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1 Spatial domain interferometry (SDI)

1.1 Fundamental concept

Fig. 1. Depiction of a typical spatial domain interferometer experimental configuration,
with scatter being produced from an off-vertical angle §. The scatterer has a ve-
locity v and produces a phase difference between antennas 1 and 2 of ¢ = kDsiné,
where k and D are the radar wavenumber and the distance between the antennas,
respectively.
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Fig. 2. Typical coherence function, obtained from spatial domain interferometry data, (top)

magnitude, and (bottom) phase with an obvious linear variation (after Palmer et
al. [1990a)).

1.2 Measurement of the wind vector using SDI
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» Vertical Component
True vertical velocity when ¢=0,
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aspect sensitivity function has a tilt of é,5 and the desired antenna beam pattern
6p, which is in this case set to zenith. As a result, the apparent beam is tilted by
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«0-0- 0w,

ere WIRDOMAL
18.0= d 16.0— '
i ' | !
k P =i
wo- ¢ : \ 8.0=
: .:‘ | =
100 2 : —_—————
0 2 wq et
' i =
Pl =
30— ol 13,01 =
N =
o 120 : ! T 120 =
< / < =
s 0= E E 31.0- =i
g P B ]
g .- =L
= 100 \ < wo= =
N ==
90— ; / : 9.0= p——2
1 , | =
H ‘ | =
804 i g0 | —_—
! 1=
i ; ; =
2.0 4 2.0 =z
f S { -
P2 i =
8.0 o ——— 60— IR
co 26 4zc ene -0.3-02-00 €0 €1 €2 €3
VILOCTY (m/5) VERTICAL WIND (m/s)
(e ()

Fig. 4. Wind profiles, with error bars, determined by the spatial interferometer method for
a 30 min average of the data from October 24, 1989 2145-2215 LT, (a) zonal and
meridional components, and (b) true vertical velocity (after Larsen et al. [1990]).

SO\
\]

4
¢
- H
140— ; , 14,0
N - : t
] FANS ! |
0= i i 13.0=
| ¥ : i
H 1 .
T 12,0 b ' ?-2.0—'
= H i . k3 l
CA it o= >
= 10— | = ne= |
Q , ;€ ;
g ;g
= “m-i = o
9.0 i 5.c
8.0

[
:
:
{ s
[
i
b
14
te
:

< N
—
5 8
—_
/ TN\

]
8.0 v j — [X-] -
“¢4 L2 ©O0 €2 04 =10 =09 <o °.s 1.0
VIRTICAL VELOTITY (= /s) TILT ANGLE (DEGRIZIS)
(e} (=}

Fig. 5. Data taken from the same 30 min average of Fig. 4. (a) Comparison of vertical
velocity estimates obtained from the spatial interferometer and Doppler methods,
and (b) estimates of tilt angles obtained from the phase of the cross-correlation
function at zero lag (after Palmer et al. [1990a]).

—48—



PREXCTD (Re0N DOPPLTR VILOOITY
16.0 - 6.0
15,0 ’ 15.0
1o :... 14,0~
#,
130 \} 3.0
T 120+ < T 120+
E] ]
= o |/ = n.oJ
) i 8 &
oy . = X
= w°'} H\ = ro0- \\-
2.0 / 9.0~ &
i/
g0 3 20— i
ry
7.0-‘I ';' 7.0 L
6.0 : 60 A ,t

e €2 0o 02 0% 4 02 €0 02 Oe
VELOZITY ZRROR (m/s) ©S£UDO-VERTICAL VELOCITY (m/s)
(e) (v

Fig. 6. Data taken from the same 30 min average of Fig. 4. (a) Comparison of observed

error, which is the difference between vertical velocities obtained from the spatial
interferometer and Doppler methods, and the predicted error, obtained from tilt
angles and estimates of the horizontal velocity, and (b) comparison of radial ve-
locities perpendicular to the refractivity layers and the standard Doppler velocities
obtained from a vertical beam (after Palmer et al. [1990a)).

2 Frequency domain interferometry (FDI)
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3 Conclusions

In this paper, a review of recent advances in the spatial domain interferometry (SDI)
techniques using the MU radar has been presented. This technique, which has been
developed, is the measuring of the three components of the wind field [Lersen et al.,
1990; Palmer et al., 1990a). In this study, the vertical velocity estimate, from the Doppler
technique, has been shown to actually be the wind perpendicular to tilted refractivity
surfaces. Since the refractivity surfaces are tilted, this vertical velocity estimate is biased
by the horizontal wind. In long term averages, this effect may be eliminated. But, for
the two cases of 30 min averages presented, it has proven to be significant.

Frequency domain interferometry (FDI) was first introduced to the radar community
by Kudeli and Stitt {1987). It held much promise to improve the altitude resolution of
existing radars, if the radar’s frequency could be switched between two closely spaced
frequencies. But, until recently, not much attention has been paid to this technique
[Franke, 1990; Kudeki and Stitt, 1990]. In this paper, we have presented the basic concepts
behind this technique, and reviewed the first implementation using the MU radar |Palmer
et al., 1990b}. The ability of this method to track the relative positions of high-reflectivity
layers, which are smaller than the resolution volume, has been reviewed.

With the implementation of these new techniques using the MU radar, the capabilities
of this radar have been increased. It is hoped that future research can make use of these
capabilities, in studies which are focused on the dynamics of the atmosphere.
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LT) K7 5 HREUEBVOREHAMIC L 5 v — ¥ —MERMEAORH U CEE LARM LD <4 T2 TH5.
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e ~A & 5 ICHKREROTEME I EL PEMNOEBHKRE L, FEAVRBHLARC
BxdcrslLiZLizeds. 28N L ARNOK, MU L—¥ —Clt GRATMAC HHii
Bl atia—F 8RA%E 1985 4E 12 ARCEEAK 100 REIAK E V5B TRVEL TV S
(Fukao et al., 1001 ZF8) »*, £D%E4E I AKOBRIUPHOKRF EXAEEEBET 5 L, ol
Barhtouldro Ay, HEEFROSRHEEIEICH ) ROERTH- AV TEILD
2EVDB. LALI S5V EbIX—RAVENARO VY — X OFIH, KBRFHTFRD
AL ISEMNESZEOLDOHRICHLAETHS. AETHBNTI1987EIATH~IIHD
MU L—X—§88Ik, T0& 5 2NERARMROBENEZRAL Ay —2D—2>TH S, 19884
LB GRATMAC SRR ¥ 5 km LI Fo 7 — 2 Big b RE@EN o 2 wkiicR o AT
Vi, THEFHEICO>VTOZFREIPLIRIRZLEbDOLES.

S oMM L, H EOKBRMUIRBAN»OFk—Y 7 BABALGREREBESED 6
HU2EAMMOER L LS B CAEXEI LILEER S ICHFTHEL, ERELXEB-> TRED
Baoth~ R aGE LA, H2ICRT MU L—X—BRIR> O 12, KEOBOREH9
BEE RO LA ESOHBEORILEYMIE L L CHIRICRONS., SoREoROFmilcHh/MM
BURBoHBRBIC S 22 V243 0, I ICERER NS TR AEREKZER R ¥ XE
OADEBEN (0% VHA) CHLTHETHS. MHiTRRAZ 2L, BREARKNEORE
REBMTOME,LBETEXI L EALNS, FANHATHORY—#:1X, LEOREDOS
ORMFAAXARRE (0% VERKED 3 VIRAIMESE) FRTH S v I ERARIKZORR LT
BLhwv., & olERE n-NRRERE, b EOHRRRNEE © Kotani et al. (19914, b, ¢) #*



aLG
_ .
IR Y I L L LR R DA K P P
“v~¥144.'1’dl..Ar:lvllfﬁdl..r;-...»:.r..nhx1!\\\\
i B
q R N N AN L YT LE LA LR RV Py
HEE RN LR D ALl TSNP R N s rrrr
IIEZIENTY 2R SRC R Y PPRT KX RES R RPN |
A LY T NP I I I R NPV Y FRE R L LY Iy
L R R S AL VP YT R R L LR Y Y PPN
P > ARSSARNEASSSISNNNA N AAAALALA I USaY,,
H
Ly dPANSNM A ANS RS S ILLANRALSARSAAAALM LA dsapy
Pioan apAD S S an SN N ANNRAS AL MAAL40A L2240 g
-.w.:.lvvv.l.l.r.t.v..'l,l1lvv>,.»un.u-nhs-nhb..x\i
¥ 3 aaANNI S aat TSN NAARA/AA4842828 2004000y
Ty TOMVSNN S STTITNNAAALLLAL0844838000040. o
H (-]
Q -
.
:  te€aserScaaw L R AA I I Y PP FrE =
R I N e haA L L LR P PP IR Y] (3] (7))
RIS R et A s £ L FPRPIp vrtrrres 4 sisiEE o
“:>4|.'1|..,:4 LA R L 1 P T T s L.C‘.\. (<]
m AN L L Rl R Rl 43224 0.0
R Al\l:lltitlAAAAs \\\\\\\\\\\\\\ 5
1 L] -t
R I R S i bl T P PP ey o ~—’
AN AN T g s sscnsrrrsss ey PR~ ]
gV LxgaToaAtT T oo T m s i rrrsanAann - - P T
H 4&AAIII;:¢' L1 24 PYPORPOpr e - 4 does wn
_ PEYIC T IR E L L L PP Y v r] idd L
Ry €4<ar = ASv e cclasicsnans a4 ¥
|2 sqeamarstocenvdadiicionans PR
[ EPEPIYPENY P L T PP - \\\\» (=]
M P AN L K L L PP P P s [N
_I PETTS TRNL L L L L P bdasa Yy
L R R o ry)
1 P doenArAT eI Wddesoanda LR LYV 7o
¥4
i eatmns ae=rViadibanis riw 4 FEyY]
fa VP NS0T ™" sadacddsad Ne . 2iSS
M .vAAl¢41.i.l1|44‘AAh&A.»l.ALA s \59
L N L A LR R TP L L L L ] PP -4
. d
dpar etV e eTT AL L Ll A dddag L
i \.lll Py TTIA ALl dddddddia & = - p,
! “ P PTPY SR P PPPPPPPPPPPPPIPY sse;
_ ﬁv“li'lll B TTTd LAl L4 Madcisuaa PR
_ ..- et/ s Seadtdddtcdsadddan “as .- 00
Y 4
o '~ o ']
™ - -4

(w)IANIITTIV

DRl

B FcAMEMaTLC

SDEREII A 16 BIchELERICE T

HEER L ooaRE L (NASA OfiZBEERANC X 3 BIERLRER 17 B 98~156%0 890 hPa) ,

BLoRNISEHEOBRETH 35, EHRWIRL L TORFROHERIAYE

KErOHEERA*ECEIMMEINIOTIRRBRVAILERITLS.
20 H 11 @Y (Z OO HOSIE 984 hPa) ICKFEEAK T A (885, 1990) .

NICHEILD 11 BE > GEARAMRIIERIE L oodt L L, @B EERRIE 1 kgl » &JbRE - 11

8 MULV—¥—TRBRUIHhAEE 9010 S0h.ORBEEETNY (109049 B 19 B 18 B3~
BrichrPT (bx S YEEFOEBII A Y2y FERUICERLT) EBLTVA.
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FFFOEANEONAEAD IZIELWMETRICH A 3K PRMBEL, —BLcHiEN©
3 (A3). LAL LA LRG0T HBoRMIZIZITREFSRLTR Y, —HNE
HEEE VS XYL 5 1 HREORMBECRHItICcEhTtwa st #bh 3., TAEIIER
TEXREMAS FA SO ETICTEL TV 3. RMERAREORYEL RIEEHLIRONR
B3R vy FRETLTHBEATE 34 (Kato et al., 1984; Fukao et al., 1985 ZMH) ,
HitoREIK oL T RENHERGEo—BFROETFCRBRACEH, BERED X 5 2IESH
BaoWBE 1 EZ X 35 (Matsumoto and Okamura, 1985 BR) , 3V REFTHFEO S 797k
ZEEZEARTRIZE L2V, KR, A/FTFOHEROBAIK X 3RFES LBROSROBLL
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m FRoNE. 2F I MULV—¥X %8 3HOSRPORBRICHRBEREL T, Theh
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3. BiFicovTik, SEARBRHROBE L A OBERBENHRER LS © t eV ERE £
FLTP->TEKIDOT, PEREOEVERE L OMICHEELBRAEY v 72EL, 2000
BOUAREE AL TLIWMAT I EHTEE. 2ABEBEICOVTREF Y+ ArBBRORE
AKX DROEB ESIZMIZL, HIVRBHREEORMKIC X 3B _HBRENTRERE (BE
KEDFHE) »HoHERRE (BHEXEOHE) ~0BfFr Y LCHiltAT2S.

5. 8bYI

BRECEIBRBCEIRNERHEC L], PEBEOKE - KELOSBARBHERE &1t
B Ao uPEBEEESE, 3viich it M ARHACFEETH S. 4Tk~
AERAOBHERELLRERIBHEICVEC TRy, LIz AYRAR LRV BAICIE
BHEIEL LTRIDTHD. #-> THEFLHARFOIHMBUBEIEORBIC>VTIL, Bl
Blc TBR) BET340L, SRPOED-ABVDLICKTCEILSTHEH, chFT
DHEBRENHRC L EBEOEMOFTE X LT3 boHB\,

BECRRUN ORFIC—RICHUOM ERSRBHFHAT 3B LT, ER (K5
) #335. BLFEORBEIERA w— v 7 fi~~—) v 7@ oRk:d - AL+ 3 (AHYRE
DRERR) 5, BREA~PFRIZOXBHEC—BHAET I, TAZERMAE» O BRRRE
HATELFIOERKE (%Y%) tREAZMAT, wbWd I=oXE) EXEORBL 3.
ChODEIERIKETTIBUUMTEISE (Fos%v2) 73, BHOEREICHES
MRS L CERIHRATIC LIchS. COERIIEFLRBL POBREED LA D300
B o0 VIHER, BHECHKROFREOHBLEI LoRMHICELES.

BEIC, S CRALATRR, ABEAED MF) oFhRHEE LToREHIBHE VS
fae, BEERI N T IRUEAXTEROILELIPE L 38 CH, FEL—oOOBRETH .
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Abstract

‘We can observe three-dimensional wind fluctuations associated with meso-, medium-

and cumulus-scale (horizontal scale : 10'-10® km) structures moving eastward along
the Baiu front, by using the MU radar. Results obtained in 1989 have been pub-
lished by Kotani et al. (1991), and those during 1987-88 are shown by Takada et
al. (1991).

Here we mainly show observational evidence during 2-16 July 1990. During
this observational period, we observed two medium-scale cyclones changed from
typhoons along the Baiu front with the MU radar, Ku/C-band radar and the mete-
orological Doppler radar simultaneously. These results are described by Watanabe
et al. (1991) and Shirooka et al. (1991).

Passage of an occluded front was observed by the MU radar on July 4. This oc-
cluded front was warm-front type. Before the passage of the occluded front, typical
stratiform precipitations with continuous upward velocity events below the warm
frontal surface were observed. When the occluded point passed, weak updrafts were
observed below the frontal surface. After the passage of the occluded front, quite
remarkable convective cells of cumulus-scale without precipitation were observed in
the lower troposphere.

In case that another medium-scale cyclone system passed during 12-13 July,
we at first observed a warm sector and stratiform precipitations with continuous
updrafts. Near the cold front, convective clouds became more remarkable. Peaks
of the upward velocity events were in good agreement with peaks of rainfall. At
~00 LST 12 July, a synoptic-scale ridge passed above the MU radar, and northerly
winds changed into southerly winds.

On the south side of the Baiu front, two convective cells of cumulus-scale were
observed on July 10. The peak of the upward velocity events also corresponded to
the peak of the rainfall.

Finally, on the basis of the observational evidence obtained so far (not only in
1990 but also in 1987-89), a model of the structure of the medium-scale structures
along the Baiu front is proposed.

References: Kotani et al., 1991: J. Meteor. Soc. Japan, in press.
Shirooka et al., 1991: in this issue.
Takada et al., 1991: in this issue.
Watanabe et al., 1991: in this issue.
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Figure 1 Time-altitude cross-sections of (a)vertical echo intensity observed by the
MU radar (averaged over ~30 min), and (b)equivalent potential temperature at
the Shionomisaki Weather Station (JMA, 1990b), in comparison with (c)rainfall
intensity observed at the MU radar site during 2-6 July. The frontal surface
(thick solid curves in (a) and (b)) is determined mainly based on the echo inten-
sity distribution. The frontal surface at Shionomisaki (broken and dotted curves
in (b)) is estimated on the basis of weather charts. The tropopause (thick broken
curves in (a) and (b)) is according to the data observed at Shionomisaki.
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Figure 2 Two types of the occluded front: (a)warm-front type, and (b)cold-front
type.
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winds observed by the MU radar during 2-6 July 1990. Winds are averaged
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determined in Fig. 1.
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Figure 4 Time-altitude cross-sections of (a)zonal-meridional and (b)zonal-vertical
winds observed by the MU radar during 10-13 July 1990. Winds are averaged
over ~100 min. Solid and broken curves show the cold frontal surface and the

tropopause, resp

ectively.
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(a) Before passage
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(b) Near the cyclone center
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Figure 9 Three-dimensional model of the structures (a)before the passage of the
medium-scale cyclone along the Baiu front, (b)near the medium-scale cyclone
center, and (c) after the passage of the cyclone. (continued to the nest page)

-106-—



(c) After passage
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Figure 9 (continued from the preceeding page)

-107~-



HEHARICH S AR EY v 7 IR RENS
(1987~88 £ MU L — & — BRI RORIE)

fGE Bz mn w2 hg K& P KR
FRA—M WAk e RE R o g

CAEULERRY: HEALORMWHFTRL 2 —)

1. gL

MU L =X =12 X SIERRAIC LT EFEHRFERE 1 (Fukao et al., 1988, 1989; Sumi, 1989; May et al.,
1991; Kotani et al., 1991a, b, c; IiPfh, 1991b), BEROKBARECHROBINEICHIGT S, AAXELSL 3
HBOEBIOTRMKA L HAL PICE>TETL S, I Kotani et al. (1991a, b, c) 12, 198943 X (£ 1990 sEIC 80
BEraky—2% b, PMREERKEOHCICHRMIVGTIRCORT L4 FEL tARORBRBOHFEY
BAL, MU L— ¥ —RAOERTIRIC 1 SHAELRIEL £, REEHCI, 1shih (1991b) THEMITIBA LA
1987 £ 7 — # ILE L MROILMORIMAZ £, 1988 EOFMMEBHEAEICOVWTOMRERE E L HTE~S.

FEECHV S 7 - 212, GRATMAC #IRRA) (Fukao et al., 1991) O 1987456 H 22 H 128§~26 H 12685,
R LTI 19884E6 A 6 B 1283~10 B 15 B30 pE e — ¥ (MM 2~16km), FREME~E— ¥ (AL 5~25km)
OF—2THE. HFIKEBLTIE, ThthoEe—FZ KRB UAKR S XCNARHILOXRS 10°0# § ¥ —
LIDVLTDAT—ZR7 tA - REAN - FY ¥y 72 —-BE - X227 A BOWRF %, AE 2~5km IK>LT
HEEE— F, B 5~20km KoL TRREAMe— Y LTS LA, BL - 0D GRATMACBRIC BV
Tit, HiEEe— FORAREBL 2FbhTtuvivnkd, F—2oxABFFELCHS. 2RI LBLR:
ARoRRICSk-> Tk, @MURANBICRES W T IFRHOF— %, ARFPORFINTUIMES LY
BAXIAR - v—Y4 ¥y FOF—% - ARWRV D VAGE R VL, HEBEIC LA,

2. NRTHLRONERANE (1987 FRN)

ARFIBEERABICE 5 &, 19875E 6 A 22~26 BIC it EOERINMIE BANSEO P2 VEHICH Y, wo <
hriebLTuwd. 2 CofElicit, MU v — ¥ — 13 EOBBMROIUEHRAICHAL X%+ Y LTERAL
Artichd. ZoMilioF— 280506, BR~HMEE (KFX¥—2 10%km BlE) oL LTREORIR
DiFBICH 5 FILEME L SHBRTEY vv 7, EAPARBHEE (KFRY—2 10%km BUTF) & LCRIES
KT X S OSTRERME B oA (Wb, 1991b) .

2.1. PMRPRBERE S CBRTL vy 7

R % C AR - HROMMRSERIEOMITRIR (R 1(a)) 101k, 24 B 0¥ L HIS N 4~16km IS
b VIERIOHR~OMEMRLNE. TAWHR (BIXE5) KoL, M 2~7km € 24 HRE L HICH
B bWRADME, 25 B0 17RE» O HEAXKBICBRICRI OB A, KRFD 500mb EMXID
EORBHC XD, HILRMERIEORIBOFAE EZDBHE L, WEROEILIIBBO®A LU L T * DR
HVOBROBOEXEEORICHIBT S bbbk, RERERICOVTH, 24 HO 17HEM 6 25 BD 6B}
BUC AU T, B 2~Tkm KEE LR LR - TRROEXMIALHh S (2.2MB8) .

KA ¥ — LDNKE = = —RE ORI (B 1(b)) 261k, B 12km ¥ 16km R a—BFDO Y — 7 3
Roh, BENEOZ{LCERS W OHRBERMESNICHLST S LB 0N (Fukao et al., 1989; (Lidhfk, 1991a) .
BEOHMONR 3 X LB T RS TOARFL—-Y 4 v /v FRNERI X o REREEE L KL
AR, BE 12km HE0 Y- 2 QB TRMNE WA SRENEEE, W 16km 50 —2 L ESOBEE hi
HUEREREFEE—KLTOA, 2% ) MU L—#—12, ERGREILSE (1%) oSHBEREY v> 720N
LASEic2d. 36KELLAS L, NUMMomH NN B ATAIRORHICRY roTLAALNESCY
12km AHEOHABEREH#BIE h, K OGURERINROGE LI X YRS TH 16kn fHEoHHBERmARNE L S
Y5iEnok trbdd.

ELEZ6, BRINRSBIHELZEAAY v> 720D, TOREKCHROSH - MRCEON 3 EWARNE AR, o
AESKOKIGARER L BEIMRL TS LHR S, B LEWINRICI G 3B (KFX4S —a~% 1000km)
DABICHT S HHNROKFRTH IPENE (KT —2~1000km) DRIL, M EOEMEDS A &1
LR - BRCHOTHI LR IMBETHS. ShbHk hT s L/MIRRKTERM S X CRANNERIC LTS, 0D
BEXLEOXEORBOTHUCHBCHEE L2 Y, Wb 2 IchMIBUNAIC X STBORIED 3 L iEZIELS Y
TO5. SHERES | KOFECREEIOMEEZATEY, $AHAMNE - REEEAThOARNIC SIINES
BLRHMMRAL YHWICHIOBEXITEATHLS.

2.2. ¥ 2~3km OFBAKEN AT

SEIC 1989 5E B XL 1F 1990 FFDF — 2 6, Kotani et al. (1991a, b, ¢) it FORIBLEHOR - BRREROR RS
ERTL TV EDT, Jhot OREOEET L MRGILEOP~RIMRORIT I EETH 3. BRINEGOIE
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HROZHLIRERICLS L, B1(a) LA - TRAMAONA24 BL 25 BROLAREBCRH#ALNEOT,
24 B 1783~25 B 3B3% CORMM 2~16km £BR L SRR L .

93 2(a) 1 HE - RURORE~ 7 + +OHMBRRIELRT. = OWUMILEICE<EMBEBRRIES > &
METH R, =OETORE 2~Tkm EWEHKROTOIOKRHL, AL EOBECRERIKCE>THHI LY
EZT2s. £A248 178555 1858 30 ISR 2~3km ICBIH X FRHXAoh, HE 4~Tkm CFE %k E
oOHFeAFEbNE. 24 B 21 B b 23830MCld, A 3.5km 2SN ECRR EAN, TORTRRE 2T
Vw3, T THREE d~Tkm I X 23km OHK A KA bh, 256 B OB S 1BICOALNS, ELTC2BEHD
2BSH{CI, BN 2~dkm CEFL FTREASRLAS. BE 2km fHETR, &SNP LCREAN, TORT
BHLoTwd.

Kotani et al. (1991a, b, ¢) OFR T, LANOY—2 Lt ROV -2 KRAVHIEFROATOE, 2T
BETOBRTF—- 2R S 3, BRIMP RGBT ATOLRL, MU L—-F—TRAREBRKYTOHK
FDxz—%%ETE A% (Fukao et al., 1985), BUIREERIC 1 SEPRNF = 2 —IiC X SIRBOMLRS 2hT, b
B TRAORLN BN - HEOMEz a2 -2 PAEMRAELS, BRAKEIEBALNEXRI A
E—2iHibhhtrok, ot CRLUMIAHR AR, HRAEOLOTHE. Chb EARBRETRSL
NIRLOBBE PIE, SHOMRD SFTRBAO—DLEBRS.

B2(b) 12, KAY—LDxa—WEEARAE—2023-RE (4 ¥—LOFY) OloRMBEELTHS.
— RS H A L — ¥ — MR SHNICHET S MREARRERC — 202 RAKEL (PRY) T30
-¢ (Fukao et al., 1988), BSEE 6km B F o T oM & AL 12km BLE O THRMECIXARENA, WK 6~12km
O~ FBSHBTRSHEAROAR DY S, OHRBERMERBLTHRE E, —RICHE L OHFESR
RORBHEHNIABLTVS. 24 B 21~22B50MME 3.5km ICH S M AHON B X 5 KARERIL 2 2OHH
EATCHES R - TRAOHA L RoTHE S EH#EL, 512 24 B 17~21 BHCRH 12km fHEIC L b h & ELEE
LI BAANNERED 1 210847 5 tELbh, HHMTEG RN CRAEABOSAM b AN ICERY
PDOTHHS EERRLTVLES (Ushih, 1991a) . M TRAXLRBEROTHIRAR S, FAL 258 28330
BEE 2.5km fHETCRALNS.

LlLED X 512, BRNMQBORMBAMIEENNY - KFHLF—REEcrvRGex , AUHKL—RTEL
SEAMEXHoTVEZ Lithdrok, A, B EOHHNRE OV BMAABHLEDRIOVAIPIIVTS, I
FHRDOMON - KFEREMHFSHBEL XL CHET I L bbio k.

3. MARENEONEABME (1988 FEX)

1988 4 6 B 6 B~10 B DENCI TN Lo PMRBERE H#@XFEELTDB L, Kotani et al. (1991a) HRHTL
A 1980 EMFEISED Y — X ThH o, BT, RE~PMRE (KFR Y —2 10%km £LE) OBiE L L CHUREUE
SEICH S HAERE - MEE e X riAEORE, FARSBBER (KFXy—210%km &LTF) OoR&LLT
MEEHORR L4 S5 LA P X UFHFRRENHSTMI >V THICE~S.

3.1. PMARENENDR & W HERE - R

2 3 = (X ERRINM £l C AR - ARBROSMSERE, Kl o —RkoRMmaRt, 8% MUBRRBIC
£ SRR ORI L, Bk FEAEMELDSEN (136°E) Lic 2 3 ARFHE EXIRONL R ORMZ
L2 7T, 2 PRHcBRDEN 6 B 216551, 7 B 19638, 8 B 7855, 208541, 0 @ 8EFY], 208341, 10 B 4534,
9 BEUTICIE N ~12km E P A R o h, BILBMOE: 6 B 12 E3~18F%, 8~0 H K IXMGH 12km LT OV HUIRCH
BhER - TREMXEONRD. AR 18~22km Tit, 2WMMM L L cERMHNHZEHERH#RAOLNE. BEX
iz X 3 L BRI EE S 8 B 1965G], ML 8 385U Y, & o OMSHMEERED O
BEOT CAULEAL, tOBRMRZABLANOGRAICHTLTYS. 88, 9 HICRHAARLRNE LY
2 bR - FTERAIEEMNCEAMMRCESEmarELoh, 70 ofItEME G LoFRMMCEYS 78 21
BEICASLAELHOMEORBICHES bOTHS.

#1Fei2 8 B 8B¥E(1Z 30mm/h 2R SWMVRIMBFE AT, Ttk 9 B 1085 & RIS R » R
TnTwa. A 9H 15EBEICIE S0mm/hEVEMARE htw s, TRHHE (~5km) Tk, BROBMNE it
8 H TESE(~9 B 15 B OB S A AR ARB LT D, £A - OBMHICIR T 2 A0 VHUR b SN
STV S, S hbRARBEBRMIFRRO X 5 ISRt wS T L ERT. chicHd L CRB*ARNE T
VALEIEICIE, TESHET Y BREAPABL TV 5. B EORMIFIIIE Kotani et al. (1991a) 287 L A
1989 SED Y — X kL IZEERTH S, 1987 WS R BAME— FORWAIEML HFbhTuvikuy, EXESD
OFSEDORER L RRISHUEATREESROBEL, PHEO I 22 2 —OBELTRLTVS.

B 12~14km OB HEEL M L HAREEAORAME TR NELx o —RAEHMRL, 2MHCbBoA L S ICHHE
BRMICENT I EEALNEH, SRR TKERPRAAALRIELTVE. P LBHNETR, THEOR
HHAoEMe L CRRESLROITHEIE R-oTH), 8 H OHINPLoRIPLBYTETOEE L DD
3., x2-REcHTS, 7B 18O skm 2L s —DRVEIBTLTLE S b #HBTES. B
3(b) T 7 B 18 By Okm {2 HER Y T SRERE: - HEAHM RN £ MNE & KE L T LoiROTA
BEIL RS b, HEENRODBIE 8 B 186t & b, [ 3(d) D EFTMRICH < Mt & 1IZE—RT 5.
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3.2. LA LSRBRE

= S CIRESRNER - ERMIROBBICHECERI XM E WAt 8~9 BE RO 2 b I AARLBEORIT LT,
Kotani et al. (1991a, b, c) <A LAX LRIk OHE, d5vI2 2HTROWATFRKESNEMRG b OHE
(1 &%

THEL AHRORM~< 2 F A OMRERIEEM~<AE L =5, 8 HOB>S 1785 E CHE~12km V(D
>ONH A BRON, 195U IERGE 8~11km CREL LR, ~6km OHELTRAXROWA, O TR
KouTik, RAOHRBROBRICHOZI—K 742 F4 Y7L TCOITREESXAD S (232) . REEROME 14~20km
Tk, D3R} CLIRAALILISOEOBVEAXFRBEIN, ShbRRIBICHNCEOES? L TRR, ToORMS
L LERAAIBIRERY, RASBOMICBET o RABICR O ¥RBEAA, FARVEEFERICOAD 90 785
HE 1580 HRL ERAAHXAON, 1753 RIEHHE~12km TR 2D A RIBBAXEONS. 8 H 08%
~TRICALhANRK A LYY, 9H 1T BRAOWAHR 20N HMBIETHS. 8 BRERNRAS, 98
REHMMRABRCHS 20, BRWROAMMX ) b RANROLEMOH HROHRIBEL TSI LELLRS.
2 iR~ A 1987 SEEDOMBBILROMACIRA X 2~3km OHMBRIBBHRE O A 2, 1988 EEOMBBESORR
TREBOW S OTIRAL 5km BOHR A+ ¥RoN, RRIOBL T tNBFL VRBFOSIBFCHILY, Hb
PIBRAIFELTVS.

KiCE 4(a) i 8 BOMEL> = MBI OMIMBMIERE LR LLE D DT, 3.1 CRAERFESME O TN
B OIGHEAKORIAFAL S DPS. BRENT 32, ELBRAKEEIC P IBRoMoRIcHIEL T,
8 HOMEE 16km fHEIC 2 1F SRREDEHMICIR T TNASHEIHAH 98 782 L/M Lo THEZ L b Do
. B4(b) X (c) K12, 8 BOMAMMAROMMERIE & i LA MRLTHS. Kotani et al. (1991a, b,
c) DHROTORINAALRNOV— 2 Lig ERIROY -2 LOHGIE, b3 YRIRY — 2BHCEEE Skm LI FOF—
FEBPOATOLRLABLELTREVY, PHULRE LS. - 1989EH L1 1950 FEEFicX% ¢ Kotani
etal. OFERBEFADOEL &Ik, EEHRBIALLBRAS. 22 4(b) T8 B 1083~21 BT 4km CHY
ATBAFALALY, OBROREAY —LDOKEZI—2 <22 A TRARDza— B toxa-#THL,
B#ED TS v 724 (Sato et al., 1990) TIRRAMLEEV - L 2BBIL, RoTHICkE=I—0hs LEMTINA.
L3R r—20RRS SRkOK 2 REKOHAO—>THE.

4. BHYK

AP TIE, 1987 X 10 1988 EHEMIC MU L— X ORI WA F— 2 £MIFTB o Lic X b, BREMIC
31} 3B~ THEAR cOTMMIREEONLHBEOBALRA A, 1987 FEGRIMOMTER > 5 12, B
ML BRI Y v » 7OFESRBE WA TS, PIRONECRROTMOURZROH—RE, 1
KR E 2~3km DFRFKERHErREOTER (RO HFCRALoHh, FAHNEIrRROANCEHGAT
LWERAS LHAMLAREROTOUIPRSLHDI - b2 VBdbIok. X6IC 1988 FEBRAINOREITERS L 1L,
FRATAELESUEE IS0 5 SAMBAR) - BRIBIRORLAFRIEE & h, ELFIFHERELOMHMAME, BRRomE b
SEAMROIAMOF HHFASRAB LR Ebbdo k.,

XBRTRYELBAR X I, 1989 E L L1 1990 EDHMOMBF — # 1cX <, M OB EohMBEIE
KERLAHEOBVFEIKE M 5 OITRERYICEIT 5 BERMAMNTH, HITL T Kotani et al. (1991a, b, ¢) K X b fTd
Wi, KRECBREFRTIE, 19885ED Y —RIC VT Kotani et al. DFRL BRIEET3 L L b i, iRty
RIEBKESHRALR YOF LLAREHBI S LA TEA. ShboMmEIE, B AICE T SEENPMERESED
R 7 ~DREM (Kotani et al., 1991c) KHIREATVS. 4BV D LI LFRLBEREHICHEL
TV, 1987~1990 SEQORIMROLHEINOEIR (Whih, 1991c, d) LT 5 S LT, NREN - IRFETIEN 2R
AHMRTTILMHINDG.

X R
Fukao, 8., K. Wakasugi, T. Sato, T. Tsuda, I. Kimura, N. Takeuchi, M. Matauo and S. Kato, 1985: Radio Sei., 20, 622-630.
» M. D. Y ka, T. Sato, T. Tsuda and S. Kato, 1988: Mon. Wea. Rev., 118, 281-292.
y » H. Mat to, T. Sato, T. Tsudu and S. Kato, 1989: Pure Appl. Geophys., 130, 463-479.

+ M. F. Larsen, M. D. Yamanaka, H. Furukawa, T. Tsuda and S. Kato, 1991: Mon. Wea. Rev., 119, in press.

Kotaai, G., M. D. Yamanoka, S. Fukao, T. Sato, M. Yamamoto, T. Tsuda and S. Kato, 1991a: J. Meteor, Soc. Japan, 69, in
press.

. s H. Uyedn, A. Sumi, T. Tsudo and S. Kato, 1991b: XM v 0 LQER, 5, Rk,
, X . A. Watanabe, T. Tsuda and S. Kato, 1991c: (AN BHR)

’ * *
May, P. T., S. Fukao, P. J. Neiman, M. W. Kozleski, M. D. Y: ka, S. Kato, M. Yamamoto, T. Sato and T. Tsuda, 1991:
In preparation.

Sato, T., H. Doji, H. Iwai, 1. Kimura, S. Fukno, M. Yamamoto, T. Tsuda and S. Kato, 1890: Radio Sci., 35, 961-973.
Sumi, A., 1989: J. Meteor. Soc. Japan, 87, 167-175.

i K22, 1986: BANR LD 1986 ERFXLHMR T RIS, #333.

— W W ERA—08, 199la: XU D) LARKE, S, DS$,

—— AEER - REB= - NI - RUBA—S - REKSE - W A, 1991b: KAWM ¥ H Y LKEGE, S, ORI,
— ——— - FHUMK - M2 - RIBA—E - REKE - N N, 1991c: XML RIS LENE, 5, IR,
— e ERA—8 - LA - MNIZ -k W RS - N W, 1991d:  (KRLSRHR)
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MU L—4—/RASS |2 & 3 2 BRI

R B% - 2@ WEE - 0K i - RR B8
(X - BGH)

MU L — ¥ —/RASS It MU v — ¥ — % \» 7 Radio Acoustic Sounding System %#§ L, 1985
FELYVEBALEGHBEEAR € v 2 -  BRAEEBEREWEHIC L > TRAFEIED LN T
w3, RASSRRAEIC PO THEES b ORME (RASS = —) 2 ZFF+5A0Ic, 1) FkEL
V=X —DT v FFE—LHFHXT IS b (HXEH) b, 2) RASECOFREEIBREE
ON2ERBZE(FIy 7E&BE) FBEENI L HBETHIHN, ShbHOoREREROR
B REBOBELZIRAALTITI-0IC, BRMICbEsCREICERH%HEITZ - LI
HiteHok, LAL, FELXEEEREBLY TA 24 a0HF RGBS RAETELBEELT
vFFE—LER, FHERBYRETI/7 VY =T2BRLAKE, LEHBBIRATCR
53 HEVRKHFECRHBUER L AEE Yo7 7 4 2 ORIRICKIIL 2, BITCI} 1990 £0
RASSHREAIX WV BONABE o 77 A A2 bRERELRM L, BE - AEORBRAICLY
BontBESOSHEOHBRURAZ 7 v 2 AiICoLTRAS,

RASSBRAIE A Y vy FRANCL 3B BT 3 tIEAIBEEL VB R 3E[»H D,
&L 7 VF /v FRANCHONWAKE, BE., 85EE S GRS {KBE (virtual temperature)
ERETIERLD—EERLE, SHIITEE>OBELEBT IBRICERAROAFiREEE LK
HRAORELEBLTORVAEDTHI L EAOND, RASS RAITH L N ABREBORIHEDS
2 04°CLLTTHh, RASSHRAIIC X > TIRIBE B ORBECHECES S LHFBLA L ok,

1990 € 3 A 10 B~11 BICHE 2km~3.5km DB 7 o7 7 4 2% 10 B8 L CHBAIL &
Ak, BE 2~2.5km DREY LR LEEOYUER KRBT IREI Ao, THIZERE -
RERAROBEICH > THL Y DBIAMNHAL LALTHIEEXOND, £ 19904E6H68
11 5 RISk > THE 1.5km~4.5km OBE T v 7 7 L A 2 HAIL . BE 3.5km fHEDOEBE
YR 30 2EICBE ¥ 2°C TERT3HEMHBEX bht, 19904 8 A 6 B~8 BicI2#y 40 B
flic b A 3 %8 1.5km~6.5km OBBERUAEEA T 07 7 4 A58 b i, BE L HER OB
ARY—RR 7 P AEHBT I, MIERPLE-3/5RICHHTIE X 2 FD, RERTEELEE
BREEROC ttbh ok, CTORBERABANEOEFAICX VFHACTEE, £ 28BH
RENERYHLTROAFERAR 2 tACRIBE - AEBEICAY 10~15 30 HE— 2
ERLTIVE A4S IBEBICHGLTVWALELLOND, BE L AHRORZEFOEEIEN
BIMEMm S & ¢ CREOMAEBIR LT~ 3 &, %M (8 A 6 B 19:42~7 B 7:40) i3 FHIA#Y 6~8 BT
DEFICO>VTEEZEHONEIAHAO DD XY d #ir/2rad A TVE Z tHDH 3B, = O
HEOREOHE o 77 A AICRAETE 2 ICUIEERTIEGXAGNI S 26 DABEN
EANEARELTOB e H#RRENS, —F., B (8 A 7 B 10:00~18:30) 12 A% 6 BlOR S
CoLTHRE - DHAEWHIZIZEFREECH S, H0XRIRoMBEIIBOCANEZUT
BYICF /Yy FRAX ZBE 1.5km LI FTORBEDE SIS MAREISEN L 2ERTILE
BERHAPBI > TOALOLHAEND, ELICEE - AHAOKIWEMI LTRSS »
7 2B CE¥S, BP S (8 A 7 B 11:43~19:43) FHOBM7 5 » 7 AR TRHIZr X * 2fd
PRoTHED, HIBLPOLHABIBEINTOIZLERLTLS,

BlEXD RASS BRI EFIEE, MR RMEL R L T2 BERRET, #¥ED MST L—
F—RANC X 3REBOF—2IC RASSBRIC X 3 BEBoF— 2 Mmb 3 = ¢, xEHo
THEAMHO DR Y BAONEBELERIROONDI - LIRENAE, GBI HICBBHARLED,
ARFJEROEERA 1 TV EKXEPLHIRSOMERNLERA 38 ETH S,
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119904E8 H6 H~8 BD RASSHML 7 ¥4/ v FRAMIC X 3 AIE ST 7
A ADHEE, AALEA, 29, BRIZEAEH RASSRNE, 7S4S
FRME, 2 4/ FRIEE 93N L AKEIE (virtual temperature) ¥
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ALTITUDE (km)

ALTITUDE (km)

ALTITUDE (km)

7E1
BEEHONRI e 774 AR (c) RERAEBHORRN e 7742,
VNI LBANOFEY e 77 A A ¥ B L AEBHSERLTWS, B
OISR . BEMEIE 2 € 300m, 0PHTHS,

TEMPERATURE (°C)
s-Auc-asso 19 30: oo--- B-AUG-ISQO 12:00:00 o 2 4
PR N 'ETEE BT APET DSV rUrEN Brra N B B |

%&@ ’\

l'lllllllll'lllllllllll'l'llll'llllllllll
15 18 21 0 3 6 9 12

6-AUG-1990 19:30:00--- 8-AUG-1990 120000 w
NS PN PR U IR PO PP AR A ..l.:lul\h

I
-
o

TEMPERATURE (°C)

i

3
:
1

. o Co - A 0
»mw AR IR g
_ wm C L T .
e ; » ST o R

LOCAL TIME (hour)

tE—Rf o RASSBRAIIC L 3 (a) BEEBOEE e 77 2, (b)

-119—



Power Spectral
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Question 1:  How is the chemistry of the global atmosphere regulaled
and what is the role of biological processes in producing
and consuming trace gases?

The International Global Atmospheric Chemistry Project (IGAC) -

An Established Core Project

* Todevelopa fundamental understanding of the processes that determine the chemical
composition of the atinosphere.

 To understand the interaclions between almospheric chemical composition and
biospheric and climatic processes.

o To predict the impact of uatural and anthropogenic forcing on the chemical composi-
tion of the atmosphere.

Stratosphere-Troposphere Interactions and the Biosphere (ST1B) -

A Proposed Core Project :

o To delermine the consequences of changes in stratospheric O, on penelration of .
potentially harmful UV radiation. '

* To quantify imporiant stratosphere-lroposphere exchange processes.

* Toeuvnluale the natural varinbitity of the stratosphere and the impact of anthropogenic
activities.

* To quantify the influence of stralospheric acrusols on climate.

¢ To nssess the impncl of stratospheric changes on climale.

Question 2:  How do ocean biogeochemical processes inflience and
respond lo climate change?

Joint Global Ocean Flux Study (JGOFS) -

An Established Core Project

* To deterntine and umlerstand on a global scale the processes controlling the time-
varying fluxes of carbon and associated biogenic elements in the ocean, and to evaluate
the related exchanges with the atmosphere, sea floor, mnd conlinental bowndaries.

* To develop a capabilily to predict on a global scale the response of oceanic biogeoche-
wical processes lo anthropogenic periurbations, in particulur, those relaled lo climate
change. :

Global Ocean Euphotic Zone Study (GOEZS) -
A Potential Core Project

* To develop a predictive undersianding of the basic relationships among the physical,
chemical, and bivlogical properties of the acennic enpliotic 2one.

Question 3: How changes in laud use affect the resources of the
coaslal zone, and will changes in sea level and climate
aller coaslal ecosystems? '

Land-Ocean Inleractions in the Coastal Zone (LOICZ) -
A Proposed Core Project

¢ To develop predictive understanding of the effects of changes in climate change, land
use and sea level on the global functioning and sustainabilily of coastal ecosystems,
with emphasis o1 the interactions between changing conditions on land and sea, and
on possible feedback effects physical enviromment.
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Question 4:  How does vegelation interact with physical processes of
the hydrological cycle?

Biospheric Aspects of the Hydrological Cycle (BAHC) -

An Established Core Project )

o To delermine the biospheric controls of the hydrolagic cycle through field measre-
mients for the purpose of developing models of the energy and water fluxes in the soil-
vegelation-atmosphere systemat temporala nd spatial scales ranging from vegelation
patches to GCM grid cells. . . .

o Todevelopappropriate daln bases that can be useid to describe the interactions belweent
the biosphere and the physical Earth systew amd lo lestfvalidate model simulations of
such interactions. .

Question 5:  How will global changes affect terrestrial ecosystems?

Global Change and Terrestrial Ecosystems (GCTE) -

An Established Core Project _

e Todevelop the capability to predict the effects of changes i climale, atmospheric CO2
and land nse on terrestvial ecosystems, amd how these effects can lend 1o feerfbacks lo
the physical climate system.

Question 6:  What significant climalic and environmental changes
have occurred in the past, and whal were their causes?

Past Global Changes (PAGES) -
An Established Core Project

* To reconstruct the detailed hisiory of climatic and environmental change for the entire

globe [or the period since 2,000 B.P., with temporal resolution that is al lenst decadal
and, ideally, annual or seasonnl. '

* To reconstruct a history of climatic and environmental change thronugh a full glacial

cycle, inorder loimprove onr understanding of the naturol processes tat invoke global
climatic changes.

Question 7:  How can our knowledge of components of the Earth
system be integraled and synihesized in a numerical-
frantework that provides predictive capacify?

Global Analysis, Interpretation and Modelling (GAIM) -
A Proposed Core Project

* With the aid of models, synthesize a fundamental quantitative understanding of the
i!obnl physical, chentical and br’uln,incnl inleractions in the Earth sysiem during the
ast 100,000 years and assess pussilie cffects of fulure changes.

1GBPREENZ o2 b RUSOEHBD —B,
Established B33 TIIBRMSREF I NI D, Proposedidif ( IfiIR& N &

26F 5 bD, Potential BEHRNEL3TREKEDOS 3 b0, ERKT.
o
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C ition_of the STIB WG

WGI1: Physics and Chemistry of the
Stratosphere

WG1.1 Stratospheric Chemistry and Radiation
R. Turco, F. Amold, G. Fiocco, Y. Fouquart, P. Hamill,
1. Isaksen*, K. Mauersberger, J. P. Pommereau,

R. Pueschel, U. Schmidt
WGL.2 Stratosphere-Troposphere Exchange

H._Tanaka, E. Danielsen, V. Dosov, A. Ebel, L. Gray,
S. Kato, A. Tuck, K. K. Tung*, R. Jones

WG2: Global Change of the Stratosphere
G. Reid, R. Bojkov, T. Cox, L. Hirota, L. Hood, J. Kaye*,
V. Khatiatov, K. Labitzke, G. Megie, M. Schoeber],
C. Rodgers,

WG3: Stratospheric Ozone Modulation of
UV Flux into the

Troposphere and Biosphere
PB._Simon. R. Smith, C. Bruhl, M, Caldwell,
S. Z. El-Sayed, C. de Fabo, J. Frederick, S. Madronich,
M. Peak®, K. Stamnes, A. Webb,

WG4: Stratospheric Influences on
Tropospheric Climate

TI. Matsuno, D. Rind, B. Boville, G. Brasseur, D. Cariolle,
I. Karol, P. McCommick, A. O'Neill, K. Takano, D. Wuebbles*

x3 STIBOZ—%sr—7—%,

Membership for STIB CPPC

Dr. Marie-Lise CHANIN, CHAIR
Dr. Marvin GELLER, CO-CHAIR

Dr. Richard TURCO, Chairman WG1-1 Pr. $.Z. EL-SAYED
Dr. Hiroshi TANAKA, Chairman WG1-2 Pr. Ivar ISAKSEN *
Dr. G. REID, Chairman WG2 Dr Vladimir KHATTATOYV *
Dr. Paul SIMON, Chairman WG3 Pr. Karin LABITZKE
Pr. Taroh MATSUNO, Chairman WG4 Dr. Mark SCHOEBERL
Dr. Martyn M. CALDWELL Pr Raymond SMITH
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—LET—

THE EQUATORIAL
RADAR SYSTEM

M The Equatonial Radar system will be the first fully
computer-controlied MU radar ever realized.

M This system will enable high-speed changes of the
direction of observation, thus enabling three-
dimensional observation of the atmosphere.

W The radar will operate at a frequency of 47 MHz.

| The whole earth's atmosphere up to 1000km can
be observed; with an antenna aperture of 71520m?
it will be ten times that of the MU radar.

W The Equatorial Radar system, with a transmission
power of 1.5MW, will be the most sensitive
atmospheric radar in the world.

MU radar

Altitude

{0
:':;.. ? -
B
ok

Equatorial Radar



Data Collecting System at ICEAR

Facilitics Obs. Quality | Height Range | Time Resolution | Height Resolution | Restrictions
(km) (min.) (m)
Equatorial Radar Vews 2~25,60~100 1 150
Tei B, Vi1, N. | 100~1000 10 1~50 kin
Lidar P 20~100 5 1000 Weather
Vewa ~15 ] 1000
Na 110,05 ~30-50 5~30 1000
Meteorological Ve, 0~10 1 250
radars
BL radars Veya 0~2 1 100
Ionosonde N, 100~300 10 5km
RASS T 2~25 1 150-
Radiosonde T,ng,N”,o 0~35 120 - 30
14 atmosphere velocity
T neutral gas tcmperature
Tey electron (e) and ion (i) temperature
E electric field
Vy V parallel to line of magnetic force
N, clectron density
Na, 120,05 density of acrosol (e}, water vapor (H20) and ozone (Os)
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Internadonal Council of Scientific Unions

SCIENTIFIC COMMITTEE ON SOLAR-TERRESTRIAL PHYSICS

President: Bengt Huligvist Vice President: Susumu Kato Scientific Secretary: Cheo-Han Liu
Swedish Institute of Space Physics Radio Ammospheric Science Center Department of Electrical

P. O. Box 812 Kyoto University and Computer Engincering

§-98128 Kiruna, Sweden Uji, Kyoto 611, Japan University .of Illinois, 1406 W. Green
Telephone: 46-980-79060 Telephone: 81-774.33.2994 Urbana, IL 61801-2991 USA

Telex: 8754 IRFS Telex: 5453665 RASCKU J Telephone: 1217-333-9005

Telefax: 46-980-79050 Telefax: 81.774.31-8463 Telex: 5101011969 Ul TELCOM URUD

Telefax: 1-217-244.5624

RESOLUTION ON ICEAR

Scientific Committee on Solar Terrestrial Physics

Noting that the Middle Atmosphere Program (MAP) Steering Committee had concluded
in 1984 that an international equatorial observatory was vitally necessary for the study
of the middle atmosphere and thereby established the New International Equatorial Ob-
servatory (NIEO) as a MAP project, and

Noting that the proposed establishment of an International Center for Equatorial At-
mosphere Research (ICEAR) in Indonesia, whose central facility would be a giant clear
air radar with the sensitivity of an incoherent-scatter radar, enabling observation of the
whole equatorial atmosphere up to 1,000 km, was deemed the most appropriate form of
NIEO,

Recommends that the International Center for Equatorial Atmosphere Research, or
ICEAR, be established in Indonesia at the earliest opportunity, as a significant move
to study the detailed dynamic behavior of the equatorial atmosphere in the crucially
important western Pacific region, to meet the long recognized and growing international
demands for increased scientific understanding of the total earth environment and all
processes affecting global climate change.

(June 1990)
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i EBMBE~NOIMFORE
WARME - PrHEE - POkl o E B - RILAA (KR WA (KAEHBR)
IMF EFFECTS OH HID;LATITUDB 10HOSPHERE

T. lyemori, M. Takeda, T. Araki, Y. Tanaka, T. Yoneyama
(Paculty of Science, Kyoto Univ.)
and M. Yamamoto (RASC, Kyoto Univ.)

Abstract: Middle-latitude ionospheric electric fields inferred from plasma drift
measurements by the use of Shigaraki MU-rader are statistically analized combining
with the IMF and ground magnetic observations in the same period. Sq dynamo electric
field pattern consistent with the estimation from geomagnetic Sq field is obtained.
The IMF dependence of the electric field is analized in detail and compared with the
IMF dependence of ground magnetic field variations. The significant IMF effects are
detected on both the electric fields and the magnetic fields.

1. B

BERMERISNEREMEMEES (IMF) A< avyra—-LENRTWAINHE, i EEBE
. HBBLUERISU—-Y— it L 3RPBAMBR Y NS IO TDIH, h - BREOR
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IR LEENNREEh 5, (Matsushita, 1976; Takeda, 1984)
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BzMADBE LtRIBOMIEBLOHMIEDODTHBWEROREERLTWS, IMF
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LOCAL TIME_DISTRIBUTION ,
MV/ZM[™ " " FROM IMF-BY REGRESSION
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Pig.1 Daily variation of the electric fields at INP-By=0 (thin lines) or IMF-Bz=0
(thick lines) determined from linear regression lines, which is consistent
with the Sq dynamo electric field variation estimated from géomagnetic Sq
variation.
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CONVECTION (AT IMF-BZ=-3 NT)

1974

lMV/M ' i
j\A\ fe

Fig.2 lonospheric plasma convection pattern at IMF-Bz=-3 nT determined from linear
regression analysis on the southward IMF dependence of the electric fields.
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Super WAGS

10-24 NOVEMBER 1990

We suggest that participants of the SuperWAGS campaign concentrate on
observation of medium and large-scale AGW/TID phenomena during the period 10-
24 November 1990. Radio observations should be optimized to measure
periodicities of ~ 15 to ~ 120 minutes.

N\

Some of the goals of SuperWAGS campaign are investigations of:

1. AGWITID cause-effect relations - Relation of specific high-latitude sources
(Joule heating, Lorentz forcing, etc., to particular TIDs propagating away from
the source regions and determination of direction of propagation of TIDs.

2. “Fine-structure” of AGW sources (duration, spatial extent and quantification of
energy inputs to the ionosphere).

3. Relation and possible interéction of AGW's generated in the ionosphere and in
the middle atmosphere. .

4. Possible constructive inference in the equatorial ionosphere between large-
scale TIDs propagating equatorward from both auroral ovals.

5. Examples of effects of TIDs upon radio propagation (HF radars, HF direction-
finding systems, efc.).



Velocity
——

slation

- Spaced station technique for observing atmospheric gravity waves. Multiple
stations simultaneously measure overhead electron density distributions. Comparison
of data from coordinated stations can determine the amplitude, phase, wavelength and
velocity of the gravity wave.

Velocity

station

- Single station technique for observing atmospheric gravity waves. In the drift
mode a single Digisonde 256 measures the Doppler shift and arrival angle of signals
from multiple reflection points along the wave. This can lead to the calculation of he
amplitude, phase, wavelength and velocity o'f the gravily wave. (Fe sk , 197 } D)
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Height Integrated Pedersen (top) and Hall (bottom) conductivities.
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Fig. 2 :

Calculated electrostatic potential distribution at 90 km altitude
for cases with (top) and without (bottom) G 5. Contours are drawn

at every 500 V.
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Fig. 4
Equivalent current systems representing the calculated geomagnetic
field variation for cases with (top) and without (bottom) ¢ ) (bottom).

Contours are drawn at every & kA.
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Fig. 5

Latitudinal distribution of the ratio of line-integrated Hall

conductivity integrated along the magnetic field-line from the
bottom (90 km altitude) of the ionosphere to the top (1000 km

altitude) or to the equator to that Pedersen conductivity at 12h
LT.
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figure captions

Figure 1.

Observational results of low-latitude magnetic field at San Juan, Tucson,
Honolulu and Kakioka (top panel), high-latitude magnetic fields at Alaska
smeridian chain (second panel),. TEC at Kokubunji (third panel), h'F at Manila
(4-th panel), foF2 at Manila (5-th panel), h'F at five jonosonde stations in
Japan (6~th panel) and foF2 at five ionosonde stations in Japan (bottom
panel).
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The MU radar located at Shigaraki, Japan (34.9°N, 136.1°E) can observe field-aligned
irregularities in the E region. This paper investigates daily and seasonal variations of oc-
currence frequency of echoes from the irregularities. We have conducted the observations
during 16-26 June 1989, 23-26 October 1989, 25-28 December 1989, 18-25 June 1990,
27-30 November 1990, and 25-27 December 1990. The radar beam was steered to the
zenith angle of 51° so that the beam was perpendicular to the geomagnetic field at the
altitude of 100 km. For most observations, the observed range was set to be 120-196 km
with the range resolution of 600 m which covers the altitude region of 74-125 km.

In order to show the activity of the field-aligned irregularities, the percentage occur-
rence of echoes was statistically analyzed as follows. We divided the observation data
into time-height bins of 30 minutes x 2.4 km range. For each bin, the number of echoes
with the signal-to-noise ratio (SNR) over 0 dB was counted, and was divided by the
total number of data. The percentage occurrence is averaged over the whole observation
periods to obtain the typical daily variation.

In June, near the summer solstice, it is found that the irregularities appear after the
times of the sunset and the sunrise of the E region, which is regularly repeated day after
day in both 1989 and 1990. The variance of the SNR is larger for the post-sunset echoes
in 20-1 LT than for the post-sunrise echoes after 4 LT. As for the seasonal variation
of the echo occurrence, the irregularities were less active in winter than in summer. In
winter months, the echoes appeared earlier in time, which may be associated with the
difference in time of the sunset. The limited number of data in October showed fairly
active irregularities though they were less active than in summer.

The ionogram observed at Shigaraki has shown that the activity of post-sunset echoes
is associated with that of the sporadic-E layer in the nighttime. The activity of the post-
sunrise echoes, on the other hand, does not show clear correlation with the sporadic-E
layer. Although the sporadic-E layer is very active in the daytime, we could not find
irregularity echoes in the afternoon, inplying that the irregularities may be dumped by
the high conductivity in the daytime E region.

As for other features of the irregularity echoes, it was found on 25 Qctober 1989 that
echo power showed fluctuations with a short period of 2-3 minutes, which was much
shorter than the Brunt-Viiséld period in the E region.
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Fig. 1. Occurrence frequency of field-aligned echoes with signal-to-noise ratio above 0 dB
found within a time-height bin of “30 min x 2.4 km range”. The data obtained
during nights were averaged over the period of 16-26 June 1989.
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Fig. 2. Same as Fig. 1 except for the observation period of 18-25 June 1990.
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Combined Radar and Lidar Observations
in the Middle Atmosphere

Wilson Richard

Radio Atmospheric Science Center
Kyoto University, Uji, Kyoto 611, Japan

(On leave from Service d’Aeronomie du CNRS, Verrieres le Buisson, France)

Abstract

M.S.T. radar and Rayleigh lidar appears to be complementary sounding systems of the
middle atmosphere as they give access to various dynamic parameters in different height
ranges. The only overlapping range is within the mesosphere, above 60 km altitude.
Combined radar and lidar studies of the middle atmosphere dynamic are highly desirable
for numerous reasons, some of these, as well as a few suggestions, being summarized
hereafter.

1 Introduction

M.S.T. radar and Rayleigh lidar both permit continuous measurements of the dynamic parameters
of the middle atmosphere. Radar gives access to the three components of the wind (i.e. to the
kinetic energy of the fluctuations), and to the structure constant of the refractive index C? which
is related to the small scale (inertial) turbulence intensity. On the other hand, lidar gives access to
the temperature or density (i.e. to the potential energy of the fluctuations). The altitude domains
accessible by lidar and radar are different, lidar filling the gap between 30 and 60 km altitude where
radar are 'blinds’. The only overlapping range is within the mesosphere, from about 60 to 80 km
altitude. Radar and lidar are thus complementary as they give access to different parameters of the
meso-scale fluctuation field of the atmosphere,-in various height ranges.

Combined radar and lidar studies are desirable for at least three reasons. First, the nature of the
mesoscale fluctuation field remains at this day controversial, two hypotheses being advanced in order
to interpret the observed mesoscale spectra. The first one is a turbulent interpretation, the so-called
quasi two-dimensional (2D) turbulence theory, the second involves a random superposition of gravity
waves. The predictions of both theoretical approaches regarding to the spectral characteristics of
the fluctuation field are very similar and do not allow to reach any clear conclusion. Nevertheless, as
we will see, the predictions of the wave and turbulence theories differ on one important point: the
ratio of potential to kinetic energy in a given frequency interval should be twice smaller if wave is
the dominant process. '

Second, a comparative climatological study of radar and lidar data has not been established yet.
It is clear that such a study is desirable, so I will not insist about this point. Let only recall that
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ground based measurements cannot give access to the intrinsic frequency of the waves but to an
apparent (Doppler shifted) frequency. The intrinsic frequency is a key parameter as the wave-mean
flow interactions (momentum flux, involving saturation process) may largely depends upon it. Now,
the ratio of potential to kinetic energy, in the framework of the wave theory, is a function of the
spectral energy density versus intrinsic frequency.

Third, a large temperature inversion, from 10 to 40°, is frequently observed at mid-latitude by
lidar in the mesosphere. This temperature inversion might favour the breaking of upward propagating
waves within the height range it occurs. This could have important implications on both wave
propagation and wave-mean flow interaction, because the occurrence of this inversion is frequent and
because its horizontal scale is large (at least larger than 550 km). Furthermore, the characteristics of
some radar echoes in the lower mesosphere (60-75 km) might be interpreted in relation with the mean
temperature (or static stability) profile. It is thus of interest to study these inversions, as well as the
propagating waves through, by simultaneous radar (wind) and lidar (temperature) measurements.

Rayleigh lidar data have been obtained in two sites distant from about 500 km from the MU
radar: at Fukuoka (Shibata et al.) and at Tsukuba (by Pr. Nakane of the Environment Research
Laboratory). There is thus the opportunity, from the M.U. radar and the two Japanese lidar data
set, to describe the climatological characteristics of the meso-scale fluctuation field as well as the
temperature inversions from wind and density measurements. French Rayleigh lidar data are also
available for comparison.

2 Wave or Turbulence ?

It is not easy to distinguish wave from turbulence as a spectrum of internal waves can have much in
common with turbulence. The principal difference between wave and turbulence is that waves can
propagate through the fluid whereas turbulence is advected by the fluid, all scale of motions moving
with the mean flow.

Indeed, the question is not to know if there are waves is the atmosphere, there is no doubt about
that, but rather to determine if the mesoscale fluctuation field can be (and must be) interpreted as
a random superposition of waves in all the accessible time-space scales. Prior-to any climatological
study, the meso-scale fluctuations observed by radar and lidar should then be compared with regard
to the theoretical predictions of the wave and turbulence theory.

The 2D Turbulence interpretation

According to this theory (advanced by Gage (1979] and Lily [1983]), the mesoscale spectra of
horizontal wind and temperature fluctuations versus horizontal wave number are the result of a tur-
bulent energy cascading from small scale sources to larger scales. From dimensional arguments, this
lead to a k~3/3 horizontal spectrum (k being the horizontal wavenumber). Because the turbulence
is advected with the mean flow the frequency spectrum can be directly deduced from the horizontal
spectrum (Taylor transformation) and should be then proportional to w33, M.S.T. radars effec-
tively show a —5/3 spectral slope, but such a spectral index is not in contradiction with the wave
interpretation. On the other hand, according to the turbulence theory, energy should be partitioned
equally between each of the two horizontal velocity components and potential energy. In other words,
the ratio of kinetic to potential energy (KE/PE) is thus equal to two, independently of the horizontal
scales (or equivalently of the frequency interval) (figure 1)
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The Gravity Wave Interpretation

Within the wave interpretation, fluid motions result from the vertical stratification of the at-
mosphere. The restoring force is gravity. From the WKB solutions of the linearized perturbation
equations, the wind and temperature fluctuations are related through the so-called polarization re-

lationships:
W= (22 (14 ) .
{(w®) = Et (-;’,22;_';2;) (2)
T2 N2 (2 — f2
(G3h=s (35)

where u/, wt are the horizontal and vertical wind perturbations respectively, 77 and T are the per-
turbed and mean temperature; f and N the inertial and Brunt-Vaisila frequencies. The polarization
relationships are here expressed as functions of w, the wave intrinsic frequency, and of Et, the total
energy of the wave:

p=1 (0 + Wt +($5))) (4

By assuming a general form for the frequency spectrum (consistent with most observations)
Ft(w) o« w™P (with p = 5/3) and by integrating over frequency (from f to N} the polarization
relationships 1, 2 and 3, it comes

@? _2p(3-p) (N

(w?) ~ p?-1 (T) )

(#8)) _26-p (N

wh = Pl (7) ©
A - Q

(#31))
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From the wave theory, the ratio of the wind and temperature variances are thus simply related
to the energy distribution versus frequency (i.e. the spectral index p) and to the frequency interval
over which the variance is integrated (here f and N). There is no assumption on the spectral energy
distribution versus wavenumber.

The figures 2 show the ratio of the wind and temperature variances < u? > / < (¢T'/NT)* >
integrated in a given frequency interval as deduced from the wave theory (the medium line (y=x)
and the y-axis represent the lower and higher frequency of the integration interval respectively). A
spectral index p = 5/3 (which is also consistent with the turbulent interpretation) is assumed. The
variance ratios of the perturbed variables is thus a function of the frequency interval. The main
conclusion is maybe that, for waves the frequency of which is larger than the inertial frequency f, the
ratio of kinetic to potential energy is close to one (figure 2) On the other hand, the 2D turbulence
theory predicts a ratio of kinetic to potential energy of 2, independently of the frequency band.

It seems thus desirable, in order to test the consistency with the wave interpretation of the wind
and density fluctuations observed from radar and lidar, to check for the ratio of potential to kinetic
energy in a frequency range such as (f << w < N). It is possible from the M.U. radar and from the
two japanese lidars to obtain such a mean (climatological) ratio, the mesoscale activity being likely
very similar on sites distant from 500 km [Wilson et al, 1991].

3 Compared climatology

Climatological studies of the mesoscale activity in the middle atmosphere have been conducted from
lidar and radar measurements. See for instanse figure 3 which shows the variance of the wind and
(normalized) density fluctuations in the mesosphere as observed by the M.U. radar and by Rayleigh
lidar.

Such climatological studies give a great amount of informations on the properties of the wave
field as well as on wave-mean flow interactions and are of course highly desirable [Tsuda et al., 1990,
Wilson et al., 1991). Nevertheless, it is quite difficult to reach clear conclusions from a comparison
of such studies because they have been conducted in very different ways (for instance, the variance
is obtained in one case in a frequency interval, in the other case in a vertical wave number interval).
Furthermore, some intrinsic quantities cannot be reached, at least in a climatological sense, from
ground based measurements of wind or density only. So, the intrinsic frequency is a key parameter
upon which depends some important characteristics of the wave field. Indeed, owing to the selective
transmission of upward propagating waves, the frequency distribution of the wave energy is expected
to be different in the stratosphere and in the mesosphere. The momentum and energy fluxes of the
wave field are largely dependent on the energy distribution versus frequency. The involved saturation
processes may also be different according to the frequency spectrum (and thus to the altitude range)
as dynamical instabilities is likely the major saturation process for low frequency waves whereas
convective instabilities may dominate for higher frequency motions.

Now, the ratio of potential to kinetic energy is a function of the energy distribution versus
intrinsic frequency (see equation 7). The ratio of potential to kinetic energy in a large frequency
interval (ideally from f to N) might be reached by comparing the amplitude of the power spectra
versus vertical wave number (i.e. no frequency selection). It is clear that special care must be taken
regarding to the data analysis methods for such comparative studies (same vertical and temporal
resolution, identical trend removal and spectral analysis method should be applied).
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4 Temperature inversion layers in the mesosphere

Observations and Occurrence

Rayleigh lidar observations of the mesospheric temperature in south of France (44°N) have shown
the frequent existence of a temperature inversion that persist during several days at the same altitude
and exists simultaneously above two lidar sites distant of 550 km (figure 4)

The altitude of the temperature minimum has an annual variation with values ranging from 55
to 70 km in winter and from 70 to 80 in summer. It should be noticed that the seasonal variation
of the inversion altitude is very similar to the altitude of the M.S.T. radar echoes in the mesosphere
(figure 5)

The probability of occurrence of such temperature inversion has a clear semi-annual variation with
a higher maximum in winter (60%) than in summer (35%), and two minima in May and September

(figure 6)
Inversion Layers and Wave-mean flow interaction

A sharp increase of the static stability (associated with a temperature increase) might favour the
breaking of upward propagating waves in the inversion layer. Indeed, the ratio of the wave amplitude
T to its convective saturation value T, can be written:

Ti g N\
Tnl“(e (c—z“z)") (8)

where c is the phase speed of the wave, & is the mean wind intensity, z the height and H the
atmospheric scale height. The waves saturate as soon as this ratio becomes larger than unity. The
convective saturation limit may thus be reached owing to a sharp increase of the static stability N.
A consequence of wave saturation is a reduction of the intrinsic phase speed of the wave (¢ — @)
(breaking waves accelerate the mean flow toward their own phase velocity). A striking picture of this
effect is shown on figure 7 where simultaneous temperature and wind profiles, obtained during the
DYANA campaign, are plotted. A sharp decrease of the mean wind intensity is effectively observed
at the altitude where the temperature inversion occurs.

The frequent occurrence of temperature inversion in the mesosphere could thus have important
implication on the atmospheric dynamic because it favours the breaking of upward propagating waves
(and thus momentum and energy deposition) in a rather well located region. It is not yet clear if such
temperature inversion can be observed at relatively low altitude (35°N as in Shigaraki). However it is
obvious that a study of these phenomena by both M.S.T. radar and Rayleigh lidar is highly desirable.

References

Ecklund W. L. and B. B. Balsley, Long term observations of the Artic mesosphere with the MST
radar at Poker Flat, Alaska, J. Geophys. Res., 86, 7775-7780, 1981.

Gage K. S., Evidence for a k=%/3 law inertial range in mesoscale two-dimensional turbulence, J.
Atmos. Sci., 36, 1950-1954, 1979.

—230—



Hauchecorne A., M. L. Chanin and R. Wilson, Mesospheric temperature inversion and gravity
wave breaking, Geophys. Res. Letters, 14, 933-936, 1987.

Lilly D. K., Stratified turbulence and the mesoscale variability of the atmosphere, J. Atmos. Sci.,
40, 749-761, 1983.

Nastrom G. D. and K. S. Gage, A climatology of atmospheric wavenumber spectra observed by
commercial aircraft, J. Atmos. Sci., 42, 950-960, 1985.

Tsuda T., Y. Murayama, M. Yamamoto, S. Kato and S. Fukao, Seasonal variation of momentum
flux in the mesosphere observed with the M.U. radar, Geophys. Res. Letters, 17, 725-728, 1990.

Wilson R., M. L. Chanin and A. Hauchecorne, Gravity waves in the middle atmosphere observed
by Rayleigh Lidar, 2. Climatology, J. Geophys. Res., 1991b (sous presse).

- Wavenumber (radians m"!)

1 10 107 107 107 1
104 -._("r‘ " T\Kk? T 1 T TO"
107]

104)

104

Spectral Donsily (m? s-3)
?

10

100

10

- —
104 10 100 10 10° 10" 107
Wavetength (km)

Figure 1: Horizontal wavenumber spectra of zonal wind, meridional wind (shifted one decade right)
and potential temperature (shifted two decades right) obtained by commercial aircraft during GASP
[Nastrom and Gage, 1985]
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DYANA Bl & 3PBAIROENEDF

il RBE, BB &', PR AT, W K2 Wk @,
I &', FER B8, /MU F—82, D. Xy 77 ~v?

L XABEHE 2 FEKF 3. vrAS-2—ak (M)

1 DYANA 4+ R—>

DYANA 4+ v_—vit, 2HBHOBFAIEAIC X » CRESE. BhHE. St voBEE:
BoMcT IStk EMNELT, 19901 A158-3 A 15 8icfThbit, *+ v— M+
CRES—o vy A2l LAERREMOBRAACER oy » b - i EBASThrbh i, F
HIFRE R EFHEMENET (KSC) CititEo—BE LT, 19904 1 8 17 B-2 A 26 B oMf)c
A—R—p g F=RBXUNf A~y BT BLEYONT, SEDOF—2 /7 « ETERBANC
YoTtAR -BESoriArBont, BICHAOBREF— 20800 -BEEVER
T ., Bl¥r vy ryHEICHEEAE MU L — X — (BRREXET) o PHAKIBRET-
THY, oy MAAIF -2t dbE T, PERAPOABTANEOEN L ITE - LERICOL
THqET 3.

2 PEXKPORBEHEOEM

FEALFORUEMTRELABENER TEAR CBHEIh, EBR, =22+ ¥—%FHFLT
EHER L, PHE LB ORE L TPSAMEEE L, PRBREMIIC BT IBEEE 2 3
FEO—o 23 tEALOATYVS, COFHALOBEERICFSTIRNROKEBREL L
T, KEDAREEI bEDOX A AF—2HE L TRESHBI LI L v, BEHKOBMNIE X
& T\ 3 [Lindzen, 1981; Holton, 1982; Matsuno, 1982],

ABEAEPSERIP 2 LHERTI L 20, 2R ¥ -2 e TNiE, KAEE IR
FREE L b b ICIRSBABEYICED LT S| EAHOREIZHSGIMEICHIRTS, LAL, &
FEMOBFCRIENDEA Ly L a A FICELALZ, HHFARBEVL YT —-FREFEIKES
HMER R YOLBICz i —tkbh, BERRI BRI WD L EX O3 (A ofm),
COBECTREELRIIEORONEFERIKFL, FALBEOENREIC VTR, HEEED
AoEREZY, XVEVCEHEICSOLT#EMT 3 L 3bH» 3 [Dewan and Good, 1986; Smith et
al,, 1987), MK X > THNEL O A A¥—HhDN I, AHRRFEFEILITRELO S
L, ERAOEDAIEAHRIRER L L CEHAMBICEE L, b0l - AL 0HEE
el BCFTLEIALND,

DX 5 hENEOMIBAIMELRICE-Z T, Dewan and Good[1986] % Smith et al.[1986] i
KERBORHAEMR < 7 b A OBEHBAH Fu(m) « NE/mPTHEZtt HuTnd, =&
TNRBBROTFI Y b R4 FRBEBTHS, coFAid, Bla) DX FADEE H-3
o TOIMBNPIRICKHIGLTE Y, X227 FABEIX NICHFITZ, R1(b)oxF P—23
v7yv bRRIE, DIEHSY FERORR 7 A XY TORBFOBEMM 2O~ Y FRICEEN
BIAAX—ICHBIT IFRFETH S, A< 7 P AOMIN ) ORI I RTEBMFIR (EHEHFR)
> HEAFTUR (BERBBUR) K423, b5 VARHICELAFERTHEIH, 2FP—avFy
FERTHCOEROEBRE I DEBMIRIKERZAAF -2 LD bR BN, ThhT
0774 AORCHBLTCRAIRDIEHIETIEZEAONS, - T, EEFED OERIEHITE
NEDLHERIH > THEL L HISMKTIROIE, A2 bAoA OB TEHEL L D
KXY BB~ BHL., tOR, WEOHMATI I ich3d, Thdd, coFELAHCIAR
BE7e77 A rCBT 3RNEOBUEE - BEIHE L L dIcMATI I bich 3,
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3 SHEHHAONEBEROBEEL

HBAZEMU L—-¥—0 MSTRAKFL TR, K= 2 —RBEHF 2B o2 OHMERR (5
BE# 25-60 km) 2HET 3, €T, MU LV—F—CBLTAF v ¥ - VPRI TFLLRA
5 — % (BB 25km BUF & 60-90 km) ¥, DYANA MR OZIETO v 7 v MRBIOEERY 20-60
moF—2%dbeTcHVII LT, PFAKKPO XV ELEEFRRCAR o7 7/ 2285
cEnTED,

2 k. DYANA MRBIA® 1990 £ 2 A 17 B 2110JST iKAZH#l» bIT b EF b i [ A —
oy MCEBETREALABO MU L—X—@BIK X 3K ERROBE S v 774 2+ THS,
MU L —#—ic X3 THREEOBACIIWA, itk EE 1l kmfhEIKE—2%2 b0V =y
PR LN B A, ThICHEE L THREBR, A 2-3 ki, EEOHE - It o', v ~3-5m/s
DERBTIBEHE,SH O D, LHBREELO LTHFHEED o » MAAITI, A\ ~4-8 km,
o' ~1-3 m/s, v ~5-10 m/s DHABKI»H bk, BZiFICEIF 3 198749 A 9 HD 1100LT,
1300LT icffbhi 2 ooy » MEACRAREHONBOTHERMAOR A Eh D, o
oy bV vFOBAIIAS SOBERAROBEHOPHABFI L, B LHERTIAREIR
TH3 L X bh 3 [Murayama et al,, 1990), A, B 60-90 km D _EMAMHECIEA, ~8 km,
u' ~15, v ~20 mfs ORBRADFESA LN D,

PEpz b, FEAIR AR T IRNEOHRE - SHEER M L &t b8 58m
HHBrHbrBY, CNEHEICBRREX S Y, ARORREK L 3HENROBMHIE:
TVL3E LAt ZOABRODESEV L BHEMHIC—FH LTV,

4 KEREDREBEANRI L - YTy ROBEEIL

FREAIROBRE TS v 7 7 4 AFICIiTARERAA ON 3 L ERICHADER - AT 28D
EHEBLCTRREINAI =D, choDKPEFRIEDHICR, 217 VAFBITIESHEBDN
3, @31k, DYANABIICB IO MU L—F— R—R—ood— [ A—Fory FiCXo
TREE WK PRE> OHELABHERRAR 2 VArOFGTHE, A<2 A RBXE10km
ZrOBEGHEICHO I CHEX A, FEMNCIR (A) THREE (BRI 17-23 km). (B) PEHKRE
(¥ 23-32 km), (C) _L#BRRFEE (%9 3344 km), (D) THHRRHIE (8 47-56 km), (E) LA
(%9 65-85 km) t R-Tw 3, REBRETHEIRVRACHOWALBE o7 7 200
FBLTLIAD, COBEGARRRAICLICPLI2RBES, ThbDX2 Y A2 BBCilk 102
SoPL LTHERLTVLS, (A) (E) R MU V=%~ (B), (C). (D)RRe¥ v HAENKC LD D
DTH 3, MEIL Smith et al. (1987] IC L SR EAMEIHELBRELA L EDETFALRR7
F A F3(m) = NZ/6m3 T, BROT I v b« X4+ 7 B NI HBEWEE (A),(B)(C)(D) k>
LTRBRENABE 70774 2 X RS, ERFMHEA (E) iICovTik CIRASS =F A2 AL
oo VE, (A)-(E)IK2oLTm=2x10"c/mOEDEFPCLCTAR 7 AEROELERTH
3k, (A). (B) Tk 2-3x10*EE T, F:(m) D 1/I0LLTF©H 3, (C)4-8x10%, (D)6-8x10%,
(E) T2 2-3x10° 2R 7 ' AEBERBEL KR LT3 trbr3d, £ m<4x10™
c/m DEEFHROADOBE IS OV TRMA « BHILKSFOFHER (A)~ 0.7, (B)~ 1, (C)~ 1.8,
(D)~ 2.6, (E)~ 8.0 £, AL T I ITESVLTLL =t Hb23,

INODRRI FAZEBICOLTRY TS LERERO Y T v R WEAE I IAY <)
BonaH, W - HERDFICOVTEYL, F2roBohib YTy 2EALTERET S,
27 AL BEER (2)1074 <m <2x 107 ¢/m(5 < A, <10 km), (b)2x 10~ <m <1073
¢/m(l <A, <5km) KDOLTRFL TS koA, EEL Y TraBmEicgLTcTey FLA
DOHFR4THD, A7 FABRICHICLT Y Ty RIEEL b ICHKT 25, ToRing
., RO HTEARTHIORBRX Ty —A+ICX-TEDBZ LH¥bH5, HEMEA (B). (C). (D)
TRONENRYTVRCEBEZ A2 F4 v 27T L EAPO—S8RO X 5k Y, BlEhsxEh
THE L HORBEATDO YT R (BARZZAX =) i3 X 2HEEAKSICHMNL TV
SEDTRBEINDS, 2, RORY—AANL P Hel 5< A, <10 km ORAEHEEGE ORI
LTI EkM, 1 <A <5kmOEAICOVLTIRAB km h b, LOKTLEIZVEEICH
LTEERRBLLSTVI 223, ik, 2HITRRA LS CAHERICEKSE L TENE
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ofgfINBIdt oL, AHERORVER X ) b HROFOERDIZ 5 »*RERZ L HIR
hWaflErtdbda b tTxbNS,

5 &

DYANA #iloRzZicoe s » HAHE (199041 A 178-2 426 B), B2 MU v— X -85
Ck3F—22fAve, FEXIFORNBOBITNLIT-> ARR. ﬁ%ﬁﬁﬂ%t%ﬁ%m—ﬁ
TILUTOLS 2 FEIJULALNE,

1. SRWEABEORMEKE - BISHME L L ISR L, THEEBTA, ~2-3km, ', v ~3—a
m/s, LIPHEETA, ~8 km, ¢/ ~15, v ~20m/s THo X,

2. IKFPEHOFEMEBRA 7 A REHRBFIRCTHEL L ICHML, m=2x10"*¢/m
DAY P AEECHET S b, $2x10°-3x10° ¢/mDfE L & Y, EFHHMBEOE I TEREGE
I BRTHIETH- 4, TREEFFEAROAOHE S 0.7-30 LB L L bicHimL TV A,

3. EFACERIELASY Ty RuZHEE L ISHIIIL, EDRY =g FiES <A <10
km DRSOV TIRAISkm, 1<), <5kmic2oLTIRM25km t A0, EFEOKIZ VIBE
OEBHIELL ., BEEES RIBEERRIGHRENWIEAI D A,
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. &1: DYANAIRIC T DU ARZHECOR—A—py ¥ = S fA—o by MARIOBEL 7 —
2 D13 6 WA EHEERIEE, , o L
Rocket Observations at KSC (Uchinoura, Japan) During DYANA Champaign
Rocket Launched Time Wind Temp.
Heights Results Heights  Results

Super Lokt
SL02 17 Jan. 1990 2110LT 21-71km Good 20-55 km Good
SL03 20 Jan. 1990 2110LT 23-74km Good No Good

SL04 29 Jan. 1990 2125LT 20-55km Good 32-56km  Good
SL05 31 Jan. 1990 2100LT 17-52km Good 22-56km  Good
SLo6 5 Feb. 1930 2100LT 20-53km Good 22-54km Good
Viper

VP05 17 Feb. 1990 2100LT 18-107km Good - -
VP07 24 Feb. 1990 2100LT 15-111km Good - -
VP08 26 Feb. 1990 2100LT 20-107km Good - -
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NSATURATED
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103 / 10"
10? SATURATED 1072
M
101 ~ 103
510 S \5510 M
w100 7 ‘g 10™447S
104 1075477
1072 1078

1051074103102 1051041031072
WAVENUMBER (m™) WAVENUMBER (m™)

1: (a) BHEORHEBA R, breFrl (b) xoxF P—av i v bFER, HEHENTA
R MPADEHEN-ZKE 3D EDEBEHOBANEIAROARREEICL-TlMTEC L
Ick3d, A7 bAOHBYOMADZIALF—Rbo L bRKEFVIESRDL, o774
FoRTIRPCHET I EEILONS,

NORTHWARD EASTWARD
COMPONENT COMPONENT
90 I 1) L L] ¥ 1] L] 1 T I 9 L] L] L L) T T L] 13 I
R -
80} ~ {80k [
70} .-»/5)-7o~ jfg}—
A — | | :
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E L
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o [ | I S P | 4 2 1 13 l 0 l 1 1 [ | 11 L2
-50 0 © 50 -50 0 50

WIND VELOCITY (ms™")  WIND VELOCITY (ms™')

2: 1990 fE 2 A 17 B 2110JST ICHZH» 6T b LW b4 <A—o ¥ v  (HER) t | A8
1204-1300JST k£ MU v—& — (ki) I X > TRN X h K FRROBE T 07744, F
LS (£) t KBRS (B) 27T, THXHECRNEER, ~2-3 km, EBREERV
L THHHBCIRA, ~4-8 km, EBPHECIR), ~8 km OEANFE IR L TV,
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POWER SPECTRAL DENSI

> 10"

adsasl

—_—h emd emdt el emh amd med )
2222333

107t 103 102
WAVENUMBER (m™1)

3(Z): DYANA WIRC 3 3AZIB» 0T b Ly bhhke iy
b L {ERD MU L — ¥ —CRAE WAKFPRHEOMAEHR A2 +
AESRANCOVTRLT, FYLA DD, TH PN (A)
# 17-23 km, (B) # 23-32 km, (C)-#9 33-44 kin, (D) # 47-56
km, (E)#)65-85 km ICHIGE LT, 1023o%6 LTRRLT
55, AEWHSWERS, XERIHEILKS . BERIT Smith et
al[1987) KL 6 FA R v A% LOT,

4TF): B3 ORABEEBA<I FALRAEER ()10 <m <
2x10~% ¢/m(5 < A, < 10 km), (b)2x107! <m <1073 ¢/m(1 <
A < 5km) KOLTHALASY 7V RZ(EHE=IA¥—),
W - BSOS % Smith et al.[1987) 0 & F A {HCER{L
Lib, Reho—A8iRi B EREE 20-60 km DHEICH ¥ L
T4y 74V ZLEHRELDT, NYTVvRRIEEL EbiCH
PSR HIIN T3 A, BRORT—Af + HEl5< A, <10km
ICoLTIAISkm, 1< A <5kmicouTitf25km k., &
B2y —AOK2VWEBDIZ S HHMBOKELZ L ibsrs,

90
80
70 :

/ . -
60| / : 1 Eeof [ -
50} i/ | A ‘é 50| . : -

I P i L
40} - 5 40} -

[ % 1 2 |
30} i/ | - 30+ |
201§ : - 20+ ! : -
10 | vound ooned s ouned o0ned 10 | o oonnd v voond g oo 4 eyieed

107310110 110° 10! 107310"210"110° 10!
NORMALIZED VARIANCE NORMALIZED VARIANCE
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b R B CCBRAIHhIAEXRTEEHO
BEBER I~ FILOEM&

HERM (REEX)
REE—B(RKX - BSE)
illgd (RX - 1)
WA Wishky 2ElE PrisEs] MEE
(K - HSHE)

1 EU&HIC

MU L—¥—%it L ET5MST b—¥—ORKOFIEE LT, KEAPDOBEMDOLER) % 2=/
OIS VO TR TR A S LA HT LB, FNH. MST L—¥—it, ED L5 %
BURDOZEMEH 5 ViFFIRETIDOA RS b ViR, TOEHORFEEWMATS0FIASh
T&7 COFRCE., EEH2VHARSRFIRCB A LARS FVHOMEE FRTE
BHHEARY FVEFVCETWIERORBRIDHY (e.9., VanZandl, 1985; Scheffler and Liu,
1985), BN MST L — & —3ii 2 5B L - MED BV EHIA T aRIc ko CE 2 E°H B, MU
V== AP HERE CORLLEM L IRNT 5 L. TOBEEHARY ik -3 FRITED
ENBT LHE{ (e.g., Tsuda et al., 1989), EFDA~Z FVEHRREHHEOBMETRET H50T
bHh, HLEHBIFLARS VBB ERIFET A EERLTVA EZEXGNT VS (De-
wan and Good, 1986; Smith et al., 1987; Weinstock, 1990) %7:. RBEBARS FVIZHLND
¥ — ARTEMICHAE L - MBS DEED A RS M VOZAEREDHEZRAIVF—ARY PIVET
W (e.g., Scheffler and Liu, 1985) 5 FHl S B HFRICR  —FL TV B (Mureoka et al., 1990;
Tsuda et al., 1990)e TD & HIS, MU L—5 — TRl S nAERE, B S na REET oRHE*
THHETHAHZ LM ORBELTE D, PRIBIIE 4 =R IR & — Ve RSThE CHlb il
nTwaZ LhdEfl s s,

PN 3513 3 BEET AT ICRET 2 & g, BHEOSHNE v BRUTEHA~s b
NI TR BRABEEARS F ML L PO TEEL A TWEETCH L, s, BN
B OMMIRSATIEN T 2 A€ A SOEIEM AN 01 H 2 MECRRE I L YRk T 5700
KRETHLDLEZLNTVBDT, EOMERESTEHEDRr — IEFELTERILT 46T
Hdo LI oT, HHANY MV EARUCEABIA RS FAMEEICS ERAFFEL, £0LBRISE
THHESREBCEET B LT 0T, AEBARS PVEIRE LRI TAI LIRS, T
BCOMBEERFT 2RAD—D L LTI S M, RIBAZBRBEENRtYF—DOMU L—
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¥R EFRAK LS, PHBEAIC W TOTROLZBOBELYEE TS, Bib. Fv 7
5~ & B PHERETOV 22 ORBHF AR ORED T — 5 ¥ AT, BEBARI VO
E— AR 2 BBR5 L3RS, ZOBEIRELIICYD L ) ILB LT 22 2 BB RICON
T2, &5, TOZMLLEHHE DR & ORI oW TERE LRI 2w T i3,

2 F—2RRE

AN P VO EFEELE FRB 12D, 198849 A 5-9 HB LU 10 A3-7HOE
B S h7= MU V—5—8ifll2 5156 n:pHBERD 77— & Avi, COBfiicikL—5—
E— A% BRI A E, KE» S LB~NERENR10° B LU 20° F 2 FRICHT, HEshi:
BALLI-DFy 75— 7 bhb, EORBHOORREHER LTV 2, 35 NIRRT — 7 DR
FIBEEDARIRI 300 m, BERILAREEL 1 S CH B BEBMARS PVOREZEEARZLDIEE
BREHT A1 0-BrH 2BEEHETCRAS A LM EL LS, 9510 6 AICE
DED L I-NERTARL - -HBERTH s Bl TRl S Nz 85 N TRBH MK
S ORGEDEERFF— F ICMEM B2 FWTARY PV 2T o7 S THWHLNEF—F
PAOFHRLIHTFELCOVWTRATREY Y RIDAD ST —F A Y TIBHLTHEDT, £D
BN oW THRHEND (1990) 2B 2,

Rodiol Power Spectrol Density lq‘s"”r"l

100 10t 10 a0ttaot* 10t 107 1070t 10t 10 10t 0t 10t 107 107!
Frequency (Hz!} Fregquancy [Hz) Frequency (Hz) Frequency (Hz)

@1 1988 4£10 A 6 Bl S osh RO 36 DA (KT 0°, 10° B LUF20°) B
BEOFEMA RS PV £33 ENTABE 709, 721, 730 BLU 74.2 km i BT HARY
FIVERLTWA,
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1988 €€ 10 A 6 B icEiE & h-BRAI Tk, FSHE 68-75 km OFRCMVZI-FAIRoLN/ &
DHEBAINCH 24— + DBETH S N-BEORFIT— 5 56 N ThOF S B BBFEBAN
7 PSR S, B 1 IR oDRFHRREEICBITZARZ P VOTEIRERTS,
RISRVITIRSATR (0°) BLUBHOR, (10° & 20°) 1233 B2/BHEBARY FVHRARS VD -2
FREROTREFTREN TV D, SBRMLEE L LTARS PVREWBEECHETSH 22
BB 2B L -2 TR TTFHoTVB L) KRB, SEAARS MUCHERKLS
itz L A YRS R, SROBARS FIVIEEEE & HcBEEEIRT DR~ S MVIEEESHIINL
T, -2 RANCHRET A EERL TS, '

19884 9 A 5 HOEATR. 10 A 6 HOWA &L HhBVEE 74-77 km OFURTHV TG
ARLNT, ABEHRARY PV OFEBAOE Y — FORETRO b, B2 ic20RENL
B TOHRERLFORARZ FVERLTVS, AR FVOBEZERIOETHE L R LM
MERL, SSOEARY FVIRT S ¥ b3 Y SR L D/ S 2 AREIR TR LAY
—2FANCEES £ HI2e B, T OMEE 76 km (HETDARY F VO Y — ARTAAEFHIENHEO X
FNF—ZARS FVEFVERACTHBICTH S D255 (Scheffler and Liu, 1985) E R —5T
% (Muraoka et al., 1990)0 £I3V X, TEFNED—FIC DL ) KIFEOHETHLNBIETH
H. BEICEEL, 2 KRLE S ICBEMARS Mbiddl ) OFEELE LTV,

Rodiol Power Speclrol Densily tals tHz ")

0 i ] ' R
10 a0 0 107t10% 10t 10t 0ot 10mt T a0t 107t
Frequency (Hz) Frequency LHz} Fraquency (Hz2}

2. 198849 A 5 BRI S iR 30 240050 (FTiM 0°, 10° 38 L 1UF20°) O
BEOFEMANRS P Ve BRI ENEFNGIE 73.6, T4.8 BLU76.0 km ICBIFBARY PV %
I-Tz LTwa,
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10 H 6 HORSEE 68-75 km LU 9 A 5 BOMEE 74-77 km CHIH S N2 FEBA <2 VO
REZMCEMECR A 202, B3 KEPOR (10° & 20°) DARZ MVOEAEMICE%$ 2Bk
BB BRARS P VHEDTEZALER L 720 HEE 68-71 km OHETIHARS M VHMEIT/:
W, TOMBEIERE LR 2R S VA%, 71-76 km OWFITIXESE & tc—RcinL T
5o ME 74 km £HUC L TARS MAMHAIS N2 BEIRE - TWBIZHI96T, 20MELIL
PRA=XIIBITLTWB & H IR X 5 DIREBKEV, ARZ FVRBEIXEEE 76 km {HETY—2
GEL, L) EOFETRULABALTvE, Db, BOEARS P VOTESEEZMLI
EHROCFHEL TV L) THY, Fl 2 TRENLL HICARS PRI —2 SeRIic1ES & 28900
LTwabntEx LN,

3 8 R

CD L) AABEHARY P NVOSEHAHEAR
7 bV EERRC T DERICIMRL Ty h e
I P EWRBIWI, KM 10° OFEOLRE,
HESHHRAS HXEREHEL, FDOFFT T A
ZEolc 4 —BILLTI9884E 9 5HD
MEE 76.0 km 12 334F BIKERDIEZE LDk K&
7 A %R HITERFHD (08:14-1605 JST) DHIERD
12k K75 ARELIPLTIRWR W, Fit
BT 2Ry 3 2 55 & 36160 b OEME
HEETHRBNOZEI L, 20 LicF- 7-5E
DEENH BT LERL T2, & OEEBET
DRI S L E THETH Y, HEANKIIZ
ECHE A LMD ERMOLZTHORM L1 L A
ERILTH D, & F7F ADKTRAMIEREAE S
IR L EREAD & IEMICiEE X hT WD mls"'é""é""m
CLEERTHE, KRR FZFARALNS Altitude (km)
HAREMOZIIR 2 Lo b OTKEROLES) &

LTREELZVWODOD LS iCBbh s,

107

for F = 174172 doy}

- o4
| /‘ :
[ 20° ]

10° 5

o
3

(=]
r'S
1

o—o OCT 6, 1988

——s SEP 5, 1900

Rodial Power Spectral Density (mis 2Hz™')

R3. 198849 A5 BB LY 10 B 6 Bty
ShPHIBC 81 2 REHEE (KTiM 10° 8
B4 1243 2- BRI % 800 2 P AR LU20°) BADBREDEMARS b AH bR

TRENTWS, TOWHADNRTA—S—Hh il BHENRIHBRBHLST 2BEHTHARS b
ik LTORMIHECTFOROREL RIS AEORER

BiRkHoNhz, CORLBOBETON o2»

DHBEEY 6, COFHEOREMIL 11.3 BT
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HHIELNFHELTHLNI, 12, ERET
Dk F75 A bHEE S RIAAHOR LI LA
RN 10.5 km THBEZ Edftbdol, b,
FSEE 75.1 km THODIE DOMBEHRIRIL 48.0 m/s TH
D\ BOAREITREST OGO 17.0 m/s
Tho7ze B 5T DHFLEMD 6K & i
FERIBOEL b2 R LTz 72, BICRIHEK
PHREERET AL EROZRNXE—REDD
CETSRBOELSGBTREN TS, Rl
& h-HifE OMNEORBEHTEHBIZMITAL
TV 5 BEEMEMNSE I LT R VO THREN:
CERFA LV, COBDBEIEE 75 km fHE
THRMLTVWALSICRLE, COTLERPD
57:012, EEShi-HhHik L BYigosR %M
W THEDAREERS» SRES NI VDY I
HGEOBMEE L RDB L, v <dfk=c-T~
51 mfs &% Y, HE 75.1 km TOIHENEHEE
u' ~ 48.0 m/s IHIHEIHZWL LTS, LTt
AoT. B 5 iKhbhdEHEDRIFOZALIL,
C DEAFEATIEE 75 km 1HE T2 Okt
L. #hEL EDOFEET RSO 7 D1 & OIREAS
HRINTWAEZ EXBMIIRLTWALEDbN
b, 361, B 5 £ 3 DFPORA(10°) DARS
FVEEEDRERL Y BT A L. EETAHA
HHEDZE L £ DEHIBERA <2 P vofl
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1. Station: Watukosek Stratospheric Balloon Launching Station
Indonesian National Institute of Aeronautics and Space (LAPAN)
P.O. Box 4, Gempol 67155, East Jawa (Phone: Gempol 311)
(7.57°S, 112.68°E, 50 m from the sea level)

2. Observation Period: 27 February — 22 March 1990

3. Equipment
Receiver: Viisild, DigiCORA (Automatic Rawinsonde System)
Radiosonde: Viiséld, RS80-15N
Balloon: TOTEX, TA1000 (1 kg balloon)
Parashute: TOTEX, T-PF81-103, SS00-MLAWS

- 4. Launch Schedule
Observation Period A (27 February — 4 March):
0:30, 6:30, 12:30 and 18:30 LT
(30 min before 0, 6, 12 and 18 GMT)
Observation Pericd B (5 - 22 March):
5:30, 10:30, 16:30 and 22:30 LT

5. Summary of Experiments

Observation No. of | Max. Height | Max. Height | Failure
Period Launches | up to ~30 km | up to ~17 km
A (27 Feb—4 Mar) 25 10 11 1
B (5 ~ 22 Mar) 75 52 19 4
TOTAL 100 62 30 8
\smcuofm //i
KITTINGGI PONTIANAI( 1
5O o EQUATOR
JAKKARTA
> SURABAYA

WATUKOSEK QC:D w/

1 suryormmamabniy b o s SRR (Watukosck, 7.57°S, 112.68°E,
ZULBI 50 m), & b LS & ¥ # K= ARRST (Singapore: 1.33°N, 103.90°E, Tk
32n) DRREB
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