, M. Yamanaka, M. Yamamoto, T. Nakamura, and
T. Tsuda, Middle and Upper Atmosphere Radar Observations of Ionospheric Density Gradients
Produced by Gravity Wave Packets, J. Geophys. Res., 99(A4), 6321-6329, 1994.

Oliver, W. L., S. Fukao, M. Sato, Y. Otsuka, T. Takami, and T. Tsuda, Middle and upper
atmosphere radar observations of the dispersion relation for ionospheric gravity waves,
J. Geophy. Res., 100, 23,763-23, 768, 1995.

Oliver, W. L., Y. Otsuka, M. Sato, T. Takami, and S. Fukao, A climatology of F region gravity
wave propagation over the middle and upper atmosphere radar J. Geophy. Res., 102,
14, 499-14, 512, 1997.

Otsuka, Y., K. Shiokawa, T. Ogawa, and P. Wilkinson, Geomagnetic conjugate observations of
medium-scale traveling ionospheric disturbances at midlatitude using all-sky airglow
imagers, Geophys. Res. Lett., 31, L15803, doi:10.1029/2004GL020262, 2004.

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 0(1D) by 0(3D)
from rocket—borne optical (630 nm) and electron density data, J. Geophys. Res., 98,
7791-7798, 1993.



EBEITE & GPS #iRD TEC 7— % AW T FRER D TEC AR KR OHE

FAKFERERE EHHE  WHEBR EREAR

1.4

GPS ZEH@EDT— % % AV CHhM BN TR S 5 2EFHOMKBA RO HBRFEIC OV THR
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Meteor Orbit Determinations with Multistatic Receivers Using the MU Radar

REFHERE ' WOy’ LHAR PHETF’ BHLS

BTERE *

Yasunori Fujiwara!, Yoshiyuki Hamaguchi2, Masayoshi Ueda!,
Takuji Nakamura3, Masaki Tsutsumi3, and Makoto Abo*
() A ARENIES (2) 4 7B K2 STE HF (3) B LMt FERT
(4) B RFHRIL AT LT A

Abstract

The MU radar of RISH (Research Institute for Sustainable Humanosphere, Kyoto University),
which is a MST radar (46.5 MHz, 1 MW peak power), has been successfully applied to meteor
studies by using its very high versatility. The system has recently renewed with 25 channel digital

receivers which significantly improved the sensitivity and precision of interferometer used in

meteor observation. The transmission is now synchronized to GPS signals, and two external

receiving sites with a ranging capability has additionally been operated in order to determine the

trajectories and speeds of meteoroids.
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Advances in meteor head echo analysis

Johan Kero, Csilla Szasz, Takuji Nakamura, NIPR, Tokyo
Toshio Terasawa, ICRR, University of Tokyo, Chiba
Hideaki Miyamoto, University of Tokyo, Tokyo
Koji Nishimura, NIPR, Tokyo

Meteor head echoes are radio wave reflections from the dense plasma created by and
surrounding s meteoroid on its way through the atmosphere. We have developed an
analysis scheme for meteor head echoes using observational data from the Shigaraki
46.5MHz MU radar. The method’s major advantage is the utilization of the meteor
head echo phase values obtained from each received pulse. We combine the velocity
estimated by target range rate and Doppler shift from a single pulse with the correlation
of the phase of each echo pulse-to-pulse. This method is based on techniques similar to
those described by Elford (1999); Kero ct al. (2008) and Wannberg ct al. (2008), but
contain several novel features.

The analysis procedure provides unprecedented accuracy and precision of the mete-
oroid range, velocity and deceleration as functions of time. This is crucial for estimations
of meteoroid orbital parameters and mass (see e.g. Szasz et al. (2008)) as well as investi-
gations of the meteoroid-atmosphere interaction processes. The precision is of the order
a few tens of m/s, which is an improvement of more than a factor of 20 as compared to
single pulse analysis (Sato et al., 2000; Nishimura et al., 2001) and allows very precise
velocity and deceleration determination. The interferometric capability of the MU radar
is utilized to determine the trajectory of the meteoroid, and thus also the instantaneous
angle between the trajectory and the line-of-sight to the centre of the transmitter/receiver
antenna field. This angle is taken into account on a pulse-to-pulse basis to calculate the
true meteoroid velocity along its trajectory and determine its deceleration. Furthermore,
the position of the target in the beam is used to estimate the radar cross section by
deconvolving the antenna radiation pattern from the measured signal.

The MU radar has a wider beam width than most other high-power large-aperture
radars have. The one way -3dB beam width is 3.6°. Consequently, the MU radar head
echo durations are often a few tenths of a second long and in many cases the whole
ionization process takes place inside the radar beam. The high precision enables us
to monitor changes in the rate of deceleration of the particles during their atmospheric
flight. This allows us to study and distinguish plausible meteoroid atmosphere interaction
processes as sudden releases of volatile elements when meteoroids are heated to their
boiling temperatures and/or disruption into two or more solid or molten particles.

The very precise deceleration and estimated radar cross section of each event will
be compared with the output of a numerical ablation model in which we simulate each
meteoroid’s atmospheric flight from the top of the atmosphere down to the measurement
volume (Szasz et al., 2008; Kero, 2008). By searching the best fit between model and
data we inversely estimate meteoroid mass and atmospheric entry velocity of detected
meteors.

The regular base (routine) meteor observation using this mode will create a very
useful and unique database for studying characteristics of small sporadic meteors and
the mass flux they provide to the upper and middle atmosphere. Furthermore, the
presented analysis technique can also be utilized at other radar facilities, as the future
PANSY radar in the Antarctic, also of other Doppler shifted hard targets than meteor
head echoes.
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Meteoroids are interplanetary particles in the size range of 100 pm to about 10m (Ce-
plecha et al., 1998). Meteoroids are important for atmospheric dynamics as they provide
metals and possibly smoke particles that affect chemical reactions and ice particle for-
mation (Megner and Giimbel, 2009). However, the distribution and variation of the
meteoroid input to the atmospherc is not yet well understood. One of the reasons is a
lack of precise enough long-term obscrvations from which it is possible to calculate prop-
erties as mass and origin of detected particles and not only flux rates. Such observations
are necessary to understand the seasonal and latitudinal variation of the influx and also
determine how much mass is deposited and its altitude distribution.

We are conducting a systematic set of monthly 24 h meteor head echo observations
with the 46.5 MHz Shigaraki MU radar (34.9°N, 136.1°E). Meteor head echoes are radio
wave reflections from the dense plasma created by and surrounding a meteoroid on its
way through the atmosphere. Data has been collected each month between June and
December 2009, except for August.

What makes the MU radar an excellent tool for meteor head echo observations is its
interferometric capabilities and the wide beam of the system, 3.6°, which gives a large
observing volume and thus long duration of cvents. Also, its wide beam in combination
with its operation frequency gives very many meteor events. We have developed analysis
algorithms that give precise geocentric velocities and directions of the observed mete-
oroids - a few tens of metres per seconds and a fraction of a degree, respectively. About
3000 events from a total number of about ten thousand head echoes per 24 h observation
have the above mentioned accuracy. The head echoes are detected in the height range
of 73-127km. The high number of detections allows us to map the seasonal variation of
the sporadic meteor influx, as well as other characteristics, e.g., geocentric velocities and
estimated particle masses. The radar cross section of meteor head echoes have very weak
aspect angle dependence (Kero et al., 2008). We can detect meteors entering the radar
beam from overhead to virtually 90°, thus the MU radar has no blind angles.

The data set contains both shower and sporadic meteor detections. Sporadic me-
teoroids can no longer be associated to their parent bodies. They are most numerous
among our observed particles and the main contributors to the mass influx into the earth
atmosphere. Shower meteors are interesting in their own right since they have been
investigated with many different kinds of instruments. Thus we can compare the char-
acteristics as velocitics, radiant directions and masses with earlier results. Head echoes
of meteor showers are quite rare in other HLPA radar data so this is highly interesting
to the meteor society.

There are six recognized meteor sources as deduced from trail echo measurements
with meteor radar (Jones and Brown, 1993). Our observations show that most of our
detected particles enter the radar beam from the direction of the apex. The flux rates for
all six 24 h observations are very similar. The diurnal variation of the influx with more
detections during the morning hours is very well discernable. However, the ratio between
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the highest and lowest rate is higher than meteor trail echo results suggest. One of the
explanations for this might be that the highest head echo rates are obtained when the
apex is located at high elevation in the sky, while meteor radars detecting trail echoes
only when they are perpendicular to the beam, have high count rates when the apex is
at low elevations.
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